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Abstract
The original requirement of the deliverable was extended into a report detailing:
e Landuse scenarios guidelines (section 1). General guidelines on how to create land

use scenarios for the REFRESH project ftben SRES frameworko develop
storylines and their implementatianThe land use scenarios for the Dee catchment

are used as an exangl

e LandSFACTS guidelines (section Il). General guidelines on how to spatially implement
the land use scenarios using the LandSFACTS software.

e An additional example of simpler land use scenariostlier Thamescatchment is
also includedsection I11)

A new version of the LandSFACTS software (v2.0.4) is released on the Macaulay website
(April 2011)
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SECTION ILAND USE SCENARIQ®DELINES

1. INTRODUCTION
Theseguidelines outlinghe approach being followed to set up land use scenarios for the
REFRESH project.

Summary of preliminary requirements

e Being aware of the general principles and frameworkR&FRESH Deliverable 1.7
Review of soci@conomic scenario frameworks and ¢husescenarios in Eurofie
(Brown, 2011)and as described in this pap&RRINCIPLE&Sd (3 FRAMEWORK

¢ |dentifyingthe specifidssues and purpose of the scenarifor the demonstration
catchments 4 ISSUBS

e Abaseline land use/cover map adapted to the purpose of the scenariocSECTION II.
LANDSFACT®OLKIGUIDELINES

1.1. Workflow
The guidelines for constructinignd use scenarios follotke diagram inFigurel. The
principles and framework ardesigned to beyeneric for all case studiés provide overall
consistencywhereas éfinition of the issues can also be framed based upon case study
specifics. Once the key issues have been defigttylinesare developed based upon the
overall scenario assumptions and then, using a-balsed approach, quantified spatio
temporal scenarios gfotential future landscapesan be created. Ideallgyvaluation of the
resultingscenarios woulde usedo reframe the key issues arigratively identify any
additional issues for further assessment

o Principles
Generic
Framework
Frame key issues
Issues
Ca se Storylines
Examples
Simulation
Evaluation

Figurel: Workflow for séting land use scenarios in REFRESH
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2. PRINCIPLESND REQUIREMENTS

2.1. Scenariosn Context

A scenario is a coherent, internally consistent, and plausible description of a possible future

state. It allowsan exploration of uncertaintyor situations where it isot possible to ascribe

likelihood as can be done with probabilistic projections, but at a more comprehensive level

than sensitivity analyswhich artificially adjusts individual variables but daksnot imply
any coherence between the variables beingteal (Figure2).

With regard to spatially explicit modelling, a key feature of scenarios is therefore that they

are coherent in space and time. For this reason in REFRESH wartiaaredeveloped and
refined the LandSFACTS tamknsure spatial and temporal coherence in the construction
of scenarios.

Probabilistic
Futures

Comprehensiveness

Implausible mmres= Plausible futures
Zero or negligible : Without ascribed 1 With ascribed
likelihood I likelihood 1 likelihood
[ |

Figure2: The role of scenarios alongside other tools to assess future ch{fnoge IPCC,
Carter et al., 2007

2.2. Upscalingg Downsaling
As highlighted in the review paper for Deliverable 1atdscaling of Europedsvel
scenarios to case stuayatchmentsoften omitslocalfactors that are important for
understanding land use trends and patterns at catchment level. These factorsatade
bio-physical constraintbut are particularly expressedribugh socieeconomic influences
such as traditiorand local landscapereferernces, that camesult in land use patterns
diverging from a notionadconomicptimumQparticularly in marginal areas. To design
relevantscenarios at catchment scale, an approach that comhbiogglown and bottomup
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constraintsand priorities derived from the characteristics of the case stislgeeded this
involves the integration of tb downscaling and upscaling techniques.

2.3. Incorporating adaptation
Climate changedaptationprocessesre dependent on local contexproviding another
important reason to include bottom-up approachn scenario developmentAdaptation
can be
e proactive(planned), such as in the design of habitat networks or buffer strips to
improve water quality
e reactive (i.e. unplannedr autonomous, for exampleghrough incremental
adjustments by farmert climate change by changing annual crops

We have aimed toevelop a scenario toolkit that can include both of these types of
adaptation.Stakeholder involvement in developing scenarios via workshapgprovide
realism and ownership.

3. FRAMEWORK

3.1. General scenariog IPCGSRES
The IPCC SRES framework (Nakicerbwlc, 2000) as reviewed in Deliverable 1ig,being
used as an overarching framewdrkcontextualise future socieconomic changéor the
REFRESH land use scemarithe framework categorises scenarios based wyworaxesthat
define major uncertairies in future global developmentjlobal versus regiongbvernance
and market oriented versus environmentalues(Figure3).
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« Vary rapid economic growth * Very heterogeneous based on the
« Global population that peaks in contmu?d u;_:a.rabon and preservation
mid-century then declines of local identities

* Rapid introduction of new and more * Continuously increasing population
efficient technologies * Regionally oriented economic
development

* Per capita economic growth and
technological change more fragmented
and slower than A1

* Emphasis on global
solutions to economic,
social and environmental
sustainability

* Global population that peaks in » Emphasis on local solutions to economic,
mid-century then declines social and environmental sustainability

* Improved equity + Continuously increasing global
« Rapid change in economi structures population (albeit slower than the others)

towards a service and information economy * Intermediate economic development
* Reductions in material intensity » Slow but diverse technological change

« Introduction of dean and resource * Oriented to environmental protection
efficient technologies and social equity

Figure3: RESramework

3.2. Climate scenariosind biophysical land capability
In addition to socieeconomic factors,lonate is an importaninfluence onland useby
providing constraints on crops or management practices, such as through the length of the
growing season, water availability wetness factors. Climate therefore interacts with the
biophysical properties of the land, including soils and topograpldetermine its intrinsic
suitability for different usesi.e. land capability. The REFRESH project has used information
from the ENSEMBLES FP6 project that integrated and analysed data from several global
climate models (GCMs) and regional climate modeSNisfor Europe For the land use
scenarios, a model system to integrate this climate information with land capability has
been developed based upon recognition of chanigesey biophysical constraints. These
constraints will vary geographically, andsitommon for each country to have its own
classification system for land use capability based upon these constraints. Therefore for
Scotland, REFRESH has used the Land Capability for Agriculture (LCA) system and used the
HadCM3/HadRM3 GCM/RCM combinatioom ENSEMBLES to develop future projections
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for the 2050s compared to a 19€D00 baseline (c.f. Brown et al., 2008, in press for
methodology).

3.3. Land usechange- general storylines
Based uporthe IPCGRES scenaridsur general storylinebave been deveped based
upon further elaboration of the original storylines (see Deliverabl¢. Hénce for the UK,
the UKCIP socieconomic scenario@Berkhout et al., 2002)ave been used to add further
detail, including appropriate titled=(gure4), and further local detail has been provided by
stakeholder feedback events

Economic

World Market National Enterprise
(A1) (A2)
Global < > Local
Global Sustainability Local Stewardship
(B1) (B2)

Environmental

Figure4: Generalstorylines following SRES

4. ISSUES

4.1. REFRES#¢neralissues
The key issues for land use change with regard to the REFRESH project have been defined as
being through the direct and indirect effects of climate change (including appropriate
adaptation measures) for the following policies:
e The commitmenin the Water FameworkDirectiveto $haintain good ecological stat(s
e The obligations of thélabitatDirectiveto Yhaintain favourable conditiaffor the
conservation of priority habitats and species.

4.2. Case studyspecificissues
Individual case studiaa the demonstrationcatchmentswill alsohave their own issues
either from national targetdocalsociceconomic influences drio-physicalconstraints(e.g.
water availability)
For example in the Dee catchment, tphelicytarget of expanding woodland covérom 17%
up to 25%s an important consideration as recognised by the Scottish Government Land Use
Strategy This expansiois a key component of an integrated approach to decreabks
emissions, improve habitajualityand enhance water resources.(.via riparian
woodland.
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4.3. Purposeof the scenarios
The purpose of the scenariogeds tobe clearly defined as firovidesthe focal issue and
identifies the requiredevel of detals. For example #éarm-level socio economic studyould
require scenarios catructed withfarms or individuafields as the smallest usitwhereas a
catchment scale water quality modelling might only require aggregated landan&&Ont
or at subcatchment leveldepending upon the model usetihe type otclimate change
adaptation measures to be integratedas important consideratioiichanges of land uses,
farming practices etc.).
The Dee case studyascarried out at two scales: catchment scale for general water
resourcemodelling, and sulcatchment scale (Tarland) éxplore the links between small
scalewater quality modellingand theassociatedsociceconomic studiesf cost
effectiveness ofdaptationmeasures.

5. STORYLINESCASE STULDSPECIFIC

The general storylines as defined by the SRES framework are used ¢odaamstudy
specific storylineswhichlink the overalREFRESkamework with thecase study
specificities The storylires can also ensure consistency across multiple case stadiys,

e.g. catchment and subatchments.

For the Dee catchmerftf. Figureb), two land uses changes are considered: the expansion
of woodland (extent and broad type) and variations in arable exténé land use changes
for all storylines take o account the biophgical restrictions of the land (land capability) in
2050 by explicitly integrating climate changes and its impact on available water resduarces.
North-East Scotland, climate changeprojected to lead t@ warmer and drier climate

under most scenarioBfown et al., in pressyvhich willact to improve land capability for
many areas and could be used to increase arable landaodiproduction if irrigation is
implemented.

The differences between the storylines emerge from tloenbination of policy priorities

and constraints uporthe use of naturatesources. For example undel&orld MarketQ
scenario, irrigation would only be used for high value crops asgbenomic imperative
means thatcrops prices need to cover the iraion infrastructure. If food security is
subsidised undefNationalEnterprisekstoryling large scale irrigation might happen for all
priority crops(including possibly for energy and footdnderlobal 8stainabilityihe
irrigation might be tightly egulated to protect water quantity and quality in the
environment therefore only implemented where water resources are plentifdr the

Wocal Stewardshfpocal agreements between all local water stakeholders might be reached
to protect water bodies wite supporting food production.
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Economic

No subsidy A Prioritise food security

Coniferous plantations Coniferous plantations

Arable constant/intensification Arable expansion

Irrigation for high value crops Large scale irrigation
World Market National Enterprise

Global € > Local

Global Sustainability Local Stewardship

Top-down directed Bottom-up choices
Native woodland

Prime agric. land protected
Irrigation restricted by regulation

Native woodland
Agric. Extensification?
Shared resources (e.g. water)

A 4
Environmental

Figure5: Land use storylines for the Dee catchment

6. SIMULATION CASE STULBPECIFIC

The implementation of thgualitativestorylines hrough quantitative simulations requires
further development othe scenariobased upon the kegharaderistics of thecase study
area, including available baseline datalammd useand land capability (soils, topography
etc.). The storylines are convextl into specific rules that encapsulate the priorities and
constraints of the scenario assumptions.

For examplethe Dee catchment simulatiotsave been developed fdiroad catchment
scale water modelling, whereas a sooitchment (Tarland) will be used liok detailed small
scale water modelling with socEconomic assessment of climate change adaptation.
Therefore the baselinemap for both case studswill be different: a land cover mapJK
LCM2000, detailed equivalent BUCORINE dataset) for the Degtchment, and OS
Mastermap (cadastral, topographical map) with individual fields boundaries for Tarland sub
catchment Figure6.
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I North-East region : policy targets

| Dee catchment: water catchmentissues

¢ Broad habitats (LCM2000)
e Potential land uses transitions

e Spatial units: 250m

Arable

Improved grassland Bog Rocks
Natural grass Montane habitats Water bodies
Bracken M Woodland and shrubs M8 Urban

Tarland sub-catchment: cropping systems

> ‘ Cfields e Crops, land uses
) [[land,manmade
[Jland, natural (non fields) (SlACS and OS)
= rouah rassiand « Crop rotations, potential land use
7 nonconiferous trees transitions
I coniferous trees
2 mixed natural
Wl heather e Spatial units: fields boundaries
[Tinland water
[ZImarsh reed, saltmarshes
[ rock, boulders I build up
W roads, paths [Junclassified

Figure6: Dee catchment and Tarland saatchment map baselines

The development of rules for the case study storylines allows them to be translated into

specific land use targets for the simulations (e.g. % land use changes).

The targets for thdee and Tarland scenarios are summarisebaiblelT (1 KS W[ 2 O f
{GSoFNRAKALIQ a0SYyFINA2 FT2N 6GKS 5SS Ol édOKYSy
upon a specific focus at smaller scales {satthment level). As both case studies (2ed

Tarland) will be used for full spatiaHgxplicit assessments of change, the LandSFACTS

toolkit was used to ensure that scenarios remain internally consistéma tdolkit provides

the means to translate specific land use targets to land use maps representing scenarios
(Dee:Figure7; TarlandFigure8).

For details orhow to implement scenario targets ltandSFACTS refer @ ECTION |l.
LANDSFACT®OLKIGUIDELINES
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Tablel: Land use scenarios for the Dee and Tarland catchment

Scenario World Market National Enterprise Global sustainability LocalStewardship
Catchment Dee Tarland Dee Tarland Dee Tarland Dee Tarland
Woodland 2206 32.8% 220 32.8% 25% 49.2% 49.3%
percentage

Woodland types

Coniferous plantations

Coniferous plantations

Native woodland

Native woodland

Woodland spatial
restriction

Not on prime landcand
seminatural areas

Not on prime landcand semi
natural areas

Not on prime lancand semk
natural areas

Not on prime land

Arable percentage

Constant

Expansion| Inverse grasslant
(16%) arable ratio

Constant

Inverse grassland
arable ratio

Arable spatial
restrictions

2050 + irrigation

2050 + irrigation

2050 + no irrigation

2050 + irrigation
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Economic
A

World Market National Enterprise
Global € > Local
::Db."':gld Global Sustainability | Local Stewardship
- semi-natural
- Z;tt?ermen“ What are the local

priorities, choices and
decisions?

Figure7: Dee scenarios

.
[7] SPRING BARLEY Economlc
[ SPRING OILSEED RAPE
SPRING WHEAT
[]1SPRING OATS

[ WINTER BARLEY
FZ]WINTER OILSEED RAPE ENERGY
[E5 WINTER WHEAT

[ZIRAPE FOR STOCK FEED

[77] ARABLE SILAGE FOR STOCK FEED 4
SEED POTATOES § 3, S
[ TURNIPS/SWEDES FOR STOCK FEED R o

[TJOTHER CROPS FOR STOCK FEED ‘
World Market National Enterprise
Global <€ > Local

Global Sustainability | Local Stewardship

NORMAL SETASIDE
FALLOW

£ ROUGH GRAZING o
5 GRASS OVER S YEARS

"] GRASS UNDER S YEARS
I new woodland

I coniferous trees

[~ nonconiferous trees
“scrub

[ mixed natural

[ heather

=7 rough grassland
[Jland, natural (non fields)
[ marsh reed, saltmarshes
[Tinland water

[ build up

[P S

A

2 A 4
* Environmental

Figure8: Tarland scenarios

7. EVALUATIONVISUALISATION

The 2D land use maps of the scenarios can be further processed to provide asanre
friendly platform for engaging stakeld®rs and to obtain feedback on scenarios realism and
potential changes.dedback anthen be used to refine the castusly storylinesExamples

of such vsualisationtechniquesare 3D visualisationHigurel0) andthe Virtual Landscape
Theatre(Figure9).
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Figure9: Screenshot of a Tarland 3D scenario

FigurelO: Stakeholders meeting on the Tarland scenauisisg theVLT.
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