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The landbased sector in the Perth and Kinross Council &igsathe potential to make significant
contributionstowards aims of net zero greenhouse gas emissions by 20#bcombined outcome
of: i) expansion of woodland (Production Sitka Spruce) outttitise areas designated for their
natural heritage significate and avoidin@reas of deep peat soilsThis would give potential for
carbon sequestration in first 2fearsafter planting of 1,250 kt CG® y?; ii) peatland restoration in
existingarea withnatural heritage designations (76.5 kt £Q*) where relevant site management
permits, noting indicative time periods of 50 years to for a site to be on a road to recomedy iii)
the existing sequestration from the LULUCF seeft9.0kt CQe y?), would offset net emissions of
greenhouse gase@s of 201%aseling of 953.1 kt Ce y?, by a net value of622.4kt CQe y2.
However, this is subject tweveralassumptions and the successful uptakéhmfsemeasuresietailed
in the availablemodels and spatial data.

Terrestrial emissions fahe Perth and Kinross Council area have dropped by8a.501.0 kt C®
in 2005 to 953.1 kt CObetween 2005 and 2019. This comparesateeduction for allScotlandof
34.7% For Scotland, théand Use, Land Use Change and Foresti.(CFsectorhad net negative
emissions, with a value e249.0 kt C@in 2019, of which thgreatestemissions were from cropland
and most signitiant contribution to net sequestration is from forest land, amounting@@94.9 kt
CQ in 2019, with a value for Perth and KinrossX$6.8 kt CQ

New evidence derived for potential for woodland expansion for sequestering carbon in Perth and
Kinross Bow scope for up to 1,558 kt G®Oy* sequestration from Production Sitka Spruce, averaged
over 50 years. By comparison, expansion of Native Broadleaf veapltire 1,137 kt C@e y* after

50 years. Under constraints on woodland expansiat avoid planting in areas designated for their
natural heritage significancge.g. Nature Reserveg)eep peat soilsand high value farmland, the
maximum scope for Production Sitka Spruce 1,230@&e y* for the first 25 years, rising to 1,558 kt
CQe y! with a broadleaf afforestation focus providing 285 kt.€®* over 25 years increasing to
1,128 kt Cee y* per year at year 50.

The restoration of peatlands offers an estimatedntribution d reducing 273.0 kt G@® y! in
emissionsalbeit over the long termand assuming that all areas werestorable and restoredOf
that figure, 76.5 kCQe y! is from areas within existing natural heritage designatidriee types of
areas which offer early opportunities are those which are:
i) most degraded (i.e. offer earliest reduction in emissignbut subject to site specific
conditions);
i) protected from other forms of land use change (e.g. under a relevant form of designation,
subject to the specific conditions of their designation);
iii) under ownership or management that is actively seeking to take actions consistent with
peatland restoration (e.g. public ancies, NGOs and some private land managers).

Uncertainty in the data defining peatland, its status, and a lack of robust data on monitoring of
peatland restoration sites make estimates of timescales inappropriate at present.

New figures of thepotential storage of carbon from areas of arable and horticulture, and improved
grassland within Perth and Kinross is 13.4 million tor@esd the risk of loss from these areas is 7.3
million tonnesC A high priority should be placed on protecting theubon in thesoil andlimiting

the risks of losses.

Forums that facilitateeffective sharing of knowledgkbetween public, private, research and civil
society sectorsoffer potential to inform influencerswithin institutions (e.g. farmerspublic

\Y


https://unfccc.int/topics/land-use/workstreams/land-use--land-use-change-and-forestry-lulucf

authorities, business, researcit)can provide a point of contact that is an interface between national
bodies and initiatives of Scottish Government, and regional (e.g. Regional Land Use Partnerships) or
local within the council are@ne such forum ithe North-East Scotland Agriculture Advisory Group
(NESAAGYonvenedby Aberdeenshire Counch. similarly structured forum should be encouraged

which is relevant to thesystems of farmingndland use systemsailored to Perth and KinrossThe

aim should beo share knowledge that caacceleratethe uptake ofinitiatives and practices that

tackle challengeswhich include transitions to net zero GHG emissions, and associated issues of
reversing the loss of biodiversity.

European Union policy strongly promotes transitions to aggological farming practices and
systemsas part of the contribution towards targets of climate neutrality, formagey element in
its Farm to Fork StrategyResearch ifdings from Scotled provide evidencesupporting that
approach, whilst also delivering wider environmental and social benefincouragingland
management practices thaeduce emissionsanmake significant contributions to pathways to net
zero. To do so requiresupportfor drivers of transitions through poly¢c such asargeted actionsand
access to knowledge and adviocehelp overcome barriers to transitiossich as demand for produce.
Changes in human behaviour in relation to choices of food and diet can also be expected to contribute
to reducing GHG emissions over time, with positive impacts on the contribution from thdo &
sector.The Council should seek facilitate access tdknowledge and advice that supports farmers
in transitions to reduced GHG emissions and use procurement opportunities to encoulage
carbonand plantbasedfoods.

Public policy of Scottish Government and public agencies (NatureScot, SEPA) is to ukeapitala
approaches as one means of informing the pathway to net.zBIGOswith land management
responsibilitiege.g. NTS, SWT) have, or are, using approaches to natural capital accounting to inform
planning on their estatedt is also proposedo havea core role in the new Regional Land Use
Partnerships.To ensure that the Council can leverage opportunities that may arise from the
expansion of natural capital approaches in relation to pathways to net zero, will require it to
harness and build relevantapabilities and capacity.

Avil societyand communities haveoles to play inachieving net zero aims through initiatives that
directly deliver on reducing GHG emissions. Actions include social innovations directed at restoring
peatlands, woodland management, and the provision of local food. They also have significant roles
in energsing and mobilising public action for such activitdschanisms should be sought to direct
support (advice, grantsjowards social innovations the aims of which are tackling climate change
such as Peatland Action

Pathways to net zero that implement é¢htypes of options which the ladolased sector can offer,

such as woodland expansion, peatland restoration, and-agaogical farming systems, will require

the availability of relevant skills and knowledge. To ensure the implementation of such approaches
over the long term requires atrategic approach to providingaining, education and liféong
learning for relevant authoritieand practitionersThe Council should consider how it can facilitate
access to, or dissemination ogquitable opportunities to access such skills

Unique gportunitiesare upcomingor communicating issues relating to the topic of net zero GHG
emissions amongst public, civil society, policy and research audiences, with the global fGEIS2Hh

in Glasgow in 2021, and th22"¥ World Congres of Soil Sciencen Glasgow in 2022These
opportunities should form part of thecoordinatedapproach toraise understandingf the issues

and new approaches, for achieving net zero GHG emissanengst audiences in the Council area
and motivate actions on the ground

Vi


https://www.aberdeenshire.gov.uk/business/support-and-advice/industry-sectors/agriculture-and-rural-development/the-north-east-scotland-agriculture-advisory-group-nesaag/
https://ec.europa.eu/food/document/download/472acca8-7f7b-4171-98b0-ed76720d68d3_en
https://ukcop26.org/
https://22wcss.org/

To capitalise on the policy imperatives and funding opportunities for carbon sequestration to be able
to achieve neero by 2045, consideration should be givelRt§ @3St 2 LAYy 3 WAY Y 2O (A
and Kinross that focus on specific aspects of natural capital, such as +funttional peatland
restoration, woodland expansion, and naturbased solutions more broadlyproviding a focus for

the creation of new jobs and skillsThe monitoring requirements of some such actions (e.g.
biodiversity, GHG emissions) coul linked to national ad international equivalentsconsistent

with Open Science and Data, amdfering the potential for flagshipactivities.

The Action Plan necessarily covers all aspects of the Council responsibilities. Where these are direct,
such as consideration of therategies for land uses in the area where permissions are required (e.g.
renewable energy, housing, transport), the importance of the requirements in Scottish Planning
t2f A0 a2 KSEtLI YAGATIGS GKS OI dza Sa aiong®eink Y I (i ¢
AYLI Otla akKz2dzZ R 6S GF 1Sy Ayid2 | O02dzy becamfevert £ R
greater. This may be reflected in the required rigour of the use of carbon payback calculations that
accompany proposals (e.g. windfarms). Otb&ect actions can be influential in providing markets

and sending messages to supply chains (e.g. through procurement). The importance placed by the
Council on its approaches to the actions it is taking will need to be communicated effectively.

A Perth and Kinross Net Zer&nowledge exchange and communications strategy, designed to
support the pathway to net zero GHG emissionsuld encompasg#ems proposed aboveand help

to connect land managersousiness, civil society and the publidth the data and advice relevant
to their circumstances.

Vil
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Thisreportis to provideevidence and suggested approachesform aNet ZeroClimate Action Plan
being developedby Perth and Kinross Coundihe background to the woskas undertakeriollowing
a virtual visit by Perth and Kinross Council to James Hutton Institute Brivtetch 2021, and
subsequent discussionsith the teams in the Council throughuneto August2021 as to their
requirements for the Action Plan.

The project outputs are aimed atontributing to developing a vision and plan for the pathway
towardsclimate nautrality through mitigating or adapting to climate change.

2.. ' O1 ANR dzy R

The Scottish Governme@imate Action PlarSottish Government, 202Psets outhe approaches
G2 | OKnevbambiybds tadgets to end our contribution to climate change2b$5¢ L G NB & ( |
the Scottish Government targets of:

1 reducing emissions by 75% by 2030 (compared with 1990)
1 net zero emissions by 2045.

The Climate Change Action Plan afsg@ 1 S&a G KIF GX Ay wnntx &t 2F |
{ O2 G f I y RChange Dedlavakidn S y RCo@dinatédapgroach to meeting our emissions
reduction targets X I R@2 Oc¢rasscuftilg, dystents based approach that harnesses
opportunities for inclusive jobs, growtnd weltbeingé

The understanding of the James Hutton Institute is that the Climate Action of Perth and Kinross
Council aims to set out how the Council can enthuse residents and buisnesses, faciliate action, and
delivernet zeroclimate conditions for the Perth and Kisoarea by 2046r earlier. Complementary
sources of information are providing a basis for that Plan, of which this project forms a part.

The project on carbon sequestration focuses on the sectors oftbasdd industries and natural
resourcesandhow thePlan can take these into account when considering the carbon resources of
the area and its potential for sequestering or reducing the emissions of greenhouse gases. It also
identifies some actions in relation to the assessment and use of natural resouhiels could be

taken forward to aid achievement of the objectives of the Plan.

3.3.ho2aSOGABSaA

The objectives of thistudyare to:

i) Summarise carbon equivalent emissions from Perth and Ki@msscil area;
1)) Provide evidence of the carbon stocks in the areas of Perth and Kinross Council;
iii) Identify thepotential forthe sequestration of greenhouse gases, and how certain uses of

land may impact upon the increase or decrease in carbon stocks;

iv) Proposeapproachesdr consideration in how communities can contribute to the tackling
of climate changde.g.through social innovationpromotion of local actioj and uses of
natural capital tanform the achievement of the aims of climate neutrality


https://www.gov.scot/publications/securing-green-recovery-path-net-zero-update-climate-change-plan-20182032/
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Data reported in the UK National Atmospheric Emissions Inventory $motland
(https://naei.beis.qov.uk/laco2apyp/are of a change in the emissionTafnnes of C per ha per annum

of 16,487.1kt CQ, from 47,532.3kt CQ in 2005 t031,045.2kt CQ in 2019 (Figurd; BEIS, 2021

This represents a drop of 34.7%. The greatest absolute reduction has been from domestic sources,
down from 14,405.%t CQto 8,523.7kt CQ, or 40.8%. The largest proportionate changes have been

in the commercial sector (down 55.6%) and public sector (dd#.4%). The only sector which has

an increase in emissions (as reported in the Inventory) is agriculture, going up from 1,R48®4
1,241.9kt CQ (increaseof 18.5%).

Scotland:Territorial CQ Emissions Estimates 202919
(kt CQ)

16000
14000

12000

10000 o

8000 e

6000

4000

2000 S

0

2005 2006 2007 2008 ~2009 2010—20TT 2012 2013 2014 2015 2016 ZO01/ 2018 2019

-2000

== |ndustry Total====Public Sector Totat Domestic Totak==Transport Total LULUCF Net Emissions

Figure 1 Change in net terrestrial G@missions from Scotland (2005 to 20{Spurce: BEIS, 2021;
updated 24 June 2021)

The Land Use, Land Use Change #&umdestry LULUCFsector comprises Forest land, Cropland,
Grassland, Wetlands (including peatlands), Settlements, and Harvested wood products. Within the
this category,the net change in CGemissions has been reported as reducing from net positive of
510.0kt CQin 2005 to 164.&t CQ in 2019 For 10 of the 15 years in the period for which data are
reported, the LULUCF sector had net negative emissions, nexetly in 209 (-249.0kt CQ), thus
contributing to the sequestration of carbonlhissectorof the GHG Inventory includes two of the
topics of relevance to the assessments in this report, woodland expansion and wetlands. The wetland
category includes peatland, and thus is influenced by actions on peatland restorBtierapproach

to mapping carbn emissions and removals for land use is provided by Clidteatd(2020)

Within the LULUCBector, the highest emissions are from cropland, dropping yaayear from
6,454.3kt CQ in 2005 to 4,907.kt CQin 2019(down 24%; Figure;BEIS, 2021 0ver the same
period the most significant contribution to net sequestration is thafakst land, albeit reducing
from -7,951.5kt CQto -6,894.9kt CQ in 2019.



https://naei.beis.gov.uk/laco2app/
https://www.gov.uk/government/collections/uk-local-authority-and-regional-carbon-dioxide-emissions-national-statistics
https://unfccc.int/topics/land-use/workstreams/land-use--land-use-change-and-forestry-lulucf
https://www.gov.uk/government/collections/uk-local-authority-and-regional-carbon-dioxide-emissions-national-statistics

In the reporting on the Greenhouse Gas Inventory, 1990 to 2019, in relation to wetlands, Brown
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The Scottish Government Climate Change Plan Monitoring Repoottish Government, 202}

notes that estimates for GHG emissions for wetlands were adjusted for 2018 onwards to include
Gly26y FdzidsNBE Ay @Syia2NE NBGAaAZ2YAE | NRPwayhiRg NB L2
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from agriculture in Scotland would change from 7.5@G@e to 7.7 MtCQe for 2018. Theefore, the

value for 2019 mawlsoreflect a period of transion in the data used in the calculation of emissions

from wetlands.

As a result of these changes in methodolagyd the note of contributions from felling woodland for
peatland restoration,it would be appropriate to consider apparent increases in emnssiform
wetlandswith caution and track how the changes in emissions evolve over time

Scotland: Net Emissions LULUCF 2005 to 2019
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8000

6000

4000

2000

0 SR

/Y—
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 17 2018 2019

-2000

-4000

-6000

-8000 — —
-10000
= Net Emissions: Forest lanee===Net Emissions: Cropland Net Emissions: Grassland
= Net Emissions: Wetlands Net Emissions: Settlements

Figure2. Change in net terrestrial G@missions from Scotland from the LULUCF sector (2005 to
2019)(Source: BEIS, 2021; updated 24 June 2021)

The data reported in the UK National Atmospheric Emissions Inventoryddh and Kinrosshowa

broadly similar pattern for Perth and Kinross Council areas as for Scotland as a whole. There is an
overall reducion in the emissios of Tonnes of C per ha pgearfrom (t CQ ha'y?') 1,501.0 kt C®

in 2005 to 953.1 kt GOn 2019 (Figure 3). The biggest absolute drop is in domestic emisgioms

452.2 kt C@to 266.5 kt C(41.1%), and proportionately the commercial sector by 53.7% (&88.7

CQ). Emissions assigned to the public sector dropped by 47.7% KRE®). The changesn net
emissions in land use and forestry ovwke period from 2005 to 2018how a change froma net
emissionto net sequestratiorfrom 6 kt CQto -136.8 kt CQ


https://www.gov.scot/binaries/content/documents/govscot/publications/progress-report/2021/05/climate-change-plan-monitoring-reports-2021-compendium/documents/climate-change-plan-monitoring-reports-2021-compendium/climate-change-plan-monitoring-reports-2021-compendium/govscot%3Adocument/climate-change-plan-monitoring-reports-2021-compendium.pdf
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Figure3. Change in net G@missions from Perth and Kinross Council area (2005 to Z8b8)yce:
BEIS, 2021; updated 24 June 2021)

Figure 4 showthe estimates of changes in emissidinem the Perth and Kinross Council afeam
2014to 2018 from different sectorsOfthose, the LULUCF sector hasreased the nesequestation
of carbonfrom -237.4kt CQ to -259.54kt CQ.
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Figure4. Emission of Tonnes of C per ha per annumtween 2014 and 2018 for Perth and Kinross
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Considering the LULUGEctorin more detail, the biggest reduction in emissions is from cropland
(418.1kt CQto 305.4kt CQ.26.9% from 2005 to 2019Figure 5)although emissions attributed to
agriculture as a whole increased from 6Kt3CQ to 86.7kt CQ (28.4%). By comparison with the net
increase in sequestration for Scotland as a whole, net emissions from forest land have remained little
changed over the period 2005 to 201:8%4.7 kt C@increasing t6367.1kt CQ).


https://naei.beis.gov.uk/laco2app/

Perth and Kinross: Net Emissiob8lLUCF 2005 to 2019
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Figure 5 Change in net terregl CQ emissions from Perth and Kinross Council area from the
LULUCBector (2005 to 2019)Source: BEIS, 2021; updated 24 June 2021)

The Scottish Government Third Report on Proposals and Policies (Scottish Government, 2018), noted
GKFG GKS ya Xy Sily NSl daSSa AN G A2y KIFa 0SSy RNAGSY o
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extent of cropland can be expected to have a commensurate increase ine@i#GionsThe 4

report on proposals and policies is not yepared.

There has also been a long tersduction in cattle numbers in Tayside (the reporting unit for the
Agricultural Census which includes Perth and Kinross). k& 20@1, there were 97,411 cattlm
Tayside, compared t926,538 in 2001 (reduction of 23%), which compares to a reductiof%ffor
Scotland as a whole, from 1.89m in 2001 to 1.71m in 2020 (for reference, the peak number of cattle
was 2.68m in 1974&cottish GovernmenR013. The implication is that there will be a commensurate
reduction in GHG emissions from the related categoBntéric fermentation and Manure
Management, Agriculture Sector BAn 2019, Perth and Kinross had th& Bighest absolute net
sequestration of carbon from forest land of Scottish local authorities, behind Highland, Dumfries and
Galloway, Argyll and Bute, Scottish Borders and Aberdeenshire (Annex 1). Of these 6 authorities, this
value has increased only foeth and Kinross and Aberdeenshire.

As noted above some changes in methodoldggoftish Government, 202} and changes in land

use (e.g. tree fellig for peatland restoration; Browat al., 2021) have led to changes in values of
some sukcategories of LULUCF for Scotland (e.g. slight reductions in the sequestration of emissions
by wetlands).

Improvements are required in understanding of the impadtslmnges in land management on GHG
emissions. In situ monitoring of GHG emissisngtill relatively limited in the UK. Figuséa) shows

the distribution of sites in the UK as of 2018, recorded in theSQKRPE Flux Tower Network (Morrison

et al,, 2019) Figure6(b) shows the type of environment which is being monitored at each site (as of
2015; Nemitzt al., 2015). A description of a new instrument planned for Balruddery Farm Angus, is


https://www.gov.scot/publications/results-december-2012-scottish-agricultural-survey/documents/
https://www.gov.scot/binaries/content/documents/govscot/publications/progress-report/2021/05/climate-change-plan-monitoring-reports-2021-compendium/documents/climate-change-plan-monitoring-reports-2021-compendium/climate-change-plan-monitoring-reports-2021-compendium/govscot%3Adocument/climate-change-plan-monitoring-reports-2021-compendium.pdf

provided in Annex 3, covering agriculture under cropping systenis.ilthe closest site of such
instruments to Perth and Kinross.
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Findings from the observations and analysis should improve the accuracy of the estimates of GHG
emissions in the UK Inventory, and the interpretation of changes reported through time, such as the
changes froncropland, and their contribution to the LULUE&ctor noted above, and shown for

Perth and Kinross in Figure 5.
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The total soil carbon stock of Scotland, to 1m depth, was calculated from the average values of Soil
Organic Carbon (SOC), obtained from measured carbon concentrations stored within the Scottish Soil
Database held at the James Hutton Institute. The avefagé Organic Carbon concentration was
calculated for individual horizons deemed as typical of individual soil types (soil series taxonomic
unit) and taking account of whether the soil was cultivated.

The carbon stock for each horizon (calculated fromizwor thickness, average SOC concentration,
YR LINBRAOGSR o0dzl RSyaAdGeo ¢l a adzyYSR G2 3IAQ
individual soil series to a depth of 1 m. The spatial distribution of these stocks was then extrapolated
using the1:250,000 scaléational Soil Map of Scotlan@oil Survey of Scotland StafB81a) in
combination with data on land cover and use (MLURI, 1993). Unerstimates around the mean

carbon stock were calculated based on the 95% prediction intervals on the regression equations used
to calculate bulk density combined with the standard error on the measured carbon concentrations.
The distribution otarbm in the top 1 m of soilor Scotland is shown in Figure



http://nora.nerc.ac.uk/id/eprint/525106/1/N525106PO.pdf
https://soils.environment.gov.scot/maps/soil-maps/national-soil-map-of-scotland/
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Figure7. Mapof Carbon stocks in the top 1 m of soil.

The same dataset was used to evaluate the potential for Scottish cultivated topsoils to store
additional, or lose, SOC. The median (middle value of the data), minimum and maximum SOC
concentrations of mineral topsoils were determined for individual s@és/shown on the National

Soil Map of Scotland (Soil Survey of Scotland Staff, 1981,) and which were deemed to be cultivated
using data on land cover (MLURI, 1993). The topsoil SOC stock was then calculated for each of the
soils using estimated horizon tkiness and predicted bulk densities.

The Potential to gain SOC was calculated by subtracting the median value for the maximum and the
potential to lose SOC was calculated by subtracting the minimum SOC concentration from the median
(see Figurd). Then, he results were applied to each individual soil type to produce a map of those

soils with the most to gain or lose.
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Figure 8. Graphical presentation on method to calculate potential gains or losses of Soil Organic
Carbon.

Estimating the stocks of carbon are subjecséweralfactors and unknowns. These include the types
of cover and uses of land, soil types, management of land, the methods for measuring and
modelling stocks of carbon for Scotland.

Data on topsoil organic carbon have been extracted for Perth and Kinross Council area, shown in
Figure9. Figure9 (left) shows a map of land cover, using the Land Cover Mapeait @ritain, 2008,

and Figure (right) shows the distribution of estimates of carbon stodkadgaleet al., 2016. They

show the concentration of stocks in the west and north of the area, reflecting the locations ohcarbo
rich soils and peatlands.



https://www.springerprofessional.de/en/comparison-of-traditional-and-geostatistical-methods-to-estimate/7474930
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Figure 9. (left) Land cover of Perth and Kinross Council area, and (right) carbon ¢8mk<e:
Bagqgaleet al., 201§.

Estimates of carbon stocker the Perth and Kinross aresmimmarised by current (or recent) land
cover are provided in Table 1. Reflecting the uncertainties in estimates, the values of carbon stocks
providedin Table 1 are the meaastimates with lower and upper estimates. The values in Table 1
show that the (broadklassof moorland has thegreatestmean stock of Carbon, which reflects the
proportion of the Council area which it occupies.

Note that in the values of carbon stocks for land cover classified as Montane, the mean carbon stock
is higher than that of the upper carbon stock. This refleces wlay in which carbonstocks are
calculated. Thevalue of theupper carbonstockusesthe maximumvalue of carborconcentration

which causes a reduction in soil bulk densiitye toan inverse relationship between bulk density and
carbonconcentration. Wha the carbonstock is calculated.€. bulk density xcarbonconcentration

x thicknesssummedto 1m) the stocks can be less than the mean stock as the bulk densities are
lower.


https://www.springerprofessional.de/en/comparison-of-traditional-and-geostatistical-methods-to-estimate/7474930

Table 1.Summary otarbonstocks to 1 m depth with uncertainty.

LandCover Lower C Stock| Mean C Stock | Upper C Stock Areas
(MT) (MT) (MT) (km?)
Arable 10.43 12.57 14.70 574.19
Bog 11.30 13.10 14.61 231.02
Forestry 23.01 27.93 37.83 785.67
Improved 15.24 18.85 22.47 778.89
Grassland
Montane 27.85 34.63 34.13 823.07
Moorland 37.67 44.78 51.04 1,113.84
Rough Grassland 0.18 0.22 0.25 26.24
Other 28.50 34.25 39.51 898.91
Total 154.20 186.30 209.70 5,231.80

The potential for storage and loss of carbon in area of arable land (and horticulture), and improved
grassland, are shown in Figut@ and Table 2Note thatwhereasTable Icontainsthe values of soil
carbon stockdy land cover typeTable 2 contains thealues of carbon stocks in only the topsoil,
which varies from around 25 cm to 8éh depending on the soil typ&he values of loss and gain are
based on thenaximum and minimum measured values in a soil series compared to the median value
(Lilly and Baggey, 2013).

In this study, thepotential storage of carbon was not calculated for all land classes. The assumption

was that it is primarily the soils under arable or permanent grassland that would be more easily
managed in ways that would potentially sefganges in topsoil soil organic carbon (SOC) stocks. Those

areas are concentrated in the south and south east of the Council area. For the soils under semi
natural vegetation with mainly organic surface layers, the carbon concentration is generally similar
across the various soil types and land use combinations. It is likely that the only meaningful way to
increase carbon stocks is to increase the thickness of the organic layer.

To an extent, @il type is reflected in theestimates of emissions from thieUIUCFcategory(e.g.
agricultural soils, IPCC category 3D, emission gas W@ methodologsfor calculathg emissions

are continually being reviewed by the teams responsibiethe UK GHG Inventaryeported in

updates, and then applied in subsequent calculatidnghe latest releasef the UK GHG Inventory,

Brown et al. (202)) provide an explanation and details of the calculations used for estimating
emissions of nitrous oxide from agricultural soils using IPCC 2006) Tier 1 and Tier 2 méibgds.
notethati KS I 0Sald SadGAYlFIG0Sa dzaS adzLRIl G SéyuivaldiB | & 2
NBERdzOGA2Y Ay (GKS | NBI 2y YAYSNI tBrodingthat, 2021 F F S O
375). The values for the pential loss of carbon, in Table 2, shaivat is theoretically possible based

on observed data, not of how long or by whaeans this could happefEstimates of such a nature

would require moreextensive modelling.
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Table 2. Potential storage ofarbon and its losses under arable and horticultural land, and improved

grasslandNIT =Million Tonnes)

LCM 2007 BH Group Potential Carbon | Potential Carbon| Areas
Loss (MT) Storage (MT) (km?)
Arable and Horticulture | Arable 3.2 6.6 574
ImprovedGrassland Improved 4.1 6.8 779
Grassland
Total 7.3 13.4 1,353.1
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Figurel10. Map of the potential storage of carbon and its losses under arable and horticultural land,
and improved grassland.

Previous work@hapmaret al., 2013 has shown that concentrations of soil organic carbon in Scottish
topsoils had declined from the late 197&sdearly 1980sthrough to 2009However, a further study

for sites in Northeast Scotland showed no change since the 19b0k et al, 2019) However,
combining both datasets, showed no change in soil organic carbon concentratioressngghat

there is still work to be done to get a clear picture of change in soil organic carbon concentrations in
Scottish soils.

The uncertainty in estimates of soil organic carbon stocks is a combination of the use of regression
equations to predict blk density of the soil and the range in observed soil organic carbon
concentrations, thus the true value of soil organic carbon stock should lie somewhere with the upper
and lower estimate.

The estimates of potential loss/gain also carry some degree certainty. For example, the
maximum and minimum values are the observed values based on measuretaldtaithin the
Scottish Soils databasbut the actual maximum and minimum soil organic carbon concentrations
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may lie outside of this rang&Vhile the minimum value is relatively easily determined, the maximum
soil organic carbon concentration is less easily determined.

Tackling greenhouse gaemissions through agricultural land management practices

It is well established thathe uptake of suitableagricultural practices canmake a significant
contribution to climate change mitigation by reducing greenhouse gas emissions (GitGs)
increasing carbon capture in ecosystems (see for example, reportintheyRoyal Society and Royal
Academy of Engineerin@018. A selection of examplefollow of different examples of land
management practicewhich haveunderpinning evidence of how greenhouse gas emissions from
agricultural land can be reduced or minimised. The greater the uptake of these practices ttex grea
the scope foreducing risks of potential logsof carbon from soils of up to approximately Trdlion
tonnes

Example, Practices to sequestersoil organic carbon in agriculture soil#\ list of practices to
sequester soil organic carbon in agriculture sbads been developedygluripatiet al., 2019) This
includes an assessment tife feasibility of such practicedor Scottish conditionsand provide
estimated rates of sequestration. Thwactices are ofreduced or no tillage, increased residue
returns, fertilising and liming, crop rotation and organic meeg) catch crops and changes in grazing
intensity.

Example Practical guidance for reducing GHG emissions form séilsictical guidance for reducing
GHG emissions from soils is given aam Advisory Servideaflet produced by SRUChisincludes
measures to
a. reduce nitrous oxide and methane emissions suclthesmaintenance of soil pH, avoid
spreading manures or slurry on wet soils, match fertiliser applications to crop requirements;
b. reduce carbon losgractices such as good nutrient management, incorporation of manures
and crop residues, growing cover cropgeduce losses through erosion

The uptake ofknowledge and practical guidanceis aiding thetransitions in land management
practices towardgarbon positive managemenf case study in Scotlafflayside and Grampiaoh

the transitionto agro-ecological farming systemgNISEC)reports that specific measures that had
the highest levels of effectiveness, from the perspectives across stakeholders werevihmse
provided targeted support for aions (e.g.Agrienvironment Climate Scheme) and access to
knowledge and advice (e.g. Scottish Farm Advisory Ser@igkgtoet al., 202).

Example Managing agricultural soils to increasmil carbon Managing agricultural soils to increase

soil carbon and/or reduce GHGs has the benefit of helping to build resilience to climate change for
agriculture and the surrounding environment. For exdsoil carbon, as part of organic matter,
helps to buffer against the adverse effects of high rainfall or drought conditiarsners and other

land managers are taking a greater interest in soil carbon management to help them work towards
Net Zero anddr the potential investment opportunities from carbon and natural capital markets.
Realising these opportunities requires reliable information about the levels of carbon in the soils at
depth, typically to 30 cm and beyonihe ability for farmers and othg to generate this valuable
information is being made more accessible and @jfctive through technical innovations, for
example by Agricarbormitps://agricarbon.co.ukj, based in Invergowrie, Perth akihros.

Further, aUK Farm Soil Carbon Casender developmentwhichcontainsreviewsof the agricultural
land management practicashichcould contribute to soil carbon sequestien, and a draft code to
support farmers in monitoring, reporting and verifying soil carbon
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Example, Direct drilling reducing GHG emissioRgsearch shows that land management practices
of no tillage and direct drilling can reduce the riskafrient losses by rwoff, and can reduce GHG
emissions while maintain or increasing crop yield in certain conditidnarfoet al.,2018). Modelled
estimates of tradeoffs between conventional ahdirect drilling shows promising findings but require
more systematic evidence to be gathered (&bpanitoet al., 2020. Some of these are still relagly

early or smallscale in their uptake, but operational evidence is becoming available of their benefits.
Such evidence is being communicated by peepeer means, including in Perth and Kinross (e.g.
direct drilling Leitfie farm, Alyth), coordinated under tii&@rming for a Better Climateyn by SRUC

on behalf of the Scottish Gowvanent.However, not all soils are suitable for direct drilling or no tillage
(seeSRUC Technical noté&l553for further advice).

Example, AnimaHealth and Greenhouse Gas EmissioE®idemic productioimiting disease is a

major constraint on efficient livestock production. Moredun Research Institute reports that reducing
the burden of endemic disease will help improve the biological efficienkyestock production and
contribute to reducing the Carbon footprint of animal agriculture. Studies from of approximately
252,000 cattle, between 2014 and 2017 showed that animals with liver fluke were typically 14 to 18
days older at slaughter than thoseth no fluke, had 4% lower weight gain, and that the effect of
fluke infection represents an approximate 2% increase in greenhouse gas Emissions Intensity They
conclude that managing infections in cattle is important to improve animal performance andeed
associated greenhouse gas emissions.

Example, Alternative cropping systems for sustainabilifrbikie distillery has developed its supply
chain of food and feed to increase the utilisation of pulses. The outcomes are a 15% legume cover on
the Arbikiefarm, compared with a national average of 1%, @ndducts(Nadar gin Nadar vodka

which have a reduced carbon requirement throughdhbeé life of production on the farmThe
products are marketed havirgarbon footprins of -1.54kg Cee per 700ml bottle of gin and >1.53kg

CQe per 700ml bottle of vodkabased on research with James Hutton Institute and Abertay
University.By adapting the farm systems and development of products in tandem, the distillery and
farm has reduced its GHG emissions and improved the conditions for biodiversity.

Example,impacts of Scottish agriculture on the climate and wider environmenilp facilitate the
uptake of land management practices which are consistent with a pathway to climate neutrality, a
set of factsheetdhrave been cgproducedby NFUSand researchers in SEFARI. Tregsamarise the
headline issues associated with 6 themes relating to GHG emissions, and an indication of guidance
on approaches to minimise lass from which the following are extracted or based

a. Grasslandg The potential of managed grasslands in Scotland to sequester carbon and what
farmers can do to maintain grassland carbon stocks;

b. Uplands¢ Climate impacts agriculture on Scottish uplands, including how grazing can be
optimised to help mitigate climate change, and the impacts of muirburn on greenhouse gas
emissions and soil carbon in the Scottish uplands;

c. Forestry- The impacts on climate of forestry on shallow peat soils, and the net greenhouse
gas balance of forestry on shallow peat soils in Scotland;

d. Methane¢ HowScottish beef producers can reduce methane emissions from their cattle, and
the role that technology can have in reducing methane;

e. Options for mitigating agricultural nitrous oxide emissions

f. Nitrous oxide (N20O) Options for mitigating agricultural nitrous oxide emissions, and how
farmers can reduce N@missions;

g. Arable- The impacts of arable production in Scotlandaimate change, and the challenges
and opportunities from climate change.

13
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Research is providing new evidence in relation to emissions of greenhouse gases, their magnitude,
and approaches to their minimisation through alternative land management pracfides challenge

is in making sources of knowledge available to stakeholders with responsibilities for land
management. Some of the preceding examples originate from the SEFARI Knowledge Exchange
Gateway, often in collaboration with stakeholders in theexent land sectors.

6./ | NERYO| Y A §RA 2 vyl (FENRYYR

Soils and peabf Scotlandare mappedat a number of scales in Scotlaic?5,00Q 1:50,000, 1:63,360
and 1:250,000,and some site specific mapping at 1:10,00the source information for these maps
used aerial photography and ground surveys (klhal, 2015), and different depths used as the
indicator of an area being peatlan@nly the 1:250,00 scale mapping existstha entire the Council
area, except tht at 1:250,0000ther assessments of peatland and peatland condition use earth
observation data (e.g. satellite) and digital modelling techniques.

Based upon the classification and mapping of peat and carbon rich soils by James Hutton Institute
(Soil Swey of Scotland Staff, 198jlaNatureScot developed @arbon and Peatland Map 2016.

This map is refeed to inScottish Planning Policy (SP&ottish Government, 2014informing the

AL GALE FNIXYSg2NJa 2F Wyldadazylrftfte AYLRZ2NLIFYD
Government. That map is not used in the following calculations and assessmetitsy the
statement by Evanget ald 6 H 1 mmapping felatiin S¢obtland is hindered by a lack of high
NEB & 2 f dzi, anl sefleRihgiluse @f more detailed scales of data where available.

Globally, peatlands contain approximately 25% of the carbon thakeoils. However, these figures

are subject to considerable variation depending upon the definition of peatland, and the approach
to its mapping. Scotland has an estimated total extent of approximately 2.4 m ha peatland, storing
the equivalent of ca. Billion tonnes of carbonAitkenheadet al., 2027).

Using the data of Aitkenheagt al., 2021, he area of pat inthe Perth and Kinros€ouncilarea is
calculated as 907 kh(90,731 ha). However, it is likely that much of that will not be peatland habitat.
Other areasof peatare likely to beunder heathlandand grasslandFroma recent assessment for
mapping peatland condition classegitkenheadet al., 202 the estimated areaf peatis 1,000.4
km? (100,358 ha The area of peat is likely be between these two values.

One of the most highly emitting IPCC peatlddé § SI32 NASa Aa WSNBRSR LISI
has been lost. The condition, or health, of the peatland is dependent upon physical, hydrolmgitcal
ecological factors, which influence each other in-seffulating feedback, leading to resilience to
GFNAFGA2ya Ay OfAYFGST 2@0SNJ 0K2dzal yRa 2F &SI NJ
damaged to the extent that the selégulation nolonger functions. Current estimates, in net terms,

are that the arbon lost from degraded peatlands in Scotland (between 8.8 to 9.7 Me €9
approximately equivalent to the entire forest carbon sink in Scotland, which is in addition to the
losses of ther ecosystem functionsSuch functions include water storage and filtration, flood risk
reduction, pollution reduction,supporting biodiversity, and cultural services such as historical
archives and sense of place (see, Emgland Peat Action Plabefra 2008 IJUCN Peatland Benefits,

2021). Anonline storymap® Y RA Ol 12 NR 2 F 9 O2 & ehitps:Barca.is/&/0@aH,0S a )
provides a magbased representation of ecosystem services more generBlis includstopics of

soil organic content, water supply, crop production, plant species richness, pollination, floral
distinctiveness across Scotland.
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The Climate Change Committe29{9) estimated emissions from degraded peatland to be up to 9.7

Mt CQe for 1990, and are now included inthey A1 SR YAYIR2YQ& bIMNR2Y I f
submitted for 1990 to 2019. They also notetpotential to increase the extent of restored peatland
from the current area of 0.6 million hectares, to over 1.4 million hectares by 2050. Their calculations
suggesthat such an increase could reduce emissions form this source to c.7 MtKkOnformaion

has beendentified in which reference is made an explicit calculation or details of tlgeeographic
distribution (e.g. at local authority levet)f the potential for restoration to which the Climate Change
Committee refer.

However, spatial represgation of the National Atmospheric Emissions Inventory is available online
(https://naei.beis.gov.uk/emissionsapp/with access to individual pollutants (e.g. methaneNO
CQ), and emissions sectors (e.g. agriculture and farming). These data are provided at a spatial
resolution of 1km x 1km. An example is shown in Figdre

National Atmospheric + I.
-
-.

Data » UK Emissions Interactive Map
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Figure 11. Example of view of data on Methane emissions, presented in National Atmospheric
Emissions Inventonhftps://naei.beis.gov.uk/emissionsapp/

Recent work forthe Scottish Government Centre of Expertise on Climate Change (ClimateXChange)
produced estimates athe distribution ofpeat under different land usesand from which there are
different rates of GHG emissi®)as categorised by IPCC Tiéc&lculation methodsDetails of the
methodology for deriving the emissions are provideditkenheadet al. (2021). Figurel0shows the
emission factors for Scotland, which enables the conversion of lae@ativity to an estimate of

GHG emissionand of emissions in Figur@.1

LIPCdier 1, Tier 2, Tier 3 etc.: levels of increasing methodological complexity and sophistication for approaches adoptdRdsy the
for assessment of GHG emission from landscapes
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Figurel2. Map of emission factors for peatland under agriculture/no agriculii@eurce:
Aitkenheadet al., 2021).

Figurel3 (a) shows the spatial distribution of estimates of GHG emissions from peatland in the Perth
and Kinoss Council are®ased upon the mapping degraded peatlandAitkenheadet al., 202)),
extracted for the council areaghese emissions amestimated to be 273k G@y!. Table3 provides

the estimated emissions (t Géha'y?) for each land cover type, for tHeerth and Kinros€ouncil

area. The rate of emissions is greatest in areas of eroded or drained peat (132.8%atay),
compared to almost zero on near natutalg (0.41 kt C&@haly?).

Note that, peatlands are one of the elements in the I@B8ands category of the GHG inventory.
Peat sequesters GChowever, in a near natural state it also emits methane. The values provided in
Figure 3for GHG emissions for Perth and Kinross, for wetlands (BEIS, 2021), represent the overall
balance of sequestion of GHGs. The values in Tablee the estimates of the emissions that would
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be saved with restoration of the peatlands, including those of near natural bog where some methane
emission wouldstill occur. Further details of the calculations and asgtions are provided iltvans
et al. (2017) and illustrated below

Extensive grasslands are more likely to be associatigll carbonrich soils than are intensive
grasslands, which is reflected in their estimated GHG emission rates of 43.6ekta®@ and 4.36

kt CQehaly! respectively. This compares with netquestration of grasslandss a whole which

includes grasslands conved to forestry, and cropland converted to grasslanahichthe Scottish
Governmentnotes as one of the carbon sinks in the LULUCF sexidrin the time series reported

in Figure 5However, the Climate Change Committee (20d&ge 218 y 2 (0SS GKF G a X | 3
important factor determining the amount of carbon stored in grassland, but even then the amount
2F OFINb2y ogAft S@SyildzZatte NBIFOK Iy Sljdzif Ao N dz

Table3. Greenhowe Gas emissiorfer land cover typewith peat, for Perth and Kinross Council area.
(Source: derived frorAitkenheadet al., 2021, and land cover datanoting sources of land cover will
vary from those of data used with emissions facteeues for emissions rounded).

Category Area (ha) Tier 2 emission factor Emissions

(t CQe haly?) (kt CQey-h
Woodland 2,380 Unknown Unknown
Near natural bog 41,472 0.01 0.4
Heather dominated undrained 1,002 2.08 2.1
Heather dominated drained 9,272 3.4 315
Grass dominated undrained 1,693 2.08 3.5
Grass dominatedrained 14,700 3.4 50.0
Eroded drained 27,395 4.85 1329
Grassland extensive 2,293 19.02 43.6
Grassland intensive 146 29.89 4.4
Extraction domestic 5 7.91 0.04
Total 100,358 2684
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[ ] restoration and potential emissians savings on agricultural [ | Source of datac lamas Filtton Iratitiie
land: an evidence assessment ClimateXChange. pp. 50 . Gontact Dr M Altesniead
Low: 0 Source of data: James Hution Institute Low:0
Contact: Dr M Aitkenhead Designated areas: NNR, 5551, LNR, SAC, SPA, RAMSAR

D Perth an d Kinross Council Boundary Backdrop: Ordnance Survey: xxx (c) Copyright sz Designated Areas and Local Conservation Areas

Backdrop: Ordnance Survey
[ pertn and Kinross Council Baundary @ Crown capyright and database right (2021)

Figure 13 (a). Distribution of greenhouse ge¢ Figure 13 (b). Distribution of greenhouse gg
emissions from peatland, within Perth an emissions from peatland, within Perth af
Kinross Council area (Source: derived fr Kinross Council area with respect to designa
Aitkenhead et al., 2021 spatial resolution o] areas (Sources: GHG emissions ddgaived
peatland emissions dataset = 1ha). from Aitkenheadet al., 2021 ;spatial resolution
= 1ha; designated areas NatureScot and P
and Kinros€ouncil).

Of the total GHG emissions from peatland, 785 Qe y* (Table4) is from areas that are under
some form of designation (i.&RAMSAR, SAC, SPA, National Nature Reserve, Local Nature reserve,
SSSI dProposedPerth and Kinross Biodiversity or geodiversity sites; Figf8loe Information on the

site management arrangements should be available from NatureScot an&itgégink Such
information could be reviewed to identify sitésr which restoration is ongoin@r an option being
consideredand feasible andthe identification ofany additional support could be offerad land
mangagersby the Councile.g. directing to relevant advisors in NatureScot, NGOappropriate
sources of information)

Subject to the conditions of the designation and agreements for its management, such areas could
be candidates for prioritisingttention to peatland restoration, delivering additional benefits to
those for their original designatiorHHowever, estimates of the potential for sequestration as the
impacts of restoration begin to take effecannot be estimated with accuracy, and sudtj& site
specific conditions for restoration, and changes in climate over the-temg (e.g.a century).
Research is being undertaken to improve estimatethefchange in GHG emissions in areas such as
those of peatland restoration sites (e.g. ForsthaCaithness; Auchencorth, Midlothian). The results
from those studies will take time to be produced and verified, and may not easily be replicable under
different site conditions. Some more information on the development of flux towers is provided in
Annex 3.
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https://www.climatexchange.org.uk/research/projects/peatland-restoration-and-potential-emissions-savings-on-agricultural-land/
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Of the areas mapped for their emissions from peatland,K8.2Qe y! (Table4) are in the area of
the Loch Lomond and Trossachs National Park (north and south facing slopes of Ben Vorlich), and
60.0kt CQe ytin the Cairngorms National Park (e.g. Forest of Atholl across to The Cairnwell).

Figure 14 shows the geographic distribution of the areas from which emissions are mapped for
peatlands, overlaid by the natural heritage designations in Perth and Kinra$#) éhe Cairngorms
National Park. The emission from peatland in this area are BT®e y* (Table4), which could be

a focus for restoration, reflecting the wider benefits of the areas underlying their designation, and
the additional contribution thg can offer to the National Park.

Note should be taken of the limitations to the spatial positional accuracy of the estimates of areas
for which emissions may be highest, reflecting uncertainties in the input datasets.

Greenhouse Gas Emissions from Peatland
in both Designated Areas in Perth and Kinross
and Cairngorms National Park

27 5'000 3001000

Cairngorms National Park

775000
1

T
775000

Legend 0 5 10
e Km
GHG Value
Emissions High£29.89
from Peatland —
(kt CO2elyear) . Estimates of greenhouse gas emissions from peatland,
as preported in Aitkenhead et al., (2021). Peatland
Natural Heritage restoration and potential emissions savings on agricultural
designations land: an evidence assessment ClimateXChange. pp. 50.
[777) within Perth and Source of data: James Hutton Institute
C Kinross and Contact: Dr M Aitkenhead
Cairngorms
National Park
Perth and Designated areas: NNR, SSSI, LNR, SAC, SPA, RAMSAR
Kinross Council
Boundary
Cairngorms Backdrop: Ordnance Survey
National Park © Crown copyright and database right (2021)

Boundary

Figure . Geographicdistribution of areas of peatland emissions, overlaid by the natural heritage
designations in Perth and Kinross, and in the Cairngorms National Park.

Information onthe ownershipof the areas summarised in Talll€e.g. public, private, NG@)ay be
availabe from different sources (e.g. National Forest Estatecessed from th&€EWEPBReqgistes
Scotlan& | Yy RVhai Gings Scetland?  Rdoriipiled byMr Wightman).Compiling these data,
verifyingtheir accuracy and ensuring compliance with copyright and data proteciga significant
task. The output would be valuableas it would inform the development of strategies for
sequestration, includingreas that could offer potentiafor peatland restoration or woodland
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expansion. A related task is planned for the next Scottish Government Strategic Research Programme
(202227). Such data may become availalftem that source depending upon progress and

permissions.

Table4. Estimated Greenhouse Gasiissions from peatlandsummarised by geographic aréd

CQey?, and by unit area,tlCQe hal y1).

Greenhouse Gas | Greenhouse Gas
Geographic Area Emissions Emissions
(kt COey?) (t CQehaly?)

Perth and Kinross Council area 273.7 2.8
Designation areas 76.5 2.8
(RAMSAR, SAC, SPA, National Nature Reserve
Nature Reserve, SSSI or Perth amdnross
Biodiversity or geodiversity sites)
National Parks:

Cairngorms 60.0 3.3

Loch Lomond and The Trossachs 3.2 2.2
Designated areas within both Perth and Kinross 37.8 2.8
the Cairngorms National Park*

Restoration activities fothis type of degradation focusn the recovery of ground vegetation to
reduce further erosion and loss of vegetation or soil. In cases where erosion has led to the formation
of channels in the peat, rewetting by channel blocking is also appropriate. Vgkeatiand has been
mapped as eroded, the proportion of bare ground to vegetation cover can vary significantly, with an
associated variation in GHG emissions and risk of further erdsitimese figures, no account is taken

of peatlands which are already ing restored. Mapping the extent of the known peatland restoration
projects is the subject of ongoing work by Peatland Action

TheEngland Peat Action Plan (Defra, 208 1 Sa G KI 0 WLISF Gt yR NBad2N
processand notasaoT ¥ NBaAaUG2NI GA2Yy SOSYyiGoQ LG RSAONROG S
in the overall process and th#ie natural systems takes time to recover and achieve restored status.

Ly At a dzOK | GAYSZ aAidSa IINBE RSaONAOSR Fa
management practices which are consistent with the goal of restoration. The trajectory ofergcov

is summarised in Figuds.

0 - 1Years | 2-5 Years | 10-15 Years | 20-50 Years
\
Restoration Detectable changes Wet tolerant Good hydrological and
works. in water quality, vegetation ecological functionality
water table depth | becoming dominant possible.
and peat (including
stabilisation by Sphagnum
vegetation species).

Figurel5. Plotting a recovery trajectory for blanket bog (Sour@efra 2021, adapted from RSPB;
page 37).
The potential for abatement of GHG emissions from any restoration project is dependent on the

starting conditionArtzet al.(2013)y 2 4GS GKIF G 2@SNJ 6KS f2y3 G§SN¥Y a.
AT NBAG2NrGA2Y | OKAS@®Sa | NBOGdzNYy (2 | Fdzy Ot A2
RNIFAYSR LISFGfEFYR Y@ GF1S t2y3aSNI G2 YIFOGSNRIFE A
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1010786/england-peat-action-plan.pdf
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https://www.climatexchange.org.uk/media/1501/research_summary_potential_abatement_from_peatland_restoration.pdf

Thevaluesof GHG emissiorfer different categories of degraded upland peatlanpsyvided in the
Peatland Codeare being revised. However, for referencerremtly it provides values which range
from approximately2 t CQehaly? for lightly degraded sites tlough to around 24 CQeha'y! for
actively eroding bare peat, with emissions from intensive cultivation or grazing of lowland peats being
around 18 to 24 CQehaly! (Graves and Morris, 2013; Smyghal., 2015; Evanset al., 2016).

Based on the evidence availabkeiz et al. (2013)reported estimates of net potential abatement
benefits from peatland restoration in Scotland, which could provide up toC®ehaly?!. These
estimates recognised significant uncertainties, noting that in less damaged areas there may be
smaller emissionsavings provided by restoration. They considered that the upper end of the annual
abatement range may be achievable in severely damaged sites through to when the outcome is near
natural state, but over a long timescale.

Artzet al. (2013)also note benefits of taking early intervention on less damaged bogs with an aim of
preventing a process of degradation and so to a higher emitstate. Severely damaged sites are
likely to take longer to progress to a statégood hydrological and ecological function (FigL5g
which may take uf0 years.

Figurel6 shows an indicativehange in GH®alance bydepth of watertable (drained to 1m below
surface Evanset al,, 202]). As a guide, for every 10 cm that the watertable is raised, there could be
a reduction of 3 tonnes Calyl. The rates of raising the watable could be approximately 20

mm per year for the first 10 years, reaching 35 mm per year for late stages of restoration. Information
on watertable depth would be site specifiotentially, it may take 50 years for the restoration of
peat drained to 1ndepth, and putting the site on a road to recoveifhe sitebased assessment of
recovery stages is currently being augmented with earth observations which also support similar time
frames(Leeset al., 2019.

30

GHG Balance (t CO,e ha'yr')

-10
100 90 80 70 60 50 40 30 20 10 0 -10

Water Table Depth (cm) below peat surface

Figurel6. Indicative tiange in GH®alance bydepth of watertable (drained to 1m below surfage
SourceEvanst al., 2021 SEFARI, 2021).
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The extent to which intact peatlands will be able to withstand future climate change is unknown, and
much depends on the pattern of seasonal changes in &naipres and precipitation as well as
aggregate changes.

As of September 202386 sites are recordeth Perth and Kinrosas being the subject of restoration

with support of the Peatland Action Project, with several other sites to the west and nortle, tos

the Council boundary (Figul&). Of those, 8 are in designated areas. Five are listed under the public
sector (all Forest and Land Scotland), 9 by NGOs (National Trust for Scotland [3 sites], Rannoch Trust,
Woodland Trust [2 sites], Butterfly Consation, and thePortmoak Community Woodland Groyp

and 22 listed as private (including 1 led by SRUC). There is one site in each of the National Parks.

Greenhouse Gas Emissions from Peatlands,
Overlaid by Designated Areas and Peatland Action Sites:
Perth and Kinross
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Estimates of greenhouse gas emissions from peatland,
Value as preported in Aitkenhead et al., (2021). Peatland
- High : 29.89 restoration and potential emissions savings on agricultural
land: an evidence assessment ClimateXChange. pp. 50

Low : 0 Source of data: James Hutton Institute
Contact: Dr M Aitkenhead
" . Designated areas: NNR, SSSI, LNR, SAC, SPA, RAMSAR
@  Peatland Action Sites and Local Conservation Areas
EZZ?/) Designated Areas Peatland Action Project sites (accessed August 2021)

; Backdrop: Ordnance Survey
D Rerthiand Kintoss Coun Boundary © Crown copyright and database right (2021)

Figure 17. Distribution of Peatland Action Project sites, with respect to designated areas and

estimates of GHG emissions from peatlarsisirces: GHG emissions data derived fAdtkenheadet al., 2021;
spatial resolution = 1ha; Peatland Action sitd®eatland Action; designated areadlatureScot and Perth and Kinross
Council).

The Environment Agency summarises approachesatbon offsetting of different environments

with respect to attributes of abatement cost, per unit and national potential for abatement,
implementation readiness, speed of impact, longevity, and confidence in the underpinning scientific
evidence (Beechemet al.,2021). An extract of that summary of evidence is provided in Fitfdire
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Measure Cost Removal/reduction Readiness Speed of Longevity Confidence in science

type (approx.) potential impact
Reduction/ | £4COze Per unit Nationwide | Technology | Certification | Years Evidence Evidence
removal per year method volume agreement

Upland peat Reduction 10-100 2-20 Very high Ready Ready >10 Med High
restoration and

potentially

removal
(T ENENE @ Reduction Uncertain 5-20 High Ready Not ready >10 Long Med Low
restoration and

potentially

removal

Figurel8. A summary of the key results of the review for the different carbon offsetting approaches
(Source: Beechenet al.,, 2021, Table-®# @ b 2 (i S & Mfersto SeNdedadaye Xoii r@tural environmer®2 NJ Wy | G A 2y

FolFdSYSyd LIRGSydAl {-OMtCAE 2 ia 2GRRSNINRIASLOSYIRERINGS2: Wik AV REQ (132 NINS
510 MtCQS ' YR W+ SNE KAIKQ O2 NNGeaW28)RAal Qhedtadey for MENdaliekvirohmentn  a U
measures.

Beechenertald oOoHnAnHMU y20S GKIFIG GKS GSOKyz2f23& F2NJ
with a rate of restoration of between 2 and 20 ha per year, and cost of £10 to £100062e tThey

conclude that the speed of impact of restoration of both upland and lowland peat is greater than 10
vearg GAUK | Wi2y3Q ft2y3SgAradeod

A study of peatlandestoration costdn Scotland(Glenket al., 2020 Glenket al., 2021) reports a
median cost per ha d@955 (in 2020) and £1,000 (in 202ih) 2021, the upper cost was calculated as
£1,878 per ha, but the median value is recommended due to the influensewdralsmall sites.
These studies have not reported findings in termsadts per t Cé& avoided Howevernoting that
the restoration projects are predominanttyn condition categories that produce < 10 t£@er ha
per year an indicativecostper hais highy likely to besignificantly highethan the£100 per t Cge
avoidedreported by Beecheneet al.,, 2021)

As of 2021, there are 691 registered peatland restoration sites in Scotdawnekinga total of 25,000
ha of land in the process of restoration since 2012/13, or an average of 36 ha. Basednugite
knowledge, the upper rangef restoration areass lkely to be closer to 100ha.

The evidence published is notedtasre being a high level of agreement of the evidefareupland
peat restoration, and low for lowland peatestoration However, in Scotland, detailed monitoring
and measurement of restoratiosites is ensuring the ongoing provision of evidence for shared
learning of best practices in local contexts.

The summary of evidence is consistent with the information available from peatland restoration from
on-the-ground experience in Scotland, inclodithe 36 sites supported by Peatland Action Project in
Perth and Kinross. That experience also highlights the importandengfterm monitoring of
restoration sites to assestheir resilience to climatic changeand the importance otailoring
interventions appropriately for thenydrology and vegetation communitye.g. Artzet al,, 2019)
However, noting the diversity in size of sites, a strategy for their restoration may benefit from
considering the principle aims (e.g. contributions to reducing GHGsems community or rural
development).

Note, there is considerable uncertainty over whether an area is a peatland, or whether it is in a certain
condition category. Distinguishing between whether grassland is growing on peatland, ergano
mineral soils, omineral soils is a challenge to then providing guidance to best practices for land
management to minimize losses of carbon, and contribute to its sequestration. Future work is
planned to improve the confidence of the mapping.
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The suitability forestoration and nature and level of investment req@Bssessments based upon
site inspections and surveys. For example, &ta@d® o HAamMdpy y204S GKIFG WNBaG:
of bare peat $ challenging and evidence suggests that techniques musadmptied to local

O A NI dzY aSite lgveD ifférfation is collected as part of the work supported by Peatland Action.
These dateacontribute details, and enhance the knowledge of extent, volume and conditions of
peatland across Scotlan@uidance is proded by Peatland Action on how information on peatland
condition can be collectedt a site levelfor use by applicants for financial suppoNgtureScot,
2017. The guide is for blanket bogs, categorising peatland condition into: 1)-Naral, 2)
Modified, 3) Drainedand 4) Actively Eroding. The guidelines provide indicators for use in the
assessments (pictoriaind descriptive) such as evidence of bare peat, presence and proportions of
cover of Sphagnum moss, amypes and extent of drainage (including evidence of restoration).
Similar guidance is provided for the measurement and recording of peat depth andcapeatl
condition, and the submission of the data to Peatland Action at NatureSedireScot, 202)L

Actions to change land use such as peatland restoration, and woodland expansion, are subject to
other uses of the land and its management. One source of such pressures is wild lueddeer
Working GrouffPepperet al., 2019 note that grazindpy wild deer has impacts apeatland habitats,

where overgrazingrad trampling occur at much lower densities of livestock and deer than for other
habitat¢ 05SSNJ 22NJ AYy3d DNRdAzLIE H{n@adt LY AGa mly lp i Ab2 \ I
drecogniseghe importance ofichieving appropriate grazing levels by $iteek and dee@to avoid
trampling and overgrazifg® ¢ KS@& NBLIR NI GKI G KFoAdl Gda adzOK
require deer density to be less than 10 red deer pefkamd argue that improved levels of deer

O2y GNRBf | NBimpkBitigdrie 8 2R 2HBAMNII & O2y RAGA2Yy 2F {021
SylrofAy3a GKSANI yIGdz2NI £ NBISY SNI (A 2iyipdrtant gxient T 2 NJ
of peatland¥X ¢page 332).

Figurel9 shows the distribution of Red, Roe, Sika and Fallow deer in Scotland as redoydée

British Deer Society in 2016 (updating data from Scottish Natural Heritage for 2007 an@P2pmér

et al., 2019. These four species of deer are present across much of rural Scotland, particularly Roe
and Red Deer. The data for deer numbers are documented at a spatialtresafi10 km x 10 km
Interpretation of the distribution of deer, albur species are reporteds being present in significant
areas ofPerth and Kinros$NatureScot appear to have data on deer densities, recompiled at 1 km x

1 km, from observations datk2000 to 2010 However, these data should be treated with caution,
noting changes in degrumberswithin that time period, and sinc®ata quality and sourcing may be
behind the recommendation of thBeer Working GroupPepperetal, 2019 G KF G a{ 02 G 4 A
Heritage should develop its own more detailed distribution maps for wild deer in Scotland; that
Scottish Natural Heritage should more accurately report the basis of national populatiomaées
T2N) 6Af R RSSNI gKAOK Al LJzof AaKSaode

Adverse impacts of deer pressures on peatland restoration are reflected in guidance on approaches.
For example, etive management of restoration sites maguirethe use of deer fences, and removal

of other livestock such as sheep, to provide a more favourable environment faeténg and re
vegetating, as noted in the guidance on assessing peatland conditiblatoyeScot (2017{(Figure

20).

Noted here is that account is taken of GHG emissions associated with deer, specificéiy&@ory
category 3A4) and NHand NQ from their manure (category 3B14), which are included in the
estimates in the Agriculture sectdBfownet al., 2021). The inventory usessémates of the number

of deer from the June Agricultural Census. It is likely that such estimates are subject to uncertainty in
both the number of deer and their geographic distribution.
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https://www.nature.scot/sites/default/files/2019-10/Deer%20Densities%20Map%20Post-2000%20from%20Deer%20Commission%20Scotland%20data.pdf
https://www.nature.scot/sites/default/files/2019-10/Deer%20Densities%20Map%20Post-2000%20from%20Deer%20Commission%20Scotland%20data.pdf
https://www.nature.scot/sites/default/files/2017-10/Guidance-Peatland-Action-Peatland-Condition-Assessment-Guide-A1916874.pdf
https://uk-air.defra.gov.uk/assets/documents/reports/cat09/2105061125_ukghgi-90-19_Main_Issue_1.pdf

Red Deer Distribution I Roe Deer Distribution
Records from 2007 - 2016 ’ Records from 2007 - 2016

.‘_‘._1 ¢ 5 a”
Sika Deer Distribution 3 Fallow Deer Distribution :
Records from 2007 - 2016 : Records from 2007 - 2016

Source: British Deer Society

Figure19. Maps of distribution of Red Deer, Roe Deer, Sika BadrFallow Deer, aspdated for
2016 (SourcePepperet al., 2019 citing British Deer Society).
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Figure 20. lllustration of peatland restoration sit85 years after deer fence erected and sheep
removed of, allowing revetting and revegetation (SourcelatureScot, 2017

7.1t 2GSy (/R NB{SF 21283 (i¢NK NPAGZIKR (IEYR y & A 2

The expansion of woodland is one mechanism for land use mitigation tacklingntiesions of
greenhouse gases, through the sequestration of carbon over the long term cycles of forestry, soil
carbon accumulationMatthews et al., 2020 and the substitution benefits accrdefrom timber
products. A synthesis of model outputs has been developed that combines above and below ground
carbon values using various scenarios of woodland expansion which enables broad comparisons
which indicate areas where net carbon benefits and defiare likely to occur, how quickly they
accrue, how long they persist and the dependencies with antecedent land use, soils, climate and
management strategies. Within that model, peatland can be included or excluded in the results
reported.

The conclusio from Matthews et al. (2020)A & G KIF G GF NBSGAY3I 2F aY2NE
delivers more net sequestration per hectare, with net benefits accrued more quickly and can deliver
greater ¢cimate mitigation than anticipated by emissions reduction plans. Extensive establishment of
lower yielding trees on lowquality ground, with organanineral soils could, though, result in net
emissions that persist for decades. The distribution of net ckangarbon from afforestation under

native conifers after 50 years from establishment is illustrated in Figiire
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Figure21. Map of net change in carbon from afforestation, Scotlavide (Tonnes Carbon per
hectare per year) (Sourcélatthewset al., 2020. Online web mapping platform also accessible at
https://woodlandexpansion.hutton.ac.uk/

The geographic distribution of the potential for sequestering carbon from woodland expansion for
Perth and Kinross has been derived from the model for two forest management alternatives (FMAS):

1 Native Broadleaf, and
1 Production Sitka Spruce

These were chosen from the 11 possible forest management alternatives available in the existing
model. To develop furtherforest management alternatives/ould require new modelling to be
undertaken. However, the twdorest management alternativeprovided represent the lowest
(Native Broadleaf) and near highest (Production Sitka Spruce) ends of the spectrum in terms of
possible carbon sequestration. The outputs were paoed for three scenarios:

1 Scenario 1: Forest and Woodland Strated@referred areas only
1 Scenario 2: Forest and Woodland Strate@®referred and Potential areas only
1 Scenario 3: All areas with the exclusion of the following:
o Designated Areas:
A Local Natre Reserves
National Nature Reserves
RAMSAR wetlands
Special Areas of Conservation
Special Protection Areas
Sites of Special Scientific Interest
Proposed Biodiversity and Geodiversity Local Nature Conservation Sites
0 Arable areas
o Peat soil§see Annex 2 fdiurther information about the map data used on peat)

> > > >
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extent of each of the two selected forest management alternatives.

Figurel6illustrates the two érest management alternatives which represent the lowest (Fidire
a, b) and highest levels (Figuréc, d) of potential carbon sequestration, at two points in time of 25
years Figurel a, c) and 50 years (Figuté b, d) after planting.

Comparing théwo periods (25 years and 50 years) provides evidence that both scenarios continue
G2 RSETAOSNI OfAYFGS YAGAILIOGAZ2Y o0SySTAGA 20SNJ
available for native broadleaves is larger in extent, as the thresheld iyiodelled is lower. However,

the rate of net carbon sequestration is constrained for the native broadleaf option and on poorer
(organemineral) soil types can be negative (emitting carpgmimarily due to soil disturbance losses

due to ground cultivabn at establishment exceeding woodland gains, approximately over the first
15 years, leading to overall carbon debt2045(25 years projections)

For the more productive conifer scenario the available extent of suitable land is reduced, but the rate
of delivery is considerably improved with no suitable areas causing carbon debt at year 25. If upland
organcmineral soils are accepted which dot meet the minima(modelled)threshold of Yield class

16 (volume produced in frhat y1), then debts mayccrue on organmineral soils.

Additional benefits also accrue if the forest products substitute for more energy intensive materials
and the land use change to woodland alters the BAU (Business as Usual) land use case, for example
through the removal o KSSLJ 2y AYLINE PGSR 2NJ daaMYilONR &S RO (i 2 NIB
currently included in this analysis.

This result should be caveated that both scenarios are run with robust silviculture at establishment
involving soil disturbance and tree plantingo woodland creation through assisted natural
regeneration and minimal soil disturbance is not represented

The potential carbon sequestered under the expansiothefnative broadleaforest management
alternative is shown ifrigure22 (a) for 25 yearsafter planting and Figure 221) for 50 years after
planting, as modelled for the full extent of the Perth and Kinross Council area. Figaea22 (b)
shows thatthe greatestgainsareto be made from planting in the south and east of Perth and K&ro
on the areas of which are in the classes of the Land Capability for Agriculture of S¢8tdrglrvey

of Scotland Staff, 1981dr which there is greater flexibility for the types of crops grown. These
extend across Strathmore and the Carse of Geww the eastStrathearn, and Kinross in the south.

Planting in some upland areas would lead to a net loss of carpda 25 years after planting (e.g. in

the vicinity ofRannoch Moot Forest of Atholl, Glen Errochty and Forest of Clukidy years after
planting, there remains some geographic area with potential losses of carbon, but restricted to the
north-west, of the Council area arouri@annoch Moor and Loch Erichthere high carbon soils
predominate.

By comparison, the productiveonifer forest management alternativ@~igure22 c and d) leads to

higher levels of carbon sequestration than native broadleaves we&r2045. This is particularly
evident on the better quality land in the east and south, but with higher sequestragiaid obtained

than evident for the native broadleaves FMA. In the productive conifer FMA, there are no areas with
losses of carbon after 25 years, or 50 years, with almost neutral effects on the areas less suitable for
planting.
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Figure22 (a). Potential carbon Figure22 (b). Potential carbon sequestratio
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Figure22 (c).Potential carbon Figure22 (d). Potential carbon sequestratio
sequestration undeforest management underforest management alternativef
alternativeof Sitka Spruce, 25 years afte| Sitka Spruce, 50 years after planting (valug

planting (value it Cha'ly?). Full FMA areg t Chaty?). Full FMA area shown.
shown.

hdSNIff (GKS KAIKSad OFNb2y aSldzSadNI dA2y NI OGS
KAftfEQ YR YILI 2 GKS NBlFa RSaaA3y (So Burvalry6iR S NJ
Scotland Staff, 1981lg)assification as rough grazing, impedwgrazing andrable land types (Figure

8) which have consequentially high potential for carbon storage (Figurel8. two forest
management alternatives were analysed with respect to the Perth and Kinross Forest and Woodland
Strategy, for thePreferred land class, and that of the Potential and Preferred etaSfiese are
illustrated in Figure3 and24 respectively.
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By focussing on théreferred only land inFigure23 (a to d)overall the negative choices for
afforestation (where longerm cabon debts are evident) are avoided. It should be noted, however,
that significant opportunities for positive carbon outcomes from afforestation are missed. This is
evident when comparing scenarias Figure23 (a to d)with those in Figure4 (a to d) Dwe to
different soils / antecedent land use the rate of delivery is less on the potential than preferred
location, as can be clearly evidenced in FigdBeThe comparisons do not account for forest product

use mitigation benefitérom afforestation
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FHgure 23 (a). Potential carbon sequestration| Figure23(b). Potential carbon sequestration
under scenario 1 dbrest management under scenario 1 dbrest management
alternative ofnative broadleaf, 25 years after; alternative ofnative broadleaf, 50 yeaifter
planting, including Forestry and Woodland planting, including Forestry and Woodland
Strategy Class: Preferred only (valu¢ @ha' | Strategy Class: Preferred only (valu¢ @hat
yh. yh.

Production Sitka Spruce (FMAT) - 25yr timeslice - Scenario 1 (FWS Preferred) 1{
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Figure23(c).Potential carbon sequestration| Figure23(d). Potential carbon sequestration
under scenario 1 dbrest management under scenario 1 dbrest management
alternative ofSitka Spruce, 25 years after alternative ofSitka Spruce, 50 years after
planting, including Forestry and Woodland planting, including Forestry and Woodland
Strategy Classes: Preferred only (valueGnha | Strategy Class: Preferred only (valu¢ @hat
Yy?h). yh.
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