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Summary

Peatlandqdefined here as deep (=>4 m) peat soils and supporting both mire habitats and other
habitat/land-use typesgover 4.3% of Wales,y R NBLINBaSyd 21 tSaQ fFNABSad
of carbon, as well as important reservoirs of biodiversity. In their natural statehavethe potential

to contribute to climate regulation through ongoing £€&questration. However, Welsh peatlands
have been detrimentally impacted by centuries of human activity including drainagegmang and
conversion to grassland and forestry. Assault Welsh peatlands are currently thoudgb act as a
source of greenhouse gas (GHG) emissions. Measures supported through &agél as other land
management and conservation intervention mechanisiis) to reduce these emissions, and to
restore the carbon sequestration function of Welsh peatlands, through a reduction inuased
pressuresand improved managemermn a range of both upland and lowland bogs and fens.

The work described in this report was undertaken as part of the Glastir Monitaridgevaluation
Programme (GMEP) in order to providgproved data on the extent and conditigim terms of broad
habitat cover and drainage, as opposed to the nature conservation defindfoWelsh peatlands, as

the basis for i) prioritising areas fogstoration; ii) monitoring longerm change in the status of the
Welsh peat resource, and iii) estimating current greenhouse gas (GHG) emissions from Welsh
peatlands as the result of drainage and lamk change, and iv) estimating the future climate
mitigation potential of peat restoration. Specific tasks undertaken were: 1) the creation of a single,
Wdzy ATASRQ LISIG YIL 2F 21tSax a GKS olaira F2N 7
cover on peat based on best available data, as well ascespé landownership and conservation
designation relevant to the future prioritisation and funding of restoration measures; 3) the creation
of a new, detailed map of the occurrence of drainage ditches on peat, focusing on upland blanket bog;
4) the creaion of a new map of the occurrence Molinia caerulea(purple moor grass), the
encroachment of which is believed to have had a detrimental impact on large areas of Welsh blanket
bog; and 5) the production of new, spatially detailed estimates of GHG emsgssulting from
human modification ofVelsh peatlands.

Key results of the work undertaken include the following:

1 Based on the new unified Welsh peat magatlands are estimated to cover over 90,000 ha
of Wales (4.3% of the total land area) of whicR&'& in upland areas, and 25% in lowland
areas

9 Digital processing of aerial photograplestrapolated to the full peat areauggestshat there
are at least 3000 km of drainage ditches on peatland in W@@gsluding ditches under
forestry, which could nicbe mapped from air photos). Of the total ditch length, approximately
two thirds was estimated to be in the uplands, and one third in the lowlaigen the
difference inthe proportion of each areanapped, estimates of ditch length in thelands
havealower uncertainty than those for the lolands.

1 Overallat leastthree quarters of the Welsh peatland area is thought to have been impacted
by one or more landise activity, including drainage, overgrazimganagement neglect,
conversion to grassland amdforestation.

1 Evidence oMoliniaencroachment was recorded from aerial photographs across large areas
of Welsh peat, with the highest density in the Cambrian mountains of\Whdes.



1 As a result of these activities, Welsh peatlands are ctiyresstimated to be generating
anthropogenicemissions of around 400 kt g@quivalents per year (equating to around 7%
of all Welsh transportelated emissions)These emissions estimates are however based on a
very limited set of primary field measurements of GH&dk, including many made outside
the UK, and are therefore subject to considerable uncertainty.

1 For a 1990 baseline year, 58%peftland GH@&missionsare believed tohavederived from
areas under agricultural grassland management, with a further 1@& ¢onifer plantations,
and 15% from drained or modified blanket b&ubsequentestoration activities and agri
environment measures are believed to have substantially reduceal emissions from
upland blanket bog, but other emissions are thought todheamained fairly static.



Task 1Creation of a unified peat map

To undertake an assessmentlwobad peat condition across Wales it was necessary to establish the
full extent of both lowland and upland peat. We initially collated all phienary straegic datasets
concerningpeat distribution across Wales from several sources, including the Soil Survey of England
and Wales (SSEW) data from Cranfield University (1:250 000 scale). Part of the mapping of peat soils
for the SSEW was based on landscaperpretation rather than walkover surveys and we considered
there was potential for small areas of peat to be omitted from the data. Additionally, the approach
of aggregating soils into large Associations, delineated as polygons (i.e. areas with onentlswilna
type, but cantaining subsidiary Soil Serjdends to increase the apparent area of peat in areas where

it is the main soil type (e.g. upland blanket bogs containing smaller areas of other soils, which are
YILIISR & | &aAy At SeasHidectedis€s the appaedt Arkalofpaayio areaskwdere

it is a smaller component of the landscape (e.g. lowland areas where small areas of peat occur within
larger areas of mineral soil). Whilst this approach provides a pragmatic means to represent
heterogeneous soils at a broad spatial scale, it is prone to misinterpretation, and problematic for peat
condition assessment because the location of peat units within largeASsdciationss unknown,

and landuse/condition data cannot therefore be oveida

We compared the SSEW peat data with the Welsh peat polygons of the British GeologicalEBBBky

which were mapped at a higher resolution, and based on more comprehensive goased surveys.

We observed that the anticipated undeepresentaton of small (lowland) peat units and possible
overrepresentation upland peats was indeed evidémtthe SSEW dataset, when compared to the

BGS dataseparticularly in areas of north and west Wales. We therefore took the decision to combine
the followingR I G AStGa G2 F2N¥Y | WdzyAFASRQ LISFG YIFLY A0
the recent digital capture of Forestry Commission Wales paper survey records by the FC Magping
Geodata Unit, with soil codes 8a to 14w inclusive being takemdicative of peats > 45 cm thickness
(Pyatt, 1982; Kennedy, 2002), iii) the boundary of deep (>0.5 m) peat determined during the-ground
based survey of lowland peatland sites included in the CCW/NRW Lowland Peatland Survey of Wales
programme (Jonest al., 2011; Bosanquett al., 2013) iv) habitat polygons indicative of deep (=/>0.5

m) peat presence (i.e. all E class with the exception of E2) sourced from the CCW/NRW Habitat Survey
of Wales (Blackstoakt al., 2010). These daisets provide information othe distribution of peat at

least 45 cm thick, and the individukalyers were joined sequentially using the UNION function in
ArcMap (ESRI). All of the above sources provide information on peat bodies delimited through direct
ground survey, although in ¢hcase of the Habitats of Wales dataset the distribution of deep peat has
been inferred on the basis of polygon boundaries for mire vegetation which can only be mapped as
such if present on peat at least 0.5 m thick. This is regarded as fairly reliatile fowlands, but the
boundaries will be less precise in the uplands because of the frequent mapping of mosaics of mire and
non-mire vegetation.

We computed thetotal area (knd) for each of the layers (including that of the Cranfield peats)the
unified peat mapTable 1) all areas were calculated using the AREA function in ArcMap (ESRI).



Table 1 Tabulationof Welsh peat areas based on the available layers\km

Geographic Layer dataset Area ha) Part of unified map
BGS peat 62,200 Y

Soil Surey of England and Wales 45,880 N

NRW Phase 1 Habitat Survey 47,160 Y

NRW (ex Forestry Commission) peat de 9,800 Y

NRW Lowlan®eatland 8rveyof Wales 3,280 Y

Unified map 90,995

Figurel. A unified peat map for Wales, based on combined BGS8IRld data (see Table 1)
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The unified peat map was transferred to the Welsh Government via their secure portal in the form of

an ArcMap (ESRI) shapefile. The final map is shown in Figure 1, and formed the basis of all subsequent
condition assessment¥his nap represents a considerable advance on previous attempts to map the
deep peat resource of Wales (e.g. Taylor & Tucker, 1968) and yields a significantly larger estimate than
that based on the Soil Survey of England and Wales alone (ca. Z0BG@SSE, ZQ0Another recent
assessment of peat cover also utilised multiple eésaarces (Vangeulowet al., 2012) but included

the SSEW datset rejected from this study for the reasons given above.

The map highlights the wide distribution of peatlands across nofittiales, with large areas of upland
blanket bog in Northeasind NorthcentralWales (Migneint, Berwyn) and central Wales (Cambrian
Mountains), as well as smaller areas of upland peat in and around the Brecon Beacons National Park.
The new unified map sb provides a much more detailed picture of the distribution of deep peat in

the lowlands, many of which retain significant biodiversity interest. Large numbers of small peat units
are found in many lowland areas of Wales, with the largest numbers in&e > t Syt t 1 y =
Ceredigion, Pembrokeshire and Carmarthenshire. Larger lowland raised bogs occur at Cors Fochno on
GKS 5@FA Saldda NBRXI /2NB /I NRY Ay [/ SNBRAIAZ2YZ
Shropshire.

Future development of the unifiegeat map could include the incorporation of substantial peat
mapping datasets generated for Environmental Impact Assessments by the renewable energy
(primarily onshore windarm) sector: these data relate mainly to upland sites. Cross checking of the
mapped data against peat thickness estimates collected by NRW and partners in Wales is also
recommended as a means of assessing map reliability. This could be extended to include data from
specially commissioned peat thickness survey campaigns undertakba bobundary of deep peat
bodies and other critical locations as part of Citizen Science and other initiatives.

)
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Task 2 An assessment dénd cover, ownership and designatiaon peat
Theunified peat map developed under Taskrbvided the base layeof a range of assessments
utilising existing spatial data. This assessment was divided into two tasks, the first focused on peat
land-use and condition, and the second on land ownership and designation

Task 2.1. Mapping landse and habitat condition on pat

In order to classify théVelsh peat resource into broad latuse andyeneraliseccondition categories,

a range of existing spatial datasets were collated. These included i) the NRW Phase 1 habitat survey;

i) the CEH Land Cover Map 2QQZM2007)iii) Integrated Assessment and Control System (IACS)

RFEGIE 2y | 3INRKROdzf GdzNF £ LINF OGAOSa &dzOK | dandivi 2 O1 Ay 3
detailed vegetation surveys (to the level of the National Vegetation Classification, NVC) held for a
NnUYoSNJ 2F AAGSazZ LINAYEFENREE f2¢f yRQY LOSMe&IGERD too & b w?
differentiate upland and lowland peats, as tiabitat-based threshold was considered to be more
meaningful than a simple altitudeased threshold.
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Table 2 Aggregation of NRW Phase 1 habitat classes into broad peatulaedgeneral condition

categories.

Category Description

Phase 1 classes

1 Bog- unmodified

2 Bog- modified

3 Bog- eroding

4 Fen- unmodified

5 Fen- modified

6 Fen- swamp

7 Wet heath

8 Dry hath

9 Bracken

10 Marshy grassland

11 Unimproved grassland
Semiimproved

12
grassland

13 Improved grassland

14 Arable

15 Scrub

16 Broadleaf

17 Scattered/feléd
broadleaf

18 Conifer

0 Other

E.1.6 (good condition blanket and raised bog, E2.1 (acid/neutra
flush)

E.1.7, E.1.8 (gt and dry modified bog), E.2 (flush and spring)
E.4 (bare peat)

E.3 (fen), E.3.1 (valley mire), E.3.2 (basin mire), E3.3 (flood plai
mire), E2.2 (basic flush), E.2.3 @phyte-dominated spring)

E.31.1 (modified valley mire), E.3.2.1 ((modified basin mire), E3
((modified flood plain mire)

F.1 (swamp), F.2.2 (inundation vegetation)

D.2 (wet heath), D.3 (lichen/bryophyte heath), D.5 (wet
heath/grassland mosaic)

D.1 (dry heath), D.4 (dry heath/grassland mosaic), D.6 (basic dr
heath/calcareous grassland mosaic), H8 (coastal heath)

C.1 (bracken)
B.5 (marshy grassland)

B.1 (acid grassland), B.2.1 (unimprdwneutral grassland), B.3.1
(unimproved calcareous grassland), H.8.4 (unimproved coastal
grassland)

B.1.2, B2.2, B.3.2 (sesmiproved acid, neutral and calcareous
grassland), C.3 (herb and fern)

B.4 (impoved grass), J1.2 (amenity grassland), J1.3
(ephemeral/short perennial), J1.5 (gardens)

J1.1 (arable)

A.2.1 (dense scrub), A.2.2 (scattered scrub), J.1.4 (introduced
scrub)

A.1.1 (broadleaved woodland),

A.1.3 (mixed woodland), A.3 (scattered trees), A.4 (felled
broadleaved/mixed woodland)

Al.2 (coniferous woodland), A3.2 (scattered conifers), A4.2 (fell
conifers)

G (water), H (coasthlabitats not listed above | (barerock), J
(manrmade featureshot listed abovg, unclassified land

For this analysis, a modified version of NRWs Phase | data was used based on a Voronoi analysis of
mixed habitat (chiefly upland) polygons which gives more accurate area figures: thdde yie
substantially reduced figures for bog and femmpared to the 1 km square dagat employed by
Blackstock et al (2010). In this analysis, we have excluded flush habitat, some of which (possibly c.

4440 ha) is on deep peat.
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An assessment of the availaldlatasets revealed significant differences between the two land cover
datasets (Phase 1 and LCM2007). The Phase 1 dataset is based on detaileebgsmahdurveys,
whereas LCM2007 data are derived from remote sensing data. A comparison between the two
datasets and aerial photographs, as well as expert knowledge of specific sites, revealed some
significant areas of apparent misclassification in LCM2007. These included substantial under
representation of semnatural fens, many of which were classified dken landcover types, and
over-representation of arable land in particular. On this basis, we concluded that the Phase 1 dataset
provided a more reliable base layer to describe land cover, and that trying to merge information from
the two layers would inease complexity without improving accuracy.

Of the other datasets assessed, the spatial scale of the IACS data was found to be too coarse to assess
landmanagement on peat areas specifically. Many smaller peat areas were found to be subsumed
into largerpolygons containing areas of more intensive farmland, resulting in clearly unrealistic values
if the polygon mean stocking rates were applied to the peatland areas within them. For this reason,
we were unable to include agricultural management data in édseessment. Finally, although the
NVClevel vegetation survey data provided highly detailed, higgolution data for those areas
surveyed by NRW, the incomplete coverage of these surveys, and the weighting of surveys towards
designated sites, presentedffigulties in terms of consistent overall assessment. In consultation with
Welsh Government and NRW it was determined that these higbswlution data held should not be

used for nationakcale condition mapping, to avoid introducing differences in tisehgion of spatial
mapping and categorisation between different areas. Therefore, a decision was made to use the Phase
1 data as a single, consistent, natioseble baseline dataset for peat condition assessment.

Table 3Areas (in ha) of aggregated Pleak landuse/condition categories on peat for the entire Welsh
peat area, and for areas above and below the NRW Upland Boundary

Aggregated Phase 1 Total aree  Upland Lowland
category

A S R24,007 22,324 1,68
.23 ¢ Y2RATASR 21,532 19,438 2,08

226 221
A SR 2,992 1,157 1,83

CSy ¢ Y2RATFTASR 1,392 105 1,28
CSy ¢ agl yLl 2 1
Wet heath 2,369 1,978 3¢
Dry heath 4,177 3,855 3z
7,132 3,569 3,56
Unimproved grassland 7,247 6,758 4¢
Semi-improved grassland 1,308 216 1,08
Improved grassland 6,582 306 6,27
Arable 102 1 1C
Scrub 325 12 31
Broadleaf 552 9 5
Scattered/felled broadleaf 69 6 ¢
CONCIN  ss54 6892 168
Other 1,198 540 6t
Total 90,235 67,695 22,54
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The Phase 1 categories were aggregated into broad classes indicative-akéand peat, and of the

condition of peat arearemaining under seranatural (bog or fen) vegetation covergble 3. Phase 1

classes considered incompatible with peat occurrence (e.g. bare rock, open water, intertidal habitats,

dzNB 'y tFyRO 6SNB LI OSR Ayid2 | yedVbrickes Ndatteréd G4 S32 N
broadleaf) were included, following consultation with NRW, on the basis that areas of peat within

these habitats might be prioritised for restoration.

W Bog - unmodified
a) All Wales [ Bog - modified

W Bog - eroding

H Fen - unmodified

O Fen - modified

COFen - swamp

@ Wet heath

O Dry heath

M Bracken

M Marshy grassland

O Unimproved grassland

O Semi-improved grassland
M Improved grassland
OArable

OScrub

W Broadleaf

[ Scattered/felled broadleaf
W Conifer

M Other

b) Uplands c) Lowlands

Figure2. Proportion of aggregated Phase 1 lanse/condition categories on pefor the entire Welsh
peat area, and for areas above and below the NRW Upland Boundary.

As is evident from Figure 2 and Table 3, there are marked differences in peat classification
between the uplands and lowlands. The majority of unmodified bog (09%)9s located on
upland peat, along with 90% of heathland and 80% of conifer plantations. Figure 3 provides
illustrative examples of spatial patterns of landver and peat condition for four upland
areas.
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a) Northern Migneint b) Elenydd

Figure 3 lllustrative examples of peat lasmbver and condition mapping for four upland
regions. Colour scheme as in Figure 2. Grey lines show NRW Upland Boundary. Note that
spatial scale is not the same in all examples

In the lowlands, and as would be expected, the dominant peat types andulsaactivities

differ considerably from the uplands (Figure 2c). Most of the surviving areas oihsdéunal

fen (over 70%) are located in the lowlands, along with the overwhelming majority of improved
grassland (95%), broadleaf (98%) and arable land ($98tixe 4 shows three example areas

2F 26t yR LISFId hy tSytftlys ydzYSNRBdza F2 NYSN
grassland and forestry. At Cors Fochno, a core area of good condition raised bog is fringed by
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modified bog, broadleaf woodland, segial areas of lagg fen and swamp and improved
grassland with the latter covering most of the peat area to the northeast of the surviving
raised bog. The area of Ceredigion shown in Figure 4c highlights the relative complexity of
lowland peats with mangmall polygons under different langse. In the east of the area
shown, Cors Caron represents one of the largest areas of extant, good condition raised bog in
Wales, albeit with some peripheral modification, scrub and woodland encroachment. In the
central area there are numerous small fragments of good condition and modified fen,
whereas in the west most areas have been converted to grassland and conifer forest.

a) Penllyn b) Cors Fochno

A

Figure4. lllustrative examples of peat lafmbver and condition mapping foihree lowland
regions. Colour scheme as in Figure 2. Grey lines show NRW Upland Boundary. Note that
spatial scale is not the same in all examples

Overall, the overlay of Phase 1 data on the unified peat map highlightsettezogeneityof
Welsh peatlands with regard tiheir spatial distributionsize and overallange of laneuse
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and condition, as well as large regional and altitudinal differences in these parameters. This
complexity emphasises the need to tailor management activities, and restoration measures,
to the ecific characteristics of individual sites, peat types and regions.

Task 22 Mapping potential constraints on peat restoration

Peatlands in Wales occacrossa wide range ofgeographic locations, from small pockets of fen and
raised bog in the lowland® large expanses of blanket bog in the uplands. As shown above, these
areas are subject to a wide range of lamgk and management. In addition, peatland areas are under
a range of ownership (public and private), and are subject to a range of designattatsg for
example to their conservation status, which will influence the range of management options and
funding instruments relevant to the conservation or (where appropriate) restoration of individual peat
areas. To inform decision making and thegeting of restoration activities we overlaid the unified
peat map with a range of spatial dateld by the GMEP projeatescribing land ownership and
designation, as follows:

1) Eligibility for GlastirAll land areas included the IACS databaseere assunedto be eligible
for Glastir payments. Data on these areas were obtained from the Land Parcel Identification
System(LPIS)Note that this shoulanly be considered indicative of Glastir eligibility, since
some areas may be eligible but not previouslyeiceipt of payments.

2) Common Landt NBI & 2F 0O2YY2y flyR 2y LISIi 6SNB Gl
Glastir database.

3) Woodland: The WelshNational Forest Inventory foR013 was used to classify areas of
peatland under forestry. These areas were subdidiggo the National Forest Estate (public
owned) andother woodland areas (assumed privately owned).

4) Conservation designations: A range of conservation designations were mapped, including i)
European Natura 2000 sites (Special Areas of Conservation, S#&l Protected Areas,
SPAs); ii) National Nature Reserves (NNRs); iii) Sites of Special Scientific Interest (SSSIs); iv)
Areas of Outstanding Natural Beauty (AONBS)

Thearea of peatland covered by these different classifications is summarised m3[ abld
illustrated inFigures 30 7.

Table 4 Land ownership and designations affecting Welsh peatlands

Land designation Area (ha) % of peat aree Number
Areaseligible foragrienvironment payments 80,611 89% 21,184
Common Land 23,539 26% 615
Woodland(Welsh Government Estate) 7,438 8% 465
Woodland(Privately owned) 3,088 3% 2,638
Special Areas of Conservation (SACS) 31,689 35% 44
Special Protected Areas (SPAS) 32,186 36% 7
National Nature Reserves (NNRS) 6,959 8% 33
Sites of Special Scigic Interest (SSSIs) 47231 52% 256
Areas of Outstanding Natural Beauty (AONBS) 1,003 1% 4
Total peat area 90,235
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Figureb. Welsh peatland areas on land previously in receipt of payments from Glastir or previous
schemes (includes in LPIS) arels not previously in receipt of payments (not included in LPIS)

The assessment shows that the vast majority of Welsh peatlands are eligible for Glastir
funding. The excluded areas, comprising around 10% of the total, are under public ownership
(primarily forestry, along with some nature reserves). A quarter of the peat area is common
land, with the largest areas in the uplands, and a large number of individual commons (over
600). Much of the upland peat area of North and Mid Wales, lies within Natur® 200
designated sites (SACs and SPAs) and many larger lowland peat areas (as well as some
important uplands areas such as the Berwyn) are National Nature Reserves. O\&8 250

were recorded as containingeat, and over3000 areas ofwoodland It is notewothy that

85% otthe individualwoodlandpolygons are under private ownership, despite only occupying

29% of the total area of woodland on peat.

The area covered by the unified peat map vedsocompared to the Glasti?015 target area
for peat restoration(Figure 8). This target area appears to have been based on the Soil Survey
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of England and Wales, and as a result gives larger target areas for peat restoration in the
uplands than the unified peat map (amber shaded areas), but omits man smaller areas of pe
in the lowlands (red shaded areas).

Figure6. Common land (red) on peat in Wales. Grey shaded areas represent areas of peat not on
common land, pale grey outline shows the NRW Upland Boundary.
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