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1. The Native Woodland Model (NWM) has been developed to assist in the planning of native woodland
expansion.  

2. The base datasets are the 1: 250 000 scale national soils map (MISR 1982) and the 1: 25 000 scale
Land Cover of Scotland 1988 (LCS88) dataset (MLURI 1993).  Because of the scales of these datasets,
the model should not be used at scales below 1:50 000.  

3. These soil and land cover data have been related to the requirements of different types of native
woodland, to predict potential woodland types – i.e. the woodland National Vegetation Classification
(NVC) types – which would be expected to develop under current soil and vegetation conditions, with
no or minimal ground intervention, including fertilisation, ground preparation and drainage.  

4. The resulting maps represent the potential-natural extent of native woodland cover under current
environmental conditions; they are not aspirations for final woodland cover.   

5. The model covers upland Scotland, where soil types are generally semi-natural.  Where soils have
been heavily modified by cultivation and industry, the model is considered less useful in predicting
semi-natural woodland distribution patterns because the highly modified soils could now support many
types of woodland.

6. Comparisons of the NWM output with accumulated temperature, moisture deficit and exposure data
suggest that the combined soils and land cover datasets provide a robust surrogate for the main
climatic variables at the resolution of the model output.

7. A review of NWM outputs for the Highlands, and comparison with actual NVC surveys, suggest that
the NWM accurately predicts site suitability for oakwood, ashwood and pinewood.  Comparison with
NVC surveys has yet to be carried out for birchwood, mixed broadleaves and wet woodland.

8. The NWM output has been classified according to Habitat Action Plan (HAP) types, to facilitate its use
in biodiversity action planning.

9. The use of the NWM in developing Forest Habitat Networks is shown in a worked example, and a
summary is given of how it was used in the development of the Cairngorms Forest and Woodland
Framework.

Executive summary
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Introduction

Expansion of Scotland’s native woodland is increasingly a priority.  Today only 4% of Scotland’s land area
is covered by semi-natural woodland (MacKenzie 1999), whereas the area of land capable of supporting
woodland is considered to be closer to 50%. Expansion targets have been set within the UK Biodiversity
Action Plan (UK Biodiversity Group 1998) and the development of Forest Habitat Networks (FHNs), which
seek to alleviate the consequences of previous native woodland fragmentation, is a priority in the Scottish
Forestry Strategy (Scottish Executive 2000). 

In order to achieve the greatest benefit from the strategic
expansion of native woodland, we need to understand the
potential distribution and extent of different woodland
types.  Surviving native woodlands generally provide only
partial information, since they tend to be highly fragmented
and their composition and distribution have often been
radically altered by grazing, burning, timber extraction and
under-planting, and invasion by introduced species such as
Rhododendron Ponticum. Historical reconstructions from
palaeobotanical studies are likely to be of limited
relevance, since site conditions have been modified over
the centuries by the removal of the original forest cover,
agricultural cultivation of soils, climate change and
environmental pollution. 

A more practical approach is to predict potential woodland
distribution under current environmental conditions using

site suitability models. The Native Woodland Model (NWM) has been developed to assist in the planning
of native woodland expansion. Known site conditions are related to the requirements of different types of
native woodland to predict potential woodland types – i.e. those which would be expected to develop
under current soil and vegetation conditions, with no or minimal ground intervention, including
fertilisation, ground preparation and drainage. The resulting maps represent the potential-natural extent of
native woodland cover under current environmental conditions; they are not aspirations for final
woodland cover. The model covers upland Scotland, where soil types are generally semi-natural. Where
soils have been heavily modified by cultivation and industry, the model is considered less useful in
predicting semi-natural woodland distribution patterns because the highly modified soils could now
support many types of woodland. 

The NWM has been used to indicate the potential for the expansion and establishment of native woods in
areas as diverse as the Western Highlands (Towers et al. 1998 a), the Angus Glens (Towers et al. 1998 b)
and Rum (Hester et al. 1999). It was also used in the development of the Cairngorms Forest and
Woodland Framework (Cairngorms Partnership 1999) to:
• indicate the suitability of sites for natural regeneration
• identify priority areas for the targeted and phased planting of native woodlands
• provide an indication of site capability for non-native species.

This booklet explains how the model was developed, what it shows and how it can, and cannot, be used.
Case studies illustrate its value as a tool in the development of strategies for expanding woodland cover.
Finally, the attached CD contains maps of model output for all the Scottish uplands, together with a
sample of the model itself for a small area of the Highlands.

Existing native woodland is often largely confined to gullies
(A.J. Hester)



Assumptions and general principles underlying
the Native Woodland Model

There are a number of important assumptions which underlie the model and the products from it: 
• The model predicts the potential for woodland and scrub types under current soil and vegetation

conditions, i.e. with no or minimal ground intervention, including fertilisation, ground preparation and
drainage.

• The model has been developed with the explicit aim of predicting optimum patterns of woodland site
capability over large areas, easily and without the need for ground survey. 

• The model and outputs are an expression of current knowledge and revisions may be necessary as
new knowledge becomes available.

• The land is classified independently of any administrative structure, land designation, land ownership
pattern or past or present grant mechanisms.

• Although current land use is reflected, to some extent, by existing vegetation cover, it is not a factor
within the model. There are obviously a number of other factors, such as economics, sheep and deer
control, moorland management, landscape and/or conservation issues, water protection, and
protection of archaeological interests, which have to be considered before native woodlands can be
established on any site.

• The model does not make recommendations for the best use of land nor is it the output a vision for
future land use.

• The model provides a strategic planning tool, designed to be used at scales from 1:50,000 up to
national level.
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The value of modell ing potential woodland cover

The purpose of the Native Woodland Model

An understanding of the potential of different areas within a landscape to support different woodland
types is crucial to planning the restoration and expansion of native woodland. The NWM has been
developed as a strategic tool to aid those involved in such projects, whether on currently unwooded land
or in non-native forest plantations. It is suitable for use at scales above 1: 50 000.  

The modelled pattern of potential-natural woodland types provides a template for the development of
FHNs. Using a Geographic Information System (GIS), the model can be used in conjunction with other
datasets to highlight where there are opportunities for woodland expansion.  

Natural regeneration is the preferred option for creating new native woods or restoring Plantations on
Ancient Woodland Sites (PAWS).  The advantages are likely to include best matching of species to site,
patchy distribution of trees, structural irregularity and natural appearance and conservation of local
genetic stock. In addition, many species characteristic of ancient woodland are slow to colonise new
habitats. A new area of woodland is, therefore, likely to develop a more valuable community if it is close
to appropriate colonising seed sources. PAWS adjoining surviving Ancient Semi-Natural Woodland
(ASNW) are particularly valuable for restoration, especially where the ASNW is the same woodland type
as that likely to develop on the PAWS site.  Worked examples are provided later.  

The NWM can also be used in association with digital woodland inventories to predict the likely current
area and range of particular woodland types in Scotland. In particular it can be used in combination with
the Scottish Semi-natural Woodland Inventory (SSNWI, Caledonian Partnership 1999)’s ‘semi-naturalness’
data to estimate the woodland type of any existing semi-natural woodland.

Birch regeneration.
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The value of establishing woodland appropriate to site conditions

The tree and shrub species predicted as being most suitable to the site should grow and regenerate most
successfully and best incorporate existing biodiversity. The requirements of different woodland types are
taken largely from Rodwell (1991) and Rodwell & Patterson (1994), with additional information taken in
particular from McVean & Ratcliffe (1962), and to a lesser extent from other literature listed in the
References. Any relict populations of fungi, plants or animals are likely to be able to re-establish better in
woodland composed of site-appropriate species.

Species which are unsuitable for the site conditions may survive for the first few years but fail to thrive. For
example, where alder has been planted on exposed shallow peats in the northern and western Highlands,
it can often demonstrate good early growth only to die back after four or five years. Other species may
grow well but fail to regenerate. This may be less important in traditional forestry, where new crops are
planted after harvesting, but it is vital in native woodland, which must perpetuate itself through natural
regeneration.  

Even closely related species may have different site preferences. For example, downy birch and
pedunculate oak (typical of the NVC communities W11 and W17) tend to occur together on moister and
flushed ground, whereas silver birch and sessile oak (more characteristic of W10 and W16) would tend to
grow on drier sites (Peterken 1998). 

The NWM extends the range of tools available for planning the establishment of native woodland in an
ecologically appropriate way.

Oak Woodland.
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Using historical information to plan new woodlands

Where land is known to have been wooded in the past, it has been suggested that the composition of historic
woodland is a key element of planning new woodland.  In theory it is possible to use pollen analysis to
reconstruct the composition of former woodland.  However, this is not a straightforward process and not
necessarily the most appropriate, as explained below.  

First, the relationship between pollen frequencies and tree
species abundance is not simple, although for very small
woodland hollows there are strong linear relations between
the two. Pollen analysis depends on trees producing flowers
and on the relative frequency of all pollen producing plants
in the catchment.  Any trees which do not flower (e.g. many
species when growing in the understorey) will not be
represented, and wind-pollinated species produce larger
quantities of lighter pollen than those pollinated by insects
(e.g. fruit trees).  Consequently, it can be difficult to be sure
about the true composition of past woodland from pollen
analysis alone. Further, sites may receive pollen from large
areas which makes it difficult to reconstruct a good
impression of former local vegetation cover (Tipping 1998). 

Second, for much of Scotland, the degree of spatial
resolution of pollen analysis information which can be produced at present is too coarse and fragmented to
serve as a guide to native woodland restoration, although more detailed reconstructions are possible in
specific areas where detailed work has been carried out, such as the Southern Uplands (Tipping 1998).

Third, even where pollen information is good, it may not be appropriate to use it as a template for designing
a new native woodland, because most pollen analysis reconstructs vegetation from several thousand years ago
and this may not be appropriate (climatically or edaphically) for the present-day establishment of woodland
cover on a site. 

The concept of woodland ‘naturalness’

Peterken (1996) defines five degrees of woodland naturalness, of which original-naturalness, the state which
existed before people became a significant factor, is the type which can be reconstructed from most pollen
diagrams.

Present-naturalness is the hypothetical state which would prevail now if people had never become a significant
factor. Such forests would have continued to develop in response to climatic change, long-term soil maturation
and continued migration of species. Therefore, they could be very different in many ways from the original-
natural forests.  

Potential-naturalness is the forest that would develop now if human influence were removed completely, and
the resultant succession took place instantly. Such forest would be different again, because soils have changed
due to the removal of forest cover and subsequent land-use, and they may also have been affected by
eutrophication and other forms of pollution. 

The NWM, in matching potential woodland types to existing soil types, predicts potential-naturalness.  Rather
than attempting to recreate an idealised concept of woodland at the post-glacial climatic optimum or any
other historical time, the NWM enables the prediction of woodland types which would develop under current
climate and soil conditions.

Catkins.
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Methodology

The approach adopted in the NWM, although developed within a GIS, differs little from the approach that
a practical forester or ecologist would adopt when planning a new woodland on the ground. Indeed the
model seeks to replicate the approach, but over large areas without the need for ground survey. On the
ground, information on site factors which influence woodland growth, such as geology, soil conditions
(drainage, fertility, acidity), climate (temperature and exposure), topography (slope and rockiness) and
current land cover and use would be collected and assessed. These would then be compared with the
conditions suited to different woodland types, enabling recommendations to be made on the most
appropriate woodland type(s) for the site. 

The NWM follows this logical approach, but with the key difference that the information on ‘site’
conditions has already been collected and is stored within the soils and land cover geospatial datasets.
When combined, these data provide information on geology, soil moisture and nutrient regime of the
component soils, topography and terrain type and the precursor vegetation species. All these are
important for the assessment of site suitability for native woodlands. We consider that a cost-effective and
practicable approach is to use landscape scale modelling to gain a strategic understanding of the
potential distribution of different woodland types under current environmental conditions, and to refine this
by detailed surveying of targeted sites.  The advantages of computer modelling at the landscape scale are
that it:
• provides an opportunity for rapid appraisal of large areas
• reduces the need for costly site survey
• allows site survey effort to be targeted
• cuts across landownership boundaries and provides opportunities for investigating wider benefits or

costs of different woodland schemes.

Scattered Scots Pine woodland.
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Base data
Two digital data sources are used in the model: the 1: 250 000 scale national soils map (MISR 1982)
and the 1: 25 000 scale Land Cover of Scotland 1988 (LCS88) dataset (MLURI 1993).  Because of the
scales of these datasets, we advise that the model should not be used at scales more detailed than 
1:50 000. For individual woodlands, a more functional ecological approach, incorporating landscape
character, landscape ecology, planning and design, is required.  Details of the datasets are given in
Appendix 1.

Dataset integration
The datasets were overlaid within a Geographic Information System to produce a number of combined
soil/land cover types describing the present site conditions.  Each of these types was allocated to an NVC
community (Appendix 2), or a mosaic of communities, based on the relationships between biophysical
properties and woodland requirements.  It must be stressed that, although there is considerable
knowledge about the relationships between most NVC woodland types and site conditions, this requires
careful translation when applied to the integrated dataset derived from the soils and land cover data. By
the very nature of what these data describe, they are imprecise. Consequently, they must be interpreted
with an underpinning understanding of the opportunities and constraints of the data.

Land cover data add valuable extra information to the soils data in a number of ways:
• The LCS data was captured in a consistent fashion using air photo interpretation, whereas the

methodology for collecting soils data evolved as the surveyors gained more experience of Scottish
soils.

• The much larger scale of the LCS data adds detail to the soil units and allows some soil complexes to
be disaggregated into their component parts in the landscape. Being on a larger scale, the digitised
LCS data are also likely to be much more accurate.

• The LCS can be used to locate cultivated land, thus highlighting soils where nutrient or moisture status
may have been altered by ploughing and fertilisation (which affects the suitability of the site for
woodland development).

• It also allows the delineation of montane vegetation
types and the separation of the montane scrub zone
from land considered unsuitable for trees/scrub, which
is not possible using the soil data alone.

Figures 1 and 2 illustrate how integration of the soils
and land cover datasets provides extra detail on the
relative proportions of soils within complex terrain, such as
rocky ground or moundy moraine, both typical landforms
in the Highlands of Scotland. We call these ‘so i l
landscapes’ in which the pattern, location and
proportions of different soils are strongly influenced by the
physical landscape.

Figure 1, rocky landscapes, shows how data integration
can be used to identify whether peat is present and, if so,
the proportion of the landscape which it occupies. The soil

map indicates a mosaic of closely related soils occurring in a loosely defined pattern within a complex
rocky landscape. The finer-scale land cover data has been used to reveal more of the detail of this
mosaic. To the left, the land cover data indicates that blanket bog, and therefore the peat on which it
grows, is absent. In contrast, on the right, the presence of blanket bog indicates a more diverse landscape
with numerous basins and channels of peat.

Montane scrub and treeline woodland (A.J. Hester)
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Figure 1

Figure 2

In moundy moraine landscapes (Figure 2), the land cover indicates where the peat is dominant 
(to the right), sub-dominant (to the left) or in some instances absent. Figure 3 illustrates how this
differentiation has been made on the moundy moraine landscape of Rannoch Moor.

Figure 3: Use of integrated data to enhance woodland predict ions
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Some key points regarding data integration:
• The NWM predicts ‘climax’ NVC woodland types. Wet

woodland types, which depend on water level more
than soil type (W1-W3 and W5), and ‘seral’ lowland
scrub (W21-W25) are not predicted by the NWM  

• Most of the soil/land cover combinations were logical
and made ‘ecological sense’, but slivers of mismatching
soils and land cover are inevitable considering the
difference in scale between the two datasets. The slivers
have been allocated to the site type indicated by the
land cover data

• There is no digitised information about the original
vegetation cover of the 12% of Scotland covered by
coniferous plantations. In these areas the semi-natural
land cover type most often associated with each soil
type was used to determine the potential native
woodland type

• The model is restricted to those parts of Scotland with semi-natural soil types.  The central belt of
Scotland and other lowland areas are excluded because the soils have been so modified by cultivation
and industry that they could now support many types of woodland.

The predicted woodland types
The model only predicts the composition of the vegetation that would be expected if woodland were to
develop naturally on a site.  It tells us nothing about the structure or condition of any woodland already
present.  For example, SSNWI shows all woodland over 0.1ha in size.  If the semi-natural polygons are
extracted and overlaid with NWM predictions of where pine is the most suitable woodland type, we should
get a reasonable idea of the distribution of woods dominated by pine.  However, this would tell us nothing
about the condition of these woods, which may be in good condition with much regeneration, or
senescent and heavily grazed with no seedlings and little structural diversity, for example.

The woodland types used in the NWM are listed in Appendix 2.  Single woodland types are predicted
where possible.  Where the soil pattern renders this approach inappropriate, mosaics or interchangeable
types are predicted.  Categories defined as open woodland, or scattered trees/scrub are mapped where
trees may potentially cover only 10-30% of the area.  These may occur as single categories or as mosaics
with closed woodland NVC types or with non-NVC types.  These open woodland and scattered trees
categories, and mosaics containing them, account for over half of the total NWM output, indicating the
great variability in suitability for tree cover across Scotland.

Mosaics
Over much of upland Scotland, the soil and land cover patterns vary on a scale below that of the model.
In such cases mosaics of NVC types have been defined. 

Different woodland types have been matched to the different components of such landscapes. For
example on moundy moraine, W18 would be suited to the peaty podzols on the mounds whereas
peatland with scattered trees/scrub would be suited to the peat in the intervening hollows and channels.
This is indicated on the map legend as ‘W18 + peatland with scattered trees/ scrub’ with W18 being the
dominant component and so listed first.

Interchangeable types
Classifications have to ‘pigeon hole’ elements of the physical environment, such as vegetation and soils.
In reality such elements are part of a continuum, and woodland types grade into each other.  Where the
bedrock changes abruptly, boundaries between types can be distinct, but most are more gradual and
subtle due to small changes in the base status of the bedrock or drift.  This means that there are large
areas where two (or more) woodland types are considered equally well suited to the site conditions
present.  In order to make this clear, such areas are classed as ‘ interchangeable’, to distinguish them

Wet woodland.
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from ‘mosaics’, as described above.  For example, ‘W17/W18’ indicates that site conditions are
considered suitable for either of these NVC types.

Allocation of woodland types to different site conditions
This is an interpretative process which involves matching the site conditions, as described by the integrated
dataset, with the known site requirements of the range of NVC and other woodland and scrub types that
the model is seeking to predict. The basis of the decisions taken, and the criteria used to allocate different
woodland types to different sites, are explained in detail in Appendix 3. Woodland modelling and the role
of soil landscapes in heterogeneous environments are also detailed. 

Potential woodland cover in different NWM categories 
During the development and early application of the NWM it became clear that, in many areas of
Scotland, the potential for native woodland cover would be restricted to particular topography and soils
within very complex landscapes, rather than densely covering whole areas. We therefore estimated the
percentage tree cover for different woodland categories to aid in subsequent model interpretation. Most of
the single and interchangeable categories were assessed as having the potential for 80-100% cover
(although this might not necessarily be desirable), whereas the W4 with open ground and peatland with
scattered trees/scrub categories are considered to have only 30% and 10% potential tree cover,

respectively.

This has important implications for assessing the actual
woodland potential of these categories and for the
woodland mosaics which have these categories as
components. For example, within the ‘W4 Birch (with open
ground) + Peatland with scattered trees’ mosaic, as little
as 23% of the land area is predicted to have woodland
potential, the remainder staying as open ground. This is
based on a 65:35 split between the components of the
mosaic, and a potential tree cover of 30% and 10% for
the two components respectively. It is important to stress
that this gives only strategic guidelines as to potential tree
cover; on-site survey would be required to accurately
determine this proportion on the ground.

A mosaic of dense and scattered pine.
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How accurate is the NWM?

Before discussing how accurate the NWM is, it is important to define what we mean by ‘accurate’ for a model
such as this. This is because potential suitability for any particular woodland type is an inherently untestable
quality, at least in the short term, because there is so little semi-natural woodland left in Scotland. 

Potential sources of error and uncertainty are discussed below, but it should be noted that most of these are
difficult to quantify. Three ways of analysing the approach and the output are to:
• Identify potential sources of error in the model development
• Examine how well the datasets predict site conditions, and how the inclusion of other data might improve

the predictions
• Test the predictions against the distribution and type of existing native woodland. 

Potential sources of error and uncertainty in the NWM
Errors in source data
Land cover and soils maps are, by their nature, simplifications of reality.  Classes merge into each other, and
boundaries can be uncertain.  Some features are more accurately identified from these datasets than others,
e.g. arable or alluvial soils are easier to identify than bracken land or soils with subtle drainage distinctions. 

Uncertainties within the l i terature regarding optimum site condit ions for dif ferent
woodlands
Exact requirements for establishing woodland/scrub types cannot yet be defined, because the precise limits for
growth and survival of many native tree and scrub species are not fully understood. 

Limitations of woodland classif ications
The NVC is the standard UK vegetation classification system.  It is, however, based on relatively small samples,
and there are some inadequacies in its application to some Scottish woodlands. Other classifications,

Oak woodland.
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especially that of McVean and Ratcliffe (1962) provide valuable additional information to alleviate some of
these issues. 

Impacts of ‘external’ pressures
Grazing and other land uses can make it difficult to compare actual vegetation on the ground to predictions
for vegetation potential based only on the biophysical attributes of a site.  

The NWM’s prediction of site conditions
In addition to soils, three components of climate have a strong influence on woodland growth. We considered
each in turn and discussed whether their inclusion would improve the model prediction or not, as described
below (see Hester et al. 2003 for more detail).

Accumulated temperature
The predictions of the NWM were found to compare very well with the limits of accumulated temperature for
growth of different tree species (Pyatt & Suarez 1997), without this information being explicitly included in the
model. Assessment of the upper tree limit gives almost 100% accuracy. This is to be expected, because the
development of different soils requires specific moisture and temperature regimes.  As a result, the NWM
predicts species with demanding requirements for growth, such as oak, on soils which themselves develop
under the same temperature regime. Therefore, it was concluded that inclusion of accumulated temperature
data would not significantly improve the NWM output.  

Moisture defici t
A comparison between the NWM and estimated soil moisture deficit limits for tree growth found that moisture
deficit is not a limiting factor for growth of woodland and scrub in the Scottish uplands. Therefore, inclusion of
soil moisture deficit data would not be expected to improve the model within Scotland. 

Exposure
NWM predictions were compared with the Detailed Aspect Method Scoring (DAMS), a widely used measure of
exposure (Dunham et al. 2000). A score of 24 is considered to be the maximum limit of forest growth (Hale et
al. 1998), and the NWM also predicted no suitability for closed woodland above this threshold. Therefore, it
was also concluded that the explicit inclusion of DAMS data would not significantly improve model predictions. 

In summary, these tests suggest that the combined soils and land cover datasets provide a robust surrogate for
the main climatic variables at the resolution of the model output; the model output would be unlikely to be
significantly improved by their addition. This gives good support for the chosen approach for this model.

Validation of NWM predictions against existing native woodland
It may be expected that, if the model accurately predicts potential woodland type, a randomly selected piece
of semi-natural woodland should conform to the type predicted for that area.  However, it is unfortunately not
that simple, as there are several reasons why the NWM’s expression of the most appropriate potential-natural
woodland for a particular site may not fit with the composition of the existing woodland:
• The current woodland may have been profoundly altered by human actions.  Historical management will

often have altered the woodland type from that which would be expected from knowledge of the underlying
soil type.  For example, if oak has been selectively felled from a woodland (as often occurred in the past),
then its current absence does not indicate that the soil is unsuitable for its growth.  

• Alternatively, if years of grazing have led to the loss of a ‘key species’, such as ash, then the current
woodland type will also not be a true representation of what the site could potentially support.

Therefore, care must be taken to understand management history when comparing current woodland with
model predictions.
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Despite these difficulties, direct comparisons of the NWM output with actual NVC field survey of semi-natural
woods have demonstrated the model to be robust, with at least 70% accuracy for the main woodland types at
the target scales of resolution (Hester et al. 2003). 

D. Stone and H. Gray (unpublished data) reviewed NWM outputs for the Highlands and compared them with
actual NVC surveys for three key woodland types.  They assessed differences between the two data sources
and the implications of such differences.  Their findings, and those from other studies, are summarised below.

Pinewood
NWM predictions clearly show how the composition of
pinewoods changes from the east to the west of Scotland.
Stands of pure W18 dominate in the east with some
W18/W17.  Moving further west, mosaics with W4, scattered
trees/scrub and peatland become more common, with pine
an increasingly minor component, until in the far west of
Scotland W17/W18 is almost the only pine-containing
category predicted.  

Correlations between NWM predictions and NVC surveys at
Rothiemurchus were very good.  Of the 453.4ha of
pinewoods identified in the North Rothiemurchus NVC survey,
432.3ha (95.4%) occur on sites identified by NWM as
suitable for W18 alone or for W17/18.  

Breckenridge (2001) also suggested that the NWM is very accurate in its predictions for pinewood.  She visited
22 sites predicted as suitable for W18 or W18 mosaics, in Wester Ross, Sutherland and the central Highlands.
Fourteen sites were on ancient woodland sites within the pine zone and the other eight were on randomly
selected sites outwith the pine zone.

Of the 14 ancient woodland sites:
• six were currently native pinewoods 
• two were largely semi-natural broadleaved woodlands with areas of pine or pinewood ground flora 
• five were conifer plantations with remnant areas of pine, pinewood ground flora or other signs that the site

may formerly have supported pinewood
• one was a pine plantation with no evidence of native pines, although it was adjacent to an even-aged,

pure oak wood with pinewood ground flora.  

Of the eight sites outwith the ‘pine zone’, a comparison with the optimal precursor vegetation in Rodwell and
Patterson (1994) suggested that all had potential for W18 development to a greater or lesser degree. 

Oakwoods
The most extensive stands of pure oakwoods (W11 and W17,
the core NVC types) are predicted in the eastern straths of the
Highlands. Further west, oakwoods are increasingly predicted
as a minor component of a mosaic and, in this form,
become almost ubiquitous on lower slopes and coastal
fringes.

D. Stone and H. Gray (unpublished data) found a fairly good
correlation between NWM outputs and NVC data from Loch
Sunart SAC.  NVC survey shows 71% of the site to be
covered by W11 and W17.  Of this area, 60% is predicted
by the NWM to be suitable for W11, W17 or mosaics
containing these types.

Pine woodland in the Cairngorms.

Oak woodland.
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Ashwoods
The potential for ashwoods is much less than for oak or pine, because the basic soils they require are not
common in Scotland.  It should also be noted that the resolution of the NWM is too coarse to pick up all the
many small fragments of ashwoods in ravines and gorges. The only areas where the model predicts
concentrations of ashwoods are Skye, Morvern, Mull, Islay, Argyll and the lowland fringes in Buchan and
Caithness.

In comparisons of the model output with NVC surveys of north Mull, D. Stone and H. Gray (unpublished data)
found a much poorer correlation than expected, with most sites dominated by oak.  The site requirements for
ashwoods (base-rich soils on sites with low-medium exposure) are fairly distinctive, and the correlation with
ashwoods in other areas (e.g. Rassal) are good.  The NVC surveys are of good quality so it is unlikely that the
existing habitats have been misinterpreted. Further investigation suggested a likely explanation for these
disparities: recent site visits indicate that young regeneration in many Mull woods is dominated by ash, rather
than oak.  There is widespread evidence of conversion of woodland in the western Highlands to oak during
the 17th/18th Centuries (Thompson et al. 2001).  Given the chance, such woods would be expected to revert
over time to types more suited to local soils and exposure – in this case ashwoods, as indeed predicted by the
model.

Accuracy of the NWM - Summary 
When using a predictive model it is important to be aware of all caveats affecting the robustness of the
predictions.  However, from the tests carried out so far, it seems that the advantages of the NWM as a
strategic tool far outweigh the uncertainties involved.

When tested against those components of climate which are believed to be particularly important for tree
growth, the NWM has been shown to predict site conditions well.  The soil and land cover datasets appear to
act as robust surrogates for the climatic data considered and so it is unlikely that significant advantage would
be gained by incorporating such data into the model.  

Where the model has been tested against NVC data for existing woodland, excellent agreement has been
found.  The only major exception found so far is on Mull, where the actual woodland type (oakwood) was
quite different from that predicted by the NWM as being most suitable for the soil type (ashwood).  This seems
to be because the woodland’s composition has been drastically altered from its natural state by human
management.  It will be possible to test this theory further as the woodlands continue to regenerate naturally,
and other areas are restored to native woodland.  It is also important to realise that the NWM is a dynamic
model, with the potential to be updated when better data become available, or our understanding of
woodland and scrub requirements is improved by new research.

Page 19



How potential woodland types correspond 
to Habitat Action Plan types

Habitat Action Plans (HAPs) have been developed for each of the main types of native woodland in
Scotland. Each category of the NWM output has been classified (Appendix 4) either as one of these types,
as overlap or as non-HAP, as follows:

• Where the NWM output is a single NVC type this is generally interpreted following Hall & Kirby
(1998). As the NWM does not predict woodland types to sub-community level, there are a few
differences:
• W7 is allocated to ‘Upland mixed ash’
• W4 is allocated to ‘Northern birchwoods’. 

• NWM mosaics are interpreted as single HAP types, or as mixtures of types, in order to preserve the
information in the secondary mosaic component: 
• The mosaic ‘W9+W7’ is allocated to ‘Upland mixed ash’, because W9 and W7 both fall within

this HAP type.
• The mosaic ‘W17+W4’ is classified as a mosaic of ‘Upland oak’ and ‘Northern birchwood’.

• Additional rules are needed to deal with non-NVC types:
• ‘W7+peatland with scattered trees/scrub’ has been assigned to ‘Wet woodland’ because it is

associated with a wet, peatland secondary component. 
• Mosaics beginning ‘W4 with open ground’ have been assigned to ‘Northern birchwood’ regardless

of the other components of the mosaic. 
• ‘Basin bog woodland/ scrub’ has been assigned to ‘Wet woodland’, although it could also be

associated with ‘Native pine woodland’. 

Scots Pine seedling.
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• NWM interchangeable types are classified as overlaps between HAP types unless both components fall
within a single category:
• W17/W18 and W18/W17 are classified as ‘Upland oak/Native pine woodland’ 
• W10/W8 is assigned to ‘Mixed broadleaved woodland’. 

• NWM non-woodland types (unsuitable for tree/scrub growth, developed rural land, built-up land,
inland water, peatland with scattered trees/scrub, the various categories of montane scrub and W19
Juniper woodland with wood sorrel) are translated as ‘Non-HAP’.  It should be noted that some of
these categories may comprise non-woodland HAP types.

This enables the NWM to be used for developing strategies for restoring particular native woodland HAP
types.  An example is given in the following section, where the potential for restoring and expanding
upland ashwood on north Mull is explored.

Upland oak woodland.
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Use of the Native Woodland Model 
– case studies

The Scottish Forestry Grants Scheme and Forest Habitat Networks
Careful planning of woodland restoration and expansion projects should lead to greater benefit to
conservation. In general, extensive woods are likely to support a richer biodiversity than smaller ones.
Many woodland species are slow to colonise new sites, especially if they have to cross open land. New or
restored woodland is thus more likely to develop a diverse and characteristic community if it is close to
existing woods from which colonisation can occur. 

The greatest gains are likely to result if woodland is restored and expanded in such a way as to connect
and expand existing fragments into Forest Habitat Netwroks (FHNs). This should also reinforce landscapes
where woodland cover is already an established feature, rather than planting up land from which
woodland may have been absent for centuries.

The Scottish Forestry Grants Scheme (SFGS) aims to encourage the development of FHNs. Grants are
available for restoring Plantations on Ancient Woodland Sites (PAWS) and for expanding native woodland
onto open ground, preferably by natural regeneration. Other grants support the improvement of riparian
habitats, which often play a key role in FHNs by linking fragmented woodlands and forming semi-natural
corridors through larger forests.

The potential for development of FHNs is explored below for a sample area in a river valley in the
Southern Uplands. The aim of this study is to identify PAWS within 300m of Ancient Semi-natural
Woodland (ASNW), and to investigate what woodland types could potentially be established on them. The
resulting suggestions would need refining through ground survey, and this method allows field work to be
targeted towards those areas which appear to have the highest potential. 

Exist ing woodland cover
Existing woodland cover in the sample area is quite high, but only 18% is semi-natural, and the majority
(76%) consists of non-native plantations. However, 15% of the plantations are on ancient sites, and many

Oak seedling.
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Table 1: Exist ing woodland within the sample area

Area of woodland (ha)
Ancient sites Other land Total

Semi-natural woodland 679 2,106 2,785
Plantation 1,833 10,141 11,974
Mixed 584 322 906
Remnants1 442
Total 3,538 12,569 16,107
1 Areas of woodland on the Ancient Woodland Inventory which do not coincide 

with areas of woodland on SSNWI. The type of woodland is therefore unknown.

Figure 4: Exist ing woodland within the sample area

Restoration of PAWS
Table 2 gives the areas of potential HAP types likely to develop on PAWS within 300m of existing ASNW,
and Figure 5 shows their distribution. Other semi-natural woodland (OSNW) is also shown, to illustrate
how PAWS fit within the wider woodland network. There are some 1,833ha of PAWS within the sample
area, of which 930ha are within 300m of ASNW.

of these are adjacent to ASNW, increasing their potential for restoration to native woodland. PAWS close
to ASNW may have retained more ancient woodland species, and are likely to be more rapidly colonised
by others, due to the proximity of higher quality habitat through which these species can move.  

The area of existing woodland is given in Table 1 and its distribution is shown in Figure 4. The land in the
western half of the area is quite high, over 200m, and most of the semi-natural woodland is on the lower
ground along the rivers.  The eastern half is lower, and fragments of ASNW are scattered more widely
across the terrain.
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Table 2: Areas of predicted HAP types on PAWS

HAP type Area (ha) within 300m of ASNW
Upland Oak 410
Mixed broadleaved 196
Ash, Oak or mosaic 139
Ash 92
Wet 78
Birch, Pine or mosaic 11
Upland Birchwood 0
Birch, Wet or mosaic 0
Mixed broadleaved, Ash or mosaic 4
Total 930

Figure 5: Distr ibution of predicted HAP types on PAWS

The most frequent predicted HAP type is upland oak, representing 44% of the area of PAWS within 300m
of ASNW (Table 2).  The greatest potential for linking woodland fragments by restoring PAWS appears to
be along the Scar Water and the River Nith (Figure 5). 

On the high ground in the north of the area, restoration of upland oakwood could link ASNW and other
Semi-natural Woodland (SNW) along the Scar Water, and across the intervening high ground to the River
Nith.  Further south there is considerable potential for restoring mixed broadleaved woodland to link
several areas of woodland along the Scar Water and the Shinnel Water.  Encouraging PAWS restoration in
these areas should lead to considerable gains for biodiversity.
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Restoring and expanding Upland Ashwoods in north Mull 
(From Gray & Stone 2003)

Large ashwoods and their western hazel-dominated variants are rare and fragmented in Scotland, and the
remaining examples are internationally important, especially for lower plants. Many species typical of old
ash woodland are slow to colonise new habitats, so a new or restored area of woodland is more likely to
develop a diverse and characteristic community if it is close to appropriate colonising seed sources.

The NWM provides a tool for identifying the most suitable candidates for restoration.  Opportunities for
development of Upland ashwood in north Mull are explored below.

Current semi-natural resource
A map of north Mull has been constructed on a GIS, (Figure 6) to show:
• NWM potential for ash and hazel woodland across the whole area
• Ancient semi-natural woods (ASNW) on NWM potential ashwood sites
• Other semi-natural woodland (OSNW) on NWM potential ashwood sites
• OSNW on non-ashwood sites.

Areas of semi-natural woodland were identified using the Scottish Semi-natural Woodland Inventory
(SSNWI).  Most inventories only map woods larger than 2 ha, but SSNWI shows woods as small as 0.1
ha, permitting the identification of highly fragmented remnant semi-natural woodland. ASNW was
identified by overlaying the SSNWI data with information from the Ancient Woodland Inventory.

Semi-natural woods on NWM potential ashwood sites are those most likely to contribute to the current
Upland ashwood resource. Maintaining and enhancing such woods is the first priority.

Figure 6: Distr ibution of current semi-natural woodland in North Mull

Page 25



Potential for restoration of plantations
Figure 7 shows the distribution of all plantations on north Mull.  SSNWI and the AWI have been used as
before, to show where PAWS and other plantations occur on NWM potential ashwood.  PAWS within
100m of high value woods (ie ASNW on NWM ashwood) are considered to have the most potential for
restoration.  These ‘high opportunity’ woods cover 143 ha.

Figure 7: Distr ibution of plantations on North Mull

Potential for native woodland expansion
Opportunities for targeted ashwood expansion are summarised in Figure 8. LCS88 data were used to
identify areas where rough grassland and bracken corresponded with NWM potential ashwood sites.
These LCS88 categories were selected as ecologically appropriate for restoration of native woodland
according to Rodwell and Patterson (1994).  

Figure 8 shows suitable plantations and rough grassland (i.e. those on NWM potential ashwood sites)
within 100m of existing semi-natural woodland on NWM potential ashwood sites. There are 1722 ha of
suitable open ground within 100 m of semi-natural woodland on NWM ash, and 350 ha of suitable
plantation. These 2072 ha are likely to give the greatest conservation benefit if converted to upland ash,
whilst also linking remnant woods to address the problems of fragmentation.
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Figure 8: Expansion opportunit ies for Upland Ashwoods in North Mull

Combined HAP targets for strategic woodland development
Figure 9 combines the information from Figures 6, 7 and 8 to give an overview of the opportunities for
restoring and expanding Upland ashwood in north Mull. The graphic combination of information onto
one map makes it easier to set priorities for action. Areas of fairly undistinguished plantation have
different potentials for contributing to biodiversity targets by virtue of their relationship to other nearby
priority sites.

Figure 9: Upland Ashwood: summary of opportunit ies in North Mull
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Estimating the extent of Old Sessile Oakwood
(Jenny Bryce, Scottish Natural Heritage)

Under the EU Habitats Directive 1992 (Directive 92/43/EEC), member states are required to designate
sites as candidate Special Areas of Conservation (cSACs). The site series is expected to be representative
of the occurrence within each country of habitats and species of European importance (Annex 1 habitats
and Annex II species). This requires, for each habitat type, assessment of the proportion of the total extent
which is within cSACs.  Although there are considerable survey data on specific sites, national woodland
inventories do not currently contain comprehensive information on woodland types.  In the absence of
such data, the NWM was used in combination with SSNWI to predict the potential woodland type of
existing semi-natural woods.  The aim was to re-examine estimates of the extent of Old Sessile Oakwoods
with Ilex and Blechnum in the British Isles (Annex I Code 91A0).  It was felt that existing figures for the
extent of woodland of this type may be over-estimates.

Woods with semi-natural components were identified from SSNWI, and the resulting polygons intersected
with the NWM to ascribe a potential woodland community.  Old Sessile Oakwoods broadly correspond to
oak-dominated examples of NVC types W11 and W17, and mosaics containing these types.  In order to
select the NWM types which were most likely to conform to Old Sessile Oakwoods with Ilex and
Blechnum, polygons with an elevation of less than 200m were excluded, as were those with <10%
canopy cover.  W4 was excluded where it was not contiguous with other oakwood types. The resulting
dataset was then ground-truthed to identify the proportion which was ‘qualifying habitat’ according to the
Natura Interpretation Manual definition of Old Sessile Oakwoods with Ilex and Blechnum. 

The polygons were ‘dissolved’ so that all contiguous blocks were treated as single woods and then used
as the sampling units.  Polygons were selected at random (using an Excel macro), with the probability of
selection being proportional to the area of the site, so that larger sites were more likely to be selected.
The sample was stratified so that eastern and western woods were assessed separately and those from a
narrow set of NVC identifiers ‘restricted’ as compared with a more ‘inclusive’ definition. At each sample
site, the area which was estimated to be qualifying habitat was assessed (Box 1).  For each stratum, the
extent was estimated by multiplying the area of the stratum by the mean proportion of each site that was
assessed as qualifying habitat. This showed that within Scotland the proportion of qualifying oakwood
habitat within cSACs is 23-35% (95% confidence levels), compared to earlier (UK) estimates of 14-17%. 

Box 1. Criteria for assessing quali fying or part ly quali fying habitat

• Sites with no oak present were not considered as qualifying habitat.
• Sites with a low proportion of oak were considered as qualifying habitat, provided the

oak was distributed throughout the site (particularly towards the northern extent of the
range).

• Where oak was present in only a small area of the site, only this area would be
regarded as qualifying habitat.

• Where woods were clearly divided into discrete blocks of different stand types, these
were used to assess the proportion of the site with qualifying habitat. However, small
pockets of other woodland types (e.g. W7, W4 or W9) were not separated from large
areas of qualifying habitat.

• Where oak was a minor component of another woodland type, particularly on cSACs
where other Annex 1 habitats are qualifying interests, it was not considered to be
qualifying habitat.
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Developing the Cairngorms Forest and Woodland Framework 
(Cairngorms Partnership 1999)

Forestry Frameworks are intended to provide high quality
advice to inform and guide the development of woodland
design proposals submitted under the Scottish Forestry
Grants Scheme (SFGS). They provide a level of guidance
and information between policy (Indicative Forestry
Strategies) and delivery mechanisms (woodland planting
and design proposals under the SFGS).  

Frameworks are considered particularly relevant to sensitive
areas such as the Cairngorms where there is a wish to
promote a more proactive and visionary approach. The
aims of producing the Forest and Woodland Framework
were:
• to identify appropriate types of forest/ woodland, based

on natural habitat types, in order to produce a strategic
frame of reference for woodland management and
forest design

• to provide a context within which the Forestry Commission could target particular grant aid packages.

Methodology
Using a GIS, 500m ‘regeneration zones’ were created around existing woodland in the Cairngorms
Partnership area. Within these zones, the NWM was used to predict the location of suitable areas for
regeneration of woodland types already present.  The model was also used to predict the potential for
developing woodland on areas outside the regeneration zones, to determine the potential for establishing
further linkages by planting.

Tree-line woodland in the Cairngorms.

Figure 10: Woodland opportunit ies in part of the Cairngorms
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The composite map was considered in relation to other land-uses (including grouse shooting, agriculture,
forestry and conservation of other habitats) to develop a strategic plan for woodland establishment within
the whole area.

Resul ts
Several areas, including the Forest of Spey between
Dorback and Glen Feshie, have the potential to support a
complete transition from oak/birch, through pine/birch, to
sub-alpine scrub. Forest Enterprise has plans to allow sub-
alpine scrub to develop at Glenmore, making a significant
start to the establishment of this network. 

There is also considerable potential for birch regeneration
but, apart from the Angus Glens, Strath Avon and the
upper parts of the Spey catchment, most of the potential
areas are on agricultural land.  It is important to maintain
agricultural land in many such areas, and to preserve
cultural heritage and landscape character, so large-scale
conversion of such land to woodland would be
undesirable. However, small-scale, well designed woods

could help to diversify farmers’ incomes, provide timber and shelter for livestock and contribute to local
FHNs. Riparian woodlands contribute to water quality objectives, and their management and expansion
could be encouraged on valley floors. 

There is substantial potential for natural regeneration of pine in the Deeside Forest, the Forest of Spey,
Donside and Glenlivet (Figure 10). Priority areas were defined in the following order:
• areas adjacent to existing Caledonian Pine forest
• areas adjacent to other self-sown Scots Pine 
• areas which are currently coniferous plantations where Scots Pine cover is greater than 75%. 

Establishing new native pinewood by planting is also a priority in the Forest of Spey and the Deeside
Forest, and it was recommended that planting take place in Strath Avon and Strath Gairn to develop
linkages between the Speyside and Deeside core forest areas (Figure 10). 

Non-native tree species
Because the NWM essentially classifies the landscape according to site conditions, the predictions can
also be used to identify the most suitable sites for non-native species. Most introduced conifers (except for
larch) grow well in the more fertile, sheltered oak-birch zone on the valley sides and bottoms, but grow
poorly on sites predicted for pine-birch communities (relatively high altitude, exposed sites with acid,
nutrient-deficient podzolic soils). There is also potential for Sitka spruce on the scattered birch woodland
site type (peaty gleys and peats) below 500 metres. 

This work with the NWM illustrated how large areas of the Cairngorms have no real potential for
commercially viable conifers, due to the extent of land considered suitable only for ‘sub-montane scrub’,
scattered, sparse woodland categories, or which are too exposed for either woodland or scrub.
Additionally, many sites at the upper end of the altitudinal range for native woodland are considered too
exposed for productive woodland of any species.

Montane willow scrub

Page 30



Practical Application of the Native Woodland Model
(Irvine Ross, The Ross Partnership, Dinnet, Aberdeenshire and Ann Malcolm, the Macaulay Institute)

Introduct ion
This section illustrates how the NWM can be used by land owners and forestry managers to make
strategic decisions on the location and types of native and commercial woodlands on a mixed land use
estate. This is demonstrated for the hypothetical estate of ‘Glen Farsat’.

Glen Farsat Estate 
Glen Farsat is a mythical mixed land use estate of some 2,200 ha in extent, which lies within the
Cairngorms National Park. Figure 11 shows the general features of the estate.

Elevation ranges from 250m to 800m, summers are moderately warm, frost and snow are significant
features of the winter weather and the rainfall is 900mm. The underlying geology is mainly acid igneous
and soils vary from alluvial soils in the bottom of the lower glen, through brown earths, humic ironpan
podzols, peaty gleys, and peats with a limited area of sub-arctic soils at the hill summits.  

Figure 11: Farsat Location

Heather moorland.
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Current Land Cover
Figure 12 shows the land cover within the estate, derived from the Land Cover of Scotland 1988 (LCS88)
and other datasets used in the Cairngorms Forest and Woodland Framework (Cairngorms Partnership
1999). 

The main features to note are:
• The long narrow strip of improved pasture along the Water of Farsat which is associated with linear

birch and riparian woodlands.
• The lack of native pinewood in Glen Farsat itself, although there are native pinewoods on the adjacent

properties to the west and the south. 
• The three small coniferous shelterbelts in the lower part of the glen near the improved pasture land. 
• The commercial conifer woodlands, which are a mixture of Scots pine and Sitka spruce in large

blocks, originally intended to produce timber and provide shelter to the hill sheep. They are too large
and too far apart to make good pheasant drives. Two of them have no good road access, and growth
rates in the most easterly woodland block, at higher altitude, are modest; 

• The dry and undifferentiated heather moorland, and extensive areas of peatland, which cover most of
the estate.

Current Land Use Management Activi t ies
• Management of grouse moors
• Mixed livestock farming/ hill farming
• Management of deer forest
• Timber extraction via a limited amount of commercial forestry
• Salmon and trout fishing in the lower reaches of the Water of Farsat

Figure 12: Farsat Landcover
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Changing the Land Management Objectives 
The estate management has decided to reassess its
objectives to further enhance its sporting revenue potential.
The new objectives are to: 
• dispose of the flock of hill sheep
• retain the hill cattle enterprise
• increase the quality of the grouse shooting
• establish an economically viable pheasant shoot 
• maintain the value of the fishings by improving riparian

habitat
• increase native woodland by natural regeneration,

where possible
• improve the long term financial return from the

commercial woodlands
• create better integration between farming, forestry and

sporting enterprises by improving the location of the
various types of woodland.

Some Options for Future Management of Wooded Cover in Glen Farsat Estate
Part of the process of managing land involves looking to the future and considering options for change. A
number of grants are available for woodland expansion and management, which can be used to achieve
an integrated approach to land management on the estate. Specifically, the woodland actions which
could help achieve the wider estate objectives are: 
• expand riparian woodlands
• expand native pinewoods
• improve the provision of shelter belts near the better agricultural land
• expand the area of commercial conifer plantation and optimise the growth rates of woodland with

timber extraction potential
• manage land to increase the quality and quantity of pheasant shoots on the estate
• integrate improvements to road access with plans for woodland expansion.

Assessing the Estate’s Woodland Potential 
These new objectives will result in an increase in the woodland cover.  Information on woodland potential
will be required to enable the estate to explore various scenarios, before deciding how to achieve the new
objectives.

Whilst the Soil Survey of Scotland soil maps are available, it would take some time for the estate’s forestry
consultant to interpret the soil and topographical maps and produce a site capability map. A full
Ecological Site Classification (ESC) over the whole 2,200 ha of the estate would be prohibitively
expensive. ESC may be used later to refine the boundaries of the proposed new woodlands but a more
strategic overview needs to be developed first. 

The estate’s management therefore decided to commission a study using the NWM, as the most cost
effective method of assessing the whole-estate site capability for forestry. 

Figure 13 shows the NWM output, illustrating site suitability for different woodland types, both in relation
to the biophysical properties of the site and also to the proximity to existing tree seed sources. The
potential for woodland expansion by natural regeneration is greatest around the linear birch and mixed
broadleaved woodlands along the Water of Farsat. The opportunity to extend the area of native pinewood
from the neighbouring property to the west is constrained by the extensive areas of peatland bordering this
wood to the east and north. The NWM shows that this land is only capable of supporting scattered downy
birch and scrub. The potential for expanding the native pinewood to the south of the estate by natural
regeneration is much greater, as the NWM indicates that the land adjacent to this wood is suitable for
both pine and birch regeneration.

Riparian woodland.
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There is also potential to expand the narrow strip of
planted Scots pine woodland to the east of the main glen
by natural regeneration. The NWM output also shows land
further from seed sources which would be suitable for
planting with Scots pine. The opportunities for creating an
extensive, cohesive new native pinewood on the eastern
side of the main glen are evidently limited, with the NWM
map showing large areas only capable of supporting
scattered downy birch and scrub. There is slightly better
potential to the west of the main glen except at higher
altitudes.

Management Options in Glen Farsat
Two options are shown here on Figures 14 and 15. They are:

1 . Allow new native woodland creation wherever suitable (Figure 14)
• The birch woodlands would be encouraged to expand by natural regeneration 
• A combination of natural regeneration and planting would be used to create a mixture of native and

new native pinewood
• The improved pasture would be retained in agriculture.

These relatively simple afforestation proposals could be appropriate if creating native woodland was a
prime management objective.  However, this is not the case, and so the estate’s management must be
more selective in choosing sites for woodland planting or regeneration.  

2 . Selectively create new native woodland to satisfy management objectives (Figure 15)
After consideration of several options, the woodland distribution in Figure15 was favoured.

Figure 13: Farsat NWM

Scots Pine cones.
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Figure 14: Farsat Estate management; Option 1

Figure 15: Farsat Estate management; Option 2
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Actions for management Option 2:
Act ion 1
The commercial woodlands will be consolidated into two
economically sized blocks. These blocks will be:
• sited where there is good road access
• located where they can provide shelter to the grazing

livestock
• managed so that a diversity of age classes within each

block will offer potential for a pheasant shoot.

Block 1: the land around this block of conifers on the eastern
side of the glen will be planted with Sitka spruce. The NWM
indicated that the site was suitable for the regeneration of
birch, implying reasonable fertility and shelter. A site check
confirmed that the existing hill grassland is on a wet flush and
there is sufficient soil moisture for Sitka to grow well.

Block 2 has good road access, and will be expanded by planting wet grassland with Sitka spruce. The adjacent
blocks of new native pinewood will create a diverse structure for this consolidated area of woodland.

Act ion 2
The small block of commercial conifers, with poor road access, on the west side of the Water of Farsat in the
upper glen will be felled. Birch regeneration will then be encouraged, as the NWM indicates that the site and
adjacent areas are suited to this woodland type. The dense birch regeneration will hold pheasants well and
will offer opportunities to drive birds across the glen to the coniferous wood on the other side.

Act ion 3
In the interests of the grouse moor, the planted linear Scots pine wood to the west of Block 1 will not be
encouraged to regenerate, although the NWM predicts that this area would be suitable for pine and birch
regeneration.

Act ion 4
The rectangular block of commercial woodland at higher altitude near the eastern boundary will be felled
and allowed to revert to heather moorland. The area of woodland lost will be compensated for by the
creation of new woodlands elsewhere.  This action will:
• permit a better arrangement of grouse drives on the moor 
• help meet the objective within the Cairngorms National Park to restore heather moorland. 

Act ion 5
In order to take advantage of the enhanced grants available for new native woodlands, four areas of new
native pinewood will be planted. Two of these are on open ground and two will be created by restocking
existing coniferous woods with Scots pine. This will contribute to one of the objectives of the Cairngorms
Forest and Woodland Framework, which is to provide a woodland habitat linkage between existing areas of
native pinewood. The guidelines suggest that woods of at least 10ha should be sited at distances of no more
than 500m. These woods will also shelter the grazing land and provide more pheasant drives.

Act ion 6
Some further planting of riparian broadleaved woodland will be carried out, partly in the upper reaches of
the glen. This will improve the aquatic habitat for juvenile fish and also provide further shelter for the
livestock.

By interpreting the NWM output, in conjunction with other information, the owner and his forestry
consultant can now feel confident that the strategic plan for all aspects of the estate management, and
not just their woodland objectives, is sound.  More detailed planning will now be justified.  The benefits
accrued will also extend beyond the estate boundary and help meet wider National Park objectives.

Conifer plantation
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Conclusion
The extent to which potential options and the stated objectives have been satisfied by the proposed
actions are summarised below:

Other Potential Benefi ts

Helps meet the objective within the Cairngorms National
Park to restore heather moorland.

Locating new native woodlands to comply with one of the
objectives of the Cairngorms Forest and Woodland
Framework, which is to provide a woodland habitat linkage
between existing areas of native pinewood.

Increases the habitat for juvenile fish

Covered by:

Action 4

Action 5

Action 6

Stated New Land Management Objectives

Retain the hill cattle enterprise

Increase the quality of the grouse shooting

Establish an economically viable pheasant shoot

Maintain the value of the fishings by improving riparian
habitat

Increase native woodland by natural regeneration where
possible

Improve the long term financial return from the commercial
woodlands

Create better integration between the farming, forestry and
sporting enterprises on the estate by improving the location
of the various types of woodland on the estate

Covered by:

Action 1 & 5

Action 3 & 4

Action 1 & 2

Action 6 

Action 2

Action 1 & 2

Action 1, 2, 5 & 6

Some Potential Options for Future 
Woodland Management

Expand riparian woodlands
Increase the extent of native pinewoods
Increase the provision of shelter belts near the better
agricultural land

Expand the area of commercial conifer plantation on the
estate and optimise the growth rates of woodland with
timber extraction potential

Engage in land management activity to increase the 
quality and quantity of pheasant shoots on the estate

Integrate hard landscaping with future woodland 
expansion plans

Covered by:

Action 6
Action 5
Actions 1 & 5

Action 1

Actions 1,2 & 5

Action 1
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Appendix 1: the base datasets
The 1: 250 000 scale national soil map
This map comprises 580 soil map units, differentiated on geological (soil association), pedological
(component soils) and physiographic criteria (landforms). 

The map is underpinned by an extensive database from which information on soil (and vegetation)
properties important for the growth of different woodland types, such as base status, nutrient status and
moisture regime, can be readily inferred. The system of soil classification and the terms used in soil
description can be found in the handbook which accompanies the map series (MISR 1984). 

Information of particular relevance to the definition of woodland suitability includes: 
(a) parent material and base status of different soils, 
(b) soil nutrient status, moisture regime and depth, and 
(c) landform features such as slope, rockiness or morainic deposits, which influence the proportions of

different soil types within complex and heterogeneous landscapes. 

The 1:25 000 Land Cover map
This map provides information on Scotland’s land cover as it was in 1988 and was captured from the
visual interpretation of aerial photographs. The hierarchical classification allows for 126 single land cover
features including all the major semi-natural vegetation communities. There are also over 1000 mosaic
categories used largely to describe the heterogeneous semi-natural vegetation resource. 

Appendices

Profile of peaty podzol.
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Appendix 2: the National Vegetation Classification
The NVC is a phytosociological classification (i.e. one based on the distinctive combinations of plant
species which develop under particular conditions) which describes nineteen woodland and six scrub
communities (Rodwell 1991). These communities are associated with different habitats, described in terms
of climatic zone, soil types, terrain and topographic position. These relationships are described in varying
degree of complexity and detail by Rodwell (1991), Rodwell & Patterson (1994) and Pyatt (1995). The
NVC woodland types used in this project are:

W4 Birch woodland with purple moor grass
W6 Alder woodland with stinging nettle
W7 Alder – ash woodland with yellow pimpernel
W8 Lowland mixed broadleaved woodland with dog’s mercury
W9 Upland mixed broadleaved woodland with dog’s mercury
W10 Lowland mixed broadleaved woodland with bluebell/wild hyacinth
W11 Upland oak – birch woodland with bluebell/wild hyacinth
W17 Upland oak – birch woodland with blaeberry
W18 Scots pine woodland with heather
W19 Juniper woodland with wood sorrel

For the purposes of the current project, two situations required particular consideration:
• NVC coverage of the sub-alpine scrub zone is poor, so McVean & Ratcliffe (1962) has been used to

identify a range of montane scrub categories.
• The distribution of W4, according to Rodwell (1991), is biased towards flushed peaty gleys and the

margins of basin peats in the south and east of the UK.  However, according to Rodwell & Patterson
(1994), this is the only possible NVC option on the extensive wet moorland of upland Scotland. 

Table 3 l ists al l the woodland types used by the NWM.

Table 3: Woodland types used by the NWM

Code Defini t ion
U Unsuitable for tree/scrub growth
DR Developed rural land
BU Built-up land
Water Inland Water
W8 W8 Lowland mixed broadleaved with dog’s mercury
W8/W7 W8 + W7 Mosaic
W10 W10 Lowland mixed broadleaved with bluebell/wild

hyacinth
W10/W7 W10 + W7 Mosaic
W10/W8 W10/W8
W10/W7 W10/W7
W9 W9 Upland mixed broadleaved with dog’s mercury
W9/W11 W9/W11
W9/W7 W9 + W7 Mosaic
W11 W11 Upland Oak-Birch with bluebell/wild hyacinth
W11/W4 W11 + W4 Mosaic
W11/W17 W11/W17
W11/W7 W11 + W7 Mosaic
W11/W9 W11/W9
W11/W7 W11/W7
W11/Sc6 W11 + basin bog woodland/scrub mosaic
W17 W17 Upland Oak-Birch with bilberry/blaeberry
W17/W4 W17 + W4 Mosaic
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W17/W18 W17/W18
W17/W11 W17/W11
W17/W18/W4 W17/W18 + W4 Birch (with open ground) Mosaic
W6 W6 Alder with stinging nettle
W6/W11 W6 + W11 Mosaic
W4 W4 Birch with purple moor grass & open ground
W4/W6 W4 + W6 Mosaic
W4/W17 W4 + W17 Mosaic
W4/W18 W4 + W18 Mosaic
W4a W4 Birch with purple moor grass
W4/Sc5/W17/W18 W4 Birch (with open ground) + Peatland with scattered

trees/scrub + W17/W18 Mosaic
W4/W17/W18 W4 Birch (with open ground) + W17/W18 Mosaic
W4/Sc5 W4 Birch (with open ground)+ Peatland with scattered

trees/scrub mosaic
W7 W7 Alder-ash with yellow pimpernel
W7/W4 W7 + W4 Mosaic
W7/Sc5 W7 + Peatland with scattered trees/scrub mosaic
W7/W17 W7 + W17 Mosaic
W7/W11 W7 + W11 Mosaic
W7/W9 W7 + W9 Mosaic
W7/W11 W7/W11
W7/W10 W7/W10
W18 W18 Scots Pine with heather
W18/W4 W18 + W4 Mosaic
W18/W11 W18 + W11 Mosaic
W18/W17 W18/W17
W18/W4/Sc5 W18 + W4 + Peatland with scattered trees/scrub Mosaic
W18/Sc5 W18 + Peatland with scattered trees/scrub Mosaic
W19 W19 Juniper woodland with wood sorrel
Sc5/W18 Peatland with scattered trees/scrub + W18 Mosaic
Sc6/W11 Basin Bog woodland/scrub + W11
Sc1 Juniper
Sc2 Scattered Juniper
Sc3 Birch/Willow
Sc4 Scattered Birch/Willow
Sc5 Peatland with scattered trees/scrub
Sc6 Basin Bog woodland/scrub
Sc5/W4/W17/W18 Peatland with scattered trees/scrub + W4 Birch with purple

moor grass and open ground + W17/W18 Mosaic
Sc5/W4 Peatland with scattered trees/scrub + W4 Birch with purple

moor grass and open ground mosaic
Sc7 Mixed montane scrub
Sc8 Scattered mixed montane scrub

Table 3: Woodland types (continued)

Code Defini t ion
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Appendix 3 Allocation of woodland types to different site conditions
W9 Upland mixed broadleaved with dog’s mercury, W11 Upland oak-birch with
bluebell/wild hyacinth, W17 Upland oak-birch with bilberry/blaeberry, W18 Scots pine
with heather
The site guidelines of Rodwell & Patterson (1994) for these woodlands, essentially the ‘dry’ woodland
types, are quite precise and have been closely followed, albeit with the necessary interpretation to match
the data. In many instances, i.e. where the site guidelines for individual woodland types overlap or where
Rodwell (1991) indicates that one woodland type could succeed the other, these types are considered to
be interchangeable with their ‘closest neighbour’ (i.e. the most similar in its site requirements). For
example, W9 is considered potentially interchangeable with W11, but not with W17 or W18.

The ‘weighting’ used in the model favours geology, then soil, subsequently modified by existing
vegetation. All the above woodland types have potential on base-rich rocks, although the podzolic soils
suited for W17 and W18 are very restricted, as podzolisation occurs infrequently on base-rich parent
material. Soils suitable for W9 are restricted to base-rich rocks (Table 4), so soils developed on acid
parent materials are only considered to have potential for W11, W17 and W18. In the second filter, the
continuum between the brown earths and peaty podzols (brown earths and brown rankers P brown
podzolic soils P podzols P peaty podzols) is used to refine the woodland prediction (Table 4).

The photographs above illustrate the principal soil changes along this continuum with greater horizon
differentiation reflecting:
• Increasing leaching of nutrients
• Redistribution of organic matter
• Depth and type of surface organic matter.

More subtle refinements use existing vegetation as an indicator of inherent soil quality (nutrient status) to
guide the final NVC allocation (Table 5), according to the ‘optimal precursor vegetation’ (Rodwell &
Patterson (1994), supplemented by information in McVean & Ratcliffe (1962), Birse (1980) and Rodwell
(1991). The final decisions on woodland/scrub potential are made with an understanding that vegetation
cover can be related to grazing pressure, as well as inherent soil quality. 

Brown podzolic soils, typical of steep valley sides in the Western Highlands and peaty podzols, common in
the Eastern Grampians.

Brown podzolic soil 
(Soil survey archive)

Brown earth 
(Soil survey archive)

Humus-iron podzol 
(Soil survey archive)

Peaty podzol 
(Soil survey archive)
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Table 5: Use of soil/vegetation cover relationships to guide woodland suitabil i ty

Soils: decreasing 
base-richness and
nutrient status S

Brown podzolics
Humus-iron podzols
Peaty podzols

* unless clearly influenced by grazing pressure.

Grassland (Agrostis
Festuca) and
agricultural land)

W11
W17/W11
W17/W18

Grassland-
Moorland 
mosaics

W11/W17
W17
W18/W17

Moorland-
Grassland
mosaics

W17/W11
W17/W18
W18

Moorland
(Calluna dominant)

W17
W18/W17
W18

Exist ing Vegetation: indicat ive of decreasing nutrient status*P

Table 4: Inf luence of geology and soil type on the 
native woodland suitabil i ty of soils of free drainage

Geology:
decreasing
base status S

Woodland Type: decreasing base status
and nutrient requirement P

Base-rich rocks
Intermediate rocks
Acid rocks
Soils: decreasing
base-richness and
nutrient status P

�= suitable woodland types
= soils do not occur

W9
�

Basic brown
earths

P P P

W11
�

�

�

Brown
podzolic

W17
�

�

�

Humus-iron
podzols

W18
�

�

�

Peaty
podzols

Peaty podzols under Calluna-dominated moorland.
(D. J. Henderson)

Brown earths on steep grassy slopes
- typical sites for oak and birchwoods (W. Towers)
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W8 Lowland mixed broadleaved with dog’s mercury, W10 Lowland mixed broadleaved
with bluebell/wild hyacinth
In general terms these are the lowland equivalents of W9 and W11, respectively, and the main difference
in their site requirements is that W8 prefers more base-rich and warmer conditions than W10. Like their
upland counterparts, both are favoured on brown earths with free or moderately free natural drainage. 

Although one of the main differentiating criteria between these woodlands and W9 and W11 is climatic,
most soil map units within the 1: 250 000 scale soil map are restricted to either the ‘upland’ or ‘lowland’
climatic zone of Rodwell and Patterson (1994).  This is logical since climate is one of the primary soil-
forming factors and therefore soil map units would not be expected to occur across a wide range of
climate zones. Therefore soil map units function very well as a surrogate for climate in the NWM.

W6 Alder with st inging nett le
Rodwell & Patterson (1994) indicate that W6 is restricted to the climatically favoured southern and eastern
lowland areas of the UK, including parts of Scotland, and to the larger valleys further north and west. We
consider that its potential geographic distribution would be wider than that, as in our view it could also
cover poorly and very poorly drained mineral and peaty alluvial soils in valley bottom sites. The land
cover data enhanced the soils data in this example by indicating the inherent soil drainage characteristics
in such areas; wetlands and rush pastures differentiate poorly drained alluvial soils from those with free or
moderate drainage, which are often under arable cultivation, or improved, or semi-natural grassland.

W7 Alder-ash with yel low pimpernel
W7 is considered the most appropriate woodland type for poorly drained mineral gleys. Within the
literature, there is some confusion over the base-richness of optimal sites, even within Rodwell & Patterson
(1994) and between those authors and Pyatt (1995). Despite this confusion, this woodland type appears
to be the most appropriate, and may be the only candidate category on these soils, perhaps with a bias
towards alder under increasingly acidic conditions. Many of these gleys are now artificially drained and so
some soils with efficient drainage systems may have an enhanced site capability for W11 compared to
unimproved soils. Such detail cannot be readily identified from the data used for the model, although the
presence of rushes indicates poorer drainage conditions. Gleys are identified by oxidation/reduction
processes within the soil profile, causing mottling and grey/blue colours. With effective drainage, the
gleying is to some extent relict (the process which caused it is no longer operating), but as they are the
natural soil properties, it is important to recognise their role in determining the natural pattern of
woodlands. If artificial drainage schemes are not maintained (as is likely if woodland is established), the
original soil conditions are likely to return to some extent.

W19 Juniper woodland with wood sorrel
This woodland type is predicted on brown earths
developed on parent materials of intermediate base status.
In most instances, W11 is the favoured woodland type
under these site conditions.  

W4 Birch with purple moor grass
W4 is considered to be the only potential NVC woodland
candidate on peaty gleys, where the existing vegetation is
wet heather moor or rough grassland (predominantly
Nardus or Molinia dominated).  Nevertheless, some
reservations have been expressed about the widespread
extrapolation of its existing distribution, which is
concentrated in southern England (Rodwell 1991), to large
areas of upland Scotland.  McVean & Ratcliffe (1962)
seemed to consider that re-establishment of woodland on

this often Molinia-dominated, human-influenced, vegetation would be relatively difficult.  In view of these
reservations about W4, we have examined earlier woodland classifications which are more specific to

Juniper.

Page 47



Scotland. The most relevant type described by Birse (1982) seems to be the Sphagnum palustre-Betula
pubescens type, within which tree growth is described as so poor that it is best described as ‘shrubs’. This
does tie in with the descriptions of the quality and structure of W4 as ‘moribund’ and ‘rather decripit’ used
by Rodwell (1991) and by Rodwell & Patterson (1994), respectively. McVean & Ratcliffe (1962) described a
range of alder woodland types which Rodwell (1991) linked to their W4 description. We have thus used
W4 as equivalent to these woodland types, but suggest that it would be restricted to flushed areas (this
concurs to some extent with the guidance within Rodwell and Patterson 1994), normally with large areas
of open ground remaining (see below: ‘W4 with open ground’). Furthermore, colonisation by a W4-type
woodland could be relatively short-lived on this vegetation type; it is possible that woodland colonisation
might rapidly change the vegetation and soil with succession moving towards drier woodland types
(Rodwell 1991; R. Worrell pers. comm.).

W4 Birch with purple moor grass and open
ground
W4 with open ground is most frequently predicted on
poorly draining peaty gleys, the woodland being restricted
to flushed sites within landscapes containing predominantly
un-flushed soils. These sites are common throughout
Central Sutherland and in the west Highlands. Flushing
can be determined from the presence and dominance of
species such as Molinia and Juncus spp. Peaty gleys are
usually a component of very heterogeneous landscapes,
therefore this woodland type is almost always predicted as
part of a mosaic of different woodland types. This is
described in more detail in the later section on ‘Soil
Landscapes’.

Basin Bog woodland
This woodland type has been identified on areas mapped as basin peats on the soil map, irrespective of
current vegetation cover. Woodland potential is considered to be much greater here than on blanket peat,
primarily because of the greater degree of shelter. In addition, basin peats tend to be more flushed and
hence richer in nutrients than blanket peat.  A number of species could establish on these sites, including
willow, birch and pine as at Abernethy (McVean and Ratcliffe, 1962) although the pine will be sparse and
stunted on account of the inherently wet soil conditions.

Peatland with scattered trees/scrub 
Peatland with scattered trees/scrub is used for areas where
peat is dominant (from the soils data) and where the
vegetation (from land cover data) is ‘blanket bog with
other peatland vegetation’. Landscapes like this are
common in Sutherland and Caithness. This category is not
expected to carry dense woodland cover (but nevertheless
contributes to woodland ecosystems), but the potential will
vary considerably depending on altitude, degree of
erosion, presence or absence of flushing, and wetness of
the peat. For example, observation suggests that Betula
nana might favour wet sites, whereas stunted Scots pine
would establish more successfully where drainage is better.
Large areas of upland peat with severe erosion, e.g. in the
Monadhliaths, between the Great Glen and Strathspey,
and the Knockfin Heights on the Caithness/Sutherland

border, are considered to have very limited woodland or scrub potential. Although the soils and land
cover data for this woodland type correspond in most areas, the land cover data has been given

Peaty gleys under wet moorland. (D.W. Futty)

Eroded peatland with bare ground. (W. Towers)
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precedence over the soils data where:
• The soils indicate peat, but the vegetation suggests that

there are other soils present as well at a finer scale, for
example a land cover mosaic of heather moorland with
rock and peatland vegetation. The land cover data,
being at a finer resolution, is picking up heterogeneity
which the coarser scale soils dataset cannot

• The soils have been mapped as a soil complex (in
which peat is a component), but where the land cover
data identifies the peat areas within it through the
delineation of blanket bog and other peatland
vegetation in the land cover dataset. 

Montane scrub 
There is considerable uncertainty regarding both the
former cover of, and the current potential for, montane

scrub. McVean & Ratcliffe (1962), and more recently Hester (1995) stated that montane scrub
communities have the potential, both climatically and edaphically, to be much more widespread than at
present. Tipping (1997) and Horsfield & Thompson (1997) tended on the side of caution and the latter, in
particular, argued that the widely held assumption that montane scrub in Scotland was once as extensive
as it still is in Scandinavia is unfounded. There is little doubt that browsing by red deer and sheep has
suppressed scrub growth in many parts of Scotland, and so it clearly has some potential for increased
cover, but it is not known to what extent it could spread if not suppressed by herbivores.

We have predicted potential for montane scrub where current soils and land cover indicate that conditions
are suitable, according to current knowledge and published literature (as described below and as listed in
the References). However, given the uncertainty surrounding the potential extent of these montane scrub
communities, caution is advised in the interpretation of scrub potential in the  NWM maps. The decision
rules created within the model to identify the different montane scrub types are as follows:
• Juniper scrub on sub-alpine or alpine soils with a ‘dry’ non-montane vegetation cover (for example,

dry heather moor)
• Scattered juniper scrub on sub-alpine or alpine soils with a ‘dry’ non-montane vegetation cover in

mosaic with montane vegetation
• Birch/wil low scrub on sub-alpine or alpine soils with a ‘wet’ non-montane vegetation cover (for

example, wet heather moor or Molinia grassland)
• Scattered birch/wil low scrub on sub-alpine or alpine soils with a ‘wet’ non-montane vegetation

cover in mosaic with montane vegetation
• Mixed montane scrub on sub-alpine or alpine soils with undifferentiated heather moor vegetation

cover or dry heather moor dominant and peat or rushes subsidiary,  i.e. potential for species preferring
both freely drained and poorly drained soils (juniper, birch
and willows)
• Scattered mixed montane scrub - sub-alpine or

alpine soils with undifferentiated heather moor in
mosaic with montane vegetation. 

The growth form and height of the scrub is likely to vary
considerably, from an upright form similar to that found in
Krumholtz-type pine to very stunted, prostrate and sparse
cover in the scattered scrub categories, especially where
exposure is severe.

Unsuitable for tree/scrub growth 
Land considered unsuitable for tree/scrub growth is
identified where sub-alpine or alpine soils are present and

Extensive peatland ecosystem – suitable for scattered
woodland and scrub. (D.W. Futty)

Krumholtz Scots Pine.
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the land cover is montane vegetation. This includes some
heath communities, in addition to the montane
communities in the National Vegetation Classification.
Vegetation cover is often very sparse. Bare rock and scree
is also classified as unsuitable.

Model Predictions in
heterogeneous landscapes
‘Soil Landscapes’ with associated woodland
mosaics
A unique feature of the NWM is that the integrated soil
and land cover data have been interpreted to explicitly
take into consideration a number of ‘soil landscapes’
(Bibby et al 1982). Each of these has a different balance
of soil components, and so can potentially support
different mixtures of woodland types.  Within each soil
landscape, each soil component - peaty gleys, peaty

rankers, peat and peaty podzols - occupies specific ‘niches’, and so the relative proportions of each soil
type are determined by the topography and rockiness of the ground. Each soil landscape is considered to
have a different native woodland potential, although the distinctions between them are often subtle. The
judgements made (described below) are supported with other literature (McVean & Ratcliffe 1962;
McVean 1963, 1966; Wormell 1968; Rodwell 1991) and personal experience.

The soil landscapes vary depending on rockiness, slope and the proportion of the ground occupied by
peat. Some of the differences between them are relatively subtle; like soil profiles (four photographs on
page 45), soil landscapes are a part of a continuum and changes between them can be gradual over
relatively large distances. Descriptions of their main features and our assessment of their woodland
potential are given below.

Soi l  Landscape 1 (Figure 16). This has a moderately
to very rocky terrain with wet and/or undifferentiated
heather moor. The absence of peatland vegetation
indicates a low proportion of blanket bog, and it is
probable that drier rocky knolls will form a significant
proportion of the landscape. In this soil landscape, there
will be a higher proportion of peaty podzols and rankers
than in soil landscapes 2 and 3 below, but nevertheless,
peaty gleys under wet heath are still dominant. The
predicted woodland mosaic on this terrain is ‘W4 with
open ground’ as the major component (associated with the
peaty gleys), but with potential for W17 or W18 on the
drier, more heathery, rocky knolls and the steeper slopes
associated with these outcrops. These landscapes are
particularly prevalent on the western seaboard between
Cape Wrath, in north-west Sutherland, the Island of Mull,
and in the Western Isles.

Soil  Landscape 2 (Figure 16). This has moderately to very rocky terrain with heather moor dominant
and peatland vegetation subsidiary. This landscape tends to be associated with generally more gently
sloping terrain than in Soil Landscape 1, and the rocky outcrops are generally separated by areas of peat.
It has a similar distribution to Soil Landscape 1, but also occurs extensively in Argyll and north Sutherland.
Peaty gleys remain dominant, but peat is a notable component of the landscape, and the proportion of
drier soils such as peaty podzols and peaty rankers is reduced as compared to Soil Landscape 1. A
complex mosaic of woodland types is predicted, reflecting the heterogeneity and complexity of the
landscape, i.e. ‘W4 with open ground’ on the peaty gleys and the poorly drained peaty rankers, ‘peatland 

Rock and scree-dominated land unsuitable for native
woodland or scrub. (W. Towers)

Soil Landscape 1. Very rocky ground with peaty soils,
common in the West Highlands. (D.W. Futty)

Page 50



with scattered trees/scrub’ on the peat component, and
‘W17 and W18’ on the scattered drier rocky knolls and
steeper slopes. Further fieldwork would be necessary to
distinguish the exact arrangement of these components on
the ground, but the area of individual components will
generally be small, i.e. 5 hectares or less.

Figure 16 illustrates the how the differences in
topography, vegetation and soil, interpreted from the
combined dataset (see Figure 1) can be used to separate
Soil Landscape 1 (to the left) and Soil Landscape 2 (to the
right). The main differences in woodland potential are that
in Soil Landscape 1 there is no potential for ‘peatland with
scattered trees/scrub’ but there is a higher potential for
acid birchwood/Scots Pine (the W17/W18 interchangeable
category).

Soi l  Landscape 3. This third type is similar to Soil
Landscape 2, but the peatland vegetation component is
dominant and the moorland subsidiary. Peat is the
dominant soil, with peaty gleys, peaty rankers and peaty
podzols associated with the scattered rocky areas. The
order of predicted woodland types follows the rationale
described in Soil Landscape 2, with ‘peatland with
scattered woodland/scrub’ dominant, followed by ‘W4 with
open ground’. The ‘W17/W18’ component is considered
to be very minor in this landscape.

Soil Landscape 2. Moderately rocky and rocky ground with
peat a subsidiary component. (D.W. Futty)

Soil Landscape 3. Moderately rocky landscape with
significant areas of peat. (D.W. Futty)

Figure 16: Native Woodland predict ion on different soil landscapes
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Soil Landscape 4. This is found on steep and very steep
rocky slopes with peaty gleys, peaty rankers and peaty
podzols. A mosaic of W17/W18 associated with the drier
rocky knolls and slopes and ‘W4 with open ground’ on the
peaty gleys and poorly drained peaty rankers is predicted.
It is most commonly found on the steep lower slopes of the
mountain ranges of central Ross-shire and Invernesshire.

Soil landscapes 5 and 6. These comprise non-rocky
gentle and strong slopes with an intimate combination of
peaty gleys and shallow peat. Both soil landscapes are
most common in east and central Sutherland and the north
part of Ross-shire. Compared to rocky ground, the different
soils do not occupy distinct niches in the landscape, and
they often subtly merge into each other, with no distinct
topographic or vegetation change between them. ‘W4 with
open ground’ and ‘peatland with scattered trees/scrub’ are
considered to be the best potential woodland types, the
former being dominant where wet moorland communities
currently dominate, the latter where peatland communities
prevail.

Soil Landscape 4. Steep rocky ground, typical of steep
Highland Glens. (G. Hudson)

Soil Landscape 5. Non-rocky landscape with poorly drained
peaty gleys predominant. (D. W. Futty)

Soil Landscape 6. Wet moorland landscape with many
areas of peat (D. W. Futty)
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Soil landscapes 7 and 8 (Figure 17). These are
restricted to areas of moundy moraine where the woodland
prediction depends on the proportions of peaty podzols on
the mounds and the peat and occasional peaty gleys in the
intervening channels and basins. These landscapes are
best expressed on Rannoch Moor (on the Highland/Argyll
and Bute border) although they are found in most valleys
throughout the Highlands. The integration of the soils and
land cover to make these distinctions has already been
demonstrated (Figures 2 and 3). Figure 17 demonstrates
how these subtle differences are carried forward in the
woodland predictions. 

Soil Landscape 7. Widely spaced moraines. (D. F. Futty)

Soil Landscape 8. Closely spaced moraines 
with extensive peatland (W. Towers)

Figure 17: Native Woodland predict ions on moundy moraine landforms

Page 53



Appendix 4: Correspondence between NWM and HAP types

Table 6 overleaf shows the correlation between NWM types and woodland HAP types.  There are several
issues of which it is important to be aware when using this table. These are:

• As the NWM does not predict woodland type down to NVC sub-community, there are a few types for
which is not possible to determine the equivalent HAP type.  E.g. W7b is a wet woodland type,
whereas W7a and W7c would be classified as upland mixed ash.  In these cases the answer exists
within the NVC, but we cannot use the NWM to predict it.

• Some NVC types cannot be converted to single HAP types without further information being available.
E.g. W11 and W17 could be classified either as upland oakwood, where oak is (or has been) present,
or upland birchwood, where oak is absent.  In such cases the answer does not exist within the NVC.

In practice, any uncertainties are unlikely to cause problems.  Targeted site survey will identify which HAP
type is more likely to develop.

Mosaic and interchangeable types have been classified as follows:

Type 1 – the NWM type is matched to a single woodland HAP type. E.g. both components of the mosaic
W11+W17 fall within Upland oakwood. 

Type 2 – the NWM type could be classified as one of two HAP types. E.g. woodland developing on a site
predicted as W11/W9 may be classified as either oakwood or ashwood.

Type 3 – the NWM type represents a mixture of HAP types. E.g. woodland developing on a site predicted
as W18+W4 is likely to be a mosaic of native pine woodland and upland birchwood.

Basin bog woodland/scrub has been classified as wet woodland, but it should be noted that potential tree
cover is likely to be very low.  Likewise, NWM types for which W4 with open ground is the chief
component have been classified as wet woodland or upland birchwood as appropriate, and are also
likely to develop very low tree cover.
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Ash
Ash
Ash

Ash
Ash, Oak or mosaic
Ash, Oak or mosaic
Ash, Oak or mosaic
Ash, Oak or mosaic
Ash, Oak or mosaic
Ash, Oak or mosaic
Ash, Oak or mosaic
Birch, Pine or mosaic
Birch, Pine or mosaic

Birch, Pine or mosaic

Birch, Pine or mosaic
Birch, Pine or mosaic
Birch, Pine or mosaic
Birch, Wet or mosaic

Birch, Wet or mosaic

Mixed broadleaved

Mixed broadleaved
Mixed broadleaved

Mixed broadleaved, Ash or mosaic
Mixed broadleaved, Ash or mosaic
Mixed broadleaved, Ash or mosaic
Oak, Birch or mosaic
Oak, Birch or mosaic

Pine
Pine
Pine

Upland Birchwood 
Upland Birchwood 
Upland Birchwood 

Upland Birchwood 
Upland Birchwood 

Upland Oak
Upland Oak

Upland Oak

BAPNWM type
W7 Alder-ash with yellow pimpernel
W7+W9 Mosaic
W9 Upland mixed broadleaf with dog’s
mercury
W9+W7 Mosaic
W11/W7
W11/W9
W11+W7 Mosaic
W7/W11
W7+W11 Mosaic
W7+W17 Mosaic
W9/W11
W17/W18
W17/W18 + W4 Birch (with open ground)
Mosaic
W18 + W4 + Peatland with scattered
trees/scrub Mosaic
W18/W17
W18+W4 Mosaic
W4 + W18 Mosaic
W4 Birch (with open ground) + Peatland
with scattered trees/scrub + W17/W18
Mosaic
W4 Birch (with open ground)+ Peatland
with scattered trees/scrub
W10 Lowland mixed broadleaved with
bluebell/wild hyacinth
W10/W8
W8 Lowland mixed broadleaved with dog’s
mercury
W10 + W7 Mosaic
W10/W7
W7/W10
W11+W4 Mosaic
W17 Upland Oak-Birch with
bilberry/blaeberry
W18 + W11 Mosaic
W18 Scots pine with heather
W18+Peatland with scattered trees/scrub
Mosaic 
W17+W4 Mosaic
W4 + W17 Mosaic
W4 Birch (with open ground) + W17/W18
Mosaic
W4 Birch with purple moor grass
W4 Birch with purple moor grass and open
ground
W11 + basin bog woodland/scrub
W11 Upland Oak-Birch with bluebell/wild
hyacinth
W11/W17

Table 6.  al location of NWM types to HAP types
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Upland Oak
Wet
Wet
Wet
Wet
Wet
Wet
Other land
Other land
Other land
Other land
Other land
Other land
Other land
Other land
Other land

Other land
Other land
Other land

Other land
Other land
Other land
Other land
Other land

W17/W11
Basin Bog woodland/scrub
Basin Bog woodland/scrub + W11
W6 + W11 Mosaic
W6 Alder with stinging nettle
W7 + Peatland with scattered trees/scrub
W7+W4 Mosaic
Birch/Willow
Built-up land
Developed rural land
Inland Water
Juniper
Other land
Mixed montane scrub
Peatland with scattered trees/scrub
Peatland with scattered trees/scrub + W18
Mosaic
Peatland with scattered trees/scrub + W4
Birch + W17/W18 Mosaic
Peatland with scattered trees/scrub + W4
Birch with Purple Moor Grass and open
ground mosaic
Scattered Birch/Willow
Scattered Juniper
Scattered mixed montane scrub
Unsuitable for tree/scrub growth
W19 Juniper woodland with wood sorrel

Table 6.  al location of NWM types to HAP types
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