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About Natural Resources Wales 
Natural Resources Wales’s purpose is to pursue sustainable management of natural 
resources. This means looking after air, land, water, wildlife, plants and soil to 
improve Wales’s well-being, and provide a better future for everyone. 

Evidence at Natural Resources 
Wales 
Natural Resources Wales is an evidence-informed organisation. We seek to ensure 
that our strategy, decisions, operations, and advice to Welsh Government and 
others, are underpinned by sound and quality-assured evidence. We recognise that 
it is critically important to have a good understanding of our changing environment.  

We will realise this vision by:  

• Maintaining and developing the technical specialist skills of our staff; 

• Securing our data and information;  

• Having a well resourced proactive programme of evidence work;   

• Continuing to review and add to our evidence to ensure it is fit for the 
challenges facing us; and  

• Communicating our evidence in an open and transparent way. 

Title: SoNaRR2020 Assessment of the achievement of Sustainable Management of 
Natural Resources: Climate Change  

Lead Authors:R Jenkins (Tyndall Centre for Climate Change Research) 

 C Walmsley 

Review process: All content has been reviewed internally and by subject matter 
experts. Further independent peer review was arranged by the Environment Platform 
Wales. We would like to thank all academic and other external experts for critically 
reading the individual chapters and suggesting substantial improvements. We are 
very grateful for their help and advice. 

We would also like to thank other experts who have provided evidence and advice 
during the chapters’ development. 

Restrictions: None 
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The Second State of Natural 
Resources Report (SoNaRR2020) 
contents 
This document is one of a group of products that make up the second State of 
Natural Resources Report (SoNaRR2020).  The full suite of products are: 

Executive Summary. Foreword, Introduction, Summary and Conclusions. Published 
as a series of webpages and a PDF document in December 2020  

The Natural Resource Registers. Drivers, Pressures, Impacts and Opportunities 
for Action for eight Broad Ecosystems. Published as a series of PDF documents and 
as an interactive  infographic in December 2020 

Assessments against the four Aims of SMNR. Published as a series of PDF 
documents in December 2020: 

SoNaRR2020 Aim 1. Stocks of Natural Resources are Safeguarded and Enhanced 

SoNaRR2020 Aim 2. Ecosystems are Resilient to Expected and Unforeseen Change 

SoNaRR2020 Aim 3. Wales has Healthy Places for People, Protected from 
Environmental Risks 

SoNaRR2020 Aim 4. Contributing to a Regenerative Economy, Achieving 
Sustainable Levels of Production and Consumption 

The SoNaRR2020 Assessment of Biodiversity. Published in March 2021 

Assessments by Broad Ecosystem. Published as a series of PDF documents in 
March 2021: 

Assessment of the Achievement of SMNR: Coastal Margins 

Assessment of the Achievement of SMNR: Enclosed Farmland 

Assessment of the Achievement of SMNR: Freshwater 

Assessment of the Achievement of SMNR: Marine 

Assessment of the Achievement of SMNR: Mountains, Moorlands and Heaths 

Assessment of the Achievement of SMNR: Woodlands 

Assessment of the Achievement of SMNR: Urban 

Assessment of the Achievement of SMNR: Semi-Natural Grassland 
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Assessments by Cross-cutting theme. Published as a series of PDF documents in 
March 2021: 

Assessment of the Achievement of SMNR: Air Quality 

Assessment of the Achievement of SMNR: Climate Change 

Assessment of the Achievement of SMNR: Energy Efficiency 

Assessment of the Achievement of SMNR: Invasive Non-native Species 

Assessment of the Achievement of SMNR: Land use and Soils 

Assessment of the Achievement of SMNR: Waste 

Assessment of the Achievement of SMNR: Water Efficiency 

Updated SoNaRR evidence needs. Published as a data table on web in March 
2021 

Acronyms and Glossary of terms. Published as a PDF in December 2020 and 
updated in 2021 as a data table on the web 

Recommended citation for this section of the report: 

Natural Resources Wales. 2021. State of Natural Resources Report (SoNaRR): 
Assessment of the achievement of sustainable management of natural resources. 
Climate Change. Natural Resources Wales. 

Copyrights 

Unless otherwise stated the content of this report can be used under the Open 
Government licence  

Unless otherwise stated, all graphs, maps, tables and other images are © Natural 
Resources Wales and database right. All rights reserved.  

All maps containing the Wales boundary: 

© Natural Resources Wales and database right. All rights reserved. © Crown 
Copyright and database right 2021. Ordnance Survey licence number 100019741. 

All maps containing marine aspects:  

© Natural Resources Wales and database right. All rights reserved © British Crown 
and OceanWise Ltd, 2021. All rights reserved. License No. EK001-20120402. Not to 
be used for Navigation. 

 

http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
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1. Headline Messages 
Wales will see higher temperatures and higher sea levels over the coming decades, 
and very likely more drier summers and wetter winters along with greater frequency 
and intensity of heavy rainfall events as a result of climate change. 

Much of Wales is projected to be less impacted by drought and heatwaves 
compared to much of southern England, making Wales better placed to adapt to this 
change. However, the high rainfall and steep-sided valleys across much of Wales 
will exacerbate the risks associated with heavy rainfall events.  

Climate change is already having a substantial effect on Welsh biodiversity and 
ecosystems, such as loss of inter-tidal habitats due to sea-level rise. Climate change 
will increasingly affect all Welsh ecosystems but almost all impacts can be reduced 
by urgent, stringent global mitigation to limit global temperature rise to well below 
2°C.  

Action to limit and adapt to climate change is urgent. Adaptation measures, such as 
coastal realignment; increasing carbon storage, particularly through increased 
woodland creation; and reducing emissions, especially peatland restoration, will be 
key to responding to the threat of climate change and creating a more resilient 
Wales. 

A whole systems approach, integrating adaptation and mitigation measures across 
sectoral policy areas, is required to help achieve net zero emissions and biodiversity 
goals.  

2. Introduction 
An overview of the effects of climate change on natural resources and ecosystems in 
Wales will be provided in this chapter. Changes in climate threaten ecosystem 
resilience and ecosystem services through shifting species ranges, localised 
extinctions, changes to life-cycle events and other impacts on ecosystem function.  
Climate change also interacts and exacerbates other environmental stressors, such 
as the increase in invasive species and disease vectors. Climate change is also 
projected to increase the frequency and intensity of droughts, fluvial and coastal 
floods and heatwaves, which are projected to further reduce ecosystem resilience. 
Globally and within Wales, some of the impacts of climate change including sea level 
rise and coastal erosion will be irreversible (IPBES, 2019).  

Through the Intergovernmental Panel on Climate Change’s Special Report on the 
impacts of 1.5°C warming (IPCC, 2018), the urgency of a transformative response to 
climate change was emphatically stated by the global scientific community. The 
1.5°C report was a response to the United Nations Framework Convention on 
Climate Change (UNFCCC) Paris Agreement 2015 goal to limit warming to well 
below 2°C above pre-industrial levels, and to pursue efforts to limit warming to 1.5°C, 
in order to avoid the more severe impacts of climate change. The report reinforced 
the need for ambitious climate mitigation and adaptation policies and 
targets.Through the Environment Act (Wales) 2016, five-yearly carbon budgets and 
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decadal targets for emission reduction have been established to drive 
decarbonisation. In April 2019, Welsh Government declared a climate emergency 
with the intention of prompting ‘a wave of action (Welsh Government, 2019) and 
many Welsh Councils have made similar declarations and local decarbonisation 
goals. 

3. Emissions, Current Climate and 
Future Trends 

Emissions trends 
Wales’s greenhouse gas emissions have fallen by a quarter since 1990 (NAEI, 
2020). In 2018, energy supply contributed 29% of Welsh emissions and the business 
sector 22% of the total. Other sectors contribute much less: transport (16%), 
agriculture (14%), residential (10%), industrial process (5%), waste management 
(3%) and public (1%) (Figure 1).  

It is important to recognise that these sectoral figures represent only direct emissions 
and that in reality their overall significance may be very different. For example, the 
emissions that the public sector is responsible for are much greater than the heating 
and vehicle fuel emissions included in the inventory: assessments of the carbon 
budgets of many Welsh public-sector organisations show that procurement 
represents the majority of emissions. Land use, land use change and forestry as a 
sector is a net sink of 1% of Welsh emissions predominantly through sequestration in 
woodland. While Welsh peatlands store large quantities of carbon, the majority of 
them emit carbon due to their poor condition (Evans et al., 2015). 

Although greenhouse gas emissions produced in Wales are declining, greenhouse 
gas emissions embedded in imported goods and services represent around one-third 
of total territorial emissions (SEI and GHD, 2015) and have shown limited reductions 
since 2007. China is the largest source of both imported goods and emissions in the 
UK.  
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Figure 1 Wales Greenhouse Gas Emissions by sector 

Source: National Atmospheric Emissions Inventory 2020 
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Climate and sea level trends 
Global warming has already reached around 1°C above pre-industrial levels and the 
rate is increasing (IPCC, 2018). In Wales, the most recent decade (2008-2017) was 
0.8°C warmer than the average temperature experienced in 1961-1990 (Met Office, 
2018). To date, the average annual rainfall across Wales has not changed markedly. 
However, there is some evidence of seasonal changes and more heavy rainfall 
events. In the past 10 years, UK winters have been 5% wetter on average than 
1981-2010. Summers have been 11% wetter during the same period (Met Office, 
2018).  

The UK also experiences heatwaves, which can lead to droughts and wildfire. 2018 
was the joint hottest summer on record, with the Met Office reporting an average air 
temperature of 1.5°C above the long-term average (Kendon et al., 2019). In Wales, 
June 2018 was the warmest on record dating back to 1884. All of the 10 warmest 
years on record in the UK have occurred since 2002, with half of these occurring 
since 2010. High temperatures and low rainfall, along with increased demand for 
water, led to drought across Wales during 2018, with rainfall widely less than 75% of 
average.  

Although average annual rainfall has not changed markedly, there is evidence of 
more heavy rainfall events. Since the last SoNaRR (NRW, 2016), Wales has 
experienced some significant storm events, including Storm Brian in October 2017, 
Storm Bronagh in September 2018, where around half a months’ worth of rain fell on 
Sennybridge, Powys, in 24hrs, and Storm Callum in October 2018 where flooding in 
parts of Carmarthenshire was the worst in over 30 years. More recently, Storm Ciara 
(8-9 February 2020) and Dennis (15-16 February 2020) were two of the most severe 
and widespread flooding incidents experienced in Wales in many years. These 
events are consistent with projections of increased heavy rainfall days and 
storminess. However, due to the highly variable climate of the UK, these storms 
cannot be individually directly attributed to climate change (MCCIP, 2020).  

Mean sea-level rise around the UK (driven principally by thermal expansion of the 
oceans but also a range of other factors) has risen by around 16cm since the start of 
the 20th Century (Met Office, 2018) and will continue to rise over the next century 
even if global warming is restricted to below 2⁰C. It is difficult to derive a good 
estimate of historical sea-level rise for Wales alone due to data limitations.  

Future climate and sea level trends in Wales 

The Met Office released new climate projections in 2018 known as UKCP18. These 
are the most up to date climate projections for the UK. Projections indicate higher 
temperatures, a reduction in summer rainfall, and an increase in winter rainfall 
across the UK, including Wales, along with less snow and frost (Met Office, 2018). 
Temperature change after the 2050s is highly dependent upon the level of global 
emissions. Before this, under most scenarios, temperatures in Wales are expected 
to rise by 1.2-1.6°C (median estimate) (Table 1). Warming is expected to be greater 
in the summer than the winter. The mean winter temperature rise in Wales by 2050 
is likely to be 1.1-1.6°C. In summer, the temperature rise is likely to be 1.6-2°C 
(median estimate). While there is a general trend towards warmer weather winters, 
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some cold periods will still occur due to climatic variation. Nevertheless, UKCP18 
snowfall projections show a significant decrease in both falling and lying snow across 
the UK compared to 1981-2000 (Met Office, 2018). 

Table 1 Projected Annual temperature change (median estimates) for Wales from 1981-
2000 to two future time periods. From UKCP18 (Met Office, 2018). 

Representative Concentration Pathway 
(RCP) as presented in UKCP18. See IPPC 
for definition and CoastAdapt for explanation 

Temperature 
change 
(degress C) 

2041-2060 

Temperature 
change 
(degress C) 

2080-2099 

RCP2.6 1.2 1.3 

RCP8.5 1.6 3.9 

 

There is still uncertainty over how climate change will affect seasonal rainfall in the 
UK, but projections for Wales show a 6-9% increase in average winter precipitation 
by the 2050s and a reduction in average summer precipitation of 15-19%. By the end 
of the century, summer precipitation could decrease by 20-38% (median estimates) 
(Met Office, 2018). (Table 2).  

Table 2 Projected Annual precipitation change (median estimates) for Wales from 1981-
2000 to two future time periods. From UKCP18 (Met Office, 2018). 

Representative 
Concentration Pathway 
(RCP) as presented in 
UKCP18. See IPPC for 
definition and 
CoastAdapt for 
explanation 

Winter 
Precipitation 
Change (%) 

2041-2060 

Winter 
Precipitation 
Change (%) 

2080-2099 

Summer 
Precipitation 
Change (%) 

2041-2060 

Summer 
Precipitation 
Change (%) 

2080-2099 

RCP2.6 6 6 -15 -20 

RCP8.5 9 23 -19 -38 

 

As well as changes to the average climate, Wales will be affected by a likely 
increase in the frequency of severe weather events, including heavy rainfall and heat 
waves. By mid-century, the chance of hot summers resembling the 2018 heatwave 
will be significantly more common.The Urban Ecosystem Chapter provides details on 
overheating and the increase in the intensity of heatwaves. As warmer air is able to 
hold more moisture, higher temperatures are likely to lead to more intense rainfall, 
including thunderstorms. 

https://www.ipcc-data.org/guidelines/pages/glossary/glossary_r.html
https://www.ipcc-data.org/guidelines/pages/glossary/glossary_r.html
https://coastadapt.com.au/how-to-pages/how-to-understand-climate-change-scenarios
https://www.ipcc-data.org/guidelines/pages/glossary/glossary_r.html
https://www.ipcc-data.org/guidelines/pages/glossary/glossary_r.html
https://coastadapt.com.au/how-to-pages/how-to-understand-climate-change-scenarios
https://naturalresources.wales/sonarr2020ecosystems


 

SoNaRR2020 Theme: Climate Change  12 

Sea levels will continue to rise around the UK driven by rising temperatures (Met 
Office, 2018). The magnitude and rate of this rise depend on future emissions (IPCC, 
2018). Sea level around Cardiff, for example, is projected to increase by 15-32cm 
under a low scenario and 20-39cm under a high scenario by 2050. By the end of the 
century, sea level around Cardiff is projected to increase by 27-69cm under a low 
scenario and 51-131cm under a high scenario (Met Office, 2018). Sea levels will 
continue to rise beyond 2100 but the amount is very uncertain. All scenarios predict 
sea level rise. Sea level rise will be greater in south Wales than the north (Figure 2), 
largely due to the rise of land masses following the removal of the heavy weight of 
ice sheets during the last glacial period. This is known as isostatic rebound.  

 

Figure 2 Projected sea level rise at tidal gauges around the Welsh coast under RCP2.6 (low 
emissions) and RCP8.5 (high emissions) scenarios.  

Values are the 50th percentile.Data source: UKCP18 projections (Met Office, 2018) 

Future risks from climate change depend on the speed, peak and duration of 
warming (IPCC, 2018). Even with stringent mitigation, global temperatures are 
projected to continue to rise by at least another 0.5°C by 2100 (if the more stringent 
1.5°C ambition of the Paris Agreement is met), with previous global commitments 
only constraining the warming to around 3°C (UNEP, 2019). Even if temperatures 
subsequently were to return to a level of 1.5°C or less above pre-industrial levels, the 
impact would be greater than if they had successfully been limited to this level 
(Hoegh-Guldberg et al., 2018). 
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4. Key Policies on Climate Change 
Adaptation and Mitigation 

International agreements 
In November 2016, the UK Government ratified the UNFCCC 2015 Paris Agreement, 
which aims to keep global mean temperature rise ‘well below’ 2°C with a target of 
limiting mean temperature rise to 1.5°C above pre-industrial levels (United Nations, 
2015). Countries also agreed to a long-term goal of adaptation to minimise the 
impact of the warming caused by past and current emissions.  

Responding to climate change and ensuring ecosystem resilience is also covered in 
the Convention on Biological Diversity, with an objective to improve carbon stocks 
through ecosystem restoration and conservation. The role of both marine and 
terrestrial ecosystems in maintaining existing carbon stores and, where possible, 
sequestering additional carbon is now well accepted as an essential component of 
climate policy. 

United Kingdom and Welsh policies 

A combination of UK and Welsh legislation provides the statutory framework for 
addressing climate change in Wales. The Climate Change Act (2008) provides the 
original underpinning policy establishing an approach to setting UK emission 
reduction targets and budgets and a framework for reviewing climate change risks 
and setting out adaptation action. It legally binds the UK to reducing emissions to 
achieve a net zero status by 2050 and sets interim 5-yearly carbon budgets along 
the way. The Act established an independent body, the UK Committee on Climate 
Change (UKCCC), to advise the UK and devolved governments on Greenhouse Gas 
accounting approaches, emissions targets and budgets, climate risks, along with 
assessing progress and recommending measures for delivery of mitigation and 
adaptation.  

The Climate Change Act requires the UK Government to publish a Climate Change 
Risk Assessment every 5 years that reviews both risks, opportunities and the need 
for further action to address them. It provides the evidence base for Government-led 
national adaptation programmes in the UK nations, including Wales. The first report 
was published in 2012 (Defra, 2012a) and the second assessment (CCRA2) in 2017 
(UKCCC, 2016). For the next iteration, a suite of research projects covering water 
resources, flood risk, socio-economic dimensions, behaviour change, thresholds in 
the natural environment and interacting risks have been commissioned  by the 
UKCCC to inform the CCRA3 report.These were published in spring 2020 – see 
https://www.ukclimaterisk.org/ccra-research/. The CCRA3 evidence report will be 
published in 2021 setting out 65 risks based on similar analysis as in CCRA2. 

The Intergovernmental Panel on Climate Change Special Report on Global Warming 
of 1.5°C, published in October 2018, was a landmark report stating that ‘limiting 
global warming to 1.5°C with no or limited overshoot, would require rapid and far-
reaching transitions … and imply deep emissions reductions in all sectors’ (IPCC, 

https://www.ukclimaterisk.org/ccra-research/
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2018). In response to the IPCC report, the UKCCC produced advice recommending 
a UK net-zero GHG target for 2050 that will deliver on the commitment that the UK 
made by signing the Paris Agreement (UKCCC, 2019). Owing to Wales facing 
greater challenges to achieve decarbonisation than other nations in the UK, 
particularly due to large agricultural and industrial sector emissions, the UKCCC 
recommended that Wales targets a 95% reduction in emissions by 2050. This 
recommendation has been accepted by Welsh Government (WG) but with an 
ambition for net zero emissions by 2050. 

Until recently, the UK’s policy commitments were insufficient to meet its own climate 
targets (Climate Action Tracker, 2020). However, in advance of the postponed 
UNFCCC Conference of the Parties in Glasgow (CoP26), the UK Government has 
revised its decarbonisation policy to produce its first separate Nationally Determined 
Contribution for the UNFCCC following Brexit. This sets out the target to reduce the 
UK’s emissions by at least 68% by 2030, compared to 1990 levels (UKGov, 2020). 
The policy objectives to deliver this challenging emission reduction target are 
outlined in a Ten Point Plan for a Green Industrial Revolution (HM Government, 
2020). Amongst the policy areas included are the expansion of offshore wind, 
hydrogen, nuclear power, zero emission vehicles, active travel, low carbon buildings, 
carbon capture technology and green finance.  

The Environment (Wales) Act (2016) provides the legal framework for Welsh 
emissions and currently sets a target of an 80% reduction in GHGs in Wales by 2050 
(Welsh Government, 2016). However, in line with the advice from UKCCC, 
regulations to revise the target to 95% reduction by 2050, with amended interim 
GHG reduction targets for 2030 and 2040, will be introduced early in 2021. In 2019, 
WG published the first Low Carbon Delivery Plan for Wales Prosperity for All: A Low 
Carbon Wales (Welsh Government, 2019a), which brings together 76 existing pieces 
of policy from across the Welsh Government, UK Government and the EU along with 
24 proposals to explore and develop future policy actions. In addition to these 
climate change specific policies, decarbonisation has been added as a sixth priority 
area in the Prosperity for All Strategy. This is a critical step in embedding 
consideration of climate change within Welsh policy. The achievement of 
decarbonisation across Wales is also implicit within the Well-being of Future 
Generations Act (2015) and its goals. The goals ‘ A prosperous Wales’ and ‘A 
globally responsible Wales’ include reference to transition to a ‘low carbon society’ 
and ‘make a positive contribution to global well-being’ respectively (Welsh 
Government, 2015). 

The climate change adaptation plan for Wales - Prosperity for All: A Climate 
Conscious Wales (Welsh Government, 2019b) was published in November 2019, 
setting out 32 actions for 2020 - 2025 to achieve a more resilient Wales through 
increasing knowledge, capacity and resilience. The main risk areas set out in the 
Plan are largely informed by the CCRA2 and the identified risks to people, 
communities, buildings and infrastructure from flooding; risks to water resources 
from drought and low river flows; and risks to ecosystems and agriculture from 
climatic changes as urgent priorities. In relation to the natural environment, the 
adoption of the following nature-based solutions are key to delivery of actions: 

  

https://gov.wales/welsh-government-welcomes-advice-climate-change-committee-set-net-zero-target-wales-everyone-needs
https://gov.wales/welsh-government-welcomes-advice-climate-change-committee-set-net-zero-target-wales-everyone-needs
https://gov.wales/welsh-government-welcomes-advice-climate-change-committee-set-net-zero-target-wales-everyone-needs
https://cyfoethnaturiolcymru.sharepoint.com/sites/smar/reporting/snrr/SoNaRR%202020/Products%20for%20website/Welsh%20Government%20(2016)%20The%20Environment%20Act%20(Wales)%202016.%20Available%20from:%20http:/www.legislation.gov.uk/anaw/2016/3/contents
https://cyfoethnaturiolcymru.sharepoint.com/sites/smar/reporting/snrr/SoNaRR%202020/Products%20for%20website/Welsh%20Government%20(2015)%20Well-being%20of%20Future%20Generations%20Act.%20Available%20from:%20https:/futuregenerations.wales/about-us/future-generations-act
https://cyfoethnaturiolcymru.sharepoint.com/sites/smar/reporting/snrr/SoNaRR%202020/Products%20for%20website/Welsh%20Government%20(2015)%20Well-being%20of%20Future%20Generations%20Act.%20Available%20from:%20https:/futuregenerations.wales/about-us/future-generations-act
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• Developing resilient ecological networks of habitats; 

• Increased woodland cover, well located for ecosystem service benefits; 

• Maintaining, enhancing and restoring flood plains and hydrogeological systems to 
reduce flood risk and improve water quality;  

• Restoration of uplands, particularly peatlands, to manage them for biodiversity, 
carbon storage, water resources and flood risk, renewable energy and recreation 
benefits. 

The Natural Resources Policy (Welsh Government, 2017), which used evidence 
from the assessment of SMNR in SoNaRR2016, outlines three national priorities for 
Wales: delivering nature-based solutions, increasing renewable energy and resource 
efficiency, and taking a place-based approach. All three of these goals will be crucial 
to addressing climate change mitigation and adaptation. The seven regional Area 
Statements for Wales recently published by NRW will help translate these priorities 
and the need for climate change action into place-based action.  

5. Impacts on Ecosystem 
Resilience and Ecosystem 
Services 

Biodiversity 
Observed Changes 

There is strong evidence that climate change is already affecting biodiversity 
in Wales. Many species such as birds and butterflies are shifting their geographical 
ranges northwards as the climate warms (Morecroft and Speakman, 2015). Climate 
change has been cited as one of the primary causes of a higher proportion of 
surface feeding seabirds experiencing frequent, widespread breeding failures in the 
Celtic Sea (MCCIP, 2020). Migratory birds are no longer travelling as far in the non-
breeding season (ASC, 2016) and some are arriving earlier in the spring and leaving 
later in the autumn.  

Climate change has already led to new species colonisations in the UK, 
including species that are currently of conservation concern. The Greater Horseshoe 
Bat has spread into North Wales over recent decades while previously it was 
restricted to the south and west of the country. Similarly, recent intertidal monitoring 
has found newly recorded non-indigenous kelp species (Mieszkowska, 2019). Some 
shifts in marine species have also already been observed.  (MCCIP, 2020).  

Spring life-cycle events, such as leafing, flowering and egg laying, have 
occurred on average nearly 2 weeks earlier over recent decades in most 
species monitored (Morecroft and Speakman, 2015). The earlier emergence of 
leaves and caterpillars is negatively affecting migratory birds like the pied flycatcher 
in Snowdonia, which rely on the caterpillars for food. Pied flycatchers do not 
overwinter in Wales and cannot easily respond to earlier warming in spring (Burgess 
et al., 2018). 

https://naturalresources.wales/sonarr2016
https://naturalresources.wales/about-us/area-statements/?lang=en
https://naturalresources.wales/about-us/area-statements/?lang=en
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Projected Changes 

Climate change will continue to alter the abundance and distribution of 
biodiversity (IPBES, 2019). Both globally and in the UK, certain groups of species 
have been found to be more at risk, particularly plants (Hoegh-Guldberg et al., 2018; 
Morecroft and Speakman 2015). Such change will have knock-on effects for whole 
ecosystems. Plant losses will affect all species that rely on them for food and shelter. 
Key ecosystem services may also be reduced, including the potential reduction in 
crop yields due to loss of pollinating insects. These impacts will be worse with 
greater warming (Hoegh-Guldberg et al., 2018; Morecroft and Speakman 2015).  In 
Wales, montane habitats, due to their isolation on mountain tops at the southern 
edge of their range, are at high risk. Additionally, coastal inter-tidal habitats due to 
sea-level rise and erosion, along with wetland communities due to their vulnerability 
to drought will be particularly sensitive to climatic changes. Some species, 
particularly those at their edge of range in Wales, are also likely to be at greater risk 
of decline, such as the gwyniad (arctic char). 

There is a general trend towards species moving northwards and upslope as 
the climate warms. Higher sea temperatures will affect marine ecosystems, which 
could lead to further changes in species distributions, with cold water adapted 
species most affected (MCCIP, 2020). Changes to species’ ranges will also alter the 
spread of invasive species, pests and diseases [see INNS Chapter]. As a result, 
damage from pests and diseases will also increase due to climate change (IPBES, 
2019). It is likely that the Pacific oyster, which was introduced to southern England to 
supplement the shellfish industry, will be able to successfully spread to Wales by 
2040, as sea temperatures increase.  

Where species are unable to disperse and shift their range, either due to 
barriers to movement or being unable to disperse at the pace of warming, they 
will be at risk of localised extinctions (IPBES, 2019). This is likely to be a 
particular problem for species which have lower dispersal rates or face fragmented 
habitats. Rarer species of conservation concern by their nature often have more 
specific environmental and habitat requirements which mean they face greater 
challenges to disperse than widespread species. For instance, lowland semi-natural 
grasslands in Wales are very fragmented, which could limit species’ ability to move 
as the climate changes, increasing their risk of extinction. See semi-natural 
grasslands chapter for more information. Scarce arctic alpine plants in the Welsh 
mountains are also extremely vulnerable as they may run out of higher locations to 
move to and will face competition from species that have previously been found at 
lower elevations as these move higher to track the changing climatic conditions. 
There is good evidence from long-term monitoring of montane vegetation across 
Europe that accelerating increases in species richness on summits is a climate-
induced change likely to threaten rare mountain species (Steinbauer et al., 2018).  
Localised extinctions could have knock-on effects, particularly for species that 
depend on a limited number of species as a pollinator, disperser or as a source of 
food.   

Changes to the timing of events such as budding and flowering in plants, egg 
laying and hatching in birds, breeding in mammals and the emergence of insects will 
continue to change further (IPBES, 2019). For example, the migration of both the 
Palmate Newt and Smooth Newt has been shown to be earlier at a site in mid-Wales 
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(Chadwick et al., 2006). However, monitoring of the timing of flowering of 80 species 
on Snowdon has resulted in a variable response with some species showing earlier 
flowering while others were later or showed no change (Turner and Bowmaker, 
2016). 

Extreme weather events, such as floods, droughts and heatwaves, will also 
affect biodiversity, through direct mortality or reduced reproductive success. 
Depending on the frequency of these events, species may or may not recover. 
Recent intertidal monitoring surveys found heat damage to high shore fucoid 
seaweed species in Wales and across the UK during the 2018 summer 
(Mieszkowska, 2019). Heat stress will also affect livestock and has been shown to 
negatively affect dairy production (Polsky and von Keyserlingk, 2017). Community 
composition changes in macro-invertebrates have been identified in headwater 
streams in Wales. Studies over many decades show their sensitivity to climatic 
changes in terms of changing precipitation, thermal regimes and oxygen 
concentrations in combination with the historical legacy of acidification e.g. Durance 
and Ormerod, 2007. 

Ocean waters around the UK are also likely to become more acidic and contain 
less dissolved oxygen with climate change (MCCIP, 2020). This could have a 
particularly significant impact on shellfish fisheries in Wales (MCCIP, 2020).  

People and the built environment 
Observed Changes 

In the UK, the number of cold days has decreased, while the number of warm days 
has increased (UKCCC, 2016). Despite this, cold weather is still a significant health 
problem in the UK. There were approximately 23,200 excess winter deaths in 
England and Wales in the 2018 to 2019 winter. Winter deaths across the UK 
declined significantly from the years 1950 to 2000 but with no clear trend since then 
until Covid-19. Excess winter deaths In Wales in the 2018 to 2019 winter were 
significantly lower than all years since the 2013 to 2014 winter (ONS, 2019). Recent  
excess deaths data has been complicated by the impacts of Covid-19. For the most 
up to date statistics on excess winter deaths see the ONS website. 

There are around 2,000 heat-related deaths per year in the UK (Hajat et al., 2014). 
But in the hot summer of 2018, there were an estimated 8,500 heat-related deaths 
among the over-65s in the UK, which is over twice the average for the years 2000 to 

2004 (Watts et al, 2020).  

Projected Changes 

Climate change will marginally reduce the risks associated with cold weather. 
However, higher temperatures will have a significantly increased impact on 
human health and well-being, including heat stress and an increased need for 
cooling. The number of heat-related deaths in the UK are projected to increase by 
over 250% by the 2050s, due to a combination of climate change, projected 
population growth, and ageing (Hajat et al., 2014). The percentage increase in 
Wales is expected to be slightly greater than the UK average due to the relatively 
older demographic. Overheating of buildings particularly affects urban areas. Climate 
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change is likely to exacerbate urban heat island effects which could lead to buildings 
overheating in the summer, particularly during heatwaves (Kovats and Osborn, 
2016). Hotter summers are likely to exacerbate ozone pollution episodes that can 
have significant impacts on human health and the environment. [see Urban chapter 
and Air Quality chapter]  

Warmer temperatures could provide greater opportunities for outdoor 
activities and increase the length of the tourist season in Wales. However, changes 
to water resources have been identified as a risk to this opportunity. Demand for 
water quadruples in coastal areas in the summer. With projected drier summers, this 
demand might not be met and could instead limit the Welsh tourist capacity (ADAS, 
2010). 

Extreme events and sea level rise 
Observed Changes 

Evidence suggests that there has been an acceleration of sea level rise in 
recent years of up to 4 mm per annum (IPCC, 2014). This has already led to the 
loss of some coastal habitats and damage to coastal communities and infrastructure. 
While it is not possible to confidently attribute individual recent extreme weather 
events like floods and droughts to climate change rather than inter-annual variability, 
there is increasing research that shows that the likelihood of many recent climatic 
extremes such as the 2018 heatwave have been significantly increased by 
anthropogenic climate change. Moreover, the recent pattern of global extreme 
events is consistent with future climate change projections. 

Projected Changes 

More intense rainfall and rising sea levels will increase the risk of flooding in 
Wales. It is projected that mean winter precipitation in Wales will be on average +9% 
by the 2050s compared to a 1981-2000 baseline based on a ‘high’ RCP8.5 scenario 
(Murphy et al., 2018). A greater proportion of warmer, wetter and windier weather 
resulting in more wet days in winter underlies this expected change. The most recent 
downscaled climate models provide clear evidence of a shift to more intense hourly 
rainfall in all seasons that may drive increased frequency of flash flooding events. 
The risk to the population will be particularly great in urban areas [LINK TO URBAN 
CHAPTER]. Managing the risk from flooding is a priority for the Welsh Government 
and current estimates show that over 245,000 properties in Wales are at risk from all 
sources of flooding (NRW, 2019). Flooding has a wide range of impacts on 
communities, including loss of homes, income and negative effects on mental health 
and well-being over long periods of time [see Aim 3 Healthy Places assessment and 
Urban chapter]. As well as the impact on urban areas, flooding could damage 
valuable farmland (Keay, 2020), cause detriment to water quality, and subsequently 
impact on biodiversity and ecosystem resilience. [see Enclosed Farmland chapter] 

Sea level rise will continue to cause increased erosion of coastal habitats as 
well as threatening infrastructure such as railways. For example, by 2050 (based 
on a ‘high’ RCP8.5 scenario) sea level rise in Cardiff is projected to be between 20 – 
39cm higher (Palmer et al., 2018). Increased erosion rates due to greater wave 
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action could lead to some coastal ecosystems being lost. Saltmarsh in particular is 
an important means of flood mitigation as it absorbs wave energy and can reduce 
impacts of storm surges. [see Coastal Margins chapter]. Increased erosion will also 
result in the loss of productive agricultural land and poses a significant threat to 
historical assets that are located along the coastline of Wales. Where the coastline is 
defended, erosion and sea level rise coupled with competing pressures such as 
development results in loss of habitat such as saltmarsh due to coastal squeeze. 
Most, though not all, human communities are likely to be defended, at least in the 
medium term. The impacts of sea level rise are also linked to the potentially 
increased incidence of storms (Welsh Government, 2019b). Sea-level rise also 
presents a low risk of saline intrusion into aquifers and agricultural land in Wales. 
Shoreline Management Plans provide a mechanism to coordinate the planned 
management of the coast (SMP2). 

Drier summers could lead to increased pressure on water resources and the 
natural environment, leading to more frequent droughts. Mean summer 
precipitation is projected to be -19% by the 2050s based on a ‘high’ scenario defined 
as rainfall occurring on fewer days but with greater intensity (Murphy et al., 2018). 
Some ecosystems will be more vulnerable than others. Enclosed farmland is likely to 
be more vulnerable to summer droughts than semi-natural grasslands. Wetland 
ecosystems are also at risk from drier summers as they contain many species that 
are adapted to saturated conditions. Summer river flows are likely to decrease 
across the UK (Watts and Anderson, 2016). Changes to water availability are likely 
to lead to changes to the energy generated through hydropower.  

Freshwater species are particularly sensitive to low flows, as there is less dissolved 
oxygen available for them. This problem is likely to be exacerbated by climate 
change with warmer river water having lower dissolved oxygen concentrations. 
However, these impacts can be managed through reducing pollution to improve 
water oxygenation and enhance their resilience (Verberk et al., 2016).  

Under a high climate change scenario, by the 2050s, the abstraction demand is 
projected to outweigh the available water resources across the whole of Wales 
(Counsell et. al., 2015). In many areas, all available water is needed for 
environmental flows, leaving none left over for human uses.  

Drier summers and increased drought could also increase the wildfire risk in Wales. 
Using the McArthur Forest Fire Danger Index, increases of fire risk of 30-40% are 
projected for the Pembrokeshire Coast and Brecon Beacons, and 40-50% for 
Snowdonia by the 2080s compared to 1980s (Defra, 2012b).   

Extreme events can also alter water quality. Heavy rains and flooding can alter 
water quality through soil erosion as well as the transfer of excess nutrients and 
other pollutants from terrestrial to aqueous ecosystems (Ormerod and Durance, 
2009).  
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Land use and soils 
Observed Changes 

Land use and land management are the key drivers of change in soil status [see 
land use and soils chapter], however, climate is another key factor. To date, land 
management has had the greatest impact on soil health (ASC, 2016). It is estimated 
that climate change accounted for 9–22% of carbon loss in organic soils of semi-
natural habitats throughout England and Wales from 1978–2003 (Barraclough et.al., 
2015). While in organo-mineral/mineral soils in agricultural land, less than 5% of 
reduction in carbon concentration could be linked to climate change. Unfortunately, 
there is very limited monitoring of soils in the UK, and almost none in Wales. Climate 
change has driven an increase in the length of the growing season by 15-35 days 
since 1961-1990 (Kendon et al., 2015), which has resulted in increased plant 
productivity.  

Projected Changes 

The impact of drought on soils, and the ecosystem services that they provide, 
is likely to be significant. The majority of projections suggest reductions in soil 
moisture are likely across the UK with climate change (Brown et al., 2016).  Climatic 
moisture (and soil moisture) has been found to be positively related to topsoil carbon 
(Alison et al., 2019), therefore drought conditions could reduce carbon storage in 
soils. Peatland formation needs cool and wet conditions. Given that a large 
proportion of peatlands are already degraded and emitting carbon,  climate change 
could further exacerbate the loss of greenhouse gases from peatlands (ASC, 2016). 
On average, drier summers combined with wetter autumn and winter conditions are 
likely to increase soil erosion and carbon loss. [see land use and soils chapter and 
Mountains, Moorlandss and Heaths chapter] 

These projected changes to soils are likely to constrain land use in certain areas. 
Land quality could reduce, changing the areas that are the most productive  
(Brown et al., 2016). The agricultural quality of some land in Wales is projected to 
decrease due to drought (Keay et al., 2014) and some will be lost due to sea level 
rise (Keay and Hannam 2020). [see land use and soils chapter]. However, there is 
still significant uncertainty over how soils will respond to climate change (Rollett and 
Williams, 2019), and it is inevitable that physiography and soil types will continue to 
dictate land use options in Wales, and limit the potential for new crops.   

A longer growing season may increase the production of some crops and 
grass fodder (Morison and Matthews, 2016). However, increased winter rainfall will 
exacerbate waterlogging and poaching so that access for livestock or land 
management will likely be more restricted, particularly in winter [see land use and 
soils chapter]. 

Increased carbon dioxide concentrations in the atmosphere could increase the 
carbon sequestration rates by both crops and trees and increase forest productivity 
(ASC, 2016). However, it is important to recognise that this may be countered by 
projected reductions in water availability and drought in summer. Woodland 
management will need to be adapted to the potential threats of drought, increased 
pest and diseases, and wind damage. For example, more frequent green spruce 
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aphid attacks could reduce Sitka spruce (a key productive timber species) growth in 
Wales. A wider range of tree species and greater genetic diversity could provide a 
risk management strategy for new woodlands [see woodlands chapter]. 

6. Opportunities for Action 

Mitigation 

Nature recovery and habitat restoration will be crucial to climate change 
mitigation by both reducing emissions and increasing carbon sequestration 
from ecosystems. The UK Government target and UKCCC recommendation for 
a Welsh net zero emissions target for 2050 necessitates ecosystems playing a 
key role in their attainment (UKCCC, 2020a).The Welsh Government plans to 
increase the tree cover in both urban and non-urban areas, including expanding both 
productive conifer forests and biodiverse broadleaved woodland. The target is to 
increase woodland cover by at least 2000 hectares per year from 2020 to 2030 
(Welsh Government, 2019a). All woodland restoration efforts must ensure that 
replanting uses species that are appropriate for the current and future climate. 
Restoring forests is less effective if delayed, therefore it is important for ecological 
restoration to be prompt (UKCCC, 2020b). It will be critical to ensure that new 
woodland is planted in the right place so that expanded woodlands are consistent 
with solutions to the nature emergency as well as capturing carbon.  

Restoring peatlands and other soils is also key to maintaining carbon storage 
and reducing GHG emissions. Avoiding damage and erosion is important for 
retaining existing carbon stores in soils and vegetation. Peatland soils comprise 
the single largest terrestrial store of carbon in Wales with an estimated 
66 Mt (megaton) across the Welsh peatland resource (Williamson et al., 2019). 
Careful restoration and management of organic soils, especially deep peat which 
occupies around 4% of Wales, are particularly critical to achieving net zero goals 
(UKCCC, 2020b). Improving the condition of upland peat can involve blocking 
artificial drains and re-establishing peat-forming vegetation. Although  peatland 
restoration can take decades to achieve well developed peat-forming vegetation that 
may be able to sequester carbon with greatly reduced GHG emissions; reduced 
emissions through raising water tables and revegetation can be achieved within a 
few years  (Vanguelova et al., 2012). [see mountains, moorlands and heath chapter]  

Appropriate agricultural practices are also important to maintaining healthy 
ecosystems in the face of climate change. Sustainable agriculture can maintain 
soil carbon stores, help regulate water quality and contribute to other ecosystem 
functions (IPBES, 2019). Fertiliser use is also a major contributor to greenhouse gas 
emissions from agriculture, both in terms of the energy needed for its production and 
the nitous oxide emissions from soils arising from its application. Furthermore, 
fertiliser is also attributed to water pollution [see enclosed farmland chapter and 
freshwater chapter].  

Reducing and better targeting fertilizer use will be important for climate change 
mitigation. Reducing ploughing can help maintain soil organic carbon and increase 
its ability to hold water and resist erosion (Brown et al., 2016). Hedgerow 
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management to enhance carbon storage through their restoration and planting has 
been identified as another valuable action (UKCCC, 2020b). The 61,670 km of 
hedgerows in Wales reported by Maskell et al. (2019) have been estimated to 
sequester an additional 3.1 Mt CO2e above the baseline carbon stocks for field 
margins (Axe, 2020). Improving all hedges to favourable condition and increasing 
their width and height provides the potential to sequester a further 3.0 Mt CO2e. 

Apart from woodland creation, other land use changes proposed by the UK 
Committee on Climate Change include developing bioenergy crops on around 
56,000 ha of agricultural land by 2050 (UKCCC, 2020a). This could include 
production of short rotation coppice. There is also a potential role for agro-forestry 
systems [see land use and soils chapter]. 

Enhancing blue carbon through protecting and restoring marine and coastal 
ecosystems is another contributor to meeting mitigation goals. Blue carbon is 
the term for carbon stored in marine and coastal ecosystems, including salt marshes, 
seagrass beds and seaweed habitats (Senedd Research, 2019). It has been 
estimated that Welsh marine habitats sequester at least 26,100 tonnes of carbon 
each year. This amount could be increased by protecting and restoring habitats such 
as saltmarsh and seagrass as well as greater protection of the seabed (Armstrong et 
al., 2020).  [see coastal margins chapter and marine chapter] 

Adaptation 
Restoring damaged ecosystems, such as woodlands, peatlands, rivers and 
wetlands, will contribute to adaptation and increase resilience of the natural 
environment. Restored habitats will help species movement across the landscape 
as a response to warming. In addition, increasing plant cover in suitable habitats can 
reduce soil erosion while measures must also be taken to maintain good soil 
structure. Restoring trees and hedgerows on farmland will have added adaptation 
benefits of providing shelter and shade for livestock.  

On the coast, where saltmarsh is being lost due to sea level rise, it is being replaced 
through managed retreat projects as part of the National Habitat Creation 
Programme. Such habitat creation along the coast can act as a natural defence and 
buffer to the impacts of storms and sea level rise through flood protection and water 
storage.    

Further adaptation measures will also be needed to protect biodiversity in a 
changing climate. There are a broad array of adaptation measures that are 
applicable across different ecosystems; habitat by habitat and species by species 
approaches have been set out in the Natural England Climate Change Adaptation 
Manual (Natural England and RSPB, 2019). These include increasing the size, 
condition and connectivity of protected areas, directly managing the rarest and most 
vulnerable species, and examining the potential for managed translocations of 
species to areas that become more climatically suitable for them (Brown et al., 
2016). While active intervention options are more limited for marine species, there is 
potential for adaptation through the network of Marine Protected Areas.  

https://naturalresources.wales/sonarr2020themes.
https://naturalresources.wales/sonarr2020ecosystems
https://naturalresources.wales/sonarr2020ecosystems


 

SoNaRR2020 Theme: Climate Change  23 

There is increasing evidence of the effectiveness of adaptation measures. 
Some important data from Welsh macro-invertebrate studies (Vaughan and Gotelli, 
2019), reveal how improved water quality acts as a means of offsetting potential 
adverse impacts due to water temperature increase. Such evidence illustrates how 
reducing other stressors can improve resilience to climate change. Active 
management was found to increase the resilience of black grouse populations in 
Wales to unfavourable weather conditions (Pearce-Higgins et al., 2019). Reducing 
habitat fragmentation and increasing connectivity was projected to help butterflies in 
the UK respond to climate change (Oliver et al., 2015).  

Urban and rural green infrastructure can deliver adaptation benefits and is also 
associated with a number of ecosystem services, including improving air quality 
through trapping pollutants. Urban greenspaces, especially those with trees, can 
reduce local surface temperatures and provide cooling and shading for people and 
buildings. [see Urban chapter]. In rural areas, there are also clear adaptation 
benefits, for example, restored riparian woodlands act as shade to reduce warming 
in Welsh streams and potentially enhance resilience of food webs by increasing 
biomass (Thomas et.al., 2015). Green infrastructure can also provide food and 
habitat for pollinators and contribute to habitat connectivity and nature recovery.  

Sustainable drainage systems (SuDS), which manage water flow to reduce 
flooding, can be an important climate change adaptation measure in urban 
areas. The Greener Grangetown project in Cardiff has involved retrofitting SuDS 
Well-designed SuDS can provide multiple benefits, including surface water flood 
mitigation, biodiversity enhancements and wider well-being and recreation benefits. 
[see Urban chapter]. 

A range of measures must be put in place to reduce the risk of river and flash 
floods. The National Strategy for Flood and Coastal Erosion Risk Management 
(Welsh Government, 2020) recognises that a more holistic approach is needed to 
manage all types of flooding, in order to encourage wider resilience and to improve 
awareness and delivery of sustainable flood management schemes that deliver 
wider well-being benefits.  

Introducing natural flood risk management measures, such as river and flood plain 
restoration and leaky barriers either in isolation or in conjunction with more traditional 
engineered defences, can help to increase water storage and improve a river’s ability 
to manage flood water. For example, flood alleviation schemes like the Swansea 
Vale Flood Storage Area are designed to create more space for water. Natural flood 
management interventions will be most effective in small catchments (Keenleyside 
and Old, 2019).  

Interventions upstream of flood-prone areas, in headwaters, can also help reduce 
flood risk. This could include restoring upland peat through vegetation management, 
grip blocking or gully blocking (Keenleyside and Old, 2019). For example, in the Afon 
Merin catchment installation of woody in-stream structures designed to hold up the 
flows and provide conditions for flood plain restoration that deliver flood flow 
attenuation, delay in time to peak, and low flow protection in the summer months  

Agricultural and run-off pathway management interventions could also alleviate 
localised flood risk. Although natural flood management options can reduce peak 
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flows, they cannot prevent all flooding, particularly large scale events as seen in 
Wales during February 2020. However, they can be a valuable contribution when 
combined with hard defences. More traditional engineered flood defence 
infrastructure will still be needed in the areas of highest flood risk. As climate change 
will lead to larger floods with increasing frequency, maintaining and updating existing 
defences to ensure they can cope with the changing levels of risk is also important.  

Similar adaptation strategies can be put in place along the coast. Some 
measures, such as beach nourishment, work with the natural processes but reduce 
the risk of flooding and coastal erosion. In addition, constructing flood defence walls 
and embankments, such as in Newport to protect against tidal flooding, can protect 
against higher coastal floods. In other areas, such as Cwm Ivy, managed 
realignment, which allows the shoreline to move naturally, is more appropriate. 
Shoreline Management Plans (SMP2) will be crucial to decision-making to protect 
Wales’ coastline [see Coastal Margins Chapter] 

An increased drought-risk may at least be partially alleviated by irrigation and 
increased water storage (Brown et al., 2016). This will be particularly important for 
agricultural land. Soil, water and crop management will be central to farm-level 
adaptation (Brown et al., 2016). The drought plans of both NRW and the water 
companies operating in Wales provide a flexible framework for identifying and 
managing drought events, including regulating abstractions [see water efficiency 
chapter].  

Behavioural change will also be an important adaptation in the water sector, 
particularly the response to increased risk of droughts. Ensuring water use efficiency 
will be key to managing the water demand during dry periods and drought 
conditions. Reducing use, encouraging re-use and rainwater harvesting can also be 
used to reduce the impacts of droughts. [see water efficiency chapter]. Behavioural 
change is also important for adapting to increased flooding, as recognising that 
flooding will occur and taking appropriate action will be necessary.  

7. Synergies, Trade-offs and 
Challenges 

Synergies 
Many mitigation and adaptation policies will have synergies with one another, 
leading to multiple benefits. For instance, the benefits of tree planting beyond 
storing carbon are widely recognised, including alleviating flood risk, improving air 
quality, providing additional habitats and for recreation and well-being (UKCCC, 
2020b). Similarly, flood plain and saltmarsh restoration provide additional habitats 
and can benefit a wide range of species. Protecting and restoring nature can 
contribute to both wider climate change mitigation and adaptation benefits, such as 
some flood risk reduction and reducing erosion risks.  
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Trade-offs 
Responding to climate change is likely to lead to trade-offs, particularly 
between competing land uses. For instance, setting aside land for biodiversity 
protection, ecosystem restoration or bioenergy could take space away from 
agriculture [see Land Use Chapter] Tree planting on agricultural land may involve 
excluding grazing in the short to medium term as mature trees take decades to 
develop. While much of Wales is rural with low population density, there are limited 
areas of high value agricultural land and strong pressure for development on flood 
plains due to topography. Such challenges mean that competition for land will be an 
increasing issue in the future. 

Climate change will also pose a significant challenge for the flood defence 
infrastructure on flood plains and along the coast. Flood protection infrastructure 
cannot continually be updated to protect against increasing flood levels. Natural flood 
risk management techniques will not be suitable everywhere and will not help reduce 
risk from larger flood events. Therefore, difficult decisions must be made over where 
investment is to be prioritsied.  

At the coast, protecting coastal communities can increase erosion elsewhere along 
the coastline. Coastal defences to protect properties can also lead to the loss of 
coastal habitats through coastal squeeze [see coastal margins chapter]. In addition, 
building flood defences can also reduce public perceptions of the true risk of flooding 
(Street et al., 2016). In some areas, there is a conflict between protecting flood plains 
and coastal areas and the economic drive to keep places vibrant. Similar issues 
apply with river defences, where flooding problems can be displaced elsewhere [see 
urban chapter]. 

Bioenergy crops will be necessary to achieve a low carbon economy but this 
could lead to significant trade-offs (UKCCC, 2019; 2020b). Some bioenergy crops 
can have negative effects on biodiversity, food security, water security and local 
livelihoods (IPBES, 2019). Trade-offs could be minimised by making better use of 
existing agricultural and forestry waste for energy to reduce the need for planted 
energy crops. [see land use and solis chapter]  

Peatland, and particularly a high proportion of lowland peat, has been drained and 
converted for agriculture thereby resulting in very high per hectare greenhouse gas 
emisssions. Rewetting many of these areas and creating alternative agricultural 
approaches and income will be challenging and there will need to be trade-offs 
(UKCCC, 2020b). Paludiculture (the production of crops on rewetted peat), is a 
potential solution that requires further development of techniques and the potential 
for their application in Wales (NRW, 2020). [see mountains, moorlands and heath 
chapter]. 

Challenges 

There will also be challenges with the delivery of adaptation and mitigation 
policies. For instance, reduced meat and dairy consumption is an efficient way of 
reducing greenhouse gas emissions but implementing this could be a significant 
challenge as it requires lifestyle changes and can impact on the economies of rural 
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communities. Although there is a greater awareness of environmental issues, large-
scale changes in behaviour are yet to be seen.  

In addition, damaged ecosystems can be difficult, time consuming, and 
potentially expensive to restore depending on the amount of damage. Farmers 
may not have the necessary skills for woodland management on agricultural land 
(Keenleyside and Old, 2019). The additional costs of managing restored habitats in 
the longer term must also be considered. For instance, in urban areas, there may be 
insufficient resources to manage greenspace. As a result of these constraints, low-
regrets options and those strategies that can be supported through existing 
programmes are often favoured. Limited financial resources can restrict adaptation 
and mitigation options and may require activities to be prioritised. Effective mitigation 
and adaptation are urgent to limit warming and protect ecosystems. Prioritising some 
targets over others could prevent holistic management and undermine resilience.  

Despite the creation of new woodland being a Welsh Government priority, there has 
been limited progress towards these targets. Current rates of woodland creation are 
not sufficient to meet the longer-term targets. [see woodland chapter] As discussed 
above, carefully selecting suitable tree species is paramount to achieving climate 
change adaptation and mitigation targets through woodland creation. 

In terms of providing incentives to reduce emissions from agriculture through both 
changing land use or improving efficiency, the new sustainable land management 
scheme for Wales will be a crucially important for reducing agricultural emissions 
which is a major challenge. 

Uncertainty is one of the largest barriers to adaptation. Although it is clear that 
the climate is changing, precise information on the magnitude and timing of climate 
risks will never be available. Adaptive management decisions must be made in the 
face of uncertainty and strategies must be regularly monitored and assessed.  

It is important to remember that climate change will interact with all other cross-
cutting themes and that there are complex interactions between the drivers of 
change to ecosystems (IPBES, 2019). Coherence between policies is key to 
reducing trade-offs, avoiding maladaptation, and maximising synergies.The strategic 
policy framework in Wales as set out in the National Development Framework, 
Wales National Marine Plan and the Land Use Framework provides a mechanism to 
integrate land use planning, land management, marine and coastal planning and 
management. It also encourages movement towards a whole system-based 
approach to achieving net zero emissions and biodiversity goals. 

  

https://naturalresources.wales/sonarr2020ecosystems
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8. Evidence Needs 
In the context of SoNaRR, evidence needs are those that would contribute to a 
better understanding of climate change in order to assess the sustainable 
management of natural resources. Key questions that need to be considered 
include:  

• Is Wales’ network of habitats sufficiently connected to be resilient to climate 
change, through allowing species movement?  

• What ecosystem tipping points might affect Wales?  

• How resilient are coastal environments?  

• How might changes to species distribution and abundance affect well-being? 

• What are the direct effects of climate change on health? 

• Where is there the greatest potential for increasing carbon storage and reducing 
emissions from land? 

• What are the likely recovery times for ecosystems and species? 

• What needs are there to relocate species at risk of local extinction?  

A research priority identified within the CCRA2 (UKCCC, 2016) was new and 
emerging pests and diseases, and invasive non-native species affecting people, 
plants and animals 

The CCRA3 will be reviewing evidence needs but this was not available to inform 
SoNaRR2020. 

  

https://www.ukclimaterisk.org/
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