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Forest carbon dynamics

Carbon sequestration - a question of balance!
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Forest and soil carbon stocks

Woodland Carbon stocks

Estimates from the BioSoil survey (2005-10) and Forestry Statistics 2020
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Forest carbon management
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Forest carbon management

'Forest Management Alternatives' Concept
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Forest carbon management
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Forest carbon management

Distributions of average rates of change in C for permutations of 100,000 ha in each FMA
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Forest carbon management

WEAG 2020

« 2020 re-analysis of afforestation potential
» New land capability filters
» Includes new peat extent data
» Includes updated NFI extent

Fewer LCA
restrictions on

Includes good Improved peat
quality mixed (and woodland)
agriculture mapping

best quality

LCA Land use type AG Area

Class :

1.0-31 Arable 533,

32-42 Mixed Agriculture 1,150)8 987 318
51-543 | Improved Grassland B73, 771 632 915
6B.1-T7.0 Rough Grazing 598,51]‘:./ 1,015 487

© Crown copyright www.forestry.gov.uk/forestresearch



Forest carbon management

WEAG 2020
« 2020 re-analysis of afforestation potential

Area > 0 tC/hafyr over 20 years

Fa Marne All Semi- Matural Grassland Cropping

FMAL  |Native Conifer 1,876,000 23,000 200,000 1,053,000
Fra2 Mative Broadleaf 1,916,000 &4, 000 725,000 1,047,000
FMAG Multi-Purpose Conifer 2,553,000 725,000 726,000 1,088,000
FMa3 Multi-Purpose Broadleaf 1,810,000 5,000 7R4,000 1,041,000
FhMad  |Mult-Purpose SitkaSpruce 2,140,000 444 000 722,000 974,000
FIAE Produdtion Conifer 2,132,000 466,000 £32,000 968,000
FMA7  |Production Sitka Spruce 2,147,000 473,000 709,000 965,000
FIdAS Short Rotation Aspen 1,784 000 306,000 556,000 B22,000
FMALD  |Short Rotation Rauli 1,502,000 215,000 517,000 770,000
FMAG Produdion Douglas Fir 1,223,000 148,000 411,000 663,000

Area >1.05 t/ha/yr over 20 years

Fia Marne All Sefmi- Matural Grassland Cropping
FhMal  |Mative Conifer gg2 - - gg2
Fia2  |Mative Broadleaf - - - -
FMA5 Multi-Purpose Conifer 1,517,000 - 479,000 1,088,000
Fnas Multi-Purpose Broadleaf - - - -
FMad  |Multi-Purpose SitkaSpruce 556,000 - - 556,000
FMAZ Production Conifer 1,645,000 1,100 &/2,000 862,000
Fray Produdion Sitka Spruce 1,708,000 55,000 635,000 865,000
FMAS Short Rotation Aspen 1,475,000 3,000 LE7,000 228,000
FMALD | Short Rotation Rauli 1,487,000 202,000 515,000 770,000
FMAG Produdion Douglas Fir 1,217,000 144,000 410,000 663,000
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Forest carbon management

» 2020 re-analysis of afforestation potential

Planted area needed as % of TIMES assumptions > 1.05 tC/ha/yr

FIvia MName All Semi- Matural Grassland Cropping
FRal Mative Conifer o9 - - e
Fria3 Multi-Purpose Broadleaf

Fha2 Mative Broadleaf

FILS Multi-Purpose Conifer Bl% - 7% 75
Friad Multi-Purpose Sitka Spruce B5% -

FIAE Production Conifer E3% 95% 2% SE%
Fra7 Production Sitka Spruce 5E% 7% B5% 53%
FIWAS Short Rotation Aspen 63% B T2% 5E%
FS 10 Short Rotation Rauli 449% 4% 46%

FMAR Production DDUEHE Fir 3% 45% 3% 2

 New woodlands which achieve >1.05 tC ha! y-! over the first 20
years, requires planting productive species on better quality
mineral soils, bringing trees ‘down the hill’, maximising carbon
capture.
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Forest carbon management

Better quality land
delivers high carbon
benefits from
woodland and better
economic return

Integrated land use
options (shelterbelts)
particularly beneficial

LAND ¥IELD & AGRICULTUTRAL LAND PREDOMINANT LAND
PRODUCTIVITY | TYPE AGROFORESTRY POTENTIAL
- MAMAGEMEMNT TREE
AGROFORESTRY TYPE OPTION PRODUCTIVIT
[LCA CLASS] A
Lowest Quality Rough Upland wood pasture Extensive
Grazing {single trees or clusters) upland
Silvopastoral: “Sheep & Native Scots pine Poor
LOW Trees” woodland & Low
ductivi i Do not plant
[LCA 7.0] EEEE;;;W native peat=50cm
deas
(AFMA 1) (AFMAZ)
Poor Quality Upland Lowland wood pasture Extensive
Silvopastoral: Rough Grazing (single trees or clusters) | upland
“Sheep & Trees” Multipurpose Broadleaf & | Moderate-Good
[LCA B.1—-6.3] Multipurpose Conifer
AFMA S (AFMARISIT)
Improved Grassland Shelter Belts for Intensive upland
- R Livestock: Multipurpose B
Sll'.ropxastorﬁl. Livestock & Broadieaf & Productive Moderate-\Very
Trees ; Good
Conifer
[LCA 5.1 5.3] {AFMA 3 (AFMA 7/R)
1
Mixed agriculture Buffer Strips or Shelter Lowland
- T Belts for Livestock: \
Sll'.ropxastorﬁl. Livestock & Productive Broadlesf & Very Good —
Trees ; ; Excellent
Productive Conifer
-
[LCA3.2-4.7] (AFMA 39} (AFMA RIT)
|
HIGH Arable agriculture Rows and buffer strips Lowland
- ]
Silvoarable: “Crops & Trees” for Arable Short F_'.matlcun Very Good -
Forestry, Productive Excellent
[LCA 20— 3.1] conifer and broadleaves,
silvo-arable planting
(AFMA 9) (AFMA T)
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Forest carbon management

o Soil C stock is large — minimise soil C losses
e In existing woodlands management
e In woodland expansion

e Cultivation usually increases soil C loss

 Drainage of wet solls increases C losses through
Increased decomposition and more dissolved C loss

 Need to strike appropriate balance between soil C
loss and good establishment and growth (yield
class, stems ha' & wood density)

 Peaty soils are a particular concern

 Arable & rotational grassland soils typically have low
C content

 Balancing other objectives at local/regional scales is
key (biodiversity, access, wellbeing, economics)
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Forest carbon management

Further details available from
https://doi.org/10.1016/j.landusepol.2020.104690

2020) 1046

Land Use Policy

Contents lists available at Scienc -
Land Use Palicy
Shlp ) AN
Land Use Policy -~

https://woodlandexpansion.hutton.ac.uk/

Not seeing the carbon for the trees? Why area-based targets for establishing )
new woodlands can limit or underplay their climate change mitigation e
benefits

K.B. Matthews™*, Doug Wardell-Johnson®, Dave Miller”, Nuala Fitton", Ed Jones”,
Stephen Bathgate®, Tim Randle®, Robin Matthews”, Pete Smith”, Mike Perks ZI*
A The James Hutton Institute, Craigichuckler, Aberdeen AB1S SQH, U
® Institute of Biological and Environmental Sciences, School of Biclogical Sciences, University of Aberdeen, 23 St Machar Drive, Aberdeen, AB24 3

ingdom
Forest Rescarch, Bush Estate, Roslin, {H25 95Y, United Kingdom

U, Scotland, U

ARTICLE INFO ABSTRACT - . e
[ra— Area.based targets for afforestation are a frequent and prominent component of policy discourses on forestry, e

Afforestation land use and climate change emissions abatement. Such targets imply an expected contribution of afforestation o v

Emissions 10 the net reduction of greenhouse gas emissions, yet the nature of aforestation undertaken and is geographical .

Mitigation means that there is uncertainty over the i emission reductions outcomes. This

gi’i“" uncertainty is reduced if the net carbon balance is calculated for all potential afforestation sites, considering

pelil climate, soil characteristics and the possible types of afforestation (species and management regimes). To

quantify the range of possible emissions outcomes for area-based afforestation targets, a new spatial analysis
methiod was implemented. This improved the | mxemuon of spatial data on antecedent land use with mapped
outputs from forest models d ty of eleven forestry management alternatives.
This above ground carbon data was then \mezm[ﬂl with outputs from the ECOSSE (Estimation of Carbon in Srem s
Organic Soils - Sequestration and Emissions) mode] which simulates the soil carbon dynamics. The maps and o
other model output visualisations combining above and below ground carbon highlight where net carbon sur-
pluses and deficits are likely to accur, how long they persist after afforestation and their relationships with
antecedent land use, soils, weather conditions and afforestation management strategies. Using more productive
land classes delivers more net sequestration per heetare and could mean greater carbon storage than anticipated
by emissions reduction plans. Extensive establishment of lower yielding trees on low-quality ground, with or-
gano-mineral soils could, though, result in net emissions that persist for decades. From the spatial analysis, the
range of passible outcomes for any target area of planting is substantial, meaning that outcomes are highly
sensitive to policy and implementation decisions on the mix of forestry systems preferred and to spatial targeting
or exclusions (both at regional and local seales). The paper highlights the importance of retaining the existing
presumption against planting of deep peat areas, but also that additional incentives or const be needed
1o achieve the tion implied by policy commitments. Supplementary carbon
e targets for new forestry would introduce a floor for carbon sequestration outcomes, but would
low for fexibility | in the trade-offs between carbon sequestration and
ny other objectives that new woodlands are expected o deliver

Email
mike.perks@forestreseach.gov.uk & keith.matthews@hutton.ac.uk
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