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INTRODUCTION 
 

Short overview of British forests and forestry 
 
In 2007, the forest cover of the United Kingdom (UK) amounted to 2.85 million hectares or 
just under 12 per cent of the land area (Forestry Commission, 2007b). There was 
appreciable variation in forest area between the four countries of the UK: thus in Scotland 
the percentage cover was 17.5 per cent; in Wales 13.7 per cent; England 8.6 per cent; and 
in Northern Ireland 6.2 per cent.  The species composition of British forests was 58 per cent 
coniferous and 42 per cent broadleaved, but again there was considerable difference 
between countries since in Scotland and Wales conifers were more than 80 per cent of the 
forests whereas in England the comparable figure for broadleaves was nearly 60 per cent. 
Most of these forests were classed as high forest with only around 1 per cent being 
managed under coppice systems. 70 per cent of the forests were privately owned while the 
remainder was owned by the state and managed by the respective country forest services, 
which in England, Scotland and Wales is the Forestry Commission. About 65 per cent of the 
forest area of the UK was covered by a management plan or equivalent (MCPFE, 2007) 
while about 45 per cent, including all publicly owned forests,  was certified as being 
sustainably managed under a FSC-approved scheme. 
 
There was a substantial increase in forest area during the last century through a sustained 
afforestation programme that was carried out predominantly on marginal agricultural land, 
particularly in the upland areas of Northern Ireland, Scotland and Wales (Mason, 2007 and 
references therein). As a result the forest area is dominated by plantations, with the figure of 
1.9 million hectares of plantation (67 per cent of forest area) being one of the highest in the 
EU (MCPFE, 2007). By contrast, the area of semi-natural woodland, whether of a boreal 
type dominated by Scots pine (Pinus sylvestris L.) and birch (Betula spp.) or of temperate 
broadleaves with oak (Quercus spp.), beech (Fagus sylvatica), ash (Fraxinus excelsior) and 
other species is relatively low.  
 
The main species used in the afforestation programme were conifers, which research trials 
showed to be more tolerant of the exposed conditions and nutrient poor soils where most of 
the new forests were created. Early research also indicated that the only native timber 
producing conifer (Scots pine) was not as productive as a range of non-native conifers. As a 
result, introduced species such as Sitka spruce (Picea sitchensis  (Bong.) Carr.), various 
larches (Larix spp.), pines (e.g. Pinus contorta, Pinus nigra) and Douglas fir (Pseudotsuga 
menziesii Mirb. Franco) are now major components of British forests. A feature of particular 
importance for carbon management in British forests is that extensive areas of plantation, 
particularly in Scotland, were established on peaty (organic) soils where soil carbon levels 
are very high and the carbon content of the soil is often greater than that of the trees 
(Cannell et al, 1993; Broadmeadow and Matthews, 2003). 
 
The estimated growing stock in 2005 was 340 million m3 or about 119.5 m3 ha-1 (MCPFE, 
2007). The net annual increment was 8.7 m3 ha-1 year-1 which was the one of the highest 
estimates for the EU while the actual timber harvest was around 9 million m3 year-1 for 
conifers and about 0.4 million m3 year-1 for broadleaves. This output represents just under 50 
per cent of the net annual increment and reflects the comparative youth of some of the 
conifer forests (Mason, 2007) and the fact that many broadleaved woodlands in lowland 
Britain are unmanaged (Kirby et al. 2005). Estimated carbon stocks in the forests were 115 
million tones of carbon (includes above- and below-ground biomass and deadwood, but not 
soils) (MCPFE, 2007)  
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Overview of forest policy 
 
Forest management in the UK is governed by the principles first agreed at the 1993 Helsinki 
Ministerial Conference on the Protection of Forests in Europe (MCPFE) and developed in 
subsequent conferences to become the 2003 MCPFE criteria and indicators of Sustainable 
Forest Management (SFM). The approach to implementing these principles in UK forests is 
laid down in the UK Forestry Standard (UKFS) (Anon., 2004) and a set of supporting 
guidelines which cover aspects such as the effects of forests on biodiversity, landscape, 
soils, and water.  The UKFS thus sets the context for forestry in the countries of the UK and 
explains how forestry is regulated. It is a performance standard for the sustainable 
management, planning and design of all forests in the UK. The guidelines capture the 
essence of the various elements of forest management in further detail, set out how the 
requirements can be met, and provide advice on forest management. The UKFS and the 
guidelines have an important function as the basis of forestry practice in the UK for the 
certification process carried out through the independent UK Woodland Assurance Standard 
(UKWAS). A revised version of UKFS is currently out for consultation and should be 
released in 2009, as well as a new guideline covering forests and climate change. 
 
SFM, as set out in the UKFS, is the fundamental tenet of forestry policy in the UK.  Since 
devolution in 1997, the articulation of forestry policy is devolved to country administrations in 
the four countries of the UK. Each country has its own forestry strategy setting out policies 
and priorities for forest creation and management and these strategies are of major 
importance in determining how the forestry sector will adapt to climate change. Thus the 
Scottish (Anon., 2006a), English (Anon., 2007), and Welsh (Anon., 2009a) forestry 
strategies each include sections dealing with the impact of climate change as a major theme 
or objective, and these are being developed further through specific climate change action 
plans for forestry in a specific country, as in Scotland (Anon., 2009b). By contrast, the 
strategy for Northern Ireland (Anon., 2006b) does not yet include explicit reference to climate 
change. More detailed discussion of the actions proposed to increase the resistance and 
resilience of British forests to anticipated climate change can be found in the following 
sections. 
 

Developing awareness of climate change in UK forestry 
 
Because of the history of introducing non-native species into British forestry, there has been 
a long tradition of assessing the response of species to climate factors such as extreme 
temperature and drought (e.g. Redfern and Hendry, 2002). However, the tendency was for 
the effects of such abiotic factors to be studied in isolation and results interpreted on a site 
or region specific basis rather than as a systematic trend. The first studies that looked at 
potential health and growth responses of trees in Britain to projected climate change at a 
country level were undertaken by Cannell and colleagues in the 1980s (e.g. Cannell and 
Smith, 1986): these culminated in a systematic review (Cannell et al., 1989) which 
suggested that, inter alia, more southerly species and provenances might become more 
suitable for use In Britain as a consequence of climate warming. 
 
During the following decade, the amount of research undertaken on tree growth and other 
responses to global warming increased considerably, revealing earlier flushing dates for 
native tree species (Sparks and Gill, 2002) as well as faster growth in plantation forests 
(Cannell, 2002). However, awareness of the potential impacts of climate change on British 
forests was largely confined to the research community until the publication of the first UK 
Climate Impacts Scenarios in 1998 (Hulme and Jenkins, 1998) which provided regional 
projections of climate change in 2020, 2050, and 2080. These projections could be 
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combined with the Ecological Site Classification (ESC) predictions of tree species response 
to climate and edaphic factors (Ray et al., 2002) to show how certain site types or regions of 
the UK might become marginal for particular species within a few decades. By 2000, 
increasing awareness of the potential impacts of climate change was reflected by the 
publication of a UK government strategy on tackling climate (Anon, 2000a) including 
reference to ‘protection and enhancement of forests’ as one of the policies to mitigate 
change. The first major British conference on Trees and Climate change was held in 2000, 
and the subsequent publication (Broadmeadow, 2002) of the proceedings did much to 
increase awareness of the issues within the forestry sector. 
 
Subsequent years have seen further development of our understanding of the potential 
effects of climate change on British forests and there has been a steady flow of publications 
(e.g. Broadmeadow and Matthews, 2003; Broadmeadow and Ray, 2005) which have sought 
to increase sector awareness of the need to build such knowledge into future plans.  Further 
conferences have been held to highlight the global dimensions of forestry and climate 
change (Freer-Smith et al., 2007) and country projections have been provided for forestry in 
Scotland (Ray, 2008a) and Wales (Ray, 2008b).  
 
Growing attention has been paid to socio-economic aspects of forestry and climate change 
and to various issues related to rural policy, and land use and landscape changes. The 
economics of carbon sequestration through forestry based activities and of carbon offsetting 
(Moran et al., 2008; Nijnik, 2008; Nijnik et al., 2009), social aspects of tackling the changing 
climate, and institutional settings for implementing relevant policies for forestry and other 
land use sectors in the UK have been analysed at the Macaulay Institute, in collaboration 
with other organisations, both in the UK and internationally (Nijnik and Bizikova, 2008; Nijnik 
in press ; Pajot et al., 2009) (see 
http://www.macaulay.ac.uk/climatechange/CC_research.php). 
 
The Forestry Commission has produced publicity material to increase general awareness of 
the impacts of climate change (e.g. Forestry Commission, 2007a) and an authoritative 
independent statement is under preparation as A National Assessment of UK Forestry and 
Climate Change (see http://www.forestry.gov.uk/website/forestry.nsf/byunique/infd-7m8ghy) 
with active contribution from the Macaulay Institute. It is probably fair to say that all parts of 
the UK forestry sector are now aware of the potential impacts of climate change. The 
challenge is how to translate that awareness into effective action.   
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1. Impacts 

 1.1 Introduction 
 
There is compelling evidence that the climate has changed over past decades in the UK, 
with nine of the ten warmest years on record having occurred since 1990 and a clear trend 
of a shift in the seasonality of rainfall (Jenkins et al., 2007). Although it is difficult to prove 
through empirical evidence that such clear trends are the direct result of anthropogenic 
greenhouse gas emissions, modelling provides good evidence of the link. Only when 
greenhouse gas forcing is included in general circulation model (GCM) experiments do the 
models replicate the climate of the past century adequately (IPCC, 2007a). 
 
The level of climate change observed to date (e.g. 0.8oC to 1oC change in mean UK 
temperatures from 1961-2003) is small relative to the change that is likely to occur over the 
course of the 21st century. It is not possible to easily predict how woodlands will be affected, 
nor is it easy to design or implement adaptation responses to mitigate the future impacts of 
climate change on without good future climate forecasts.  Instead we have developed 
techniques that involve the use of a biophysical model that shows the site suitability of 
different tree species, and extended this model into the future climate projected by the 
United Kingdom Climate Impacts Programme (UKCIP) for a range of greenhouse gas 
emissions scenarios described by the Intergovernmental Panel on Climate Change (IPCC). 
Furthermore, for different places in the UK, we can match the future climate of that site to 
current climates in other parts of Europe.  This may help us better understand the likely 
impacts of climate change on species, from current studies in those climates. 
 
The biophysical-climate space modelling approach is useful in providing a measure of the 
approximate fit of species to climate and site conditions. However, it does not deal with 
extreme events. Very recently published data (June 2009) from UKCIP (the UKCP09 
projections) provide an opportunity to study the likelihood of climate change, the timing of 
the advance of thresholds of change, and a simulator to explore the frequency and 
magnitude of projected extreme events.   

 1.2 Observed impacts 

Summary 
• Phenological records confirm climate change trends, particularly the earlier onset of 

spring. 
• Analysis of annual weather patterns over recent decades demonstrates significant 

trends in the changing climate that match those projected by UKCIP 2002 in the form 
of increasing mean annual temperature and shifts in the rainfall distribution.  

• The degree and amount of change varies across the UK. The trend of increasingly 
warmer growing seasons has increased tree growth in parts of the UK, and some dry 
summers caused drought stress with reductions in growth.  

• There is evidence of damage to sensitive tree species in dry summers, e.g. stem 
lesions on Sitka spruce in eastern Scotland during the hot and dry summer of  2003. 

•  

Phenology 
 
Phenology records the timing of natural events, particularly in relation to climate. Many 
records include the date at which flowering and leafing of plants occur, and often the dates 
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of initiation of insect and bird migration (see Sparks and Gill, 2002). In the UK, phenology 
has a long history of about 300 years, and in particular the work of Robert Marsham  (1708-
1798) provides an fascinating insight of the relationship between climate and natural events 
over a long period. Marsham’s work provides a key component of the phenological evidence 
with the record of 27 indicators of spring dating back to 1736. Records include the first 
leafing date of 13 tree species, first flowering dates and the arrival dates of some migrant 
birds.  
 
The date of first leafing of rowan (Sorbus aucuparia) is quite sensitive to the mean spring 
temperature between February and April from the Central England Temperature (CET) 
record (Figure 1) (Sparks and Gill, 2002). Their data show that rowan responds by producing 
leaves 6 days earlier for every 1oC increase in the spring temperature.  Many species of tree 
respond in a similar manner, although some are less sensitive to the spring temperature cue 
and flush in response to changing photoperiod. Another phenological record started by 
Combes in 1947 shows a change in the flushing date (date of budburst) of several tree 
species in southern England, in response to warmer mean spring temperature over the last 
5 decades (Figure 2 after Sparks and Gill, 2002). The conclusion from these data is that 
pedunculate oak (Quercus robur) budburst advanced by approximately 20 days over the 
second half of the 20th century in southern England and, with other phenological evidence, it 
shows that climate change is already having a considerable impact on trees and woodland 
ecosystems.  
 
Although budburst has advanced for many species of tree as a result of increases in mean 
spring temperature, there has been little change in stochastic meteorological events. For 
example, there has been no change in the last date of occurrence of late spring frosts below 
minus 2oC, at which temperature damage to tender plant tissue can occur. Thus the risk of 
frost damage has increased slightly over the last 50 years (Broadmeadow et al. in prep).   
 
Phenological records relating to plants and dependent organisms, such as the defoliating 
insect winter moth (Operophtera brumata) show synchrony between the emerging foliage 
and hatching eggs (Buse and Good, 1996) in warmer springs. However, this synchrony is 
not maintained in some species which have not co-evolved. Winter moth maintains an 
earlier egg hatch with warmer spring temperatures, even though budburst in spruce does not 
advance (Watt and MacFarlane, 1991). This suggests that larval survival on some host 
plants will be reduced as a result of climate change (Evans et al., 2002). It is likely that 
climate change is exerting, and will continue to exert a complex impact on the synchrony 
and co-dependence between trees and host organisms. Impacts are difficult to predict since 
predator-prey relationships will change, and this is likely to cause uncertain effects on 
interdependencies within the trophic web.  
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Figure 1 The negative relationship between first leafing date of rowan and mean February-April 
temperature (0C). The strong negative relationship shows the flushing response of rowan with spring 
temperature from the Central England Temperature (CET) record (Sparks and Gill, 2002) 

 
Figure 2 Change in the mean date of budburst over 4 decades in the south of England (after Sparks and 
Gill, 2002) 
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Figure 3 The relationship between warm and dry summers as recorded at Oxford to calculate 
accumulated temperature and summer rainfall, and the stem diameter increment of beech (Fagus 
sylvatica) growing on 3 different soil types (surface-water gley, podzol and brown earth) in southern 
England 
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Tree growth and timber quality 
 
Increased growth in warmer growing seasons is dependent on sufficient moisture. In dry 
summers (e.g. 1976, 1984, 1990, 1995, 1996) shown by low summer (April-September 
inclusive) rainfall (Figure 3) the normalised stem diameter increment for beech was reduced. 
This was particularly accentuated on trees sampled on surface-water gley soil types 
(Broadmeadow et al. in prep). Surface-water gleys (stagno-orthic gley; Avery, 1990) have a 
characteristic seasonally fluctuating water table resulting in shallow roots restricted by 
anaerobiosis, associated with winter water-logging. The restricted rooting depth, and the 
resulting reduced volume of soil coupled to the root system, may become a particular 
problem in dry summers. Beech trees sampled on brown earths and podzols, which are 
types of freely draining soil, showed smaller growth reductions in dry summers.   
 
Dry summers, such as in 2003, have caused serious damage to mature Sitka spruce (Picea 
sitchensis) trees in the form of stem lesions (Figure 4), and internal radial cracking (Figure 5) 
in the wood. Such cracks render the timber of poor quality and of no structural use.  Sitka 
spruce is a native conifer species of the Pacific northwest coast of North America from 
southern Alaska in the north to northern California in the south of its range. However, the 
species is restricted to coastal forests associated with higher rainfall and in particular high 
humidity, fog and low cloud (Samuel et al., 2007).  Consequently, the species is intolerant of 
high moisture deficits, and is not recommended on sites with moisture deficits in excess of 
180 mm in the summer months (Pyatt et al., 2001).  
 
 
Figure 4 Stem lesion on Sitka spruce in Durris 
Forest, eastern Scotland, following the dry summer 
of 2003 - photo B. Rayner, ©Forestry Commission 
 

 
 

Recorded climate change 
 
Accumulated temperature provides a good climatic index of warmth, as it expresses the 
degree to which the photosynthetic rate and particularly the rate of growth occur in plants 
(Grace et al., 2002) above 5oC. There is a direct relationship between accumulated 
temperature and yield and, if soil moisture is not limiting, trees will grow faster in a warmer 
climate. Work by Sing et al (2006), in developing an empirical yield model for Sitka spruce 

Figure 5 Radial cracking through the stem of Sitka 
spruce following dry summer conditions, 
©Forestry Commission 
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showed a positive relationship between accumulated temperature and yield (m3ha-1yr-1) 
(Figure 7). A number of studies have reported an increased yield from forests in Britain and 
Europe, and the effect has been associated with the warming climate, increased nitrogen 
availability and better silviculture (Cannell, 2002; Magnani et al., 2007; Worrell and Malcolm, 
1990). 
 
Figure 6 demonstrates changes in accumulated temperature over the last 50 years. 
Accumulated temperature has been calculated annually as the number of day-degrees over 
5oC from monthly temperature records over the last 50 year period. A sample of 9 
meteorological stations, 3 in each of England, Scotland, and Wales shows that the growing 
season has become warmer in all regions over the period, based on normalised data – 
which is the difference from the 50 year mean. Furthermore, accumulated temperature has 
been steadily increasing over the last 120 years, and Figure 8 shows the long term trend of 
increasing accumulated temperature over the past 128 years, recorded at Durham in the 
north-east of England.  
 

Forest fire 
 
An increasing trend for outdoor ‘grassland’ fires has been observed over recent decades. 
This contrasts with the number of forest fires (on FC land) which have declined over the 
period for which data are available (1975 – 2004: FC Annual report 2005). The decline is 
likely to result primarily from the reduction in the area of thicket stage conifer woodland 
which is at greatest risk of fire. Cannell and McNally (1997) noted that climate has generally 
been the catalyst for forest fires but rarely the actual cause, as most fires are human-
induced whether intentional or not. The area of woodland burned increased in the well 
documented ‘drought’ years such as 1976, 1989-90 and 1995, although no increase was 
evident in 2005.  
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Figure 6 The accumulated temperature anomaly for a 50 years period for 9 meteorological recording stations, 3 in each of the countries England, Scotland, and 
Wales 

 

Met Stations in Wales 

Met Stations in Scotland 

Met Stations in England 
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Figure 7 Relationship between accumulated temperature and yield for Sitka spruce in south Scotland 
(Sing et al 2006) 

 
 

Figure 8 Long term trends in accumulated temperature calculated from meteorological data recorded in 
Durham (see Fig 3) between 1880 and 2008 
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 1.3 Expected impacts 

Summary 
 

• There is a very high likelihood of climate change impacting on drought-sensitive tree 
species on shallow and/or sandy soils under all future climate scenarios.  

• By 2080, in southern and eastern England, and in east Wales and eastern Scotland, 
the High emissions scenario will very likely have a considerable effect on the tree 
species currently used in British forestry. Less extreme projections would have a 
lower impact on sensitive sites and the amount of forest land affected. 

• Biotic impacts are very likely to be more damaging than dry summers for many tree 
species.  

• Increased winter waterlogging will render increased areas of upland plantation forest 
liable to endemic and possibly catastrophic wind disturbance. 

• It is crucial to ensure the selection of the appropriate species, provenance and 
management system for each site in order to maintain the quality of the UK timber 
supply. 

• Species choice, genetic selection and management system will have as much an 
influence on the quality of future UK timber supplies as projected climate change.  

• Forecast changes to the wood properties of the major timber species will not 
adversely impact on the suitability of future sawn timber supplies to meet existing 
markets.  

• Climate change is predicted to increase the growth rate for most species. The impact 
of this increased growth will vary from species to species, but is not expected to have 
an impact on the performance of UK timber.  

• Increased windiness may lead to poorer form on some sites due to increased leader 
loss. This can be mitigated by appropriate site choice and longer rotations. 

• Woodland community composition will change with the climate, with readjustments in 
the dominance of tree, shrub and vascular plant species in response to the site and 
climatic interactions 

• Uncharacteristic species will colonise some woodland types, causing changes in the 
way in which woodland types are classified 

• There are likely to be changes in the natural disturbance pressure on some native 
woodlands, leading to more scrubby woodlands from more frequent disturbance from 
wind and fire 

 

   1.3.1 Projected climate change 
 
Climate projections for Britain published in 2002 (Hulme et al., 2002) show differential 
changes to the seasonal climate. Comparing different regions, the baseline climate for 
northern Scotland (Figure 8) shows a relatively high seasonal variation in rainfall and a 
moderate seasonal variation in temperature. Future projections forecast a small reduction in 
summer rainfall, a moderate increase in winter rainfall, and a moderate increase in 
temperature for each season. In comparison, the baseline climate of southern England 
shows a moderately high temperature range between summer and winter but a very low 
range in seasonal rainfall. Future projections forecast an increase in the seasonal 
temperature range with much warmer summers and milder winters, and an increase in the 
seasonal rainfall distribution, with wetter winters and much drier summers.  The climate 
projections for Northern Ireland and Wales are intermediate between north Scotland and 
southern England in response. 
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UKCIP climate projections have been used to adjust accumulated temperature  (AT) and 
moisture deficit (MD), two of the climate factors in the ESC model (Broadmeadow and Ray, 
2005; Ray et al., 2002) with dynamic linking between climatic moisture deficit and summer 
soil moisture regime. The data and ESC model have provided a low resolution, strategic 
planning tool to indicate the kinds of changes that may occur in the climatic factors used to 
specify tree species suitability and site yield potential. 
 
By 2080, both the Low emissions scenario (IPCC-B1) and High emissions scenario (IPCC-
A1FI) are projected to have a profound effect on accumulated temperature and moisture 
deficit (Figure 9a & b) in Britain. High emissions projections show accumulated temperature 
could increase by as much as 40-50% in south Wales and central Scotland, and by as much 
as 60% in south-east England. In Britain’s relatively cool climate, large increases in 
accumulated temperature occur due to small increases in the mean daily temperature above 
5oC. Two reasons account for this - warmer seasonal temperatures, and a longer growing 
season. Moisture deficits are also likely to increase. Increases of up to 40% may occur in 
eastern and southern Wales and central Scotland, and increases of 50% are likely in south-
east England. This would cause forest soils in affected parts of Britain to be depleted of soil 
moisture on freely draining and shallow soils, and would be a problem for species that are 
sensitive to drought conditions in excess of about 180-200 mm (e.g. Sitka spruce, beech). 
Indeed, on such sensitive sites the High emissions scenario projections of frequent and 
extreme moisture deficit would seriously reduce the growth for many species of tree 
currently grown in Britain.  
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Figure 8 Monthly and seasonal changes, of monthly mean temperature and total monthly rainfall in 
different parts of the UK, in the baseline climate (grey), the projected climate in the IPCC B1 scenario 
(light green) for 2080, and the IPCC A1FI scenario (black) for 2080 (after Hulme et al. 2002) 

 
 
 
 
 
 
 
 
 

Key 
Baseline climate 
2080 IPCC B2 projection 
2080 IPCC A1FI projection 
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Figure 9 Projected changes in a) accumulated temperature and b) moisture deficit for future climate 
projections in Britain (Note ESC projections not available for Northern Ireland) simulating the Low 
(IPCC B1) and High (IPCC A1FI) emissions scenarios 

a) 

 
b) 
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Frost 
 
On sites that can maintain adequate soil moisture during dry periods, for example, on deep, 
loamy textured, freely draining soils perhaps at the base of hill slopes, with a percolation 
from above, the warmer summers will stimulate increased growth.  Although the mean 
temperature is projected to increase, the likelihood of early autumn frost, and late spring 
frost will remain. Therefore, considering the effect of increased mean temperature producing 
a longer growing season for most species, the effect is an increased risk of frost damage in 
the future.  
 

Seasonal changes in rainfall 
 
Many regional climate models (RCM) projections suggest greater year to year variability in 
seasonal rainfall, so that both drier summers and wetter winters will occur more frequently. 
Taken over a thirty year climate period, the result is a mean increase in MD (Figure 9) 
calculated from projected climate variables, which suggests an increase in the frequency of 
dry summers for all emissions scenarios, to a lesser or greater degree. The change in 
frequency of dry summer events has been calculated for Wales from C4I data published by 
Met Eareann in Ireland. The simulated daily meteorological variables were used to calculate 
MD on a daily basis. MDs were accumulated annually and summarised on a decadal basis. 
A sample of 4 decadal periods, 2 from the climatic baseline period, and one for the 2020s 
and 2050s, are presented in Figure 10. They show the frequency of  MD in the decade of the 
2020s to be similar to the 1990s, and a higher frequency of dry summers than in the 
baseline period are projected for the 2050s for both the IPCC B1 and A2 emissions 
scenarios. 
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Figure 10 Simulated decadal frequency of dry summers (MD>=200mm) for 2 decades in the climate 
baseline period, and 2 decades in the future for IPCC emissions scenarios A2 (Medium-High) and B1 
(Medium-Low). Data courtesy of C4I, Met Eareann, Dublin 

 
 
In addition to more dry summers, the indications are that UK forests will experience much 
wetter winters. This will have a serious impact on soil wetness and exacerbate summer 
water availability. Wetter soils will cause shallower rooting, reducing the anchorage of trees 
in winter gales and consequently tree stability, so exacerbating the potential for windblow.   
The future wind projections are rather uncertain, although UKCIP reports suggest that the 
frequency and intensity of winter gales will increase. Windthrow may become a much more 
serious impact in the windy climate of the UK. This will require greater attention in planning 
to manage the increase in the risk of windthrow as a result of intervention. As a result, the 
exposure limit for productive coniferous stands in the UK may need to be revised.  
 

   1.3.2 Changing productive species suitability 
 
General 
 
The changing suitability of productive tree species in future climates are projections 
developed through the application of the model Ecological Site Classification (Broadmeadow 
and Ray, 2005). Figure 11 provides a regional projection of change in suitability for 5 species 
in the 2050 and 2080 climates for Low and High emission scenarios. The bars represent the 
potential suitability of the woodland area for the given species. This does not mean that a 
species occurs in the woodland area, but its suitability has been tested for the woodland 
sites in the region, for the baseline and future climate projections. 
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Beech 
 
The natural range of beech (Fagus sylvatica) extends across southern England, through 
France and Germany to central Poland and northwards again to southern Sweden. The 
species is found at higher elevation as far south as the Pyrenees and the mountains 
bordering the Mediterranean, and as far east as mainland Greece. In England, it is 
particularly associated with chalk and limestone geologies, but also occurs on sands and 
loams that provide deep rooting and adequate moisture reserves. The species grows well up 
to an AT of approximately 3000 day-degrees, but is less tolerant of high MD, as evidenced 
by drought stress in dry summers (a MD of 240 mm is probably the upper limit for suitable). 
The warmer and drier climate predicted in southeast England is likely to become unsuitable 
for beech due to high MD, particularly for the 2080 High emissions scenario. Except for the 
2080 High emissions scenario, both east and west Scotland, Wales, and northern England 
may be a part of Britain where beech suitability increases. In the west Midlands, and western 
peninsula of England beech suitability is likely to decline, therefore becoming unsuited to the 
projected climate of a 2080 High emissions scenario.  
 
Douglas fir 
 
Douglas fir (Pseudotsuga menziesii) occurs along almost the entire length of the western 
mountain ranges of North America from southern British Columbia to New Mexico. The seed 
sources of Douglas fir grown commercially in Britain, from Oregon and Washington, are 
adapted to higher summer temperatures and more severe moisture deficits than currently 
occur in Britain. The species will therefore tolerate the predicted warmer and drier climate 
remaining suitable in most of southern and eastern England and very suitable in western 
England and Wales, except for the 2080 High emission scenario. The climate is predicted to 
become more suitable for Douglas fir throughout Scotland, particularly in the east.  
 
Pedunculate oak 
 
The natural distribution of Pedunculate oak (Quercus robur) is from the Atlantic in the west  
to continental central Russia in the east. The southern extent of its natural range is northern 
Spain and Portugal (38oN), although it has been planted further south in the Mediterranean 
region. To the north, the species is found naturally in southern areas of Scandinavia (about 
61oN) in southern Norway and Sweden. It is considered a more continental species than 
sessile oak (Quercus petraea), and tolerates rich heavy soils and a fluctuating water table, 
whereas sessile oak is more suitable on freely draining soils.  
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Figure 11 Suitability of 5 tree species, described as the proportion of the current woodland area that is 
unsuitable (U), suitable (S) or very suitable (VS) for that species in 8 regions of Britain, and simulated for 
the baseline climate (bas), and the future climate scenarios 2050 Low (50l), 2050 High (50h), 2080 Low 
(80l) and 2080 High (80h)  
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Sitka spruce 
 
Sitka spruce (Picea sitchensis) is a native of the moist oceanic climate of the Pacific 
Northwest, extending from Alaska to northern California in a narrow coastal strip. In the 
climate of the late 20th century it was best suited to the western regions of Britain. Two main 
provenances, from the Queen Charlotte Islands (QCI) and Washington are planted 
according to climatic warmth, respectively in the northwest and southwest of Britain. It is 
regarded as Unsuitable within the drier northeast, East Midlands and the southeastern 
counties of England, where the moisture deficit exceeds about 180 mm. The extension of a 
warm dry climate westwards across central and southern England is likely to make the 
currently Suitable areas of the West Midlands and southwest England Unsuitable by the 
2050s. In the southwest peninsula and west Wales, the AT increase is substantial whereas 
the MD increase is marginal, and here Sitka spruce should remain at least Suitable. In  the 
cooler uplands of Scotland and northern England, land currently Suitable for Sitka spruce will 
become Very Suitable by the 2080s, as a result of the increase in AT and a decrease in MD. 
The temptation may be to plant the Washington provenance in areas where the Queen 
Charlotte Islands provenance is currently recommended, but the incidence of spring and 
autumn frost damage is likely to continue to be a major constraint.  
 
Scots pine 
 
This is the most extensive species in the genus, straddling an east west distance of about 
14,000 km, from Scotland and Spain in the west to Kamchatka in the east. The north south 
range extends across about 3000 km, from northern Norway to the Sierra Nevada in Spain 
(Anon, 2000b). The species is also highly tolerant of site types, growing at sea level in sand 
dunes, at the tree line, and in bogs, on podzolised mineral soils and planted on cultivated 
soils. The species tolerates a moderate amount of drought of up to 2 months without 
summer rain, and in climates with as little as 200 mm of rainfall. However, a regular supply 
of summer rainfall is required for Scots pine to remain a productive species in Britain. The 
ESC suitability model shows that Scots pine remains suitable as a productive species in 
Scotland for most climate scenarios, but becomes unsuitable in England and Wales in the 
2080 High emissions scenario. 

   1.3.3 Timber Quality 
 
Site selection  
 
A key factor in maintaining the quality of timber is to choose, wherever possible, the species 
or provenance well suited to the site type. In Sitka spruce, during dry summers water stress 
on soils with limited moisture retention can result in cracking and ring shake in mature trees. 
Conversely, Scots pine can produce poor form and lower timber quality because of forking 
and heavy branching, on sites that are too wet, usually where winter water-logging is a 
problem.  Although sites in eastern areas of the UK, and sites in south and eastern Wales 
will have a greater risk of drought induced cracking in Sitka spruce, the problem may occur 
in other parts of the UK in the future. In the current climate, a 1 in 40 year drought (2 dry 
months) might be considered the limit of risk for a Sitka spruce site. However, in the future, a 
shift in the seasonal distribution of rainfall is predicted, and 2 dry months will occur more 
frequently in the UK.  
 
Frost and winter cold  
 
As the winter climate becomes milder over most of the UK, some species may not enter 
dormancy until late in the winter, and the degree of winter hardening may be reduced. For 
the main conifer species (Sitka spruce, Norway spruce, Scots pine, Japanese larch, 
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European larch, Douglas fir) day-length (photoperiod) is the critical factor which triggers the 
onset of dormancy. This is a function of provenance with northerly provenances entering 
dormancy earlier. With milder winters it will still be important to pay careful attention to 
provenance choice and use material that is not at risk from autumn frosts.  
 
The time of flushing in the spring is controlled by temperature and photoperiod and there is 
less variation between provenances. Milder winters will encourage earlier flushing and make 
trees vulnerable to late spring frosts. Knowledge of the variation in temperature at a specific 
location and the correct species/provenance choice will be important for minimising the 
impact of any frost damage.  
 
Many tree species are able to take advantage of warm late summer and autumn periods by 
producing lammas growth beyond the terminal bud set at the end of the main part of the 
growing season. Tender shoots formed in this way are especially vulnerable to early autumn 
frost, with damage leading to stem forking. Additionally, the lammas apical shoots set a 
second whorl on the stem leading to increased knottiness in sawn timber.  
 
Growth rate  
 
The most important climatic variable for plant growth is temperature, and when water and 
nutrients are not limiting, most species will produce increased growth (height or diameter or 
both) in warmer growing seasons. It has been suggested that the rising CO2 concentrations 
and climate warming will result in an increase in the general yield productivity by  
2 m3 ha-1 yr-1 for most species (e.g. from YC 6 to YC 8 for oak; from YC 14 to YC 16 for Sitka 
spruce).  
 

Table 2. Comparison of Sitka spruce timber quality properties with yield class  
 Yield Class 

Property  Unit  14 16  18  
Average wood density (12% 
moisture content)  

kg/m3  424.9 421.6  419.6  

Average between whorl 
spacing  

m  0.45  0.50  0.55  

Average knot size for whorl with 
biggest branches  

cm  3.40  3.65  3.90  

Knot surface area ratio on 
outside of logs  

none  0.01  0.01  0.01  

 
With increasing growth rate, there will be changes in the wood properties of importance for 
timber performance. Table 2 shows the change in four important criteria affecting timber 
strength as the yield class increases for Sitka spruce (holding site and tree spacing factors 
constant) as predicted by the FR timber quality model (A. Achim, personal communication). 
For a change of 1 yield class (e.g. 14 to 16) the model predicts a reduction in wood density 
by between 0.5-0.7%, an increase in whorl spacing of around 10%, a 7% increase in knot 
size and no change in the knot area ratio.  Interpreting these results in Table 2 using 
predictions of Maun (1992) suggests that due to climate change an increase in the growth 
rate of Sitka spruce of 2 m3 ha-1 yr-1 will have no impact on the stress-graded batten recovery 
of Sitka spruce in the UK. 
  
Although conifers such as the spruces and firs tend to have reduced wood density with 
increased growth rate, the pines, larches and Douglas fir show little or no reduction in wood 
density with faster growth. Therefore, for these species there is also likely to be no change in 
the timber performance with increased growth rates resulting from climate change.  
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Stem form  
 
Stem form (straightness and taper) is a phenotypic attribute described as a function of the 
genotype combined with the biophysical factors of a site (environment). The British wind 
climate has an important influence on the loss of leaders during strong storms. Leader loss 
leads to crooked stems as one of the side-branches takes over apical dominance from the 
lost leader. This poorer stem form in turn leads to a lower recovery of desirable straight 
‘green’ logs for construction grade timber. However, with time, trees recover straightness as 
the initial bend following leader loss is subsumed within the tree and, therefore, increased 
rotation length can be an important factor in improving tree form.  Background wind loading 
can cause coniferous trees to produce compression wood and broadleaved trees to produce 
tension wood. Both these types of wood lead to increased difficulties in processing and 
poorer performance in service and their incidence could rise in a windier climate.  

   1.3.4 Native Woodland communities 
 
General 
 
Recent policy in each of the devolved countries has sought to increase the area of woodland 
comprised of ‘native’ species. Seven native woodland types are recognised by the UK 
Biodiversity Action Plan (Anon, 1995). The impact of climate change on each of these is 
summarised below: 
 
Lowland mixed deciduous woodland 
 
This woodland type covers a broad range of species and woodland types on heavier soils. 
The majority of native tree species will persist, although there will clearly be differential 
effects of climate change resulting in changing competitive advantage and a shift in species 
composition. In particular, sycamore and beech may tend to increase at the expense of oak 
and ash (Ray, 2008a). Bramble, nettle and other ‘rank’ vegetation may become more 
dominant on the heavier, rich soils that are characteristic of the habitat, at the expense of 
forbs and grasses. Although it is impossible to be precise, the habitat is likely to continue as 
a functional habitat across the United Kingdom, but the woodland community will change. 
The greatest threat to the habitat, in common with other habitats, probably comes from the 
potential impacts of pest and disease outbreaks, particularly where species diversity is 
limited, and possibly from fire, as public access increases in a warmer and drier summer 
climate.    
 
Lowland beech and yew woodland 
 
The impacts of drought on beech are well documented (Mountford and Peterken, 2003) and 
a number of studies (Berry et al., 2002; Broadmeadow and Ray, 2005; Harrison et al., 2006) 
have suggested that the species will struggle for climate space, or as a commercially viable 
species. However, the natural distribution of the species coupled to more recent modelling 
results suggest that beech and yew will persist across southern England. Soil type, aspect, 
slope and soil depth will be key determinants of beech survival. Although the individual 
species of tree are likely to persist as climate change progresses, beech will be challenged 
on some sites, particularly those with free-draining shallow soil profiles. Ash and, in time, oak 
will colonise and the nature of the woodland community will change. The woodland type will 
also extend beyond its naturally occurring range (Wesche et al., 2006). 
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Upland mixed ashwood 
 
There is little evidence to suggest that upland ashwoods will be negatively impacted by 
climate change with the main species (ash, hazel, oak, birch) highly likely to persist in the 
wetter north and west where the habitat occurs. However, the species composition may 
change, suggesting that the northward movement of small-leafed lime may be a possibility. 
(Ray, 2008a) highlights the particular importance of the habitat in Wales (25% of the semi-
natural woodland area) and concludes that the habitat, in both Wales and Scotland (Ray, 
2008b) may show slower changes in species composition than other habitats because of the 
ability of ash to regenerate in dense shade. 
 
Upland oakwood 
 
The tree species components are unlikely to be affected by climate change as the woodland 
type has a distribution restricted to high rainfall areas. However, the community is highly 
valued for its fern, bryophyte and lichen flora which are highly sensitive to changes in rainfall 
and humidity. Ray (2008a) also notes the possibility that more frequent disturbance events 
coupled to the changing climate may allow other species such as birch, hazel and rowan to 
colonise Atlantic oakwoods. Of particular concern in this context is the potential for beech to 
colonise upland oakwoods with the deeper shade cast by the species impacting negatively 
on the ground and epiphytic flora. 
 
Wet woodland 
 
The persistence of wet woodland will depend on local factors rather than regional climate 
change. In this context, Ray (2008a&b) highlights the role that wet and riparian woodland 
might play in flood risk management and the maintenance of freshwater temperature to 
protect fisheries. The extent of the habitat may therefore increase as a response to climate 
change. In southern England, the increasing frequency and severity of summer drought 
represents a threat to the habitat, but this may be countered by increased winter rainfall 
maintaining ground water supplies through the early part of the summer. If individual sites do 
become drier, ash may colonise at the expense of alder, the dominant species of many sites. 
Ray (2008a&b) suggests that water supply is unlikely to limit the habitat in Scotland and 
Wales, and that wet woodland might expand into upland mires and flushes as a result of 
changes in climate and land management. The greater fluctuations in water levels that would 
be expected to result from climate change could enhance the risk of significant dieback of 
alder through Phytophthora infection (Lonsdale and Gibbs, 2002). 
  
Native pine woodlands 
 
The persistence of the principal species of tree, Scots pine, is unlikely to be affected by 
climate change. However, the composition of the ground flora is likely to be affected with 
plant communities associated with the drier sub-communities of the east and central 
Highlands favoured (Ray, 2008a). There may also be colonisation by other tree and shrub 
species (e.g. oak, birch, rowan) and the appearance of flora not generally associated with 
native pinewoods. Disturbance through fire may represent an enhanced risk, particularly in 
woodlands used extensively for recreation. Where grazing levels permit, there may be 
colonisation by scrub (juniper, and montane willows), and ultimately pine, above the current 
tree line.  
 
Upland birchwoods 
 
The persistence of birch in upland birchwood habitats is unlikely to be challenged by climate 
change as currently projected. However, Ray (2008a) notes the recent planting and limited 
tree species diversity that might render these woodlands vulnerable to pest/disease impacts 
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or the effects of extreme climatic events. On drier sites, silver birch may become more 
competitive at the expense of downy birch. 

   1.3.5 Biotic impacts 
 
Invertebrates 
 
Climate change will influence the distribution and abundance of many pests and pathogens. 
A reasonable assessment of impact can be made based on the present knowledge of key 
pests and pathogens and the role played by environmental factors in their life cycle and 
population dynamics. For insect pests, one of the more general predictions for temperate 
regions of the northern hemisphere is that under climate change, ranges are likely to extend 
northwards and to higher elevations. 
  
For insects, simple responses to rising average temperatures include an increase in the 
development rate and in the number of generations per year. For example, semi-voltine 
insects may become uni-voltine, whereas those with a uni-voltine life-cycle have the 
potential to become multi-voltine. Other direct effects include the influence of winter 
temperatures on survival and of rainfall on mortality of vulnerable feeding stages. Examples 
of indirect effects include loss of phenological synchrony due to differential effects of 
temperature on host and insect development and the effects of drought or waterlogging on 
tree susceptibility.  A summary of impacts is provided in Table 3.  
 
Pathogens  
 
Foliar pathogens which infect the leaves and needles of trees are likely to be most directly 
affected by climatic change and already show marked fluctuations each year depending on 
weather conditions. Overall however, there is a high probability that many pests and 
diseases will become more prevalent in Scotland under a climate with milder winters, and 
more frequent droughty summers. Milder conditions are particularly likely to present 
pathogens with longer periods of activity, closer to their optimum temperature for growth, 
while the increased frequency of drought will stress tree species not well suited to the site 
conditions, which in turn will encourage pest and pathogenic attack. The major impacts are 
summarized in Table 4. 
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Table 3 Summary of potential climate change impacts on woodland invertebrate pests (after 
Broadmeadow and Ray 2005).  Current status is given as a subjective assessment of the impact of a given 
pest on tree mortality, defoliation and amenity value, modified by its geographical extent. Key for current 
status: S=serious; M=minor; A=generally absent; T=affects timber value. 
Insect species Climatic driver Current 

s 
Likely 
trend 

Comments 

Elatobium abietinum Milder winters S   Commercial spruce crops only. 
Hylobius abietis Hotter summers S     Small felling coupes in CCF may moderate increase in activity. 
Dendroctonus micans Summer drought S    (or ↓) Principal predator may benefit more from a warmer climate. 
Ips acuminatus Summer drought M   Currently a secondary agent; may be primary agent in drought 

conditions. 
Ips cembrae Summer drought A     Currently limited to Scottish borders; could cause serious damage 

to larch. 
Agrilus pannonicus Rising 

temperature 
M   May be associated with oak decline; may be primary or secondary 

agent. 
Platypus cylindricus - T - Secondary pest affecting timber value; more impact if tree mortality 

increases. 
Longhorn beetles Summer drought T   Affect dead trees; under extreme drought may attack living trees. 
Tortrix and winter moth Rising 

temperature 
M ↓ Climate warming could affect synchrony between emergence and 

budburst. 
Cameraria ohridella  Hotter summers M    Hotter summers will increase the number of generations per year 

and hence the amount of damage / a warmer climate will extend 
geographic range northward.  

Agrilus planipennis Hotter summers A    Hotter summers will increase the number of generations per year 
and hence the amount of damage / a warmer climate will extend 
geographic range northward. Currently absent from UK but recent 
exotic pest in USA and Canada (from China).  

Anoplophora 
glabripennis 

Rising 
temperature 

A   If introduced into woodland environment would benefit from climate 
warming. Absent from UK, but has been intercepted in imported 
wood packaging materials. 

Ips typographus Summer drought A   Summer drought likely to increase tree susceptibility to the pest and 
to increase the number of generations. Absent from UK, but 
intercepted frequently in wood imports. 

Table 4 Summary of potential impacts of climate change on fungal diseases of trees (after Broadmeadow 
and Ray, 2005) 
Disorder/pathogen Predicted effect of climate change on prevalence 
Phytophthora root diseases Likely to become more prevalent and damaging, especially those which have higher growth 

temperature optima (28-30oC) such as P. cinnamomi. 
Oak and beech decline The incidence of these complex disorders is likely to increase because of the predicted increase 

in the frequency and severity of summer drought stress. 
Damage to timber caused by 
blue stain fungi 

Will increase as the bark beetle vectors are likely to favoured by longer, hotter summers (more 
generations per year). The causal agents also have growth temperature optima of 25oC and 
above. 

Foliar diseases The incidence of most foliar diseases will increase if climate change leads to wetter, warmer 
springs. This would apply to needle pathogens such as Dothistroma and shoot and foliar 
pathogens such as Malamspora, Venturia and Marssonia. However, the three foliar pathogens 
identified could become less prevalent as a result of reduced rainfall and lower relative humidity 
in summer. The planting of more Corsican pine would also contribute to an increased incidence 
of Dothistroma septosporum if, as predicted, climate change increases its productive range.  

Brunchorstia infection of 
Corsican pine 

Likely to become less prevalent as a result of hotter, drier summers. This would have the effect of 
expanding the potential range of Corsican pine northwards and westwards. 

Dutch elm disease Higher summer temperatures likely to encourage more Dutch elm disease.  Disease 
development is correlated with high temperatures, and activity of vector beetles is also likely to 
increase. 

Latent invaders or diseases Disorders such as Hypoxylon (strip cankers) and Cryptostroma (sooty bark disease) are likely to 
be expressed more frequently because of increases in summer temperatures. For example, each 
consecutive summer month that has a mean maximum temperature of 23oC increases the 
likelihood of damaging outbreaks of sooty bark disease in the UK. 

Facultative pathogens 
 

Climatic changes will encourage activity of facultative pathogens if trees are under stress. 

 
Deer 
 
Long-term studies of the impacts of annual weather variability on deer (Irvine et al., 2007) 
show that in upland areas, milder winters and warmer and wetter spring weather has 
influenced earlier calving, faster juvenile growth rates and increased juvenile and adult 
survival, leading to higher population growth rates. In addition, the cohorts of calves born in 
warm springs appear to be favoured throughout their lives, with more animals surviving there 
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first winter, maturing and calving earlier and also have longer life spans (Albon et al., 1987). 
As well as red deer, there is evidence that the abundance of other species is increasing, with 
the largest increases likely in Muntjac and Sika deer (Irvine et al., 2007).  

   1.3.6 Impact monitoring guidance 
 
Currently, 6 important forestry-related monitoring networks and reporting protocols are in 
place in the UK. These are: 
 

1. Indicators of climate change in the UK developed within the UK Environmental 
Change Network - http://www.ecn.ac.uk/iccuk/. The indicator of the health of beech 
trees in Britain was discontinued in 2002. 

 
2. Environmental Change Network (http://www.ecn.ac.uk/aboutecn.htm) is the UK’s 

long-term integrated environmental monitoring and research programme, started in 
1992 and led by CEH on behalf of the Natural Environment Research Council 
(NERC) and supported by all of the UK government agencies. Monitoring of climate 
change, water quality and biodiversity are providing environmental indicators of the 
effects and impacts of climate change. Seven of the 29 sites are forest, and these 
have shown a significant warming trend of 0.9oC in the average annual temperature, 
and an increase in the total amount of rainfall, over the 15 year period.  

 
3. UK Phenology Network (http://www.naturescalendar.org.uk/) is supported by the 

Woodland Trust and the Centre for Ecology and Hydrology, and uses a large network 
of volunteers throughout the UK to observe and record the onset of natural events.  
There are a few events that have been monitored for a long period (up to 2 
centuries), but the application of the work to impact studies is limited by a relatively 
short duration of wide-spread records. 

 
4. Countryside Survey (http://www.countrysidesurvey.org.uk/index.html) is a large and 

complete survey of vegetation and land-cover in the UK. It provides snapshots of the 
extent of change in the land-cover between survey points, which have been carried 
out at regular intervals since 1978. Land-cover maps were produced from remote 
sensing imagery in 1990, 2000, and the 3rd will shortly be available for 2007. The field 
survey part of the data allows a comparison of samples from 600 1 km squares for 
different times since 1978. The field survey includes soil and vegetation assessments 
and so provides a useful national assessment of changes in certain physical and 
biological components of the UK countryside though time. 

 
5. Forest Health Survey/Forest Condition Survey was established in 1986 

(http://www.forestresearch.gov.uk/fr/INFD-5W3M9C) to assess the crown condition of 
five different species: oak, beech, Scots pine, Sitka spruce and Norway spruce. 
Crown condition and masting was assessed on about 350 sites between 1986 and 
2006, when the survey was suspended at the end of the ICP forest survey. 

 
6. A National Forest Inventory has been developed from earlier National Inventory of 

Forest and Tree surveys in the Britain (NIWT). A number of forest surveys have been 
undertaken in Britain over the last 80 years. The last survey occurred in 2002, and 
the new inventory survey will be implemented every 5 years. The inventory examines 
the extent of all woodland with and interpretation of forest type. It also samples about 
0.5% of the forest resource for structural and composition elements. 
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   1.3.7 Impact management guidance 
 
The devolved administrations of the UK are currently engaged in developing impact 
information, guidance and support for forestry in their countries. Current information and 
guidance is based upon the projected climate impacts published by UKCIP in 2002 (Hulme 
et al., 2002). However, in June 2009 the UK Government, through UKCIP, published revised 
projections of climate change in the UK. New information includes probabilistic climate 
change projections based on an ensemble of RCM and General Circulation Model (GCM) 
outputs. The information will help in understanding the degree of likelihood of certain change 
thresholds. This will improve our understanding of when impacts will occur and therefore 
when adaptation must begin. A daily time step weather simulator is now available and will 
help scientists to determine the extent and frequency of extreme events that often cause 
abiotic damage to trees.  
 
The new climate change projections will be used to extend a number of management tools 
to help forest managers plan and manage climate-related impacts. These will help managers 
continue to adapt forest management to maintain resilient forests and woodlands and 
provide guidance on when to adapt in a timely manner to lessen the impacts in the future.  
 
Current information on climate change impacts is shown below.  In addition, the Forestry 
Commission Bulletin 125 “Climate Change: Impacts on UK Forests” is a primary source of 
information about the likely impacts. Bulletin 125 will be superseded later in 2009 with the 
publication of the “National Assessment of UK Forestry and Climate Change” (Forestry 
Commission, 2009). Climate change policy is currently being clarified in the UK Forestry 
Standard, and overarching guidance on managing forests in a changing climate is 
incorporated in the Climate Change Guidelines (currently available for public consultation) 
(Anon., 2009e).   
 
At the operational level, the Forestry Commission has a number of decision support tools 
which are being extended to help manage impacts and plan adaptation. These tools include: 
 
Ecological Site Classification (ESC) www.forestry.gsi.gov.uk/esc 
 
ForestGALES www.forestry.gsi.gov.uk/forestgales 
 
Establishment Management Information System (EMIS) 
http://www.forestresearch.gov.uk/fr/HCOU-4U4JE4 
 
Conifer Timber Quality Model http://www.forestry.gov.uk/fr/HCOU-4U4JEQ 
 
Broad level forest management guidance related to climate change has been written for 
Scotland and Wales. A Research Note is currently being developed for England.  Recent 
guidance on climate change impacts include: 
 
Forestry Commission Research Information Note 69. 
 
http://www.forestresearch.gov.uk/pdf/fcin069.pdf/$FILE/fcin069.pdf 
 
Web page resources on initial impact and adaptation guidance in Scotland and also Forestry 
Commission Scotland Research Note 001. 
 
http://www.forestresearch.gov.uk/fr/INFD-79RD4S 
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Web page resources on initial impact and adaptation guidance in Wales and also Forestry 
Commission Wales Research Note 001. 
 
http://www.forestresearch.gov.uk/fr/INFD-7FXBYQ 
 
 

2. Adaptation 

 2.1. Vulnerability of forests and forestry 
 
From the 1950s onwards, British foresters became increasingly aware of the potential 
vulnerability of the new plantation forests to the impacts of climatic factors and particularly 
wind damage. Thus there were major storms in 1953 (north-east Scotland), 1968 (central 
and south Scotland), 1976 (Wales and central England), 1987 (south England) and 1998 
(Wales and south-west England), all of which caused severe damage to forests in particular 
regions and disruption to wood supply chains. In addition, plantations on more exposed sites 
were at risk of ‘endemic’ windthrow once the trees had reached the vulnerable height of 10-
12 m (Miller, 1985).  
 
The need to be able to classify sites and stands in terms of their vulnerability to windthrow 
led to the development of a ‘Windthrow Hazard Classification’ (WHC) (Miller, 1985) whereby 
sites were graded from I-VI in terms of increasing wind risk. Silvicultural practice was 
adapted to the guidance provided by this system in that thinning was normally confined to 
WHC classes I-III and many stands in the higher classes were managed under a non-thin 
regime which was considered less risky for stand stability (Savill, 1983). The system was a 
deterministic classification which assumed that the risk of windthrow was driven by a 
combination of site and wind climate and made no allowance for effects of management, for 
example the higher wind stability found in self-thinning mixtures of Sitka spruce and pines. 
This lack of flexibility resulted in the development of the wind risk model ForestGALES 
(Gardiner et al., 2004) which provides a probabilistic approach to the prediction of wind 
damage including the possibility of predicting extreme winds (Quine, 2000). The importance 
of the latter was shown by the impacts of the 1987 storm which caused severe damage to 
forests and woods in areas of the UK which would have been considered a low risk under 
the WHC system. 
 
By contrast with the systems for predicting vulnerability to wind damage, there have been no 
national systems developed and applied to assess the impacts of other abiotic or biotic 
factors. The effects of frost are known to be species and site dependent (Redfern and 
Hendry, 2002), but guidance is based on general principles such as replacing Sitka spruce 
by the later flushing, and thus less frost sensitive, Norway spruce (Picea abies) in low lying 
ground at risk from spring frost. Two major droughts, in 1976 and 2003, have affected British 
forests and have caused dieback and death of vulnerable species (e.g. beech and birch in 
1976; Peterken, 1996) or loss of timber quality through drought crack (Sitka spruce in 2003; 
Ray, 2008a). The latter paper identified eastern Scotland as being an area where forests 
could be particularly vulnerable to the impacts of summer drought, and guidance is available 
which grades the soils low, medium or high in terms of their susceptibility to drought and 
makes recommendations on appropriate species and/or native woodland communities. 
Although country guidance is available via the ESC system to assess the vulnerability of 
species to climate change (Ray et al., 2002), this guidance has still be made operational at a 
forest planning level.  
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A number of pests and pathogens currently influence the health of British forests and hence 
their vulnerability to climate change. For instance, the fungus red band needle blight 
(Dothistroma septosporum) has caused high levels of needle loss and tree death in pine 
plantations, particularly of Corsican pine (Pinus nigra var. laricio), such that there is presently 
a moratorium on planting this species (Brown and Webber, 2008). The increased incidence 
of this disease in British forests may well be a consequence of the warmer and wetter 
springs that have occurred as part of global warming, mediated by a silvicultural history of 
delayed or no thinning. The American grey squirrel (Sciurus carolinensis) is an introduced 
species which has become established throughout lowland Britain and which can cause 
extensive bark stripping damage in woodlands, particularly to thin barked species such as 
beech and sycamore (Acer pseudoplatanus) (Mayle et al., 2007; Rayden and Savill, 2004). 
Other studies have shown that death of mature trees caused by drought can result in 
increased squirrel damage to regenerating beech (Mountford, 2006). Similar interactions 
between climate change, species vulnerability and the impact of pests and pathogens can 
be expected in the future. 
 
At time of writing, no systematic assessment of the vulnerability of British forests to climate 
change has been undertaken, although many prerequisites for such an exercise are 
available. The combination of ForestGALES and ESC provide a basis for evaluating the risks 
from wind damage and any potential changes in growth or species suitability as a 
consequence of projected changes. At least for the Forestry Commission estate, there is 
spatial information on species distribution and age classes which would allow evaluation of 
different sensitivity over time. Similar information should be available in due course for 
private woodlands through the new National Inventory. However, the lack of comprehensive 
soils data for many British forests limits the ability to carry out a national assessment, and 
instead the best way forward seems to be to identify areas that may be particular sensitive to 
projected changes and concentrate a vulnerability assessment in such locations (e.g. Ray, 
2008a).  
 
In the absence of a national assessment, we have attempted to rank the vulnerability of 
British forests on a low, medium, or high scale using information on the age structure of the 
forests at the beginning of the century (Table II.A.). This shows almost all the conifer forest 
to be less than 50 years of age, whereas over half the broadleaves are more than 50 years 
old, with an appreciable amount being over 100 years. 
 
Table II.A. Area (’000 ha) of conifer and broadleaved high forest by four age class groups and 
percentage distribution (parentheses) in 2000 (adapted from Mason, 2007). 
 

Age class (years) Woodland type 
<15 15-50 51-100 >100 

Conifers 219.5 (16) 1067.8 (77) 73.0 (5) 19.1 (1) 
Broadleaves 57.9 (7) 269.6 (31) 376.9 (43) 176.3 (20) 
 
Our ranking distinguishes between conifer and broadleaved forests because of differences in 
both age structure (younger conifers, older broadleaves) and regional distribution 
(broadleaves found in southern lowland zones, conifers in upland oceanic zones). We have 
assumed ‘business-as-usual’ forest management for the two types which implies limited and 
small scale management for broadleaves on long rotations (100 years or more), as against 
intensive management of conifers based either on clear-felling on 40-50 year rotations or on 
continuous cover forestry with ‘rotations’ of perhaps 70-80 years (Mason, 2007).  
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Table II.B. Assessment of the potential vulnerability of British forest types to projected climate 
change for three time periods assuming ‘business-as-usual’ forest management (see text for details). 
Forest type Period Vulnerability Notes 
Conifers Until 2020 Low (Medium) Assumes many stands reach maturity, are felled, 

and replanted with better site adapted species if 
necessary. Higher vulnerability if storm frequency 
and intensity increases. 

 2020-2050 Medium More sites become marginal (e.g. increased 
drought risk) and require species changes 

 2050-2100 Medium (High) Ranking depends upon the magnitude of change 
and the extent to which sensitive sites were 
identified and remedial action taken during first 
part of century. 

Broadleaves Until 2020 Medium Older stands become increasingly vulnerable to 
disturbance/death from drought, pests, and 
diseases. 

 2020-2050 Medium-High As 2020, but increasing need for species and 
provenance changes. 

 2050-2100 High Many stands in critical condition because of lack 
of management and/or age. 

 
This evaluation is clearly superficial in that little allowance is made for regional variation or 
the effects of country policies. However, it does indicate a general trend that older and less 
managed stands are those which seem less resistant to climate change, while younger 
plantation stands have more flexibility and hence more resilience to future conditions 
(Nabuurs et al., 2007). In the following sections, we illustrate how management could be 
used to increase the adaptive capacity of British forests. 
 

 2.2 General adaptation strategy 
 
UK government policy on adaptation is expressed through the mechanisms developed under 
the Climate Change Act (CCA) of 2008, which sets binding targets of reducing carbon 
emissions over a 1990 baseline of 26 per cent (for 2020) and 60 per cent (for 2050). 
Amongst the mechanisms relevant to adaptation are the requirements to carry out a UK wide 
Climate Change Risk Assessment (CCRA) every five years, and the establishment of an 
independent committee on climate change (www.theccc.org.uk). The functions of this 
committee include the creation of an ‘adaptation sub-committee’ which examines the CCRA 
and has oversight of the development of the first national adaptation programme for England 
due to be prepared by 2012. 
 
Policies on adaptation are devolved to the four countries of the UK, but all are informed by 
the UK Climate Projections whose most recent findings (Anon., 2009d – a.k.a. UKCP09) 
were published in June 2009. In Scotland, a Climate Change Adaptation Framework is being 
prepared, and the second consultation document (Anon., 2009c) refers to the way in which 
Scottish forests are being adapted to climate change and notes (p. 22): 
 

‘A key basis for risk planning and management of the [forestry] sector is 
diversification; from broadening the choice of genetic material, mixing tree species, to 
varying management systems and timing of operations. Increasing the functional 
connectivity of forest habitat networks should also help improve 
the resilience of woodland ecosystems to climate change.’ 
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In Wales, a Climate Change Strategy is being developed which will cover adaptation 
measures and consultation on the content and direction of this strategy is in progress. 
Northern Ireland is also aiming to produce an adaptation plan whose recommendations will 
be aided by an existing report (Arkell et al., 2007) on preparing for climate change. This 
report highlights both threats (e.g. increasing risks from pests and forest fires) and 
opportunities (e.g. higher productivity of forests, greater opportunity for tree planting as part 
of a mitigation strategy) arising from climate change. In England, many actions to implement 
adaptation policy will be implemented at a regional level (there are 10 regions within the 
country) and these will be developing Regional Climate Change Partnerships. 
 
In all countries of the UK, the way in which the forestry sector links with national adaptation 
strategy is through the forest polices of the different countries and the measures set in place 
to implement these. This aspect is considered in more detail in the following section. 
 

 2.3. Forest adaptation measures 

   2.3.1. Policies 
 
In the Introduction to this report, we highlighted that in Scotland (Anon., 2006a), England 
(Anon., 2007), and Wales (Anon., 2009a), though not yet Northern Ireland, the forestry 
strategies each include sections dealing with the impact of climate change as a major theme 
or objective, and these are being developed further through specific plans for forestry in a 
specific country, as in Scotland (Anon., 2009b). Although all three policy documents cover 
adaptation, the degree of detail and prioritisation varies. 
 
There are seven objectives listed in the Forestry Commission Scotland’s Climate Change 
Action plan for 2009-2011 (Anon., 2009b), one of which is: 
 

• ‘adapting [Scottish forests] to climate change by planning and managing 
forests and woodlands in a way that minimizes future risks from climate, for 
example through the creation of forest habitat networks, and using different 
timber species, including hardwoods, or silvicultural systems (p.7).’ 

 
Four main areas of activity are proposed under the adaptation objective, namely: facilitating 
ecological adaptation (with 6 priorities for action); to consider the threats to forests from 
pests, diseases, and weather (4 priorities); silviculture and forest operations (3 priorities); 
and environmental protection (4 priorities).  
 
The corresponding document for England is the 2008-2012 Delivery Plan for England’s 
Trees, Woods and Forests (Anon., 2008a), where three of the objectives supporting the 
climate change component of the strategy are relevant to adaptation. These are: increasing 
the resilience of trees and woodlands (5 areas of activity); increasing the role of trees and 
woodlands in adapting the rural landscape (2 areas); and enhancing the role of street trees 
and urban woodland in adapting the urban environment (3 areas). 
 
‘Responding to climate change’ is identified as one of the four strategic themes of the Welsh 
woodlands strategy (Anon., 2009a), but the main outcome relevant to adaptation is located 
in the ‘foundation’ section of the strategy covering Welsh woodlands and trees. Outcome 2 in 
this section specifies that ‘woodland ecosystems are healthy and resilient’ and the 
supporting text emphasizes the need to diversify woodlands in Wales, particularly non-native 
plantations. Diversification is understood to involve the use of a wider range of species and 
the development of more mixed forests. This approach is also seen to be a means of 
reducing the potential risks from pests and diseases. Five actions will be taken to help 



 33

deliver this outcome, namely: manage the public sector woodlands to increase their 
resilience, and use advice and incentives to encourage private woodland owners to do the 
same; review and improve the ability to deal with pests and diseases; develop guidance for 
diversifying plantation woodlands; provide guidance on improving genetic diversity; and 
develop a strategy for dealing with increasing numbers of deer and grey squirrels. 
 
A review of the opportunities and challenges posed by climate change carried out for the 
Confederation of Forest Industries in the UK (Prebble, 2008), identified that forestry and 
trees could help society adapt to climate change through aspects such as protecting soils 
and biodiversity, and moderating temperatures in the urban environment. The need for better 
research to inform long-term forestry planning was highlighted since changes in the species 
planted and in the prevailing silvicultural systems could all influence the products harvested 
and affect the viability of the processing sector. However, it was recognised that changes in 
British forests needed to be set in a European context since forests in other countries might 
be more severely affected by climate change, which could provide opportunities for British 
growers and processors.  
 

   2.3.2. Management measures 
 
At time of writing, there are no specific measures in place in either public or private forests to 
implement an agreed process of adaptation. Instead, there is general guidance available 
from documents such as the consultation draft of the Forest and Climate Change Guidelines 
(FCCG) (Anon., 2009e – see Introduction for details of the framework linking the UK Forestry 
Standard and the supporting guidelines). The FCCG lists 18 key points for forest managers 
to consider as part of a planned or anticipatory adaptation strategy (see Box 1). 
 
Box 1: A list of the key points or Climate Change Guidelines (CCG) forest managers should consider 
as part of process of adapting their forests to projected climate change (from Anon., 2009e) 
Forest Design and Planning 
• CCG14 - Aim to diversify age and species composition at the forest level 
• CCG15 - Review species suitability (see below) over time in Forest Plans 
• CCG16 - Consider alternatives to clearfell systems such as continuous cover where suitable 
sites and species combinations allow 
• CCG17 - Aim to establish a range of stand structures and silvicultural approaches over time 
• CCG18 - Develop contingency plans for wind, fire, pest and disease outbreaks, appropriate to 
scale of forest 
• CCG19 - Consider projections of changes to rainfall patterns when specifying culvert and road 
design 
 
Adaptive Forest Management 
• CCG20 - Review rotation lengths in response to changing productivity and wind risk. 
• CCG21 - Review planting seasons in response to changing conditions and establishment 
success and promote natural regeneration 
• CCG22 - Consider augmenting natural regeneration through planting where species diversity 
and potential adaptability is likely to be limited 
• CCG23 - Consider the susceptibility of forests to forest pests and pathogens and strategies for 
protection; review practice as further evidence becomes available 
 
Species Selection 
• CCG24 - Consult the relevant climate change guidance on species choice and the risks of new 
pests and pathogens when selecting species 
• CCG25 - Diversify the range of species planted to meet management objectives wherever soil 
conditions and predicted climate allow 
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• CCG26 - Select planting material that is locally native and well adapted to the planting site, 
and consider supplementing this with a proportion of nonlocally native material to increase the 
resilience of woodlands to climate change 
• CCG27 - In new native woodlands, consider a proportion of non-local native species; restrict 
choice to continental European origin and take advice from Joint Nature Conservation 
Committee and/or Forest Research 
 
Adaptation and Landscape Ecology 
• CCG28 - Avoid fragmenting existing priority habitats and consider the impacts of new 
woodland on the ecology of adjacent sites 
• CCG29 - Improve the ecological connectivity of the landscape for woodland species by 
extending and linking woodland habitats 
• CCG30 - Aim to control or remove populations of non-native species that are invasive and 
problematic from woodlands and their surroundings as opportunities to do so arise 
• CCG31 - Take opportunities to extend existing semi-natural woodland 
 
These guidelines are supported by recommendations available in a number of documents 
including those reviewing the potential impacts of climate change on forestry in different 
countries of the UK (e.g. Ray et al., 2008), by the Actions proposed to support the delivery 
plan in England (Anon., 2008b) or an examination of possible adaptation strategies (Kirby et 
al., in press). In Table II.C., we examine how the measures noted in these documents relate 
to the categories of silvicultural and forest management response identified within the 
ECHOES action. 
 
Table II.C. A comparison of the adaptation measures identified in a sample of recent UK 
documents against the categories of silvicultural and management measures defined in 
ECHOES. For the FCCG, we list the number of the guideline (see Box 1) against the 
category – note that a guideline can appear more than once. For the other three documents, 
we have scored the frequency of mention of a measure in the text as follows: ‘+++’ = 
frequent mention; ‘++’ = regular mention; ‘+’ = occasional mention; ‘-‘ = no mention. 
 

Document listing possible adaptation measures  
 

Echoes category 
CCG 
(Anon., 
2009e) 

Ray et al., 
2008 

Anon., 
2008b 

Kirby et 
al., in 
press 

Notes 

Forest regeneration, 
including species/ 
provenance/genotypes 

14,15,21,
22,24,25,
26,27 

+++ +++ +++  

Tending and thinning 
of stands, including 
silvicultural systems 

16,17,20 ++ ++ ++ The ECHOES category has been 
widened to include silvicultural 
systems 

Harvesting 20 + - -  
Forest protection 18,23,24,

30 
++ ++ +++  

Management planning 17,18,20,
28,29,31 

+ ++ ++  

Infrastructure and 
transport 

19 - - -  

Nurseries and forest 
tree breeding 

21,26,27 ++ - + References are generally to 
nurseries rather than tree breeding 

Higher level 
adaptation options in 
risk management and 
policy. 

18 + +++ +++  
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The categories that are covered most often are forest regeneration, including 
species/provenance choice, forest protection, and management planning while aspects such 
as harvesting and infrastructure receive comparatively little attention. Given that one aspect 
identified as a key component of adaptation is an overall increase in management 
intervention in British forests (Kirby et al., in press), it may be necessary to give more 
emphasis to the thinning, harvesting and transport categories in future management 
guidance. Thus increasing the amount of thinning in British forests, possibly as part of a 
transformation to continuous cover forestry (Mason and Kerr, 2004), can be problematic on 
wetter soils because the amount of woody brash available to protect soils against machine 
damage is less under thinning regimes than under patch clear felling. 
 
One other essential aspect of adaptation at the forest level is the need to ensure that the 
skills of the forest managers and work force are sufficient to diagnose stands or sites which 
are more sensitive to climate change and where adaptation measures should be urgently 
taken. The guidance that is available through projections such as UKCP09 (Anon., 2009d) 
and assessments of risk provided by ESC and other decision support tools (Ray, 2008a) will 
need to be validated at a stand or forest level by operational foresters. Training of the type 
currently being developed by the Forestry Commission for its own staff will need to be 
expanded to encompass parts of the sector if effective adaptation measures are to be put in 
place. 
 
 2.4 Research studies of adaptation 
 
As yet there has been little systematic research in Britain on adaptation of silviculture or 
forest management to climate change. The knowledge that has been obtained is largely 
derived from studies of the potential impacts of projected changes on aspects such as 
species growth and survival (e.g. Ray et al., 2002) and then providing guidance on 
measures that might be taken to compensate for such changes. Such measures could 
include the use of more southerly provenances of both native species (Broadmeadow et al., 
2005) and of major plantation conifers such as Sitka spruce (Samuel et al., 2007). The 
knowledge base to underpin such recommendations is supported by a long history of tree 
species and provenance trialling in Britain (Macdonald et al., 1957) informed by more recent 
detailed studies of species sensitivity to cold temperatures (e.g. studies on Alnus rubra, 
Nothofagus spp., and Eucalyptus spp. cited in Cannell et al., 1989). Hubert and Cottrell 
(2007) provide an overview of the role of genetic resources in helping forest managers adapt 
to climate change. They distinguish three strategies, namely: maintaining genetic variation 
by the use of natural regeneration; planting a mixture of provenances where local stock are 
admixed with more southern material expected to be better adapted to a future climate; and 
planting more southerly provenances or species. The preferred option will depend upon site 
and management objectives, but the last option of deliberately planting a more southerly 
provenance (or species) is thought to be particularly relevant in southern Britain where the 
English Channel and southern North Sea form a barrier to the natural spread of southern 
gene complexes. 
 
By contrast, the guidance on desirable stand management practices such as greater use of 
mixed species stands or the conversion to continuous cover forestry is not based on as 
comprehensive research. While both these approaches can be considered to ‘spread the 
risk’ associated with single species plantation stands, the evidence that these will 
necessarily prove more resilient to climate change is lacking. The transformation of even-
aged plantations to irregular structures can increase the risk of windthrow during the 
transformation phase (Mason and Kerr, 2004), while it is possible that heavier thinning to 
reduce canopy leaf area may be as effective in maintaining viable stands on sites of 
marginal soil moisture as trying to foster a mixed species stand. There is a need for better 
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understanding of the interaction between stand management and vulnerability and how this 
may vary with region of the country, projected climate change, and site conditions. For 
instance, scenario modelling is currently underway using the ForestGALES model (Gardiner 
et al., 2004) to see how the windthrow risk to the Forestry Commission forests in Scotland 
will change if the frequency and/or intensity of severe gales were to increase. 
 
As part of the UK Assessment of Forestry and Climate Change, a number of research 
priorities were identified which are relevant to the adaptation of British forests to climate 
change (Kirby et al., in press; Mason et al., in press). These are summarised in Box 2 below. 
 

Box 2: A list of some of the most important research questions relevant to adaptation of British to 
climate change as identified in the UK Assessment of Forestry and Climate Change 
1. Develop methodologies to help forest managers identify sites and stands most vulnerable to 

climate change;   
2. Development of data-bases/knowledge on how different species are expected to respond to 

climate change (e.g. climate envelope modelling) matched by studies on how their 
populations and distributions are actually changing; 

3. Improved understanding as to which environmental factors will become limiting for which 
species at a regional level; 

4. Trialling of species that may be suitable for the current and projected British climate; 
5. Improved understanding of how climate change factors will change disturbance regimes of 

wind, fire, pests and diseases; 
6. Improve predictions of changes in wind climate and adapt existing wind risk models to 

predict vulnerability of more varied stand structures; 
7. Adaptation of growth models developed for single species even-aged forestry to more diverse 

forest types and/or provision of more flexible models;  
8. Improved understanding of appropriate decision-making methods– including methods of 

dealing with uncertainty and the integration of multiple societal values; 
 
A number of new research initiatives have been established which may help provide 
answers to these questions. These include a new Forest Research programme on ‘Forestry 
Climate Change Adaptation Strategies’ (http://www.forestresearch.gov.uk/fr/INFD-7K9DDV) 
which has two main aims of: 

• assessing the impacts of climate change on British forests and the 
opportunities for managing adaptation to it in multi-functional forestry,  

• and to investigate how to increase adaptive capacity. 
The intention is to seek to develop understanding of the factors influencing adaptive 
management in response to climate change by concentrating upon a number of case study 
sites distributed throughout the United Kingdom. Some of these case studies are already 
being developed as part of recently established EU projects such as: 

• ForestClim (http://www.forestclim.eu/) which investigates forest management 
strategies in response to regional climate change impacts and where a case study 
forest is located in the Scottish Borders; 

• Reinfforce 
(http://www.iefc.net/index.php?page=bdd/annuaire/annuaire_update.php?id_contact=
1136381437) which examines adaptation to climate change impacts on Atlantic 
forests and which will involve establishment of new species trials in various parts of 
western Britain. 

• Motive which focuses on the role of stand growth and other models in helping the 
development of adaptive forest management strategies in the light of climate change. 
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We envisage that the findings from the case studies will be helpful in supporting the final UK 
country report to Echoes at the end of this Action. For the meantime, we agree with the 
conclusions of Kirby et al. (in press) in their evaluation of adaptation for the UK Assessment 
of Forestry and Climate Change, namely that: 
 
 ‘Adaptation needs to be an ongoing process, with continuing testing of orthodoxies 

and re-calibration of experience, which have often been based on a static view of the 
natural and social environments, a focus on preservation of past structures, 
communities, systems or markets.  Equally, views on climate change and its impacts 
will evolve.  Incentives, controls, education and knowledge transfer need to be kept in 
line with progress on adaptive measures.  Ultimately, it will be case of accepting the 
impacts and changes we can make little difference to; concentrating effort on those 
which can be changed; and having the wisdom to separate the two.’ 

 

3. Mitigation 
 
The role of forestry to mitigate climate change is especially important in countries which 
have a substantial potential for forestry development (Krcmar et al., 2003; Van Kooten, 
2004; Nijnik and Bizikova, 2008). Therefore, carbon inventory and monitoring, the economics 
of afforestation and forest management, social acceptability of various carbon sequestration 
options, existing challenges and opportunities of woodland development on high carbon 
soils, using wood in renewable energy projects, and in wood products, are highly pertinent in 
the United Kingdom. Carbon sequestration through afforestation is commonly considered as 
clean (it may concurrently provide other ecosystem services), proven (the country has a 
legacy of tree-growing), effective in the short-term, providing almost immediate effect after 
tree-planting, cheap (cost-efficient), and as a less resource and energy consuming climate 
policy measure. It can be incorporated in multifunctional forest use to simultaneously enlarge 
timber production and bring a variety of other benefits, and it can provide economic 
incentives for sustainable forestry development (The Royal Society, 2002; Nabuurs et al., 
2007). 
 
Mitigation can take place either through managing existing forests differently, such as 
lengthening rotations, or alternatively can be achieved by new planting.  A country like the 
UK with low levels of forest cover may have greater potential than already heavily forested 
countries.  However, the extent to which new planting is contemplated is likely to be heavily 
constrained by the operation of the farm policy support rules of the European Union. 
 
It is anticipated that forestry-based activities could help reduce CO2 concentrations in the 
atmosphere by increasing biotic carbon storage, decreasing emissions and producing 
biomass as a substitute for fossil fuels. Increasing forest regeneration, agroforestry, using 
more of wood products as substitutes of carbon intensive materials, especially in 
construction, improving forest and land-use management, and growing and utilizing of 
energy crops are considered in the UK as important policy measures of coping with the 
changing climate (IPCC, 2007b). 
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 3.1 Carbon accounts 

   3.1.1 Kyoto Protocol and the UK position 
In the light of the Kyoto Protocol (KP) to the United Framework Convention on Climate 
Change, the Parties have committed themselves to stabilizing of atmospheric Greenhouse 
Gas (GHG) concentrations, including those of Carbon Dioxide (CO2). The overall reduction 
target of 8% was distributed on a differentiated basis to individual Member states (UNFCCC, 
2004; EC, 2002a). This target is to be achieved by reducing emissions (reduction of sources) 
and removing GHG from the atmosphere (enhancement of sinks). Article 3.3 of the KP 
states that biological sources and sinks enhanced through afforestation1, reforestation and 
the decreasing of deforestation rates since 1990 should be used for meeting the 
commitments during the stipulated period. Since the Conference of the Parties (COP-7 in 
2001), afforestation, reforestation, forest management and soil carbon have become eligible 
climate change mitigation policies.  
 
The United Kingdom has one of the best records in the world in reducing direct GHG 
emissions within its territorial boundaries. In 2005, UK GHG emissions were reported to be 
15.3% below base year levels, with CO2 emissions having fallen by 6.4% (DEFRA, 2007a). 
The future commitment of the UK under the EU burden-sharing target is 12.5% GHG 
emissions reduction for 2008–2012, relative to the base year. Further, a domestic goal of a 
20% reduction of CO2 emissions by 2010 was introduced (EC, 2002a). A series of targets for 
reducing CO2 emissions have been set out (DEFRA, 2007b) - including making the net UK 
carbon account for the year 2050 at least 80% lower than the 1990 baseline (OPSI, 2008). 
The goal is to increase the use of renewable energy to 10% of total (currently, c. 3%) and 
pay more attention to the expansion of forest and short rotation forestry, in combination with 
further use of timber as a construction material (ECCP, 2004).  
 
The principal forest policy measures that increase carbon sinks are recognized as 
maintaining and enlarging existing carbon pools by improving existing forests, the protection 
and sustainable management of these forests, expanding forest area through afforestation, 
replacing fossil fuels with fuel wood from sustainable managed forests, and replacing high 
energy products with industrial wood (EC, 1998; Forestry Commission, 2008b). 
 
The UK is on track to meetits Kyoto targets. Its emissions in 2010 are predicted to be 23.6% 
below base year levels, 11.1% lower than required (DEFRA, 2007b). The Stern Review 
(2006) examined the evidence on the economic impacts of climate change and explored the 
economics of stabilising GHG in the atmosphere. The UK Climate Change Act (DEFRA, 
2008) - the first of its kind in any country - set out a framework for moving the UK to a low-
carbon economy with a target of 80% emissions reduction by 2050.  
 
The Climate Change Programme (DEFRA, 2006), which is under the responsibility of the 
devolved governments, sets out policies and priorities for action. It elaborates the framework 
of carbon sequestration opportunities for forestry and advocates co-operation across regions 
of the country and between different sectors of the economy. The targets are linked across 
climate policy objectives, such as those of carbon sequestration forestry projects, of the 
increased use of renewable energy, an increase in energy efficiency and short rotation 
forestry. The documents demonstrate the UK's desire to deal effectively with climate change, 
and emphasize an importance of investment in low-carbon fuels and in terrestrial carbon 
capture and storage (DEFRA, 2007c).  
                                                            
1 Afforestation is an expansion of forest on land, which more than 50 years ago was covered by forests, 
but was later converted to other use. Reforestation is a restoration of degraded or recently (20-50 years 
ago) deforested lands (IBN-DLO, 1999). In this paper, we do not make this distinction.  
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   3.1.2. Forest carbon accounts in the United Kingdom 
 
The UK has one of the lowest percentages of wooded land (11.8%) in Europe compared 
with the EU average of 38%, but it has significantly expanded its wooded cover in the last 
hundred years (currently 2.85 Mha, FAO, 2005). The dynamics in sources and sinks from 
forestry and land use changes (LUC) in the UK are summarized in Table 1. Both on private 
(64% of forests) and on publicly owned forest land climate change mitigation through carbon 
sequestration is becoming increasingly recognized (Nijnik, 2009). 
 

Table 1 Changes and predicted trends in emissions due to forestry and LUC 

Millions tC/year 1990 1995 2000 2005 2010 2015 2020 

Forest sink (a) 2.6 2.8 2.9 3.2-3.3 3.1-3.4 2.7-3.0 2.4-2.8 

from planting since 1990 (b) 0 0.2 0.3 0.5-0.6 0.6-0.8 0.9-1.2 1.2-1.6 

Emission from LUC (c) 8.7 7.3 6.5-8 4.9-7.8 4.1-8.2 2.8-8.4 1.4-8.3 
Source: DEFRA (2002) a – C accumulation in biomass, soil, litter and in wood products; b – entries 
from woodlands planted since 1990, excluding in timber products; c – net emissions caused by LUC. 
The trends do not consider possible effect of CC on forest productivity. 

The maximum rate at which the forests expanded in the UK during the 20th century was 
about 40kha/yr in the early 1970s, primarily in the uplands (Cannell and Dewar, 1995; 
Mason, 2007). However, the establishment of 1.3Mha of mainly monoculture conifer 
plantations met with considerable objection due to their impact on visual, ecological and 
environmental components of landscapes (Cannell, 2003). Partly as a result of this, and also 
because of low forest profitability and uncertainty over CAP reform, the average rate of 
forest expansion went down to about 19 kha/yr in the 1990s, and over the following decade 
to 10 kha/yr (Forestry Commission, 2008a). The age structure of forests and declining 
availability of land suitable for afforestation, as well as public preferences for multifunctional 
land use, suggest that the net rate of carbon uptake in British forests may have peaked in 
2005 (Tipper et al., 2004). Planting targets under the current Scottish Rural Development 
Plan look unlikely to be met at current rates of planting. 
 
Currently, about 3MtC is sequestered annually by forests in the UK, with 0.5Mt C from trees 
planted since 1990 (DEFRA, 2001). Carbon sequestration rates per hectare are comparable 
with those in other countries in Europe. Annual carbon uptake in excess of 4tC/ha can be 
attained mainly in fast growing conifer stands and short rotation plantations (Nijnik et al., 
2009). Concerning broadleaved species - an example of carbon exchange (and therefore 
sequestration) associated with oak forest in England of general yield class 6m3 ha-1 yr-1 and 
gross primary productivity of c. 14.0t ha-1 yr-1 is shown in Figure 1. This figure explains the 
exchange of carbon between the atmosphere and all carbon pools in forest (above ground 
biomass and roots, and forest soil and litter) and shows the mitigative capacity of the forest. 
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Figure 1 Representation of carbon exchange associated with forest components  
Source: Nijnik (2009) adapted from Broadmeadow and Matthews (2003).  

 
The rate, dynamics and patterns of carbon sequestration in forest depends on tree species 
and their characteristics, and naturally on tree-growing conditions, particularly on 
temperature, CO2 concentration and forest management alternatives. Estimates of possible 
carbon stocks (t CO2eq ha-1) and annual rates of sequestration (t CO2eq ha-1 yr-1) that apply 
to each alternative forest management in the UK are shown in Table 2. 
 
Table 2. Indicative estimates of whole tree carbon stocks (t CO2eq ha-1) and annual 
mid-rotation rates of carbon sequestration (t CO2eq ha-1 yr-1) that may apply to a range 
of forest management alternatives in the UK 

Forest Management Alternative 

 Unmanaged 
forest nature 
reserve 

Close to 
nature forestry 

Combined 
objective 
forestry 

Intensive 
even-aged 
forestry 

Wood biomass 
production 

Carbon stocks 800 260 (200) 180 (90) 

Annual rates 4 (11) (16) 22 29 

Source: Mason et al., (in press). Notes: Values in parentheses are extrapolated from other measures - 
see notes for further detail. Sitka spruce is assumed as the species. 
1. Principal data sources used are Morison et al. (2009) for carbon stocks, Jarvis and Linder (2000 
and 2007) and Luyssaert et al. (2008) for rates. 

2. Extrapolations are based on the assumptions that: a) carbon stocks in wood biomass production 
will be a function of the shorter rotation – half or less that of intensive even-aged forestry; b) carbon 
stocks in combined objective forestry are higher than intensive even-aged forestry because of a 
longer rotation, but the amount of increase is reduced because of likely admixture with less productive 
species; c) similarly rates in close to nature and combined objective forestry are likely to be lower than 
for intensive even aged forestry because of the greater age of the trees and the presence of less 
productive species mixtures. 
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Research carried out at the Macaulay Institute, Forest Research, Aberdeen University, and 
the Centre of Ecology and Hydrology suggests that although carbon stocks in forest 
vegetation are high, with more than 95 Mt of carbon stored in above ground biomass of UK 
woodlands (as seen in Table 3), the largest carbon pools in this country are in soils and litter 
(in Figure 2).  This is in part a function of major reserves of peat in the UK. 
 

Source: Milne (2002). 
 
They together store about 10 Gt C (Chapman et al., 2001; Smith et al., 2006). Forest soils, 
particularly the peat-based soils in the uplands contain much more carbon than the trees 
(Forestry Commission, 2008b).  

Table 3 Stock of carbon in vegetation in the UK 
UK Vegetation carbon (Mt) % % area 
Semi-Natural 12 10 32 

Agriculture 12 10 47 

Woodlands 95 80 11 

Other 0 0 9 

TOTAL 119 100 100 

Source: Milne (2002) 

The projections indicate that an increase of woodlands at a rate of 10kha/yr of conifers and 
20kha/yr of broadleaved would allow forest to sequester 3.1MtC/yr in 2020, storing over the 
two decades an extra 50MtC (DEFRA, 2001). The potential for carbon savings from forestry, 
timber production and bio-energy could enable avoidance of emissions of about 8MtC/yr in 
fifty years from now (Figure 3). This estimate comes close to 10% of the amount that is 
needed to halve UK emissions by the year 2050. 
 
 

t hat ha--11

1010
88
66
44
22
00

Vegetation CarbonVegetation Carbon

Figure 2: UK C stock in vegetation and soils

10001000
800800
600600
400400
200200
00

t hat ha--11

Soil CarbonSoil Carbon



 42

Figure 3 Carbon savings of forest cover increase to 25%, plus the promotion of 
bioenergy and of substitution of carbon intensive materials with wood 

 
 
Source: Tipper et al. (2004). 

To reach this target, the UK would require an expansion of woodlands towards 25% of land 
cover, in combination with use of timber for construction and wood for energy. Higher 
estimates of the physical potential for land-based carbon sequestration are available in the 
literature (Cannell, 2003). These projections are largely based on the assumptions that 
concern the maximum possible expansion of forest cover. They do not account for technical, 
institutional and economic constraints of a large scale afforestation, as well as for a broad 
range of uncertainties, associated with forest sink and soil carbon estimates, and with the 
rates of possible carbon uptakes or losses etc. According to Tipper et al. (2004), the target of 
woodland expansion (6.2Mha, 50% broadleaved and 50% conifer) by itself could provide a 
carbon sink of about 4MtC/yr for most of the second half of this century.  

 

 3.2 Political processes, instruments and strategies for 
mitigation 

The carbon sequestration land use activities in Europe are supported by afforestation 
schemes and rural development regulations (EC, 1992). The policy of woodland 
development is supported by financial instruments which vary across the territory. In 
England, the Forestry Commission (FC) administers the English Woodland Grant Scheme 
(EWGS) (Forestry Commission, 2008a). Payments differ depending on localities and land 
categories, tree species (£1800 /ha for broadleaves, £1200/ha for conifers) and the 
likelihood of social benefits. Woodland creation grants also encourage farmers to convert 
productive land into forest and receive compensation to offset the foregone agricultural 
income (Forestry Commission, 2008a). In Scotland, as part of the Rural Development 
Programme (RDP), new grants have been introduced aiming to deliver targeted 
environmental, social and economic benefits from forests. The RDP brings together a range 
of formerly separate support schemes, including those covering the farming, forestry and 
primary processing sectors, rural enterprise and business development, diversification and 
rural tourism. Grant support will be delivered through a number of forestry-specific (e.g. short 
rotation coppice crops of willow or poplar) and non-specific (e.g. support for renewable 
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energy – forestry) options, including those of climate change mitigation. Some of these 
options require a five year commitment, others are one year. They are non-competitive and 
open to all managers with land in Scotland (Forestry Commission, 2008a).  
 
The potential to mitigate climate change through new forest planting is not only shaped by 
climate and forestry policies. Also, various cultural values affect the propensity to plant trees 
and develop forest-based activities to tackle climate change. Afforestation can be inhibited 
where farm policy subsidies are capitalised in land values, and where farm subsidies are lost 
to the occupier, if grant-aided farm woodland planting occurs. The rules relating to loss of 
farm subsidies have been modified in the summer of 2009 and this inhibitory factor will now 
disappear. Land use decisions are shaped less by market signals and more by the 
distortions generated by public policy measures. Agri-environmental policies (e.g. farm 
subsidies) on land allocation decisions and the general tax and monetary policies on 
agricultural land prices have had a significant impact on forestry (Guyomard et al., 2006; 
RSE, 2008). Also, any policy support for renewable energy is likely to increase the demand 
for wood energy, as should any tax on non-renewables. There is an increasing policy 
support for the development of woody biomass, with grant aid (DEFRA Energy Crops 
Scheme) available in some part of the UK (LUPG, 2004).  
 
Forestry measures to mitigate climate change require a long-term perspective. The optimum 
policies, therefore, tend to link long-term carbon sequestration in forestry with the long-term 
substitution of wood in construction and in renewable energy projects (Cannell, 2003). A 
systematic promotion of renewable energy highlighted in the 2005 EU Biomass Action Plan  
offers opportunities for innovation, development of energy markets, with locally and 
regionally oriented value chains and thereby provides new employment opportunities (EC, 
1997). Importantly, national programmes supporting carbon sequestration forest-based 
activities in the UK focus largely on remote rural areas. These programmes (DEFRA, 2006) 
are embodied in regional policies, and some of the available options provide multiple 
benefits. The effective measures aim for “win-win” situations to benefit rural development, 
people, the economy and the environment and both at a national level and internationally 
(Rollinson, 2007; Forestry Commission, 2008a). One measure that can be used to 
encourage new planting would be to provide land owners and investors with ‘carbon credits’ 
for woodland creation schemes. The Forestry Commission has just released a draft code of 
good practice (Anon., 2009f) as a means of developing the UK’s forest carbon sector. 

 3.3 Forestry as a source of bio-energy  
Biomass is increasingly recognised as a renewable energy source with low GHG emissions 
(Elsayed et al., 2003; RCEP, 2004; Matthews and Robertson, 2003) that can make a 
valuable contribution to the UK objective of tackling the drivers of climate change (Andersen 
et al., 2005). The forestry section of the UK Biomass Strategy (DEFRA, 2007d) highlights 
that the forest sector can increase the resource for energy generation by 1Mt of dry wood 
that are expected to be recovered from currently unmanaged woodlands in England, an 
increased recovery of wood energy from managed woodlands and other sources of wood 
waste products in the UK. Overall, it is deemed that the UK has a significant biomass 
resource of c. 20Mt/yr (Biomass Task Force Report, 2005), but only a fraction of this is 
effectively captured for energy, contributing approximately 4.1 % to its heat and electricity 
production (DEFRA, 2007d). To capture this potential more fully, and use wood for fuel more 
effectively and efficiently are among the most important climate policy objectives pertaining 
to the forestry sector. 
 
At the devolved level, the Scottish Biomass Action Plan (Scottish Executive, 2007) details 
the following objectives:  

- to generate 18% of Scotland’s electricity from renewable sources by 2010, rising to 
40% by 2020;  
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- to exceed the Scottish share of the UK’s carbon savings by 1Mt in 2010, totaling 
2.7Mt carbon per year;  

- to increase the percentage of transport fuels from renewable sources to 5% by 2010 
(see Renewable Transport Fuel obligation set at the UK level);  

- to set a Renewable Heat Action Plan.  

On the supply side of bio energy development, forestry is supposed to play a major role. The 
20% renewable energy target is acknowledged in the Forestry Commission Scotland Climate 
Change Action Plan for 2009-2011 (Anon., 2009b) which develops the Scottish Forestry 
Strategy (2006) where tackling climate change was one of the highest priorities for the forest 
sector (mitigation and adaptation perspectives). It says that the forest cover in this part of the 
UK should be increased from 17.1% to 25% with a rising importance of using wood as a 
source of energy. In the Climate Change Programme for Scotland (Scottish Executive, 
2006), it is pointed out that forests in Scotland provide 350kt of green wood used for energy 
systems, and that, with various measures in support of energy systems based on biomass, 
this should rise by 750kt of dry wood by 2010 and 1Mt by 2020. The Northern Irish Forest 
Strategy (Anon, 2006) also plans to increase forest cover and highlights an important role for 
forests as a source of renewable energy. 
 
In addition to the utilizing of wood waste products and to afforestation, new woody fibre 
based crops grown for energy are under development in the UK. Biomass is also viewed as 
an environmentally beneficial land use alternative to conventional food crop production. 
Greater use of forest-derived biomass for energy is seen as a means of improving woodland 
management and stimulating rural development (SDC, 2005). The Bioenergy Infrastructure 
Scheme funded by the DEFRA and administered by the Forestry Commission was set up to 
provide grants to farmers, foresters and businesses to help in developing the supply chain 
required to harvest, store, process and supply energy crops and wood fuel to end-users.  
 
Forestry’s potential role in mitigating climate change through wood energy is still impeded by 
high capital costs of wood boilers compared to gas or oil alternatives.  Significant capacity in 
producing pellets and chip now exists but the future expansion of the industry depends on 
increasing demand for wood energy in domestic, public sector and industrial markets.  To 
date the public sector has played a leading role in developing workable supply chain models.  
If a case for support via capital grants can be made based on carbon savings, an increased 
uptake of wood energy would be probable.  However, the major push towards wood energy 
will be contingent on higher oil prices, as much as on lowering the capital costs of moving to 
wood energy systems. 
 

 3.4 Using wood to substitute for carbon intensive 
materials 

 
The rising importance of using wood in wood products can be explained by the fact that the 
avoidance of carbon release when using wood to replace energy intensive materials is 
repeatable, as long as a continual process of tree growing, harvesting and regeneration, with 
the use of harvested timber, is maintained. Therefore, the social benefits of substitution 
projects are likely to be higher, in the long run, than under the strategy of carbon fixation in 
trees alone (Van Kooten, 2004).  
 
Research has been undertaken in the UK to assess the contribution of wood products to 
climate change mitigation goals. Bateman et al. (2003) estimate “carbon release curves” for 
different types of products with varying lifetimes, based on UK timber production and its 
allocation to various types of products. These curves have been adapted by Brainard et al. 
(2009) to take into account various yield classes, in an attempt to estimate the social value 
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of carbon sequestered in UK forest trees, forests soils and forests products. The wood 
products pool in the UK is estimated to be 80 MtC stored and growing at 0.44 MtC per year 
(Broadmeadow and Matthews, 2003). Wood products in a medium growth scenario have the 
potential to store an estimated additional 10 TgC in the UK’s new and refurbished homes 
(Forestry Commission, 2008a).  
 
Carbon stored in wood product sinks is not considered under Article 3.4 of the Kyoto 
protocol to the UNFCCC, and accounting for carbon storage in wood products needs to be 
resolved. This policy option could provide multiple benefits by enlarging the supply of wood 
and adding to the total carbon sink. Wood is a substitute for various raw materials implicated 
in GHG releases and can be used in construction, engineering and production of household 
goods. In all these cases, and especially in construction and packaging, wood acts as a sink 
of carbon (beyond its storage in trees), and with the duration of the sink equivalent to the life 
of the goods. Managing the wood products pool by increasing the volume of wood products 
in construction by building more timber rich houses and by increasing the service life of 
wood products are considered as valuable contributions to reducing carbon impacts.  
 

 3.5 Research studies of mitigation 
 
The last few years have seen an upsurge in the number of papers in the UK addressing the 
role of forestry to mitigate climate change (Adams et al., 1999; Bateman and Lovett, 2001; 
Broadmeadow and Matthews, 2003; Cannell, 2003; Matthews and Robertson, 2003; 
Rollinson, 2007; Brainard et al, 2008; Moran et al., 2008; Nijnik and Bizikova, 2008; Nijnik et 
al., 2009). They indicate that the extent to which the mitigative role of forests can be 
enhanced by new planting or forest management (IPCC, 2007b) is mediated by externalities 
and uncertainties, and shaped by a range of environmental, economic and policy drivers, 
market signals, institutions and governance, and public attitudes and behavioural patterns.  
 
The Stern Review (2006) increased the awareness about climate change mitigation, placing 
the scientific observations in a conventional economic framework. The Carbon Trust (2005) 
published recommendations on how best to deliver carbon emission reductions for the UK 
and on the economics of different climate change mitigation options. Among the key 
research projects on forestry and climate change in the UK is the independent “National 
Assessment of UK Forestry and Climate Change” that has been initiated by the Forestry 
Commission (2009), with active involvement from the Forest Research, the Macaulay Land 
Use Research Institute and a number of British Universities.  
 
Information about Macaulay Institute Climate Change research is available at: 
http://www.macaulay.ac.uk/climatechange/MLURICCresearchoverview.pdf and 
http://www.macaulay.ac.uk/climatechange/index.php 
http://www.macaulay.ac.uk/climatechange/CC_research.php 
 
More specific reports have assessed the importance of climate policies in setting business 
strategies, and manifold implications of climate policy decisions (ENDS, 2007); the GHG 
impacts of different bioenergy systems (Elsayed et al, 2003) and the environmental impacts 
of biofuel crop systems (Turley et al., 2004). The UK Biomass Study (2007) called for 
expansion of wood use for fuel. The Renewables Energy Strategy stressed a significant gain 
yet to be taken from the use of wood biomass in energy production. Assessment of UK 
forest biomass resource for bioenergy has been made by McKay et al (2003) and DEFRA 
(2007d). The reports by the Sustainable Development Commission (2005), by Rippengal 
(2005) and by the Fraser of Allander Institute (2006) have provided information on the 
potential of the wood fuel market for heat and on competitiveness of different wood fuel 
scenarios. The potential of biomass for renewable heat was reviewed in a report of AEA 
Technology (2005). An analysis of biomass production and consumption of most relevance 
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to Scotland was published by SEERAD (Towers et al., 2004; Galbraith, 2006). A report by 
Bauen et al. (2004) proposed a strategy for the generation of electricity from biomass 
sources up to 2020. The reports provide a broad picture concerning technological aspects, 
GHG life cycle emissions, air pollution impacts of biomass production and consumption in 
the UK, as well as socio-economic aspects of using wood for biofuel. 
 
Research studies on climate change mitigation published in the UK in recent years also 
address political processes, instruments and strategies for climate change mitigation through 
forestry based activities (Freer-Smith et al., 2007; ICF, 2008; Nijnik and Bizikova, 2008; 
Nijnik, in press), as well as the economics of climate change mitigation policy options (Nijnik 
et al., 2009). The report “UK marginal abatement cost curves for the agriculture and land 
use, LUC and forestry sectors out to 2022, with qualitative analysis of options to 2050” was 
published by the Committee on Climate Change (Moran et al., 2008). The project “Forestry 
and Climate Change: a Socio-Economic Perspective” to the “National Assessment of UK 
Forestry and Climate Change” is under development. These, and other projects addressing 
the economics of climate change mitigation through forestry that are carried out at the 
Macaulay Institute and other collaborating research organizations, highlight that socio-
economic issues are important in determining the range of land types available for woodland 
development in the UK, and that comparative indicators of the cost-effectiveness of climate 
strategies are needed (Nijnik, in press; Galbraith et al., 2006; SNIFFER, 2008).  
 

Numerous studies also show that the public value forests for more than carbon 
sequestration and that multiple ecosystem services are to be taken into account when 
carbon sequestration strategies are implemented (Nijnik and Mather, 2008; Nijnik et al., 
2008). Documents reinforce that it is a good practice to consult the public (Forestry 
Commission, 2008a; Forestry Commission, 2008b), and public attitudes to forestry in the UK 
are assessed in biennial surveys carried out on behalf of the Forestry Commission (Grant et 
al., 2007). There are also several climate change surveys of public opinion in the UK 
(DEFRA, 2005; UKRC, 2007), including those carried out for research purposes, e.g. at the 
Macaulay Institute. However, the relation between attitudes to forestry and climate change 
taken together is largely unexplored.  
 
Participation of landowners and farmers in afforestation is crucial as they are directly 
involved in the process of converting land to forests. However, there is evidence that farmers 
attribute a high value on their independence and their ability to make their own decisions 
(Shucksmith et al., 1993). This could be an obstacle to grant-conditioned afforestation as it 
could may also give rise to a distaste for monitoring. Towers et al. (2006) highlight that 
farmers perceive themselves as “stewards of the countryside”, and in a way, afforesting land 
may not seem right to them in this role.  
 
Research studies on mitigation indicate that afforestation may also be seen as a threat to the 
social aspects of farming. Cosgrove et al. (1996) suggest that large-scale afforestation may 
alter farmers’ way of life. There is some evidence that farmers are aware of such potential 
impacts. For example, Mather and Thompson (1995) observed that in some areas where the 
forest extent exceeds 30 per cent “the social character of farming has been transformed” 
and some farmers noted this social change as a reason for selling up and relocating to other 
parts of the country. Studies suggested that there is a general reluctance in the farming 
community to large-scale afforestation.  
 
The economics of afforestation is not the only obstacle and there are also psychological, 
cultural and institutional barriers. In particular, it is argued that the UK has a weakly 
developed forest culture (Mather et al., 2006; Nijnik and Mather, 2008). The issue of land 
tenure was also mentioned as a barrier to afforestation (Warren, 2002; Towers et al., 2006). 
However, research is currently underway at the Macaulay Institute to investigate the issue of 
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offsetting GHG emissions from farming through forestry with the focus of afforestation being 
small-scale, “localized” afforestation. Cooperation and institutional arrangements between 
farmers representing different types of farm (for which cost effectiveness of carbon 
sequestration is different) have also been examined as part of a research program (Pajot et 
al., 2009). 
 
To conclude, through the analysis of biogeochemical processes involved, and by assessing 
the opportunities and challenges for forestry to sequester and store carbon, it is now 
becoming possible to suggest more effective, efficient and socially desirable climate policies 
and measures, and to advise on their proper sequencing in space and in time.  
 

 3.6 Research Needs 
The cost-effectiveness of afforestation in different locations, social acceptability of carbon 
forestry options, challenges and opportunities of woodland development on carbon rich soils, 
using wood for energy and in wood products projects, are important topics for future 
research (Cannell, 2003; SDC, 2005; Smith et al., 2006; Nijnik and Bizikova, 2008). As 
identified by Nijnik et al. in the report to the UK Assessment of Forestry and Climate Change: 

• The socio-economics of carbon sink forestry scenarios is highly topical in the UK, 
because the choice of location for forestry development, and of management 
regimes to be applied are important factors in raising the effectiveness of mitigation 
and saving economic costs.  

• New tree-planting is deemed to be economically viable either when afforestation 
provides multiple environmental and/or social co-benefits or when short rotation 
plantations are established for bio-energy. It is therefore important to determine a 
particular agenda for bioenergy forest policy by addressing economic, social and 
environmental factors (e.g. biodiversity and landscape values), and to define where 
to place biomass production in the general context of (multifunctional) land use, 
where reform of CAP (EC, 2002b) and contemporary rural change will also likely be 
influential. 

• Adaptation and mitigation activities are linked together, and the knowledge built up in 
the UK and internationally should be used to facilitate more successful mitigation – 
adaptation interactions in the forestry/LU sectors and in the wider context of 
sustainable development and rural livelihoods.  

• Trade-offs between mitigation and adaptation efforts also necessitate evaluation of 
costs (forest damages/losses versus benefits) due to the changing climate. Research 
on investment, economic incentives, and institutional and governance capacities of 
climate change mitigation through forestry is required.  

• Among motivating research topics are: who is responsible for carbon sinks after the 
Kyoto commitment period of 2012; what is the value of a temporary terrestrial carbon, 
and how it will change, as markets develop and institutions evolve to handle 
uncertainty aspects affecting terrestrial carbon offsetting and trading. 

• Major problems with the inclusion of carbon offsets from forestry into regulatory 
emission trading schemes are caused by temporary nature of terrestrial carbon sinks, 
and by “leakages”, double-counting and too high transaction costs associated with 
measuring, assessing and monitoring of carbon. Opportunities to increase the cost-
efficiency of climate change mitigation are in finding of solutions of these problems. 

• Studies to identify and explain the attitudes of various groups of people towards the 
role of forests in adaptive and mitigative measures, particularly concerning 
afforestation and short rotation plantations has started at the Macaulay Institute but 
merit further attention.  
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• Decisions to change behavioural patterns in the area of climate change mitigation 
and adaptation will be influenced by price and economic incentives. However, 
behaviours are also shaped by citizenship values, and the drivers of change are thus 
many, and varied. There is therefore a need for consultation with stakeholders on 
climate change mitigation policy options (within the forestry sector and beyond, and 
across various regions in the UK) and to encourage the public to be more actively 
involved in tackling of climate change.  

 

4. Conclusions 
 
As should be evident from the preceding sections, there is now good evidence to show the 
potential impacts of climate change on forests in the UK, the need to adapt the forests to 
such changes, and the valuable role that British forests can play in mitigating some of the 
effects. We have noted several times that the knowledge base about climate change is 
considerable and awareness of its effects is increasing within the forestry sector, but as yet 
we can find little indication of systematic changes in silvicultural  practice or wider forest 
management to take account of this greater knowledge and awareness. 
 
The case study approach envisaged in ECHOES, as well as in other relevant EU and 
national projects (see section 2.4 above), seems to us to provide a valuable means for 
making the transition from research findings and policy guidance to operational  
management planning. We believe that such ‘demonstration projects’ provide the essential 
link between theory and practice to increase the understanding of foresters and all those 
operational staff who are ultimately responsible for increasing the resilience of British forests 
to climate change. The case study mechanism can be seen as an ‘adaptive management’ 
approach whereby actions are proposed in the light of best available knowledge, the results 
monitored, and management strategy adjusted in the light of the observed responses. 
Deciding upon the most appropriate scale and scope of a case study seems to be one of the 
important methodological issues to be confronted within ECHOES over the next period of 
time. 
 
We anticipate revising our country report before the end of the ECHOES action to reflect 
new policy initiatives as well as knowledge gained from the results of ongoing research.  
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