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Introduction  

Climate change is predicted to lead to increases in temperature, changes in the seasonality of rainfall 

(drier summers and wetter winters) and increased extreme events, such as flooding, fires and 

drought.  

The Environment Agency’s estimate is that summer rainfall is expected to decrease by 

approximately 15% by the 2050s, and by up to 22% by the 2080s (Environment Agency, 2021). The 

latest UK climate projections (UKCP18) show that the frequency of hot spells, or extreme heat, is 

projected to increase from happening once every four years (in the period 1981- 2000) to 

approximately four times a year by 2070 (Bristol One City, 2020).   

Climate change impacts in the West of England 

A recent study carried out by Arup, on behalf of Bristol One City, analyses future climate change 

impacts in Bristol. It uses two climate projection scenarios, one which assumes a 2.5 °C temperature 

increase since pre-industrial levels by 2100 (named RCP4.5 by climate modellers) and another which 

predicts a 4.5 °C increase since pre-industrial levels by 2100 (named RCP8.5- this is the ‘do nothing 

and carry on’ approach). Current projections show that global greenhouse gas emissions continue to 

track the higher climate scenarios (Forestry Commission, 2010; the Carbon Brief, 2019).  

The RCP4.5 scenario roughly aligns with the 2030 climate pledges under the Paris Agreement 

(National Geographic, 2021) and at this stage, this is probably the most realistic and optimistic 

scenario, and these projections are shown in bold below. If the latest COP26 agreements are stuck to 

by all nations, a more optimistic outcome of a 1.5°C rise may be possible. 

• Winter precipitation is projected to increase, meaning milder and wetter winters in Bristol 

and the West of England. Under the RCP8.5 scenario, winter precipitation could increase by 

up to 48% by 2080 (Met Office, 2019b) and by 17% by 2080 for the RCP4.5 scenario, 

meaning wetter, more waterlogged soils whatever the outcome.    

• Hotter summers are expected to become more common. By 2050, there is a 50% chance of 

summers as hot as 2018 (the equal-warmest summer on record). In 2080, the maximum 

summer temperature in Bristol is projected to be between 3.5°C (RCP4.5) and 9.2°C 

(RCP8.5) hotter than in the baseline period (temperatures between 1981 and 2000) (Bristol 

One City (2020); Met Office, 2019).  

• Summer precipitation is projected to decrease under all emissions scenarios. UK climate 

projections suggest that the rate of summer precipitation could decrease by between 26%-

68% (for 4.5 and 8.5 scenarios respectively) between now and 2080 (Bristol One City, 2020; 

Met Office 2019). Given the projected changes in precipitation rates and maximum 

temperature increases as shown above, drought is a substantial risk to Bristol during the 

summer months, in any scenario.  

  



Climate change risks to trees and woodland 

England’s woodlands have been managed during previous centuries under the assumption that the 

environment they are growing in will be relatively stable. This assumption is no longer valid.  

Drought and rainfall  

Key changes and challenges  

• Reduced summer rainfall. Reduced growth, increased drought stress, secondary 

pest/disease outbreaks resulting from drought stress, increased fire frequency. 

• Increased winter rainfall. Increased waterlogging and anaerobiosis (absence of oxygen), 

increased wind damage, increased soil erosion and slope failure, increased Phytophthora 

infection (one of the most common causes of root and stem base decay in trees and plants).  

Summer 

Warm, dry summers will occur more frequently in the region, and the impact will be greatest in 

woodlands on shallow, freely draining soils, particularly with a high proportion of sand/stones and 

on sites with restricted rooting depth. On these site types there may be increased mortality. 

Reduced soil water availability during the growing season will restrict tree growth on some sites.  

Short term impacts of drought on green infrastructure include wilting, scorch and defoliation of 

bushes, trees and shrubs. In the longer term, exposure to drought can cause trees to shed large 

branches leading to dieback of the overall tree canopy and potential death of plants (Bristol One 

City, 2020).  

Drought can also impact the stability of vegetation, as soil structures become less cohesive, and 

shrinkage occurs around roots. This is a particular risk for young shrubs and plants that do not have a 

well-established root system (Bristol One City, 2020; UoMA, 2011), which may impact efforts to 

increase tree and woodland cover in the region. 

Winter 

Wetter autumn and winter periods will cause greater water table fluctuations, limit rooting depth, 

and reduce tree stability on exposed sites (Forest Research).  Wetter winters in the future could also 

exacerbate soil compaction. As well as the tree root system being compromised, trees can be 

weakened by waterlogged conditions, making them more susceptible to pests and disease.1 

Temperature change 

Key changes and challenges  

• Warmer growing season and milder winters. Where water is not a limiting factor, tree 

growth rates for most tree species are predicted to increase as a result of longer growing 

seasons, increased warmth and the rising level of CO2 (Forestry Commission, 2020).  

• Warmer and longer growing seasons will, overall, promote productivity. This could benefit 
timber supplies. However, this may not be uniform and productivity is expected to reduce in 
some areas. It should also provide more food for herbivores, both invertebrates and 
mammals.   

 
1 A short factsheet on climate change and tree diseases is available here. 

https://www.forestresearch.gov.uk/documents/8067/21_0004_Leaflet_CC_factsheet_Root_pathogens_wip07_Acc.pdf


• A longer growing season will lead to earlier bud burst. This has the potential to lead to 

mismatches between food requirements for birds and animals and tree/plant availability.2  

It will also lead to later bud set and more shoot growth in late summer. For the last 20 

years, the Woodland Trust has been undertaking work to look at the impact of climate 

change on shifting phenology in a project known as ‘Natures Calendar’. This provides 

phenology data on many different tree species (Woodland Trust, 2021 pp. 122-127).  

• Fewer frost days due to milder winters (however, it is important to note that frost days will 

still occur and therefore species that are frost sensitive could be at risk). Reduced 

hardening, later dormancy, and an extended growing season will mean there is an increased 

risk of autumn frost damage to sensitive species, if autumn frosts are experienced.  

• Increase in woodland mammal populations, insect pests and tree diseases, and colonisation 

by alien invasive species. A warmer climate and, particularly, warmer winters will allow tree 

pests and pathogens to extend their range (Forest Research). 

• Deer and rabbit populations will tend to increase in response to food availability and milder 

winters, requiring robust control measures in the future, particularly where natural 

regeneration is a priority. 

A study by Neumann et al., (2017) found that warmer summers combined with high seasonal 
variability in precipitation could increase the likelihood of tree death. However, they also found that 
reduced cold-induced mortality could compensate increased mortality related to peak temperatures 
in a warming climate.  

Besides climate variability, age was an important driver of tree mortality, with individual mortality 
probability decreasing with age over the first century of a trees life (Neumann et al., 2017).  

Wind climate 

Key changes and challenges  

• Increased wind. Increased wind damage and resultant bark beetle outbreaks and increased 

bluestain fungus infection. 

There is uncertainty in the changes to wind climate but with reduced anchorage on wet sites, the 
risk of windthrow will increase (Forest Research). 

Alongside the risks set out above for rainfall patterns, temperature changes and wind climate, annex 
2 establishes mitigation measures. 

West of England’s trees 

The WoE’s trees and woodlands are mainly native broadleaf species. The most common species is 
ash (16% of the total in Bristol and North Somerset). Common hawthorn, sycamore, beech, English 
oak, English elm and hazel are also widely distributed. Field maple, holly, Wych elm, yew and 
blackthorn are also commonly present in woodland (Forest of Avon Trust, 2021).  
 
The proportion of coniferous woodland cover in the West of England (13%) is significantly lower than 
in England (26%) and productive forestry is much lower here than in other parts of the UK (Forest of 
Avon Trust, 2021).   

 
2 A number of studies on this can be found here. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/budburst


 
Native or naturalised broadleaved species that are good for carbon sequestration in the West of 
England include aspen, beech, wild cherry, and sycamore. However, the impacts of climate change 
on the future viability of these species needs to be considered, as these species will all be at risk in a 
high climate change (2080) scenario (see figure 1).  
 
The effects of climate change on trees in the WoE will vary with species (see figure 1 and annex 1). 

Some species are less sensitive to temperature and, instead, respond to day length. Some are very 

sensitive to drought, and others to waterlogged conditions. As the climate changes at pace, some 

species in the WoE may struggle to evolve and diversify, causing shifts in spatial distribution and 

species interactions (Bristol One City, 2020; Ohlemuller, 2011).  

Although climate change may affect trees in different ways, a key concern relates to shortfalls in 

timber due to the impact on yield of native trees, which will impact productive woodlands. This is 

considered in the Ecological Site Classification (ESC) tool. Some relatively less-known species could 

become more suitable for productive woodlands – some from other parts of the world as the UK 

climate changes (Forest Research) or seed sources from more southerly regions. However, some 

evidence suggests that native trees and woodlands with a high genetic diversity will be better at 

adapting to a future climate than non-native species. The answer to this is unlikely to be 

straightforward, as demonstrated in the paper by Whittet et al., 2017, and will be explored further in 

this report.  

https://www.forestresearch.gov.uk/tools-and-resources/fthr/ecological-site-classification/


 

 

 

WoE’s soils 

Before moving on to discuss the roles of trees and woodland in climate mitigation, it is important to 

consider soils. Soil types are a key factor in determining risks to different species and identifying 

those that could be well suited to future conditions. The WoE has a number of different soil types, 

with both slow and fast draining soils. Many of the soils in the area are acidic.  

Sensitive soil types should be identified, and guidance consulted on species choice for individual 

sites. Aspect, topography and soil variability should be considered in assessments of species 

suitability. 

 

Figure 1: vulnerability of different common tree species found in the UK (specifically southwest England) to 

different climate scenarios. Low (L) and High (H). Dark green= very suitable, light green= suitable, beige= 

marginal, grey= unsuitable (Forest Research). 

 

https://www.forestresearch.gov.uk/research/climate-change-impacts/climate-change-impacts-and-adaptation-in-englands-woodlands/regional-changes-in-england-in-tree-species-suitability-resulting-from-climate-change/tree-species-suitability-in-a-future-climate-in-south-west-england/


Figure 2: Soil types in the West of England. Different colours show different soil types, highlighting the variety 

of soil types in the region (UK Soil Observatory, 2021) 

 

Seven soil types that are dominant in the WoE, showing the variability, include: 

• Shallow, lime-rich soils over chalk or limestone (shown as yellowy beige in Figure 2) 

• Freely draining soils which are slightly acidic (mud brown) 

• Slowly permeable, seasonally wet, slightly acid but base rich loamy and clayey soils (darker 

green) 

• Lime-rich loamy acid clay soils with impeded drainage (muddy green) 

• Slightly acid, loamy and clayey soils with impeded drainage (dark brown) 

• Freely draining, slightly acidic loamy soils (pinkish brown) 

• Slowly permeable, seasonally wet, acid loamy and clayey soils (bright green) 

 
Much of the carbon sequestered by woodland trees is stored in the soil. Therefore, avoiding soil 
disturbance is important in maximising carbon sequestration. Soil organic matter can decompose to 
release carbon dioxide if soils become aerated, as a result of disturbance or drainage. Continuous 
cover management regimes avoid the release of carbon back into the atmosphere through planned 
thinning and reduced disturbance of soil. 

 

The role of trees and woodland in climate change impact mitigation  

Trees can play a huge part in helping with climate change mitigation and resilience and nature 

recovery. For example, through supporting biodiversity, by sequestering carbon, helping with flood 

prevention and reducing temperatures in riparian and urban environments. A few different types of 

woodland and the role they can play in mitigating the impacts of climate change are as follows: 

• Ancient and old woodlands have a high level of species and genetic diversity. These old 

woodlands can help sustain biodiversity and ecosystem services and store large amounts of 

http://www.ukso.org/


carbon. They can also play a key role in natural regeneration, providing a well-adapted seed 

source that is likely to be more resilient to climate change.  

• Young and newly planted woodlands are vital in supporting nature recovery in the WoE, as 

demonstrated in WENP’s nature recovery network map, and are key to improving 

connectivity and supporting biodiversity. As new and young trees and woodlands mature, 

they can also store large amount of carbon. Given their lack of genetic diversity and 

adaptability, planting trees that are more suited to future climates may ensure newer 

woodlands can thrive in the future (there is more on this below).   

• Urban and peri-urban woodlands can provide shade and reduce temperature, reducing the 

‘heat island’ effect in towns and reducing wind speed. Trees and woodlands in these 

populated areas are incredibly important in helping to connect people with nature, which in 

itself, is a key challenge in addressing climate change. 

• Riparian woodlands provide shade for watercourses, reducing the occurrence of lethal (high) 

water temperatures for fish.  

• Protection forests contribute to natural flood management, slope stability and the control of 

soil erosion. This could be an important consideration in the WoE, given that flooding is the 

biggest physical hazard facing Bristol (Bristol One City, 2020).  

Ensuring biodiversity is the priority 

In the context of forestry, climate mitigation usually means establishing new woodlands and 

managing existing woodlands and wood products sustainably, to enhance their potential as a sink of 

greenhouse gases (Forestry Commission, 2017). Sustainable forest management, including the 

transfer of carbon stored in the forest to wood products, will maintain woodlands as a net carbon 

sink. However, the role of trees in carbon sequestration can overshadow the need for new trees and 

woodland to be planted to support biodiversity, in both productive and non-productive woodlands. 

This should be a priority (see section below on newer woodlands for more information on how to 

address this).   

Diversifying woodlands to reduce risk  

Making woodlands more diverse has been advocated for increasing resilience to climate change. In 

their study, Mitchell et al., (2019) concluded that that the impacts of pests and pathogens on 

associated biodiversity and ecosystem functioning are also reduced if woodland is more diverse.  

Impacts from climate change could reduce the impact that trees can have in helping to combat the 

effects of a changing climate. By adjusting forest management now, to anticipate and adapt to 

future changes, we can hope to increase resilience by reducing exposure to risks (Forestry 

Commission). For example, by ensuring a woodland has a varied structure in terms of age, species, 

origin or provenance and open space, which will provide a range of benefits. Making woodlands 

more diverse, however, should be considered on a case-by-case basis as it is not always appropriate. 

Since trees take many years to mature, we need to plan and plant appropriately for both the 
current, and future climates and this is an area around which there is still much uncertainty. Should 
we be planting only native trees that we know have survived well in the UK’s climate for many 
thousands of years, or should we be looking at what our future climate might look and like, and be 
planting trees which might be better suited to this? This leads onto the topic of tree provenance.  
 



Tree provenance 

Tree provenance choice is a vital tree-planting decision, with potential benefits, risks and long-term 

consequences. When considering what future climate the UK might experience and what action 

could be taken, native vs non-native species and the consideration of sourcing seed from southerly 

provenances, where climates may be more similar to those the UK might experience in the future, is 

a key topic of discussion.  

It should be noted that there is no existing evidence that suggests that our native trees will not be 
able to adjust to a changing climate (Woodland Trust). The concern, however, is that the expected 
speed of change will be so fast that species won’t have the time to adapt (Forestry Commission). 
 
Advice on considerations for tree provenance selection can be contradictory. The Woodland Trust’s 

position on this issue is to select suitable UK provenance to promote adaptation and resilience, and 

to reduce the pest and disease risk from imported seeds, saplings and trees. For woodland 

conservation, resilience, and enhanced biosecurity, there is evidence to suggest that tree seed 

sourced from local UK provenances will be best adapted for UK sites in the long term (Woodland 

Trust, 2020).  

The Forestry Commission stress the need for enhanced genetic adaptability and use of drought-

resistant provenances and are more supportive of incorporating more southerly seed sources from 

provenances 200–550km (2–5 degrees latitude) further south. The Woodland Trust acknowledge 

that this can help to enhance timber yield but can be a high-risk strategy – for tree survival and form, 

for local wildlife, and for disease risk. 

A recent extensive evidence review on this topic by Whittet et al., (2017) highlighted the complexity 

of the issue of provenance choice: 

‘The current paucity of knowledge of forest genetic resources in British populations of native tree 

species suggests that deviations from sourcing currently adapted planting stock are not uniformly 

applicable throughout the country and that any change to policy ought to be applied judiciously and 

only under a restricted set of circumstances’  

The evidence in the Whittet et al., (2017) paper concludes that there is not a ‘one size fits all 

approach’. The species of tree being considered, the location for planting and the management 

objectives for that location need to be taken into account, on a case-by-case basis.  

 

How can we find out more information on the success of using different provenances?  

A major issue is that long-term data on the effectiveness of ‘predictive provenancing’ is not currently 

available. 

Keeping up to date with trials on the success of using different provenances will be beneficial. For 

example, there are ongoing studies in Kent and Derbyshire which began in 2011. Forest Research 

(UK) has matched the warmer, drier climate predicted for Derbyshire and Kent in 2050 with the 

present climate in northern France and the predicted climate for 2080 with that in northern Italy. 

Different ratios of local and non-local provenances are being tested. They serve as research-

demonstration plots to test how various planting mixtures might contribute to improved resilience 

of native forests to climate change.  

https://treedivnet.ugent.be/ExpClimateMatch.html


Natural regeneration  

The UK Forestry Standard states ‘Evidence suggests that most populations of trees in semi-natural 

woodlands contain high levels of genetic diversity, even in smaller and more isolated woods’.  

‘Linking and expanding native woods using natural regeneration as part of a habitat network, or 

planting with well-adapted stock, will increase gene flows and strengthen the capacity of tree 

populations to adapt’ (Forestry Commission, 2017).  

Natural regeneration puts selection pressure on the seedlings of tree species, which leads to site-

based adaptation. The process of natural regeneration is, however, likely to be affected by climate 

change. The effect will vary between species. For example, for species that use sexual reproduction, 

flowering, cone/seed/fruit development, seed germination and seedling establishment must all 

occur before seedling growth and survival become relevant. Climate influences each of these stages 

of the regeneration process (Manomet, 2021; Ashton and Kelty, 2018) which means these species 

could be more impacted.  

Historically, distinct regeneration pulses may have occurred as a result of periods of heavily reduced 

grazing (Woodland Trust, 2020; Thomson, 2005; Mountford et al., 1999). New cohorts of trees may 

have established every few decades with very little regeneration in between. Ecologically, this may 

have been sufficient to maintain continuity for associated species.  

With rapid climate change, a lack of regular genetic turnover presents a risk to the adaptive capacity 

of trees (Woodland Trust, 2019) and continuous heavy grazing is also causing issues for 

regeneration.  

Given the impacts that climate change could have on this process, it is vital to ensure regular cycles 

of natural regeneration of native trees occur, to help woods adapt faster to changing environmental 

conditions (Woodland Trust, 2019) and to maintain strong local native gene pools that are likely to 

play a big part in providing climate resilient tree species of the future. Effective management is also 

required to reduce grazing pressures from small mammals such as deer. The Forest of Avon Trust 

will be carrying out a piece of research to investigate natural regeneration. 

 

Different types of woodland and tree environments and key 

considerations for management 
 

Trees in woodlands 
 

Ancient woodland 

Ancient woods are our richest and most complex terrestrial habitat in the UK and home to more 
threatened species than any other (Woodland Trust).  

Woods with old-growth characteristics help sustain biodiversity and ecosystem services, provide 

significant and efficient carbon storage and are more resilient in the face of climate change, 

compared to younger growth (Mori, 2011; Thom et al, 2019; Woodland Trust, 2020).  



Ancient woodlands are likely to be quite resilient to climate change, due to inherently high species 

diversity, although there is likely to be a gradual adjustment of species composition. However, 

management to increase resilience in ancient woodland that has been managed for a particular 

market with a dominant tree species (e.g. beech, hazel coppice, sweet chestnut coppice) could be 

more challenging. It may require some intervention to change the age structure, and introductions 

by planting to increase the species diversity.  

Other drivers such as habitat fragmentation, impacts of surrounding land use, deer browsing, 

recreational pressure, nitrogen deposition, invasive species, and pests and disease will also affect 

ancient and native woodlands. 

Ancient woodland could also provide a long term, resilient, resource for monitoring climate change 

impacts and the diverse range of species in old, native woodlands may provide some evidence to 

guide adapted species choice in other types of woodland.  

Considerations for ancient woodlands 

✓ Protect and restore it. These environments have taken centuries to develop and are unique. 

The risk of interfering with these very well-established woodlands, for example through 

introducing non-native species, is too great.  

✓ Encourage natural regeneration of native tree and shrub species to promote natural 

selection and climate change adaptation, and conserve distinctive genetic patterns. 

✓ In considering ecological connectivity in the WoE, as per the West of England Nature 

Recovery Network, ensure that ancient woodland is protected. This is especially so if new 

woodland is being planted nearby which includes non-native species.  

✓ In relation to the above, where the likelihood of increased colonisation of unwanted invasive 

species occurs, create buffer areas around core woodland. 

✓ It is essential that a significant proportion of trees within all woodlands, including newer 

woodlands, are developing veteran characteristics and becoming ancient in age (Woodland 

Trust, 2020). 

Newer woodlands 

Newer woodlands do not have the same level of genetic diversity as veteran and ancient woodland. 

This can make them less resilient to the impacts of climate change.  

The study by Whittet et al., (2017) stated that an important consideration when planting new areas 

of woodland is the capacity for new populations of trees to survive immediately and amidst 

increasingly variable environmental conditions.  

An important consideration when sourcing seed for the creation of new woodland, or when 

enhancing existing relativity new woodland, is the genetic diversity of the seeds. Genetic 

conservation programmes in the UK (for example the UK National Tree Seed Project led by Kew 

Gardens) aim to identify and conserve genetically diverse, locally adapted material which can help to 

resist disease and create resilient new trees for the future.  

In new native woodlands, a small proportion of seeds from more southerly provenances (up to 5o 

south) may enhance the resilience of woodlands and add to the genetic diversity (Forestry 

Commission, 2020). However, as mentioned above, the need for this vs the risks it may introduce is 

heavily debated (Woodland Trust, 2016b). Current trials could provide more information on the 

potential success of non-native species within a woodland mix. 

https://www.wenp.org.uk/nature-recovery-network/
https://www.wenp.org.uk/nature-recovery-network/
https://www.woodlandtrust.org.uk/media/1755/wood-wise-seeds-of-hope.pdf
https://www.woodlandtrust.org.uk/media/1755/wood-wise-seeds-of-hope.pdf
https://treedivnet.ugent.be/ExpClimateMatch.html


If this approach is taken, species choice should be restricted to regions and sites with a 

contemporary climate to that projected for England in the future (see climate match tool).  

Considerations for newer woodlands 

✓ New areas of woodland (including for productivity) should be more diverse to support 

biodiversity.  

✓ For all new woodlands, it is vital that material is drawn from a broad genetic base. 
✓ Planting material should be sourced from genetically strong, improved stands and resilient 

seed sources, where available and appropriate.   

✓ Opportunities should be taken to diversify newer woodlands after storm events or following 

disease/ pest outbreaks. 

✓ Naturalised tree species should be considered to increase species diversity where 

appropriate. 

✓ Consider non-conventional species choice if timber production is an important objective. 

✓ Consider self-thinning mixtures on sites that are, or will become, more susceptible to wind 

damage. 
✓ Monitor and review species performance over time and use the evidence to modify forest 

plans.  
✓ (For productive woodland mainly) - maintain or establish a diverse composition within the 

forest management unit; where only one species is suited to a site and management 

objectives, a maximum of 75% may be allocated to a single species. In all cases, incorporate 

a minimum of 10% open ground or ground managed for the conservation and enhancement 

of biodiversity as the primary objective; 10% of other species; 5% native broadleaved trees 

or shrubs. 

Trees outside woodlands (TOWs) 
 

Urban and peri-urban environments  

Trees play a very important role in urban areas, for both people and the environment. They provide 

vital habitats in human dominated environments, helping to connect urban areas with surrounding 

semi-rural and rural areas, acting as islands for species travelling between areas. This will be 

increasingly important as species try and navigate a changing climate, as found by Manning et al., 

(2009), by facilitating movement of species through intensively managed landscapes. Trees in urban 

areas can also help manage stormwater and prevent flooding (Turner-Skoff and Cavender, 2019).  

Since industrialisation, society has become increasingly industrialised and urbanised, with many 

people, especially in urban areas, being deeply disconnected from the natural world. Research 

demonstrates that more green space and natural features can lead to a deeper sense of connection 

to nature and all of the associated benefits, including a more sustainable society (Rewilding Britain). 

Green infrastructure in urban areas can also be used to reduce the urban heat island effect. Studies 

have shown that temperatures under tree canopies are lower than that of the surrounding 

environment. Furthermore, there is a direct link between the size of green spaces and variety of 

vegetation within them and the positive impact they have on cooling temperatures (Bristol One City; 

Monterio et al., 2019).  

https://climatematch.org.uk/


✓ Trees planted in urban areas still need the ‘right tree in the right place’ strategy applying, to 

ensure that the trees which are planted will be able to withstand future conditions, so an 

understanding of key threats and pressures in urban areas is important.  

✓ There is an opportunity to use a wider variety of trees in urban environments than in 

woodlands and potentially test the success of non-native species in different UK conditions 

in urban environments, where they will not damage existing woodland ecosystems.  

Riparian environments 

The West of England Nature Recovery Network shows how vast the water network is across the 

WoE. The Bristol Avon catchment encompasses the North Somerset coastal streams and the Lower 

Severn Vale sub catchments. The catchment drains over 2,800km² of Wiltshire, Gloucestershire and 

Somerset, with the Bristol Avon joining the Severn Estuary.  

Rivers and their catchments face a number of challenges related to climate change. In the next 60 – 

70 years, projected increases in water temperatures will make some rivers inhospitable for our 

freshwater wildlife (Woodland Trust, 2016a). Keeping rivers cool can help mitigate the effects of 

climate change. Shading from riparian trees and shrubs can help reduce local stream temperatures, 

with summer mean and maximum water temperatures on average 2°C – 3°C lower in shaded areas 

than in open rivers (Woodland Trust, 2016a; Bowler et al., 2012). 

Increasing riparian tree and shrub cover also provides in-stream woody debris which is beneficial for 

many species of plants, invertebrates and fish (Woodland Trust, 2016a; Braccia, A. & Batzer, D.P., 

1999). It can also help to reduce flooding in these environments.  

✓ The focus of riparian planting or regeneration to reduce in-stream temperatures should be 

around headwaters and small water courses, where water is cooler and more responsive to 

shading.  
✓ In selecting a site, consider protected or high priority species or habitats that could be 

adversely affected by the planting or natural regeneration of trees and shrubs, or whether 

there are strong aesthetic or landscape reasons not to proceed.   

Trees on farmland 

Trees on farmland provide shade and shelter for animals, habitats that contribute to ecological 

connectivity, and a source of renewable energy. As in urban areas, scattered trees such as those 

found on farmland, are potentially important in helping trees, and the wildlife that depend on them, 

adapt to climate change (Manning et al., 2009). 

From discussion with the Woodland Trust and Forest of Avon Trust, it seems landowners are keen to 

plant trees and new woodland, but often want to see the results as quickly as possible. In some 

cases, especially where ancient woodland or veteran woodland borders farmland that has been set 

aside for tree planting, and natural dispersal of high-quality seeds is possible, natural regeneration 

could be encouraged. These sites could then be monitored to see how successful this approach has 

been. An example of a successful natural regeneration case can be found here. Site specific risks, for 

example disease, will need to be taken into account.  

✓ New areas of woodland on farmland, which are not close to older woodlands that need 

protection, could potentially be good sites to test out mixes of local and non-local 

provenances.  

  

https://www.wenp.org.uk/nature-recovery-network/
https://www.positive.news/environment/rewilding-sixty-years-ago-scientists-let-a-farm-rewild-heres-what-happened/


Recommendations and next steps 
 

- The Forest of Avon Plan establishes individual areas in the WoE and how they should be 

managed. A further piece of work could be carried out to identify the key climate related 

risks, vulnerabilities and opportunities for trees and woodland in each of these areas in the 

WoE region, identifying areas that may be particularly at risk, along with mitigation 

measures.  

- Linked to the above, a piece of work could be carried out to model the climate impact risk in 

relation to soil types and how this will impact different types of trees found in these areas, 

for example, during drought and in very wet conditions. This will help to ensure species that 

are the most suitable can be chosen, supporting the policy of ‘planting the right tree in the 

right place’. 

- Carry out further research on provenance success. This report has highlighted a couple of 

examples of ongoing studies but a deeper dive into the research will be helpful, to further 

explore the potential for use of southerly seed sources.   

- Consider seed sourcing options in the WoE. There is a huge shortage of seeds and nurseries 

growing seeds in the UK. Given that the advice is to use UK sources, this is a big issue. 

Options for sourcing resilient seeds for the WoE should be further explored.  

- Related to the above, more southerly seed sources may be more suitable in the future but 

there is a question on where these should be sourced from. If sourced from other countries, 

there is a risk of disease. Ideally, southerly seed sources could be obtained from trees from 

more southerly regions, already growing in the UK which have been monitored but again, 

this requires further investigation.  

- Tree officers need support in communicating the benefits of natural regeneration with 

landowners. For example, sharing with them success stories and how their land could 

benefit from natural regeneration over planting, in the longer term.  

- The WoE Nature Recovery Network shows many opportunities for improving the 

connectivity of woodland, which can provide benefits to biodiversity and make the WoE 

more resilient to climate change, but this connectivity needs to be done in the right way, 

using the right species. Strategies could be developed for key connectivity hotspots.  

  

https://www.positive.news/environment/rewilding-sixty-years-ago-scientists-let-a-farm-rewild-heres-what-happened/


Conclusion  

Through researching and writing this report, it is clear that there is no ‘one size fits all’ answer to 

addressing this challenge. Every area of existing woodland and areas for potential new woodland 

have their own challenges and priorities, and these need to be understood before deciding which 

tree species may be best suited to a site or how it should be managed. Hopefully, this report 

establishes what some of the key considerations should be in doing this. 

There are also many unknowns when it comes to understanding what our future climate might look 

like. What we do know is that existing, native tree species have managed to adapt to climatic 

changes in the past. What we don’t know is if they will be able to adapt at the pace that is 

anticipated and to the scale of changes, including an increase in pests and pathogens, in the future.  

Given the vital role that our native woodlands play in supporting biodiversity, they should be 

protected where necessary. However, as more evidence becomes available on the options for 

incorporating southerly seed sources or non-local provenances, this should be taken on board, 

especially in areas of new woodland. If funding permits, as in Kent and Devon, test sites could be 

established in the WoE to test the success of different mixes of tree species from local and non-local 

provenances.   



Annex 1: Tree directory 
Information related to climate change on trees mentioned in the Forest of Avon Plan which are 
commonly occurring in WoE. Much of this information is from SilviFuture, Woodland Trust and a 
few other sources.  
 
(Note: information on some species was much easier to find than others so the depth of information 
varies) 
 
Oak  
Pedunculate and sessile oak have different distributions, in part determined by soil moisture 

requirements. Pedunculate oak is capable of very deep rooting and is tolerant of fluctuating water 

tables in both summer and winter.  

Sessile oak occurs on freely draining soils but requires adequate soil moisture conditions through the 

summer. Pedunculate oak may remain suitable on sites with fluctuating water tables, but it is likely 

to show a reduction in growth due to reduced water availability in drier summers. 

In the UK, oak trees are currently affected by Chronic Oak Decline, Acute Oak Decline, Oak 

Processionary Moth and a variety of powdery mildews. In some locations in the UK 80% of trees 

show symptoms of Acute Oak Decline. If extant oak trees die, then the canopy gaps will be filled by 

other tree species. More information on threats to oak trees is set out in the paper by Mitchell et al., 

(2019). 

Ash 
Ash (Fraxinus excelsior) requires adequate soil moisture throughout the growing season and, for 

high productivity, should be limited to very fertile sites with plentiful water supply. Sites on which it 

currently grows well may continue to be suitable, including those in the riparian zone. However, any 

prolonged dry periods will seriously affect ash where it has inadequate access to moisture.   

In a study by Mitchell et al., (2019) ash was found to be the species that supported the highest 

number of species that live on oak, and could therefore play an important role in the future if oak 

trees suffer. However, ash dieback is a much larger problem than what oaks trees are facing.  

The aim of the Living Ash Project is to identify ash trees that are more resilient to ash dieback and 

source seeds from these trees to improve the genetic resilience of Ash. As 16% of the WoE species 

are ash, many of which are at risk, this is a project that it might be useful to find out more 

information on. Ash is also more likely to survive in a high 2080 climate change scenario. 

Without ash dieback, ash wood communities may expand along major rivers that have headwater 

tributaries in the west of the country, and ash could become more dominant in wet woodlands.  

Common Hawthorn 
Hawthorns will grow in most soil types, in sun or light shade. They are tolerant of exposed sites and 

urban pollution so good in towns and cities. Hawthorns do not do well in permanently waterlogged 

soil and will not flower in deep shade. Usually found in hedgerows or as single trees.  

 
Blackthorn 
Blackthorn grows best in moist, well-drained soil and thrives in full sunlight. Early flowering, 

blackthorn provides a valuable source of nectar and pollen for bees in spring. 

 
 

https://livingashproject.org.uk/
https://www.forestresearch.gov.uk/research/climate-change-impacts/climate-change-impacts-and-adaptation-in-englands-woodlands/regional-changes-in-england-in-tree-species-suitability-resulting-from-climate-change/tree-species-suitability-in-a-future-climate-in-south-west-england/


 
Field maple 
Suitable for light (sandy), medium (loamy) and heavy (clay) soils and can grow in heavy clay soil. 

Suitable pH is acid, neutral and alkaline soils and can grow in very alkaline soils. It can grow in semi-

shade (light woodland) or no shade. It prefers moist soil. The plant can tolerates strong winds but 

not maritime exposure. It can tolerate atmospheric pollution and is often planted in urban areas.  

Field maples can be affected by sycamore gall mite and can also be susceptible to a wilt caused by a 

soil-borne fungus. 

Wych elm 
Moderately shade tolerant and cold hardy, and moderately tolerant of exposure. Best suited to fresh 

to moist soils of rich or very rich fertility. Not suited to very dry or very wet soils or those of poor 

nutrient status. Now only found as a minor component of woodlands due to Dutch elm disease. 

Yew 
Prefers moist, well-draining soils. The biggest threat is root rot. Being the longest-lived of all 

European trees, capable of living significantly over 2,000 years, yew is very likely to be negatively 

affected by climate change.  

Some studies have found Yew to have poor dispersal ability. Yew has also shown signs that it isn’t 

moving north as expected, to find areas that match its optimum climate and there is concern that it 

is very slow to adjust and will therefore struggle with climate change (Thomas and Garcia-Martí, 

2015). Southern seeds could be used further north as climate warms (Thomas and Garcia-Martí, 

2015). 

 
Silver Birch 
A light demanding pioneer species with fast early growth which is both frost resistant and windfirm. 

Grows on a wide range of mineral soils from very poor to medium nutrient status but on wetter soils 

it tends to be replaced by downy birch. It is a relatively short-lived species and mature trees often 

die after a severe drought (e.g. 1976, 2003). It often colonises restock sites where mixtures with 

both conifers and broadleaves can develop. 

Silver birch has a lot of pest and pathogen risks. Widespread and gradual dieback of birch occurs in 
some areas, especially in young trees 5-10 years after planting. 
 
Sycamore (naturalised) 
Young regeneration is quite shade tolerant and the species often colonises the understorey of 

broadleaved woodlands. Cold hardy and tolerant of exposure, salt spray and air pollution, therefore 

suited to all climatic regions of Britain.  

Grows on a wide range of soils but does best on deep, fresh to moist free-draining soils of medium 

to rich nutrient status. It is not suited to heavy clays and poor sandy soils and does not tolerate 

waterlogging and flooding and is not drought tolerant.   

In most parts of Britain, the warming climate will result in greater productivity but in eastern areas 

more prone to drought this species may prove vulnerable. 

Although sycamores are being removed from many older forests, they do have their advantages. For 

example, as with Ash, they can support a number of oak-associated species (292 or 13%). 

 



 
Beech 
Beech is vulnerable to dry summers on shallow, freely draining soils, particularly when mature. On 

deeper, loamier textured soils beech will continue to be a suitable species across England. Beech 

trees are unpopular because they can outcompete with oak in woodlands. However, beech trees 

suffer more during droughts because they have shallower roots, while oaks reach moisture deeper 

in the soil and continue to grow, so this may reverse in the future.  

 

Others tree species that show good resilience to climate change impacts (mainly drought 

tolerance) 

Service Tree 

Adapted to warm climates and can tolerate drier conditions more than other broadleaves.  Not 

suited to wet or very wet conditions. 

This is a light demanding early successional species which is generally found as an isolated individual 

or group of trees in broadleaved woodland; large diameter trees are highly valued for their timber. It 

is adapted to warm climates with > 600 mm rainfall per year.  

Best growth will be obtained on sites of medium to very rich nutrient regime and of fresh moisture 

status, including alkaline soils of good rooting depth. With climate warming, more sites in lowland 

Britain may become suitable for this species.  

Sweet chestnut 

This species is suited to warmer, more continental parts of Britain (i.e. <1500 mm rainfall per year) 

on medium to poor soils of fresh or slightly dry moisture status. It is not suited to alkaline or 

waterlogged soils.  

Acid sandy loams are an ideal soil type for this species (many of the soils in WoE are acidic) which 

although cold hardy, is not tolerant of exposure. This species is likely to benefit from climate 

warming, with more abundant seeding and natural regeneration allowing an expansion of its 

range onto suitable sites throughout lowland Britain. 

Red Oak 

A shade intolerant species which is fully cold hardy in Britain. Best suited to moderately dry to moist 

soils of poor to medium nutrient status and outgrows native oaks on acid sandy loams. The species is 

windfirm and moderately tolerant of exposure and of drought.  This is a species which could find an 

increased role on drier soils in southern and eastern Britain as result of climate warming. 

Records suggest red oak is susceptible to Phytophthora root rot. Armillaria root rot (honey fungus) 

may also kill it, especially if weakened by drought or other causes. 

Norway Maple 

Cold hardy throughout Britain but is less tolerant of exposure than sycamore. Grows on a wide range 

of soils but does best on deep, fresh to moist free-draining soils of medium to rich nutrient status.  

It appears to be more tolerant of drier sites than sycamore and to be able to grow on alkaline soils. It 

is not suited to soils of very poor nutrient status or waterlogged conditions such as peats. This is a 



species which grows fast for the first 30-40 years and can be difficult to manage in mixture so might 

be more ideal being planted in more urban settings rather than within woodland.  

Its greater tolerance of drier soils may mean that this species will be used in preference to 

sycamore in parts of eastern lowland Britain. 

London Plane 

Drought tolerant, will grow on drier soils and is drought tolerant. Also tolerant of pollution and long 

lived, however, susceptible to some pathogens. It is a light demanding species.  

It is cold hardy to -29°C but is sensitive to exposure, particularly cold drying winds. Best growth is 

found on soils of medium to rich nutrient status and fresh to wet soil moisture; however, it will grow 

on drier soils and is drought tolerant. It is not suited to very wet or alkaline soils. If used in forest 

plantations it needs early and regular thinning to provide adequate space for crown development.  

The species is likely to benefit from climate warming and it may prove a useful forest tree on 

warmer sites, for example, in eastern lowland Britain. 

Hornbeam  

This is a comparatively slow growing and shade tolerant species which is very cold hardy and frost 

resistant. It is not tolerant of exposure and is adapted to more continental climates of eastern and 

lowland Britain. Best growth is on soils of fresh to moist moisture status and of poor to rich nutrient 

status; it will grow on alkaline soils provided these are neither too shallow or too dry. It does not 

tolerate peaty soils or those of very poor nutrient status. This is a species which may increase its 

range in eastern Britain with climate warming but is likely to be confined to lowland zones. 

  



Annex 2: Adaptation measures recommended by Forest Research  
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