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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.
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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.
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Introduction to the four aims of
SMNR
SoNaRR2020 assesses Wales’s progress towards SMNR individually against four
aims of SMNR, but it is important to note that they are inextricably linked and should
not be seen in isolation (Figure 1). Wales cannot work towards healthy places for
people without resilient ecosystems and cannot make our ecosystems resilient
without safeguarding stocks of natural resources. The regenerative economy
safeguards and restores those stocks and is the route to the transformational change
needed to achieve SMNR.

Figure 1 The linkages and cyclical nature of the four aims of SMNR.
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SMNR Aim 1: Natural resources are
safeguarded and enhanced
Success would see over-exploitation of natural resources tackled to make sure they
are regenerated and enhanced to meet the needs of current and future generations.
Non-renewable resources such as aggregates and fossil fuels would be used
sustainably, and, where that is not possible, substitutes used to meet future needs.
This applies to Wales’s use of natural resources and its impact both within Wales
and globally.
Here “natural resources” includes (but is not limited to):
•
•
•
•
•
•

Animals, plants and other organisms
Air, water and soil
Minerals
Geological features and processes
Physiographical features
Climatic features and processes
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Summary – natural resources are
safeguarded and enhanced
This assessment focuses on the quantity and quality of Wales’s natural resources
and Wales’s impact on global natural resources to assess progress against the first
aim of sustainable management of natural resources (SMNR) ensuring natural
resources are safeguarded and enhanced.
The Earth’s natural resources sustain us as human beings. They include air, water,
soil, rocks and minerals, and all living things. They are the basis of our economy:
everything we buy, sell or use is either a natural resource or is made from natural
resources. Some stocks of natural resources (also known as natural capital) are
considered to be critical to human well-being, and so should not be depleted.
If everyone on the planet consumed the same amount of natural resources as we do
in Wales, then 2.5 planets would be needed to provide all the necessary resources
and absorb the waste. Wales relies on the import of resources from other nations,
which not only hampers meeting the well-being goal of securing a “Globally
Responsible Wales”, but is itself under threat as other nations compete for those
resources.
The SoNaRR2020 ecosystem and cross-cutting theme chapters identify the current
pressures on these natural resources, both within and outside Wales, summarised in
the Natural Resource Registers for each broad ecosystem. Climate change, pollution
of air and water, land use change, agricultural intensification and invasive species
are all identified as having a significant impact.
Overall, we have concluded that Wales’s natural resources, and those we use from
other countries, are not safeguarded or enhanced to the degree that we can say we
are achieving sustainable management. We are still using resources at an
unsustainable rate and SMNR Aim 1 is not yet being achieved.
There are many opportunities for action to safeguard and enhance natural resources
used in Wales and to make progress towards achieving this aim. These are
summarised into four areas:
•
•
•
•

Decarbonise: Decarbonisation and carbon sequestration will provide multiple
benefits;
Improve land management: Changes in the way land is managed and used for
agriculture, forestry and development should be considered to improve
sustainability;
Recognise biodiversity as an asset: It needs to be recognised that biodiversity
is an asset, or a stock, and that it is declining;
Address the impacts of resource use: As a society, we need to address our
over-use of resources and its impact both in Wales and globally.
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Introduction: Assessing the
sustainability of the stocks of
Wales’s natural resources
This chapter focuses on the quantity and quality of the natural resources Wales has,
also known as natural capital assets. We consider Wales’s ecological and material
footprints and bring together the findings from the SoNaRR2020 ecosystem and
cross-cutting theme assessments. We show where Wales’s use of natural resources
is threatening the sustainable management of stocks of natural resources.
The first Aim of the Sustainable Management of Natural Resources (SMNR) is to
tackle over-exploitation and ensure natural resources are safeguarded and
enhanced to meet the needs of current and future generations. This requires
exploring how to utilise resources more sustainably and put appropriate substitutes
in place where depletion is unavoidable. It is important to remember that Wales’s use
of natural resources can cause impacts within Wales and globally through imports
and exports, pollution and waste. Stocks of natural resources are an important
consideration when assessing ecosystem resilience. Ecosystems with diminished
stocks will not be resilient.
Over-exploitation of natural resources drives the two main existential threats to
humankind. These are elevated levels of species extinction, and human-induced
climate change (IPBES, 2019). Although both threats are interconnected because
they share common drivers, in some respects the nature crisis is both more complex
and less well recognised.
To achieve the sustainable management of natural resources through Aim 1, strong
sustainability principles need to be applied to all renewable resources. This seeks to
avoid any degradation or depletion of renewable natural capital. However, it does not
make sense to apply strong sustainability to non-renewable resources. Here the
objective is to ensure that:
•
•

there are sufficient reserves to allow time for substitutes to be found; and
the depletion is matched by the accumulation of other capital stocks

Taking an ‘inclusive wealth’ approach (the social value of all of a country’s assets,
United Nations Environment Programme, 2018) would enable adoption of both
strong sustainability principles for renewables and weak sustainability principles for
non-renewables, for example applying the concept of Adjusted Net Savings
(Hamilton and Hartwick, 2017). Adjusted Net Savings considers a country’s
sustainability by measuring the change in wealth in a specified accounting period. It
takes into consideration the consumption of fixed capital, investment in human
capital (education), estimates of depletion of natural resources and damage from
carbon dioxide and particulate emissions (this is the Wealth Accounting and
Valuation of ecosystem services or WAVES approach the World Bank takes).
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Consumption of goods and Wales’s impact on the
rest of the world
People use a range of goods derived from natural resources in Wales. Some of
these remain in Wales and others are exported. In addition, Wales imports a range
of goods from across the world to keep up with consumer demand. Currently, the
balance is wrong. We can see this by looking at Wales’s ecological and overseas
footprints.

Wales’s ecological footprint: the big problems
According to 2015 estimates, if everyone on the planet consumed the same as the
Welsh average, 2.5 planets would be needed to provide the necessary resources
and absorb associated waste (Welsh Government, 2019a). Despite Wales being a
world leader in household recycling, we continue to use up resources faster than
they can be replenished (Welsh Government, 2019a) and some resources cannot be
replenished at all. This means Wales is not currently living within the limits of the
planet. Far more is being consumed than the environment is capable of replenishing
or that people can identifiy as sustainable alternatives.
To ensure natural resources will be available for future generations, they must be
used sustainably. If depletion of natural resources is unavoidable, substitutes should
be put in place to ensure longevity. This applies to Wales’s use of natural resources
both within Wales and globally. Imports and exports of natural resources, pollutants
or waste all contribute to the effect Wales has on the environment.
The planetary boundaries framework (Rockström et al., 2009; Steffen et al., 2015)
identified nine “Earth life-support systems” including consumption of water, carbon
dioxide (CO2) levels and biodiversity loss: these systems regulate the stability and
resilience of the Earth. Crossing the boundaries increases the risk of large-scale and
irreversible environmental changes. Not all of these systems are currently
measurable. For those systems that are measurable, Europe already exceeds the
planetary boundaries for biogeochemical flows (nitrogen and phosphorus cycles) and
land system change, but is within the limits of freshwater use (European
Environment Agency, 2020).
Wales’s overseas footprint is considered further in the chapter on Aim 4 that looks at
a regenerative economy.
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Summary assessment of the stocks
(extent and condition) of Wales’s
natural resources
Our ecosystem and thematic technical chapters present the detailed evidence used
in the assessment against SMNR Aim 1. This section picks out some relevant key
points from those chapters and a brief summary of the evidence they present.

Water
Climate Change is impacting water availability and flow and these impacts are
predicted to continue and get worse.
Climate change is projected to increase the frequency and intensity of droughts,
fluvial and coastal floods and heatwaves (IPBES, 2019). Climate change scenarios
project less water will be available in watercourses and reservoirs due to extended
dry weather periods (Freshwater natural resources register). Drier summers could
lead to increased pressure on water resources and the natural environment, leading
to more frequent droughts (Freshwater natural resources register).
Across the UK, the period 2009-18 has been 1% wetter than 1981-2010 and 5%
wetter than 1961-90 with total rainfall from extremely wet days increasing by 17%
(Met Office Hadley Centre, 2018). Climate change is expected to restrict the supply
of water whilst population growth will add to demand. The population in Wales is
projected to increase by 400,000 from the current 3.1m by 2050 (Office for National
Statistics, 2020). Despite predicted population growth, Wales currently has a
supply/demand surplus in its water supply, and is expected to remain in surplus by
the 2050s even under high population and high climate change scenarios (Dŵr
Cymru, 2019) (Freshwater natural resources register).
Pollution and physical modification are affecting ecological status of
freshwater.
Pollution and physical modification are the major reasons that freshwater
ecosystems fail to reach good ecological status under the Water Framework
Directive (WFD) (Figure 2) and favourable condition under the Habitats Directive
Article 17 reporting (Freshwater natural resources register).
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Figure 2 Summary of reasons for not achieving WFD Good status for rivers and lakes (NRW,
2020a).

The two sectors causing the highest number of freshwater pollution incidents in
Wales are sewage management and agriculture (primarily the dairy industry) (NRW,
2020b). (Figure 3)

Figure 3 The proportion of pollution incidents by sector, 2014-2019 (NRW, 2020b).

It is important to remember there are also likely to be impacts associated with
resource use on ecological status overseas, although this has not been measured in
this assessment.
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Marine
Marine ecosystems are under pressure from climate change, some human
activities, invasive non-native species and inputs from freshwater catchments.
In the marine environment, despite major improvements in water quality in recent
years, there continues to be inputs from various sources that affect condition and
functioning of habitats and species (Marine natural resources register). Water quality
is a priority issue in the marine environment: 28% of Special Areas of Conservation
(SAC) habitat features assessed failed to achieve good condition on the basis of one
or more nutrient elements of water quality; 38% of habitat features assessed failed to
achieve good condition on the basis of chemical elements of water quality, such as
mercury, zinc, tributyl tin and brominated diphenyl ethers (NRW, 2018).
Data limitations make assessing the current condition and trends of commercially
targeted marine fish and shellfish species at a Welsh level challenging. There is a
paucity of stock assessment data for non-quota stocks wholly within Welsh waters.
Historical unsustainable fishing practices over the longer term, in the absence of
effective management, and other drivers such as pollution and disease are likely to
have impacted upon fish and shellfish populations in Wales, for example the decline
of native oyster (Woolmer et al., 2011) and crawfish (Seasearch, 2010).
Opportunities to intervene directly to manage the marine environment are limited.
Instead, pressures can be reduced or better managed to allow ecosystems to
function and recover naturally. The need to act to improve the marine environment
has been recognised. A range of legislation, policy and regulation is already in place
to manage the marine area that can support the Sustainable Management of Natural
Resources, for example site designation. Work needs to continue to ensure
compliance and appropriate management of the marine environment.

Land
The total productive land area in Wales has remained stable for many years
but there are pressures from other land uses that need to be considered more
holistically.
Agriculture accounts for approximately 80% of the land use area in Wales (Welsh
Government, 2018). Farmed land comprises of four ecosystems – enclosed
farmland, semi-natural grassland, coastal margins and mountain, moor and heath. A
smaller proportion of land is used for forestry and woodlands (15%, some of which is
within enclosed farmland) (Forest Research, 2019) and urban (approximately 11%)
with some integration of use. A small fraction of land can be considered ‘unmanaged’
or ‘abandoned’.
Urban expansion has often been at the expense of the most productive land,
although the predicted annual loss of best and most versatile (BMV) agricultural land
to urbanisation over the next five decades is expected to be minimal when compared
to historical losses (Enclosed farmland natural resources register). An ongoing
commitment to tree planting will take land out of agricultural production.
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According to Forest Research, in 2017 there were estimated to be 92,700ha of tree
cover (urban and rural) outside National Forest Inventory (NFI) defined woodlands
(Forest Research, 2017). This is comprised of small woods less than 0.5 hectares in
size (49,200ha), groups of trees (33,400ha) and lone trees (10,100ha). The total
woodland as a percentage of land cover is 15%. Including trees outside woodland
brings the total land cover of woodlands and trees in Wales to 19.4%.
Land utilised for renewable energy development has continued to increase to help
meet the target of 70% of Wales’s electricity consumption from renewable energy
sources by 2030 (Woodland natural resources register). These include wind, solar,
hydropower, ground heat sources, energy from waste and bioenergy projects plus
the required electricity supply infrastructure.
The way in which land is used is in continual flux. Historically, conversion of arable
land to permanent pasture, removal of hedgerows, and land drainage have reduced
diversity across the landscape. Up until now, there hasn’t been a mechanism to
consider this productive resource as a whole.
It is important to consider what current and future generations need from Wales’s
land resource as a whole, and how Wales is best placed to deliver that in a global
marketplace.

Soils
Across Wales there has been a decline in soil biota and organic matter leading
to reduced quality and function.
Soil underpins the delivery of a variety of ecosystem goods and services. It
determines the land uses and activities that can be supported. People exert
pressures on soil resources and supporting services (soil formation, nutrient cycling)
through erosion, compaction, sealing, and pollution, primarily through agricultural
practices but also through development and other activities.
Soil biota (microorganisms, animals and plants that live in soil) is vital for nutrient
cycling and plant growth and accounts for approximately 25% of global biodiversity
(George et al., 2019). Across Wales, there has been a decline in soil biota across all
land uses from 2013 to 2016 (Emmett et al., 2017). Losses of soil organic matter
(SOM) have been associated with a loss in soil quality and function; and reduced
resistance and resilience to poor soil management (Welsh Government, 2019b).
Soil structure can be relatively easily damaged by poor land management, which in
turn negatively affects soil functions and the provision of benefits, such as
biodiversity, agricultural productivity, clean water and flood prevention, and climate
change mitigation (Enclosed farmland natural resources register). A short term
decline of bulk density (a measure of soil compaction) on improved land is
encouraging and may indicate less pressure on these soils (Alison et al., 2020).
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The vast majority of carbon in the terrestrial environment is stored in soils
rather than vegetation.
Soil is an important carbon store and a better understanding of soil stocks is needed.
Accumulation of SOM is important for soil formation as the relatively cool and wet
climate of Wales encourages the formation of organic rich soils. Welsh soils are
estimated to contain 410 million tonnes of carbon (NRW, 2016; UK NEA, 2011). On
the whole, soil carbon contents are close to equilibrium with soil type and land use in
Wales (Adams, 2015; Detheridge et al., 2014). Peaty soils have a high carbon
(>12%) and organic matter content (>20%).
The total area of deep peat soils in Wales is more than 90,000ha (circa. 4% of Welsh
land area). Shallow peaty soils (organo-mineral soils) cover an additional area of
359,200 ha (17.3%) (NRW, 2016). The majority of the peat resource in Wales is in
poor condition. As reported in SoNaRR2016, maintaining the carbon content of these
soils is a key priority in limiting overall greenhouse gas emissions in Wales as well as
managing water resources in the face of inevitable climate change (NRW, 2016).
In 2016, the Office for National Statistics (ONS) published preliminary estimates of
carbon stock accounts for geocarbon (coal, oil, gas) and biocarbon. These partial
accounts estimated there were 4,266 million tonnes (MtC) of recorded biocarbon in
the UK in 2007, of which 94.2% (4,019 MtC) was contained in soil stocks and 5.8%
(247 MtC) in vegetation stocks (Office for National Statistics, 2016).
Topsoil carbon concentrations have been monitored across Wales as part of the
Environment and Rural Affairs Monitoring and Modelling Programme (ERAMMP)
(Alison et al., 2020). In general, they show a stable trend over the long-term. Recent,
more indepth analysis showed topsoil carbon (0-15cm) was stable in woodlands and
improved land, while a significant decline in topsoil carbon occurred on habitat land
restricted to the uplands from 2007 to 2016 (Alison et al., 2020). Further work is
required to investigate the reasons for these changes.
Soil erosion is being exacerbated by land use change and inappropriate land
management.
Soil erosion by water is an important degradation process that occurs naturally but is
exacerbated by land use change and inappropriate land management. Soil erosion
in Wales is mainly attributable to water erosion and upland erosion processes, such
as peat shrinkage and oxidation, rilling and gullying of organo-mineral soils, landslips
and stream bank erosion (Boardman and Evans, 2006 and Morgan 1985, Rollett and
Williams, 2020) (Mountains, moorlands and heaths natural resources register).
Whilst erosion effects are evident, little is known about the soil formation rates.
However, it is generally accepted that the rate of soil erosion under conventional
cultivation tends to be at least one to two orders of magnitude greater than soil
formation (Alison et al., 2019). Large areas of Wales are assumed to have low
erosion rates due to the predominance of grassland and rough grazing, although this
has not been quantified by measurements or observations (Cranfield University,
2016) (Mountains, moorlands and heaths natural resources register).
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Biodiversity
Biodiversity is a critical stock of natural resources that is declining in Wales
and globally.
The loss of biodiversity is accelerating globally at an unprecedented rate with around
1 million animal and plant species now threatened with extinction, many within the
next few decades (IPBES, 2019). There are both winners and losers for different
aspects of biodiversity in Wales (all natural resources registers). The overall trend,
however, mirrors the global picture and is one of decline. The majority of habitat and
species features (those that are endangered, vulnerable, rare and/or endemic) in
protected sites in Wales are considered to be in unfavourable condition (NRWs'
feature condition monitoring programme for SACs and SPAs, 2018). This means the
features are not in a very good state for one or more of parameters such as range,
area, structure and function, population andfuture prospects.
There are a variety of pressures and demands affecting biodiversity. The five most
important drivers are land and sea use change, direct exploitation of species, climate
change, pollution and invasive non-native species.
In the UK, agricultural intensification has been identified as having the single
biggest impact on biodiversity.
The farmland birds indicator has shown that since 1970, the abundance of farmland
birds has more than halved and similar declines have been seen in many other
taxonomic groups (Hayhow et al., 2019) (Enclosed farmland natural resources
register). An increase in intensification and specialisation of agriculture is the main
risk to biodiversity from the drive to increase profits, efficiency and production.
Climate change is also having a substantial effect on biodiversity. Species are
shifting their geographical ranges as the climate warms (Morecroft and Speakman,
2015; MCCIP, 2020), there have been declines in breeding seabird populations
attributed to climate change (MCCIP, 2020) and migratory birds are changing their
travelling range and arrival times (ASC, 2016). It is predicted that if the world warms
by 2°C, one in twenty of all species will be threatened with extinction (IPBES, 2019).

Invasive non-native species
Invasive non-native species (INNS) are increasing and adversely affecting
native biodiversity.
Over the period 1960 to 2018, invasive non-native species (INNS) have become
more prevalent, increasing the pressure on native biodiversity (all natural resources
registers). The rate at which new INNS are establishing in Great Britain has
increased dramatically in the last 50 years and this trend is set to continue.
Freshwater and marine ecosystems have the highest number of different INNS
(already present and yet to arrive in Wales), followed by woodland and semi-natural
grassland ecosystems. There are more INNS of interest to Wales (NBN Atlas
Partnership, 2018) that primarily impact on supporting and provisioning ecosystem
services than on cultural and regulating ecosystem services.
17
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Air
Poor air quality is one of the largest environmental risks to ecosystems and
human health in Wales. Air pollution adversely affects biodiversity and has led
to widespread changes to species distribution and to the quality of habitats in
Wales.
Poor air quality threatens the conservation status of many habitats and reduces the
ability of ecosystems to deliver their services such as clean drinking water and
timber (Coastal margins, Mountains, moorlands and heaths, Semi-natural
grasslands, and Urban natural resources registers). The majority of air pollutants
have declined in Wales in recent decades (Figure 4) (Jones et al., 2019). However,
concentrations of ammonia are rising and having an impact on sensitive ecosystems.
Ammonia emissions from the UK and Europe continue to be above damage
thresholds, resulting in widespread exceedance of critical loads (deposition) and
critical levels (atmospheric concentrations) for both acidity and ammonia (Coastal
margins, Enclosed farmlands, Mountains, moorlands and heaths, Semi-natural
grasslands, and Woodlands natural resources registers). This pollution also
contributes to ozone production, which damages not only vegetation but human
health (Public Health Wales, 2016) and many human-made materials such as
plastic, rubber and metal.
Ammonia and nitrogen pollution from agriculture is affecting 59% of the land area of
Wales. In 2018 88% of sensitive habitats exceeded their critical load for atmospheric
nitrogen (down from 98% in 2009). It is currently having an adverse effect on 29% of
the most sensitive habitats for plants and wildlife (Guthrie et al., 2018).
Particulate matter is of concern to both ecosystems and people, with smaller particle
sizes having a greater effect on people as they are easily inhaled. Overall
concentrations of PM2.5 (particulate matter 2.5 microns or less in diameter) in most
of Wales are low, although hotspots in industrial and densely populated urban areas
exist. Non-exhaust road transport emissions, domestic and industrial emissions
contribute to local peaks in urban areas (Urban natural resources register). Domestic
wood and coal burning also make a significant contribution along the north coast and
in urban areas, including for the large urban populations in Swansea and Cardiff.
Natural irreducible sources (sea salt, natural rural and urban dusts and biogenic
secondary organic aerosols) do however account for around a third of the World
Health Organisation (WHO) standard for PM2.5 over areas of South Wales (Urban
natural resources register).
Particulate matter impacts on the environment can be wide ranging including
reduced visibility (haze), acidification of watercourses, crop damage and effects on
ecosystem diversity.
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Figure 4 Normalised Trends for all pollutants in Wales (Jones et al., 2019)

Urban areas
Urban areas are responsible for a significant proportion of carbon emissions
and resource use and demand is likely to increase.
Urban areas are the main source of human demand on other broad ecosystems,
such as food from enclosed farmlands. They are also the areas where impacts of
environmental change are felt most by people. In Wales, 83% of people live in builtup areas of more than 2,000 people. These areas occupy just 3.4% of the land in
Wales (Office for National Statistics, 2013). It is estimated that between 6,700 and
9,700 additional housing units will be required each year during the period of 201819 to 2022-23 (Welsh Government, 2019c) (Urban natural resources register).
Around 40% of the UK’s total carbon footprint is from the built environment, primarily
energy used in buildings and transport (UKGBC, 2019) (Urban natural resources
register). In 2018, road transport contributed around 93% of the Welsh transport
carbon emissions (Welsh Government, 2020a).
Transport is also the main source of nitrogen dioxide (NO2), accounting for nearly a
third of all NO2 emissions in the UK. Ambient levels of NO2 have generally
decreased in Wales over the last 20 years due to decreasing fossil fuel use and
improved regulation of fuels (particularly diesel), although levels have remained
19
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broadly similar for the past 5 years. Overall concentrations of fine particulates
(particulate matter 2.5 microns or less in diameter known as PM2.5) in most of
Wales are low, although there are hotspots in industrial and densely populated urban
areas.
The benefits of urban green infrastructure (known as GI) are well understood.
Existing green infrastructure is under pressure from development and as a resource
could be better managed.
Green infrastructure can help to enhance biodiversity and reduce and mitigate
against climate change impacts (Urban natural resources register). Green
infrastructure can be defined as a network of natural and semi-natural features in the
urban environment (European Commission, 2013) which could include parks,
gardens, green roofs, street trees, water bodies and sustainable drainage systems.
Garden sizes in new developments are becoming smaller (Thompson and Head,
undated) and small gardens cannot normally hold the same number of wildlife
habitats such as trees, ponds and hedges. In addition, mature trees are being lost
from urban areas. This all implies the green infrastructure stock is being fragmented.
The benefits of green infrastructure are extremely valuable, for example the cooling
benefit of Cardiff’s green infrastructure is estimated at over £1.4m each year in cost
savings from air conditioning and the avoidance of labour productivity loss (Kuyer et
al., 2018). The annual monetary benefit of the health effects of noise regulation by
urban trees in Wales is estimated at somewhere between £1m and £2.6m (Kuyer et
al., 2018).
Green infrastructure alone, however, is not enough to create a sustainable urban
ecosystem. Impacts on other ecosystems also need to be considered and
minimised.

Energy
The proportion of renewable energy is improving but power generation,
heating and transport still account for the majority of greenhouse gas
emissions.
Wales consumed around 91 Terrawatt-hour (TWh) of energy in 2018. Electricity
consumption represented about 16% of this total consumption; the remaining 76.1
TWh is associated with transport, heating and industry (Welsh Government, 2019d).
Wales generated an estimated 27.9 TWh of electricity in 2019 (Figure 5), while
consuming approximately 14.7 TWh. This means that Wales generates almost twice
as much electricity as it consumes and is a net exporter of electricity to wider UK and
EU (Welsh Government, 2019d). In 2019, 73% of electricity generated in Wales
came from fossil fuel plants, and 27% from renewable sources (Welsh Government,
2020b).
In 2017, the Welsh Government announced a target of meeting 70% of Wales’s
electricity demand from Welsh renewable electricity sources by 2030. As of 2019,
Wales achieved 51% (Welsh Government, 2020b). Renewable energy generation in
Wales has increased fivefold since 2005. Approximately 70% of the increase in the
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last ten years has been due to large-scale onshore and offshore wind (Welsh
Government, 2020b). Production of renewable heat was approximately 2.3 TWh in
2019 (Welsh Government, 2020b), which is equivalent to 13% of estimated Welsh
domestic heat demand (Welsh Government, 2019d).

Figure 5 Wales’s Electricity Generation Mix 2019 (Welsh Government, 2020b).

Energy generation consumes natural resources (mainly fossil fuels but also water
and land use), resulting in emissions that directly and indirectly cause local and
global impacts and generates conventional and nuclear waste. The installation of
associated infrastructure can cause local impacts including the generation of waste,
effluent discharges into local water courses, changes to local air quality (Nerini et al.,
2017) and has an impact on biodiversity by modification or loss of natural habitats
(Luderer, 2019).

Climate change
Climate change is having a substantial effect on biodiversity and ecosystems.
Climate change is affecting ecosystems through shifting species ranges, localised
extinctions, changes to life-cycle events, and sea level rise. It is exacerbating the
increase in invasive species including disease vectors. The projected increase in
frequency and intensity of droughts, fluvial and coastal floods and heatwaves are all
likely to further reduce overall ecosystem resilience.
Climate change is altering the abundance and distribution of biodiversity (IPBES,
2019). Globally, certain groups of species have been found to be more at risk,
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including insects and plants (Hoegh-Guldberg et al., 2018). Such change will have
knock-on effects for whole ecosystems and impacts will worsen with greater warming
(Hoegh-Guldberg et al., 2018).
Where species are unable to disperse, for example due to barriers or where they are
unable to respond quickly enough to climate change, they will be at risk of localised
extinctions (IPBES, 2019). Localised extinctions may have knock-on effects,
particularly for those depending on a limited number of species as a pollinator,
disperser or as food.
Engledew (2019) valued the carbon sequestration provided by woodlands in Wales
at £109.3 million in 2016. Recent research has also highlighted the significant value
of marine and coastal habitats in Wales in sequestering carbon and acting as carbon
sinks, also known as “blue carbon” (Armstrong et al., 2020).
Some of the projected impacts of climate change, including sea level rise and
coastal erosion, will be irreversible (IPBES, 2019). Mean sea levels around the UK
have risen by around 16cm since the start of the 20th century (Met Office Hadley
Centre, 2018). Erosion and sea level rise coupled with competing pressures such as
development are resulting in loss of habitat such as saltmarsh due to coastal
squeeze (Coastal margins natural resources register).
Sea levels will continue to rise even if global warming is restricted to below 2°C (Met
Office Hadley Centre, 2018). This will lead to increased flooding across Wales,
erosion of coastal habitats and increased salinisation due to ingress of sea water.

How is Wales currently
safeguarding and enhancing natural
resources?
Overall Wales’s natural resources are not safeguarded or enhanced to the degree
that we can say we are achieving sustainable management. The evidence and
examples provided in this chapter and elsewhere in SoNaRR, supported by
international reports such as those of the Intergovernmental Panel on Climate
Change (IPCC) and the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES), indicate that we have a considerable way to go
until that aim is achieved. Whilst Wales is rich in natural resources and the diversity
of its ecosystems, we are still using resources at a rate that is unsustainable.
Therefore, Aim 1 is not yet being achieved.
Achievement of this aim cannot be seen in isolation; without achieving Aim 1 we are
unable to improve the resilience of our ecosystems (Aim 2) which is essential for
providing healthy places, protected from environmental risks (Aim 3). Central to
achieving these three aims is achieving Aim 4. Moving towards a regenerative
economy from the existing unsustainable one will be the transformative change
needed to address the climate and nature emergencies.
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Opportunities for action
To enable Wales to safeguard and enhance natural resources we have identifed the
following opportunities for action:

Decarbonise
Decarbonisation and carbon sequestration will provide multiple benefits.
Wales needs to consider and implement ways to reduce itsenvironmental and
carbon footprints, building on the Low Carbon Delivery Plan published in 2019
(Welsh Government, 2019e). This includes focusing on sectors that use the most
resources to reduce consumption and on sectors where there may be greater
potential for re-use and recycling, such as vehicles, plastics, construction and water
industries. Making buildings energy efficient and low carbon is one example of
reducing overall energy use, and therefore greenhouse gas emissions, whilst also
helping towards the behavioural changes needed in society to address many of the
issues Wales is facing.
Reducing greenhouse gas emissions is crucial. Removing carbon from the
atmosphere and maintaining long-term storage of it also needs to be considered, for
example through peatland restoration and increased tree cover in the right places
with the right species.

Improve land management
Changes in management and land use for agriculture, forestry and
development should be considered to improve sustainability.
This could include improved production efficiency and nutrient management;
management to deliver habitat restoration, improving connectivity of habitats across
whole landscapes (for example an increase in woody elements within farmland
systems); and improve environmental impact of changes in land use. Sustainable
agriculture and woodland management can be delivered by working with farmers
and land managers and offering incentives and support. Similarly, management of
urban trees provides multiple local benefits to people and biodiversity. Catchment
management solutions reduce flood and drought risk by storing and slowing water.
Supporting protected site management would help to achieve good condition, and
landscape scale restoration would help to restore ecosystem resilience.

Recognise biodiversity as an asset
It needs to be recognised that biodiversity is an asset, or a stock, and that it is
declining.
Biodiversity underpins the social and economic systems we rely on in Wales and
despite a more integrated policy framework, we struggle to find ways to measure it
as a stock. Biodiversity is made up of the first group of natural resources, “animals,
plants and other organisms”, listed in the Environment (Wales) Act. The resilience of
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biodiversity is obviously linked to management of other natural resources in Wales
and needs managing in a holistic way. Clear information is needed to show where
declines in biodiversity and other natural resources are leading to impacts on wellbeing. If biodiversity was viewed as part of Wales’s wealth in the same way that
other assets are treated, the importance of replenishing its stocks would be
recognised.
In SoNaRR we are building a mechanism for accounting for biodiversity, including
the impact outside Wales, through the natural resource registers. Wales needs to
find ways of using this approach effectively to support businesses, planners, and
decision makers to take long-term biodiversity investment decisions.

Address resource use and its impacts
As a society, we need to address our over-use of resources and its impact in
Wales and globally
Our society relies on ecosystems as a source of natural resources and to dispose of
wastes and emissions. Wales’s global footprint makes it clear that our systems of
production and consumption are putting too much pressure on the environment. We
need to reduce our use of natural resources and the pollution and waste we
generate, in order to have an economy which regenerates ecosystems, instead of
degenerating them.

Figure 6 Economy is a subsidiary of the Environment
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In the Interim Review of the Economics of Biodiversity (Dasgupta, 2020) Sir Partha
Dasgupta makes clear the need to recognise that our society and the economy are
nested within the environment (Figure 6) The economy cannot be looked at
separately to the environment: “The economy is a wholly owned subsidiary of the
environment, not the reverse” (quote by Herman E. Daly in Clark, 2007).
“This conclusion is in sharp contrast to the assumptions underlying contemporary
growth and development economics, and by extension the economics of climate
change. Whereas that literature sees humanity as external to the biosphere, the
Review sees us as embedded.” (Dasgupta, 2020).
Aim 4 (considering a regenerative economy) looks at some of the ways in which
these systems can be reimagined which will contribute to safeguarding and
enhancing natural resources.
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