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Climate change impacts have become a verifiable reality in most communities in Africa and have already shown its ruthlessness in derailing modest gains made toward sustainable development. While evidence of climate change impacts abounds, especially in key climate-sensitive sectors, not many people living in affected communities have the requisite knowledge, understanding and capacity to respond to emerging impacts. Most communities in Ghana and Africa, broadly, lack the requisite climate change knowledge resources to inform adaptation choices. Adaptation decision-making, in most cases, is reactive, speculative, and based on flawed assumptions and understandings of the climate change phenomenon. This is essentially because most countries lack the capacity to make climate-informed decisions which is also a function of the pervasive lack of efficient climate information services regime across Africa. The paucity of climate change knowledge and associated climate information services is undoubtedly an issue of institutional capacity; however, it is also a function of an enduring culture—a poor attitude toward data collection and application—in decision-making processes. Data-poor environment, or data-poverty, as implied in this work, therefore, broadly describes the absence of a data management culture in decision-making processes; however, specifically to climate change, it describes the lack of functional climate information services regime in local communities in Africa and how such omissions impede the ability of countries to make climate-informed decisions to support adaptation and resilience building. Focusing on Ghana, the paper problematizes the lack of climate information in local communities. The paper argues that Africa's climate crisis is as much a knowledge and learning challenge which requires new and innovative learning approaches to build capacities to facilitate the making of data-driven and climate-informed adaptation decisions in local communities. The paper, therefore, foregrounds citizen-science networks as avenues for community-focused and community-based climate knowledge co-producing mechanisms.
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INTRODUCTION

Impacts of climate change have become pervasive and verifiably evident in many local communities across Africa (Hjerpe et al., 2014; Nyamekye et al., 2018). The diversity of impacts and the intensity of manifestations in key climate-sensitive sectors have signaled an ominous future prospects with devastating potential to derail Africa's sustainable development aspirations (Koubi, 2019; Steiner, 2019). The situation is particularly dire in sub-Saharan Africa (SSA) where existing vulnerabilities, weak institutions and low adaptive capacities converge with the brutal force of emerging climate change impacts to create more complex challenges (Mondal et al., 2018).

As impacts evolve to become more complex and destructive, countries such as Ghana have come to recognize the devastating potential of the threats posed by current and future climate change risks and have in the last few years intensified policy and practice efforts to manage such risks (Würtenberger et al., 2011; MESTI, 2013; Antwi-Agyei et al., 2018; Sam et al., 2021). While these efforts are underway in many countries across SSA, results have been slow or none in some instances (Luterbacher and Sprinz, 2018). Reasons are varied; however, it is a fact that most countries across SSA lack the requisite knowledge resources as well as institutional and technical capacity to implement effective and responsive adaptation measures (Lamb and Minx, 2020).

Of particular concern is the lack of functional climate information services (CIS) regimes to provide well-distilled, timely, relevant, accessible, and usable climate data to inform decision-making in key climate-sensitive sectors and at different levels of governance (Clements et al., 2013; Lugen, 2020). The lack of climate data to support adaptation-decision making is unfortunately widespread and remains a major barrier to current climate adaptation and sustainable development efforts in Africa (Laddey, 2011; Jones et al., 2015; Williams et al., 2021). Development decisions, for the most part, are made devoid of critical data to serve as evidence for well-informed interventions (Orlove et al., 2020).

This remains an enduring challenge in SSA's development efforts and can be linked to the generally poor attitude toward data collection and application in development decision-making. This attitude is what we describe here as “data-poverty”—a situation where state institutions consistently demonstrate no sense of value and urgency to data collection and application. The consequence is the creation of a situation that presents, perhaps, the most formidable obstacle to the effective management of climate-induced risks in SSA's sustainable development efforts (Vincent et al., 2017).

In this paper, we problematize the lack of climate-informed decision making in SSA's sustainable development aspirations. We argue that such situations exists primarily because many countries in SSA lack functional CIS regimes to provide the requisite climate data to inform decision making on current and future climate change impacts. We argue further that the paucity of climate information and other climate knowledge resources are part of an enduring culture and a debilitating practice which has incapacitated many African governments in their quest to effectively manage climate change risk for sustainable development. It is our contention, therefore, that data-poverty, as it implies a lack of data and as it relates to CIS, is negatively impacting proactive climate risk management (CRM) for effective adaptation planning in SSA.

Thus, while we speak generally about the lack of CIS or climate data in most SSA countries, we use Ghana as a reference to highlight a widespread institutional capacity problem which continues to infringe on the abilities of governments to initiate and sustain proactive climate adaptation programs to build adaptive capacity and resilience. Our desire is to make bold proposals as a contribution to current efforts to support climate risk management across sectors. More importantly, we call for the introduction of citizen science networks (CSN) as an innovative avenue for community-focused climate knowledge co-production and adaptation learning as an innovative approach to address both climate knowledge and adaptation learning deficits in local communities (Manteaw, 2020).

In doing so, we adopt a user perspective by employing the phrase “climate-informed decision-making” to imply decisions that integrate climate information as data and analysis products, forecasts, and climate change predictions. Climate risk is sometimes used interchangeably with climate impacts to imply the likelihood of any of the following: injury, damage, or loss caused by factors such as severe or extreme weather events; unusual seasonal variation such as heat waves or droughts; and excessive moisture or long-term changes in climate or climate variability (Seneviratne et al., 2012; Eckstein et al., 2021). CRM, as a recurring reference describes an approach to decision-making in climate sensitive activities with a view to maximizing the positives while minimizing the negative influence of weather or climate. In CRM, therefore, we make implicit inferences to adaptation as the “adjustment in natural or human systems to a new or changing environment” (Roka, 2019, p. 1).



MANAGING CLIMATE RISK IN DATA-POOR ENVIRONMENTS

CRM and adaptation strategies can minimize loss of life and damage to assets, infrastructure, and crop production from natural climate variability and extreme climate event. The effective management of climate risks therefore hinges on the effective use of climate information in adaptation planning and decision-making (Bowyer et al., 2014). It is about information, knowledge and learning which therefore makes the availability, accessibility, and usability of well-distilled climate science critical for proactive CRM for adaptation planning (Street et al., 2019).

It is from such a perspective that CRM has since emerged as a distinct area of activity within the wider field of climatology (McGregor, 2015). Its' focus is on the integration of climate and non-climate information to enhance decision-making processes in a wide range of climate-sensitive sectors of society (Räsänen et al., 2017). An effective CIS regime is therefore fundamental to CRM as well as for the pursuit of the goals of sustainable development (Steynor and Pasquini, 2019).

As climate impacts become more pronounced in local communities across SSA, and as efforts are intensified to address the combined challenges of climate change impacts and sustainable development, it has also become clear that the lack of relevant knowledge in the forms of timely, relevant, accessible, and usable climate information is impeding many countries in SSA from effectively managing current and future climate change risks (Laddey, 2011; Popoola et al., 2020; Williams et al., 2021).

Ghana, as a climate vulnerable country, is no exception and like many others in SSA, has come under the brutish impacts of climate change (USAID, 2017; World Bank, 2017; Nyamekye et al., 2018). Managing these climate-induced socio-ecological and economic risks imply knowing and understanding the complexities of the climate change phenomenon and having the knowledge and resource capacity to respond to observed and anticipated risks. As a matter of policy, therefore, and as part of the Government of Ghana's efforts to build adaptive capacity to manage both current and future climate change risks, various measures have since been put in place in different sectors and at different levels of governance (e.g., MESTI, 2013; National Development Planning Commission, 2017; Antwi-Agyei et al., 2018; World Economic Forum, 2021).

Results, however, have not been as expected; they have been slow or none in some instances (Würtenberger et al., 2011; Atampugre et al., 2021). There are some critical climate-sensitive sectors such as health, water resources, agriculture, energy, biodiversity, and many others who continue to suffer from the unrelenting impacts of climate change even under current adaptive decision-making efforts. This, though, is not indicative of ineffective adaptation efforts but an affirmation of the fact that adaptation in its varied forms take time, are context-specific and knowledge-driven.

Thus, while slow results many not necessarily be a basis to evaluate current efforts in Ghana, or elsewhere in SSA, there is ample reason to believe that the state of climate change knowledge and in particular the difficulties involved in integrating climate data in climate adaptation decision is a major impediment to effective adaptation. It is fair, therefore, from such a perspective, to conclude that the lack of adequate climate knowledge resources and the lack of understanding of the climate change phenomenon and impact manifestation obstructs proactive and effective climate-informed decision-making. Adaptation decision-making in key climate-sensitive sectors across SSA remain reactive, speculative and are premised largely on flawed assumptions and understandings of the climate change phenomenon which, in the long run, leads to wrong decisions and maladaptation (Yaro et al., 2015; Schipper, 2020).

Maladaptation as a result of poor decision-making is fundamentally a function of a lack of knowledge and in this regard, the lack of the requisite climate information and other knowledge resources to inform decision-making. These situations typify what we describe as data-poor environments and are characterized by generally poor attitudes toward data collection and application in decision-making processes for sustainable development. Such attitudes are regrettably widespread across Africa, especially in SSA and represent an institutional flaw and an enduring culture where governments, organizations, and communities either lack quality data, or fail to appreciate the value of the integration of well-researched data in decision-making processes (Bédécarrats et al., 2016; Shaffer et al., 2018).

While poor data collection and application in development decision-making remain counterproductive to Africa's sustainable development efforts (Antwi-Agyei et al., 2012; Niang et al., 2014), it is the extension of such attitudes and practices into CRM that has emerged as a worrying concern in an era of changing climatic conditions with consequential impacts. It is even more worrying considering the fact that that climate change and CRM are highly complex processes. This, ultimately, makes the effective management of climate change risk a learning issue and one which require conscious and intentional efforts of knowledge development and learning at different scales and levels.



CLIMATE INFORMATION SERVICES AS ADAPTATION LEARNING

The emergence of climate science as an unavoidable prerequisite for the effective management of climate change risks has highlighted the imperative for climate knowledge development and adaptation learning as critical components of any effort to effectively management climate risks (Steynor and Pasquini, 2019). This has become even more important as advances continue to be made in seasonal climate forecasts, decadal climate predictions and multi-decadal climate change predications (Suckling, 2018).

Advancements in CIS, especially in more advanced countries, continue to prove that when individuals, communities, and institutions get easy access to timely, predictive, reliable, and usable climate information, they become better equipped and capable to engage in proactive management of climate change risks for effective adaptation (Martínez et al., 2012; Guido et al., 2019). CIS, also referred to as climate services (Lugen, 2020), have since evolved to become an unavoidable prerequisite in CRM for adaptation decision-making (Hellmuth et al., 2011; Popoola et al., 2020).

In its different forms and interpretations, CIS functions primarily as a decision-support tool while focusing on the transformation of climate and weather-related data into tailored information and knowledge that enable users to make climate-informed decisions across different sectors and in diverse contexts (Steynor and Pasquini, 2019; Vogel et al., 2019). Its essence is to produce and provide customized, relevant, and usable climate knowledge for policymakers and vulnerable communities based on available climate information (Tall et al., 2018). And, it does so by integrating access to information, knowledge brokerage, and learning networks to facilitate climate knowledge distillation and uptake for proactive CRM (Dessai et al., 2009; Martínez et al., 2012; Brasseur and Gallardo, 2016).

Broadly, CIS is seen as an avenue for the development and provision of climate data through participatory and co-production processes (Hewitt et al., 2012; Capela Lourenço et al., 2015). While many definitions, as shown in Table 1 above, have since emerged, one of the most instructive definitions has been that given by the European Commission in 2015 (European Commission, 2015), which defines CIS as:

The transformation of climate-related data–together with other relevant information–into customized products such as projections, forecasts, information, trends, economic analysis, assessments (including technology assessment), counseling on best practices, development and evaluation of solutions and any other service in relation to climate that may be of use for society at large (p. 3).


Table 1. Definitions of climate information services/climate services in literature.

[image: Table 1]

A distinctive attribute of this and many other definitions has been the inherent imperative to customize climate services to suit the unique needs of a particular audience or end users (Tall and Njinga, 2013). This imperative is premised on the fact that CIS is context-specific and must be developed and deployed based on a certain familiarity, knowledge and understanding of the unique conditions and specific needs of a defined contest. Such familiarity enhances understanding and knowledge development, as well as facilitates customization of information to suit the unique needs of a particular locale. An efficient CIS is therefore place-based and place-responsive; it is predicated on usable knowledge and the fact that climate information is most valuable and usable when created with an understanding of the end-users' or decision-makers' local, social, and environmental context (Lemos et al., 2012).

“Knowing your context” has thus emerged as an organizing principle in CIS and requires scientists, and all involved in the development of climate data be guided by a desire to learn and a disposition to value local realities, differences, and particularities (Brugger et al., 2015). CIS is thus inherently a capacity building mechanism (Martínez et al., 2012); it is about knowledge development and learning to respond directly to CRM and adaptation learning requirements in local communities (Lugen, 2020).

The World Meteorological Organization has been at the forefront of the development and deployment of CIS around the world and has contributed to the development of specific attributes that have helped to define its usefulness (World Meteorological Organization, 2011). Among these attributes are, availability, timeliness, dependability, usability, credibility, authenticity, flexibility, and responsiveness to local particularities or needs (Vaughan and Dessai, 2014). These attributes have been particularly influential in the growing levels of interests and investment toward its continued development and deployment.

The World Bank remains a major advocate of CIS and continues to invest heavily in its development around the world and (World Bank, 2016, 2020). The Bank's interest is to support its development and deployment particularly in some of the most vulnerable regions of the world.

Despite increasing acceptance of CIS as a critical climate decision support tool around the world, there is concern about the difficulties some developing countries face in institutionalizing a functional and efficient CIS regime (Martínez et al., 2012; Clements et al., 2013; Lugen, 2020).

Ghana is no exception, and like most other SSA countries, have struggled to develop an efficient CIS regime to support current CRM efforts. This, as discussed earlier, is essentially because most countries in Africa and especially in SSA either lack the institutional capacity or the data management and deployment architecture that supports CIS at different levels and scales (Niang et al., 2014; OECD, 2021). These are existing operational challenges and even though countries such as Ghana can boast of established national metrological agencies, whose mandate is to provide the requisite scientific, operational and organizational leadership in the development and deployment functional CIS, many of such agencies are limited in their capacities and as a result are unable to be efficient and effective in the provision of the required climate services.



CLIMATE INFORMATION SERVICES IN GHANA

Again, Ghana, like most other SSA countries, is highly vulnerable to both climate variability and climate change (Pachauri et al., 2014; USAID, 2017). This inherent vulnerability has attracted a new sense of urgency for the creation of the requisite institutional environment and capacity to support climate risk management for informed adaptation decision-making (Capela Lourenço et al., 2015).

Central to the effective management of climate change risks is the availability, deployment, and uptake of usable CIS to serve the unique needs of end users in specific places and contexts (Lemos et al., 2012; Tall et al., 2013). This responsibility lies within the remit of the government of Ghana and through its meteorological agency, the Ghana Meteorological Agency (GMet), which serves as the only recognized specialized entity mandated to collect, manage, and provide credible climate change information services to the entire country (Anaman et al., 2017).

Although the organization can boast of recent modernizations which have seen increases in investments to boost the development of regional weather stations and other technologies, the agency continues to face different institutional, structural, and operational challenges which, in many ways, have impacted its ability to deliver to its fullest potential (Shilenje and Ogwang, 2015; Anaman et al., 2017). What this means is that many climate-sensitive sectors such as agriculture, forestry, health, energy, transportation, disaster management, and many others are not well-served and so go about their activities and operations without the assured reliance on the services of the meteorological agency.

The consequence, as has become common in most of these sectors, is the lack of integration of climate information in sector-based decision-making. Decisions are driven largely by speculative information, historical trends, flawed assumptions, and wrong understanding of climate change impacts phenomenon. While this can be explained as a lack of technical and operational capacity, it is also a function of the enduring and endemic data-poverty culture which, as we have discussed, has created situations where people, communities and institutions are unable to access reliable data as knowledge to support adaptation planning and decision-making (Pane, 2013; Simon and Leck, 2015).


Challenging the Status Quo

As climate change impacts become more pronounced, and as the urgency for purposeful climate actions rise on the political agenda, the need for actionable climate knowledge to inform policy and practice, particularly at the local level, has emerged as a priority concern for national governments (Vogel et al., 2019). While Ghana undoubtedly face significant challenges in the development and deployment of reliable, usable, and context-relevant CIS to support decision-making, there have, however, been some modest efforts which all aim to rectify current weakness and gaps in CIS delivery. A number of these new efforts are either led by international development agencies, or driven by private sector entities who all go into some form of partnership arrangements with the national metrological agency to improve CIS delivery in Ghana.

This model represents the status quo which is generally linear. The National Meteorological Agency is the primary technical authority that produces climate information which is later disseminated through other agencies such as private ICT companies who act as intermediaries to transfer information through platforms or channels such as mobile phones, radio stations and climate information centers. Such processes are linear because it follows one predictable pattern which originated from the source of production to the eventual users.

Figure 2 as shown above represents what we see as the disruption of the status quo. It is an iterative and participatory process which even though maintains the technical authority of the Meteorological Agency, also allows for the inclusion of other participants in the validation of such knowledge. Most importantly, this proposed model emphasizes place-specificity and the critical importance of participatory scenario planning in local places. Climate data or information is therefore aimed at the unique needs of specific locations while it encourages the full participation of local non-scientists in the generation, validation of new knowledge.

The CARE Adaptation Learning Programme (ALP) is one such innovation that was aimed at addressing existing imbalances in access to climate data in Ghana. The program served as a multi-country learning program aimed at empowering local communities to make climate-informed decisions (Nottawasaga Institute, 2012). It used a participatory approach to ensure selected communities were fully involved from the bottom up as a way to change the power and ownership dynamics in a program like this.


[image: Figure 1]
FIGURE 1. Existing linear model of CIS production in Ghana produced by authors.



[image: Figure 2]
FIGURE 2. A new climate information co-production and deployment model produced by authors to differentiate the status quo as in Figure 1 from what is proposed.


As a way of deepening the programs's participatory nature, a three-component approach was adopted and managed largely by local people. The components were: Participatory Scenario Planning (PSP), Regional Impact Assessments, and the creation of Climate Information Centers in selected local communities. They were distinct, but integrated in their different functions to provide coherent platforms for multi-level and multi-sector stakeholder engagement process that engaged participants from local communities with different backgrounds, knowledge, experiences and expertise.

Participants in these components collaborated with expert climate scientists from the Ghana Metrological Agency (GMet) and climate adaptation policy experts to interpret short-term climate forecasts with a view to developing potential seasonal scenarios and advisories. Primarily, the program aimed primarily at addressing the climate information access and usability gap by directly targeting and involving local communities in the co-production and uptake of climate services (Hewitt et al., 2012).

The ALP and others of its kind that focused on climate-knowledge co-production were novel in Ghana and they introduced a new culture of climate adaptation social learning which increased awareness about climate change, as well as facilitated the development of simplified historical climate data that allowed local communities, and especially farmers, to appreciate the nature and extent climate variability and change in their communities. It also helped to build the capacity of local framers to work together with expert scientists to analyze local climate data to create plausible future scenarios.

Even more impressive, perhaps, was efforts to link generated climate information directly to mobile phones of rural farmers. As one of the many innovations that emerged out of the program, the transmission of climate information through mobile phones has since proved particularly instrumental in empowering farmers to integrate new knowledge and climate information in in their decisions. With such knowledge, farmers were also able to engage confidently in live radio call-in programs on climate change impacts and adaptation measures in their immediate communities. These were significant learnings that underscored the essence of social learning and climate knowledge co-production in the communities they worked.

Much as the programs were participatory and successful in bringing experts and lay people together for the co-production and deployment of climate information, the processes were top-down, largely, and expert-dominated. It failed to challenge existing linear models in any significant way. Limitations, notwithstanding, the CARE program was somehow successful in its ability to create awareness about climate change and in the mobilization of local participation in what could be described as climate change social learning.

Farmers, in particular, acquired the ability and confidence to participate in community-based scenarios planning and seasonal forecasting exercises to boost their understanding of the climate change phenomenon. While we hesitate to describe the model as a silver bullet, we acknowledge its ability to introduce novel learning opportunities in the quest to improve climate services delivery in Ghana and in particular how they empowered marginalized groups in making climate-informed decisions at the local community level (Assan et al., 2018; Adzawla et al., 2019).




CITIZEN SCIENCE AS CLIMATE KNOWLEDGE CO-PRODUCTION


Citizen Science

The last few years have seen significant increases in the adoption and application of Citizen Science approaches in diverse development sectors around the world (Dickinson et al., 2012; Cooper et al., 2014; Hecker et al., 2018; Land-Zandstra et al., 2021). Its essence is to equalize knowledge development processes by blurring the boundary lines between trained and untrained scientist. CS, therefore, begins from the premise that everyone is endowed with unique knowledge and capabilities which if appreciated and carefully harnessed may contribute significantly to knowledge development. Even though CS as knowledge co-production approach is relatively new, there have been different variants across time and history and with an equally diverse focus on topics ranging from public health, water management, disaster risk management (Simon and Leck, 2015), agriculture extension, forest management and many more (Wiggins and Crowston, 2011; Bonney et al., 2014; Franzoni and Sauermann, 2014; Eitzel et al., 2017).

As an emergent avenue for community-focused participatory social learning, CS can be described as a process in which communities and individuals are involved in designing a research question, performing scientific experiments, and engaging in issue exploration with minimum involvement of professional scientists (Eitzel et al., 2017). It is essentially a collaborative learning and action process where trained experts and non-experts, also known as community-based organic intellectuals (Thalla, 2018), come together as equal partners with mutual respect to engage in “scientific” explorations of specific issues of common concern (Mourad et al., 2020). By its very nature, CS offers what many now describe as an open software and hardware approach through its rare ability to create opportunities for engagement and equal participation in knowledge creation (Kythreotis et al., 2019; Land-Zandstra et al., 2021).

Scholars and practitioners from different fields of studies continue to give increased attention to CS for its ability to “democratize” science and scientific learning (Dickinson et al., 2012; Hecker et al., 2018). This idea to democratize science, according to Bonney et al. (2014), originates from the 2002 publication of Alan Irwin's book: Citizen Science: A Study of People, Expertise, and Sustainable Development (Irwin, 2002) in which Irwin described the primary goal of citizens science as the creation of more active “scientific citizenship” in decision-making processes.

While some see CS primarily to increase the productivity of traditional scientific research, others see it as an opportunity to open science up to non-traditional institutions and by doing so provide opportunities for amateur or non-scientists to take advantage of the unfettered scientific citizenship, created to influence change and development in different ways (Irwin, 2002; Nielsen, 2020). Various exciting trends in CS have been recorded worldwide and all have been relatively successful in bringing several lay participants from within and beyond different backgrounds and countries to engage in citizen science (Tauginiene et al., 2020). The motivation for its application in science and for the refinement of knowledge for use in different communities and contexts have been varied, but convincing enough to challenge the exclusivity myth that has surrounded science for a while now.



Climate Knowledge Co-production

The use of CS to study climate change impacts has emerged to strengthen current calls and efforts toward community-focused knowledge co-production processes that build capacity for climate action at the local community level (Spellman et al., 2018; Kythreotis et al., 2019; Bremer et al., 2019a; Semjanová, 2020). Most of current knowledge co-production works have focused mainly on building scientific understanding of climatic change through collaborative and participatory studies of climate-induced impacts in local ecosystems (Dickinson et al., 2012; Cooper et al., 2014). The underlying essence of co-production efforts is to equalize knowledge development through the creation of equal learning partnerships between scientists and community-based practitioners (Turrini et al., 2018).

It is from such a perspective that knowledge co-production in CS has emerged as a promising procedural theory that enhances understanding of the science-society interface and how local people could work closely with scientists to co-produce context and purpose-responsive knowledge (Bremer et al., 2019b). Co-production mechanisms serve as knowledge exchange mechanisms that challenge the dichotomized notion of climate knowledge producers and “end users”. “End user”, from a CIS perspective, has assumed a localized interpretation which ascribes an unequal relationship between knowledge producers and users (Lemos et al., 2012; Harvey et al., 2019).

The popular use of the phrase “end user” assumes homogeneity of context by paying little or no attention to the underlying requirement of customization and contextuality in CIS delivery. The “end user” mentality is not only counterproductive to the ideals of participatory knowledge co-design and co-production as represented in the philosophy of CS, but it is also inherently patronizing while failing to realize that:

Living creatively with climate change will require re-linking larger scales of scientific representation with smaller scales of social meaning. How, at the levels of community, polity, space, and time, will scientists' impersonal knowledge of the climate be synchronized with the mundane rhythms of lived lives and the specificities of human experience? (Jasanoff, 2010, p. 238).

Responses such as Jasnoff's are suggestive of a growing acknowledgment of flaws in the current linear model of climate knowledge production and dissemination and particularly as they pertain in places such as Ghana. Such flaws, as pointed out in the CARE Adaptation learning Program, affirm the underlying need for a new models of climate knowledge creation and one that acknowledges end-users as equal partners and valuable bearers of critical knowledge of the places they live. A major concern with the linear model of climate knowledge production is its' condescending assumption that the “end-user” lacks “climate knowledge” and that all that is required is to “fill up” what is perceived as a deficit knowledge gap with ready-made information, or to bridge the knowledge divide with some token engagements (Vogel and O'Brien, 2004; Tall and Njinga, 2013).

Token engagements, as has become known in such exercises, have been on the ascendency, somewhat, as the need to include users in the knowledge production processes intensify (Bremer and Meisch, 2017). If nothing else, the new rush to engage “end users” in climate knowledge production further exposes existing flaws in dominant linear models. That said, some of these engagements remain intrinsically superficial and top-down as they are manipulated by some experts scientists to publicly demonstrate their acknowledgment of non-experts as “partners”. These are problematic and they undermine CIS's guiding mantra of “knowing your context” by prioritizing the serving of a finished products by experts. Such models remain fundamentally problematic and therefore, require new knowledge production partnerships that are based on equality and mutual respect.




TOWARDS CLIMATE-INFORMED DECISION-MAKING IN AFRICA

While the climate crisis worsens, efforts to build adaptive capacity and resilience have, unfortunately, been reactive and slow in most instances both in Ghana and across SSA. This is happening also at a time when climate risks have become more pronounced and widespread in many local communities. Indeed, some of these slow or non-actions are attributable to a diversity of integrated reasons which, invariably, impede proactive CRM. Prominent among them is the lack of knowledge resources and the capacity for local people to collect timely, relevant, and actionable climate data to inform decision-making in different sectors and at different levels.

Such situations, as we have discussed, are enduring and have overtime amplified the problem of data-poverty as a formidable impediment to climate knowledge development and effective adaptation planning. As climate change impacts become more inhibitive in local communities in some of the developing regions of the world, it has also become an urgent imperative for countries such as Ghana to explore new ways of empowering people to take control and lead adaptation processes in their communities. This remains a challenge and one which most governments have committed to addressing, but with little or no results so far. Meeting this challenge will require radical new approaches to expand opportunities for knowledge co-production and learning in local communities. It also requires that CRM as an adaptation effort, is premised on the principle of social learning to reaffirm climate adaptation is a learned process.

It is against this background that we propose the creation of Citizen Science Networks (CSN) in local communities in Ghana, and across Africa, to serve as a new social learning mechanism for climate knowledge co-production and exchange. By “networks” we highlight the place-based and territorial attributes of climate change impacts; we acknowledge the fact that climate change impacts are place and context-specific and require cross-territorial learnings and knowledge exchanges to facilitate a full appreciation of the diversity of adaptation choices.

CSN, as we suggest, therefore, will function as communities of practice in different locales to serve the purpose of democratizing climate knowledge production through partnership learning and actions. Operating, therefore, on the philosophy of “knowing your context”, CSN will aim to bridge the gap between experts and so-perceived “end-users” in local communities by creating an open and equal platform where the right blend of experts and non-experts will work in collaboration to ask the right questions, define problems and act together to explore the right climate information to support adaptation choices.

It is our firm conviction that the idea of CSN, if embraced, as an avenue for climate change risk management will create a social architecture that facilitates cross-sector and cross-territoral learning and knowledge co-production process. Such an architecture, we envisage, will democratize climate knowledge development processes to build the requisite capacity for local communities and institutions to integrate climate information in adaptation decision-making at the local community level. Ultimately, it is our expectation that CSNs in local communities will challenge existing linear climate information models through participatory approaches that bring both experts and non-experts into equal learning partnerships.



AUTHOR CONTRIBUTIONS

BM conceptualized the paper, defined the outline and led in the authorship, and including reviewing and streamlining the final manuscript. A-BA provided experiences on climate information services in Ghana, worked in and engaged stakeholders the sector for decades, and led in authoring the section on Climate Information Services In Ghana. BA contributed on helping to design the figures used in the paper as well as contributing to authoring the section on ‘Citizen Science As Knowledge Co-Production'. KE contributed on reviewing literature on the state-of-the-art on climate information services and citizen science and authored the concluding section of the paper ‘Towards Climate-Informed Decision-Making in Africa'. All authors contributed to the article and approved the submitted version.



REFERENCES

 Adzawla, W., Azumah, S. B., Anani, P. Y., and Donkoh, S. A. (2019). Gender perspectives of climate change adaptation in two selected districts of Ghana. Heliyon. 5, e02854.

 Anaman, K. A., Quaye, R., and Amankwah, E. (2017). Evaluation of public weather services by users in the formal services sector in Accra, Ghana. Mod. Econ. 8, 921–945. doi: 10.4236/me.2017.87065


 Antwi-Agyei, P., Amoah, A.-B., and Crawford, A. (2018). Ghana's National Adaptation Plan Framework. Accra: Government of Ghana.

 Antwi-Agyei, P., Fraser, E. D. G., Dougill, A. J., Stringer, L. C., and Simelton, E. (2012). Mapping the vulnerability of crop production to drought in Ghana using rainfall, yield and socioeconomic data. Appl. Geograp. 32, 324–334. doi: 10.1016/j.apgeog.2011.06.010


 Assan, E., Suvedi, M., Schmitt Olabisi, L., and Allen, A. (2018). Coping with and adapting to climate change: A gender perspective from smallholder farming in Ghana. Environments. 5, 86.


 Atampugre, G., Nursey-Bray, M., Masud-All-Kamal, M., and Nyarko, B. K. (2021). “Assessing farm-households' vulnerability to climate change risks in semi-arid Ghana,” in Climate Vulnerability and Resilience in the Global South, eds G. M. Monirul Alam, M. O. Erdiaw-Kwasie, G. J. Nagy and W. L. Filho (Springer), 527–553.


 Bédécarrats, F., Cling, J.-P., and Roubaud, F. (2016). The data revolution and statistical challenges in Africa: introduction to the special report. Afr. Contemp. 2, 9–23. doi: 10.3917/afco.258.0009


 Bonney, R., Shirk, J. L., Phillips, T. B., Wiggins, A., Ballard, H. L., Miller-Rushing, A. J., et al. (2014). Next steps for citizen science. Science 343, 1436–1437. doi: 10.1126/science.1251554

 Bowyer, P., Bender, S., Rechid, D., and Schaller, M. (2014). Adapting to Climate Change: Methods and Tools for Climate Risk Management. Germany: Climate Service Center, 124.


 Brasseur, G. P., and Gallardo, L. (2016). Climate services: lessons learned and future prospects. Earths Future 4, 79–89. doi: 10.1002/2015EF000338


 Bremer, S., Haque, M., Aziz, M. S., and Kvamme, S. (2019a). ‘My new routine': assessing the impact of citizen science on climate adaptation in Bangladesh. Environ. Sci. Policy 94, 245–257. doi: 10.1016/j.envsci.2018.12.029


 Bremer, S., and Meisch, S. (2017). Co-production in climate change research: reviewing different perspectives. Wiley Interdiscip. Rev. Clim. Change 8, e482. doi: 10.1002/wcc.482


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


 Brugger, J., Meadow, A., and Horangic, A. (2015). Lessons from first generation climate science integrators. Bull. Am. Meteorol. Soc. 97, 150611113121002. doi: 10.1175/BAMS-D-14-00289.1


 Capela Lourenço, T., Swart, R., Goosen, H., and Street, R. (2015). The rise of demand-driven climate services. Nat. Clim. Chang. 6, 13–14. doi: 10.1038/nclimate2836

 Clements, J., Ray, A., and Anderson, G. (2013). The Value of Climate Services Across Economic and Public Sectors: A Review of Relevant Literature. Washington, DC: United States Agency for International Development.


 Climate Investment Funds (2020). Strengthening Weather And Climate Information Services: Highlights From Ppcr-Supported Projects. Available online at: https://www.climateinvestmentfunds.org/sites/cif_enc/files/knowledge-documents/ppcr_resilience_series_weather_and_climate_information_services.pdf (accessed September 8, 2021).


 Cooper, C. B., Shirk, J., and Zuckerberg, B. (2014). The invisible prevalence of citizen science in global research: migratory birds and climate change. PLoS ONE 9, e106508. doi: 10.1371/journal.pone.0106508

 Dessai, S., Hulme, M., Lempert, R., and Pielke Jr, R. (2009). Climate prediction: a limit to adaptation. Adapt. Clim. Change Thresholds Values Gov. 64, 78. doi: 10.1017/CBO9780511596667.006


 Dickinson, J. L., Shirk, J., Bonter, D., Bonney, R., Crain, R. L., Martin, J., et al. (2012). The current state of citizen science as a tool for ecological research and public engagement. Front. Ecol. Environ. 10, 291–297. doi: 10.1890/110236


 Dupar, M., Weingärtner, L., and Opitz-Stapleton, S. (2021). Investing for Sustainable Climate Services: Insights From African Experience. London: ODI.


 Eckstein, D., Künzel, V., and Schäfer, L. (2021). “Global climate risk index 2021,” in Who Suffers Most From Extreme Weather Events 2000–2019.


 Eitzel, M. V., Cappadonna, J. L., Santos-Lang, C., Duerr, R. E., Virapongse, A., West, S. E., et al. (2017). Citizen science terminology matters: exploring key terms. Citizen Sci. Theory Pract. 2, 1. doi: 10.5334/cstp.113


 European Commission (2015). A European Research and Innovation Roadmap for Climate Services. Available online at: https://op.europa.eu/en/publication-detail/-/publication/73d73b26-4a3c-4c55-bd50-54fd22752a39/language-en (accessed September 8, 2021).


 Franzoni, C., and Sauermann, H. (2014). Crowd science: the organization of scientific research in open collaborative projects. Res. Policy 43, 1–20. doi: 10.1016/j.respol.2013.07.005


 Gbetibouo, G., Hill, C., Abazaami, J., Mills, A., Snyman, D., and Huyser, O. (2017). Impact Assessment on Climate Information Services for Community-Based Adaptation to Climate Change. Available online at: http://careclimatechange.org/wpcontent/uploads/2017/07/Kenya-Climate-Services-Report-ALP-May-2017.pdf


 Guido, Z., Knudson, C., Campbell, D., and Tomlinson, J. (2019). Climate information services for adaptation: what does it mean to know the context? Clim. Dev. 12, 1–13. doi: 10.1080/17565529.2019.1630352


 Harvey, B., Jones, L., Cochrane, L., and Singh, R. (2019). The evolving landscape of climate services in sub-Saharan Africa: what roles have NGOs played? Clim. Change 157, 81–98. doi: 10.1007/s10584-019-02410-z


 Hecker, S., Haklay, M., Bowser, A., Makuch, Z., Vogel, J., and Bonn, A. (2018). Citizen Science: Innovation in Open Science, Society and Policy. London: UCL Press. doi: 10.14324/111.9781787352339


 Hellmuth, M. E., Mason, S. J., Vaughan, C., van Aalst, M. K., and Choularton, R. (2011). A Better Climate for Disaster Risk Management. The Climate and Society Series No. 3. International Research Institute for Climate and Society (IRI), The Earth Parameteri Institute at Columbia University, Lamont Campus, Columbia University, Palisades, NY, United States. p. 118.


 Hewitt, C., Mason, S., and Walland, D. (2012). The global framework for climate services. Nat. Clim. Chang. 2, 831–832. doi: 10.1038/nclimate1745


 Hjerpe, M., Storbjörk, S., and Alberth, J. (2014). “There is nothing political in it”: triggers of local political leaders' engagement in climate adaptation. Local Environ. 20, 855–873. doi: 10.1080/13549839.2013.872092


 Irwin, A. (2002). Citizen Science: A Study of People, Expertise and Sustainable Development. New York, NY: Routledge.


 Jasanoff, S. (2010). A new climate for society. Theory Cult. Soc. 27, 233–253. doi: 10.1177/0263276409361497


 Jones, L., Carabine, E., Jean-Pierre, R., and Tanner, T. (2015). Promoting the use of climate information to achieve long-term development objectives in sub-Saharan Africa: Results from the Future Climate For Africa scoping phase. CDKN. Available online at: http://cdkn.org/wp-content/uploads/2015/02/CDKN_FCFA_synthesis.pdf


 Koubi, V. (2019). “Sustainable development impacts of climate change and natural disaster,” in Background Paper Prepared for Sustainable Development Outlook.


 Kythreotis, A. P., Mantyka-Pringle, C., Mercer, T. G., Whitmarsh, L. E., Corner, A., Paavola, J., et al. (2019). Citizen social science for more integrative and effective climate action: a science-policy perspective. Front. Environ. Sci. 7, 10. doi: 10.3389/fenvs.2019.00010


 Laddey, R. (2011). Africa adaptation programme: capacity building experiences improving access, understanding and application of climate data and information. UNEP, 2. Available online at: www.undp.org/climatechange (accessed August 27, 2021).


 Lamb, W. F., and Minx, J. C. (2020). The political economy of national climate policy: architectures of constraint and a typology of countries. Energy Res. Soc. Sci. 64, 101429. doi: 10.1016/j.erss.2020.101429


 Land-Zandstra, A., Agnello, G., and Gültekin, Y. S. (2021). Participants in citizen science. Sci. Citizen Sci. 243, 243–259. doi: 10.1007/978-3-030-58278-4_13


 Lemos, M. C., Kirchoff, C. J., and Ramprasad, V. (2012). Narrowing climate information usuabiluty gap. Nat. Clim. Change 2, 789–794. doi: 10.1038/nclimate1614


 Lugen, M. (2020). Framing climate services: logics, actors, and implications for policies and projects. Atmosphere 11, 1047. doi: 10.3390/atmos11101047


 Luterbacher, U., and Sprinz, D. F. (2018). Global Climate Policy: Actors, Concepts, and Enduring Challenges, (Global Environmental Accord). Cambridge: MIT Press.


 Machingura, F., Nyamwanza, A., Hulme, D., and Stuart, E. (2018). Climate information services, integrated knowledge systems and the 2030 agenda for sustainable development. Sustain. Earth 1, 1–7. doi: 10.1186/s42055-018-0003-4


 Manteaw, B. O. (2020). Education and learning in sustainable development: foregrounding an emergent discourse. Discourse Commun. Sustain. Educ. 11, 5–19. doi: 10.2478/dcse-2020-0015


 Martínez, R., Hemming, D., Malone, L., Bermudez, N., Cockfield, G., Diongue, A., et al. (2012). Improving climate risk management at local level: techniques, case studies, good practices and guidelines for World Meteorological Organization members. Risk Manage. Curr. Iss. Challenges 477–532. doi: 10.5772/51554


 McGregor, G. (2015). Climatology in support of climate risk management: a progress report. Progress Phys. Geogr. 39, 536–553. doi: 10.1177/0309133315578941

 MESTI. (2013). Ghana National Climate Change Policy. Accra: Ghana Ministry of Environment, Science, Technology and Innovation (MESTI).


 Mondal, M., Alam, H., Gebremeskel, A. G., Gebrehiwot, K., and Ringler, C. (2018). Ethiopian Universal Electrification Development Strategies. Washington, DC: International Food Policy Research Institute (IFPRI). Available online at: http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/132767


 Mourad, K. A., Hosseini, S. H., and Avery, H. (2020). The role of citizen science in sustainable agriculture. Sustainability 12, 10375. doi: 10.3390/su122410375


 National Development Planning Commission (2017). Medium-Term National Development Policy Framework—An Agenda for Jobs: Creating Prosperity and Equal Opportunity for All 2018–2021. Government of Ghana, Accra. Available online at: https://s3-us-west-2.amazonaws.com/new-ndpc-static1/CACHES/PUBLICATIONS/2018/08/23/Medium-term+Policy+Framework-Final+June+2018.pdf (accessed September 5, 2021).


 Niang, I., Ruppel, O. C., Abdrabo, M. A., Essel, A., Lennard, C., Padgham, J., et al. (2014). Chapter 22: Africa. IPCC A45, Climate Change 2014: Impacts, Adaptation and Vulnerability. Cambridge: Cambridge University Press.


 Nielsen, M. (2020). Reinventing Discovery. Princeton University Press.


 Nottawasaga Institute (2012). Adaptation Learning Programme (ALP) CARE International Mid-term Review Final Report. Nairobi, Kenya. Available online at: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/204897/Evaluation-CARE-adaptation-learning-programme.pdf (accessed September 5, 2021).


 Nyamekye, A. B., Dewulf, A., Van Slobbe, E., Termeer, K., and Pinto, C. (2018). Governance arrangements and adaptive decision-making in rice farming systems in Northern Ghana. NJAS Wageningen J. Life Sci. 86, 39–50. doi: 10.1016/j.njas.2018.07.004


 OECD (2021). Strengthening Climate Resilience. Paris: OECD iLibrary. Available online at: http://119.78.100.173/C666/handle/2XK7JSWQ/320017


 Orlove, B., Shwom, R., Markowitz, E., and Cheong, S.-M. (2020). Climate decision-making. Annu. Rev. Environ. Resour. 45, 271–303. doi: 10.1146/annurev-environ-012320-085130


 Pachauri, R. K., Allen, M. R., Barros, V. R., Broome, J., Cramer, W., Christ, R., et al. (2014). “Climate change 2014: synthesis report,” in Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. IPCC.


 Pane, M. M. (2013). Apathy towards environmental issues, narcissism, and competitive view of the World. Proc. Soc. Behav. Sci. 101, 44–52. doi: 10.1016/j.sbspro.2013.07.177


 Popoola, O., Yusuf, F., and Monde, N. (2020). Information sources and constraints to climate change adaptation amongst smallholder farmers in amathole district municipality, Eastern Cape Province, South Africa. Sustainability 12, 5846. doi: 10.3390/su12145846


 Räsänen, A., Jurgilevich, A., Haanp,ää, S., Heikkinen, M., Groundstroem, F., and Juhola, S. (2017). The need for non-climate services–Empirical evidence from Finnish municipalities. Clim. Risk Manage. 16, 29–42. doi: 10.1016/j.crm.2017.03.004


 Roka, K. (2019). Climate Change Adaptation (CCA) BT - Climate Action, eds W. Leal Filho, U. Azeiteiro, A. M. Azul, L. Brandli, P. G. Özuyar, and T. Wall. (Cham: Springer International Publishing), 1–13.


 Sam, K. O., Botchway, V. A., Karbo, N., Essegbey, G. O., Nutsukpo, D. K., Segnon, A. C., et al. (2021). Achievements and Lessons Learnt in Promoting ClimateSmart Agriculture Implementation in Ghana Through Science-Policy Dialogue Platforms. CCAFS Info Note. CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS).


 Schipper, E. L. F. (2020). Maladaptation: when adaptation to climate change goes very wrong. One Earth 3, 409–414. doi: 10.1016/j.oneear.2020.09.014


 Semjanová, P. (2020). Citizen Science for Climate Adaptation Governance in Cities (MSc thesis). Utrecht University, Utrecht, Netherlands.


 Seneviratne, S. I., Nicholls, N., Easterling, D., Goodess, C. M., Kanae, S, Kossin, J., et al. (2012). Changes in Climate Extremes and Their Impacts on the Natural Physical Environment. Managing the Risks of Extreme Events and Distasters to Advance Climate Change Adaptation. A Special Report of Working Groups I and II of the Intergovernmental Panel on Climate Change (IPCC), Cambridge University Press, Cambridge.


 Serra, R., and McKune, S. (2016). “Climate information services and behavioural change: the case of Senegal,” in Sahel Research Group Working Paper.


 Shaffer, J. G., Doumbia, S. O., Ndiaye, D., Diarra, A., Gomis, J. F., Nwakanma, D., et al. (2018). Development of a data collection and management system in West Africa: challenges and sustainability. Infect. Dis. Poverty 7, 125. doi: 10.1186/s40249-018-0494-4

 Shilenje, Z. W., and Ogwang, B. A. (2015). The role of Kenya meteorological service in weather early warning in Kenya. Int. J. Atm. Sci. 2015. doi: 10.1155/2015/302076


 Simon, D., and Leck, H. (2015). Understanding climate adaptation and transformation challenges in African cities. Curr. Opin. Environ. Sustain. 13, 109–116. doi: 10.1016/j.cosust.2015.03.003


 Spellman, K. V., Sparrow, E. B., Chase, M. J., Larson, A., and Kealy, K. (2018). Connected climate change learning through citizen science: An assessment of priorities and needs of formal and informal educators and community members in Alaska. Connect. Sci. Learn. 1, 1–24. Available online at: https://www.nsta.org/connected-science-learning/connected-science-learning-april-june-2018-0/connected-climate-change


 Steiner, A. (2019). “Climate change, environment, and sustainable development in Africa,” in African Economic Development, eds E. Nnadozie, and A. Jerome (Bingley: Emerald Publishing Limited), 93–110. doi: 10.1108/978-1-78743-783-820192006


 Steynor, A., and Pasquini, L. (2019). Informing climate services in Africa through climate change risk perceptions. Clim. Serv. 15, 100112. doi: 10.1016/j.cliser.2019.100112

 Street, R. B., Buontempo, C., Mysiak, J., Karali, E., Pulquério, M., Murray, V., et al. (2019). How could climate services support disaster risk reduction in the 21st century. Int. J. Disast. Risk Reduct. 34, 28–33. doi: 10.1016/j.ijdrr.2018.12.001


 Suckling, E. (2018). “Seasonal-to-decadal climate forecasting,” in Weather & Climate Services for the Energy Industry (Cham: Palgrave Macmillan), 123–137.

 Tall, A., Coulibaly, J. Y., and Diop, M. (2013). What are climate services. WMO Bull. 62, 7–11.


 Tall, A., Coulibaly, J. Y., and Diop, M. (2018). Do climate services make a difference? A review of evaluation methodologies and practices to assess the value of climate information services for farmers: implications for Africa. Clim. Serv. 11, 1–12. doi: 10.1016/j.cliser.2018.06.001


 Tall, A., and Njinga, J. (2013). Developing a Methodology to Evaluate Climate Services for Farmers in Africa and South Asia Workshop Report. Copenhagen: CGIAR Program on Climate Change, Agriculture and Food Security.


 Tauginiene, L., Butkevičiene, E., Vohland, K., Heinisch, B., Daskolia, M., Suškevičs, M., et al. (2020). Citizen science in the social sciences and humanities: the power of interdisciplinarity. Palgrave Commun. 6, 1–11. doi: 10.1057/s41599-020-0471-y


 Thalla, S. (2018). Web Movements and Organic Intellectuals: Infleunce of Digital Technologies on Political Participation. Berlin: Humboldt-Universität zu Berlin.


 Turrini, T., Dörler, D., Richter, A., Heigl, F., and Bonn, A. (2018). The threefold potential of environmental citizen science-generating knowledge, creating learning opportunities and enabling civic participation. Biol. Conserv. 225, 176–186. doi: 10.1016/j.biocon.2018.03.024


 USAID (2017). Climate Change Risk Profile in Ghana: Country Fact Sheet. Availalble online at: https://www.climatelinks.org/sites/default/files/asset/document/2017_USAID_Climate%20Change%20Risk%20Profile%20-%20Ghana.pdf (accessed August 30th, 2021).


 Vaughan, C., and Dessai, S. (2014). Climate services for society: origins, institutional arrangements, and design elements for an evaluation framework. Wiley Interdiscip. Rev. Clim. Change 5, 587–603. doi: 10.1002/wcc.290

 Vincent, K., Dougill, A. J., Dixon, J. L., Stringer, L. C., and Cull, T. (2017). Identifying climate services needs for national planning: insights from Malawi. Clim. Policy 17, 189–202. doi: 10.1080/14693062.2015.1075374


 Vogel, C., and O'Brien, K. (2004). “Vulnerability and global environmental change: rhetoric and reality,” in Aviso: An Information Bulletin on Global Environmental Change and Human Security, Issue No. 13, March 2004.


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


 Wiggins, A., and Crowston, K. (2011). “From conservation to crowdsourcing: a typology of citizen science,” in Proceedings of the Annual Hawaii International Conference on System Sciences.


 Williams, P. A., Simpson, N. P., Totin, E., North, M. A., and Trisos, C. H. (2021). Feasibility assessment of climate change adaptation options across Africa: an evidence-based review. Environ. Res. Lett. 16, 073004. doi: 10.1088/1748-9326/ac092d


 World Bank (2016). World Bank Group Climate Change Action Plan 2016-2020. Washington, DC, World Bank.


 World Bank (2017). Enhancing Urban Resilience in the Greater Accra Metropolitan Area. Washington, DC: World Bank.


 World Bank (2020). Transformative Climate Finance: A New Approach for Climate Finance to Achieve Low-Carbon Resilient Development in Developing Countries. Washington, DC: World Bank.


 World Economic Forum (2021). Country Financing Roadmap for the SDGs: Ghana. Available online at: http://www3.weforum.org/docs/WEF_SDIP_CFR_Ghana_Report_2021.pdf (accessed September 8, 2021).


 World Meteorological Organization (2011). Climate Knowledge for Action: A Global Framework for Climate Services-Empowering the Most Vulnerable. WMO-1065. Geneva: World Meteorological Organization. Available online at: ftp://ftp.wmo.int/Documents/SESSIONS/Cg-XVI/English/DOCs/d11-1%281%29_1065_HLT_report_en.pdf


 Würtenberger, L., Bunzeck, I. G., and Van Tilburg, X. (2011). Initiatives related to climate change in Ghana. Towards change in Ghana. Petten: Energy Research Centre of the Netherlands ECN.


 Yaro, J. A., Teye, J., and Bawakyillenuo, S. (2015). Local institutions and adaptive capacity to climate change/variability in the northern savannah of Ghana. Clim. Dev. 7, 235–245. doi: 10.1080/17565529.2014.951018


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Manteaw, Amoah, Ayittah and Enu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fclim-04-835768-t001.jpg
Definition

References

Giimate services seek to improve decision-making in a variety of climate-sensitive sectors, including health, food security,
agriculture, water management, and disaster risk management, through targeted support, and provision of climate
information.

Giimate services encompass a range of activities that deal with generating and providing information based on past,
present, and future climate and on its impacts on natural and human systems.

The transformation of climate-related data-together with other relevant information-into customized products such as
projections, forecasts, information, trends, econormic analysis, assessments (including technology assessment), counseling
on best practices, development, and evaluation of solutions and any other service in relation to climate that may be of use
for society at large.

The provision of data and information on both weather conditions over the short term and climate events over the
longer-term is referred to as climate information services

Giimate information services provide weather and climate forecasts to local communities who can then use this information
to proactively adapt their activities.

Giimate information services may be defined as services that provide climate information in a way that assists
decision-making by individuals and organizations.

Giimate services constitute the provision of information for climate-related (e.g., seasonal forecasts to multi-decadal
projections) decision-making.

Giimate information services reqiire information gathered over longer periods of time (from years to decades) to inform
longer-term decisions, such as a water utiity company making investment decisions to ensure the viabilty of the business
over the next decade.

Giimate services, or climate information services, can be simply understood as the production and delivery of climate
information to assist decision-making.

Giimate services provide climate information to help individuals and organizations make climate-smart decisions.
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