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1. Agriculture 

As mentioned, the AnaEE facilities can accommodate the major ecosystem types in Europe, which 

directly links the RI to major economic and societal value. Agricultural land covers 47% of the EU 

territory and over 95 % of the EU-28’s 12.2 million farms (pre-Brexit) are categorized as family units 

that depend directly on agricultural land1. In 2013, over 22 million people were working directly in 

the agricultural sector, and the export of agricultural products generated a positive balance of over 

21 billion euros. However, the current landscape of agro-climatic zones is likely to be severely 

disturbed by climate change (Figure 1). Unless a coordinated action plan is set up at national and 

European levels, many farmers will face income losses in a future climate with more extreme events 

(Figure 2); every 5% reduction in agricultural production would result in a €8 billion income loss for 

the EU as a whole1. Droughts, for instance, could lower crop yields by an average of 10 to 15 % in 

relatively moist climates. The 2018 drought in Central and NW Europe even led to production loss for 

main crops up to 50 %, and scientists have warned that similar droughts could become common 

occurrences even before 2050. 

This calls for urgent adaptation strategies for European agriculture, which is where the experimental, 

forward-looking AnaEE network can provide major advantages in collaboration with the agro-industry 

(seed production, fertilizer, crop protection, etc.), for example, by: 

● Development of innovative adaptation crop management technologies ensures increased 

water retention, nutrient use efficiency and carbon sequestration: no-till technologies, 

intercropping, cover crops, precision agriculture, robotics. 

● Screening newly developed crop cultivars for climate robustness (resistance to drought, 

flooding, heatwaves) in enclosed and open-field facilities under different global change 

scenarios. 

● Testing fertilizers that minimize nutrient losses through leaching under more variable 

rainfall 

● Climate-proofing and optimizing crop irrigation under drought. Explore the inoculation 

of agricultural land with mycorrhizae to reduce nutrient inputs and losses. 

● Assessing and reducing the environmental impact of crop protection products through 

open-field tests. 

● Testing sustainable amendments on fields to sequester carbon (negative emission 

technology) on the long term. 

                                                 
1 https://ec.europa.eu/info/horizon-europe-next-research-and-innovation-framework-
programme_en 
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Figure 1: Agro‐climate zonation of Europe based on growing season length (GSL) and active temperature 

sum (ATS) obtained as an ensemble median from five different CORDEX climate model simulations during 

the baseline period (1981–2010). (b) Ensemble median spatial patterns of agro‐climate zones migration 

under 2 ° C global surface warming according to RCP8.5. Grey areas represent regions where no change 

with respect to the baseline period is simulated. The identified agro‐climate zones are named as follows 

(going from north to south): boreal north (BON), boreal south (BOS), nemoral (NEM), continental (CON), 

Pannonian (PAN), northern maritime (NMA), southern maritime (SMA) and Mediterranean (MED)2.  

2. Forests and forestry 

About 35% of the EU territory, totalling 215 million hectares (ha) is categorized as forest, representing 

25% of the world forest resources3. The EU forest-based sector (woodworking and furniture industries, 

pulp, paper and converting industries, and forest owners) accounts for some 7% of the EU’s 

manufacturing GDP and employed 3.4 million people across the EU-28 in 2012, whose livelihood is 

likely to be severely affected by climate change4. Around 90% of the raw wood material input if the 

sector comes from EU forest resources. Furthermore, forested land has major importance regarding 

carbon sequestration and biodiversity conservation. European forests currently constitute a sink for 

450 million tons of CO2 per year; 5 million tons of carbon are furthermore stored in woody biomass 

and 30 million tons in forest soils5. Maintaining this storage capacity will be crucial in the mitigation 

of climate change globally. However, ongoing environmental change presents several threats. Forest 

resistance to perturbations decreases as mean annual precipitation decreases, making forests in dry 

areas very susceptible to droughts. Moreover, pest outbreaks can aggravate the direct climate change 

pressures on forests. For example, bark beetle outbreaks often coincide with drought as trees 

suffering from drought stress tend to have reduced defences against pathogens and herbivores, 

leading to improved feeding opportunities for these insects and their offspring6,7, reduced incomes, 

offsetting production gains. 
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Figure 2: Income change in agriculture in the EU 27 with no adaptation or best adaptation according to 

the model developed in: https://ec.europa.eu/jrc/en/research-topic/forestry. 

 

AnaEE has the capacity to experimentally study the responses to these and other pressures on forest 

functioning, and provide detailed information on the underlying mechanisms. This is especially 

relevant regarding adaptation, as such measures for forestry need to be planned well in advance, in 

order for the forests regenerated today to cope with future climate conditions over the course of 

several decades. Considering the current uncertainty as to the extent and speed of such changes, 

conclusive targeted research results on adaptation options will vary between regions, making the 

European-wide AnaEE platform combination uniquely positioned in testing different management 

options. Unique to AnaEE infrastructure is the capacity for targeted, manipulative long-term 

experiments at whole-plot levels with a high degree of mechanistic knowledge of ecosystem 

functioning in a variety of forest types across Europe. 

3. Grasslands and shrublands 

Grassland covers 21% of the European land surface, which corresponds to about a third of the 

agricultural area (Eurostat). It is one of the most versatile ecosystem types in Europe, ranging from 

monoculture production grassland under frequent harvesting/fertilizing, to diverse, extensively 

managed natural or semi-natural grassland. Grassland delivers a wide array of ecosystem services 

such as the provision of forage for livestock, the conservation and protection of soil and water 

resources against erosion, eutrophication and pesticides, the sequestration of carbon, acting as a 

biodiversity reservoir and habitat for wildlife, thus also supplying pollination services to agriculture, 

and contributing to the attractiveness of the landscape. Grassland delivers about 40% (in dry matter) 

of the 500 million tons of animal feed needed by the EU livestock sectors (Eurostat). These functions 

are mainly influenced by different components of global change: altering precipitation, climate-

warming, and invasive species. Regions which become warmer and wetter (northern and north-

western Europe) will likely see increased pasture yields, while regions which become warmer and 

drier (southern and south-eastern Europe) will likely suffer decreased pasture yields. Plant protein 

concentration in grasslands is also likely to decrease throughout Europe8.  
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Figure 3: 1990-2090 changes in the tree species distribution from the climate projections using 6 regional 

climate models using the A1B scenario of future emissions. Left panel, broadleaf; right panel, needleleaf. 

Blue, increase; brown, decrease. From the MotiVE report, © European Environment Agency (EEA) 

 

On the other hand, shrublands cover 7% of the European land surface and include natural, semi-

natural and cultural landscapes spanning from wet moorlands in north-western Europe over Calluna 

heathlands along the Atlantic coastline from northern Norway to Portugal to the central European 

steppe shrublands and southern European Mediterranean maqui ecosystems. They provide multiple 

ecosystem services9 (including human recreation, grazing and hunting, biodiversity, clean water and 

soil carbon storage with at least one example supporting a climate change mitigation potential 

through increased soil carbon storage at elevated CO2 concentrations10. Because they are low-

statured ecosystems, that include many different functional types (e.g. annual herbs, perennial 

grasses and woody shrubs), they provide the opportunity to study potentially diverging effects of 

different functional types to changing pressures but still at plot scales that are much more 

experimentally manageable than in forest ecosystems. 

The AnaEE facilities can test a wide range of possible adaptations for safeguarding grassland and 

shrubland ecosystem integrity and functioning, e.g.: 

● Re-evaluating standard management practices (mowing, grazing, fertilizer inputs, 

irrigation) under climate change 

● Evaluating the importance of species diversity and composition as stabilizing factors for 

e.g. ecosystem productivity and resilience 

● Testing the potential for preventing nutrient losses from cropland into adjacent water 

bodies using grassland and shrubland margins 

● Testing the potential of applying sustainable amendments to sequester carbon (negative 

emission technology) 

● Searching for grass varieties resistant/resilient to rainfall deficits, rainfall excess and 

heat extremes under gradually rising atmospheric CO2 
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Figure 4: Brandbjerg (Denmark) facility in winter (© University of Copenhagen). 

4. Wetlands, rivers and lakes 

There are several million kms of streams and rivers, 73,000 km² of wetlands and more than a million 

lakes across the European territory (Eurostat). ‘Freshwater’, including wetlands at the boundary of 

fresh and salt water, provides for a multitude of ecosystems and ecosystem services, which play a 

crucial role in European economy and culture. Besides recreation and tourism, services provided by 

wetlands, lakes and streams include climate change mitigation (e.g. through C sequestration) and 

adaptation (e.g. through flood buffering), sediment and nutrient retention and processing, 

hydrological regulation, energy supply, support of biodiversity through their nursery function and 

food production through fisheries. Ecosystem services provided by aquatic ecosystems are key to the 

European economy and food supply. For example, twenty-two of the European Union’s Member States 

have commercial inland fisheries with an associated fleet of 14,000 boats and 17,000 fishermen (in 

addition to numerous recreational and subsistence fishermen) grossing a total annual catch of 35,000 

tons. Conserving biodiversity in the aquatic continuum is key to these fisheries, since fish depend on 

a healthy food web, and multiple key species depend on multiple aquatic habitats for their life cycle 

(e.g. nursing in upstream rivers and wetlands). 

The services provided by aquatic ecosystems are degraded by multiple man-made alterations, e.g. 

climate change, eutrophication (i.e. nutrient enrichment, often manifesting in harmful algal blooms) 

and emerging pollutants, hydrological modification and alteration (through channelling, damming, 

flood control regulations), urbanization and habitat fragmentation. Only a fraction can be regarded 

as pristine and while water bodies are much cleaner than in the 1980’s, less than 50% are considered 

to be in a good or optimal ecological condition. The complex ecological interactions in the aquatic 

continuum of lakes, streams and wetlands imply that sound and detailed knowledge on the 

biogeochemistry, microbiology, ecology and hydrology of these systems is crucial to implement solid 

management decisions for their conservation and restoration. Ecosystem services should be taken 

into account in management decisions at both the catchment and local ecosystem level.  
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Figure 5: The integrated assessment framework in which the AnaEE experimental infrastructures 

will provide added value. Multiple pressures can be combined, and their effects on different 

system components assessed. This is essential information to manage the multitude of ecosystem 

services provided by aquatic ecosystems through habitat management, restoration and 

implementation of nature-based solutions11. 

 

AnaEE can stimulate an innovation-driven cooperation between key research players and policy and 

industry stakeholders, that fosters science-driven management of aquatic ecosystems, and maximizes 

both ecosystem services and biodiversity, e.g.: 

● Facilitate research on the integrated impact of multiple global change drivers on aquatic 

ecosystem functioning, e.g. combined effect of pollution, climate-warming and 

alteration of hydrology. 

● Test novel blue engineering solutions that protect aquatic ecosystem structure, e.g. river 

banks, wetland or vegetated river patches in the face of hydrological and other climate 

related changes, at the same time optimizing, restoring and safeguarding the ecosystem 

services and biodiversity. 

● Test novel solutions for blue carbon sequestration under future climate conditions. 

● Optimize the design of large-scale ecosystem-based adaptation restoration projects (e.g. 

wetlands for flood protection) through the assessment of vegetation-sediment-

atmosphere interactions under different conditions. 

● Development of indicators for ecosystem services, e.g. carbon sequestration, that can be 

used for efficient monitoring of functionality of aquatic nature-based solutions. 
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