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Executive Summary
Today, there is significant evidence that the disturbance of rainfall’s distribution and of the climate in
general, has an impact on natural and agricultural systems in Europe. Typical examples of this
changes are the extension of the growing season, the latitude and altitude displacement of favorable
acceptance of plants, early flowering, the explosion of plant diseases, the accelerated degradation of
organic matter in soils and the diversification of water consumption. The most frequent rainfalls and
the humid conditions strengthen expansion of diseases. The greater intensity of rains reduces the
infiltration of water in the soil, thereby reduces the available amount of soil water. Global warming
has resulted, inter alia, in particularly extreme climatic conditions, such as increase of planetary
precipitation and of the content of atmospheric water vapor, increase of oceans heat and of the sea
level, reduce of glacier extent and snow cover in the mountains, limitation of ice ages in lakes and
rivers, and a systematic reduction of the springtime and summertime ice in the Arctic regions.
Geographically, climate change is so extensive that is examined as an integrated planetary
phenomenon. The Fourth Assessment Report of the Intergovernmental Panel on Climate Change
(IPCC 2007) projects that global warming will continue and accelerate, even if countries reduce their
greenhouse gas emissions. Predictions by 2100 range from a minimum of 1.8° C to as much as 4° C
rise in global average temperatures.
The causes of climate change include natural internal processes, such as dynamic and
thermodynamic interactions between the atmosphere and oceans, volcanic eruptions, changes in
solar radiation, anthropogenic changes in the structure and composition of the atmosphere or
changes in land use. Such factors can directly affect the climate by altering the local atmospheric
heat balance and / or modifying, indirectly, global circulation air masses and ocean currents, where is
regulated to a large extent, the local climate. The effects of climate change are many and often affect
socioeconomic and natural systems. Economic losses due to extreme weather events have been
increased in recent decades. Climate change poses several risks and challenges to the world’s
agriculture sectors, threatening food security and putting lives and livelihoods of millions of people at
risk. FAO estimates that one quarter of the economic effect of climate disasters already fall directly
on agriculture rendering adaptation to the effects of climate change as a global challenge. The
extreme events, likely will increase the risk of damage to the crop. Still, it is expected to affect
farming practices, such as the use of water, agricultural inputs, fertilizers and sprays. In
environmental terms, the effects are identified in the frequency and intensity of soils’ drainage, in
soils’ erosion and in the restriction of crop restructuring potential. Climate change will also affect soil
by depleting organic matter, which is a key contributor to soil fertility.
In rural areas in general, the effects are presented as loss of cultivated territories. Almost 80% of
poor live in rural areas, depending on crops, livestock, fisheries and forestry, they are affected
disproportionally and they have fewer means to adapt (FAO estimates). Developing countries are the
most vulnerable to climate change impacts because they have fewer resources to adapt, therefore, it
is urgent to reduce their vulnerability to climate change and increase their capacity to adapt and
implement national adaptation plans. The Kyoto Protocol has been ratified by 192 of the UNFCCC
Parties while the United Nations Framework Convention on Climate Change (UNFCCC) with 197
Parties has near universal membership. The ultimate objective of both treaties is to stabilize
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greenhouse gas concentrations in the atmosphere at a level that will prevent dangerous human
interference with the climate system. At the Paris climate conference (COP21 - December 2015), 195
countries adopted the first-ever universal, legally binding global climate deal. The agreement sets out
a global action plan to avoid dangerous climate change by limiting global warming to well below 2°C.
The FAO programme “Integrating Agriculture in National Action Plans” and the corresponding
European “Integrating climate change adaptation in 2014-2020 RDPs aim to incorporate climate
impacts on agriculture in National Adaptation Plans and Rural Development Plans respectively. Apart
from these initiatives, certain countries, including France, Germany and the UK, established national
strategies to adapt their agricultural sector to climate change. None of the study areas has separate
strategy for the adaptation of agriculture, which though is a priority sector under their National
Adaptation Plans. In addition, being members of the EU, study areas could adopt and implement
adaptation measures in agriculture through their RDP, following EU guidelines.
Adaptation is about taking the right measures to reduce the negative effects of climate change, or
exploit the positive ones, by making the appropriate adjustments and changes. There are many
options and opportunities to adapt, including technological options (e.g. increased sea defenses or
flood-proof houses on stilts) and behaviour change at the individual level (e.g. reducing water use in
times of drought). Other strategies include early warning systems for extreme events, better water
management, improved risk management, various insurance options and biodiversity conservation.
Adaptation measures in agriculture target to restore agricultural production potential, avoid heat
stress, improve water, soils and forest management, build resilience of biodiversity and adopt
insurance schemes to cope with economic effects of extreme events. “Maladaptation” is defined as
“actions or inaction that may lead to increased risk of adverse climate – related outcomes, increased
vulnerability to climate change, or diminished welfare, now or in the future (IPCC, 2014a). It is also
important that actions in one location or sector which potentially increase the vulnerability of
another location or sector, or increase the vulnerability of the target group to future climate change,
are also considered maladaptation (Ignaciuk, 2015).
After reviewing the adaptation process of OECD countries (34 OECD member countries, the European
Union, Brazil, China and India) Ignasiuk (2015), concludes that “for most OECD countries, the NAS
strategies focus on building adaptation capacity, rather than necessarily setting out concrete
adaptation actions. They do not focus on prioritisation of actions to make NAS operational in the
agricultural sector, some countries have created adaptation programmes with activities in that sector
(e.g. Mexican Government, 2009). Other countries, like Spain and Germany, have developed
agricultural sector adaptation strategies at the national or sub-national levels (e.g. Extremadura
Government, 2011; German Government, 2008)”. Four countries have been identified as sharing the
same challenges and opportunities regarding climate change with study areas (France, Spain, Malta
and Tunisia). Among them, France and Spain are considered pioneer in the area of adapting
agriculture to climate change having their own strategy. So far, study areas do not implement
specific National Adaptation Plans in Agriculture. However, their relevant Rural Development
Programmes 2014-2020 respect the Climate Adaptation guidelines and procedures issued by the
European Commission and have in place measures and actions to combat climate change. Last but
not least, their UNFCCC reports include sectoral provisions for adaptation of agriculture.

2 | ADAPT2CLIMA-D e l i v e r a b l e C 2 . 1

1. Review and assessment of the national and European
framework with respect to agriculture and climate change
1.1 Introduction
Almost half of the European territory is covered by agricultural areas, both arable and permanent
grassland. Agriculture therefore is considered as an important key factor in the development of the
economy of Europe. Climate change highly affects agriculture as agricultural activities depend on
climatic conditions. While some of the projected impacts could be beneficial for some regions of
Europe, mainly in northern regions (e.g. longest growing season and improved crop yields due to
warmer conditions), most impacts are projected to be negative, to result into economic losses, and
to occur in areas that are under pressure due to socio-economic and other environmental factors,
such as water scarcity. Although there are significant regional variations in the expected weather
conditions, the frequency of extreme weather events such hail, storms, heavy rainfall and heatwaves gets bigger. Climate change impacts are irrefutable (ICLEI and EEA, 2014). Over the past
decade, Europe has been warmed faster than any other place on earth. Its temperature has
increased on average 1,3oC than in pre-industrial time, when the global average increased 0.8oC (EC,
2013c). According to the Intergovernmental Panel on Climate Change (IPCC), this temperature
increase is attributed to human activities, especially due to burning of fossil fuels and deforestation,
as both cause emissions of CO2 and other gases. High concentrations of greenhouse gases (GHG) in
the atmosphere due to human practices, strengthen the so-called "greenhouse effect" and thus
increase the Earth's temperature (IPCC, 2014). According to Directive 2009/28 / EC, the EU in order
to reduce the appeal of these gases has set the following objective: to reduce GHG emissions by at
least 20% by 2020 and 30% reduction of GHG, if all developed countries were bound equally
(Pezzutto and Sparber, 2014).
However, agricultural activities, such as farming, can influence climate change mainly by producing
GHG such as methane and nitric oxide, although on a smaller scale than other economic sectors.
Also, a decrease is observed in annual precipitation, in crop yields and in hydropower potential. On
the other hand, an increasing risk of desertification, biodiversity loss and forest fire is observed and
an increase in mortality from heat waves (Eckard et al, 2010). By 2050 it is reported, that all of
European countries will confront an extreme increase of temperature during summer and winder as
well (EC, 2009a). It is therefore important and indispensable to adapt to the changes that have
already arisen and to prepare for future extreme weather events that will need to be mitigated.
All the countries worldwide are affected by climate change, but the Mediterranean countries are
more vulnerable than the others. As part of the climate change adaptation program, Mediterranean
countries need to reduce their vulnerability and to plan measures to mitigate natural hazard risks. In
order for the disaster risk management to be efficient, legal provisions and management tools from
local and national adaptation strategies should be used to respond to weather catastrophic events.
There are plenty of “hard” and “soft” measures to reduce the risk of natural hazards and to adapt to
climatic changes. For example, flood risk reduction measures can range from soft measures, such as
preparation of management plans, or hard measures, such as development of flood protection
systems. To eliminate, to some point, the effects of drought, drought resistant crops can be
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cultivated. Moreover, an effective and low-cost action is to raise public awareness about natural
hazard risks. The government of each country, can create a combination of measures in order to
reduce risk, vulnerability of each country and to adapt to climatic changes (IEMed, 2010).
Adaptation can contribute to the reduction of the damages that climate change can cause to
agriculture. To help promote adaptation, the European Commission has undertaken some measures.
As the adaptation measures that are related to agricultural sector mainly concern farming, incentives
to adapt to climate change are provided through the EU Common Agricultural Policy (CAP), the EU
Strategy on adaptation to climate change and the River Basin Management Plans (RBMPs).

1.1.1 The EU Common Agricultural Policy (CAP)
Worldwide countryside provides the habitat for a wide variety of fauna and flora. Farmers exploit
countryside, supply the market with public goods and maintain soil and biodiversity in a good
condition. The remuneration of farmers for this service is providing an income support, especially
due to the fact that cultivations can be adversely affected by climate change. EU provides motivation
to farmers to cultivate in an environmentally-friendly way and has formed a provision to provide
them financial assistance. This provision is called the EU Common Agricultural Policy (CAP). Part of
the financial assistance granted to them, is intended to adjust their farming methods to address
climate change impacts. The CAP was launched in 1962 and constitutes a significant and unique
partnership between Europe and farmers. Its main aims are: to improve agricultural productivity, to
ensure reasonable living of farmers and to reinforce the sustainability of agricultural sector and its
ability to adapt to climate change (EC, 2012). Until 2003, when a new agreement on CAP reform was
reached, all the activities related to climate adaptation that were mentioned in CAP, were referring
directly or indirectly to environmental priorities that could lead to a sustainable development
(Olesen et al, 2002).
In 2007, it was identified by the Green paper on adaptation, that the best way to integrate climate
change adaptation into agricultural support programmes, is to reform CAP “Health check” (EC,
2007c). Indeed, one year later, political agreement on the CAP “Health check” was reformed, which
provided CAP with the opportunity to integrate provisions on addressing climate change. This was
the first time that a climate change adaptation policy was officially reached into an agreement
(Daugbjerg, 2011). Regarding climate change adaptation, the Council Regulation No. 74/2009
requires all the EU members from 2010 to incorporate in their rural development programmes,
operations that aim to mitigate climate change impacts. Moreover, in the same year, EU Commission
SWD set the role of CAP, the main concerns about the impact of climate change on agriculture and
the orientations for an effective adaptation strategy in agriculture (EC, 2009b). The promotion of
adaptation of agriculture to climate change by CAP, was proposed after a public debate that took
place in 2010, concerning CAP after 2013 (Erjavec et al, 2015). In particular, a strategic document
entitled “The CAP towards 2020: Meeting the food, natural resources and territorial challenges of the
future” was one of the outcomes of the public debate. This document highlights the potential of the
rural sector to adapt to climate change impacts (EC, 2010). This reformation of CAP is consonant with
the document entitled “EU Strategy on adaptation to climate change”. Among the three objectives of
the document “The CAP towards 2020”, the second objective focuses on the activities that are
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required for climate mitigation and adaptation (Erjavec et al, 2015). This objective is further analyzed
in two of the six priorities of the rural development. These priorities refer to i) restoring, preserving
and enhancing ecosystems related to agriculture and forestry and ii) promoting resource efficiency
and supporting the shift toward a low-carbon and climate-resilient economy in the agricultural, food
and forestry sectors. The future CAP, will remain as a strong common policy structured with two
pillars. Pillar 2, contributes to climate change adaptation as it introduces a new policy instrument,
the Green Direct Payment (GDP) which concerns the environmental sustainability of the rural sector.
According to GDP, farmers to receive the payment will have to implement specific agricultural
activities, which enhance adaptation. Moreover, this instrument will receive, 30% of the national
direct payment envelope. These activities are expected to support the implementation of sustainable
farming which in its turn is expected to be a key factor addressing climate change (Solazzo et al,
2014). The 2003 CAP reform introduced an obligation for all the EU Members, to form a Farm
Advisory System (FAS). FAS aims to help farmers to better understand and perform the EU rules for
environment, public and animal welfare, as well as for maintaining land in good agricultural and
environmental conditions (GAEC). The existence of a FAS, on national basis, provides farm advisory
service, evaluates any situation of the farmers and gives appropriate advice. Last but not least, FAS
helps farmers enhance climate resilience of their holdings (EC, 2013a; EC, 2013b). In the new CAP
that launched in 2014, there is an application that concerns Greening rules. Greening supports
actions to adopt and maintain farming practices that help meet environment and climate goals.
Particularly, Greening makes Direct Payments system more environmentally friendly, thus farmers
that adopt sustainable methods to cultivate their land and care for natural resources are benefited
financially (RPA, 2016). According to the new CAP, agriculture can adapt to climate change through
the implementation of the following measures. In order to meet the anticipated changes in weather
conditions, farmers can change their crop rotation to take advantage of the best available water,
adjust sowing dates according to temperature and rainfall, use varieties of crops that suit to new
weather conditions (e.g. more resistant to heat and drought) and plant on farmland hedgerows or
small wooded areas that reduce the escape of water and act as windbreak. Better information of
farmers on climate risks and on workable adaptation solutions is also important. It is very important
to mention that CAP, in order to achieve its objectives, is financially supported by the European
Agricultural Guarantee Fund (EAGF) and the European Agricultural Fund for Rural Development
(EAFRD).

1.1.2 The EU Strategy on adaptation to climate change
The EU Strategy on adaptation to climate change was adopted by the European Commission in April
2013. It sets out the framework and mechanisms to prepare EU for current and future climate
change impacts. This strategy has been adopted by many countries in the EU and as mentioned
before, adopts the same objectives with the document entitled “The CAP towards 2020: Meeting the
food, natural resources and territorial challenges of the future”. This adaptation strategy is expected
to help the EU to implement a low-carbon and climate-resilient economy, to introduce new
investments and to create new jobs.
The EU Adaptation Strategy has three objectives:
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Objective one: Promoting action by Member States
One of the main roles of a national adaptation strategy (NAS) is to coordinate the planning and
management of cost-effective adaptation measures. Also, the NAS is important to be in line with the
national risk management plans. The EU will support financially projects that address regional and
cross-border issues which are missing from the current strategies. Some of the projects that will be
encouraged, are those with demonstration and transferability potential and those that aim to
promote innovative technologies. This objective focuses on the exchange of effective practices
among Member States, cities or stakeholders and is composed of three actions.
Action one: Encourage all Member States to adopt comprehensive adaptation strategies
This action aims to guide each country about how to implement and review an adaptation policy. The
Commission developed an adaptation preparedness scoreboard, to identify the level of readiness of
each country. By 2017, according to relevant reports and to the results from the adaptation
preparedness scoreboard, the Commission will decide whether an action that was taken by a
Member State is sufficient or not. If the verdict is that the action is insufficient the Commission will
propose the development of a legally binding instrument.
Action two: Provide LIFE funding to support capacity building and step up adaptation action in
Europe (2013-2020)
The adaptation strategy of the Commission will be focused on the following vulnerable areas that
have direct or indirect relation to agriculture:
•

mountain and island areas, with emphasis on sustainable and resilient agricultural, forestry and
tourism sectors;

•

sustainable management of water; combating desertification and forest fires in drought-prone
areas.

•

cross-border management of floods, fostering collaborative agreements based on the EU Floods
Directive;

Action three: Introduce adaptation in the Covenant of Mayors framework (2013/2014)
According to the model of the Covenant of Mayors initiative, the Commission during 2013 pledged to
adopt local adaptation strategies and awareness-raising activities.
Objective two: Better informed decision-making
It is important to improve our knowledge for a better decision-making. There is a plethora of
research programmes, strategies, vulnerability assessments, climate services and web portals that
we can access easily. The 5th Assessment Report of the IPCC was adopted in 2014. The improvement
of our knowledge will essentially drive innovation into a forward level and will support the market of
climate change adaptation technologies. Future programmes such as Horizon 2020, will support
climate adaptation by setting priorities such as “societal challenges” and by investing in promoting
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innovation. This objective is implemented by two actions that follow the three actions mentioned
before.
Action four: Bridge the knowledge gap
The knowledge gaps that need to be addressed are:
•

information on damage and adaptation costs and benefits;

•

regional and local-level analyses and risk assessments;

•

frameworks, models and tools to support decision-making and to assess how effective the
various adaptation measures are;

•

means of monitoring and evaluating past adaptation efforts

Another obligation of the Commission is the implementation of further work with all EU members
and stakeholders to bridge these knowledge gaps and to find the most effective methodologies to
address them. The outcomes will be incorporated into the programmes of Horizon 2020 and will
highlight the need to improve interfaces among science, policy-making and business.
Action five: Further develop Climate-ADAPT as the ‘one-stop shop’ for adaptation information in
Europe
Both the Commission and the EEA aim to improve information accessibility and to promote
interaction among platforms such as Climate-ADAPT. Particular attention needs to be given to costbenefit assessments that result from different policy experiences and to innovative funding.
Objective three: Climate-proofing EU action: promoting adaptation in key vulnerable sectors
One of the most important obligations of the Commission is the incorporation of climate adaptation
measures into EU policies. The incorporation of adaptation in legislation concerning sectors such as
marine waters, biodiversity, forestry, mobility, transport and migration has been implemented (COM,
2011). In addition, the Commission has proposed to incorporate legislation regarding sectors such as
maritime spatial planning, integrated coastal management, disaster risk prevention and energy
management. Last but not least the penetration of disaster insurance is at low level at the time, but
it is considered important that it is examined by all stakeholders. This objective, just like the two
previous, is implemented in three actions that follow the mentioned actions.
Action six: Facilitate the climate-proofing of the Common Agricultural Policy (CAP), the Cohesion
Policy and the Common Fisheries Policy (CFP)
Detailed guidance on how to incorporate adaptation according to CAP and to Cohesion Policy
instructions has been provided. This action aims to support authorities and stakeholders about how
to design, develop and implement their actions.
Action seven: Ensuring more resilient infrastructure
With the support of the Commission, in 2013, European standardisation organisations started
mapping industry-relevant standards in the sector of energy, transport and buildings. Also, examined

7 | ADAPT2CLIMA-D e l i v e r a b l e C 2 . 1

the need for additional guidance to civil society, authorities, private business, decision makers and
conservation practitioners to strengthen the implementation of the full mobilisation of ecosystembased approaches to adaptation.
Action eight: Promote insurance and other financial products for resilient investment and business
decisions
The Commission adopted the EU Adaptation Strategy together with the insurance of natural and
man-made disasters. This action aimed to encourage insurers to enhance the way they manage
climate change risks. As mentioned before, the Commission aims to focus to market penetration
improvement of natural disaster insurance and to exploit to the fullest the potential of insurance
pricing and other financial products for risk awareness prevention and mitigation.
While many climate change problems linked to agriculture are dealt with farm management
techniques, these actions are in accordance with regulations imposed by legal limits on some
practices. An example is the directive on nitrates, which is applied by the Member States and
concerns monitoring water quality, nitrate vulnerable zones and the establishment of codes of good
agricultural practices. Feature examples of good agricultural practices is fertilizer application limits
and dispersion conditions, manure storage methods, livestock density limits and crop rotation
requirements.

1.1.3 The River Basin Management Plan (RBMP)
Of all the ways climate change provokes harm, drought is one of the effects people worry about the
most. And it makes sense, since droughts last longer the last decades partly due to climate change.
Droughts have affected many countries around the world that experience higher air temperature and
drier air. Agriculture has been affected by droughts as warmer temperatures increase evaporation in
plants soils and can cause reduction of rainfall. Almost 40% of the world relies on cultivation of land
to earn its income (FAOsat, 2015). So if droughts cause water shortages in an area that depends on
agriculture, it puts at risk the health and wellness of animals, crops, farmers and communities. The
EU Commission, in 2007, issued a Communication to the European Parliament and the Council to
address drought impacts in the EU. In this Communication, Drought Management Plans (DMP) were
characterized as one of the most important policy instruments to arrange the problem (COM,
2007b). In 2012, the Commission evaluated the Communication and focused on the incorporation of
drought issues in the first River Basin Management Plans (RBMPs) to bridge gaps in EU drought
policy. Results revealed that countries must adopt more policies in order to integrate DMP in future
RBMPs (EC, 2012). In 2013, the Global Water Partnership (GWP) and the World Meteorological
Organization (WMO) issued a document entitled Integrated Drought Management Programme
(IDMP). In the same year, CWP issued the IDMP at the Central and Eastern European (CEE) regional
level. The IDMP aims “to support stakeholders at all levels by providing them with policy and
management guidance through globally coordinated generation of scientific information and sharing
best practices and knowledge for integrated drought management”. On a review that launched in
2014, it was shown that the majority of the member states had not incorporated a DMP in
accordance with the Water Framework Directive (WFD) instructions provided. At this point, it is
considered necessary to mention that the Water Framework Directive (WFD) is the most important
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tool that the Commission in 2000 adopted to provide protection of all surface water (rivers, lakes,
transitional waters and coastal waters) and groundwater across the EU (WMO, 2014). River Basin
Management Plans (RBMPs) are the main administrative tools that Member States are obligated to
set for each river basin.
In the “Communication to the European Parliament and the Council regarding the Water Framework
Directive and the Floods Directive: Actions towards the 'good status' of EU water and to reduce flood
risks” (2015) the Commission reviews the progress in the implementation of the Programmes of
Measures (PoMs) planned by Member States in their River Basin Management Plans. The
Communication also provides suggestions for the improvement of future Programmes of Measures
to be inserted in the update of the River Basin Management Plans, as follows (EC, 2015):
The need for a solid basis for PoMs: Member States need to step up their efforts to base their PoMs
on a sound assessment of pressures and impacts on the aquatic ecosystem and on a reliable
assessment of water status. Monitoring in particular of water status should be improved for surface
water, especially as concerns priority substances. The remaining shortcomings in the methods to
assess the ecological status of water should be urgently addressed in several Member States.
Gap analysis: what needs to be done to achieve the objectives?: In order to correctly design PoMs,
Member States need to identify the most cost effective combination of measures that are needed to
fill in the gap between water’s current status and ‘good status’ in order to understand what needs to
be done to achieve the objectives, how much time it will take and how much it will cost to whom.
Adapting water use to the WFD environmental objectives and enforcing the changes:
Existing permits, e.g. for water abstraction (including water rights), discharge, hydropower, etc.,
should be reviewed and, if necessary, updated with a view to ensure their compatibility with WFD
objectives. After permits are reviewed, Member States must ensure that they are respected.
Tackling pollution: Member States need to strengthen their basic measures to tackle diffuse pollution
caused by agriculture. Many Member States rely only on voluntary measures while significant
improvement can only be achieved through the compulsory basic measures. Member States should
tackle the sources of pollution by fully implementing WFD measures and water-related legislation,
especially the Nitrates Directive, Industrial Emissions Directive and Urban Waste Water Treatment
Directive. Member States are encouraged to continue extending the establishment of safeguard
zones to protect areas used for the abstraction of drinking water.
Tackling quantitative aspects, including the link to quality: There is a need to better address the link
between quality and quantity in assessing pressures on the aquatic ecosystems, to put in place
measures that target abstractions and flow regulations and to restore water use to sustainable levels
(particularly for groundwater), especially in water-dependent ecosystems, such as wetlands.
Tackling flow and physical changes to water bodies: Member States should apply in the next PoMs
ecological flows in accordance with the recently adopted CIS guidance and implement the measures
that will protect and/or restore these flows for both existing and new uses.
Using economic instruments and incentives wisely: Member States should adjust inadequate pricing
of water resources, not only in the agricultural sector, targeting water use efficiency, promoting
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crops or farming systems that reduce production costs, raising funds to ensure long-term
sustainability of infrastructure investments and addressing wastage due to leakage.
Coordinating implementation to reap multiple benefits: Cooperation should rely on existing
structures that have shown their effectiveness in order PoMs to be successful. This applies for river
basin districts, where administrative or national boundaries should not be an obstacle to the choice
of the most cost-effective measures, as well as for WFD PoMs which are essential to delivering on
some of the objectives of the Floods Directive, the Marine Strategy Framework Directive or the EU
Biodiversity Strategy and Habitats Directive. There is a need to improve the methods used to identify
potential significant future floods and the quantification of potential future impacts, while climate
and socio-economic changes (e.g. urban sprawl and soil sealing land use) should be factored more
widely as they are important elements of flood risk management.
Seizing investment opportunities: Member States should make use of EU sources to financially
support the implementation of the PoMs. These include payments for the adoption of agricultural
practices beneficial for the climate and the environment under the Rural Development Programmes,
financing from the Cohesion policy funds under objectives related to water and adaptation to climate
change, LIFE integrated projects, Horizon 2020 support to innovation in the water sector, as well as
the deployment of innovative nature-based solutions to address societal challenges related to water
and flood risk management. Member States are also urged to use the innovations developed under
the European Innovation Partnerships on water and on agricultural productivity and sustainability,
and connect them to the challenges of implementing the WFD. Additionally, Member States could
exploit the opportunities offered by the proposed EU Investment Plan, particularly to support the
development their water infrastructure.
Although WFD focuses on the proper function of RBMPs, many actions at the EU level concern the
development of EU drought policy.
The following documents represent the basis of EU drought policy:
•

Drought Management Plan Report Including Agricultural, Drought Indicators and Climate
Change (Report 2007) – general guidance for the production of a Drought Management Plan
in accordance with the RBMPs

•

Communication from the Commission to the European Parliament and the Council Addressing the challenge of water scarcity and droughts in the European Union
(COM/2007/0414 final) – drought strategy providing policy options and a set of key actions
to tackle drought and water scarcity problems (hereinafter Communication 2007)

•

A Blueprint to Safeguard Europe’s Water Resources (November 2012) – policy document
aims to tackle obstacles that hamper actions to safeguard water resources. A part of the
document is dedicated to vulnerability problems and solutions, including those related to
drought (hereinafter Blueprint)

According to European policies, the measures to address water scarcity and drought risk in the
agricultural sector can be divided in two categories: i) supply-side measures and ii) demand-side
measures:
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i) Supply-side measures refer to actions such as maintaining the proper function of natural drainage
basins and aquifers, recovering and improving current water infrastructures (e.g. substitution of
gravity irrigation systems with pressure ones) and determining the conditions which need to be
met. Aquifers can be exploited as seasonal and/or long-term storage reservoirs because the
storage capacity of a groundwater reservoir basin is analogous to the storage capacity of a surface
reservoir. In other words, groundwater is considered as a basic aid to decrease water scarcity
under drought.
ii) Demand-side measures refer to actions such as promoting subsidies (this measure must be strictly
supervised by CAP), reducing leakages in water networks, improving agricultural management
(use of more tolerant and less water intensive crops, increasing water retention in soils etc.),
implementing pricing policies and organizing educational campaigns.
In addition to the measures of the River Basin Management Plan (RBMP) and when and where
needed, a specific “Drought Management (sub) Plan-DMP-” should be developed by Member States
(EC, 2007b).

1.2 The case of Crete, Greece
The Greek Government is addressing climate change impacts on agricultural through a number of
policies, such as the National Strategy for Adaptation to Climate Change (NAS), the Rural
Development Programme, the Code of Proper Agricultural Policy (CPAP) and the River Basin
Management Plan (RBMP).

1.2.1 The National Strategy for Adaptation to Climate Change (NAS)
In December 2014, the Ministry of Environment Energy and Climate Change (now Ministry of
Environment and Energy / MEE), the Biomedical Research Foundation Academy of Athens and the
Bank of Greece (BoG) signed a memorandum of cooperation concerning, inter alia, the development
of the National Strategy for Adaptation to Climate Change (NAS). The primary objective of NAS is to
contribute to strengthening the country’s resilience to the impacts of climate change and the
creation of conditions to ensure that decisions are made based on the right information and longterm planning, addressing the risks and exploiting opportunities that are stemming from climate
change. NAS foresees an initial five-year period for developing adaptability and for prioritizing and
implementing a first set of actions. The significant uncertainty associated with climate change and its
impacts, the abundance of new information and developments and the continuous retrospective
views on the appropriate ways to promote adaptation require ongoing assessment, learning and
specialized analysis.
Key objectives of NAS are:
•

To improve the decision-making process through the acquisition of better knowledge and
scientific data relating to the adjustment,
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•

To promote the development and implementation of regional / local action plans in line with
the present strategy,

•

To promote measures and adaptation policies in all areas with emphasis on the most
vulnerable ones,

•

To create a mechanism for monitoring and evaluation of adaptation actions and policies,

•

To inform and raise social awareness

NAS is the first step in a continuous and flexible process of planning and implementing the necessary
adjustment measures at national, regional and local level (MEE, 2016).
The necessity to implement agriculture adaptation measures is resulting directly from the economic
effects of climate change on agriculture by the end of the century, which are ranging from about 3%
to 13% for the following two emission scenarios. According to the Representative Concentration
Pathway (RCP) scenario 4.5, the average temperature increase would be 1.4oC for the period from
2046 to 2065 and 1.8oC for the period from 2081 to 2100 and according to RCP scenario 8.5 the
average temperature increase would be 2oC for the period from 2046 to 2065 and 3.7oC for the
period 2081 to 2100. The assessment of only part of the annual cost adjustment in the agricultural
sector (irrigation and protection works) is about EUR 72 million on an annual basis, an amount that
almost exclusively concerns public expense.
Measure 1.
Building innovative knowledge and dissemination to educators and to final beneficiaries
(professionals in rural areas). The measure includes collection of research results from research
institutions, their exploitation through the development of specific strategies and adaptation
planning and dissemination to final beneficiaries.
Sub measure 1.1: Creation of a database with the results of the study on the effects of climate
change on agriculture and livestock and adaptation at national and international level.
Implementation team: Hellenic Agricultural Organization (HAO) "Demeter", CISCC, Universities of
Agriculture and Veterinary Medicine. Efficiency ratio: the basis of the data. Main indicators of
effectiveness will be the number of funded projects and the number of the produced publications.
Sub measure 1.2: Inclusion of agriculture and livestock climate change adaptation programs in
national research priorities. Ιmplementation team: General Secretariat for Research and Technology
(GSRT), Hellenic Agricultural Organization (HAO) "Dimitra".
Sub measure 1.3: Dissemination of the results of research and technology to final beneficiaries
(trainers, social partners, decision makers, professionals in rural areas). Dissemination means are
workshops, training programs and seminars, printed, electronic materials, etc. Ιmplementation team:
Ministry of Rural Development and Food, Regions, Institutes of Lifelong Learning, Professional
Training Centers. Effectiveness indicators: number of programs and seminars, produced educational
materials.
Measure 2.
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The promotion of the development of regional plans based on the degree of vulnerability and on
new data. The preparation of Sustainable Rural Development Programs at Regional level is foreseen,
with mandatory integration of climate change adaptation actions.
Sub measure 2.1: Integration of climate change adaptation in the rural development programs of the
Regions. Ιmplementation team: Regional Government (in collaboration with agricultural
cooperatives, farmers' groups, agricultural associations, ecologically sensitive areas managers etc.).
Efficiency ratio: the number and evaluation of adaptation actions in individual programs.
Measure 3.
Establishment or improvement of existing monitoring of critical system parameters, based on the
new knowledge on the effects of climate change in the components of the production system.
Recording and preparedness systems are necessary to assess potential threats to the farming sector.
The systems in order to quickly adapt to new conditions, must be designed with flexibility.
Sub measure 3.1: Strengthening research on the interaction between climate change, plant biology
and pathogens. Here the investigation of potential disease vectors is also included. Potential
participants are research institutes of HAO "Demeter", Benakio Phytopathological Institute,
University of Agriculture, and other institutions. Efficiency ratio is the number of research projects
that have been approved and the number of publications. Ιmplementation team: GSRT, Ministry of
Rural Development and Food, HAO "Demetra".
Sub measure 3.2: Strengthening research on the interaction between climate change, animal
physiology, pathogens and parasites. This includes the investigation of potential disease vectors.
Potential participants are the Research Institutes HAO "Demeter", Agriculture and Veterinary
Medicine Universities and other institutions. Ιmplementation team: GSRT, Ministry of Rural
Development and Food, HAO "Demetra". Effectiveness indicators: the number of research projects
that have been approved and the number of publications.
Sub measure 3.3: Establishment / improvement of a national registration system (observatory) of the
availability levels of surface water and groundwater (with feedback actions on water resources).
Ιmplementation team: Ministry of Rural Development and Food and Ministry of Environment and
energy. Efficiency ratio: the number of records on an annual basis as appropriate.
Sub measure 3.4: Establishment / improvement of a national registration system (observatory) of the
degree of meadows degradation and desertification of Greek soils. The cooperation with Agriculture
Universities and HAO "Demeter" is considered necessary. Ιmplementation team: Ministry of Rural
Development and Food, Regions. Efficiency ratio: the number of records per region and year.
Measure 5.
Sustainable management of natural resources. It includes extensive measures for the sustainable
management of land, water resources and biodiversity.
Sub measure 5.1: Actions for sustainable management of soil resources. These include: a) Protection
against erosion with appropriate cultivation operations (plowing to contour lines, reduced tillage,
plant coverings, switching corrosive with non-corrosive crops etc.), b) Protection against the
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degradation of soil structure by compression (minimum or conservation tillage systems), c)
Maintenance / enhancement of organic matter and protection from degradation from increased
temperature (to avoid burning of stubble, incorporating plant residues, organic fertilization), d)
prevention of salinization (use good quality water, applying good irrigation practices, rational
application of fertilization, applying desalination techniques). Ιmplementation team: Ministry of Rural
Development and Food Regional Government.
Sub measure 5.2: Actions for sustainable water management. These include: a) The use of nonirrigated plant species, b) the use of varieties with reduced life cycle, c) rationalization of irrigation
according to actual needs of plants, d) the adoption of more efficient irrigation systems, e)
minimization of water transmission losses through effective maintenance of existing collective
irrigation and drainage networks. In addition, they include actions concerning management of water
resources, such as f) construction of water reservoirs and dams for collection and exploitation of
water, as well as g) construction of flood protection projects in areas adjacent to rivers or lakes. The
implementation of (a) - (d) will be accomplished through the provision of incentives to the final
beneficiaries. The (e) - (f) will be implemented by the Central Government, the Regions and local
authorities. Ιmplementation team: Ministry of Rural Development and Food, Ministry of Environment
and Energy.
Sub measure 5.3: Sustainable biodiversity management measures on agricultural ecosystems and
pastures. The preservation and enhancement of biodiversity in agricultural ecosystems will
strengthen their ability to adapt to climate change. These include: a) protection and conservation of
plant genetic resources in gene banks and in situ. The efficiency indicator is the number of networks
in which the competent institutions will participate. b) Expansion of organic farming / integrated
approach systems to limit the extinction of plant and animal biodiversity (native flora, pollinators,
insect predators) by introducing incentives based on efficiency indicators. c) Other actions (feedback
to the Biodiversity Sector). Ιmplementation team: Ministry of Rural Development and Food. Ministry
of Environment and Energy, HAO "Demeter", Agriculture and Biology Universities.
Sub measure 5.4: Sustainable pasture management measures. These include: a) protection from
overgrazing and sub grazing and determination of the grazing capacity, b) preservation and
enhancement of the natural flora with suitable varieties of plants showing better adaptability to new
environmental conditions. The application of the above will be accomplished through the provision
of incentives to the final beneficiaries. Ιmplementation team: Ministry of Rural Development and
Food, Regional Government. Efficiency ratio: the number of farmers who have adopted these
practices annually.
Measure 6.
Changes to the biological material and to the cultivation techniques. These include actions aimed at
creating new varieties and adapting farming techniques for adaptation to climate change. All actions
require strengthening national research and partnerships with other countries. Hastens: HAO
"Demeter", GSRT.
Sub measure 6.1: Understanding the mechanisms of plants (cultivated and weed) in water scarcity,
increased temperature and increased concentration of CO2.
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Sub measure 6.2: Creating new resistant varieties to biotic and abiotic stresses with utilization of
domestic genetic material.
Sub measure 6.3: Changes in farming techniques and in the selection of crops due to increased
temperatures. Indicators: a) displacement of the installation dates for annual crops later for the
winter and earlier for spring crops, b) Limitation of psychrothropic species in southern and lowland
areas and expansion of thermophilic crops (e.g. olives, vines, citrus, etc.) to the north and at higher
altitudes, c) Setting the time and frequency of other cultivation techniques (fertilization, irrigation,
pest management, etc.).
Measure 7.
Risk management for climate change disasters. This measure includes the adjustment and extension
of insurance of agricultural production losses from extreme weather events that are not currently
covered (e.g., high temperatures, drought, floods).

1.2.2 The Rural Development Programme
The agricultural sector of Greece has a small-scale structure thus only 76,7% of holdings are less than
5 hectares and as a result farming is difficult. Almost 78% of the total Utilised Agricultural Area (UAA)
is considered as an area facing natural constraints and 54% is in mountainous regions. Irrigated land
covers 20% of the UAA and consumes 86% of water use in Greece, often with significant water
losses. Until 2020, the CAP aims to invest more than 19,5 billion in the agricultural sector and in the
rural areas. Priority will be given to the following sectors: jobs, sustainability, modernization,
innovation and quality. At the same time, Greece has the opportunity to adjust Direct Payments and
Rural Development Programmes to its specific needs. The distribution of the new direct payments
aims to be made in a fairer way among member states, regions and farmers. The amount of money
that is available for Direct Payments is around to EUR 15,4 billion. The farmers that are currently
active are able to reclaim income-support schemes while young farmers are strongly supported to
set up business, since there is a new 25% aid supplement in addition to the current measures, that
will be given during the first 5 years. The CAP supports Greek farmers with easy, proven measures to
promote sustainable development and to address climate change. An amount of 30% of Direct
Payments will be invested in three environmentally-friendly farming practices: crop diversification,
maintaining permanent grassland and conserving 5% of areas of Ecological interest or measures that
are considered to have at least equivalent environmental benefit.
The new Rural Development Programme for Greece (2014-2020) in order to address climate change
suggests the implementation of these measures and sub measures:
Measure 1: Knowledge transfer and information policy.
The lack of basic training of employees, particularly in primary production (nearly 97% of farmers and
83% of young farmers under 35 years, have only empirical training), has emerged as one of the major
weaknesses of the sector, which must be settled immediately. The specificity of the primary sector
and the difference with the other sectors, apart from the lack of basic knowledge in the majority of
employees is the great geographic dispersion of employees, which creates the need for specific
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design of knowledge transfer activities and awareness of employees in the primary sector. Emphasis
will be given to vocational training of young people, as they are more flexible and receptive to new
technologies, to the introduction of innovation and to undertaking business risk.
The actions foreseen in this measure are important for the promotion of economic development of
the agro-food system and of the forestry sector, and thus for the rural areas and for improving their
viability and competitiveness. These actions are also important as they promote efficient resource
management and they enhance the environmental performance of agricultural and forestry holdings
and the overall sustainability of the agri-food system. Finally, these actions also help in reducing the
factors that aggravate the phenomenon of climate change, thus contributing significantly to the
horizontal objectives of environment and climate change given that increasing knowledge and
awareness of employees in the agri-food system and forestry sector on such issues, promotes the
implementation of related actions. Ιmplementation team: HAO ‘demeter’.
The sub measures of the Measure 1 that are related to climate change are:
1. Adoption of environmentally friendly farming methods, with emphasis on biological farming.
2. Rational management of natural resources, with emphasis on water and energy.
3. Reduction of factors which exacerbate the phenomenon of climate change affecting the
agro-feeding systems and forestry sectors.
4. Waste management in the agricultural sector, with emphasis on livestock waste.
5. New methods / technologies of sustainable agriculture and forestry.
6. Improve crop resistance.
Measure 2: Consultancy services, management of agricultural holdings services and agricultural
holdings replacements services.
The advisory services will help farmers, especially the young ones, to improve the sustainable
management and overall performance of their holding as it will help them to make the right
decisions for the overall technical, economical and environmental management of their holdings.
Therefore, the use of the advisory services should be encouraged, by alleviating the cost of this
advice.
To this end, the Regulation (EU) 1306/2013 establishes a Farm Advisory System while through the
Regulation 1305/2013 the provision of agricultural advice is reinforced. The inclusion of the direct
payments beneficiaries to the Farm Advisory System is voluntary.
Among the various topics covered by the farm advisory systems, the topic on climate change consists
of three guidelines.
1. Guidelines on the actions for climate change mitigation or adaptation of agriculture.
o

Information on climate change impacts and on the greenhouse gas emissions from
the agricultural sector, measures and actions to mitigate them.

16 | ADAPT2CLIMA-D e l i v e r a b l e C 2 . 1

o

Drafting a business plan for the use of renewable energy sources for own
consumption.

o

Αpplication of practices for improving the resilience of farming systems, particularly
in case of drought or flood.

o

Αctions to improve the storage of carbon dioxide in agricultural soils

2. Guidelines on the use of by-products, wastes, residues and other raw materials other than
food, for the purposes of the bio-economy.
3. Guidelines on the reduction of greenhouse and ammonia emissions from agricultural
activities.
Measure 3: Quality systems for agricultural products.
Sub measure: 3.1 Provide support to participate in new quality systems.
It supports the products with Protected Designation of Origin (PDO) and products with Protected
Geographical Indication (PGI), including wine products. It also strengthens products labeled as
“mountain product”. Moreover, the measure is intended to provide support for information and
promotion activities concerning products covered by qualitative agricultural and food systems. In
order to be certified, production of those products should be based on environmental friendly
practices, which are likely to favor adaptation to climate change.
Measure 4: Investments in physical assets.
This measure is one of the most important measures of the Greek Rural Development Programme
(RDP) since it covers a very wide range of private investment in the primary and agri-food sector of
the country and the construction of basic public infrastructure such as land reclamation projects,
access works in agricultural land and livestock farms, forest road networks and the implementation
of non-productive investments in infrastructure related to the achievement of agri-environmental
and climate goals. This measure supports restructuring towards tolerant crops or crops well adapted
to climate change, as this would enhance the competitiveness and ensure the viability of agricultural
holdings. The management of agricultural holdings should contribute to environmental sustainability
and to the rational use of natural resources, taking into account climate change projections. The use
of renewable energy will contribute in this direction as well as in improving the environmental
performance of farms. Furthermore, the agricultural sector has to contribute the most to reducing
greenhouse gas emissions while livestock farms are required to manage their waste properly to
contribute to the protection of the environment and to maintain hygienic conditions on the farm. In
conclusion, support to agricultural holdings investments is of strategic importance to Greek
agriculture in an effort to increase its competitiveness, water saving, rational use of natural resources
and environmental protection.
Measure 5: Restoring the agricultural production potential damaged by natural disasters.
Introduction of appropriate prevention actions.
The agricultural sector is particularly exposed compared to others from the effects of natural
disasters, adverse climatic events and catastrophic events. In order to support both the survival of
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agricultural holdings, and competition in general, this measure is aimed at restoring the production
capacity and / or the exploitation to the pre-loss situation without serious, irreversible effects on the
income of the farmer, and to prevent such damage, indirectly contributing to the competitiveness of
agriculture.
Sub measure 5.1.: Preventive measures for investment support, aiming to decrease impact caused
by extreme weather conditions.
Sub measure 5.2.: Investment support for restoring damages caused by extreme weather.
This measure is expected to decrease impacts on the performance of agricultural holdings by
preventing and minimizing damages from extreme weather events.
Measure 6: Agricultural holdings & business development.
This measure is directly linked to the development of entrepreneurship in rural areas and the
creation and maintenance of employment and self-employment in the primary agricultural sector
and in the secondary and tertiary sector, which meets the EU recommendations.
Sub measure 6.1.: Support start-up businesses for young farmers
This measure provides incentives to encourage young farmers to settle and maintain agricultural
holdings instead of abandoning them. Indicatively, it is stated that the following will be supported:
sectors such as livestock (goat and sheep breeding) or vegetable or animal feed or other sectors with
added value; the promotion of tolerant crops or crops adapted to climate change; the development
of cooperation farms (such as unions); the production of qualitative and certified agricultural
products (e.g. PDO, PGI, organic) and the adoption of environmentally friendly practices.
Measure 10: Support to Agriculture, Environment and Climate.
Based on the 2nd Implementation Report Directive 92/43 / EEC for Greece, agriculture exerts too
much pressure on habitat types. Maintaining biodiversity is inextricably linked to agricultural activity.
Agricultural land often supports wildlife by providing food, nesting sites or even hunting areas. Also,
a large number of animal and plant species are directly dependent on the continuation of traditional
forms of agriculture and livestock for their survival. For that reason, it is urgent to provide measures
for the adaptation of agriculture to climate change.
Sub measure 10.1: Maintaining the promotion and application of agricultural practices with
beneficial effects on the environment and climate. Τhis sub measure contributes to the realization of
some priorities. In particular, it contributes to the realization of the 4th and 5th priority. The 4th
priority concerns restoring, preserving and enhancing biodiversity, including areas Natura 2000. The
5th priority concerns inter alia the reduction of greenhouse gas and ammonia emissions from
agriculture through actions such as the reduction of nitrogen fertilizer application in less demanding
nitrogen plants of the rainfed crop rotation and in fallow agricultural land, agricultural land in buffer
strips and in plantations where green manures are applied.
Sub measure 10.2: Support for maintaining the sustainable use and development of genetic
resources in agriculture. Τhis sub measure facilitates the protection of local and traditional varieties
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which are considered to be better adapted to local conditions. Also, this sub measure, as 10.1,
contributes to the realization of the 4th and 5th priority.
Measure 11: Organic farming.
The Measure aims to encourage farmers to implement the principles of organic farming as defined in
Regulation (EC) No. 834/2007, and to maintain these methods after the initial conversion period. This
measure contributes to the realization of the 4th and 5th priority.
Sub measure 11.1: Support farmers or group of farmers to start using organic farming methods.
Sub measure 11.2: Support to maintain already practiced organic farming methods.
Both sub measures promote organic farming which is assumed to be adjusted to local conditions and
thus decreases climate change impacts on the agricultural sector.
Measure 16: Collaboration.
This measure provides the opportunity to exploit new technologies, which indicatively include the
implementation of new, innovative processes, in order to strengthen the competitiveness of
enterprises in the primary production of agricultural products and in the food sector, as well in
search of new cultivation practices and production practices that contribute to protecting the
environment and adapting to climate change.
Sub measure 16.2: Support pilot projects for new products and methods developed in agriculture,
which aims to test: i) the commercial success of new products, methods and technologies, ii) the
adjustment of “old” products in new geographical and environmental conditions, and iii) the
adjustment of products and crops to climate change.

1.2.3 The Code of Proper Agricultural Practices (CPAP)
The Code of Proper Agricultural Practices (CPAP) is foreseen with the 1420/82031 Ministerial Decree,
published in the Government Gazette 1709/B/08.17.2015, according to which it is aimed to provide
proper guidance for the application of good agricultural practices for the protection of the
environment to all persons involved in agricultural and livestock activities while ensuring their
income. The code includes:
a. Good Agricultural Practices for the application of nitrogenous fertilizers (Article 4)
b. Good Agricultural Practices for the storage and transport of nitrogen fertilizers (Article 5)
c. Good Agricultural Practices for livestock manure management on farms (Article 6)
d. Good Agricultural Practices for applying livestock manure to land (Article 7)
e. Good agricultural practices for irrigation (Article 8)
Τhe irrational use of nitrogen fertilizers and the large production of livestock manure, under certain
conditions, may contribute negatively to climate change thus enhance the greenhouse effect.
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According to studies, nitrogen fertilizers and livestock manure apart from the nitrate pollution that
can cause to groundwater, they can be transported in gaseous form in the atmosphere, mainly as
elemental nitrogen, nitrous oxide and ammonia (N2, N2O, NH3). Nitrous oxide (N2O) has an important
role in the destruction of the layer of stratospheric ozone and contribute to the disruption of the
global climate since N2O contribute in the creation of the "greenhouse effect" (Μιχαήλ, 2013).
According to the Code, some practices to reduce nitrous oxide (N2O) emissions are the prevention of
nitrogen fertilizers application on fallow agricultural land and agricultural land at buffer strips and
reduction of nitrogen fertilizer application in less demanding nitrogen plants of arid crop rotation.
Also, application of nitrogen fertilizer should be timed to coincide as closely as possible to the
periods of maximum crop plant uptake while irrigation should meet crop needs to minimize nitrogen
loss by denitrification, leaching and runoff.
Another important greenhouse gas is methane which is produced on farms. The main sources of
methane are manure stockpiles and ruminant animals, such as sheep, goat and cattle. According to
the Code, these gas emissions can be reduced through the establishment of “closed type” heated
units known as anaerobic digestion bioreactors. This process greatly reduces the pollution load of
waste and also offers the advantages of the absence of annoying odors and financial benefits from
the sale or own consumption of the energy produced from biogas.

1.2.4 River Basin Management Plan of Crete (RBMP)
In the river basin of Crete, most aquatic ecosystems and the aquatic fauna is under a potent
"pressure" due to intense climatic and geomorphological conditions: low annual rainfall, seasonal
restriction of rainfall only in winter months and absence during the summer. At the same time the
lack of rainfall in summer coincides with the maximum levels of temperature and evapotranspiration,
which leads to a severe drought from June to September. The quantities of water which penetrate in
the aquifer are greater than those that are retained on the surface, as 45-50% of the area of Crete is
covered by carbonate rocks clustered in the four major mountains of the island. The above,
combined with the tectonic structures that appear in Crete (ruptures, discontinuities, etc.), are
leading to small flows of surface water ecosystems, the sovereignty of periodic flow rivers (streams)
and the temporal "compression" of the life cycle of their aquatic fauna.
Based on the above specifics of the RBMP of Crete, it was considered advisable to adopt measures to
address the effects of droughts and water scarcity. The strategic plan for addressing extreme drought
and water scarcity phenomena for the RBMP of Crete, mainly includes preventive measures (drought
contingency planning), based on a combination of alternative solutions and measures for addressing
the effects of water scarcity and drought. Particularly, the strategic plan inter alia includes: a)
recording of extreme drought events that were observed in the recent past and assessment of their
economic, environmental, institutional and social impacts, as well as of the implemented policies and
countermeasures, b) calculation of drought indicators, based on EU guidelines and the specific
conditions of the region. Various components will be used as hydrologic regime, meteorological
conditions environmental conditions, social conditions, economic impact etc., c) assessment of the
risk of future water scarcity and droughts (from natural or human causes) and their potential impact,
d) identification and proposal of alternative sources for various water uses and “strategic water
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reserves”, which can be used in critical drought situations, e) proposals for the creation of flexible
and effective early warning systems for droughts, f) identification of measures which are necessary
for preventing and addressing the environmental, economic and social impacts of water scarcity and
drought, g) assessment of the potential impact of water scarcity and droughts on achieving the
environmental objectives of Article 4 of Directive 2000/60 / EC (RBMP, 2015).
Climate change has not been taken into account at any aspect of the RBMP or drought management
plan, as there is no specific chapter or mention on climate change. The only exceptions to this are the
management plans of the Epirus and Thessaly RBMPs (not situated in Crete), in the drought
management plans of which, a two-page chapter on climate change is devoted. Last but not least, it
is important to mention that during the preparation of the RBMP, there was no national strategy for
adapting to climate change in place (EC, 2015c).

1.3 The case of Cyprus
The National Adaptation Plan (NAP) of Cyprus has been prepared in 2014 but has yet to be approved
by the Parliament, since it was deemed necessary that a National Risk Assessment should be
conducted first (the latter is underway). The NAP of Cyprus aims at preventing adverse climate
change impacts, reinforcing the adaptive capacity of Cyprus to the observed and expected changes in
climate and at exploiting the potential opportunities that may arise. Apart from the National Strategy
on Adaptation to Climate Change, Cyprus implements the Rural Development Programme 2014-2020
which is based on the Guidelines of the European Common Agricultural Policy (CAP). A bundle of
Cross Compliance measures which promote Good Agricultural and Environmental Conditions in
cropped areas, a National Action Plan on the sustainable use of pesticides and the River Basin
Management Plan are also in place. Moreover, certain research activities address climate change
challenge in various aspects of the production process.

1.3.1 National Adaptation Plan of Cyprus
The Department of Environment of the Ministry of Agriculture, Rural Development and Environment
of Cyprus undertook the coordination of efforts for the development of a National Strategy on
Adaptation to Climate Change, in the framework of the co-funded European project LIFE+ CYPADAPT.
Regarding the adaptation options for the agricultural sector, the NAP’s priorities aim to address
impacts on crop yields and crop losses from extreme weather events. For facing the above impacts, a
set of selected measures was evaluated by stakeholders and those with high score (>60%) were
recommended. The NAP’s measures for facing the above impacts that can also be applied for the
study crops in project areas are:
Reduction in crop productivity
•

Providing incentives to farmers for using recycled water to irrigate selected crops.

•

Improving efficiency in water use for irrigation by applying rational irrigation scheduling.
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•

Improving efficiency in water use for irrigation by adopting advanced irrigation systems and
maintenance of existing irrigation systems.

•

Providing incentives to farmers for fertilizing the soil with organic matter. In this sense, the
precipitation of farmers in organic framing or integrated crop production schemes as well as
activities related to soil cover are recommended.

•

Providing incentives to farmers for applying crop rotation or inter-cropping.

•

Providing incentives to farmer for the installation of rainwater collection tanks.

Crop losses from extreme weather events
•

Providing incentives for planting hedgerows around crops.

•

Promoting the use of new cultivars, being resistant to drought and heat stress.

1.3.2 Rural Development Programme 2014-2020
Several of the objectives of the Cyprus RDP focus on the adaptation of the agricultural sector of
Cyprus to new economic conditions and to the increasing environmental challenges imposed by
climate change. In this respect RDP 2014-2020 provides incentives to both farmers and the public
sector to implement adaptation and mitigation measures to climate change impacts. The following
measures/actions are considered relevant to the adaptation process:
Measure 1: “Dissemination of scientific knowledge and information” aims to train and enrich the
knowledge and experience of farmers’ and forest holders.
Sub measure 1.1.: “Vocational training and skills development” includes training programs for
existing and/or young farmers on issues such as the organic farming, irrigation and water saving
techniques, Good Agriculture and Environmental Conditions, climate change issues, sustainable use
of pesticides etc.
Measure 10: Agri-environmental and climate commitments, aims to address environmental
problems resulting from farming activities and mitigates the phenomena that intensify climate
change.
Sub measure 10.1.1B. “No use of herbicides in olive groves”, and Sub measure 10.1.1E/10.1.1Z. “No
use of herbicides and branch thinning in vineyards” provide for the use of mechanical cultivation (e.g.
use of weed knives in the tree row and tillers or mowers between tree lines), hoeing and mulching
under the canopy of trees/vines to control weed instead of chemical control. Mulching reduces soil
water evaporation, hence enhancing resistant of olive trees and vineyards to drought stress. In
addition, fertilization needs should be in accordance with the directives of the Department of
Agriculture. In vineyards, branch thinning is recommended for purposes of fire protection.
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Sub measure 10.1.2A. “Implementation of crop rotation in potatoes”, and Sub measure 10.1.2B.
“Implementation of crop rotation in arables” provide for crop rotation, the simplest form of crop
diversification. The main objective of crop rotation is to enhance soil fertility and structure, and
consequently increase crop productivity and the resistance of crops to drought stress. Regarding
potatoes, financial aid is provided for the implementation of a three-year crop rotation system in two
cycles (six years in total) with a mandatory application of green manure. Specifically, a year of
potatoes switches to a year of another crop except for Solanaceae species followed by a year of
exclusive application of green manure. As regards cereals, a three-year crop rotation system in two
cycles (six years in total) with a mandatory application of legumes or mixture is financially supported.
It includes legumes or mixture, green manure and cereals in separate consecutive years every three
years, with the possibility of using certified seed each year at the choice of the farmer.
Sub measure 10.1.3A. “Integrated management of potatoes’ cultivation” of both spring’s and
winter’s potatoes mitigates climate change impacts on potatoes production, by supporting the
sustainable management of soil and water and promoting environmental friendly techniques for pest
control. In any case, certification by an accredited integrated management certification body is
required.
Measure 11: Organic farming, aims to encourage conversion and maintenance practices of organic
farming as defined in Regulation (EC) No. 384/2007.
Sub measure 11.1. “Conversion from conventional to organic farming”, and Sub measure 11.2.
“Organic farming” promotes the expansion of organic farming for numerous crops, including all
study crops, in a conversion period of three years for perennial crops and two years for annual crops.
Measure 4: Modernization of agricultural holdings, is one of the most important measures of the
Rural Developmental Programme 2014-2020 as it covers the largest range of the investments in agrifood sector. In Cyprus, the agri-food sector is characterized by serious problems with regard to
competitiveness, resulting mainly from the temporal structural problems in the sector together with
the existing environmental, climatic and geophysical constraints.
Sub measure 4.1. “Investments that improve the overall performance and sustainability of the
agricultural and livestock farms” provides economic incentives for the installation of modern
irrigation systems or the replacement of the older ones with the aim of improving water use
efficiency in irrigation. In addition, the application of Advanced Irrigation Systems reduce run-off and
soil moisture. In order to decrease the risk of drought stress to crops, financial support is also
provided to farmers for the installation of rainwater collection tanks on their farmland. Regarding
greenhouses, Sub measure 4.1. facilitates the installation of cooling systems and thermal sun screens
for purpose of heat stress protection.
Sub measure 4.3.1. “Use of recycled water in agriculture” enables the saving of fresh water. The
Water Development Department (WDD) of Cyprus is financial supported to invest to: a) construction
of infrastructure for storing recycled water, and ii) construction of new infrastructure recycled water
pipe or expansion / improvement of the existing network of infrastructure irrigation from which the
recycled water is channeled.
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Sub measure 4.3.2. “Application of innovative technologies in irrigation” provides financial incentives
to Water Development Department (WDD) to establish on a pilot basis a smart software system for
monitoring/evaluation of the largest water work projected carried out by the Republic of Cyprus, the
Southern Conveyor Project. It is expected that the application of smart technology on the Southern
Conveyor will contribute to the efficient management of the available water for irrigation, ensuring
water needs of crops in times of drought.

1.3.3 Good Agricultural and Environmental Conditions
The Good Agricultural and Environmental Conditions is a set of measures under Cross Compliance of
the RDP, which farmers receiving direct payments must meet. As far as climate adaptation measures
are concerned, the Good Agricultural and Environmental Conditions suggest practices for protecting
the cultivated farmland from erosion and maintaining organic material in soil, as follows:
1. The use of crop residues as soil cover or the integration of them in the soil for annual crops.
For land with a slope greater than 10%, there should be a natural/plant vegetation for soil
cover during the period of rainfalls. Organic residues are rich in nutrients and are considered
to increase water infiltration and water hold capacity, resulting in increased crop productivity
and great resistance to drought stress.
2. The soil cultivation should take place only when it has the appropriate moisture levels, if it is
necessary. In a land with a slope greater than 10%, contour plowing must be exercised.
Regarding clay and heavy soils, soil cultivation during the periods of heavy rain and use of
heavy machinery should be avoided. These measures contribute to the maintenance of good
soil structure, resulting in reducing run-off and drought stress.

1.3.4 National Action Plan on the sustainable use of pesticides
The adaptation measures that have been undertaken in Cyprus to support farmers to ensure plant
health of study crops by reducing population pressure of indigenous or invasive pests are in line with
the National Action Plan on the sustainable use of pesticides (2012) based on Directive 2009/128/EC.
In this context, the crop protection strategy should be based on the principles of integrated pest
management.

1.3.5 Research activities
The Agricultural Research Institute is conducting research for the design and application of
hydroponics systems and the production of irrigation water through air condensation, in order to
achieve further savings in irrigation water.
An on-line tool for calculation of monthly water needs (m3/decares) per location and crop in Cyprus
(news.ari.gov.cy/irrigation_v1.html) has been recently developed by the Agricultural Research
Institute (ARI). The open access ARI tool facilitates the sustainable use of water by farmers via
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making sound decisions on irrigation scheduling. In this sense, drought stress and reduced crop
productivity impacts of climate changes on study crops can be mitigated.
Regarding plant health, a research project related to integrated and biological control of insects and
mites in annual and perennial crops of Cyprus is carried out by the Agricultural Research Institute
(ARI).

1.3.6 River Basin Management Plan
Cyprus adopted and published its first River Basin Management Plan in 2011 including a Drought
Management Plan. It is reported that in this RBMP, Cyprus has undertaken activities to incorporate
water scarcity and droughts into sectoral policies. However, no particular measures relating to this
incorporation have been identified in the RBMP. Adaptation to climate change impacts is only
mentioned in two of the annexes of the RBMP, without providing specific details. Climate change is
not even mentioned in the Drought Management Plan that is annexed to the RBMP (EC, 2012).
In contrast to the first RBMP, in the new RBMP of Cyprus that is launched in October 2016 and
concerns the period from 2015 to 2020, there are sub chapters that are related to climate change
and drought management. At these sub chapters some measures are mentioned that are
incorporated in the programming period 2016-2020. These measures contribute:
•

To promote the efficient use of water (surface and ground) by replacing the use of
groundwater that are coming from other non-conventional sources and by enriching
artificially groundwater, where conditions permit it.

•

To control the abstraction of groundwater.

•

Rational management of current and new water supply infrastructure to increase
preparedness against water scarcity phenomena.

•

Publication of the current condition and intensification of the public awareness program.

1.4 The case of Sicily, Italy
1.4.1 The Rural Development Plan (RDP) of Sicily
The Rural Development Plan (RDP) of Sicily sets out the priorities for achieving the objectives
identified for the 2014-2020 period, in accordance with:
●

The Community objectives of the Europe 2020 strategy;

●

The guidelines for rural development policies expressed by the European Commission;

●

The main requirements of rural development identified on the basis of the analysis and
SWOT analysis of the regional context;
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●

The complementary features and integration with other EU and national policies.

The RDP of Sicily 2014-2020 has three long-term strategic objectives: competitiveness of agriculture,
sustainable management of natural resources and balanced development of rural areas. To achieve
these objectives, the new programming is using a structure based on six priorities for action, in turn
divided into 18 focus areas:
●

Priority 1 - Promote the transfer of knowledge and innovation in the agriculture and forestry
sectors and in rural areas.

●

Priority 2 - Strengthen the profitability of farms and the competitiveness of agriculture in all
its forms and promote innovative technologies for farms and sustainable management of
forests.

●

Priority 3. Promote the food chain organization and the risk management in agriculture.

●

Priority 4. Preserve, restore and enhance ecosystems related to agriculture and forestry.

●

Priority 5. Encourage the efficient use of resources and the transition to a low carbon
economy and climate resilient economy in agriculture, food and forestry sectors.

●

Priority 6. Work towards social inclusion, poverty reduction and economic development in
rural areas.

Priorities 4 and 5 contribute to the pursuit of mitigation targets and adaptation to climate change
through the specific policy areas (Focus Area):
●

4A Safeguarding, restoration and improvement of biodiversity, including in Natura 2000
areas and areas facing natural or other specific constraints, high nature value farmland
(HNV), as well as of European landscapes.

●

4B Better water management, including the management of fertilizers and pesticides.

●

4C Soil erosion prevention and soil management improvement.

●

5A Enhance the efficiency of water use by agriculture.

●

5B Enhance the efficiency of energy use in agriculture and food industry.

●

5C Encourage the supply and use of renewable energy sources, by-products, waste and
residues and other non food raw material for bio-economy purposes.

●

5D Reduce greenhouse gas emissions and ammonia emission from agriculture.

●

5E Promote conservation and carbon sequestration in agriculture and forestry.

Each focus area is assigned a specific target to be attained through the implementation of measures,
which represent the basic unit of the Programme and are divided into a set of sub-measures.
Mitigation targets and adaptation to climate change will need to be achieved mainly through the
implementation of Measure 10 - Agri-environment-climate and Measure 11 - Organic farming.
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Measure 10 - Agri-environment-climate includes a number of actions and commitments, identified
in response to the needs emerging from the context analysis, which help counter the critical
environmental issues identified in the region and at the same time to achieve the priorities of
European Union for rural development with particular reference to the cross-cutting objectives
"Environment" and "Climate change."
Although farming is seen as a difficult to assess within the accounting systems of emissions and
removals of greenhouse gases, so as to not fall in global climate agreements, there is no doubt that
agriculture's contribution to mitigation may assume relevant proportions. Mitigation of climate
change can be achieved either through the limitation of carbon emissions in the agriculture and
forestry sector, both through the Protection of carbon deposits in the soil, which represent one of
the potentially most important factors as agriculture's contribution to climate change mitigation.
The context analysis has identified the need to increase the organic matter content in regional soils, a
reduction in CO2 emissions and reduction of chemical inputs. It 'also highlighted the need for more
efficient use of the water resources for irrigation. This requirement is relevant at the level of
individual companies, from which we need to promote specific measures aimed at rationalizing the
use of water, through the dissemination of technological innovations (design and management
software), technologically advanced irrigation systems, as well as through the use of specific
agricultural techniques. Interventions and cultivation methods likely to promote the maintenance
and / or increase the organic matter in the soil have positive effects on the water retention capacity
of the soil.
The soils of Sicily are poor in organic matter and therefore to adopt farming techniques and soil
management that promote the increase of deposits of organic carbon in the soil is one of the priority
objectives is to be achieved through the adoption of Blue Agriculture techniques (sub-measure 10.1.f
- Adoption of Conservation Agriculture techniques) and also reducing energy inputs in crop
management by limiting the number of ploughings and their depth, reduces CO2 emissions.
Additional contributions to the halt in the decline of organic matter in soils will be provided by the
adoption of sub-measure 10.1.b - Methods of eco-sustainable farm management, 10.1.c - Conversion
and maintenance of arable land to permanent pasture, 10.1.a - Integrated Production and finally the
sub-measure 10.1.d - Safeguarding and management of traditional landscape and terraced surfaces
to combat erosion and hydrogeological instability, which aims to support environmentally friendly
farming methods that simultaneously protects and enhances cropping systems and the physical
elements that characterize the various sicilian agricultural landscapes.
Measure 10 - Agri-environment-climate is divided into the sub-measures listed below:
10.1 - Sub-measure payments for agri-environment-climate commitments:
10.1.a - Integrated Production
10.1.b - methods of eco-sustainable farm management
10.1.c - Conversion and maintenance of arable land into permanent pasture
10.1.d - Safeguarding and management of traditional landscape and terraced surfaces to combat
erosion and hydrogeological
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10.1.e - Withdrawal of surfaces along water courses
10.1.f - Adoption of Conservation Agriculture techniques
10.1.g - Breeding breeds in danger of extinction
10.1.h - Maintenance of the fields of the keepers farmers
10.2. - Sub-measure Genetic Resources:
10.2.a - Conservation of plant genetic resources in agriculture
10.2.b - Conservation of animal genetic resources in agriculture

Measure 11. Organic farming
Sub measure 11.1. “Support farmers or group of farmers to switch in organic farming methods”,
provides subsidies to farmers who convert their production (agriculture + livestock) for the first time
from conventional to organic farming.
Sub measure 11.2. “Support to maintain already practiced organic farming methods”, provides
subsidies to farmers for maintaining organic farming which improves quality of water and soils and
reduces use of pesticides and fertilizers. It also encourages crop rotations that improve the
maintenance of soil organic carbon, mitigating CO2 emission form agriculture.
Measure 16: Collaboration
Sub measure 16.5 stimulates cooperation among research institutes, public bodies, companies etc. to
set up various projects or activities, including those related to adaptation and mitigation of the
agricultural sector to climate change impacts.

1.4.2 National Strategy for Adapting to Climate Change
Green actions related to the agricultural sector are proposed into Italy’s National Strategy for
Adapting to Climate Change aiming at: a) stabilizing farmers’ income, b) reducing input in agriculture,
and c) reducing risk through crop diversification.
The green actions refer both to agricultural systems and to production methods, as follows:
1. Agricultural systems and farms
•

Reduced application of fertilizers and pesticides.

•

Use of new crops with reduced water request for minimizing yield variability.

2. Production methods and techniques
•

Use of crop rotation in order to reduce nitrogen application and leaching.

28 | ADAPT2CLIMA-D e l i v e r a b l e C 2 . 1

•

Change of variety or crops in relation to new climatic situation with a particular relevance for
those crop demanding high water volumes.

•

Crop diversification.

•

Change in land use according to the “greening” measure, i.e. crop diversification, maintaining
of permanent grasslands and use of areas with environmental value.

1.4.3 The River Basin Management Plan of Sicily
The River Basin Management Plan of Sicily - 2nd Planning Cycle (2015-2021) was approved by the
Regional Council on 06.29.2016 and has been prepared pursuant to the provisions of Directive
2000/60 / EC, transposed into the national legislation with the Italian Legislative Decree no.
152/2006 and subsequent amendments and additions. The Plan includes a detailed "analysis of
climate and climate change in Sicily" which highlights that the Mediterranean climate characterizing
the Sicilian territory shows a significant trend toward the so-called phenomenon of extreme climate
events.
In Sicily, especially in the south-central and western slope, a policy of interconnection of surface
sources, springs and reservoirs has been implemented to face the needs in relation to water scarcity.
The "River Basin Management Plan of Sicily" is the technical-administrative tool by which a strategy
for the protection of inland surface waters, transitional waters, coastal waters and groundwater is
defined. The Plan main aims are to:
a) prevent further deterioration, protects and enhance the status of terrestrial, aquatic and wetland
ecosystems directly depending on the aquatic ecosystems in terms of water demand;
b) promote sustainable water use based on long-term protection of available water resources;
c) enhance protection and improvement of the aquatic environment through specific measures for
the progressive reduction of discharges, emissions and losses of priority substances and the cessation
or phasing out of discharges, emissions and losses of priority hazardous substances;
d) ensure the progressive reduction of pollution of groundwater and prevent its further pollution;
e) contribute to mitigating the effects of floods and droughts.
To achieve the objectives of the Plan, a set of actions have been foreseen and incorporated into the
following measures:
A. Institutional Activities: regulatory actions aimed at harmonizing the skills and performance
carried out by the regional public administrations in the environmental sector; introduction of
economic analysis tools that enable a cost-effective evaluation and cost-benefit analysis that includes
the environmental costs; development of guidelines for the activation of negotiated programming
tools, such as “Contracts of the River”.
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B. Measures to reduce the withdrawal of water resources: measures for the regulation of such
withdrawals and actions having an impact on water withdrawals and resource consumption (for
example, the introduction of building codes which require the adoption of systems for water
conservation); provision of incentives for water saving (for example, the reuse of waste water);
structural measures (for example, the reduction of losses in the network); information and
awareness campaigns, studies and research, measures for the supervision and control over
withdrawals.
C. Measures to reduce point loads: structural measures concerning the adaptation and
improvement of existing water collection and treatment systems, the reduction of emissions through
best available techniques and the implementation of the conditions for the release of minimum vital
flow (DMV) in order to keep the dilution capacity, oxygenation and self-purification.
D. Measures to reduce the spread loads: these measures concern the construction of filter systems
(buffer strips) along water courses for the uptake of widespread contaminants of systems for the
run-off water management and of wetland systems for the treatment of livestock waste.
E. Environmental protection measures: mainly structural and regulatory measures. The structural
measures aim at the recovery and restoration of aquatic ecosystems through balancing actions of
natural processes and reconstruction of habitats, recovery of degraded areas and careful
management of domains and coastal areas. Regulatory measures include the adjustment of
legislation to protect the hydrogeological risk, depending on conservation of river ecosystems, the
implementation of plans for the Sites of Community Importance (SCI) and Special Protection Areas
(SPA), identification of guidelines for the natural control of alien species invasion. Among the
environmental measures also are studies and research, information campaigns, regulatory actions,
control and incentive mechanisms to support rehabilitation of natural processes.
F. Monitoring: The actions included in this measure are transversal and aim to periodically update
the state of knowledge, to measure the degree of achievement of the Directive 2000/60 objectives,
to measure the degree of success of proposed actions and to monitor the ability to achieve the
environmental objectives set.
Alterations in precipitation and temperature trends that IPCC expect as a result of the ongoing
climate change, may affect the availability of water resources and the potential impacts of the
anthropogenic pressures on water bodies of the Sicilian Hydrographic District. It follows that the
effects of climate change may significantly affect the achievement of the objectives of the
Management Plan or on achieving and / or maintaining a short and / or long term good quality status
for water bodies within the river basin district of Sicily through the implementation of the
aforementioned measures plan.
Therefore, a viability analysis of the measures proposed in this management plan against the effects
of climate change is considered necessary. To this end, an evaluation procedure has been
implemented whose general approach was shared with another Basin Authority. The procedure is
based on checklists implemented in a GIS environment aimed at identifying those surface and
groundwater bodies that present a higher risk of not being able to achieve or maintain the quality
targets set in the Management Plan, due to the number and significance of climate sensitive
anthropogenic pressures they are subjected to.
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On the assumption that the effects of anthropogenic pressures on water availability will tend to
increase with the intensification of climate change, all the pressures considered in the Water
Management Plan have been analyzed, both for surface water bodies and underground water
bodies.
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2 Review and evaluation of the available options for
adapting agriculture to climate change
The available techniques and methods implemented worldwide for the adaptation of agricultural
sector to climate changes were assessed. An extensive literature review, including the reports of
European and international organizations providing guidance on the adaptation of the agricultural
sector to climate changes, were performed. The available adaptation measures were evaluated
(drawbacks, specific conditions for successful implementation etc.) according to the literature
review. An attempt was made to consider the adaptation measures for the six study crops of the
ADAPT2CLIMA project: wheat, barley, potatoes, tomatoes, grapes and olives. Furthermore, the
adaptation measures were categorized according to the climate change impact they address as
follows: drought stress, heat stress, decreasing plant health, extreme weather events and reduced
crop productivity. Another category was added, namely “total impact”, which refers to measures that
address more than one category of climate change (e.g. drought stress, heat stress and reduced crop
productivity). It is noted that drought stress occurs when the humidity of the soil and the relative air
humidity are low and the ambient temperature is high (Lipiec et al., 2013). Heat stress is defined as
the rise in temperature beyond a threshold level for a period sufficient to cause permanent damage
to plant growth and development (Wahid et al., 2007). Under field conditions, water shortage often
occurs concurrently with high air temperature and affects plants to a larger degree than the
summary effect of both stresses (Mittler, 2006; Wahid et al., 2007).
It is also noteworthy noted that the agricultural practices and successful examples of adaptation of
agricultural sector to climate change impacts presented here do not necessarily have universal
applicability. Considering the diversity within agricultural systems, adaptation measures will have to
be selected, tailored and applied as appropriate for the context, including agro-ecological zones,
farming systems as well as cultural and socio-economic context (Dinesh, 2016). That means that
adaptation measures are context specific in both space and time (Rosenstock et al., 2016).

2.1 Drought stress
2.1.1 General measures
Water markets and efficient irrigation systems and scheduling
Climate change impacts on precipitation patterns and their distribution through the year result in: i)
increased demand for water due to increases in crop evapotranspiration, and ii) increased water
shortages, particularly in the spring and summer months (IPCC, 2014). For addressing irrigation
adaptation to climate change, incentive-based policies are applied, namely water markets and public
subsidies for investment in efficient irrigation systems (Iglesias & Garrote, 2015). A recent
comparison between water market and irrigation subsidy policies dedicated the advantages of water
markets over irrigation subsidies in Southern Europe (Kahil et al., 2015).
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Water markets refer to water resources re-allocation both between and within sectors. In
agricultural sector, water is usually re-allocated from crops with low to high marginal value of water.
For example, high-value crops, such as fruits and vegetables, remain a priority for water markets
compared to low-value crops, such as cereals or rice. In areas with abundant water availability,
farmers can purchase water in the market as contingency in dry years, instead of investing in efficient
irrigation systems with high capital investment that may be needed only in dry years (Carey &
Zilberman, 2002; Kahil et al., 2015). On the other hand, water allocation problems may arise, such as
limited social acceptance or conflict among different stakeholders (Iglesias & Garrote, 2015).
Irrigation infrastructure reduces water losses and increases irrigation efficiencies (Delgado et al.,
2011). Public policies that provide subsidies for investment in efficient irrigation systems (drip and
microsprinkles systems), especially for high-valued crops, resulted in an increase in the value of
agricultural production (Kahil et al., 2015). Besides efficient irrigation systems, an efficient irrigation
programme based on monitoring of specific parameters (climate, soil, weather, trees respond,
system efficiency) is also required for alleviating drought stress. But, it should be adjusted
throughout each season and from year to year. In addition, the irrigation modernization may
increase water depletion through enhanced crop evapotranspiration. Furthermore, the dense mass
of roots developed in a restricted volume of the soil because of constant favorable moisture and
aeration conditions (favored by drip and microsprinkles systems) make plants drought sensitive in
case of any emergency, such as water shortage or pumping failure. Moreover, taps, pipes and other
water fixtures should be routinely inspected for problems and repaired promptly for avoiding waste
of water. For instance, the system’s efficiency must be checked frequently through measuring flow
rates, pressure, dripper or sprinkler outlet discharge and depth of water infiltration.

On-farm water harvesting
Given that irrigation water is not always assured on the Mediterranean islands, the great uncertainty
in seasonal weather patterns make farmers to consider a number of coping strategies to reduce their
vulnerability to changing water availability. Building on-farm storage reservoirs (either individually or
shared with neighboring farms) as well as installing rainwater harvest equipment are among
available options to obtain more water.

2.1.2 Cereals
Zero tillage plus early sowing in cereals
Zero tillage and consequent direct seeding into loose crop residues provides soil cover minimum
disturbance of soil porosity, allowing water movement, retention and release at all scales. It also
allows early sowing of cereals, just after the first significant rains in autumn, which not only
strengthens establishment under warmer temperatures in autumn but also reduces the risk of crop
failure due to droughts and heat stress in early summer (Richards et al., 2014; Piggin et al., 2015). In
rainfed systems of cereals in Middle East, zero tillage combined with early sowing found to support a
rapid and vigorous crop establishment under warm autumn conditions as well as water-use
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efficiency, especially in areas with less than 450 mm annual rainfall (Piggin et al., 2015). On the other
hand, early sowing of wheat in UK resulted in increasing Fusarium ear blight infection and
consequent mycotoxins in cereal products (Madgwick et al., 2011; Lamichhane et al., 2015). In
Mediterranean countries, serious shortcomings of zero tillage technology are the limited access of
growers to: i) a zero tillage seeder, and ii) advice/support from extension officers already
experienced with zero tillage technology. The zero tillage seeder should be well designed for local
conditions and operated correctly, otherwise the performance of the whole system will be
compromised (Piggin et al., 2015).

Conservation agriculture (CA) in rainfed cereals system
Conservation agriculture is an approach to agricultural management based on three linked principles,
which have to coincide in time and space and have to be applied by farmers for a long time to
develop synergies (Richards et al., 2014). These principles are:
1. Minimum soil disturbance. Even though, zero tillage is ideal, it may involve some reduced
tillage systems in which no more than 20 to 25% of the soil surface is disturbed.
2. Retention of crop residues or other organic soil surface cover, including green manures. The
actual level of soil cover is often site-specific, ranged from 30% to 100%.
3. Diversification through crop rotations or intercropping systems. Where farmers do not have
enough land to rotate crops, intercropping can be used. Legumes are recommended as
rotational crop for their nitrogen-fixing functions as well as for their flowering in support of
pollinator population.
Approximately 157 million hectares are currently cultivated worldwide under CA (11% of the arable
land area) (Kassam et al., 2015). In the Mediterranean basin, CA has been adopted in Spain, Portugal,
France, Greece, Italy, Morocco, Tunisia, Iraq, Lebanon, Syria and Turkey (Bashour et al., 2016). Spain
and France are the leading countries in terms of CA adoption in Europe. In Spain, besides annual
crops (wheat, barley), many olive plantations and fruit orchards have adopted CA (Friedrich et al.,
2012). However, CA has not been introduced into irrigated agriculture to any significant degree in the
dry Mediterranean climate (Kassam et al., 2012).
When all the principles of CA are combined along with the other good agronomic practices, many
significant benefits are produced (Loss et al., 2015). For example, the elimination of plowing
operations improves infiltration of rainfall into the subsoil and reduces water run-off, which also
means improved storage of water in the subsoil that allows earlier sowing after the first autumn
rains (Thierfelder et al., 2015; Dinesh, 2016). In addition, the maintenance of adequate soil cover
reduces evaporation of soil moisture and water loss while increases soil fertility by increasing the
organic matter content. CA also addresses heat stress as mulch cover provides ‘buffering’ against
extreme temperatures at the soil surface. This is one of the reasons why CA is increasing in
Mediterranean countries (Soane et al., 2012; Giller et al., 2015). In the Middle East, instead of using
fallow in cereal rotations or relying solely on cereals, farmers found to be better to plant a crop every
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year for promoting diversity, even if from time to time the crop does not produce a harvestable grain
yield (Loss et al., 2015).
On the other hand, there are some shortcomings related to CA application. For example, retaining
the crop residues (straw and stubble) after harvest instead of cover crops is highly recommended in
rainfed areas of Mediterranean and Middle East due to water shortage. But, in dry environments, the
amount of biomass produced by crops is relatively low and benefits will take longer. Thus, no-till
systems should be implemented whenever the other two principles are successfully applied
(Pittelkow et al., 2015). Given that there is no ‘one recipe’ for CA that works everywhere, farmers
need time for gaining experience with CA (especially small uneducated farmers), and at the same
time the improvement of soil structure and fertility is a slow process so that farmers may need to
wait 3 to 7 years to see yield increases (Richards et al., 2014; Loss et al., 2015).

2.1.3 Vegetables
Use of green manures for vegetables
Green manure improves soil structure and favors greater water retention in the soil so that crop
losses during dry periods to be avoided. Furthermore, legumes can contribute large amounts of
nitrogen to the soil through nitrogen fixation of their roots, and thus enhance productivity and
reduce production costs. Using green manure in potato cultivation was one of the top ongoing
Climate Smart Agriculture (CSA) practices implemented in Colombia for adapting to climate change
impacts, even though the adoption level of farmers was low (<30%) (World Bank, 2015a).

Earlier planting of potatoes or breeding early maturing for shorter rainy seasons
potato varieties
In general, tuber production correlates with plant available water. A restricted water supply during
crucial times can damage tuber quality, resulting in their rejection by the market. In addition, rainy
seasons of the project areas become shorter; a later onset of the rainy season (December vs
October) has been recorded whereas it still ends in March or even earlier. Traditional potato varieties
may not be adapted to these short rainy seasons, and thus produce low yields. For coping with
drastically shorter growing periods and avoiding drought and heat stress, planting dates, and
consequently harvest days, are anticipated (Schafleitner et al., 2011). However, crops are likely to be
exposed occasionally to low temperatures and thus suffer from cold stress or frost (Oufir et al.,
2008). Instead, early maturing potato varieties with shorter vegetation periods can be used, which
accumulate yield in a relatively short time, mature early and avoid long exposure to the increasing
temperatures and drought stress at the last stages (stress avoidance). Up to now, considerable
variation in drought tolerance has been found in potato varieties, breeding clones, landraces and
wild species (Ochoa 1998; Schafleitner et al., 2007; Coleman, 2008). However, a yield cost cannot be
excluded (Levy & Veilleux, 2007).

35 | ADAPT2CLIMA-D e l i v e r a b l e C 2 . 1

2.1.4 Grapevines
Deficit irrigation strategies are purposed for regions under conditions with high water scarcity with
aim of improving grapevine water use efficiency, thus lowering water usage for irrigation purpose
(Chaves et al., 2007). Regulated deficit irrigation (RDI), partial root drying (PRD) and sustained deficit
irrigation (SDI) are the three strategies applied in vineyards (Fraga et al., 2012).
Regulated Deficit Irrigation (RDI) is about restricting irrigation between full fruit set and veraison
(when the first sign of colour change in skins is obvious), aiming at controlling grapevine shoot
growth and forcing vines to focus on fruiting for strengthening grape quality. The deficit is initiated
by allowing the soil around the majority of roots to dry out by reducing or ceasing irrigation, and
continue to dry the profile until vegetative growth slows or stops. Once this has been achieved,
controlled irrigations can start again if vegetative growth is not restimulated. However, extreme
deficits are not advised. Keeping soil too dry throughout the growing season will increase the risk of
poor yield and poor quality. RDI is more suitable for vigorous vines or red varieties where smaller
berries can be accepted (e.g. Shiraz).
It is noted that RDI is a specific practice at a specific time. Factors, such as soil type, weather and
stage of growth, should be consider for irrigation scheduling. For example, vines should be irrigated
sufficiently before flowering for the successfully application of RDI on vineyards in hot climates,
particularly in lighter soil types that can dry out relatively quickly. On the other hand, clays or, even
worst, heavy soils are difficult to re-wet once dry. In these cases, mulching or other relative
techniques should be applied for strengthen the possibility of a successful implication of RDI. In
addition, whenever the soil is too dry during flowering period, the vines under stress have low berry
numbers. Dry subsoil in winter and early spring can lead to poor budburst and variable yield while a
late season deficit just prior to harvest put berries’ optimum maturity at risk. Consequently,
scheduling should be based on monitoring and general water use efficiency for avoiding regulated
deficit irrigation shortcomings (Fraga et al., 2012).
Partial Root Drying (PRD) is another deficit irrigation strategy for viticulture that can decrease water
usage by 50% (Chaves et al., 2007; Romero & Martinez-Cutillas, 2012). In this system, half of the
plant root system is slowly dehydrating, whereas the other half is irrigated. On the other hand, a
lower volume of water at each irrigation event is applied according to Sustained Deficit Irrigation
(SDI) strategy. Wine quality found to be improved via increased anthocyanin concentration after
both deficit irrigation strategies (PRD and SDI), whereas no yield reduction was recorded (Du et al.,
2008).

2.1.5 Olives
Even though olive trees are tolerant to water-stress, prolonged drought is expected to adversely
affect their yields. In Mediterranean region where annual rainfall remains low, the development of
trees in rainfed olive groves is inhibited, shoot growth and bud formation is reduced and their yield
fluctuate significantly from year to year (bearing phenomenon) (El-Kholy, 2010a). On the other hand,
olive trees are expected to respond favorably to rational irrigation, especially at critical growth stages
such as just before flowering and at stone hardening (supplementary irrigation).
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Applying deficit irrigation strategies in olive groves
For irrigated olive groves, improvement of water use efficiency is a strategy for mitigating drought
stress impact on olive trees by reducing losses from the system, such as evaporation and runoff, and
increasing the effectiveness of stored soil moisture. Applying regulated deficit irrigation methods
along with techniques for monitoring climatic conditions, the trees’ status and soil moisture improve
water use efficiency and allow accurate irrigation scheduling. In addition, night-time irrigation can
markedly improve water utilization efficiencies and conserve water, especially during the summer
months.

Conservation tillage and cover crops/mulching in olive groves
Conservation tillage and vegetation cover and/or mulching is another strategy for avoiding drought
stress in olive groves. Tillage breaks down soil aggregates and exposes organic matter to microbial
activity, resulting reduction in organic matter content and decline in water holding capacity. Among
conservation tillage systems (strip-tillage, reduced-tillage, no-tillage), shallow superficial tillage is
suggested to be sufficient to increase infiltration in untilled soil to satisfactory levels. For maximum
effectiveness, growing floor vegetation cover in row-middles during winter is recommended. It
decreases run-off and thus increases water absorption and storage efficiency of the soil for
mitigating drought stress impacts on olive trees (Marquez-Garcia et al., 2013). In semi-arid regions,
vegetation cover species should be very selective and should not be planted densely for avoiding
moisture competition with the olive trees. A cereal cover crop can increase the total amount of
infiltrated water during the rainy season.
For avoiding drought stress, the absence of competition for water and nutrients between the
vegetation cover and the olive trees is essential. In this sense, mulching could be a substitute for
vegetation cover for improving infiltration in semi-arid regions. The vegetation cover should be cut
down at the beginning of spring, when it begins to compete with the olive trees for water and the
residues should be used as mulch (Rodríguez-Entrena & Arriaza, 2013). Mulch can minimize water
loss during the dry period, reduce soil moisture evaporation and increase rainfall infiltration. Given
that the above soil management techniques require a high level of specialization, the decision to
adopt them is related to the level of agricultural training of olive growers (Bielders et al., 2003).

2.2 Heat stress
2.2.1 Grapevines
Projected increased temperatures is a serious risk for grapevines. Both convective and radiative
heating can cause leaf damage and/or loss, berry sunburn and ultimately crop losses due to reduced
net phytosynthesis (Webb et al., 2009). In addition, water deficits can increase the risk of heat
damage by causing stomatal closure and potentially allowing plant temperatures to reach critical
levels (>40oC). For mitigating heat stress, growers can follow a number of alternative/additional
approaches, such as the alternation of row orientation of vineyards for increasing berries’ shading,
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the use of spay protectants including kaolin clay, evaporative cooling, mulching and cover crops for
decreasing indirect direction and artificial canopy shading for decreasing direct radiation (Webb et
al., 2009). Use of heat-resistant varieties as well as relocating vineyards to higher elevations or higher
latitude that are presently cooler (Duchêne et al., 2010) and even changing the economic model and
abandoning wine cultivation are also among the available adaptation measures of vineyards to heat
stress (Viguié et al., 2014).

Evaporative cooling by overhead microsprinklers
Evaporative cooling of grapevines by overhead (or over-vines) microsprinklers aims at inducing
convective (air) cooling (water droplets are cooled through evaporation) by applying water before
temperatures rise and continue irrigation as required throughout the heat event in order to keep the
fruit wet during the hottest part of the day and minimise the amount of water running through the
orchard floor (Webb et al., 2009, Greer & Weedon, 2014). Depending on atmospheric conditions,
evaporative cooling can reduce canopy temperatures by 8 to 22°C and temperatures of exposed
berries by up to 11°C (Kliewer & Schultz, 1973). However, grapevines, and particularly those which
are keeping stomata open during heat events (e.g. Shiraz), can maintain evaporative cooling during
heat stress, provided they are well-watered (Soar et al., 2006). In this context, evaporative cooling
cannot be applied in deficit-irrigated vineyards because deficit irrigation decreases root biomass and
thus the capacity for a vine to maintain water uptake under high demand conditions. Moreover, the
ability of some growers to irrigate prior and during heat events is likely to be restricted by irrigation
system capacity and water supply at local scale. Finally yet importantly, growers who apply
evaporative cooling by over-vines microsprinklers should be aware of disease problems, excessive
water use and leaf burn from saline water.

Cover crops and (straw) mulching
Maintaining cover crops or mulch in the inter-row can reduce grapevine temperatures and decrease
heat stress by thermal energy reflected by soil (Webb et al., 2009). For reducing the risk of soil water
deficits, winter cover crops should be mowed or sprayed out at the begging of spring for avoiding
competition for water and providing, at the same time, a mulched inter-row. Alternatively, straw
mulch that has a positive effect on the soil water content is recommended, in particular for the
Mediterranean regions (Judit et al., 2011).

Artificial shading of canopy
Shading grapevines with neutral density shade cloth (70%) prevents radiative heating by reducing
direct radiation and lowers canopy temperatures by approximately 2°C over the growing season,
with mid-afternoon canopy temperatures commonly being 4 to 6°C lower than air temperature
(Greer et al., 2011). However, several studies have noted negative effects of low light intensity on
photosynthesis of grapevines (net photosynthesis was reduced by 40%) and subsequent yield,
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biomass accumulation and soluble solids reductions when grapevines are shaded for long periods
(Cartechini & Palliotti, 1995; Greer et al., 2011). In addition, the risk of diseases is probably increased.

Sunscreen protection with protective sprays or other products
Particle films reflect ultraviolet and infrared radiation without inhibiting photosynthesis (Glenn &
Puterka, 2005). In this sense, they decrease heating of the canopy and fruit and alleviate symptoms
of heat stress. However, the efficiency of particle films is under question. For example, well watering
found to be more effective in reducing leaf temperatures than particle films. On the other hand,
there is a potential for using kaolin-based particle film, which found to decrease leaf temperature of
Cabernet Sauvignon and Merlot varieties by 2 or 3°C (Glenn et al., 2010). For avoiding the dryness of
kaolin-based particle film before being applied to the plant surface, it should apply prior to heat
events and when the ambient air temperature is 28°C or less. In addition, wine quality is challenged
(by the application of kaolin clay) and thus growers need an approval from their winery for using
them.

Use of heat-resistant grape varieties
The choice of grape variety and its rootstock can improve resistance to both heat and drought stress
(Fraga et al., 2012). For example, varieties such as Cabarnet Franc, Cabarnet-Sauvignon, Merlot and
Syrah are more adapted to climates with high summer stress. Apart from grape/wine variety,
rootstock’s behavior to warm and dry climates should also be taken into account because it shows a
complex interaction with soil water availability (Romero et al., 2010). For example, yield of the
Cabernet-Sauvignon variety was higher on 1103P rootstock in semiarid conditions of Greece due to
improved water use efficiency (Koundouras et al., 2008). Another perspective is to produce red
wines instead of white wines.

Avoiding north-south row orientation of vineyards
Row orientation is one of the main factors that affect solar radiation interception. High solar
radiation combined with increased temperatures have a negative impact on vines. Thus, orientations
of vineyards that expose vines to high solar radiation, such as the north-south one, should be
avoided (Grifoni et al., 2008).

2.2.2 Olives

Enhanced low skirts (crotches) in young olive trees
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For reducing evaporation losses from the soil surface, the young olive trees should be trained with
low skirts (crotches) as much as practically possible to shade the soil. This technique is applied in new
established, irrigated olive groves in hot dry regions where fungal diseases are not a threat. Once the
trees reach maturity, their canopy is considered as wide enough for reducing evaporation losses
because a large part of the ground surface is then shaded by the trees (El-Kholy, 2010b).
Applying organic mulching in olive groves
Chopped vegetation cover or humus can be used as organic mulching for olive groves (El-Kholy,
2010c). Humus, a dark colour and crumbly organic material, can improve water holding capacity and
aeration of sandy and clay soils, respectively. Compared to bare soil, organic mulching protects soil
from extreme temperature variations, including heat stress, and feeds soil biota (e.g. algae,
earthworms, fungi, nematodes, protozoa, actinomycetes, bacteria and cyanobacteria), as well (ElKholy, 2010c). For enhancing and securing diversified soil biota, frequently changing the source of
organic matter (including legume species) is advisable.

2.3 Decreasing plant heath
Crop losses due to pests can account of up to more than 40% worldwide (Oerke, 2006). However,
maintaining crop yield while simultaneously reducing reliance on pesticides represents a challenging
task that is further complicated against the background of climate change scenarios. In this sense,
temporal interactions among weather, cropping systems and pests become more and more
unpredictable (Chakraborty, 2013). Faced with uncertainty and decreased plant health, “no regrets”
measures of crop protection related to potential worst cases scenarios are strongly recommended
(Lamichhane et al., 2015).

Database with long-monitoring data of population dynamics of main pests of crops
The lack of long-term monitoring data on pests and diseases for feeding modeling systems that
predict impacts of climate change makes the above climatic models to ignore pest dynamics under
project climate change scenarios (Shaw & Osborne, 2011). For predicting which combinations of
crops and pests will tend to become problematic in the future and in what areas, long-term datasets
on population dynamics are needed.

Pest risk analysis models
Pest risk analysis models are used for predicting the risk of new invasive pests for cropping systems in
a specific area/country. Besides any limitations in terms of its power to predict establishment, it
remains an important early warning tool, allowing the implementation of adaptation measures to
cropping systems in advance (Lamichhane et al., 2015).
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Internet-based platforms for the main pathosystems
Financial support and skilled crop protection specialists have been reported to decline over the years
in European countries (Lamichhane et al., 2015). For sharing expertise across borders and ensuring
the ready use of the data, internet-based platforms on specific pathosystems are recommended.
Examples are EUROWHEAT (http://www.eurowheat.org/EuroWheat.asp) and EUROBLIGHT
(http://euroblight.net/about-euroblight/), which are internet-based platforms on diseases of wheat
and potato, respectively.

Global networking of researchers and stakeholders at all levels across plant
protection spectrum
Faced with climate change, advisory services and research should focus on making systems more
resilient, instead of optimizing existing systems. The involvement of multiple stakeholders and more
collective approaches to extension and research are required to meet the challenges of building
more robust cropping systems (Lamichhane et al., 2015). For example, the project “Impacts of
climate change on plant diseases, pests and weeds” (CLIMAPEST) focuses on the development of
scientific knowledge on how to maintain the sustainability of Brazilian agribusiness. The project
involves the participation of 134 researchers from 39 institutions (17 Embrapa Units, 15 universities
and research institutions and 7 private companies) from 12 states in Brazil. The CLIMAPEST covers 85
plant diseases, pests and weeds among 18 major crops (banana, apple, cassava, coffee, castor bean,
coconut, corn, cotton, forage, forest species, mango, grape, orange, palm oil, peach, peanut, soybean
and sugarcane) (https://www.macroprograma1.cnptia.embrapa.br/climapest/english-version).

Applying principles of Integrated Pest Management (IPM)
IPM integrates cultural, biological, and chemical controls to reduce harmful insect populations below
a threshold which otherwise will cause economic losses. IPM strategies are widely used because they
are dynamic and can be internally diversified to locally adapted cropping systems. However, in the
face of climate change, the locally adaptive and diversified IPM systems have to be redesigned so
that to become resilient enough to meet extreme weather fluctuations and new and evolving pests
in an area (Lamichhane et al., 2015).

Crop rotation and crop or cultivar diversification
Crop rotation enables cropping systems to become less vulnerable to a build-up of diseases, weeds
and insect pests (Kassam et al., 2012). In CA, it has been found that the overall population of weeds
in the cropping system can be reduced significantly when cereals and legumes are rotated and
appropriate herbicides used in each phase (Loss et al., 2015). Moreover, mixing varieties (e.g.
potatoes) enhances biodiversity within a plot, thereby reducing this plot’s vulnerability to different
weather impacts and minimizing the risk of yield loss due to diseases and pests, as well.
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2.4 Extreme weather events

Extreme weather events, such as heat waves, hails or storms, can cause severe damage to openfield
crops. Cultivation in greenhouse is recommended, whenever it is possible. Regarding study crops
(wheat, barley, potato, tomato, olives and grapes), tomato seems to be the only crop that can be
cultivated in greenhouse. For example, tomato production in greenhouse is one of the top ongoing
Climate Smart Agriculture (CSA) practices implemented in Sinaloa (Mexico), and it was highly
adopted (>60%) by farmers (World Bank, 2015b). Besides less vulnerability to extreme weather
events, there is also low potential for pest infections. In addition, greenhouse production is related to
higher yields, extended harvests, and thus higher profitability and income.
For openfield study crops, the development or improvement of early warning systems seems to be
an efficient measure for coping with extreme weather effects. Early warning systems can alert
farmers about imminent extreme weather events and enable them to take protection measures in
time. Moreover, seasonal forecasts help farmers to make informed decisions with regard to choice of
variety and timing of planting. However, forecasts produced in distant weather stations are usually of
no use to study regions. In order to make scientific weather forecasts benefit to the farmers, local
experts must cooperate with professional weather services and provide efficient locally adapted
solutions to farmers (Tall et al., 2014; Dinesh, 2016). For example, Senegal and Colombia have been
exchanging knowledge and experiences on tailored climate services for smallholder farmers since
2013 (Howland et al., 2014). Local Technical Agro-climatic Committees meet monthly in four regions
of Colombia to produce agro-climatic forecasts and recommendations tailored to farmers’ contextspecific needs. These climate-informed activities support agricultural decision-making and reduce
negative impacts of climate extremes.

2.5 Reduced crop productivity
The nutrient/supplying availability of the soil is a major concern for stable crop production.
Intercropping (growing multiple crops on one plot) or crop rotations which include legumes support
biological N-fixation and prolonged slow-release of N from complex organic modules from soil
organism (Jat et al., 2011).

2.6 Total impact
Use of local cereal landraces and/or local vegetable and tree varieties and breeding
drought/heat resistant/tolerant crop varieties
Local varieties or landraces of study crops are suggested to be better adapted to local climatic
conditions, namely the hot and dry conditions of Mediterranean’s islands. In absence of local
varieties, breeding drought or heat resistant crop varieties is an urgent need (Dinesh, 2016).
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As far as tomatoes and potatoes are concerned, wild relatives of Solanum species are of outmost
importance for breeding abiotic stress tolerant varieties. Specifically, Solanum species have evolved
under a wide range of geographical and climatic conditions, and thus offer a vast diversity of
tolerance traits for breeding (Ochoa, 1998; Schafleitner et al., 2007). Regarding potatoes, several
breeding programs have already yielded potato cultivars or hybrid clones with increased tolerance to
high temperatures (Levy & Veilleux, 2007).
For grapevines varieties, the length of growing season is related to mean temperature, soil moisture
and crop-management practices (Webb et al., 2012). According to climate change predictions for
project areas, phenological stages of vines (mainly budbreak, flowering and véraison) will advance
under warmer conditions, resulting in the early maturation of berries, decline in productivity and
injures (Fraga et al., 2012). Additionally, negative temperatures during spring can damage the
developing buds and leaves/shoots. In this context, grapevine breeding programs should focus on the
development of very late ripening genotypes or genotypes able to produce high quality wines under
elevated temperatures (White et al., 2006).
On the other hand, breeding for abiotic stress is not an easy process. It usually takes 12–20 years for
breeding a new variety and plant abiotic stress tolerance is complex enough.

Improvement of agricultural advisory and extension services for building resilience
to climate change
As climate changes, so does the role of agricultural advisory and extension services. Farmers need
wide-ranging advice both on available options to help adapt farming systems and the climate itself
(e.g. weather forecasts, seasonal forecasts and longer-term climate trends). It seems that, after
several years of declining investment, the urgent need for climate adaptation provides an
opportunity to revivify extension services. However, improved extension services should not provide
“one-size-fits-all’ solutions or static advice (e.g. fertilizer packages) (Dinesh, 2016). Extension and
advisory services should collaborate with public and private research centers for sharing indigenous
and scientific knowledge to farmers. Collaboration in international knowledge initiatives and
platforms that address adaptation in agriculture, such as the Coordinated Regional Downscaling
Experiment (CORDEX), Agricultural Model Intercomparison and Improvement Project (AgMIP), Global
Alliance for Climate-Smart Agriculture (GACSA) and AgTrial, is also recommended (Dinesh, 2013).
In Danish model, the rapid speed of transfer of new knowledge and technology to practice (on the
farms) is remarkable, and thus Danish agricultural sector is in the forefront globally in terms of
productivity (Chipeta, 2015). Danish Agricultural Advisory Service (DAAS) is a partnership consisting
of 31 local advisory centers and VFL. In DAAS, knowledge is passed from the source to the farmer in a
two-stage system. Specifically, VFL functions as the national innovation and development center and
provides the local advisers with practice-related knowledge. Then, the local advisory centers provide
the direct advice to farmers. For building trust between farmer and adviser, farmers employed their
own advisers on local advisory services, who must be independent from other commercial interests,
meaning have no personal economic engagement in purchase or sale of produce, input, livestock,
tools, equipment or chemicals (Chipeta, 2015).
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Strengthen local institutional support for promotion of adaptation measures
Local institutions can support farmers by i) producing and sharing knowledge, and ii) providing
financial services, credit and access to markets.
In this context, institutions can produce and share information and help resource-poor smallholder
farmers translate information into knowledge and action. These institutions include: i) farmer field
schools that train and enable farmers to adopt new techniques, ii) farm radio shows that provide
easily accessible, useful and needs-driven agricultural and weather-related information to farmers,
and iii) local agricultural demonstration plots and events.
In case of DAAS model, the Danish government invested public funds in the development of advisory
services, and the related activities of knowledge development (Chipeta, 2015). Participatory
Integrated Climate Services for Agriculture (PICSA) in Africa is another approach for equipping
agricultural extension staff to work with groups of farmers to understand climate information and
incorporate it into their planning. It has been developed in a partnership of CCAFS (Scaling up Climate
Services for Agriculture in Senegal), which has worked closely with the National Meteorological
Agency (ANACIM) to develop locally relevant climate information services, and the University of
Reading. In PICSA, agriculture extension staff work with groups of farmers ahead of the agricultural
season for analyzing historical climate information and use participatory tools to develop and choose
crop options best suited to individual farmers’ circumstances. Then, extension staff and farmers
consider the practical implications of seasonal and short-term forecasts on the plans farmers have
made. PICSA was initially piloted in Zimbabwe, where more than 1200 extension officers were
trained, and has expanded thus far in Tanzania, Malawi, Ghana and Lesotho (Dinesh, 2016).
Regarding financial support, the benefits gained by adopting adaptation measures for farming
systems against climate changes usually take time to materialize, and most farmers with limited
access to credit and markets cannot afford it. It is therefore important to strengthen institutional
support to farmers by providing credit, insurance, social safety nets, and payments or rewards for
environmental services (Dinesh, 2016).

2.7 Identification and evaluation of ADAPT2CLIMA adaptation
measures
2.7.1 Adaptation measures
Regarding the adaptation measures of agricultural sector already implemented or planned at the
three projected areas, it seems that they have a lot of measures in common (e.g. organic farming,
farmer training, crop rotations, use of local varieties, replace with less water demand crops).
However, the vast majority of measures can be considered as general. Neither of them refers visibly
to specific climate change impact (e.g. drought stress) and/or to the six study crops of ADAPT2CLIMA
project. On the other hand, the extensive literature review revealed a number of available
adaptation options for the study crops, which refer to specific climate change impacts. Taking into
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account both the particular characteristics of the agricultural sector of the three project areas (Action
C.1.) and all the adaptation measures have thus far mentioned (both the reviewed ones and those
already implemented/planned at the projected areas), the identified adaptation measures for the
ADAPT2CLIMA project were as follows:

Drought stress
−
−
−
−
−
−
−
−
−
−
−
−

Use of green manure for vegetables.
Earlier planting of potatoes.
Breeding early maturing potato varieties for shorter rainy seasons.
Applying deficit irrigation strategies (e.g. regulated deficit irrigation) in olive groves.
Applying conservation tillage combined with vegetation cover in row-middle floors during
winter and mulching it at the beginning of spring in olive groves.
Applying deficit irrigation strategies (e.g. regulated deficit irrigation, partial root drying or
sustained deficit irrigation) in vineyards.
Applying the principles of conservation agriculture in rainfed cereals.
Applying zero tillage and early sowing in wheat/barley crops.
Strengthen on-farm water harvesting.
Applying supplementary irrigation at critical periods of the cropping season in rainfed crops.
Use of efficient irrigation systems and schedules.
Development of water markets and setting clear water use properties.

Heat stress
−
−
−
−
−
−
−
−
−

Applying organic mulching for olive groves.
Enhanced low skirts (crotches) in young olive trees.
Use of heat-resistant grape varieties.
Avoiding north-south row orientation of vineyards.
Applying straw mulch in the inter-row of vineyards.
Artificial shading of vineyards.
Use of kaolin clay as sunscreen for vineyards.
Relocating vineyards to higher elevations or higher latitude that are presently cooler.
Applying evaporative cooling of grapevines by overhead microsprinklers.

Decreasing plant health
−
−
−
−

Applying principles of Integrated Pest Management (IPM).
Crop rotations in the row-middle floors of the irrigated olive groves.
Strengthen increased diversity of cultivars or crops (diversification).
Development of a data base with long-term monitoring data of population dynamics of main
pest and disease of study crops at project areas.
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−
−
−

Development of pest risk analysis model for the project areas.
Development of internet-based platforms for the main pathosystems in the project areas.
Enhanced global networking of researchers and stakeholders at all levels across plant
protection spectrum.

Extreme weather events
−
−

Tomato cultivation in greenhouses.
Development/improvement of early warning systems.

Reduced crop productivity
−

Intercropping with legumes.

Total impact
−
−
−
−

Use of local cereal landraces and/or local vegetable and tree varieties.
Breeding drought/heat resistant/tolerant crop varieties.
Improvement of agricultural advisory and external services for building resilience to climate
change.
Strengthen local institutional support for promotion of adaptation measures.

2.7.2 Evaluation methodology
The evaluation of the above identified adaptation options was both quantitative and qualitative,
based on the extensive literature review and on expert judgment. For the evaluation of the experts
and stakeholders engaged in the field, a specifically designed questionnaire (see in Annex A) was
distributed to them in order to comment on the measures, to propose additional measures and to
evaluate them.
The questionnaire aimed at evaluating and collecting feedback from experts on selected climate
change adaptation measures for crops in the Mediterranean islands. The adaptation measures were
grouped into five specific categories according to the impact of climate change they address: (a)
water stress, (b) high temperatures, (c) pest problems, (d) reduced production and (e) extreme
weather events. There is also a general category (total effect) on measures that serve more than an
estimated impact of climate change. In total 35 questions were included, while an open section gave
the opportunity to the experts to add their recommended adaptation measures for the agriculture
sector.
For the quantitative analysis, the identified adaptation measures were graded according to the
following criteria:
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o
o
o
o
o
o
o

Efficiency of the measure.
Urgency of implementing the measure.
Usefulness of implementation irrespective of climate change (No-regret characteristics of the
measure).
Technical difficulty (in terms of expertise etc.).
Contribution to climate change adaptation (climate smartness).
Economic viability.
Social acceptance.

Each criterion were graded on a scale from 1 to 100, where:
o
o
o
o
o

80< excellent ≤100,
60< very good ≤80,
40< good ≤60,
20< fair ≤40,
1≤ not very good ≤20

Regarding "Economic viability" criterion, graded scale was as follows:
o
o
o
o
o

80< too expensive ≤100,
60< very expensive ≤80,
40< expensive ≤60,
20< not very expensive≤40,
1≤ cheap ≤20

2.7.3 Evaluation results
It is concluded that the agricultural practices and successful examples of adaptation of agricultural
sector to climate change impacts do not necessarily have universal applicability. Considering the
diversity within agricultural systems, adaptation measures will have to be selected, tailored and
applied as appropriate for the context, including agro-ecological zones, farming systems as well as
cultural and socio-economic context. That means that adaptation measures are context specific in
both space and time.
The picture below is an extract of the questionnaire tabs.
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Figure 1: Questionnaire for the evaluation of the adaptation measures

Fifty four respondents filled the questionnaire. Regarding the synthesis of the experts and
stakeholders, most of them came from the project areas (Cyprus, Italy and Greece) while two
persons were from Spain (Figure 1).

4%

33%
37%

26%
Cyprus

Greece

Italy

Spain

Figure 2: Synthesis of the experts that filled the questionnaire.

The vast majority of the respondents (that filled the questionnaire) were either researchers in
relevant fields or government employees (Figure 2).
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2%
5%

4%
Scientist and researchers

39%

Competent government departments
Agribusiness industry
Professional groups, consulting
companies
Agricultural cooperatives

50%

Figure 3: Experts and stakeholders groups

The filled questionnaires and the overall evaluation of the adaptation measures are included in
Annex A of the current report (available only in electronic format – excel).
Among the adaptation measures, the use of efficient irrigation systems and schedules, which belongs
to the drought stress group, is considered the most important with on average total score 75%. The
overall ranking for the separate criteria used is as follows: efficiency (87%), urgency of implementing
the measure (80%), usefulness of implementation irrespective of climate change (86%), technical
difficulty to implement (61%), significance in contributing to climate change adaptation (78%),
economic viability (62%), and social acceptance (71%). In the second place, with an average ranking
72% comes the development/improvement of early warning systems, which belongs to the extreme
weather events group.
In terms of efficiency, “the use of efficient irrigation systems and schedules” is considered by far the
most efficient measure (87% average score), while “improvement of agricultural advisory and
external services for building resilience to climate change” comes second (79% average score). As far
as urgency of implementation, again “the use of efficient irrigation systems and schedules” is ranked
first (80% average score), while “development/improvement of early warning systems” comes
second (77%). Regarding their usefulness of implementation irrespective of climate change “the use
of efficient irrigation systems and schedules” is ranked first (86% average score) and “improvement
of agricultural advisory and external services for building resilience to climate change” comes second
(77%). Based on their technical difficulty “earlier planting of potatoes” (42%) and “use of green
manure for vegetables” (43%) are considered the most easy to implement. “Use of efficient irrigation
systems and schedules” (78%) and “strengthen on-farm water harvesting” (74%) are considered as
the most significant contributors to climate change adaptation. “Artificial shading of vineyards” (81%)
and “relocating vineyards to higher elevations or higher latitude that are presently cooler” (74) are
ranked as the most expensive to implement. On the other hand, “earlier planting of potatoes” (38%)
and “use of green manure for vegetables” (38%) are ranked as the less expensive to implement.
Finally, “Improvement of agricultural advisory and external services for building resilience to climate
change” (81%) and “development/improvement of early warning systems” (79%) are considered as
the most socially accepted measures, while “applying evaporative cooling of grapevines by overhead
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microsprinklers” (27%) and “Relocating vineyards to higher elevations or higher latitude that are
presently cooler” (36%) are ranked as the less socially accepted measures.
Apart from the proposed adaptation measures which have been included in the questionnaire,
various adaptation measures have been proposed by experts. In this group the most important
measure is the “education of farmers in matters of irrigation, fertilization, plant protection,
cultivation techniques”, which got an average rank of 81%. Other measures proposed by experts are:
(a) Promotion of precision agriculture and adaptation of agricultural robotics and Information
Communication Technologies (ICT-Robotics); (b) Agricultural education in climate change issues; and
(c) Pricing of irrigation water (application of the revised price of water).
The final evaluation results are presented in the following table.
Table 1: Results from the evaluation of the adaptation measure (increasing order)

ADAPTATION MEASURE
Enhanced low skirts (crotches) in young olive trees
Avoiding north-south row orientation of vineyards
Applying evaporative cooling of grapevines by overhead microsprinklers
Crop rotations in the row-middle floors of the irrigated olive groves
Applying straw mulch in the inter-row of vineyards
Use of green manure for vegetables
Earlier planting of potatoes
Use of kaolin clay as sunscreen for vineyards
Applying zero tillage and early sowing in wheat/barley crops
Applying conservation tillage combined with vegetation cover in row-middles
floors during winter and mulching it at the beginning of spring in olive groves
Applying the principles of conservation agriculture in rainfed cereals
Relocating vineyards to higher elevations or higher latitude that are presently
cooler
Applying deficit irrigation strategies (e.g. regulated deficit irrigation, partial
root drying or sustained deficit irrigation) in vineyards
Development of water markets and setting clear water use properties
Breeding early maturing potato varieties for shorter rainy seasons
Artificial shading of vineyards
Tomato cultivation in greenhouses
Applying organic mulching for olive groves
Development of internet-based platforms for the main pathosystems in the
project areas
Strengthen increased diversity of cultivars or crops (diversification)
Enhanced global networking of researchers and stakeholders at all levels
across plant protection spectrum
Intercropping with legumes
Applying deficit irrigation strategies (e.g. regulated deficit irrigation) in olive
groves
Development of pest risk analysis model for the project areas
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TOTAL
SCORE
46
47
48
51
52
53
53
54
55
56
56
57
57
57
58
58
58
59
60
61
62
62
63
63

Applying principles of Integrated Pest Management (IPM)
Use of local cereal landraces and/or local vegetable and tree varieties
Applying supplementary irrigation at critical periods of the cropping season in
rainfed crops
Use of heat-resistant grape varieties
Development of a data base with long-term monitoring data of population
dynamics of main pest and disease of study crops at project areas
Breeding drought/heat resistant/tolerant crop varieties
Strengthen local institutional support for promotion of adaptation measures
Strengthen on-farm water harvesting
Improvement of agricultural advisory and external services for building
resilience to climate change
Development/improvement of early warning systems
Use of efficient irrigation systems and schedules
Pricing of irrigation water (application of the revised price of water)
Agricultural education in cliate change issues
Promote precision agriculture and adapt agricultural robotics and Information
Communication Technologies (ICT-Robotics)
Education of farmers in matters of irrigation, fertilization, plant protection,
cultivation techniques
Changing crops and training plan for balanced distribution of crops in
accordance with requirements of markets and potential of cultivated land
Provide incentives to farmers for the implementation of good farming
techniques
Cooperation among scientists, institutions and framers for making political
decicions
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64
64
65
65
66
66
68
70
71
72
75
63
69
76
81

3 Review and evaluation of the available guidelines and
plans for adapting agriculture to climate change
The document “Principles and recommendations for integrating climate change adaptation
considerations under the 2014-2020 rural development programmes, (SWD(2013) 139 final”
describes the possible effects of climate change in agriculture and provides guidance in order the
member states to incorporate those effects in their national RDPs.
Appendix table 1.2 presents a selection of examples of the types of options and the measures for
climate adaptation which might be used to fund them through the EAFRD fund. The Commission
proposes measures to restore agricultural production potential, avoid heat stress, improve water,
soils and forest management, build resilience of biodiversity and adopt insurance schemes to cope
with economic effects of extreme events. The proposed Commission’s measures and actions cover
the entire spectrum of climate change impacts and are in line with the affected characteristics as
they have been described and grouped in Section 2.

3.1 Selection of countries with conditions similar to study areas
3.1.1 France
France is one of the first EU member states to produce a climate change adaptation plan. Fighting
climate change is a national priority and the measures required to limit its scope by reducing
greenhouse gas emissions (i.e. climate change mitigation) are the focus of the French Climate Plan
adopted in 2004 and regularly updated.
France has developed both a national adaptation strategy (2006) and a national adaptation plan
(2011). The French NAS included 14 sectors, while the NAP included 20 sectors. Agricultural sector is
included in both NAS and NAP.
The agricultural sector is especially sensitive to the effects of climate change. In the context of
adaptation to climate change, agriculture will retain its primary function of providing food. Despite
certain inertial factors specific to the agricultural sector, adaptation must form part of a strategic
vision, including environmental, economic and social issues as a whole, both at French and European
level, in order to function efficiently.
The main coordinator of the NAP and NAS which is the National Observatory for the Effects of Global
Warming (Observatoire National sur les Effets du Réchauffement Climatique/ ONERC) has decided to
adopt 5 actions to support the climate change adaptation strategy in the Agricultural sector:
Action 1: Pursue innovation via research and lessons learned and facilitate its transfer to
professionals and teachers
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Action 2: Promote spatial planning relating to local vulnerabilities and the new opportunities
available
Action 3: Adapt monitoring and alert systems to new health risks
Action 4: Manage natural resources sustainably and in an integrated manner to reduce the pressures
caused by climate change and prepare for ecosystems adaptation
Action 5: Manage the risks inherent in variability and climate change in agriculture
It is also important to mention that a substantial consultation exercise was carried out in 2010, prior
to the drafting of the National Climate Change Adaptation Plan (PNACC), bringing together panels
from the Grenelle Environment Forum (elected representatives and local authorities, the state,
employers, employee unions and non-profit associations).

3.1.2 Spain
Spain has been a pioneer European country in terms of adopting its national adaptation strategy.
Spain is considered to be a pioneer among the countries of southern Europe in terms of climate
change adaptation in the Agriculture Sector since its economy is highly dependent on agriculture.
The Plan was adopted in July 2006 and is often referred to as PNACC by its Spanish acronym for ‘Plan
Nacional de Adaptacion al Cambio Climatico’.
As mentioned in the PNACC the expected effects of climate change over agriculture and livestock will
not be uniform; while they will be negative in some Spanish regions, they might be beneficial in some
others:
•

The negative effect of high temperatures and lower precipitations may be compensated by
higher photosynthetic rates, due to the increase of CO2 in the atmosphere. In addition, softer
winter temperatures will permit higher yields, compensating for the losses of other seasons.

•

Irrigation needs will increase in certain regions.

•

The distribution and impact of pests and diseases will shift, causing new effects to important
crops for the Spanish economy.

•

The effects of climate change on livestock are still uncertain, but significant impacts on
animal health are expected.

The Spanish Office for Climate Change, which is the official coordinator of the action implementation,
has set different actions for the agro climate areas under different climate change scenarios
specialized in the agricultural sector:
•

Development of response simulation models of the different crops under different regional
climate scenarios.

•

Development of behaviour simulation models of pathogen agents under different climate
conditions.
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•

Risk maps for the most relevant parasitoses.

•

Evaluation of irrigation demands according to different climate scenarios.

•

Drafting guidelines for the management of agricultural systems for purposes of ensuring
adaptation to climate change in the short term.

•

Identifying long term and minimal cost climate change adaptation strategies, specifically for
fruit trees, olive trees and vineyards.

•

Evaluation of the needs to reduce the farms’ stocking rate, change the management of
grazing systems, and other options to adapt to climate change in the livestock sector.

3.1.3 Malta
Malta has not developed until now its National Adaptation Strategy. At this stage Malta is preparing
its NAS and has already published its consultation report, being produced by the Climate Change
Committee on Adaptation (CCCA). Despite the fact that Malta has no National Adaptation Strategy in
place and there are practical adaptation measures that have been adopted by the national authority
which is responsible for the strategy, the so called ‘Climate Change Committee’, the Agricultural
Sector has been identified as one of the main sectors that will be affected by climate change.
Based on the national Communication and Consultation reports climate change is expected to affect
fruit abundance and crop production with the largest effect being due to the predicted shortening of
the rainy season. Potential impacts include soil erosion, soil structural and composition damage, soil
water clogging, increased nutrient leaching and direct damage to both crops and infrastructure, such
as greenhouses.
Proposed mitigation/adaptation measures include adoption of new techniques in soil and water
conservation; education programs to address the impact and mitigation of climatic changes on
agriculture; and introduction of more tolerant crop varieties that are less vulnerable to new pests.
Better adaptation to changes in seasonal climatic patterns and an enhanced reliance and response to
improved short term forecasts for optimization of crop yields would also be required. In addition, the
following adaptation measures were proposed:
•

Reduction of harsh (e.g. Rotary) cultivation techniques;

•

Replacement of artificial inorganic fertilizers by organic matter;

•

Increased use of organic mulches to provide soil protective cover;

•

Increased cultivation of perennial crops, e.g. Fruit trees;

•

Improvement in water and alkalinity levels;

•

Construction of larger reservoirs and improved water conservation practices;

•

Regular monitoring of soil salinity;
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•

Repair and maintenance of rubble walls; and

•

Farmer education programs focusing on climate change adaptation strategy.

3.1.4 Tunisia
The development of the Tunisian National Adaptation Strategy is the result of Tunisian- German
cooperation. More particularly, in 2005 GTZ was assigned to study the impacts of climate change in
Tunisia, under the auspices of the Ministry of Agriculture and Water Resources (Ministere de
l'Agriculture, des Ressources Hydrauliques et de la Peche/ MARHP, in French) and various Tunisian
ministries. The main key drivers for the development of the Tunisian National Adaptation Plan were
water scarcity, drought and their implications on the agriculture sector. The Tunisian NAP set for the
Agricultural sector focuses on four main pillars as follows:
•

Climate;

•

Water Resources;

•

Eco-systems; and

•

Agro-systems.

According to the simulations made by climate specialists on the basis of the IPCC (2007) scenarios, it
is foreseeable that at the 2100 horizon, a potential increase of the temperature from 1.3 to 2.5 °C,
and an elevation of the sea levels from 38 cm to 55 cm will occur. Transposed on an equal scale to
the Mediterranean scale, these same assumptions of climate warming and sea level elevations could
deeply affect the natural and fitted systems.
This situation clearly demonstrates the major potential impact of climate change in a country such as
Tunisia. Far-reaching consequences are anticipated, especially in relation to Tunisia‘s water supply
and therefore also its agricultural sector.
In order to mitigate the impacts of global warming in Tunisia, the adaptation strategy provides for
the following measures:
•

Appointment of an interministerial National Climate Council to improve the coordination of
measures for adaptation to climate change.

•

Promotion of interdisciplinary climate research and development of appropriate training
programmes.

•

Broader-based collection of climate and water resource data to improve the quality of
forecasting.

•

Better enforcement of existing water and agricultural ordinances.

•

Introduction of insurance services for climate-related damage in agriculture, with a particular
focus in small farmers.
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•

Assistance with a restructuring of farms that are affected by climate change.

•

Development of a climate label for agricultural products which are particularly resilient to
the impacts of climate change.

3.2 Assessment of the adaptation strategies
3.2.1 Methodology followed
The main objective of this section is to assess the national and regional plans of the selected
countries (France, Finland, Spain and Malta) for the adaptation of the agricultural sector to climate
change. These countries were selected for evaluation because (except Finland) they are all European
Mediterranean countries sharing more or less similar characteristics with the study areas. Although
Finland does not share any common climatic characteristics with the study areas, it was chosen for
assessment as it is the first country in the world to adopt a NAS and has therefore achieved much
progress in the field of adaptation to climate change.
The assessment is provided in terms of the level of adaptation. Since much of the information for
each country is not available in English, we were not able to use and/ or construct a certain
assessment methodology. Moreover, the available sectoral (i.e. agricultural sector) information is
even more limited or negligible for each country. Hence, we rely on the latest report of the European
Environment Agency (EEA) (National adaptation policy processes in European countries - 2014) which
provides the results of a self-assessment survey across Europe (30 European countries). The report
was used in conjunction with the individual country reports sent to EEA (i.e. filled questionnaires). In
addition, when available, other relevant complementary sources of information were used (e.g.
evaluation reports, national communications).
The EEA report draws on the results of a self-assessment survey conducted on national adaptation
policy processes in Europe. Due to the high response rate and wealth of information, the report
presents a unique collection of information and the largest and most comprehensive overview of
national adaptation policy processes in Europe, to date.
To assess the level of adaptation in the agricultural sector in the selected countries, we have mainly
focused on countries’ responses (individual questionnaires) to question 31 of the report; the
surveyed countries were asked to score the stage of adaptation using a 6-point scale (Table 5.1).
However, responses to other relevant questions (q8, q17, q32, q33, q35, q38, q40) were also used to
gather - where possible - more information for the level of adaptation in the agricultural sector in the
selected countries.
Table 2: Level of adaptation scale

2

Value

3

Meaning

4

0

5

Adaptation is not relevant for my country
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6

1

7

Need for adaptation not recognized and no measures implemented yet

8

2

9

Coordination activities for adaptation started

10 3

11 Some adaptation measures identified for the sector but not yet
implemented

12 4

13 Portfolio of adaptation measures identified and implementation (of some)
launched

14 5

15 Portfolio of adaptation measures implemented

16 6

17 Portfolio of adaptation measures in place and monitored/ evaluated

Source: National adaptation policy processes in European countries - 2014

3.2.2 Assessment of the French National Adaptation Strategy and Plan
3.2.2.1 French agricultural sector - specific conditions
In general, the agricultural sector as an environment-related sector is especially sensitive to the
effects of climate change. For instance, in France vines and fruit trees are experiencing variations in
their vegetative cycles; flowering dates on average 7-8 days earlier for apple trees and 10-11 days for
pear trees since the end of the 1980s.
While the total cultivated area in France has steadily decreased since 1950, the agricultural sector
accounted for 20.9% of French GHG emissions in 2011. The reduction of cultivated area is mainly due
to the increase of wooded areas and uncultivated land. Regarding the breakdown of the agricultural
land, arable land has the biggest share (63%) followed by areas always under grass (33%) and
permanent crops (4%). It is worth noting that the reduction of agricultural emissions (incl. energy
consumption) for the period 1990-2011 reached 7.6%.

3.2.2.2 Adaptation strategy and agriculture
Even though France was among the first EU countries that adopted its NAS (2006), the NAS did not
include any practical adaptation measures, but only a large number of recommendations. However,
in 2011 the French NAS was translated into a concrete National Climate Change Adaptation Plan,
whose main objective was to present specific adaptation measures for the implementation of the
NAS. The Plan covers the period 2011-2015 and comprises 84 actions containing 240 measures. To
tackle climate change consequences in the agricultural sector, and despite certain inertial factors
specific to the sector, France included in the Plan an agriculture action sheet which comprises 5
actions containing 15 specific measures, whilst the key measure “Promote water-efficient
agricultural” is included in action 4.
By the end of 2015 an external assessment of the Plan took place and is available in French (full
report here) and English (only summary here). According to the English summary of the external
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assessment of the Plan, the overall implementation progress was very satisfactory since 80% of the
actions and about 75% of the measures initiated would be completed by the end of 2016.
Nevertheless, in the latter little is mentioned for the agricultural sector and hence we cannot draw
any specific conclusions for the level of implementation in this sector.

3.2.2.3 Level of adaptation
To start with, the results of the EEA self-assessment survey demonstrate that in France, integration
of adaptation into sectoral policies and programmes is generally increasing, whilst several
stakeholders (e.g. farmers’ associations, scientists, governmental stakeholders) have been involved in
the development, implementation, monitoring and evaluation phases of the adaptation process. In
relation to the risk and vulnerability assessment, the French agricultural sector is covered in the
national assessment (i.e. nationally funded or targeting the whole country) and not in sector-based
assessment led by ministries in charge of the sector or by private sector or industry groups.
Regarding the stage of adaptation at national level, the survey shows that the French agricultural
sector is at stage 4, meaning that a portfolio of adaptation measures has been identified and
implementation (of some) launched (e.g. co-funding of climate resilient practice with Common
Agricultural Policy (CAP), review of seed performance index). On the other hand, the stage of
adaptation at subnational level (e.g. provinces, regions) is at level 3 implying that some adaptation
measures have been identified for the sector but not yet implemented. The level of adaptation at
local or city level is zero; adaptation is not relevant for France (Figure 5.1). As far as the latter score is
concerned, it should be borne in mind that the self-assessment survey was sent to authorities in
countries responsible for coordinating adaptation at national level, and the findings may be biased as
they reflect the views of these authorities. The same applies to the remaining selected countries.
The survey showed that France is using police instruments for implementing adaptation actions in
the agricultural sector. Specifically, the main policy instruments in the sector to support
implementation are the provision of information (e.g. dissemination, education, guidelines),
mainstreaming into sectoral policies and programmes, financial support (e.g. subsidies, taxes),
legislation and action plans. It is worth noting here that provision of more information does not
necessarily lead to more adaptation measures/ actions. Moreover, the most important financing
mechanism for implementing adaptation in the agricultural sector is explicit budgetary allocation 1.

1

A dedicated part of public finance is earmarked to finance adaptation implementation. This may lead to
project-based adaptation, and hence in some cases may overlap with project-based public support.
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Figure 4: Level of adaptation in the French agricultural sector
Source: National adaptation policy processes in European countries - 2014
*The figure is a result of author’s editing

3.2.3 Assessment of the Finnish National Adaptation Strategy and Plan
3.2.3.1 Finnish agricultural sector – specific conditions
The agricultural sector of Finland together with forestry, hunting and fishing, accounted for 2.9% of
the country’s Gross Domestic Product (GDP) in 2011. Moreover, Finnish agriculture is based on family
farms; the vast majority (88%, 2011) is owned by private persons. The main crops cultivated are
wheat, oilseed plants, barley, oats, grass and potatoes, whilst livestock farming, especially dairy
farming, is the only profitable form of agricultural production in many parts of the country. It is worth
mentioning that due the country’s climatic conditions, the growing season is too short for many
cultivars grown elsewhere and therefore frost-resistant varieties have been developed. Additionally,
crop yields are considerably lower in Finland than in central Europe and because of the harsh winters
productivity is also reduced. Compared with 1990, agricultural production in 2011 remained stable.
The cultivated arable land represents approximately 7.4% of the total land area. The number of
active farms in 2011 was 62000 of which 65% practice crop production as their main line of farming
while over 17% of the farms are engaged in dairy production. It is noted that about 7% of all farms
are organic.
Concerning existing agricultural research, it has been well designed to support the development of
practical adaptation means and therefore the step from research to practice has been a relatively
easy one. In general, the agricultural research on climate change has already provided useful
information for farmers which are well aware of the likely changes in the growing conditions and are
ready to respond by adopting cultivars, cultivation methods and systems that will possibly reduce the
production risks and increase the resilience of agricultural systems. Exchange of knowledge for
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climate change adaptation is improved with the help of existing networks in place for farmers,
farmers’ associations and agricultural training.
Finland, as a member of the EU, follows the CAP which is nationally implemented. Accordingly, most
of the measures of the national strategy fall under the sphere of the CAP, including the agrienvironmental payment of the Rural Development Programme (RDP), which covers around 90% of
farms aiming to decrease the nutrient load on the environment and reduce GHG emissions.
Finally, due to structural changes in the sector, which have resulted in an increase in farm size and a
decrease in the numbers of domestic livestock, agricultural emissions (CH4, N2O) decreased by 12%
during the period 1990-2011.

3.2.3.2 Adaptation strategy and agriculture
As already mentioned, Finland is considered to be the first country in the world to adopt a NAS
(2005) and hence has achieved significant progress on climate change adaptation. The
implementation of the NAS is followed and promoted by an inter-ministerial Coordination Group for
Adaptation to Climate Change, which is steered by the Ministry of Agriculture and Forestry. Five
other ministries, two research institutes and two funding agencies are included in the group, while
the municipal and regional viewpoint in the group is represented by the Association of Finnish Local
and Regional Authorities.
Experiences gained from the implementation of the NAS, new information produced by research on
adaptation and the outlines of the EU Adaptation Strategy have been taken into account in preparing
a National Climate Change Adaptation Plan 2022 where strategies and actions to promote adaptation
in Finland have been revised based on the identified needs. The Plan was adopted in 2014 as a
Government Resolution. In 2015 Finland’s Climate Act was approved aiming to coordinate the
activity of the public authorities in the planning and monitoring the implementation of measures
aimed to mitigate climate change and adapt to it. Moreover a number of action plans was developed
in order to foster adaptation implementation. For instance, the “Action Plan for the Adaptation to
Climate Change of the Ministry of Agriculture and Forestry 2011–2015” aims to mainstream climate
change adaptation in the administrative sector of the Ministry and bring the measures presented
both in Finland's NAS and sectoral strategies to the concrete, practical level. The action plan specifies
41 measures regarding agriculture, forestry, fisheries, game management, rural policy and water
management.
In 2014 the Climate Programme for Finnish Agriculture - Steps towards Climate Friendly Food was
adopted which is reconciled with the National Climate Change Adaptation Plan 2022. The
Programme aims to further enhance the sustainability of the Finnish food system, which is founded
on profitable food production and responsible consumption; the objective is to improve energy and
material efficiency and reduce emissions per litre or kilo of production. The Programme comprises a
total of 76 measures (8 key measures are identified) to facilitate the adaptation of food production
and consumption to climate change and/ or to mitigate the change. It is noted that some of the
measures included in the Programme are already implemented under the RDP. Furthermore,
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measures presented in the National Adaptation Plan have also been included as far as they concern
the food system.
As regards the assessment of the NAS (level of adaptation in 15 sectors), in 2009 and 2013 a midterm evaluation and a more comprehensive evaluation (in Finnish only), respectively, were
conducted. The assessment methodology used was based on a 5-step indicator (Table 5.2) which
measures the adaptation measures launched, the adaptation research in the sector, cooperation
between sectors and recognition of the need for adaptation. More information about the Finnish
methodology can be found in the document “Evaluation of the Implementation of Finland’s National
Strategy for Adaptation to Climate Change 2009”. The evaluation of 2013 was based on the
evaluation report of 2009 and used information from a self-assessment by sectors, questionnaires
and interviews of sector experts, a stakeholder workshop and results from research projects.
In the context of this report and to assess the adaptation level in the Finnish agricultural sector, we
use both the Finnish evaluations (2009, 2013) and the results of the EEA self-assessment survey.
Table 3: Levels of adaptation to climate change

2

3

4

5

Step 1

Step 2

Step 3

Step 4

•

Need for adaptation recognized among a group of pioneers in the
sector

•

Little research done on the impacts of or adaptation to climate change

•

Some adaptation measures identified but not yet implemented

•

Need for adaptation measures recognized to some extent in the sector
(some decision-makers)

•

Impacts of climate change known indicatively (qualitative information),
taking account of the uncertainty involved in climate change scenarios

•

Adaptation measures identified and
implementation, some of them launched

•

Need for adaptation measures quite well recognized (majority of
decision-makers) in the sector

•

Impacts of climate change quite well known (quantitative information),
taking account of the uncertainty involved in climate change scenarios

•

Adaptation measures identified and their implementation launched

•

Cross-sectoral cooperation on adaptation measures started

•

Need for adaptation measures widely recognized and accepted in the
sector

•

Adaptation incorporated into regular decision-making processes

•

Impacts of climate change well known, within the limits of the
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plans

made

for

their

uncertainty involved in climate change scenarios

6

Step 5

•

Implementation of adaptation measures widely launched and their
benefits assessed at least to some extent

•

Cross-sectoral cooperation on adaptation measures an established
practice

•

Adaptation measures under the Adaptation Strategy or recognized
otherwise implemented in the sector

Source: Evaluation of the Implementation of Finland’s National Strategy for Adaptation to Climate Change 2009

3.2.3.3 Level of adaptation
According to the Finnish mid-term evaluation report (2009) and based on the methodology
presented above, the level of adaptation in the agricultural sector was on stage 3. The evaluation of
2013 reveals that the sector made some progress and as a result the level of adaptation was
between stages 3 and 4. This indicates that the agricultural sector is one of the most advanced
sectors in Finland in terms of the adaptation level (Figure 5.2).
On the other hand, the results of the EEA self-assessment survey demonstrate that regarding the
stage of adaptation at national level, agricultural sector is at stage 4, showing that a portfolio of
adaptation measures has been identified and implementation (of some) launched (e.g. adaptation at
farm level). One could say that the results of EEA are somewhat consistent with those of Finnish
evaluations. No information is provided about the stage of adaptation at subnational (e.g. provinces,
regions) and local or city level.
In Finland integration of adaptation into sectoral policies and programmes is generally increasing
while many stakeholders (e.g. farmers’ associations, researchers, governmental stakeholders) has
been actively involved in the development, implementation, monitoring and evaluation phases of the
adaptation process. In relation to the risk and vulnerability assessment, the Finnish agricultural
sector is covered in the national assessment.
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Figure 5: Summary of Finnish evaluations
Source: National Climate Change Adaptation Plan 2022

The EEA survey showed that Finland is using police instruments for implementing adaptation actions
in the agricultural sector. Concretely, the main policy instruments in the sector to support
implementation are the provision of information, mainstreaming into sectoral policies and
programmes, financial support, legislation and action plans. Finally, the most important financing
mechanisms for implementing adaptation in the agricultural sector are explicit budgetary allocation,
project-based public support and insurance mechanisms.

3.2.4 Assessment of the Spanish National Adaptation Strategy and Plan
3.2.4.1 Spanish agricultural sector - specific conditions
The agricultural sector in Spain (including livestock breeding and aquaculture) represents around 3%
of the country’s GDP (AdapteCCa platform). According to the Agricultural Census 2010, the number
of agricultural holdings in Spain is 989800 whereas the Utilized Agricultural Area (UAA) constitutes
47% of the whole territory; a 9.2% reduction from the previous census. In relation to the size of the
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holdings, it is observed a reduction in the number of small holdings and an increase in the number of
large ones. As regards the type of farming, olive orchards represent 21% of the total number of
holdings followed by those specialized in the production of fruits and citrus (16%). The share of the
holdings involved in the production of cereals, oilseed and protein crops is 13%. Concerning livestock
farming, pigs and cattle are considered to be the main species bred (70% of the total livestock units).
What is more, organic farming corresponds to 1.4% of the UAA.
As far as the climate change is concerned, the expected effects over agricultural sector will not be
uniform, which means that in some regions will be negative while in some others might be beneficial.
In general terms, the Spanish agricultural sector is extremely sensitive to climate change and may be
affected by the increase in temperature, rising levels of CO2 present in the atmosphere, and changes
in precipitation. However, the sector possesses a vast capacity for adaptation, as well as the ability to
reduce its vulnerability and therefore benefit from any potentially positive impacts (AdapteCCa
platform).

3.2.4.2 Adaptation strategy and agriculture
It is noted that most the reports related to climate change adaptation in Spain are available only in
Spanish. Hence the information provided here is based on the reports available in English. Spain is
the second country after Finland to adopt its NAS (2006) and therefore is considered to be a
forerunner among the southern European countries in terms of climate change adaptation. The
Spanish National Climate Change Adaptation Plan (PNACC) aims to mainstream adaptation in
relevant systems and sectors, to promote the production of relevant knowledge and to support the
implementation of Spain's adaptation policy commitments. It also acknowledged the importance of
evaluating vulnerability and adaptation to climate change. Within the context of PNACC, 15 sectors
are examined, including agriculture for which 8 first action lines are set out.
PNACC is developed and implemented through specific Work Programmes (WP). Up to date, three
WP have been adopted (2006; 2009; 2014) each one focusing on different but also linked activities.
The implementation and assessment of the plan for the agricultural sector starts in the second WP
whereas 6 specific activities are identified. To monitor the implementation stage of PNACC, progress
reports are regularly developed. Until today three progress reports have been published (2008; 2011;
2014) although available only in Spanish. Therefore, we are not able to use them for the assessment
of adaptation level due to linguistic constraints.

3.2.4.3 Level of adaptation
To begin with, the results of the EEA self-assessment survey demonstrate that in Spain integration of
adaptation into sectoral policies and programmes is generally increasing. Furthermore, many
stakeholders (e.g. farmers’ associations, private sector, researchers and governmental stakeholders)
has been involved in the development, implementation, monitoring and evaluation phases of the
adaptation process. Regarding the risk and vulnerability assessment, the Spanish agricultural sector is
covered in the national (i.e. nationally funded or targeting the whole country) and sector-based
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assessment led by ministries in charge of the sector. Agriculture is also covered in sector-based
assessment led by private sector or industry groups.
For the stage of adaptation at national level, the survey shows that the Spanish agricultural sector is
at stage 4, which means that a portfolio of adaptation measures has been identified and
implementation (of some) launched. Agriculture is also identified as a priority sector/ area. No
information is provided in the individual questionnaire sent to EEA about the stage of adaptation at
subnational (e.g. provinces, regions) and local or city level.
The survey showed that Spain is using police instruments for implementing adaptation actions in the
agricultural sector. Specifically, the main policy instruments in the sector to support implementation
are the provision of information, mainstreaming into sectoral policies and programmes, and
partnering instruments (e.g. Public-Private-Partnerships/ PPPs). Moreover, the most important
financing mechanism for implementing adaptation in the agricultural sector is project-based public
support.

3.2.5 Assessment of the Maltese National Adaptation Strategy and Plan
3.2.5.1 Maltese agricultural sector - specific conditions
According to the National Communication of Malta to UNFCCC (2014), the agricultural land accounts
for approximately 50% of total land area in Malta. The number of agricultural holdings in 2010 was
12534, an increase of 13.8% from 2007. The UAA also increased by 11% in the same period. In 2010
forage had the biggest share of UAA (48.5%), followed by market gardening (14.5%), kitchen gardens
(9.8%), fallow land (8.7%) and potatoes (6.1%). Moreover, the major threats to agricultural land are
urbanization, abandonment, farm intensification and fragmentation of land holdings.
As agriculture is highly dependent on climate, the predicted changes in Malta’s climate will certainly
affect the sector. The Index of Sector Vulnerability to climate change (ranging from 0: none to 3:
strong) is 2.4 indicating a moderate to strong vulnerability for agriculture. While no studies exist on
the quantification of impacts of climate change in the agricultural sector in Malta, it is estimated that
many important agriculture-related components (soils, crops, livestock and infrastructure) will be
highly affected by climate change.
Concerning emissions, the agricultural sector is one of the main anthropogenic sources of CH4
emissions in Malta and the biggest contributor to national N2O emissions. The share of the sector to
national total emissions was 2.4% in 2011 compared to 4.5% in 1990. A number of measures
included in the RDP and some other complementary measures (e.g. Nitrate Action Programme) aim
at addressing the means by which agriculture is practiced locally and at the same time provide
opportunities for limiting emissions.

3.2.5.2 Adaptation strategy and agriculture
Malta adopted its National Climate Change Adaptation Strategy in 2012. The NAS seeks to identify
recommendations in various sectors which are vulnerable to climate change while it also addresses
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the financial impacts as well as sustainability issues. Eight major sectors have been earmarked by
Maltese NAS as requiring attention when developing adaptation measures due to their current
vulnerability, namely water resources, infrastructure and land use, natural ecosystems, agriculture
and fisheries, health, civil protection and vulnerable groups, tourism and immigration.
The NAS identifies the principal strategic climate impacts likely to affect Malta and outlines 72
actions to be taken, including 9 specific actions for the agricultural sector. Implementation of climate
specific actions on adaptation is undertaken by the relevant Ministries or departments depending on
the different sectors in which action is being taken. It is noted that some of the actions mentioned in
NAS have been already implemented; others are in progression while some measures have been
superseded by other actions which are being absorbed within other policies as a result of structural,
administrative and legal changes. Furthermore, in 2015 Malta adopted the Climate Action Act (CAP
543) which dictates the process to conduct periodic reviews and update of the NAS, and
encompasses a key role in the implementation of various adaptation measures. As regards research,
the University of Malta is the primary institution to develop and support research in the area of
climate change both on mitigation and adaptation, while much progress has been made since 2012.
Despite the fact, a number of adaptation measures related to agriculture is identified in the Maltese
NAS, to our knowledge, there is not yet any available evaluation report for the level of adaptation in
the agricultural sector. Therefore, for the assessment of the implementation level, we mainly rely on
the results of the EEA survey.

3.2.5.3 Level of adaptation
The results of the EEA self-assessment survey show that in Malta integration of adaptation into
sectoral policies and programmes is generally increasing while several stakeholders such as farmers’
associations, scientists, governmental stakeholders, private sector and general public have been
involved in the development, implementation, monitoring and evaluation phases of the adaptation
process. Regarding risk and vulnerability assessment, the Maltese agricultural sector is covered in the
national assessment and in sector-based assessment led by ministries in charge of the sector.
About the stage of adaptation at national level, the survey demonstrates that the agricultural sector
in Malta is at stage 4, indicating that a portfolio of adaptation measures has been identified and
implementation (of some) launched (e.g. investments in water savings and rain water harvesting
infrastructure). Likewise, the level of adaptation at both subnational (e.g. provinces, regions) and
local or city level is also at stage 4. What is more, agriculture is identified as a priority sector/ area.
The survey revealed that Malta is using police instruments for implementing adaptation actions in
the agricultural sector. Concretely, the main policy instruments in the sector to support
implementation are the provision of information (e.g. dissemination, education, guidelines) and
financial support (e.g. subsidies, taxes). Finally, the most important financing mechanisms for
implementing adaptation in the agricultural sector are explicit budgetary allocation and projectbased public support.
Table 3 below summarizes the results of the EEA self-assessment survey for the selected countries
including the level of adaptation in the agricultural sector.

66 | ADAPT2CLIMA-D e l i v e r a b l e C 2 . 1

Table 4: Summary of the EEA survey for the selected countries

France
Adaptation
integration
into
sectoral policies
Stakeholders
involvement
Risk
vulnerability
assessment
coverage

Finland

Spain

Malta

Increasing

Increasing

Increasing

Increasing

Yes

Yes

Yes

Yes

and
− National

− National: 4
Stage/ level of − Subnational:
3
adaptation
− Local or city:
0
− Information
provision
− Mainstreami
ng
Police instruments
− Financial
support
− Legislation
− Action plans
− Explicit
budgetary
Financing
allocation
mechanisms

− National

− National
− Sector-based

− National
− Sector-based

− National: 4
− National: 4
− National: 4
− Subnational: np − Subnational: np − Subnational: 4
− Local or city: np − Local or city: np − Local or city: 4
− Information
provision
− Mainstreaming
− Financial
support
− Legislation
− Action plans

− Information
provision
− Mainstreaming
− Partnering
instruments

− Information
provision
− Financial
support

− Explicit
− Project based − Explicit
public support
budgetary
budgetary
allocation
allocation
− Project-based
− Project-based
public support
public support
− Insurance
mechanisms
Source: National adaptation policy processes in European countries - 2014
*np: not provided in the survey
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4 Conclusions
The aim of the present report was to assess national and regional plans for the adaptation of the
agricultural sector to climate change by examining their preparedness to address climate change
challenge.
The report provides an overview of adaptation strategies in the agricultural sector worldwide,
including the FAO “Integrating Agriculture in National Adaptation Plans” programme and the EU
“Integrating climate change in 2014-2020 RDPs guidelines. The Communication of the European
Commission to the European Parliament and the Council regarding the Water Framework Directive
and the Floods Directive, which records the progress in the implementation of the Programmes of
Measures planned by Member States in their River Basin Management Plans and gives suggestions
for the improvement of future Programmes of Measures to be inserted in the update of the River
Basin Management Plans, was also reviewed.
The report records key characteristics of agriculture affected by climate change, identifies countries
sharing the same challenges and opportunities with study areas regarding climate change, and
examines the adaptation strategies in study areas.
After comparison of the policy directions set by the EC for the adaptation of agriculture to climate
change, against the current adaptation framework in the three project countries/regions, the
following main conclusions were derived. Αs regards NAS, only Greece has an approved national
adaptation strategy with concrete measures per sector (including the agricultural sector). The NAS of
Cyprus has yet to be approved (it was expected for the end of 2016) while the NAS of Italy, although
it has been approved, it does not foresee specific measures per sector. Concerning the 2014-2020
RDPs, adaptation to climate change constitutes a thematic priority for all three project
countries/regions and there is a series of direct and indirect measures promoting it. Last but not
least, the RBMPs of Sicily and Cyprus are considered climate proofed as they include climate change
considerations in their planning, while on the other hand, Crete’s RBMP is considered deficient as it
does not include any reference to climate change at all.
Assessment for the adaptation strategy was conducted for France, Finland, Malta and Spain. The
evaluation was based on the latest report of the European Environment Agency (EEA) of a selfassessment survey across Europe, in conjunction with individual country reports sent to EEA and
other relevant complementary sources of information. The results of the EEA self-assessment survey
demonstrate that at national level the agricultural sectors in France, Finland, Spain and Malta are at
stage 4 of adaptation, meaning that a portfolio of adaptation measures has been identified and
implementation (of some) launched. The stage of adaptation at subnational level (e.g. provinces,
regions) for France is at level 3, implying that some adaptation measures have been identified for the
sector but not yet implemented. The level of adaptation at local or city level is zero, meaning that
adaptation is not relevant for France. Agriculture is identified as a priority sector/ area in Spain while
no information is provided about the stage of adaptation at subnational and local or city level for this
country. The level of adaptation at subnational and local or city level for Malta is also at stage 4 while
agriculture is identified as a priority sector/ area.
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Appendix Table 1.1. Ex-ante conditionalities related to climate adaptation priorities

Thematic Objective 5 (CSF): Promoting climate change adaptation and risk prevention (Climate
change target) (referred to in Article 9(5)
RD priority 4: restoring,
preserving and enhancing
ecosystems dependent on
agriculture and forestry

4.4. Risk prevention (and risk
management): The existence
of national or regional risk
assessments
for
disaster
management
taking
into
account
climate
change
adaptation.

A national or regional risk
assessment shall be in place
that includes:
A description of the process,
methodology, methods and
nonsensitive data used for
national risk assessment;
A description of single-risk and
multi-risk scenarios;
Taking into account, where
appropriate, national climate
change adaptation strategies.

RD priority 5: promoting
resource
efficiency
and
supporting the shift towards a
low carbon and climate
resilient economy in the
agriculture and food sectors
and the forestry sector

5.2
Energy
efficiency:
transposition into national law
of Directive 2006/32/EC of the
European Parliament and of
the Council of 5 April 2006 on
energy end-use efficiency and
energy services

A Member State has submitted
to the Commission an Energy
Efficiency Action Plan which
translate
energy
saving
objectives into concrete and
coherent
measures
in
accordance with article 14 of
Directive 2006/32/EC

5.3
Water
pricing:
the
existence of a water pricing
policy which ensures an
adequate contribution of the
different water uses to the
recovery of the costs of water
services, in accordance with
Article
9
of
Directive
2000/60/EC of the European
Parliament and of the Council
of
23
October
2000
establishing a framework for
Community action in the field

A Member State has taken
account of the principle of
recovery of the costs of water
services,
including
environmental and resource
costs in accordance with
Article 9(1) of Directive
2000/60/EC;

77 | ADAPT2CLIMA-D e l i v e r a b l e C 2 . 1

A Member State has carried
out an economic analysis in
accordance with Article 5 and
Annex
III
to
Directive
2000/60/EC regarding volume,

of water policy

price and cost of water
services, and estimates of
relevant investments;
A Member State has ensured
contribution of the different
water uses by sector in
accordance with Article 9(3) of
Directive 2000/60/EC

Source: Principles and recommendations for integrating climate change adaptation considerations
under the 2014-2020 rural development programmes (SWD(2013) 139 final)
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Appendix table 1.2. Examples of EAFRD measures and their potential for adaptation
Priority

Rural Development
Measures

Thematic focus

Type of adaptation

Article
18
Investments
physical assets

Avoidance of damage
from extreme events

Coastal and interior
flood
protection
involving agricultural
land (water overflow
areas, flood-tolerant
crops)

Farm infrastructure
2, 3, 4

–
in

Article 19 – Restoring
agricultural
production potential
damaged by natural
disasters/ preventing
actions

Restoring agricultural
production potential
damaged by EWE
Adaptation
agricultural
infrastructure
Buildings)

Article 25 – Prevention
and restoration of
damage to forests
from fires and natural
disasters

Preventative
for forests

of
(e.g.
actions

Article 35 – Forest environmental
and
climate services and
forest conservation
2, 3

Article18
Investments
physical assets

–
in

Article
23
–
Afforestation
and
creation of woodland

Article
24
Establishment
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–
of

Avoidance
stress

of

heat

Improvement
of
animal
rearing
conditions
(shading
and sprinklers)

agroforestry systems
3, 4, 5

Article
18
Investments
physical assets

–
in

Improved
management

water

Modernisation
of
irrigation equipment
to improve water use
efficiency
Water storage

Land management
4, 5

Article
29
Agrienvironmentclimate

Article
18
Investments
physical assets

–

Improving water and
soils
management,
and building resilience
of biodiversity

–
in

Article 29 – Agrienvironment climate

Article
18
–
Investments
in
physical assets (in the
case of necessary
investments);

Article 31 – Natura
2000
and
Water
framework directive
payments

Article
24
Establishment
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–
of

strips

Tillage methods
Introduction of new
crops more adapted to
changing climate
Drought
prevention
(retaining
and
improving
soil
moisture)

Article 31 – Natura
and WFD payments

4, 5

Buffer
(permanent
vegetation)

Improving habitat /
biodiversity resilience

Conservation
and
restoration

areas
habitat

agroforestry systems
4, 5

Article
22
–
Investments in forest
area development and
improvement of the
viability of forests

Soil
and
management

forest

Conversion to more
climate-resilient forest
types,
afforestation,
agroforestry systems

Article
23
–
Afforestation
and
creation of woodland;

Article
24
–
Establishment
of
agroforestry systems
4, 5

Article
29
Agrienvironmentclimate

–

Article 31 – Natura
2000
and
Water
framework directive
payments

Improving habitat /
biodiversity resilience

Management
of
permanent grassland

Soil Management

Conservation genetic resources
4

Article
29
Agrienvironmentclimate

–

Plant and livestock
breeding programmes

Farm management
3

Article 37 –
management;

Risk

Article 38 – Crop,
animal and plant
insurance
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Risk management

Insurance schemes to
cope with economic
effects of extreme
events

Article 39 – Mutual
funds for animal and
plant diseases and
environmental
incidents
3, 4, 5

Article 36
οperation

-

Co-

Joint action

Joint
action
undertaken with a
view to adapting to
climate change

Advice / Capacity
Building for land
managers

Information actions

Farm awareness raising
1–6

Article
15
–
Knowledge
transfer
and
information
actions

Article 16 – Advisory
services,
farm
management
and
farm relief services

Advice
on
farm
management (climatic
aspects
can
be
included in more
broader advice related
to agri-environmental
and economic issues)

Source: Principles and recommendations for integrating climate change adaptation considerations
under the 2014-2020 rural development programmes, Accompanying the document
COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE
EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS An EU
Strategy on adaptation to climate change (SWD(2013) 139 final)

Appendix 2. Cases of member of the FAO- NAP-Ag Programme
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Kenya
The agriculture sectors form the basis of Kenya’s economy and employ a
large percentage of the population. This dependence on climate sensitive
natural resources for livelihoods as well as food security and nutrition
increases the country’s vulnerability to the impacts of climate change.
Creating a more resilient economy is a top priority in Kenya’s socioeconomic development plans. As part of this process, Kenya has
identified a need to develop gender guidelines, monitoring and
verification frameworks and to develop capacity of actors on gender and
climate change as part of its response to climate change

Key facts
•
•

•

•

•

•
•

Agriculture accounts for 24% of
gross domestic product (GDP)
65% of informal employment in
rural areas is derived from
agriculture
75% of total agricultural production
comes from rain fed farms
averaging between 0.3 to 3 hectares
in size
80% of the Kenyan population
derives their livelihoods from
agriculture
More than 80% of the country’s
landmass is arid and semi-arid
land
(ASAL)
with
poor
infrastructure
About 60% of Kenya’s livestock
herd is found in the ASALs
The main climate hazards include
droughts and floods which cause
economic losses estimated at 3% of
the country’s GDP
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Adaptation actions to be undertaken
Short-term sub-actions
• Promote indigenous knowledge on
crops
• Increase awareness of climate
change impacts on the agriculture
value chain
• Conduct
climate
risk
and
vulnerability assessments of the
agriculture value chain
• Coordinate
and
mainstream
climate change adaptation into
agricultural extension
• Promote new eating habits
Medium-term sub-actions:
• Promote the uptake of climate
change related information for
agriculture
• Develop and up-scale specific
adaptation
actions
in
the
agricultural sub-sectors
• Develop and apply Performance
Benefit
Measurement
methodologies for adaptation
• Support adaptation
Long-term sub-actions:
• Promote and implement climatesmart agriculture practices in
Kenya

Nepal
A number of factors contribute to Nepal’s vulnerability to climate change,
include: Increasing number of landless people; Small land holdings; Lack of
resources to invest in farming; Flooding of farmlands; Lack of on-farm
employment within the village; Dependence on rain water for irrigation;
Emergence of new diseases and pests; Declining performance of adopted crop
varieties; and Poor knowledge and skills of farmers.
Nepal localized climate change adaptation efforts to enhance the resilience of
vulnerable communities and ensure bottom-up, inclusive, responsive and
flexible planning. The country has also completed a Climate Change and
Gender Action Plan, which includes actions, among others, around building
community resilience to food insecurity and promoting women’s voices and
l d hi

Key facts
•
•

•

•

•

Agriculture contributes 34% to
gross domestic product (GDP)
69% of the population is employed
by
small-scale,
subsistence
agriculture
Water and forests are Nepal’s most
abundant natural resources, with
freshwater accounting for 2.27% of
the total world supply
The annual direct costs of current
climate variability in Nepal, on
average, are estimated to be
equivalent to 1.5% to 2% of
GDP/year
The number of glacier lakes
increased by 11% and glaciers
recede on an average by 38 km2 per
year between 1977 and 2010.
Hence, climate change has visible
and pronounced impacts on snows
and glaciers that are likely to
increase the possibilities of Glacier
Lake Outburst Floods (GLOFs)
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Priority action areas
•

•

•

•

•

Institutional
and
technical
capacity for climate change
adaptation and disaster risk
management in agriculture
Assessment and monitoring of
climate risks, vulnerabilities as
well as enhancing early warning
systems
Improving
knowledge
management, awareness raising
and education on climate change,
adaptation and disaster risk
management
Reducing climate related risks and
the underlying vulnerabilities by
implementing technical options in
agriculture and livestock
Strengthening
capacities
and
procedures for effective disaster
preparedness,
response
and
rehabilitation at all levels and
integration of climate change
adaptation interventions

Philippines
Given its geographical location and population distribution, the Philippines is considered
to be extremely prone to climate-related disasters. The increasing frequency and scale of
such events threatens sectors that are strategically important to the continued growth of
the economy like agriculture and fisheries. Changes in weather patterns only serve to
exacerbate existing vulnerabilities. The challenge that the Philippines is facing is
finding a way to minimize the losses and damages from climate-related events while also
ensuring that the economy continues to expand. Part of the country’s response is
working to integrate climate change adaptation and disaster risk reduction into the
country’s plans and programmes at all levels. Furthermore, gender is mainstreamed in
the National Climate Change Action Plan to ensure that the concerns and experiences of
women and men are an integral dimension of the design, implementation, monitoring
and evaluation of policies and programmes so that women and men benefit equally and
inequality is not perpetuated.

Key facts
•

•
•

•

•

•

31% of the labour force is derived
from agriculture, including crops,
livestock, poultry and fisheries
Agriculture contributes with 10% to
the gross national product
In 2012, the Philippines ranked
among the major fish producing
countries in the world with a total
production of 3.1 million tonnes of
fish, crustaceans, molluscs and
other aquatic animals.
The total land area of the
Philippines is 300 179 km2, 49% of
which is classified as forest that
directly supports approximately
30% of the population, including
indigenous peoples.
Considered one of the most
biologically
rich
and
diverse
countries in the world, the
Philippines also has one of the
world’s longest coastlines
From 1990 to 2006, data shows
that of the P12.43 billion annual
average in damages to agriculture,
70.3% were caused by typhoons,
17.9% by drought and 5% by floods
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Priority action areas
•

•

•
•
•
•

Institutional
and
system
strengthening for downscaling
climate change models, climate
scenario-building,
climate
monitoring and observation
Roll-out
of
science-based
climate/disaster
risk
and
vulnerability
assessment
processes as the basis for
mainstreaming
climate
and
disaster
risks
reduction
in
development plans, programs and
projects
Development of climate and
disaster-resilient ecosystem(s)
Enhancement of climate and
disaster-resilience of key sectors –
agriculture, water and health
Systematic transition to climate
and disaster-resilient social and
economic growth
Research and development on
climate change, extremes and
impacts
for
improved
risk
assessment and management

Thailand
Adaptation is a top priority in Thailand’s response to climate change. The
country’s adaptation actions aim to enhance climate resilience through the
guidance of the Sufficiency Economy Philosophy, which calls for moderation,
reasonableness and self-immunity from the Thai people so that they are able to
cope appropriately with challenges arising from socioeconomic, environmental
and cultural changes around the world. Knowledge building and careful
planning are therefore critical to the effective implementation of this
philosophy. Thailand wants to combine local wisdom with modern knowledge,
techniques and technologies to enhance the adaptive capacity of its people.
With regards to the agriculture sectors, the country has stressed the
importance of technology development and transfer, particularly the need for
forecasting and early warning system technologies, crop improvement
t h l i
ll
i i f
i t h l i

Key facts
•

•
•
•

Agriculture contributes 11.6% of
the GDP and employs roughly 40%
of the labour force
Approximately 40% of the total
land area is used for agriculture
There are 6.9 million agricultural
households
Thailand
is
a
world-leading
agricultural producer, exported
products include rice, natural
rubber,
oil
palm,
livestock,
fisheries, fruits and vegetables

Priority action areas
•
•

•
•

Strengthening adaptation in the
climate change strategic plan for
agriculture
Strengthening performance-based
monitoring and assessments of:
adaptation options in agriculture
and mainstreaming, and climate
finance
Assessing
climate
change
variability, such as forecasting,
early warning systems
Capacity building for farmers:
Build regional climate resilience
by serving as a knowledge hub to
foster regional cooperation and
exchange
experiences
on
adaptation.

Challenges
• The capacity to carry out
vulnerability
analyses
and
assessments through the use of
tools,
models,
criteria
and
indicators
• Determining how to prioritize or
choose the appropriate options for
adaptation
• Methods and tools for monitoring
and evaluation
• How to compromise between the
needs of different groups
• How to prioritize activities with
limited resources
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Uganda

Changing temperature patterns in Uganda have been linked to more frequent and
longer lasting droughts and, consequently, the increased death of cattle. Negative
impacts have been felt in other areas too, including hydroelectricity production and crop
production. Climate change impacts such as these are increasingly economically
significant for a country that is reliant on its natural resources. To demonstrate the
benefits of adaptation, Uganda estimated the cost of both inaction and action. The cost of
adaptation would reach upwards of USD$644 million by 2025 while the cost of inaction
was estimated to be much higher – around USD$3.1 to 5.9 billion by 2025. This is
around 24 to 46 times greater than the proposed adaptation budget. Therefore, in the
absence of adaptation actions, climate change could compromise the Uganda Vision 2040
target of 8% annual growth. The country’s Intended Nationally Determined Contribution
(INDC) highlighted Uganda’s commitment to reducing vulnerabilities in crop production,
livestock and forestry. Its efforts also “include crosscutting respect for human rights and
gender-responsive climate change actions. The protection of vulnerable groups, including

Key facts
•

•
•

•

•

•

Agriculture accounts for 24% of
Uganda’s gross domestic product
(GDP)
Agriculture contributes to over 50%
of Uganda’s export earnings
More than 80% of the all
households in the country are
involved in rain-fed agriculture
The population grows at a rate
above 3% per year – this high
growth rate, coupled with the high
level of poverty, makes it difficult
for Uganda to cope with the
adverse effects of climate change
Extreme events, such as droughts,
have caused losses to agriculture in
the recent past in the range of 1-7%
of GDP
15% of all child mortality cases are
associated with undernutrition,
which could be exacerbated if the
agriculture sector does not adapt to
the changing climate
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Priority action areas
Agriculture
• Extension services
• Climate
information
and
early
warning systems
• Climate-Smart
Agriculture,
diversification of crops and livestock
• Post-harvest handling and storage
and access to markets, including
micro-finances
• Rangeland management
• Small-scale water infrastructure
• Research on climate resilient crops
and animal breeds
• Electricity to the rural areas or
expanding the use of off-grid solar
system to support value addition and
irrigation
Forestry
• Encouraging
agro-forestry
and
efficient biomass energy production
and utilization technologies
• Promoting intensified and sustained
forest
restoration
efforts
and
biodiversity
and
watershed
conservation
Water
• Improving water efficiency
• Ensuring water supply to key
economic
sectors,
especially
agriculture,
and
domestic
use,
including water harvesting and
storage
• Managing water resource systems,
including wetlands in such a way that
floods are prevented and existing
resources conserved
Cross-cutting
• Increasing knowledge for climate
change adaptation
• Integrating climate change in sectoral
policies, plans and budgets

Uruguay
Adaptation to climate change and variability is a strategic priority for Uruguay. It
is particularly important for food production in the country as that is a core
activity of the domestic economy. Uruguay currently produces food for 28 million
people, while the country only has a population of 3.3 million. A major part of this
is cattle farming – more than 13,500,000 hectares are under permanent pasture,
which is almost 83% of the agricultural area. Uruguay has already begun to design
and implement adaptation measures in cattle production, including water sources,
feed and rangeland management measures. Specific actions have also been created
for other sub-sectors of agriculture. Furthermore, the Government cited the
observation of the Uruguayan Rural Women’s Association that the “distribution of
productive and domestic responsibilities between men and women is different, and
that the consequences of climate change are perceived also differently”

Key facts
•
•
•

•
•

•

•
•

Agriculture represents 70% of
national exports
Animal husbandry represents 45%
of agricultural production
Over half of the farms (25 500 out
of 44 000) are family-managed and
38% of farmers exploit small farms
with herds below one hundred head
of cattle
Animal husbandry employs 53% of
people
The agriculture sector accounts for
76% of current emissions, and beef
production accounts for three
quarters of that total
Beef production accounts for 78% of
domestic CH4 emissions (due to
enteric fermentation) and 63% of
domestic N2O emissions (due to
manure left on pasture by grazing
animals)
Uruguay is a country with no net
deforestation
The total coverage of native forests
has, actually, increased in the past
30 years, and it is now 752 000
hectares

Adaptation actions undertaken
•
•

•
•

•
•

•

•
•
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Adaptation measures in cattle
production, water sources, feed
and rangeland management.
Development of soil use and
management plans to reduce
erosion and preservation of
organic matter in croplands.
Resettlement
of
population
vulnerable to floods, and land-use
planning.
Development and strengthening of
the National Protected Areas
System, which contributes to the
protection of climate change and
variability vulnerable biodiversity
and ecosystems.
Restoration and maintenance of
coastal ecosystems services.
Development of research and data
collection on the impacts and
adaptation to climate change and
variability.
Development
of
information
systems, climate services and
monitoring programs, particularly
for the environmental, agriculture
and emergency sectors, and
development of early warning
systems, to support decisionmaking.
Strengthening of weather, climate
and water services.
Development, strengthening and
decentralization of the National
Emergency System
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