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Keywords: In the frame of climate change, Africa belongs to the regions with low capacities to cope with the
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the regions’ social-ecological resilience and provide long-term environmental security for people.
Foreign investors in this endeavour are often interested in the output and impact of their in-
vestments in order to identify the potentials for further improvements and commitments. In our
study, we have focused on an international institution that is actively contributing to improve

gtllltt)::zz:nons climate change research in West Africa, called WASCAL (West African Science Service Centre on
Research Climate Change and Adapted Land Use). Taking the 10-year anniversary of WASCAL as the
Systematic occasion for an assessment of the scientific output, a comprehensive systematic literature review
WASCAL for the time span 2012-2022 of peer-reviewed scientific publications related to WASCAL was

conducted. In total, 315 high-quality papers published in 149 different peer-reviewed journals
were identified. Globally, WASCAL is well connected, shown by joint publications from 58
different countries. Within West Africa, especially Burkina Faso (107 publications) and Ghana (86
publications) were represented with high levels of (co-)authorships. One of the main research
areas of WASCAL is climate modelling which was reflected in the findings. Relatively under-
represented in the frame of WASCAL-related publications were studies from social sciences. In
addition, more research should be conducted on the multifaceted topics of food security and
urban planning. WASCAL could also contribute further to the emerging research field of tropical
medicine and parasitology due to the threat to human health and food security resulting from
environmental and climate change.

* Corresponding author. Department Sustainable Landscape Development, Institute for Geosciences and Geography, Martin Luther University
Halle-Wittenberg, 06120, Halle (Saale), Germany.
E-mail addresses: sarah.schoenbrodt-stitt@uni-wuerzburg.de (S. Schonbrodt-Stitt), janina.kleemann@geo.uni-halle.de (J. Kleemann), christine.
fuerst@geo.uni-halle.de (C. Fiirst), p.vlek@uni-bonn.de (P. Vlek), kone.d@wascal.org (D. Koné), ogunjobi.k@wascal.org (K. Ogunjobi), michael.
thiel@uni-wuerzburg.de (M. Thiel).

https://doi.org/10.1016/j.envdev.2025.101283
Received 4 September 2024; Received in revised form 12 June 2025; Accepted 16 June 2025

Available online 17 June 2025
2211-4645/© 2025 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).


mailto:sarah.schoenbrodt-stitt@uni-wuerzburg.de
mailto:janina.kleemann@geo.uni-halle.de
mailto:christine.fuerst@geo.uni-halle.de
mailto:christine.fuerst@geo.uni-halle.de
mailto:p.vlek@uni-bonn.de
mailto:kone.d@wascal.org
mailto:ogunjobi.k@wascal.org
mailto:michael.thiel@uni-wuerzburg.de
mailto:michael.thiel@uni-wuerzburg.de
www.sciencedirect.com/science/journal/22114645
https://www.elsevier.com/locate/envdev
https://doi.org/10.1016/j.envdev.2025.101283
https://doi.org/10.1016/j.envdev.2025.101283
http://creativecommons.org/licenses/by/4.0/

S. Schonbrodt-Stitt et al. Environmental Development 56 (2025) 101283

1. Introduction

Climate change is causing global alterations in the cropping season, shifts in vegetation (Esquivel-Muelbert et al., 2017), increasing
weather extremes and related damages (Coronese et al., 2019; Forzieri et al., 2017; IPCC, 2022a). Especially Africa is and will be
confronted with increasing risks for nature and society (Trisos et al., 2022 in IPCC, 2022a). Since mid-1970, the mean annual and
seasonal temperatures for West Africa have increased between 1 °C and 3 °C. Furthermore, rainfall variability increases (Trisos et al.,
2022). Specific climate-related risks for Africa are losses of species, ecosystems, and, therefore, food production, a reduction in the
economy, an increase in poverty, disease, damage to property, and death, an increase in insecure water and energy conditions (ibid.).
In contrast, coping and adaptation strategies in Africa are low that results in high vulnerability and exposure to climate extremes (B.2.4
and C.3.1 in IPCC, 2022b). A literature review of adaptation studies between 2013 and 2021 and expert knowledge indicated that the
mainly reported adaptation strategies were related to “sustainable water management (food sector), resilient infrastructure and
technologies (health sector), agricultural intensification (food sector), human migration (poverty and livelihoods) and crop man-
agement (food sector)” (Williams et al., 2021 cited by Trisos et al., 2022, p. 1301 in IPCC, 2022a). Among them, no category was
graded as having high feasibility of implementation, especially due to technological and institutional barriers (ibid.).

Environmental education and climate change awareness for African societies are relevant to cope with climate change. For
example, a large-scale study between 2016 and 2018 in 34 African countries with 45,823 participants identified that only approx. one-
third of the participants have heard and understood (mainly) the meaning of climate change (Selormey et al., 2019). In addition,
approx. 67 % of the participants said that climate change is downgrading their life in their country (Selormey et al., 2019). It also has
been identified that people would feel less helpless if they would get actively involved to counteract the negative consequences of
climate change (e.g., Salomon et al., 2017; e.g., increase water use efficiency in the context of water shortage due to climate change).
More climate change-related research and capacity development is needed to improve local livelihoods, to increase the resilience and
capacities to cope with climate change. In comparison to the rest of the world, Africa faces gaps in climate change-related funding for
research, local scientific participation, and publications (Trisos et al., 2022). Since 1990, only 3.8 % of the global funding for research
related to climate change was spent on Africa (Overland et al., 2022). From 2016 to 2020, the United Kingdom, the EU, the USA,
Germany, and Sweden were the top funding bodies for Africa. Germany spent 697 million US dollars on adaptation-related issues in
Africa between 2014 and 2018 (Trisos et al., 2022). A large part of funding for climate-related research in Africa by German in-
stitutions was taken by the Federal Ministry of Education and Research (BMBF) and the German Research Foundation (DFG; North
et al., 2022). For example, by October 2018, BMBF had 286 publications related to climate change in Africa (rank 5 of an international
list; ibid.). BMBF has an “Africa Strategy” to find solutions for major African challenges. This strategy includes the strengthening of
international networks to expand capacities for education, innovation, and implementation (BMBF, n.d.). In 2012, BMBF founded the
Climate Competence Centers SASSCAL (Southern African Science Service Centre for Climate Change and Adaptive Land Management)
and WASCAL (West African Science Service Centre on Climate Change and Adapted Land Use) to focus on the challenges of climate
change in South and West Africa.

In view of foreign (German) investments in climate change-related research in Africa, it is time to analyze the output and impact of
this research funding activity. Publishing and dissemination of scientific results and findings are an important component for outreach
and especially for institutions that spend public money (e.g., Scherer et al., 2018). For example, BMBF has already invested more than
120 million Euros in WASCAL (WASCAL, 2021). Analyzing the scientific output and impact (SOI) of organizations and institutions is
crucial for several reasons. First, it allows the evaluation of the effectiveness of resource allocation and to identify areas for
improvement. Second, the evaluation shows knowledge and research gaps in the context of the funded institution, respectively. By
tracking metrics, such as the number of publications, citations, and collaborations, institutions can gain insights into the quality and
impact of their research output (e.g., Carpenter et al., 2014; Agarwal et al., 2016; Koseoglu, 2016). Knowledge of the institution’s SOI
might also be essential for justifying the financial resources spent on the funding measures. Finally, analyzing the SOI can be useful for
decision-making processes, e.g., related to the evaluation of research reports and resource allocation. By using data-driven insights,
organizations can make more informed decisions to improve their research programs.

Our study concentrates on the SOI of WASCAL, a West African large-scale research and capacity-building focused climate service
center founded to strengthen the research infrastructure and capacity related to climate change (WASCAL, 2020a). WASCAL has
celebrated in 2022 its 10-year anniversary. The related report mentions 273 master and doctoral theses, 700 publications and more
than 1000 beneficiaries of short courses and seminars on climate change and sustainable development, among others, during the
existence of WASCAL (WASCAL, 2022). In our study, we focused in more detail on the high-quality research output of WASCAL during
the time frame 2012-2022 (10 years) based on internationally published peer-reviewed scientific papers. Our research questions were
the following:

1) What is the research output of WASCAL regarding internationally published peer-reviewed scientific papers?

2) How visible (accessibility) is this high-quality research of WASCAL within the international scientific community?
3) Which scientific collaborations exist within WASCAL in the frame of the analysed papers?

4) Which research topics were mainly addressed in the analysed papers?

In this study, a systematic literature review of peer-reviewed scientific papers in WASCAL was conducted. Primary, this paper
should provide an overview of SOI in the frame of WASCAL, but it can give also directions for other funding organizations to scien-
tifically evaluate publications regarding their output and impact.
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2. Material and method
2.1. WASCAL

The West African Service Centre for Climate Change and Adapted Land Use (WASCAL) seeks to become one of Africa’s leading
institutions in the provision of climate and environmental services in and for West Africa. Until today, 12 West African countries are
members in WASCAL. Core buildings of WASCAL are the Headquarter in Accra (Ghana) and the Competence Center (CoC) in Oua-
gadougou (Burkina Faso). While the headquarter is the administrative center, the CoC is focusing on climate services, i.e., providing
ground-precision data recorded by human-manned, automatic meteorological, and hydrological stationary sensors through its own
WASCAL transboundary observations networks (WAS-ONs; WADIREP, 2019). In addition, the CoC serves as a provider of resources
and information related to climate change that is tailored to decision-making at different societal and administrative levels. Besides
research, WASCAL has a strong focus on capacity development and education by supporting young scholars in natural and social
science and strengthening local universities and climate service departments. The capacity-building program of WASCAL facilitates
academic education at 12 West African universities in collaboration with German research institutions through the Graduate Studies
Program (GSP). Each of the 12 West African universities hosts a GSP dedicated to climate change and different climate-related issues
(Table A1) to support an integrated, interdisciplinary, and multi-sectoral approach to developing and providing suitable management
strategies. By the year 2020, already more than 500 students have finished their degrees (WASCAL, 2020a).

Based on consultations among researchers, stakeholders, and the funding organization, current research needs were met through
the adaptation of the WASCAL CoC research program. Subsequently, the WASCAL Research Action Plan (WRAP 2.0) funding measure
was implemented in 2021 under the framework of the BMBF’s Africa strategy. WRAP 2.0 comprises the following five so-called
interrelated Priority Research Themes (PRTs) of high importance for West Africa: land use and land degradation (PRT 1), risk and
vulnerability to climate extremes (PRT 2), rural-urban and cross-border migration (PRT 3), sustainable agriculture and climate-smart
landscapes (PRT 4), and renewable energy (PRT 5). The relevance of PRTs, and the interrelationship among them address the interest
of multiple stakeholders across West Africa and ideally build on data gathered through the WAS-ONs. Furthermore, the above PRTs
serve the ECOWAS’ priority programs in environment and agriculture and are considered to deploy essential actions for achieving the
United Nations Sustainable Development Goals (SDGs), particularly SDG 1 (‘No poverty’), SDG 2 (‘Zero Hunger’), SDG 13 (‘Climate
action’), SDG 15 (‘Life on land’; UN, 2024).

2.2. The systematic literature review

A systematic literature review was used to gather information about peer-reviewed papers that were published in international
journals in the name of WASCAL, i.e., mentioned in the acknowledgments, as funding source or author’s affiliation. Systematic
literature is a standardized scientific approach and, therefore, a more transparent and reproducible approach in comparison to other
literature review processes (Snyder, 2019). The primary focus of a systematic literature review is to gather (ideally complete) empirical
evidence from literature related to a specific topic. In this study, we focused on scientific peer-reviewed publications in the time frame
2012-2022 to cover a 10-years period of research output from the beginning of WASCAL.

The selection criteria for the systematic literature review were tailored to the context of WASCAL. For the specification, we con-
sulted also WASCAL scientists of the CoC to transparently communicate and agree upon or refine selection criteria. The final list of

Table 1

Selection criteria for the publication database (corpus) of WASCAL (West African Science Service Centre on Climate Change and Adapted Land Use)
based on peer-reviewed scientific journal publications and explanations of their use. Abbreviations: CoC= Competence Centre; GSP = Graduate
Studies Program, BMBF= Federal Ministry of Education and Research, WASCAL-DE-Coop = Cooperation project between WASCAL and the University
of Wiirzburg support the WASCAL GSP in identifying German cooperation partners for the GSPs, among others. WRAP 2.0 = WASCAL Research
Action Plan.

#  Criterion Explanation

1 WASCAL (co-)authorship At least one person from the group of authors was affiliated with WASCAL. No distinction was made as to whether
the abbreviation WASCAL was used or whether the full form was used. In addition, no distinction was made
whether the affiliation was through the CoC or one to the GSP.

2 Funding by WASCAL The publication explicitly referred to the funding measure and related financial support of the study by WASCAL
(and/or BMBF).

3 Use of data directly related to WASCAL  The study used data directly related to WASCAL; in the presented methodology, data availability statement and/or
acknowledgments in the publication, explicit reference was made to the use of data from the WASCAL observation
network (e.g., meteorological parameters) and/or the WASCAL data portal.

4 Mention of “support” by WASCAL This criterion was based on funding by WASCAL (Criterion 2) but the corresponding section does not explicitly
mention the funding measure but under the headline of "Support" or “Acknowledgment”. For this reason, this
criterion may be seen as an extension of the criterion "Funding".

5 Mention of WASCAL project partners Mention of persons as WASCAL experts, e.g., in the acknowledgment of the publication.

or WASCAL staff

6 Affiliation/funding to/from a WRAP The publications listed under this aspect explicitly mention WRAP 2.0 as a funding measure.
2.0 project

7 Affiliation/funding to/from WASCAL- This criterion was defined for the inclusion of research studies made directly in the context of the WASCAL-DE-
DE-Coop project Coop project.
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selection criteria (Table 1) for the acquisition of peer-reviewed publications clearly allowed an assignment to WASCAL publications.
Seven criteria served as a decision basis for the selection of peer-reviewed publication in the context of WASCAL. Whereas we consider
Criteria 1 to 3 (Table 1) as hard criteria, rather obvious for acquiring and assigning publication to the WASCAL corpus, we had to refine
and extend, respectively further criteria since first extensive literature searches showed an incomplete list of publications. Although
the “hard” criteria (Criteria 1 to 3) allowed many publications to be identified in the context of WASCAL, they excluded research
studies that were either a) published with the support of WASCAL experts without direct involvement by authorship, or b) published
studies without explicit mentioning WASCAL but clearly related to WASCAL. For this reason, additional “soft” criteria (Criteria 4-7;
Table 1) were defined and the search for relevant publications was evaluated. Several criteria can be valid for a document at the same
time. The corresponding scientific work was listed as a WASCAL publication and analysed in this study if at least one of the selection
criteria was met.

The WASCAL-related peer-reviewed publications were identified via the multidisciplinary bibliographic database platform Web of
Science (WoS). WoS provides access to multiple publication databases and thus to extensive meta-data (e.g., reference and citation
data) from scientific journals, conference proceedings, and other documents in more than 250 scientific disciplines (Clarivate, 2024).
WoS is one of the most common international scientific citation search platforms (Li et al., 2018). By specific queries, WoS combines
the search for corresponding publications in six indexed and further regional publication databases. The query results are listed as
output and can be exported in different formats for further processing or integration into publication management systems. The search
terms "WASCAL*" OR "West African Science Service Centre on Climate Change and Adapted Land Use*" OR “WRAP 2.0*” were chosen.
To address any variations in the written version of the author’s affiliation, the two search terms of WASCAL were tested for capi-
talization and spelling differences (such as “Centre” vs. “Center”, and “Land Use” vs. “Land-use”). All identified publications were
screened for redundancy or misinterpretation of the WoS search engine. All publications that could be clearly assigned to at least one of
the selection criteria (Table 1) were entered into a literature management system; the WASCAL “corpus”.

For the scientific output and impact, no standardized definitions exist, as both terms are treated differently and diversely depending
on the context (e.g., see Chan et al., 2018; Scherer et al., 2018; Giorcelli et al., 2022; Sgrensen et al., 2021; World Reputation Rankings
by THE, 2024). The identification of the research output (RQ 1) was based on the total and annual number of peer-reviewed papers.
The visibility of high-quality research of WASCAL within the scientific community (RQ 2) was analysed by the number of papers
published as open access and the number of citations. The scientific collaborations within WASCAL (RQ 3) were investigated by the
amount of (co-)authorship and location of author’s affiliation. Here, we distinguished between the international scientific networks
(with West African countries and beyond) and the regional networks within West Africa. For the overview of research topics in the
frame of WASCAL (RQ 4), the number of publications in the different disciplines/research areas was in the focus. The research areas
were taken from the WoS categories. The performance indicators of SOI are shown in Table A2. WASCAL publications were analysed
using standardized methods of bibliometric analysis (Neves Machado et al., 2015; Wambu and Ho, 2016) with a focus on identifying
(sub-)disciplines and trends in terms of collaboration and scientific output. A suitable tool for the analysis proved to be bibliometrix15,
which provides a variety of tools for a complete bibliometric analysis following the science mapping workflow (Aria and Cuccurullo,
2017).
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Fig. 1. Overview of the amount and access of the WASCAL-related peer-reviewed publications in the time frame between 2012 and 2022. Left
figure: The total annual output and specified annual output of WASCAL-affiliated publications and all other related publications. Right figure: Open
access of WASCAL-related publications per year.
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3. Results

Following the selection criteria (Table 1), we were able to identify a total of 315 papers. Most papers were original articles (n =
305). For 163 publications (~51.7 %), more than one criterion applies, such as WASCAL (co-)authorship (Criterion 1), WASCAL
funding (Criterion 2), and use of data generated in WASCAL (Criterion 3; Table 1; Annex Figure A1). Publications fulfilling the criteria
1 or 2 and 3, respectively (Table 1, Annex Figure A.1), thus representing the core of the WASCAL corpus, are 186 (59 %) documents.
For 129 (41 %) publications in the WASCAL corpus, criteria 4 to 7 are fulfilled (Annex Figure A1). For these publications no direct
WASCAL associated authorship or funding, and data uptake was recorded.

In total, 891 people published within the 315 papers. On average, 6 authors published together. Only 5 publications showed a
single authored paper. Almost all papers were published in English (only one publication was in French, but the abstract was provided
in English). Despite five publications, a clear statement indicated the peer-reviewed processing of the paper.

7
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Environ. Res. Lett. lop Publishing

Fig. 2. Publisher (inner circle) and journals published therein (outer circle, abbreviations according to 1SO4) in which WASCAL publications were
published between 2015 and 2022 (as of November 22, 2022). Shown by name, only those journals are listed in which at least four WASCAL
publications appeared between 2012 and 2022. *Note: Publishers from left to right: SpringerOpen, SAGE Publications, Springer Nature, Resilience
Alliance, Kluwer Academic Publications, Emerald Group Publication, Cambridge University Press, Wiley-VCH, Springer New York, Inter-Research
Science Center, International Union of Geological Sciences, International Society for Tropical Ecology, Hindawi, Science in China Press, American
Phytopathological Society, Associazione Italiana di Telerilevamento, Frontiers Media, S.A., International Seed Testing Association. Note: The
designations of the journal names shown are based on the ISO4 standard, the international standard for uniform, systematic abbreviation of sci-

entific journals.
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3.1. Scientific output, accessibility, and journals

The annual output in the form of peer-reviewed scientific publications (number of publications per year; Fig. 1) showed a steady
increase with the peak of output in 2018, followed by the second- and third-highest output in 2017 and 2020, regardless of the
assignment of the publications in one of the two categories listed (i.e., WASCAL-affiliated publications by (co-)authoring, all other
WASCAL-related publications). The lowest number of publications were indicated at the beginning and at the end of the observation
period — in the time frame between 2012 (n = 3) and 2014 (n = 10) and in the year 2022 (n = 13; Fig. 1).

Of the total of 315 WASCAL-related publications, more than half of the papers (57.8 %) were characterized by unrestricted access
(open access; n = 182). The remaining publications were restricted in their access (non-open-access; n = 133) and can only be obtained
after prior article-based payment, licensing by the corresponding institution (e.g., university) or in exchange with the (co-)authors who
have access to the respective publication. Over the years, a clear trend toward open-access publications has emerged. While in 2012,
only 3 publications appeared as open-access, in the following years, the number of publications as open-access increased (Fig. 1).
Regarding citations, the WASCAL-related papers were 8004 times cited; with 26 times on average. The maximum number of citations
for one paper was 256 times.

The 315 WASCAL-related papers were published in 149 different peer-reviewed journals (Fig. 2). These can be assigned to 35
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Fig. 4. Temporal evolution (2012-2022) of research areas (Web of Science categories) covered in the WASCAL publications (n = 315). Grouping of
the categories * Agronomy, and agriculture (engineering) and agriculture (multidisciplinary), ** biotechnology, applied microbiology and micro-
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the total counts in a category over the analysed period (right) and the total counts per year over all categories (upper).
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publishers or their subgroups. The major publishers of scientific publications are Elsevier (32.4 %), MDPI (Multidisciplinary Digital
Publishing Institute; 12.4 %), and Springer (20 %) including all sub-publisher (i.e., Springer, Springer Science + Business Media,
Springer Netherlands (Springer NL), SpringerOpen, Springer Nature, Springer Science + Business Media and the New York Botanical
Garden Press on behalf of the Society for Economic Botany). Even though Elsevier was the major publisher of the WASCAL-related
publications, the highest amount of open-access publications within a specific journal was shown for the Springer journal “Theoret-
ical and Applied Climatology” (Annex Fig. A2).

3.2. International and regional scientific collaboration

In the collaborations in both directions, Africa and Europe, except for Cape Verde, every WASCAL member state is represented by
affiliated persons. Joint research in the context of WASCAL managed to connect scientists and stakeholders at institutions and or-
ganizations from a total of 58 different countries worldwide during the 2012-2022 observation period (Fig. 3A and B). Already joint
publications by (co-)authorship (Criterion 1) applies to 182 publications and scientists collaborated internationally from 43 countries.
The focus of international joint publications is on the two continents of Africa and Europe. Thus, on the one hand, there are inter-
national research publications between both continents (45 % of WASCAL-affiliated publications), but also between various African
countries (~24 % of WASCAL-affiliated publications; Fig. 3C and D). Approximately 18 % of the WASCAL-affiliated publications are
even based exclusively on a cooperation between WASCAL member states. The African cooperation with countries outside West Africa
was mainly focused on Kenia and South Africa. In total, 20 different African countries and 13 European countries were affiliated in the
publications, followed by countries in Asia (six countries) and North and South America (two countries each). Country-wise, the
highest amount of (co-)authorship was shown with 205 publications and 390 affiliations for Germany. Within West Africa, especially
Burkina Faso (107 publications, 138 affiliations) and Ghana (86 publications, 138 affiliations; Fig. 3A) were shown with high amounts
of (co-)authorships. The highest number of different connections within Africa of (co-)authorships of West African countries came from
Burkina Faso (Fig. 3D). On average, scientists from three countries (SD = 1.3) produced joint WASCAL publications. The maximum
number of affiliations from different countries was reached by a study on characterizing daily West African summer monsoon pre-
cipitation using CORDEX simulations (Klutse et al., 2016). In this study, the author affiliations were from 11 different countries (Africa,
Europe, and North America).

3.3. Overarching themes of research

The overarching themes of the 315 WASCAL-related publications came from different scientific disciplines (Fig. 4). Many publi-
cations could be assigned to physical sciences. Highest amounts were shown for the topic of environmental/ecological studies that
were shown 171 times as research areas according to the WoS categories in the time frame 2012-2022. The amount of environmental
studies was followed by a) meteorology and atmospheric sciences (74 times), b) agronomy, and agriculture (engineering) and agri-
culture (multidisciplinary; 47 times), and c) water resources (45 times). Especially the year 2018 was a peak year of different research
areas, which was followed by the year 2020. Lowest levels with only one time referred as research area according to the WoS categories
was identified for astronomy/astrophysics, construction building technologies, evolutionary biology, fisheries, genetics heredity,
geochemistry/geophysics, infectious diseases, marine freshwater biology, parasitology, public, environmental and occupational
health, tropical medicine, and zoology. Relatively underrepresented were studies from social sciences. In addition, only three pub-
lications related to urban planning were identified.

One of the main research areas of WASCAL is climate modelling (e.g., Sylla et al., 2015; Dieng et al., 2018; Nikiema et al., 2017;
Diallo et al., 2016; Kebe et al., 2020; Saley et al., 2019). WASCAL has developed regional climate models that provide projections of
future climate change in West Africa at a high resolution (Heinzeller et al., 2018). These and other climate models have been used to
assess the impacts of climate change on various sectors, including agriculture, water resources, and energy (Dimobe et al., 2018; Hipt
etal., 2019; Ferner et al., 2018; Larbi et al., 2021; Obahoundje et al., 2017). In addition, researchers in WASCAL have assessed the local
perceptions of climate change on the environment and ecosystem services (Agwu et al., 2018; Sanogo et al., 2017). WASCAL has also
conducted research on land use change and its impacts on the environment and society. This research has focused on the drivers of land
use change, the effects on biodiversity and ecosystem services, and the social and economic implications for local communities (e.g.,
Belem and Saqalli, 2017; Kleemann et al., 2017b; Koo et al., 2019). In addition to these areas of research, WASCAL has also produced
scientific output related to renewable energy (e.g., Odou et al., 2020; Sawadogo et al., 2020; Danso et al., 2021; Ballo et al., 2022),
water resources management (e.g., Yira et al., 2016; Badjana et al., 2017; Naabil et al., 2017; Hounkpe and Diekkrueger, 2018;
Alhassan and Jin, 2020; Ascott et al., 2020; Salack et al., 2022), and disaster risk mapping and reduction (e.g., Asare-Kyei et al., 2017;
Ntajal et al., 2017; Almoradie et al., 2020). WASCAL has developed software tools and data sets that are partly freely available to
researchers and policymakers, including a crop simulation model, a hydrological model and observatory (Bliefernicht et al., 2018), and
a climate data portal (WASCAL-hydromet-net.org).

4. Discussion

WASCAL has produced over the 10-year-time period a considerable amount of peer-reviewed scientific papers. In total, 315 papers
were published — already besides the huge amount of policy papers, conference papers, dissertations, master theses and bachelor theses
(see WASCAL, 2022) that were not counted in the frame of this paper. Especially the year 2018 was a peak year regarding the total
amount of peer-reviewed scientific publication in the context of WASCAL and regarding the spectrum of different research areas of the
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publications. The collaboration between Germany and West Africa showed a strong scientific network. The author connections within
West Africa and other African countries showed many and diverse links that could serve also in future for a profound scientific basis to
ensure a continuation of WASCAL. Most African authors came from Burkina Faso, followed by Ghana and Nigeria. Interestingly,
Overland et al. (2022) identified in a search of the largest database of research funding that, between 1990 and 2020 and within West
Africa, the highest climate change research funding was provided for Ghana while funding for other West African countries along the
coastline was rather lower. Pasgaard et al. (2015) also identified that locally based authors of climate change studies in West Africa
were mainly from Nigeria while no studies were found for Togo, Guinea, among others. Furthermore, in relation to the number of
scientific papers about climate change adaptation between 1988 and 2020, Ghana and Nigeria showed the highest amounts among
West African countries (Sietsma et al., 2021). In our study, Ghana and Nigeria were strongly represented, too. Collaborations could be
also related to the historical past, cultural ties and language (Nature, 2014). The majority of our analysed papers were published in
English where English-speaking West African countries might have an advantage. However, Burkina Faso was also a strong player in
our study which could be related to the location of the WASCAL CoC in Ouagadougou. Furthermore, Dano, located in southwestern
Burkina Faso, belongs to the main research sites in WASCAL (WASCAL, 2020b). In addition, it can be confirmed by our study that other
West African countries such as Gambia and Mali are comparably less represented in published research. It also means that future
scientific collaborations in publications could focus more on the underrepresented West African countries.

The accessibility of the publications during the analysed time frame was partially limited due to the fact that, in total, only 57.8 %
of the publications were freely accessible even though BMBF promotes the open access of data and results (BMBF, 2021). However, the
share of open access publications has improved over the time period. In 2022, more than 90 % of the papers were published as open
access. Open-access research is important because it allows an improved sharing of information and knowledge, which can help in the
advancement of science, technology, and innovation. Especially people of the Global South have often not sufficient resources to access
subscription-based journals (Powell et al., 2020; Tai and Robinson, 2018). Since the expansion of the international research network
and cooperation should belong to the primary goals (not only of WASCAL), it is important to provide greater access and visibility of
research, which can help to increase the impact and reach of research also locally and across socio-economic boundaries. The finding
regarding the limited open access during the total period of investigation could be also related to the fact that a relatively high share of
the papers was released with publishers such as Elsevier, Springer, and Taylor & Francis that rather cover hybrid journals. The open
access costs of hybrid journals are partially very high, and it might not be possible to cover these costs by project or university money.
Another factor could have been that the DEAL negotiations (DEAL, 2022) to enable open access for publications from German in-
stitutions (also as co-author of African studies) were only initiated in 2013 and suspended in 2017 (Mittermeier, 2023a). In 2018, the
negotiations were resumed and open access conditions could have been improved (Mittermeier, 2023b).

Taking a look at the research topics, the majority of publications were based in environmental/ecological science which could hint
towards an interdisciplinary research field. Meteorology and atmospheric sciences were the 2nd rank which represents well the focus
of climate and atmospheric studies of WASCAL - not least because “climate change” is part of WASCAL’s name. As 3rd rank, the
multidisciplinary context of agriculture was identified. However, “food security” was less pronounced in the findings. The analysis of
food systems goes beyond agriculture, e.g., topics related to food storage, logistics, stock markets, alternative food sources, livelihood
diversification, etc. Food security is and will continue to be a very important topic in the frame of climate change. Trisos et al. (2022)
identified that the main funding sectors in the global funding scheme for research in Africa related to climate change were food
systems, ecosystems, and freshwater.

As expected, pure studies from social sciences were less represented in the publication output. This fact was already existing during
a long time of WASCAL due to major focus on environmental, land use change, and climate change analyses and author’s collabo-
rations within meteorology, agriculture, and other physical sciences. However, many interdisciplinary studies within WASCAL confirm
the use of a combination between approaches and methods from social and natural sciences (e.g., Kleemann et al., 2017a, b; Koo et al.,
2019). Furthermore, studies of diseases (i.e., infectious diseases, tropical medicine, parasitology) were relatively underrepresented.
Besides the need to strengthening studies in social sciences, the research field of diseases could be an interesting future research area
due to the importance of human health and food security in the frame of environmental change and climate change (e.g., Lake et al.,
2012; Myers and Patz, 2009; Sweileh, 2020).

In addition, only three papers in our analysis were directly related to urban studies and regional urban planning. Links between
urbanization and climate change clearly exist. For example, so called “heat islands” (hotspots of high temperatures) in cities might
increase with climate change (Busby et al., 2014; Li et al., 2021) and coastal and flood-prone cities might be more at risk in future due
to rising sea levels and more extreme weather events (Douglas et al., 2008; Hinkel et al., 2012). According to the IPCC, more in-
vestment of research in Africa is especially needed in cities and for the restoration of ecosystems (IPCC, 2022a,b). The fast process of
urbanization in many African cities lacks a clear spatial planning and supervision of uncontrolled urban development (Jiang et al.,
2021). Even though more than three WASCAL peer-reviewed publications of spatial analysis of urban spaces in West Africa exist (e.g.,
Mahmoud et al., 2016), there should be potentially a stronger focus on urban planning issues in future WASCAL-related research. First
steps have been taken already by changing the scope of the WASCAL GSP in Minna from “Climate Change and Adapted Land Use” to
,,Climate Change and Human Habitats“. It shows that the need to focus more on urban issues in research and capacity building has been
recognized.

5. Conclusion

A comprehensive systematic literature review for the time frame 2012-2022 of peer-reviewed scientific publications in the context
of WASCAL was conducted. This format of a standardized assessment of research can be also used by other scientific institutions to
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track and assess their scientific output and impact. The 315 high-quality scientific publications, the 8004 citations, the 891 individual
authors, and the joint research from 58 different countries, among others, reflect the high representativeness of WASCAL’s research
and its role as science funder in Africa and abroad. Other West African countries than Ghana, Nigeria, and Burkina Faso should be more
actively involved in future. WASCAL’s primary research mission of climate-related analyses has been fulfilled by showing mainly
environmental studies, meteorology and atmospheric sciences as research areas. Future and stronger research focus of WASCAL could
be laid on food security, health and diseases, urban planning and social sciences to better link the multifaceted and complex layers of
social-ecological systems in the frame of climate change research. By this approach, WASCAL will contribute even stronger to reach the
Sustainable Development Goals.
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