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A B S T R A C T   

Six years have passed since the European Commission published its Roadmap for Climate Services (2015). 
Nowadays, this domain is characterized by a complex constellation of different products, services, and actors. 
Indeed, the definitions of climate services adopted by the WMO and the European Union are very vague, leading 
to possible mismatches between users’ expectations and producers’ offers in terms of services. Consequently, 
several authors and institutions have adopted different terminologies. For example, Weichselgartner and 
Arheimer (2019) argue for “climate adaptation products, climate adaptation services and climate adaptation 
knowledge-action systems”. Therefore, this article will pursue two goals: first, we will apply new terminologies to 
climate services across the European Union; secondly, we will investigate the possible correlation between the 
degree of decentralisation, the policymaking traditions (statist or corporatist), and the emergence of climate 
adaptation knowledge-action systems in selected countries (EU 27). From our analysis we conclude that climate 
change adaptation knowledge action systems were most developed in corporatist and/or decentralized countries 
such as Austria, Denmark, Germany, Ireland, Netherlands, and Spain. At the same time, statist and centralized 
countries show different degrees of integration of climate products and services in their adaptation governance: 
some developed adaptation services (France), for others no product or service was found (Greece). We believe 
that better use of terminology (e.g., product vs service) is an important step for the development of climate 
services and a sign of increasing maturity in the field.   

Introduction 

The impacts of climate change are increasingly visible over the 
whole planet: from increasing/decreasing precipitations or their in
tensity to rising sea levels and melting glaciers. Although in certain cases 
these effects are less evident on local scales, the overall trend of global 
warming is impacting every society on Earth. As pointed out by the 
European Environment Agency (2019), in the last decade the European 
land temperature has increased by 1.7–1.9 ◦C compared to the pre- 
industrial era, leading to various impacts across Member States (the 
global average is 0.9–1 ◦C). According to the Green Paper on Adaptation, 
several areas in the EU will be affected by climate change (European 
Commission, 2007). For example, Mediterranean and mountainous re
gions recorded a higher temperature rise and/or subsequent decrease in 

annual precipitations and river flows, a decrease in glacier volumes and 
permafrost areas, and a risk of biodiversity loss and species extinction 
(EEA, 2016). In addition, many economic sectors which strongly depend 
on climatic conditions, such as agriculture, fisheries, or tourism are 
affected. To face these challenges, the European Union has been 
formulating mitigation and adaptation measures while encouraging 
Member States to act. 

Until recently, adaptation to climate change was perceived as 
something that could undermine mitigation efforts. As Biesbroek et al. 
(2010) pointed out, adaptation appeared on policy agendas as the im
pacts of climate change were increasingly observed across different 
scales. Adaptation was defined by Adger et al. as a “continuous stream of 
activities, actions, decisions and attitudes that inform decisions about all 
aspects of life, and that reflect existing social norms and processes” 

* Corresponding author. 
E-mail address: anastasia.panenko@umrpacte.fr (A. Panenko).  

Contents lists available at ScienceDirect 

Climate Services 

journal homepage: www.elsevier.com/locate/cliser 

https://doi.org/10.1016/j.cliser.2021.100265 
Received 23 March 2021; Received in revised form 21 July 2021; Accepted 12 November 2021   

mailto:anastasia.panenko@umrpacte.fr
www.sciencedirect.com/science/journal/24058807
https://www.elsevier.com/locate/cliser
https://doi.org/10.1016/j.cliser.2021.100265
https://doi.org/10.1016/j.cliser.2021.100265
https://doi.org/10.1016/j.cliser.2021.100265
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cliser.2021.100265&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Climate Services 24 (2021) 100265

2

(2005:78). It is in this perspective that climate services appear as an 
emerging topic in the area of climate change adaptation. Nonetheless, 
these tools can be largely deployed for both mitigation and adaptation in 
different sectors of our economies - from agriculture to insurance, en
ergy, or tourism (as illustrated in Table 1). Moreover, Swart and Raes 
(2007) argued that both strategies should be considered as 
complementary. 

Climate Services - based on historical data and climate modelling - 
offer estimates/predictions on future weather conditions on different 
scales and for different weather variables. The WMO defines them as “a 
decision aid derived from climate information that assists individuals 
and organizations in society to make improved ex-ante decision-mak
ing” (2013:7), while the EU considers them as a process “transforming 
climate-related data and other information into customized products 
such as projections, trends, economic analyses, advice on best practices, 
the development and evaluation of solutions, and any other climate- 
related services liable to benefit that may be of use for society” 
(2015:10). In practice, there is no common blueprint for climate ser
vices, as they vary from the provision of mapping tools to capacity 
building activities such as workshops. Moreover, they can be provided 
by NGOs, research entities or consultancy companies, focused on spe
cific sectors and spatial scales, and provided free of charge or not. This 
complex constellation of different products, services and actors makes 
any comparison or evaluation quite challenging. Such broad defini
tions1, coupled with a growing literature on the limits and lack of 
connection with end-users, has pushed several authors to formulate their 
own distinctive types of climate services. For example, Goosen et al. 
(2014) and the German Climate Preparedness Portal KLiVO2 put for
ward the concept of adaptation services to highlight the importance of 
decision-support practices associated with climate information use. 
Weichselgartner and Arheimer (2019) proposed three different types of 
climate services: climate adaptation products, climate adaptation 

services and climate adaptation knowledge-action systems (Table 2). 
This article is an attempt to apply these new typologies of climate ser
vices to several climate service producers across the EU. The aim of this 
article is to shed light on conditions for the development of climate 
adaptation services and systems. 

The first section of this article will provide a literature review on 
climate services and introduce new terminologies. Secondly, we will 
discuss multi-level and polycentric governance, as it is particularly 
interesting to investigate how climate services have evolved in different 
institutional settings of selected EU Member States3. Multi-level gover
nance is defined by Carina H. Keskitalo as “a decision-making process 
steered by multiple actors across multiple geographic levels and sectors” 
(Carina H. Keskitalo ed., 2010:4), whereas polycentricity refers to a 
complex form of governance with multiple centres of decision-making 
nested in multiple overlapping jurisdictional levels (Ostrom, 2009; 
Carlisle and Gruby, 2019). Therefore, in the second part of this study we 
will ask: 1) whether country specific institutional features, such as the 
degree of decentralisation, have influenced the implementation of 
adaptation strategies on sub-national levels; and 2) whether policy- 
making traditions have influenced the establishment of adaptation 
knowledge-action systems. We assume that the institutional context can 
determine the degree of integration of climate services in adaptation 
governance structures. To discuss this correlation, we will focus on EU 
countries and provide a panorama of climate services according to the 
three types formulated by Weichselgartner and Arheimer (2019). 

Climate services as part of adaptation governance 

Brief overview of the emergence of climate services 

The emergence of climate services is linked to the development of 
international cooperation in the areas of the weather and climate, and 
marked by the creation of international organizations. This process 
started at the beginning of the 19th century with the founding of the 
WMO in 1950, in view to sharing climate-related information across 
borders (Vaughan and Dessai, 2014). As climate science and cooperation 
progressed, new institutions for international cooperation were estab
lished: more specifically, the IPCC, UNFCCC and, finally, the GFCS (in 
1988, 1992 and 2009 respectively)4. In 2015 the European Commission 
published its “Roadmap for Climate Services” to guide the development 
of the sector and reinforce Europe’s resilience to climate change. In the 
official EU discourse, the development of climate services is aimed at 

Table 1 
Where are climate services used?  

Sector/Industry Applications 

Water Pricing and allocation, storage and conservation decisions. Eg.: 
SMHI Aqua 

Agriculture Crop management; irrigation decisions; product marketing; 
herd management; input use (fertilizers). e.g., Climate Change 
Impact on Cotton (CCIC) 

Disasters Preparedness; early warning systems. e.g., National Flood 
information portal (Ireland) 

Health Endemic transmissions; disease surveillancee.g., Climatic 
suitability for the presence and seasonal activity of the Aedes 
albopictus mosquito for Europe derived from climate 
projections 

Energy Planning the purchase of gas and electricity; managing 
responses in emergency situations; grid/distribution 
management; optimization of reservoir/hydropower 
operations. e.g., Project Ukko: seasonal wind predictions for the 
energy sector 

Infrastructure Site location, facility design; emergency preparedness; in all 
domains of urban planning, e.g., Urban climate service centre. 

Transport Fuel purchasing; snow preparation/removal; accident 
reduction. e.g., Met Office Rail Weather and Climate Services 

Finance Insurance and derivates. e.g., Axa insurance 
Tourism Forecasts for aviation and transportation; revenue forecasting, 

seasonal occupancy forecasts. e.g., Prosnow: prediction system 
for snowmaking in Alpine resorts. 

Fisheries/ 
Forestry 

Harvest management; resource management. e.g., European 
Forest Fire Information System 

Source: compiled from USAID (2013), John A. Dutton (2002) Daniel J. Scott et al 
(2011), Jorg Cortekar et al (2016), Catherine Vaughan et al (2016) and WMO. 

Table 2 
Different types of climate services.  

Type Definition 
Climate Change Adaptation 

Products (CCAP) 
“data, tools to support decision-making for 
adaptation, including efforts to identify information 
needs”. 

Climate Change Adaptation 
Services (CCAS) 

“activities, consultations and other forms of 
interaction that enable decision-makers to make 
better use of CCAP. CCAS are not only products, 
but also the mechanisms for interaction and 
knowledge exchange between producers, users 
and providers”. 

Climate change adaptation 
systems (CCAKAS) 

“networks of individuals, organisations, 
coordinating bodies, and institutional and 
communication structures that cooperatively design, 
produce, provide and use CCAP and CCAS”. 

Source: Weichselgartner and Arheimer (2019). 

1 Definitions proposed by WMO and European Commission  
2 https://www.klivoportal.de/EN/ 

3 Austria, Belgium, Bulgaria, Croatia, Czech Republic, Estonia, Finland, 
France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, 
Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden. 

4 IPCC - Intergovernmental Panel on Climate Change; UNFCCC- United Na
tions Framework Convention on Climate Change; GFCS – Global Framework on 
Climate Services. 
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enabling market growth (European Commission, 2015; R. Street, 2016). 
The EU takes the perspective of services, as stated from the outset in the 
foreword: “Climate services have the potential of becoming a supportive 
and flourishing market, where public and private operators provide a 
range of services and products that can better inform decision makers at 
all levels, from public administrations to business operators, when tak
ing decisions for which the implications of a changing climate are an 
issue”. Climate Services, through the delivery and application of 
improved forecasting capabilities, can enable evidence-based decision- 
making in several sectors and across different scales (please see Table 1 
for more examples). For example, climate services developed by the 
Ukko project offer seasonal wind prediction for the energy sector. The 
Clara project has been developing services for energy (solar and hy
dropower), disaster risk reduction, water management and agriculture. 
Climate services, such as the EuroHEAT project, can foster the protec
tion of human health from the vagaries of climate variability and change 
such as heatwaves. Prosnow offers real-time optimization of snow 
management for mountain ski resorts through weather and seasonal 
forecasting and snow cover modeling. According to John A. Dutton 
(2002), USAID (2013) and the European Commission (2015), climate 
services can contribute to adaptation and mitigation efforts in several 
sectors, as illustrated in Table 1. 

However, R. Street5 (2016)5 underlined that the “potential market is 
largely untapped” (2016:3). According to him, demand is relatively 
fragmented and the available services are primarily supply driven. 
Indeed, as demonstrated by Sarewitz and Pielke (2007), these services 
will follow the logic of supply and demand and thus could suffer from a 
mismatch between what is being produced and what is being demanded. 
The use of information will depend on its relevance, the consistency 
between research and policy agendas, institutional constraints, etc. 
(Sarewitz and Pielke, 2007). Merely producing knowledge on a specific 
topic does not indicate whether this information is being used; also, 
“more information does not mean better decisions” (Sarewitz and Pielke, 
2007). According to them, “the potential for science to contribute to 
societal goals depends critically on factors well beyond science” and 
that “better science portfolios would be achieved if they reflected an 
understanding of supply, demand and the complex dynamic relationship 
between them” (2007:6). Dilling and Lemos (2011) argued for better 
iterability and “purposeful and strategic interaction between climate 
knowledge producers and users so as to increase knowledge usability” 
(2001:681). When defining iterability, Sarkki et al (2015) stressed the 
need to “go beyond simple repetition” in order to “foster constructive 
relationships and knowledge itself” (2015:507). Policymaking is a dy
namic process that requires feedback and adjustments. Thus, there is a 
need for a constant twofold connection and the exchange of feedback 
between all the stakeholders involved in the creation of climate services 
and their use. In other words, there is a need for the “next generation of 
climate services”, nested within the interfaces of science-to-service-to- 
practice, capable of improving connections between users and pro
ducers (Jacobs and Street, 2020), and delivering salient, credible, and 
legitimate information. 

Scholars of science-policy interaction have built several frameworks 
to assess the efficiency of research in informing policy and decision 
making. These frameworks have also been applied to climate services 
(Reinecke, 2015). For example, the CRELE framework aims at assessing 
the Credibility, RElevance (or salience), and LEgitimacy of information 
(Sarkki et al., 2015; Reinecke, 2015). Credibility refers to whether the 
knowledge and its production are perceived as valid and adequate (trust 
in science and scientists). The information will be relevant if it answers 
the needs of society (when the demand for science matches its supply, as 
in Sarewitz and Pielke, 2007 and in McNie, 2007). Legitimacy is the 
fairness of knowledge and policy production – whether unbiased or not 

(Sarkki et al., 2015; McNie, 2007; Cash et al., 2003; Reinecke, 2015). 
Later, Dunn and Laing (2017) pointed out that most CRELE studies 
focused on the scientific side of the science-policy interface, without 
evaluating these concepts with decision-makers (often absent from 
study groups). Following their study with decision makers in Australia, 
Dunn and Laing (2017) built a different framework – ACTA, or the 
Applicability, Completeness, Timing and Accessibility of information. 
They concluded that these criteria better summarize the most important 
aspects of scientific research when it comes to influencing decision- 
making“ (Dunn and Laing, 2017). Schuck-Zöller S. et al. (2016) from 
GERICS6,7 have developed a specific framework for assessing climate 
services and co-produced services7. It studies criteria for products / 
services such as availability, visibility, quality, relevance; and results 
such as use, satisfaction, dissemination, user learning effects and their 
evaluation. However, so far, most of the literature on climate services 
had focused on a given product developed for a particular sector, with 
specific actors. In addition, these case studies described a wide variety of 
climate services at different scales (spatial, administrative, and tempo
ral), with different interactions between stakeholders. Indeed, the term 
“climate service” itself has a very broad definition, which can lead to 
misconceptions: climate data, customized products, services, the 
development of solutions. Hence, the need to refine the terminology 
used. 

Different types of climate services 

Adaptation tools and actions are not isolated from the context and 
must take into account (or be part of) demographic, cultural and eco
nomic changes (Adger et al., 2005). At the same time, decision making 
for adaptation requires an integrated cross-sectoral approach, capable of 
capturing the complexity of decision processes, greatly affected by 
environmental and social contexts (Celliers et al., 2021). Despite several 
advances in climate science, local institutions still lack robust knowl
edge on impacts on their territories. This is not due to lack of informa
tion on climate change and its impacts per se; often this information is 
not directly exploitable at regional/local levels where most adaptation 
activities occur (Ford et al., 2011; Räsänen et al., 2017). Krauss and von 
Storch (2012) pointed out that “there are significant disturbances in 
communication between climate change science and the public” 
(2012:213). The authors argue that the increasing amount of informa
tion on the climate does not include the experiences and perceptions of 
people. According to them, the linear model of the science-society 
relationship is still dominant in climate science. Cognitive institutional 
or individual gaps in science and decision-making represent an obstacle 
for successful adaptation. For example, Porter and Dessai (2017) 
concluded that often climate scientists do not have the capacity to listen 
and respond to users’ needs; Celliers et al. (2021) highlighted the 
presence of individual-level barriers, such as lack of understanding of 
climate change and adaptation solutions. Furthermore, the usability of 
climate services can be negatively influenced by a set of constraints 
linked to the context or intrinsic features of climate information. Con
straints can be rooted in formal and informal institutional obstacles 
related to regulations, or to the mismatch between climate change and 
electoral cycles (Dilling and Lemos, 2011; Celliers et al., 2021). Several 
labels are used to portray this lack of connections between scientists and 
policy-makers, such as the science-policy gap (Choi et al., 2016), or the 

5 R. Street is part of the ad hoc Expert Group which elaborated the EU’s « 
Roadmap for climate services » in 2015. 

6 GERICS is scientific organizational entity of Helmholtz-Zentrum Geesthacht 
– Zentrum für Material- und Küstenforschung GmbH  

7 Schuck-Zöller S et al. (2016), Towards a framework for the evaluation of 
climate service and knowledge transfer products within climate and coastal research, 
[Online poster], Available from https://www.gerics. 
de/methods/evaluation/index.php.en, https://www.researchgate.net/pu 
blication/328956686_Towards_a_framework_for_the_evaluation_of_climate_se 
rvice_and_knowledge_transfer_products_within_climate_and_coastal_research 
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valley of death (Buontempo et al., 2014). On the other hand, multiple 
strategies exist to establish these connections and narrow the science- 
policy divide. Many case-studies have highlighted the importance of 
knowledge brokers and boundary organisations as means of improving 
both CRELE and iterability (Kirchhoff et al., 2015). The role of cross- 
scale interactions for multi-interest problems is discussed in Cash et al. 
(2003), where the authors highlighted the need for the co-production of 
knowledge through boundary organizations or the use of adaptive co- 
management. According to them, since boundary organizations act as 
bridges between different scales, they can encourage the co-production 
of credible, relevant, and legitimate knowledge. Likewise, Goosen et al. 
(2014) proposed a definition of climate adaptation service (CAS): “an 
information service supporting the assessment of vulnerability in a 
wider perspective and including the design and appraisal of adaptation 
strategies in a multi-stakeholder setting” (2014:1035). Moreover, the 
German Climate Preparedness Portal KLiVO, defines adaptation services 
as “guidelines, web tools and maps, and the provision of specialist 
training, while climate change adaptation services offer assistance in 
choosing, planning, and implementing appropriate measures and eval
uating their effectiveness”. From this perspective, the terminology sug
gested by Weichselgartner and Arheimer (2019) is particularly 
interesting for describing different forms of institutionalisation of 
climate services. 

What distinguishes CCAS (and CAS) from CCAP are the notions of 
“multi-stakeholder setting”, “interacting”, “knowledge exchange mech
anism” and “assistance”. Therefore, it is safe to assume that to be 
considered an adaptation service, a given CCAP needs to provide more 
than just data and tools, but be built with end-users to allow them to 
appropriate, monitor and evaluate them (e.g., iterability). Therefore, we 
imply that CCAS will have several of the features of boundary organi
zations described in Cash et al. (2003): 1) accountability on both sides of 
the boundary; 2) the use of co-produced maps, reports; 3) cross- 
boundary participation; 4) conveying, translation, mediation, coordi
nation, and synergetic expertise. Interestingly, the concept of CCAKAS 
can be interpreted from the perspective of polycentric governance sys
tems. According to Ostrom (2009), polycentric governance systems are 
composed of overlapping decision-making units and include specific 
arrangements/special-purpose units that work across multiple jurisdic
tional levels to ensure sufficient coordination. Polycentricity is associ
ated with better links to local knowledge, improved information 
transmission, and enhanced adaptive-management capacity (Marshall, 
2009). According to Weichselgartner and Arheimer (2019), the value of 
climate services for decision-making increases from CCAP to CCAS. This 
plus-value of CCAS is nested in behavioural theory which assumes that 
“while individuals do not possess perfect information, they are capable 
of learning more accurate information as they interact in a particular 
setting” (Ostrom, 2009:11). Moreover, this added-value of CCAS is 
directly linked to boundary spanning arrangements and activities. 

From another perspective, the development of CCAKAS is associated 
with the notion of multi-level governance. According to the European 
Commission, “one of the greatest challenges for cost-effective adapta
tion measures is to achieve coordination and coherence at the 
various levels of planning and management” (COM (2013:5) 216 
final). From this perspective, CCAKAS will be characterised by joint 
efforts to coordinate adaptation policy, actions and actors though ver
tical and horizontal mainstreaming. Tracing the development of CCA
KAS in European Member States represents a useful exercise from many 
perspectives: more than providing a state-of-the-art on climate services 
in the Union, this article also aims at identifying potential institutional 
levers and barriers for their implementation. 

Multi-level governance of adaptation to climate change 

There are several ways to define multi-level governance (Table 3)8. 
For this study, the definition by Di Gregorio et al. (2019) is the most 
appropriate, as it represents a perfect match with the notions of CCAKAS 
networking and coordination (Table 2). 

Furthermore, Corfee-Morlot et al. (2009), underlined 2 dimensions 
of multi-level governance: 1) a vertical dimension or a “two-way rela
tionship between local and national action on climate change”, where 
the local scale functions within legal and institutional frameworks 
implemented at higher scales (useful for understanding adaptation 
across scales); 2) a horizontal dimension, or “a relationship based on 
formal and informal networks and coalitions, where actors operate 
across organisational boundaries” (as in polycentric governance sys
tems). Therefore, we can consider that the passage from CCAS to CCA
KAS will consist in establishing coordination bodies and mechanisms 
across scales between different CCAS and other relevant stakeholders 
(Plummer and Baird, 2013; Fennell et al., 2008). CCAKAS have the 
highest value for decision makers because network governance fosters 
social capital among actors and offers solutions for problems such as 
climate change (Borzel, 1998; Koppenjan and Klijn, 2004). What is 
more, as Imperial (1999) pointed out, polycentric governance systems 
can achieve a balance between centralized and fully decentralized 
governance. 

From a vertical perspective, the EU’s Green and White Papers for 
adaptation recognize the importance of different territorial levels and 
the interplay between them (COM (2009) 147/4; (COM (2013:5) 216 
final). Indeed, for each level the EU assigns its own role as illustrated in 
the Table 4. 

In the light of the above, we expect European and national in
stitutions to ensure vertical integration, and national and sub-national 
knowledge brokers and networks to promote the horizontal dimen
sion. For example, the EU’s Climate-ADAPT platform aims at facilitating 
the collection, sharing and use of information; at encouraging the 
effective uptake of the relevant knowledge by decision-makers; and at 
contributing to a greater level of coordination between sectors and 
institutional levels (EEA, 2016). However, approaches to vertical and 
horizontal integration will differ between countries and reflect their 
intrinsic features, such as degrees of decentralisation or policy-making 
traditions. We assume that the development of CCAKAS will be 
impacted by these characteristics, an aspect discussed in the next 
section. 

Table 3 
Definitions of multi-level governance.  

Definition Authors 

The polycentric structure spans from global to national and 
sub-national levels, relying on both formal and informal 
networks and policy channels, where state and non- 
state actors are involved in formulating and implementing 
climate policies and actions. 

Di Gregorio et al. 
(2019:64) 

The multi-level system of governance combines sufficiently 
decentralized adaptive governance for local initiatives to 
grow, but also fostering networks and the diffusion of 
best practices and enhancing collective action across 
scales. 

Underdal (2010) 

Multi-level governance tends to refer to systems of 
governance where there is a dispersion of authority 
upwards, downwards and sideways between levels of 
government – local, regional, national and supra-national 
– as well as across spheres and sectors, including states, 
markets and civil society. 

Daniell and Kay 
(2017)  

8 See Paul Stephenson (2013) for a literature review on multi-level 
governance 
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Research methodology 

Our research question can be formulated as follows: 

Can a given country’s degree of decentralisation and/or policy- 
making process influence the development of so-called “climate 
change adaptation systems”? 

To answer this question several steps were taken. There are multiple 
ways to classify European Member States: they can be centralized or 
decentralised, statist or corporatist, federal or unitary (Carina H. 
Keskitalo, 2010). We will focus on the distribution of resources and re
sponsibilities, thus on the governmental system and the level of decen
tralisation in each country. To this end, we will use Ljiphart’s (2012) 
federal-unitary axis which includes the level of decentralisation as 
follows:  

▪ Federal and decentralized: Austria, Belgium, Germany.  
▪ Semi-Federal: Netherlands, Spain.  
▪ Unitary and decentralized: Sweden, Finland, Denmark, Italy 

(to a certain extent).  
▪ Unitary and centralized: Bulgaria, Croatia, Czech Republic, 

Cyprus, France, Greece, Estonia, Hungary, Ireland, Latvia, 
Lithuania, Luxembourg, Malta, Romania, Poland, Portugal, 
Slovenia, Slovakia. 

Firstly, to shed light on how governmental systems have influenced 
the development of adaptation policies on sub-national levels, we ana
lysed the timing of implementation of European and national adaptation 
strategies and plans. We were interested in identifying early birds, and in 
highlighting the importance of European funding mechanisms for the 
development of adaptation strategies in Central and Eastern European 
countries. Secondly, a systematic review of sub-national adaptation 
strategies was conducted to assess the correlation between the degree of 
decentralisation and the timing of implementation of sub-national 
adaptation policy. We will employ the term “sub-national” and we 
will not make distinction between NUTS 1, NUTS 2 and NUTS 3 levels 
(Nomenclature of territorial units for statistics)9. Selected countries 
have different national administrative units and different legal obliga
tions applies to them: in federal states such as Germany or Belgium, 
adaptation strategies and plans concern the NUTS1; In France or 
Netherlands it is the NUTS2 (Région and Province respectively); in 

Sweden it is the NUTS3 (län or county). To build our database, we used 
the EUR-Lex portal as a source for the EU’s adaptation strategies and 
communications, while information on national adaptation strategies 
and plans was obtained from the Europe-ADAPT platform. Missing or 
outdated data were completed by using information available on na
tional adaptation portals and by extended research on the web. This data 
was organized and compiled in a table found in Appendix A. 

However, from the angle of polycentric governance, the statist/ 
corporatist dichotomy (or policy making process) also appears relevant. 
Corporatist traditions are characterized by the collective policy-making 
process and collaborative bargaining of the main societal actors (S. Osh
itani, 2006). On the contrary, statist countries grant societal actors little 
access to, or influence in, policy building. Given the definition of multi- 
level governance by Di Gregorio et al. (2019), we can expect corpo
ratist countries to be one step ahead in developing CCAKAS. Although it is 
not always possible to define a clear contrast, as some countries like Italy 
have features of both categories, we classify EU Member States as in 
Schmidt (2006) in Magone (2014) and in Roza et al. (2019):  

▪ Statist: Bulgaria, Croatia, Cyprus, Czech Republic, France, 
Greece, Estonia, Hungary, Latvia, Lithuania, Poland, Slovenia, 
Slovakia, Romania.  

▪ Corporatist: Austria, Belgium, Germany, Finland, Denmark, 
Italy, Ireland, Luxembourg, Malta, Netherlands, Sweden, 
Portugal. 

The last step consisted of the analysis of national forms of climate 
services. In order to classify national climate services, we followed the 
definitions formulated by Weichselgartner and Arheimer (2019) and 
used inputs from multi-level governance theories. We did not consider 
private providers as we are interested in the public and non-profit sector 
only. In line with Samuelson (1954), we consider that spontaneous 
market initiatives would not provide an optimal level of collective 
consumption goods. According to Stern, “market forces alone are un
likely to lead to efficient adaptation because of a certain degree of un
certainty in climate projections and a lack of financial resources” (Stern, 
2014) . This does not undermine the value of numerous for-profit 
climate products that have emerged in recent years10, but at this stage 
we consider climate change adaptation as a matter of collective action. 
The data collected was organized as in Table 6 and Appendix 1, and 
discussed in section 3. 

Climate change adaptation knowledge-action systems in the EU 

Prior to discussing adaptation knowledge-action systems in selected 
countries, this section will provide an overview of adaptation strategies 
on both the EU and national levels. Most EU countries have legislation 
aimed at protecting citizens from the current and future negative effects 
of climate change (European Convention of Human Rights, the Euro
pean Charter of Human Rights, the EU treaty, national constitutions, and 
ordinary legislation). There are several perspectives on why a govern
ment should engage in adaptation actions - not only for safety reasons, 
but also from the economic viewpoint. Indeed, “from the perspective of 
economic theories, the provision of collective goods is one of the most 
important reasons for the government to take the lead in climate 
adaptation” (flood risk prevention is a collective good par excellence, 
(SEC (2007) 849:2). Moreover, failure to implement policy responses 
will trigger reactive action, which is more expensive compared to active 
or proactive adaptation (EEA, 2007). According to the EEA (Report No. 
12/2012), the costs of not adapting to climate change were estimated to 
range from EUR 100 billion a year in 2020 to EUR 250 billion a year in 
2050 for the EU. 

Table 4 
Multi-level governance of the adaptation and distribution of roles according to 
the EU.  

Scale Role 

EU level Coordinating role for impacts that transcend national boundaries (e. 
g., river basins), or for sectors that are integrated through the single 
market and common legislation (e.g., agriculture, fisheries, etc.); 
providing funding for disadvantaged States and regions (Life +
program, Cohesion Funds, etc.); coordinating research and 
innovation (Horizon 2020). 

National 
level 

Developing adaptation strategies and improving disaster crisis 
management. 

Regional 
level 

Including adaptation in spatial planning to raise the awareness of 
citizens and decision-makers (e.g., development of specific technical 
guidance or “good practices” and exchange of information). 

Local level Since a large number of climate-related decisions are taken on local 
levels, local authorities have an important role to play (SEC (2007) 
849). In addition, the Green Paper highlighted that the local level “is 
where detailed knowledge on natural and human conditions is 
available” (2007:11). 

Source: European Commission, COM (2009) 147/4; COM (2013:5) 216 final. 

9 https://ec.europa.eu/eurostat/web/nuts/national-structures 

10 A database of climate services providers can be consulted here: 
https://www.climate-knowledge-hub.org/ 
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Adaptation strategies in the EU 

To date, four main documents are used to guide adaptation action in 
EU. As one can see from the table below, all of them highlight the 
importance of knowledge provision for better decision-making. Indeed, 
climate services are part of “knowledge adaptation as a tool for better 
resilience” (EU COM (2013) 216). 

As illustrated in Fig. 1, there are significant differences between the 
Member States in terms of timing the implementation of adaptation 
strategies and plans (NAP and NAS)11. If we compare the timing of NAP 
and NAS to the European Adaptation Strategy of 2013 (EUAS)12, we can 
distinguish 3 groups of countries:  

▪ early birds, or those who formulated NAP and NAS before 2011,  
▪ just in time, or those who formulated NAP and NAS between 

2012 and 2013,  
▪ post-EUAS, those who formulated NAP and NAS after 2014. 

There are several explanations for early birds. For example, Finland 
was the first European country to publish a National Adaptation Strategy 
in 2005. Considered to be a pioneer in environmental policy, the Finish 
government adopted the National Climate and Energy Strategy in 2001 
(focus on energy issues and mitigation). Moreover, Finland’s promotion 
of climate research programs started in 1990, with, for example, the 
Finish Research Program on Climate Change. Focusing events13 such as 
extreme weather can act as a nudge for reactive adaptation policy
making. According to McConnell (2003), the answer to focusing events 
will depend on the nature of the crisis - sudden, creeping, or chronic. An 
example of a sudden focusing event is the European heatwave of 2003, 
which led to 15,000 deaths in France alone (Hémon and Jougla, 2004). 
In fact, according to the first French adaptation strategy, the heatwave 
enabled a shift in the perception of climate and adaptation activities 
(ONERC, 2007, p. 17). Likewise, the Netherlands, as a low-lying coun
try, launched a coastal management program after a disastrous flood in 
1953 that claimed 1836 lives and destroyed 42,000 homes. With time, 
the constant “battle against water”, coupled with growing concern over 
rising sea levels due to climate change has led the Dutch authorities to 
adopt ‘a new water vision’ and formulate the first Dutch National 
Adaptation Strategy (Dutch Minister for the Environment, NAS 2016). 

As pointed out by several authors (Adger et al., 2005; Amundsen 
et al., 2010), and by the European Commission itself (COM (2013:5) 
216), the impacts of climate change will not respect boundaries, and as a 
consequence will require multi-scale coordination. Cross-boundary ac
tions represent sine qua non mechanisms for building up coherent 
adaptation practices across European States. Indeed, the presence of an 
integrated single market, governed by common policies entitles the EU 
to play a crucial role in this domain. Several Central and Eastern Euro
pean countries have formulated their NAS as part of European and in
ternational programs. For example: Romania took part in the World 
Bank Initiative14; the Croatian NAS/NAP was partially funded by the 

Purchaser Central Finance and Contracting Agency for European Union 
Programs and Projects (SAFU); the Estonian NAP was funded by an EEA 
grant and driven by the Stockholm Environmental Institute (Tallinn); 
Bulgaria and Poland made use of the EU’s Cohesion Funds; Cyprus’ 
combined NAP/NAS was formulated within the CYPADAPT project, 
which was co-financed by the EU through the LIFE + program. More
over, several joint adaptation projects between EU states have emerged. 
The Cohesion Fund co-finances many cross-border and interregional 
projects such as the EU macro-regional strategies in the Danube area, the 
Baltic Sea and the Alps (Eg.: Interreg Alpine Space). The existence of 
knowledge gaps was identified in the EU’s very first adaptation-related 
documents (Table 5). Consequently, research on climate services has 
been conducted within multiple research programs. For example, the EU 
has been investing in developing applications in the framework of the 
Global Earth Observation System of Systems (GEOSS), in the Copernicus 
Climate Change Service (C3S), in the European Climate Adaptation 
platform (Climate-ADAPT), and in the European Research Area for 
Climate Services (ERA4CS). The C3S has released an interactive tool 
with climate variables and indices - the European Climate Data Explorer 
(ECDE). The ERA4CS, among others, has mapped climate service pro
viders - Climate Knowledge Hub. 

Adaptation policies at sub-national levels 

Fig. 2 depicts the timing of the implementation of sub-national 
strategies/plans compared to national plans (for more details, please 
see Appendix A). While the aim of the NASs is to introduce adaptation 
issues in policy agendas, the NAPs contain specific means to achieve the 
objectives of the NASs. Therefore, it is interesting to assess whether sub- 
national adaptation policies emerged before specific guidelines from 
national governments. Out of EU’s 27 countries, 13 have seen their sub- 
national levels produce adaptations plans and strategies: Austria, 
Belgium, Czech Republic, Denmark, Finland, France, Germany, Italy, 
Netherlands, Portugal, Slovakia, Spain, and Sweden (Fig. 2). The hori
zontal N-axis depicts the year of emergence of sub-national strategies 
and plans. It was normalised around the publication of NAPs. This en
ables cross-country comparison in terms of sub-national capacities to 
engage in adaptation actions. More specifically, the plot illustrates 
whether regional strategies and plans emerged prior (on the left of axis 
N), or after the national plan (on the right of axis N). 

Although it is not possible to establish a single rule that would 
explain differences between these countries, we can nonetheless draw 
initial conclusions. As was expected, federal and corporatist states show 
similar patterns. In Sweden, Austria, Denmark, or Finland sub-national 
authorities have elaborated adaptation strategies years before national 
plans were published. In Belgium climate policy is subject to intergov
ernmental negotiation, but the regions have significant decision-making 
powers (Jörgensen et al., 2015). In Germany, the landers are “fully 
responsible for the implementation of their environmental, climate and 
energy policies and can put in place a variety of crucial measures 
including the setting of ambitious targets, the removal of planning 
barriers, instituting strong heating laws and facilitating ambitious 
research and education” (Jörgensen et al., 2015:241). France, Italy, and 
Portugal - unitary and centralized countries - have seen their regions 
adapt after the national strategy was published. However, these coun
tries represent different degrees of centralization and sub-national fiscal 
autonomy, as major administrative reforms have been implemented 
during the last three decades. For example, in France a reform of 2015 
(Law no. 2015-991) reorganized the administrative system and reduced 
the number of regions from 22 to 14. This law, while increasing regional 
responsibilities in spatial planning, made it mandatory to include 
climate adaptation in strategic documents such as the regional plan for 
land use planning, sustainable development and equality (SRADDET, or 
schéma régional d’aménagement, de développement durable et 
d’égalité des territoires). In addition, French regions obtained the au
thority to manage European funds only in 2014. In Italy, regional 

11 National Adaptation Strategies (NASs) usually address overarching issues 
that allow them to position adaptation on the policy agenda. National Adap
tation Plans (NAPs) usually aim to implement NASs and organize activities for 
achieving their objectives, typically through sectoral implementation (EEA, 19/ 
2019)  
12 Compared to Green and White Papers which provide frameworks, EUAS is 

set out in actions, which is more interesting for comparisons with NAP and NAS.  
13 Focusing events are defined as “sudden, relatively rare, can be reasonably 

defined as harmful or revealing the possibility of future harms, inflict harms or 
suggest potential harms that are or could be concentrated in a definable 
geographical area or community of interest, and that are known to policy
makers and the public virtually simultaneously” (Birkland (1998) seen in DeLeo 
et al. 2021).  
14 https://www.worldbank.org/en/country/romania/brief/romania-climat 

e-change-and-low-carbon-green-growth-program 
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statutory autonomy and legislative competences were enhanced by a 
constitutional reform in 2001. However, the central government exer
cises exclusive legislative power in environmental and ecosystem pro
tection. Nonetheless, the region of Lombardy adopted an adaptation 
plan in 2012 and an adaptation strategy in 2015. It is noteworthy that 
Lombardy is the most populated region and second in terms of GDP per 
capita (ISTAT, 2019). Besides Lombardy, the only region to have 
adopted an adaptation plan was Sardinia (an island region) in 2019. 
Similarly, in Portugal, 2 autonomous island regions adopted their plans 
before or at the same time as the national one (2011 Azores, 2015 

Madeira). In fact, Portugal’s Constitution of 1974 makes provision for 
the two autonomous regions, while referendum to extend this to main
land was defeated in 1998. 

Overall, we can conclude that adaptation policies have blossomed 
everywhere across the European Union (Fig. 1). Moreover, as illustrated 
in Fig. 2, countries characterized by a higher level of decentralisation 
have seen their sub-national levels implement adaptation plans and 
strategies before national guidelines (eg.: Belgium, Austria, Germany, or 
Sweden). Centralized states, such as France or Portugal, followed 
different patterns – sub-national adaptation strategies were developed 
after the national guidelines, except for autonomous regions (Azores and 
Madeira in Portugal). Unfortunately, it was not always possible to have a 
complete assessment of sub-national strategies in Central and Eastern 
European Countries due to the lack of available information and lan
guage barriers. The capacity of sub-national scales to engage in pro- 
active adaptation could foster the development of CCAKAS, which will 
be discussed in the next section. 

Climate change adaptation knowledge action systems in European Member 
States 

As outlined in Dilling and Lemos (2011), formal and informal insti
tutional barriers will have an impact on the use of climate services. In
stitutions operate within inflexible rules which slow down the 
implementation of new mechanisms (e.g., the impacts to climate change 
are addressed within existing decision processes). Socio-political bar
riers to adaptation actions include, among others, the complexity of 
local politics and the role of networks (Celliers et al., 2021). Further
more, policymakers tend to prefer tested solutions instead of taking risks 
by using new tools and methods. Therefore, the institutional context and 
political support are among the most important pillars for successful 
adaptation and climate service use. The integration of climate issues in 
policy and practice can take the form of intra- and inter-organizational 
mainstreaming, or the promotion of collaboration and networking with 
other departments and stakeholders to generate shared understanding 
and knowledge (Berkhout et al. 2015). Nowadays, the numerous and 
diverse climate institutions have shifted adaptation governance from 
monocentric structures, such as the Kyoto protocol and the Paris 
Agreement, towards more polycentric systems, where subnational gov
ernments and actors have expanded their commitments and roles 
(Abbott, 2017). Nonetheless, although in general polycentric gover
nance theory, organizations can emerge and coordinate their actions 
spontaneously, in climate governance such organizations are created 
thanks to facilitation by the state and other actors. Polycentric climate 

Fig. 1. State of art of Adaptation in EU and its member states. Source: The European Climate Adaptation Platform Climate-ADAPT.  

Table 5 
Adaptation in the EU, a summary of communications and plans.  

Document Core ideas and aims 

Green Paper (2007) The need to support practitioners through guidance on 
existing scientific knowledge and adaptation measures; 
promote European-wide networks for the exchange and 
consolidation of knowledge, experience and adaptation; 
facilitate the transmission of knowledge from the research 
community to practitioners (SEC(2007)849). Modern 
Information and Communication Technologies (ICT) are 
shown to be a key instrument to support the above- 
mentioned processes COM (2007 354). 

White Paper (2009) Built on consultations carried out in 2007, the white paper 
sets out a framework to reduce the EU’s vulnerability 
through: 1) building a solid knowledge base on the 
impact and consequences of climate change for the EU; 
2) integrating adaptation into key EU policy areas; 3) 
employing a combination of policy instruments (market- 
based instruments, guidelines, public–private partnerships) 
to ensure the effective delivery of adaptation; and 4) 
stepping up international cooperation on adaptation ( 
COM (2009)) 147/4). 

Adaptation Strategy 
(2013) 

This document structures the EU’s action-plan around 3 
main objectives: 1) encouraging Member States to 
implement adaptation strategies (funding LIFE and 
Covenant of Mayors); 2) promoting better informed 
decision-making (bridging the knowledge gap and further 
develop Climate-ADAPT); 3) promoting adaptation in 
vulnerable sectors (climate-proofing of the Common 
Agricultural Policy, the Cohesion Policy, and the Common 
Fisheries Policy, Infrastructure) (EU COM (2013) 216). 

Adaptation Strategy 
(2021) 

Stresses the “need to act NOW” and to accelerate 
adaptation; highlights the costs of climate change and “an 
increasing demand to translate the wealth of climate 
information available into customised, user-friendly tools” 
to support policy development at all levels and in all sectors 
(COM (2021) 82, p4). 

Source: European Commission, https://eur-lex.europa.eu 
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governance will rely on extensive orchestration between intergovern
mental (IPCC, The UNFCCC15), state (for national laws and policies), 
subnational actors (individually or through transnational associations, 
such as the Covenant of Mayors), and private initiatives (Abbott, 2017). 
Therefore, climate adaptation knowledge action systems must rely on 
networks between relevant stakeholders - institutional, research and 
professionals. Weichselgartner and Arheimer (2019) highlighted that 
climate services will gain value for decision-makers as they evolve from 
products into services, and from services into knowledge-action systems. 
This process is characterized by the transformation of useful knowledge 
into knowledge used for decision making (Celliers et al., 2021). Table 5 
represents a list of identified initiatives that match the typologies of 
climate services discussed previously. 

Fig. 3 shows a graphical illustration of Table 5. Based on this table, 
we can roughly distinguish 4 categories of countries:  

▪ Countries without CCAP: Bulgaria, Cyprus, Czech Republic, 
Greece, Estonia, Malta, Luxembourg, Slovakia, Romania;  

▪ Countries with CCAP: Croatia, Czech Republic, Hungary, 
Latvia, Lithuania, Poland, Portugal, Slovenia, Romania;  

▪ Countries with CCAS: Belgium, Finland, France, Italy;  
▪ Countries with CCAKAS: Austria, Denmark, Germany, Ireland, 

Netherlands, Spain, Sweden; 

As expected, several decentralised and/or corporatist countries have 
developed CCAKAS. Since corporatist countries are characterized by the 
collaborative bargaining of the main societal actors, their policy- 
networks are well established and have co-operative membership, 
ensuring the government strong infrastructural power (S. Oshitani, 
2006). Moreover, According to Oshitani (2006), “corporatism has the 
institutional capacity to pursue the public good of environmental pro
tection strategically and in a concerted manner” (2006:45). Countries 
such as Austria, Denmark, Germany, Ireland, the Netherlands, Norway, 
Spain, and Sweden were able to incorporate climate products and 
adaptation services into CCAKAS. This was probably facilitated by the 
presence of existing mechanisms and by the accumulated experience of 
coordination between different administrative levels. For example, in 
both Austria and Germany there is strong emphasis on networking be
tween government, societal actors and research. Moreover, this 
networking is institutionalized with the establishment of 

Table 6 
EU: from CCAP to CCAKAS.  

Country CCAP: Data, tools, maps produced by CCAS or 
by national meteorological services1 

CCAS: Boundary organisations involved in 
CCAP production, or selected adaptation 
services offered by CCAS 

CCAKAS: Adaptation knowledge-action networks. Presence of 
coordination mechanisms built by at least 2 different entities/ 
networks (institutional, research, professional) 

Austria Fact sheets, Data portal, Literature Database by 
CCCA and ZAMG 

KLAR! k.i.d.Z.21-Austria CCCA – Climate Research Network Austria; The Disaster 
Competence Network Austria 

Belgium Adapt2Climate N/A N/A 
Bulgaria N/A N/A N/A 
Croatia DHMZ, Prilagodba-klimi (portal) N/A N/A 
Czech 

Republic 
CHMI N/A N/A 

Cyprus Department of MeteorologyMinistry of 
Agriculture, Rural Development and 
Environment (but no tools or maps were found) 

N/A  

Estonia Riigi Ilmateenistus N/A N/A 
Denmark Klimaatlas (DMI) Klimatilpasning (collaboration between 

Danish Regions, Danish Road Directorate, 
Local Government Denmark, DMI and several 
ministries and organisations)  

Finland Climate-Proof City Finland Climate Guide N/A 
France DRIAS; TerriSTORY AcclimaTerra ; Grec-Sud ; Ouranos AuRA ; 

RECO ; Creseb 
ONERC (work in progress) 

Germany KomPass GERICS KliVo Portal; KlimAdapt and DKD networks 
Greece Hellenic National Meteorological Service 

(HNMS, but no maps or tools were found) 
N/A N/A (A beta release of the national online adaptation hub is 

planned for the end of 2021) 
Hungary NAGiS N/A N/A 
Ireland Met Eireann; Adaptation Tool Box (Climate 

Ireland) 
Climate Ireland  

Italy ISPRA CMCC N/A 
Latvia Klimatariks, LEGMC N/A N/A 
Luxembourg MeteoLux (but no maps or tools were found) N/A N/A 
Lithuania LHT, klimatokaita.lt N/A N/A 
Malta The Climate Research Group (CRG), part of the 

Department of Geosciences at the University of 
Malta (but no tools or maps were found) N/A 

N/A  

Netherlands Climate Atlaas (CAS); Climate-Proof City 
Toolbox (Kennisportaal) 

Climate Adaptation Services (CAS); KennisportaalThe Delta Plan on Spatial Adaptation and Delta 
Programme Steering Groups. 

Poland Klimada N/A N/A 
Portugal Portal Do Clima (IPMA) N/A N/A 
Romania Meteo Romania N/A N/A 
Slovakia SHMU N/A N/A 
Slovenia Meteo.si N/A N/A 
Spain AEMET BC3 AdapteCCa 
Sweden Climate scenarios for the sea by SMHI SMHI (Adaptation center) KlimatanpassningGovernmental agency network for climate 

change adaptation 

Source: The European Climate Adaptation Platform Climate-ADAPT. 
1Note that most national meteorological services state that they offer climate services. However, when information on a specific tool is not available (e.g., map or 
knowledge portal), we do not consider them as CCAP, but include them in the table in bold. 

15 The United Nations Framework Convention on Climate Change 
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coordinating mechanisms. 
In Austria, “The Climate Change Centre Austria (CCCA) is a research 

network supported by Austria’s most important research institutions. It pro
motes climate research and climate impact research and fosters collaboration 
in and among those fields. It also provides society and policymakers with 
scientifically sound information and advice on climate-relevant topics”16. 
What is more, the CCCA has developed partnerships with Green Tech 
Valley in Styria, the European Forum Alpbach (an interdisciplinary 
platform for science, politics, business and culture) and Disaster 
Competence Network Austria (a scientific collaboration platform be
tween universities, research institutes and their stakeholders)17. 

In Germany, “The two administrative offices, DKD and KlimAdapt, are 
in each case supported by a network which forms the interface between the 
providers and users of climate services. This network provides support and 
advice to the administrative offices regarding climate-related information and 
adaptation services. They hold discussions on existing services, on the in
terests of users, on gaps in research activities and on the further development 
of the services offered”18. These two networks group several Federal 
Agencies such as the Federal Environment Agency and the Federal 
Ministry for Economic Affairs and Energy, cities such as Munich and 
Hannover, the German Association of Local Utilities, Deutsche Bahn AG, 
the German Insurance Association (GDV), WWF Germany, etc.19 

The AdapteCCa portal in Spain is an initiative of the Spanish Climate 
Change Office and the Biodiversity Foundation, aimed at information 
exchange and communication between various actors across different 
scales: The AdapteCCa platform for the exchange of information on impacts, 
vulnerability and adaptation to climate change, facilitates the coordination 
and transfer of information, knowledge and experiences in this field between 
the different Spanish administrations and the scientific community, planners 
and managers, both public and private, and other agents, thereby forming a 
multi-directional communication channel with each other20. 

On the contrary, statist countries grant societal actors little access to 
or influence in policy formulation. As pointed out by Schmidt (2006), 
policy networks will have little societal consultation, and will be char
acterized by “unstable, competitive membership with little participation 
through lobbying” (2006:677). Indeed, statist countries such as France 
and to some extent Italy, did not integrate climate products and services 
in knowledge-action systems. Although regional CCAS are emerging in 
France (e.g., AcclimaTerra and Ouranos AuRA), there is no strong co
ordination between national and sub-national levels regarding adapta
tion. French regional CCAS cooperate and organise events on regional 
and national scales (e.g., 3rd National Adaptation Conference). None
theless, the vertical dimension of multi-level governance is not fully 
operational: the national adaptation portal is still work in progress. In 
Italy, the CMCC (The Euro-Mediterranean Center on Climate Change) 
has networking activities and involves stakeholders on different scales, 
but a knowledge portal/knowledge exchange mechanism is still missing. 
When it comes to Greece or Central and Eastern European Countries, we 
cannot assume that their statist traditions alone represent a barrier to 
the development of CCAKAS. Zbigniew W. Kundzewicz et al. (2017) 
pointed out that Central and Eastern European Countries have no na
tional climate services. The availability of resources - technical, human, 
financial – is as important as the institutional context itself. The Greek 
National Adaptation Hub is under construction within the LIFE-IP 
AdaptInGR programme. The CCAP developed in some Central and 
Eastern European Countries rely on LIFE + programmes and Cohesion 
Fund grants. For example, the Polish Klimada knowledge portal is 
financed by the European Cohesion Fund and is expected to be 
completed by 2021. 

Fig. 2. Timing sub-national strategies and plans in EU countries.  

Fig. 3. Climate Change Adaptation Knowledge Action Systems in EU.  16 www.ccca.ac.at  
17 Ibidem  
18 www.klivoportal.de  
19 Ibidem  
20 www.adaptecca.es 
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Conclusions 

This article described a study on the possible correlation between the 
policymaking traditions of selected countries, their degree of decen
tralization and the respective integration of climate services in their 
climate change adaptation governance. We argued that corporatist 
policy-making traditions - characterized by the collaborative bargaining 
of multiple societal stakeholders and the presence of strong networks - 
facilitates the development of climate change adaptation knowledge- 
action systems. In other words, climate services must become an inte
gral part of inter- and intra-organisational mainstreaming in the context 
of the multi-level governance of climate change adaptation. 

Indeed, CCAKAS were mostly developed in corporatist and/or 
decentralized countries such as Austria, Denmark, Germany, Ireland, 
Netherlands, and Spain. To ensure coherent spatial planning and 
resource management across scales regarding adaptation, these coun
tries have: 1) created coordination structures at the national level, such 
as knowledge portals (built in collaboration with multiple stakeholders) 
or adaptation networks; 2) and pursued the integration of climate in
formation in policy and practice through science-policy interfaces and 
boundary organisations such as BC3, CAS and Climate Ireland. The 
statist countries in our sample showed different degrees of integration of 
climate products and services in their adaptation governance. As 
underlined in the literature (see section 2.4), policy networks are un
stable in statist countries, leading to barriers for the inter- and intra- 
organisational mainstreaming of adaptation. France has developed 
CCAP via regional CCAS initiatives such as Ouranos AuRA, Grec-Sud, 
Acclimaterra, and RECO, but top-down coordination is still work in 
progress. From our analysis we can conclude that countries with strong 
coordination traditions and policy networks are those where the most 
CCAKAS have emerged. When it comes to Greece and Central and 
Eastern European Countries, we cannot assume that their statist tradi
tions alone represent a barrier to the development of CCAKAS. The 
availability of resources - technical, human, financial - is as important as 

the institutional context itself. 
Several countries were difficult to classify because of a lack of in

formation in English, or because climate service providers fell between 
two categories. Finland, for example, has a national climate adaptation 
and mitigation portal, but this entity does not have networking activ
ities, nor a forum for knowledge exchange. The next step would be to 
complete a case study for each country to provide an in-depth analysis of 
their adaptation governance systems. 

Finally, one of the objectives of this study was to put in practice the 
definitions by Weichselgartner and Arheimer (2019) and provide a state 
of the art on climate services in the EU. We believe that better use of 
terminology (e.g., product vs service) is an important step for the 
development of climate services and a sign of increasing maturity in the 
field. 
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Appendix A:. EU, national and subnational adaptation plans and strategies  

Country NAS NAP Sub-national strategies and plans 

Austria 2012 (upd 2017) 2009 Wien and 2011 Niederösterreich, 2012 Tyrol, Oberösterreich, 2013; Steiermark, 2015; Vorarlberg, 2016; Salzburg, 2017. 
Belgium 2010 2017 2014 Wallonne; 2013 Bruxelles-Capitale (further developed in 2016); 2013 Flemish Region. 
Bulgaria 2019 N/A N/A 
Croatia 2017 draft N/A N/A 
Czech 

Republic 
2015 2017 2017 Prague territorial self-governing unit (Urban region) 

Cyprus 2014 (upd 2017) Combined NAS/NAP elaborated in 2014, updated and formally adopted in May 2017 
Denmark 2008 2012 2015 South Denmark, 2016 North Jutland, 2015 Region Zealand and the 2011 Capital Region. 
Estonia 2017 2017 Combined NAP/NAS. 
Finland 2005 2014 Regional Councils of Itä-Uudenmaan liitto, 2007; Lapin liitto, 2005; Pirkanmaanliitto, 2007; Pohjanmaan liitto, 2006; Pohjois- 

Karjalan liitto, 2005; Uudenmaanliitto, 2006. Helsinki Metropolirtan Area 2012. 
France 2006 2011 (upd 

2017) 
2012 IDF, Grand Est (upd 2018), 2012 Franche-Comté, 2013 Nouvelle Aquitaine, upd 2021), 2013 PACA, 2014 Auvergne 
Rhône-Alpes 

Germany 2008 2011 Upd 
2015 

2009 Bavaria upd 2016, 2008 Brandenburg, 2009 Mecklenburg Western Pomerania and Schleswig-Holstein, 2012 Lower 
Saxony, 2013 Hambourg, 2015 Baden-Württemberg, 2012 Hessen upd 2017. 

Greece 2016 N/A 2016 LIFE-IP AdaptInGR - Boosting the implementation of adaptation policy across Greece. The 13 Regional Authorities are now 
preparing their Regional Adaptation Action Plans (RAAPs). 

Hungary 2008* Upd 2018 Combined NAP/NAS. National Adaptation Plan part of Climate Change Action Strategies 
Ireland 2012+ 2018 A non-statutory National Climate Change Adaptation Framework (NCCAF) was adopted in December 2012. Ireland’s first 

statutory National Adaptation Framework (NAF) was published in 2018. In January 2018 the Government established four 
Climate Action Regional Offices (CAROs). Under the National Adaptation Framework and Climate Action Plan 2019, each local 
authority developed its own adaptation strategy, 

Italy 2015 2017 draft 2015 Lombardy; 2019 Sardinia 
Latvia 2019 Combined NAP/NAS. Subnational level has no defined role in climate adaptation. Nonetheless, the Salacgriva urban region 

adopted a plan in 2011 (a declaration). 
Luxembourg 2011 2018 Not a standalone document, a section of the 2011 “Paquet Climat”. There is no self-governing sub-national level in Luxembourg. 
Lithuania 2012 2013 Municipalities, together with relevant national-level ministries, are responsible for the implementation of the Strategy for 

National Climate Change Management Policy. 
Malta 2012 N/A Adaptation planning at local level is not foreseen in the NAS, but 24 local councils signed the Covenant of Mayors. 
Netherlands 2018 

(continued on next page) 
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https://www.bmk.gv.at/dam/jcr:3b304e0f-bae9-4cc8-a934-ae8d212f7fe4/NAS_Action_Plan2017_en.pdf
https://www.wien.gv.at/umwelt/klimaschutz/pdf/klip-bericht-2009.pdf
https://www.noe.gv.at/noe/klima/klimaenergieprogramm2020.html
http://www.klimaschutz-tirol.at/images/doku/gemeindemappe.pdf
https://www.land-oberoesterreich.gv.at/files/publikationen/us_klimawandelanpass.pdf
https://vorarlberg.at/documents/302033/472360/AdVL+2016_Posterausstellung_+Klimawandel-Handlungsfelder+_Gemeinden.pdf/37117fab-a2fa-e989-9f73-4033c3500356?t=1616148962484
https://www.salzburg.gv.at/umweltnaturwasser_/Documents/Strategie_zur_Anpassung_an_den_Klimawandel_in_Salzburg_V22-11-17.pdf
https://www.cnc-nkc.be/sites/default/files/report/file/be_nas_2010_1.pdf
https://www.cnc-nkc.be/sites/default/files/report/file/nap_en.pdf
http://www.awac.be/pdf/media/d45dc9_688f8cba7cc5c0ce07157e2a2b489efd.pdf
https://document.environnement.brussels/opac_css/elecfile/Airclimat_Etude_ChgtClimatiqueRBC
https://www.regions4.org/actions/flanders-adaptation-plan-vap/
https://www.moew.government.bg/en/climate/international-negotiations-and-adaptation/adaptation/
http://prilagodba-klimi.hr/wp-content/uploads/docs/Draft_CC_Adaptation_Strategy.pdf
https://www.mzp.cz/C125750E003B698B/en/strategy_adaptation_climate_change/$FILE/OEOK_Adaptation_strategy_20171003.pdf
https://www.mzp.cz/C1257458002F0DC7/cz/narodni_akcni_plan_zmena_klimatu/$FILE/OEOK-NAP_cely_20170127.pdf
https://adaptacepraha.cz/en/klimaticka-zmena-english/
https://en.klimatilpasning.dk/media/5322/klimatilpasningsstrategi_uk_web.pdf
https://en.klimatilpasning.dk/media/590075/action_plan.pdf
https://fremtidenssyddanmark.regionsyddanmark.dk/publikation/regional-klima-og-baeredygtighedsstrategi-2016-19-2/
http://publikationer.rn.dk/rn/363/
https://en.klimatilpasning.dk/media/568851/copenhagen_adaption_plan.pdf
https://www.envir.ee/sites/default/files/national_adaptation_strategy.pdf
https://www.envir.ee/sites/default/files/national_adaptation_strategy.pdf
https://mmm.fi/documents/1410837/1721050/MMMjulkaisu2005_1a.pdf/63f5d78d-8492-4621-b019-fe38d7aeb709
https://mmm.fi/en/nature-and-climate/climate-change-adaptation
https://julkaisut.valtioneuvosto.fi/handle/10138/41419
https://ilmastotyokalut.fi/files/2014/10/11_2012_Helsinki_Metropolitan_Area_Climate_Change_Adaptation_Strategy.pdf
https://www.ecologie.gouv.fr/sites/default/files/ONERC_Rapport_2006_Strategie_Nationale_WEB.pdf
https://www.ecologie.gouv.fr/adaptation-france-au-changement-climatique
http://www.srcae-idf.fr/IMG/pdf/12-SRCAE-IDF_Adaptation_changement_climatique_cle041782.pdf
https://www.grandest.fr/wp-content/uploads/2019/07/piece-n07-rapport-du-sraddet-2sur3-strategie.pdf
http://www.bourgogne-franche-comte.developpement-durable.gouv.fr/IMG/pdf/SRCAE_vv_cle589444.pdf
http://www.nouvelle-aquitaine.developpement-durable.gouv.fr/IMG/pdf/volume_2_26_mars.pdf
http://www.paca.developpement-durable.gouv.fr/IMG/pdf/SRCAE-Part3-Scenarios_Objectifs_Orientations_cle5744b2.pdf
http://www.auvergne-rhone-alpes.developpement-durable.gouv.fr/IMG/pdf/2_SRCAE_Rapport_Avril_2014_cle17614b.pdf
http://www.auvergne-rhone-alpes.developpement-durable.gouv.fr/IMG/pdf/2_SRCAE_Rapport_Avril_2014_cle17614b.pdf
https://www.bmu.de/fileadmin/bmu-import/files/pdfs/allgemein/application/pdf/aktionsplan_anpassung_klimawandel_bf.pdf
https://mluk.brandenburg.de/cms/media.php/lbm1.a.3310.de/mk_klima.pdf
https://www.regierung-mv.de/Publikationen/?processor=veroeff&amp;id=2890
https://www.hamburg.de/anpassungsstrategie/
https://um.baden-wuerttemberg.de/fileadmin/redaktion/m-um/intern/Dateien/Dokumente/4_Klima/Klimawandel/Anpassungsstrategie.pdf
https://www.hlnug.de/fileadmin/dokumente/klima/monitor/3-hessische_anpassungsstrategie.pdf
https://www.bankofgreece.gr/RelatedDocuments/National_Adaptation_Strategy_Excerpts.pdf
https://mkogy.jogtar.hu/jogszabaly?docid=a08h0029.OGY#lbj0idafef
https://www.gov.ie/en/publication/fbe331-national-adaptation-framework/
https://www.mite.gov.it/sites/default/files/archivio/allegati/clima/documento_SNAC.pdf
https://www.mite.gov.it/sites/default/files/archivio/allegati/clima/pnacc.pdf
https://www.regione.lombardia.it/wps/wcm/connect/946249ce-87c4-4c39-88f9-5eab3a264f14/Documento+Azione+Adattamento+RL_9dic.pdf?MOD=AJPERES&amp;CACHEID=946249ce-87c4-4c39-88f9-5eab3a264f14
https://portal.sardegnasira.it/strategia-regionale-di-adattamento
https://environnement.public.lu/content/dam/environnement/documents/klima_an_energie/Strategie-Adaptation-Changement-climatique-Clean.pdf
https://am.lrv.lt/lt/veiklos-sritys-1/klimato-kaita/nacionaline-klimato-kaitos-valdymo-politikos-strategija
https://www.e-tar.lt/portal/lt/legalAct/TAR.F1333EAD263B
https://parlament.mt/media/67383/5790.pdf
https://ruimtelijkeadaptatie.nl/publish/pages/125102/nas_implementation_programme.pdf


Climate Services 24 (2021) 100265

11

(continued ) 

Country NAS NAP Sub-national strategies and plans 

2007 (upd 
2016) 

The Delta Programme was initiated in 2010 and covered a large part of climate adaptation. Dutch provinces had to elaborate 
strategies by 2015 (law 2009): 10/12 have published key vulnerability assessments; 9/12 have published policy documents on 
adaptation. 

Poland 2013 N/A N/A 
Portugal 2010 2015 Upd 

2019 
2011 Azores upd, 2015 Madeira, 2017 Alentejo, 2020 de adaptação às alterações climáticas do Algarve (Plano Intermunicipal). 

Romania 2013 2016 Region Centre implemented a project aiming to develop a set of good practices in adaptation to climate change, “Greenways for 
Sustainable Development” in February 2015 – April 2016. 

Slovakia 2014 Upd 
2018 

2018 2015 Horná Ondava, 2017 Bratislava Self-Governing Region (Urban region). 

Slovenia 2016  N/A 
Spain 2006 Upd 2014 Combined NAP/NAS. 2008 Basque country (upd 2015), 2009 Aragon, 2009 Castilla y Leon, 2010 Andalusia, 2011 Navarra 2011 

Castilla-La Mancha, 2013 Catalunya, 2013 Baleares, 2013 Comunidad Valenciana, 2014 Extremadura, 2014 Madrid, 2016 
Galicia, Principality of Asturias, Cantabria, Murcia, La Rioja (work in progress). 

Sweden 2018 x 2011 Södermanland 2012 Kalmar; 2014: Blekinge, Östergötland, Gävleborg, Halland, Skåne, Stockholm ; 2015 Jönköping; 2016 
Kronoberg; 2018 Gotland, Västernorrland.(list of countries)  
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de la mortalité (21 août - 31 décembre 2003), causes médicales des décès (1 - 20 août 
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Magone, José M., 2014. Routledge Handbook of European Politics. Routledge. ISBN 
9780815373889. 

Marshall G., 2009, Polycentricity, reciprocity, and farmer adoption of conservation 
practices under community-based governance, Ecological Economics, 2009, vol. 68, 
issue 5, 1507-1520, https://econpapers.repec.org/article/eeeecolec/v_3a68_3ay_ 
3a2009_3ai_3a5_3ap_3a1507-1520.htm. 

A. Panenko et al.                                                                                                                                                                                                                               

https://klimaatadaptatienederland.nl/publish/pages/125102/2016_12_02_nas_netherlands_4_5.pdf
https://klimaatadaptatienederland.nl/publish/pages/125102/2016_12_02_nas_netherlands_4_5.pdf
https://ec.europa.eu/clima/sites/clima/files/adaptation/what/docs/country_fiche_nl_en.pdf
https://klimada.mos.gov.pl/wp-content/uploads/2014/12/ENG_SPA2020_final.pdf
https://servicos-sraa.azores.gov.pt/grastore/SRAM/Resolu%C3%A7ao-estrat%C3%A9gia_para_as_altera%C3%A7%C3%B5es_clim%C3%A1ticas.pdf
https://joram.madeira.gov.pt/joram/1serie/Ano_de_2015/ISerie-188-2015-12-02.pdf
https://amal.pt/comunicacao/publicacoes/234-plano-intermunicipal-de-adaptacao-as-alteracoes-climaticas-piaac-amal
http://www.mmediu.ro/categorie/strategia-nationala-privind-schimbarile-climatice-rezumat/171
https://www.minzp.sk/files/oblasti/politika-zmeny-klimy/nas-sr-2014.pdf
https://www.minzp.sk/files/oblasti/politika-zmeny-klimy/nas-sr-2014.pdf
http://www.ondavaprezivot.sk/download/RASHO_WEB/16_P1_Katalog_opatreni_f15.pdf
https://resin-cities.eu/cities/tier1/bratislava/
https://www.gov.si/assets/ministrstva/MOP/Dokumenti/Podnebne-spremembe/SOzP.pdf
https://www.basquecountry.eus/contenidos/noticia/desarrollo_sostenible_08/en_des_sost/adjuntos/basque_plan_combat_climate_change2008_2012.pdf
https://www.aragon.es/-/eaccel-2009-2018-
https://medioambiente.jcyl.es/web/jcyl/MedioAmbiente/es/Plantilla100Detalle/1259064156693/1259064156693/1284429650101/Soporte
https://www.juntadeandalucia.es/medioambiente/portal/landing-page-planificacion/-/asset_publisher/Jw7AHImcvbx0/content/programa-de-adaptaci-c3-b3n-plan-andaluz-de-acci-c3-b3n-por-el-clima-2007-2012-/20151?categoryVal=
http://www.navarra.es/NR/exeres/4C14FE9F-3D78-4BA9-BAD8-7FFB08469420.htm
https://www.castillalamancha.es/gobierno/desarrollosostenible/estructura/vicmedamb/actuaciones/planificaci%C3%B3n-en-materia-de-calidad-ambiental
https://canviclimatic.gencat.cat/es/ambits/adaptacio/escacc/
http://www.caib.es/sites/canviclimatic2/es/estrategia_balear_contra_el_cambio_climatico-7124/
https://www.upv.es/contenidos/CAMUNISO/info/U0644436.pdf
https://www.xunta.gal/dog/Publicados/2016/20160503/AnuncioG0422-260416-0001_es.html
https://www.regeringen.se/494483/contentassets/8c1f4fe980ec4fcb8448251acde6bd08/171816300_webb.pdf
http://www.klimatanpassning.se/vem-gor-vad/vad-gor-myndigheterna/myndigheternas-handlingsplaner-for-klimatanpassning-1.157316
https://doi.org/10.1016/j.gloenvcha.2004.12.005
https://doi.org/10.1068/c0941
https://doi.org/10.1016/j.crm.2014.10.002
https://doi.org/10.1007/s10113-015-0801-6
https://doi.org/10.1016/j.gloenvcha.2010.03.005
https://doi.org/10.1111/padm.1998.76.issue-210.1111/1467-9299.00100
https://doi.org/10.1111/padm.1998.76.issue-210.1111/1467-9299.00100
https://doi.org/10.1111/psj.v47.410.1111/psj.12212
https://doi.org/10.1111/psj.v47.410.1111/psj.12212
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.1017/sus.2021.12
https://doi.org/10.1017/sus.2021.12
https://doi.org/10.1186/s13012-016-0377-7
https://doi.org/10.22459/MG.11.2017.01
https://doi.org/10.22459/MG.11.2017.01
https://doi.org/10.1016/j.gloenvcha.2018.10.003
https://doi.org/10.1016/j.gloenvcha.2010.11.006
https://doi.org/10.4000/irpp10.4000/irpp.160510.4000/irpp.1868
https://doi.org/10.4000/irpp10.4000/irpp.160510.4000/irpp.1868
https://doi.org/10.1016/j.envsci.2017.07.005
https://doi.org/10.1016/j.envsci.2017.07.005
https://doi.org/10.1175/1520-0477-83.9.1303
https://doi.org/10.1175/1520-0477-83.9.1303
https://doi.org/10.1016/j.jenvman.2007.01.020
https://doi.org/10.1016/j.jenvman.2007.01.020
https://doi.org/10.1007/s10584-011-0045-5
https://doi.org/10.1007/s10113-013-0513-8
https://doi.org/10.1007/s10113-013-0513-8
https://doi.org/10.1007/s002679900246
https://doi.org/10.1016/j.cliser.2020.100199
https://doi.org/10.4324/9780203643457
https://doi.org/10.1080/1943815X.2015.1096797
https://doi.org/10.3167/nc.2012.070206
https://doi.org/10.3167/nc.2012.070206
https://doi.org/10.1016/j.crm.2015.06.002
https://doi.org/10.1016/j.cliser.2017.10.004
https://doi.org/10.1016/j.cliser.2017.10.004
http://refhub.elsevier.com/S2405-8807(21)00053-4/h0205
http://refhub.elsevier.com/S2405-8807(21)00053-4/h0205


Climate Services 24 (2021) 100265

12

McConnell, A., 2003. Overview: Crisis Management, Influences, Responses and 
Evaluation. Parliam. Aff. 56 (3), 363–409. https://doi.org/10.1093/parlij/gsg096. 

McNie, Elizabeth C., 2007. Reconciling the supply of scientific information with user 
demands: an analysis of the problem and review of the literature. Environ. Sci. 
Policy, Reconciling Supply Demand Sci. Focus Carbon Cycle Res. 10 (1), 17–38. 
https://doi.org/10.1016/j.envsci.2006.10.004. 

Minister for the Environment, 2016, « National Climate Adaptation Strategy 2016 
(NAS) ». Consulted on 20/07/2021 https://klimaatadaptatienederland.nl/en/ 
policy-programmes/nas/. 

ONERC, 2007. Stratégie nationale d’adaptation au changement climatique. La 
Documentation française, Paris.  

Oshitani, S., 2006. Global warming policy in Japan and Britain: Interactions between 
institutions and issue characteristics. Manchester University Press. 

Ostrom, E., 2009. A Polycentric Approach for Coping with Climate Change (Background 
Paper to the 2010 World Development Report). World Bank. 

Plummer, R., Baird, J., 2013. Adaptive Co-Management for Climate Change Adaptation: 
Considerations for the Barents Region. Sustainability 5, 629–642. https://doi.org/ 
10.3390/su5020629. 

Porter, J.J., Dessai, S., 2017. Mini-me: Why do climate scientists’ misunderstand users 
and their needs? Environ. Sci. Policy 77, 9–14. https://doi.org/10.1016/j. 
envsci.2017.07.004. 
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