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ABSTRACT. This paper shows how, with the aid of computer models developed in close collaboration with decision makers
and other stakeholders, it is possible to quantify and map how policy decisions are likely to affect multiple ecosystem services
infuture. Inthisway, potential trade-offs and complementarities between different ecosystem services can beidentified, so that
policies can be designed to avoid the worst trade-offs, and where possible, enhance multiple services. The paper brings together
evidence from across the Rural Economy and Land Use Programme’s Sustainable Uplands project for the first time, with
previously unpublished model outputs relating to runoff, agricultural suitability, biomass, heather cover, age, and utility for Red
Grouse (Lagopus scotica), grass cover, and accompanying scenario narratives and video. Two contrasting scenarios, based on
policies to extensify or intensify land management up to 2030, were developed through a combination of interviews and
discussions during site visits with stakeholders, literature review, conceptual modeling, and process-based computer models,
using the Dark Peak of the Peak District National Park in the UK as a case study. Where extensification leads to a significant
reduction in managed burning and grazing or land abandonment, changes in vegetation type and structure could compromise a
range of speciesthat are important for conservation, while compromising provisioning services, amenity value, and increasing
wildfire risk. However, where extensification leads to the restoration of peatlands damaged by former intensive management,
there would be an increase in carbon sequestration and storage, with a number of cobenefits, which could counter the loss of
habitats and species elsewhere in the landscape. 1n the second scenario, land use and management was significantly intensified
to boost UK sdlf-sufficiency in food. This would benefit certain provisioning services but would have negative consequences
for carbon storage and water quality and would lead to areduction in the abundance of certain species of conservation concern.
The paper emphasizes the need for spatially explicit models that can track how ecosystem services might change over time, in
response to policy or environmental drivers, and in response to the changing demands and preferences of society, which arefar
harder to anticipate. By devel oping such modelsin close collaboration with decision makersand other stakeholders, itispossible
to depict scenarios of real concern to those who need to use the research findings. By engaging these collaborators with the
research findings through film, it was possible to discuss adaptive options to minimize trade-offs and enhance the provision of
multiple ecosystem services under the very different future conditions depicted by each scenario. By preparing for as wide a
range of futures as possible in this way, it may be possible for decision makers to act rapidly and effectively to protect and
enhance the provision of ecosystem servicesin the face of unpredictable future change.

Key Words. blanket bog; ecosystem services; heath; mountain; moorland; payments for ecosystem services; Peak District
National Park; upland

INTRODUCTION

As concerns over global food security and climate change
grow, decision makersfaceincreasingly tough decisionsabout
how land should be used (Foresight 2011, Vermeulen et al.
2012). Delivering morefood and fiber now might make short-
term economic sense, but without understanding thelong-term
conseguences for the other ecosystem services upon which
society depends, decision makersmay beunaware of thetrade-
offs they are making for future generations. However,
identifying likely trade-offs is a challenging task, given the
different scales over which many ecosystem services operate,

and the unpredictable ways that they are likely to respond to
drivers of change in complex social-ecological systems. It is
essential to ensure that a payment for one ecosystem service
does not inadvertently compromise the provision of other
important services. Addressing these challenges is becoming
increasingly important as payments for ecosystem services
(PES) schemes proliferate internationally (Balmford et al.
2008).

The ecosystem servicesframework isincreasingly being used
by policy makers around the world to understand,
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communicate, and manage the benefitsthat nature providesto
society (MEA 2005). The framework is a useful device to
systematically consider the likely consequences of adecision
on all aspects of nature's “life-support system” (Turner and
Daily 2008). However, until recently, using ecosystem
services as a framework has largely been heuristic, with no
capacity to provide decision makers with quantitative,
spatially explicit information about the likely consequences
of their actionson multipleecosystem servicesasthey interact
at different spatial and temporal scales. As such, calls for
agricultural support to be focused more on the provision of
ecosystem services, e.g., debate over the “greening” of the
EU’s Common Agricultural Policy, have been dismissed by
many as unworkable.

Withtheaid of computer models, it ispossibleto quantify how
decisions are likely to affect multiple ecosystem services in
future. Using the outputs of such models, itispossibleto begin
assessing the magnitude of likely trade-offs, and identify
where there may be win-win scenarios where certain land use
or management decisions could boost multiple services (e.g.,
Opdam et al. 2001, Alcamo et al. 2005, Egoh et al. 2010).
However, the benefits of such studies can be limited for
decision makers, who are rarely involved in the development
of relevant scenarios, or in the development of the adaptation
strategies that could help them avoid the worst trade-offs that
these futures present.

This paper shows how it is possible to identify how different
policy trajectoriesmay | ead to trade-offsor complementarities
between multiple ecosystem services, by combining computer
modeling with participation from decision makers. The paper
considers the UK uplands as a comparatively simple social-
ecological system in which there are a relatively limited
number of plausible scenarios that are likely to affect
ecosystem service provision in future (up to 2030). In
conclusion, we offer insightsinto the sorts of quantitative and
qualitative, interdisciplinary, and participatory methods that
are necessary to enable decision makers, e.g., policy makers,
planners, land owners/managers, to make decisions that can
preserve the ecosystem services society depends upon long
into the future.

UK uplands are a “land of many uses’ (Burt and Hanwell
1992). Traditionally, policy maker and practitioner priorities
were related to productive land uses, like sheep grazing or
forestry. Increasingly, upland habitats damaged by these
historic uses are being restored for carbon storage, water
quality regulation, biodiversity conservation, and landscape
aesthetics (Bonn et a. 2009). Many ecosystem services
provide benefits that wider society does not pay for and yet
could not easily survive without or afford to replace, such as
drinking water, flood mitigation, or carbon storage (Reed et
al. 2009). These “positive externalities’ can lead to conflict
where their continued provision is at odds with the objectives
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of land managers, e.g., where the costs of maintaining
biodiversity compromise the economic viability of a grouse
moor. Equally, “negative externalities’ may arise from land
uses and management activitiesthat benefit theland managers
at the (unpriced) expenseof wider society, e.g., water pollution
from farming. Market distortions that favor provisioning
services, such as the production of food, timber, and wind
energy, have been blamed for widespread environmental
degradation in wuplands, with government subsidies
historically encouraging, and occasionally incentivizing
overgrazing, drainage, and inappropriate burning regimes
(Holden et a. 2007).

The multifunctionality and range of ecosystem services
associated with upland landscapes makes them an ideal case
study social-ecological system in which we can explore how
land use conflict can be resolved and complementarity
enhanced. The management of multifunctional land use
systems involves multiple objectives, and decisions that
inevitably create trade-offs between competing ecosystem
servicesandfor the stakeholdersresponsiblefor their delivery.
Theobjectivesof land ownersand managersvary from person
to person, from place to place, and from generation to
generation. This makes it difficult to predict how future land
use decisions might lead to trade-offs between ecosystem
services, and to anticipate their likely consequences for
society.

Thispaper focusesontheDark Peak of England’ sPeak District
National Park (PDNP), but drawsfromwider research on other
UK uplands, to identify lessons that are likely to be relevant
for the adaptive management of such dynamic and
multifunctional landscapes in a range of other contexts
internationally. The paper brings together evidence from
across the Rural Economy and Land Use Programme's
Sustainable Uplands project (www.sustainableuplands.org/)
for the first time, with previously unpublished model outputs
relating to spatial runoff patterns, agricultural suitability,
biomass production, fractiona heather and grass cover,
heather age, and accompanying scenario narrativesand video.
The paper develops a methodology that can be used to show
quantitativeand spatially specific ecosystem serviceoutcomes
in response to policy scenarios, and addresses the following
questions: (1) What externalities are associated with upland
ecosystem services under different future scenarios? (2) How
can we minimize trade-offs and enhance complementarities
between different land uses and management practices to
secure future provision of ecosystem services from uplands?

RESEARCH DESIGN

Methods

The Sustainable Uplands project was designed to combine
knowledge from local stakeholders, policy makers, and social
and natural scientists to anticipate and sustainably manage
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rural change in UK uplands. In summary, the methodol ogy
consisted of the following steps:

1. Better understand stakehol der prioritiesand rel ationships
through stakehol der analysisand social network analysis.
Stakeholder analysis was conducted through an initial
workshop with cross-sectoral stakeholders, adapting an
interest-influence matrix (c.f. Eden and Ackerman 1998)
with additional columns added to capture more detailed
information about the nature of different stakeholder
interests and influence, their relationships with one
another, and contact details (Dougill et al. 2006, Reed et
al. 2009). This was followed up with a sample of
interviews with key individuals identified during the
stakeholder analysis workshop and their contacts to
categorize stakehol ders. Thisled to thefollowing groups
being identified: hill farmers, sporting estates, water
companies, forestry, conservation organizations,
recreation/tourism, and statutory bodies. Further
information about relationships between these
stakeholders was gathered using Socia Network
Analysis(Prell et al. 2008, 2009, 2010). Thisinformation
was used to select a small, but well-connected, trusted,
and broadly representative group of stakeholderstowork
with during the next step. By working with well-
connected individuals who were considered by othersin
thenetwork to betrustworthy, it washoped that new ideas
and attitudes emerging from the research process would
diffusetoamuch larger network of stakehol dersthanwas
possible to work with directly;

2. Understand current and future perceived challenges and
opportunitiesintheupland systemthrough acombination
of literature review, semistructured interviews, and site
visits, where a smal group of stakeholders and
researchers, selected from the stakeholder analysis and
Social Network Analysisinthepreviousstep, sharedtheir
knowledge about how the system would be likely to
respond to anticipated changes. Qualitative data arising
from interviews and site visits were analyzed using
Grounded Theory Analysis (Glaser and Strauss 1967);

3. Develop a conceptual model of the upland system using
themesthat emerged from the analysis of interviews and
site visits, supplemented with information from
published literature, and integrated using Vensim
software (Prell et al. 2007) to connect drivers of change
with system components and outcomes. Figure 1 shows
a submodel from this conceptual model;

4. Create draft scenarios by tracing drivers of change
through the system as they affect different system
components to create draft narratives describing the
system components that might be affected by different
drivers of change, leading to various outcomes (Reed et
al., in press);
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Fig. 1. Map of Peak District National Park showing the
Dark Peak area (shaded).
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5. Refine and prioritize draft scenarios. Draft scenarios
developed in the previous step were presented at a
stakeholder workshop. Draft scenarios were subdivided
into a number of components, and participants were
asked to evaluate: (i) thelikelihood that each component
of the draft scenario would happen; and (ii) if likely to
happen, the extent to which each component contributed
to a mgor impact, either positive or negative. New
components were added to draft scenarios where
necessary, and parts of scenarios that were deemed
unlikely to happen and/or unlikely to haveamajor impact
were removed from draft scenarios. The same exercise
was then repeated for each revised scenario, consisting
of all the components that made it through from the
previousexercise, ranking each of theserevised scenarios
inrelation to their likelihood and if they were to happen,
thelikely magnitude of theirimpact (for moredetails, see
Hubacek and Reed 2009; Reed et d., in press). This
ranked list of scenarios was then discussed, and top
ranking scenarios were further explored using process-
based computational models in the next step;

6. Investigate scenarios in  greater detall using
computational, process-based models to explore details,
feedbacks, and potential interactions between scenarios,
to identify possible trade-offs between ecosystem
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services that may be important for future planning. To
do this, a number of spatially explicit, process-based
models, covering land manager behavior, vegetation
cover and type, particular bird species of interest to land
managers and conservationists, carbon dynamics, and
water quality were devel oped to assessthelikelihood that
different scenarios would lead to an increase in the
provision of certain ecosystem services at the expense of
others (trade-offs) or lead to win-win improvements in
multiple ecosystem services (complementarities). A
spatially explicit model of moorland vegetation
dynamics and management decisions about sheep
grazing and heather burning in the Dark Peak of the
PDNP was developed (Chapman et al. 2009a, 2010).
Competition between dwarf shrubs, bracken, and
graminoids was mediated by grazing, dwarf shrub age
(determined by burning rotation), and environmental
gradients, and management decisions were dependent
upon vegetation cover. The model was parameterized
through a choice experiment with land owners and
managers in the Dark Peak of the PDNP to reveal
preferences for alternative production strategies and the
extent to which these choices were influenced by their
ecological and policy context (Jin et al. 2009). Linked to
this, astochastic model of Red Grouse (Lagopus scotica)
dynamics was developed to examine how interactions
between territoriality, productivity, harvesting, and other
environmental factors influence Red Grouse population
cycles (Chapman et a. 2009b). The PESERA model
(Kirkby et al. 2008) was used to assess how simulated
changes in management and vegetation cover, type, and
biomass would influence runoff patterns and contribute
to the delivery of sediment and nutrients downstream.
Agricultural suitability was considered as a combination
of mechanical limitations and climatic potential. Carbon
fluxes from peat soils, including all carbon uptake and
release pathways, both fluvial and gaseous, were
modeled by Worrall et al. (2007, 2009), run for adecade
from 1997-2006, and applied to an area of 550 km? of
upland peat soilsin the Dark Peak of the Peak District;

. Communicate findings. Model outputs were combined
with insights from semistructured interviews that could
not be model ed to create scenario narratives. These were
communi cated to workshop participantsin thefollowing
step using short films. Boxes 1 and 2 provide scenario
narratives that were adapted to create film scripts. These
narratives are illustrated with model outputs in Boxes 1
and 2, and links are provided to the short films. Film was
chosen as a medium in response to feedback from local
stakeholders, who provided feedback throughout thefilm
development process. As such, this differs from
“participatory video,” which relies purely on local
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knowledge, usually shot by local communities
themselves (e.g., Braden 1999, Kindon 2003, White
2003). It also differs from other film outputs from other
scenario projects that tend to rely mainly on scientific
knowledge (e.g., Nakicenovic et al. 1998, IPCC 2000,
Morriset al. 2005, Mensonides et al. 2008). As such, the
combination of local and scientificinputsgivesthefilms
arelevance and resonance that they could not otherwise
have achieved, while being based on arigorous evidence
base. To use video in amore interactive way, the project
developed an interactive website (www.ouruplands.co.
uk) to communicate findings from the research through
videos of project team members, and to share
perspectives between upland stakeholders and members
of the public. Key messagesfrom the scenarioswere also
packaged for more generalist audiences as an illustrated
children’ sfairytale and a music video (see Appendix);

8. Use filmsto discuss innovative ways that would enable
stakeholdersto respondto each scenario. Wherepossible,
models were used to evaluate adaptation strategies that
had been suggested during interviews, site visits, and
workshops, and provide feedback to stakeholders about
how likely they would be to work. These findings were
discussed in a final stakeholder workshop in which
participants were shown scenario films and asked to
suggest additional adaptation strategies (Table A1.1).

Case study context

Althoughtheproject workedinthreesitesinthe UK, thispaper
focuses primarily on data from the Dark Peak of the PDNP.
This region is typical of many UK uplands and marginal
mountain areas of Europe that are facing pressures resulting
from demographic change, policy reform, and environmental
problems, such as soil erosion, biodiversity loss, and climate
change.

The Dark Peak area of the PDNP was chosen for its diversity
of land use activities, i.e., conservation, farming, tourism,
water harvesting, shooting, andfishing, andtherangeof social,
economic, political, and environmental pressuresit faces. Itis
situated at the southernmost extension of the South Pennine
upland rangelands, between two large cities (Fig. 2). With
500km? of open access land and more than 10 million leisure
visits per year, the PDNP is Britain’s most visited National
Park (Peak District National Park Authority 2004). The PDNP
contains a number of villages and towns, but only 17.2% of
its 38,000 population live in the Dark Peak area (Office for
Nationa Statistics 2003). The livelihoods of PDNP residents
are more reliant on agriculture, game birds, and tourism than
the national average (Office for National Statistics 2003).
Most moorland is privately owned and managed primarily for
acombination of Red Grouse and sheep production.
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Fig. 2. Conceptual submodel of socioeconomic and biophysical processes related to burning management in the uplands of
the Peak District National Park, showing (inset) how many of the processes represented in this model interact at different
spatial and temporal scales (CAP = Common Agricultural Policy reform; DOC = Dissolved Organic Carbon; BAP =

Biodiversity Action Plan; adapted from Prell et al. 2007)
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Box 1: What if Britain'shill farmer smanaged theland for wildlife
and carbon?

[Link to film: http://youtu.be/bK 03IPY BAII]

Sheep are rapidly disappearing from Britain’s hills; why is this
happening and what doesit meanfor theland? Changesin agricultural
subsidies are forcing many farmers to take tough decisions and
climate change could add to the pressures. Therefore, if the sheep do
disappear, will they be replaced by Red Grouse? That could be true
on some estates, with controlled burning used to manage the land.
However, some land managers fear that shooting will itself come
under fire, because of short-term fears about bird flu and longer term
changesin public attitudestoward hunting that could see afuture ban
on killing wild birds. Whether we lost sheep or game or both, many
seeafuturein which land managersincreasingly become carbon and
wildlife managers.

Unlessland managers are paid to graze and burn these environments
to prevent scrub like young birch (Betula) trees and gorse (Ulex)
coming in, some areas may end up being left to go wild. Thiswould
probably be the least productive, highest, and most remote land. It
would lead to more areas becoming dominated by heather (Erica) at
the expense of grass. Figure 3(i) shows the current area dominated
by heather in purple. Figure 3(ii) shows that under current
management the heather fraction, where heather currently exists,
increases by 2030 at the expense of grass. Highly managed areas
remain relatively stable. Figure 3(iii) shows a greater increase in
heather fraction by 2030 if we remove management. Although this
might sound good for Red Grouse, who depend on heather to nest
and feed, more and more of the heather will be too old to actually
feed them. Therefore, there is the possibility that very little of the
heather in the Peak District National Park would actually be of any
use for Red Grouse. In the drier parts, the removal of management
would lead to an invasion of scrub and eventually forest. Figure 4
shows the driest parts of the Peak District in light blues and greens


http://www.ecologyandsociety.org/vol18/iss1/art5/
http://youtu.be/bKo3IPYBAII

Ecology and Society 18(1): 5
http://www.ecologyandsociety.org/vol 18/issl/art5/

Fig. 3. Heather fraction and changes between 2009-2030: (i) current heather fraction; (ii) future heather fraction under current
management; and (iii) future heather fraction in response to the “farmers as wildlife and carbon managers’ scenario.
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where scrub would first appear inthe east. Asaresult, itislikely that
government would fund the creation of fire-breaksto reduce the risk
of catastrophic wildfires. In the shorter term this could mean more
different types of plants and animals, but looking further ahead, it
would almost certainly lead to a reduction in the prevalence of
important habitats and species (such as Dunlin [Calidrisalpina] and
Golden Plover [Pluvialis apricaria]).

Climate change will present further challenges. Specieswill have to
move further north and higher up hills to maintain the sort of living
conditionsthey areused to. Although some, such asthe Black Grouse
(Lyrurus tetrix), would benefit from more trees, it is more efficient
to conserve these species by actively managing forests than by just
allowing the land to go wild. Also, athough a few species might
benefit from this new scrubby landscape, the majority of the people
who live, work, and play in our hills would not be happy about it.
Most of those who visit these environments are attracted by their
uninterrupted purple-tinted vistas and unique wildlife, and do not
want bushes and trees obscuring their view.

However, it isnot all doom and gloom. Leaving the hillsto go wild
would help us stop losing carbon from the soil. Figure 5(i) shows
how much carbon we are currently losing from the soil in red. If we
wereto stop grazing and burning and leavetheland to gowild, Figure
5(ii) shows how the soil would start to absorb and store carbon from
the atmosphere. However, in the less remote, lower areas, which are
lesslikely to be abandoned altogether, it may be possible to actively
manage the land for carbon. This may actually be more profitable
than managing for sheep or game if the public are prepared to pay
land managers to offset their carbon emissions. We aready know
that blocking drainage ditches and gullies, and revegetating bare and
eroding peat can prevent huge amounts of carbon being lost from the
hills, and store more carbon in the soil as new layers of peat are laid
down year after year in future. Reducing the amount of managed
burning may also help in some areas. In fact, we calculate that if all
the areas of peat in our hills were restored and in pristine condition
they could soak up 2% of current UK vehicle emissions every year.
If we did everything we could to restore damaged peats to pristine
condition, Figure5(iii) showshow wecould actually absorb and store
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even more carbon than we could if we just let things go wild.
However, the benefits would not stop here; restoring damaged
moorland could bring back important wildlife, reduce the risk of
catastrophic  wildfires, produce cleaner water, protect fish
populations downstream, and may even in some cases reduce
flooding in towns and cities. As long as the kind of weather we get
under afuture climate does not dry the soil out too much, blocking
drainage ditches may also reduce the spread of scrub and trees by
making the soil too wet for trees to grow.

We calculate that if members of the public would be willing to pay
around £25 per tonne of carbon to support al the additional benefits
you get from moorland restoration (that’ s little more than £10 for a
flight from Aberdeen to London), you could pay back restoration
costs within 30 years, which makes it a good aternative to forestry
schemes. Now we just need to work out where is best to do this to
avoid creating the greenhouse gas methane at the same time, which
could counteract the climate benefits.

Of course even if such ascheme wasrealized and the price of carbon
remained buoyant, there would be major changes for upland
communities if they became carbon and wildlife managers. There
could be significantly fewer, but probably larger, hill farms, with
those who remain in the hills increasingly having to look for
alternative ways to make money, for example through tourism, and
direct marketing of local specialist products like “fell-bred” lamb.
Deer management may benefit from an increase in hill forests, but
Red Grouse managers might have to pay grazers or burn more land
to keep the trees at bay.
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Fig. 4. Ratio of average annual rainfall and potential
evapotranspiration in the Peak District National Park,
showing areas in light blue and green where soils tend to be
drier toward the east of the park, areas where scrub and
forest are most likely to encroach in the absence of
management for sheep and grouse.

Box 2: What would improving UK food security mean for our
hills?

[Link to film: http://youtu.be/K duOlzABanl]

Recent risesin food prices have made us all aware how important it
isto ensure daily essentials are widely available and affordable long
into thefuture. Asaresult, governments around the world, including
theUK'’s, areincreasingly interested inimproving food security. This
could mean changes in the uplands.

If we want to become more self-sufficient in food production, we
will need to use more land, and we will need to manage the land we
are aready using moreintensively. We would see many more sheep
on the hillsthan we do today, and in some places, amix of sheep and
cattle. But there could befar moresignificant changesin some upland
aress.

There are many parts of the country that were farmed in the past and
could be used again to provide food. If we are committed to feeding
ourselves, we may need to plow up some of the more suitable high
ground to grow crops. Figure 6(i) showsthe parts of the Peak District
National Park that would be most suitable to grow crops. This shows
that asthe climate changes, it may be possibleto cultivate much more
land than we could today.

In many parts of the country, our hills would have been tilled in the
distant past, but not within living memory. With a bit of effort, for
exampleliming the soil and using trees aswindbreaks, it may just be
possible to successfully implement such a plan.

However, providing more homegrown food in thisway will come at
aprice. First, the extragrazing and cultivation would mean alot less
vegetation on the hills, perhaps as little as 10% of the potential
biomass (Figure 6[ii]). This vegetation slows the rate at which rain
reaches streams and rivers; without it, much more water will reach
our rivers much faster. Figure 6(iii) shows current runoff compared
to the amount of water we would expect to see running off the hills
under this scenario by 2030; more blue means more water coming
off thehills. Thiswill increasetherisk of flooding intownsand cities
downstream. Weareaready struggling to meet EU demandsto clean
up our watercourses, but the extra fertilizers washing into streams
and rivers from this new arable land would make this job amost
impossible. It would also change the color of the water coming out
of our hills, making it even harder for water companies to get rid of
the brown color they currently spend millions trying to remove.
Because more water would run off the hills faster, more sediment
would wash down our rivers, covering salmon spawning beds and
clogging up reservoirs more quickly than ever. If cropland were
created outside the areas our maps suggest would be most suitable,
there would be far more soil erosion, which would lead to more
problems with sediment. By increasing the numbers of livestock in
the hills, we risk changing the ecological balance between the wild
species of plants and animals, many of which are internationally
important. However, perhapsthe most significant consequence could
be the impact on the climate system. The peat deposits in our hills
are the largest store of carbon in the country, holding more than all
the carbon stored in the forests of Britain and France combined. If
enough of thiswashesdown our riversand ends up in the atmosphere
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Fig. 5. Carbon budget in Pesk District National Park showing (i) current carbon budget (-62 tonnes CO,eg/km?/yr); (ii) carbon budget in
2030 under active management for carbon, including various combinations of cessation of grazing and burning, blocking drainage ditches
and gullies, and revegetation of bare and eroding peat soils (-160 tonnes CO,eg/km?/yr); and (iii) carbon budget in 2030 with cessation of

grazing and burning (-117 tonnes CO,eq/km?/yr)
ERRATUM: In the original version of this manuscript items (ii) and (iii) were reversed. The correction was made on 9 April 2013.
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as carbon dioxide, it could exacerbate climate change, which in turn
would warm up the soil, releasing yet more carbon, i.e., a vicious
cycle.

The Dark Peak received international conservation status as
part of the South Pennine M oors Special Areaof Conservation
(SAC Habitats Directive 92/43/EEC) and Special Protected
Area (SPA, Birds Directive 79/409/EEC) and the majority of
the area is designated as Sites of Special Scientific Interest
(SSSI; a national conservation designation). Conservation
competes with multiple demands on the landscape including
water harvesting, recreation and tourism, agriculture, forestry,
and game management, because each is managing the land to
meet different priorities, yet management decisions have
effects for other groups. For example, English Nature (2003)
attributed a high proportion of Peak District’s designated
SSSIsbeing in “unfavourable condition,” predominantly due
to acombination of overgrazing and “inappropriate” burning,
some of which has been reclassified as “unfavourable
recovering” condition through extensive restoration efforts.
Managed burning is used in the area to create a mosaic of
heather stands to maximize Red Grouse populations (Holden
et al. 2007). Sheep grazing levels have declined significantly
in recent decades, mainly as a result of Environmentally
Sensitive Area agreements (Dougill et al. 2006).

RESULTSAND DISCUSSION

We reflect on the use of film to integrate local and scientific
knowledge, enabling stakeholders and researchers to work
together to identify relevant adaptations. We a so explore the
likely externalities associated with two contrasting policy
scenarios, based on either extensification or intensification of
land useand management in uplands, and identify likely trade-
offs between ecosystem services. The scenarios are
constructed using narratives, illustrated with short films
(Boxes 1 and 2). It concludes by briefly exploring a range of
future policy innovationsthat could pay for important positive
externalities, to reduce conflict and exploit complementarities
between land usesin UK uplands.

I ntegrating knowledge through film

The filmmaking process enabled knowledge to be integrated
fromarange of sources. It was possibleto combine knowledge
from interviews, workshops, and site visits that was implicit
(made explicit through the interview or workshop process),
informal (rarely codified or written down), local, context-
specific (often site or even hillslope specific), and experiential
“know-how,” e.g., knowledge of good practice moorland
burning, with knowledge from existing literature and the
construction of models that was more explicit, formal,
generalizable, processed-based “ know-why” (c.f. Raymond et
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al. 2010). The knowledge integration process that culminated
in the films, started with scenario workshops in which
stakeholders combined local knowledge extracted from
interviews, workshops, and site visits, with knowledge from
literature and model sto refine and rank scenarios (Reed et al .,
in press). This information was then used to construct
narratives (Boxes 1 and 2), which were then illustrated and
communicated in the films. The process of identifying
adaptations to the scenarios then took place in responseto the
films (source a, Table A1.1). As such, athough primarily
based on the knowledge of participating stakeholders, the
adaptations were built upon the combination of qualitative
local knowledge and quantitative model outputsthat had been
captured in the films. In addition to these adaptations, which
arose primarily from stakeholders, other adaptations were
suggested by the research team and explored in collaboration
with stakeholders alongside the devel opment of scenarios, e.
g., using carbon markets to pay for peatland restoration
(Worrall et a. 2009).

Film was chosen in preference to the use of GIS and model
outputs in map or graph form, or via a user interface, in
response to suggestions from the project’s Stakeholder
Advisory Panel. This group had concerns about the abstract
nature of such outputs, and worried that some stakeholders
might find them difficult to understand. They suggested that
film, by contrast, had the capacity to inform everyone,
irrespective of their formal educational status. This was
important, because stakeholders working with the project
ranged fromthosewith PhDswhowerevery comfortableusing
computers, to those who were illiterate and did not use
computers. Therefore, the use of film enabled the project to
communicate research findings to all stakeholders, enabling
adaptationsto be built on the widest possible knowledge base.
By enabling everyone to discuss adaptations on the basis of a
similar understanding of the project’ sresearch findings, it was
also possible to reduce power imbalances that had previously
arisen within the group between thosewith and without formal
education.

The use of films also enabled the project to overcome issues
of visual biasthat areinherent in many scenario visualization
techniques based on mapping and graphics (c.f. Reed et al.
2009). Such biases occur when scenarios focus primarily on
material that can readily be represented in maps or graphics,
e.g., tree cover or erosion, at the expense of material that is
harder to represent visually, e.g., cultural change or soil
chemical degradation. Using film, it was possibleto map some
model outputs, e.g., carbon sequestration and storage, and use
visual metaphorsto represent other material, e.g., streamwater
to represent increased overland flow or images of villagesto
represent cultural change. Because the narratives in Boxes 1
and 2 were based dtrictly upon research findings, they
remained quite technical, but viewer interest was maintained
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by interspersing the narrative with stakeholder interviews in
the films. To ensure the films were accessible to all
stakeholders, they were distributed via DVD as well as
uploaded to YouTube, where they were viewed over 1000
times in the first year, providing far greater accessibility to
research findings than would be possible through many other
media

Scenarios

Boxes 1 and 2 present the narratives and accompanying films
that were devel oped to communi cate scenarios. They draw on
material from all three study sites, and so are framed
nationally, giving them greater policy relevance. However, for
the purposes of this paper, illustrations have been drawn from
the Dark Peak of the Peak District National Park. Although
the narratives are strictly based upon research findings, some
simplifications were necessary for communication purposes.
For example, there are no caveats about how variations in
climate and plant community composition across the country
may influence carbon sequestration and storage potential.
Also, it should be noted that because the projections for 2030
rely on the system equilibrating to the modified environment
by then, lags in ecosystem responses will mean the actual
situation islikely to be somewhere between what we observe
now and what is shown in the scenarios. Box 1 extrapolates a
widely perceived current policy trgectory toward the
extensification of land useand management in uplands, which,
it isbelieved, may lead to the restoration of land degraded by
intensive management, that had previously ledto drainageand
bare/eroding peat, and the removal of other areas from active
management altogether. Stakeholders interviewed for this
research emphasized that there was no single approach to
extensification, or “rewilding” as it was often described.
Instead, there was a spectrum of likely approaches that could
occur together, ranging from an expansion of the least
intensive current practices, e.g., restoration, to complete land
abandonment with no active management (c.f. Deary 2012).
A rangeof policy triggers could cause this scenario, including
changesto thetotal amount of agricultural paymentsavailable
via the Common Agricultural Policy, changes to the
configuration of such payments, i.e., greening payments to
focuson the provision of ecosystem services, aban on hunting
wild birds, or changesin policy that would enable more land
managersto pay for restorationviaPES, e.g., for theassociated
carbon or water quality benefits of restoration.

Continued extensification of land use and management may
lead to anumber of important negative externalitiesthat could
have significant implications for the future provision of
multipleecosystem servicesfrom uplands(asdescribedin Box
1):

1. Provisioning services: a significant reduction in sheep
and Red Grouse production, with effects for upland
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communities whose livelihoods currently depend upon
these activitiesin the Dark Peak of the PDNP,

2. Regulating and supporting services: extensification of
land use, e.g., reduction in burning, might improve the
condition of blanket bog habitats. However, because
many blanket bog areas in the Dark Peak of the PDNP
havebeen damaged inthepast, they havelow water tables
and without restoration effortsto raise water tables, these
might not recover. A lack of management on dry heath
and acid grassland habitats might result in an increasein
scrub and eventually forest. This might temporarily
increase the risk of wildfires, which could damage soils
and release the carbon they contain, potentially leading
to a positive feedback with climate change; and

3. Cultural services: increased wildfires might degrade
important habitats. Heather density increases by 2030 as
a result of reduced levels of managed burning and
grazing, but much of the heather would be old growth,
and without the mosaic of different-age-stands currently
created by managed burning, little of this new heather
would likely be useful ashabitat for Red Grouse (Fig. 3).
A significant increase in vegetation height would
probably favor species like Reed Buntings (Emberiza
schoeniclus schoeniclus), an IUCN “Red List” species,
and Snipe (Gallinago gallinago; “Amber List”) at the
expenseof specieslikethe Special Protection Area(SPA)
designated species, Golden Plover (Pearce-Higginset al.
2006). A significant increase in heather cover could
reduce the abundance of Skylarks (Alauda arvensis; Red
List) and Meadow Pipit (Anthus pratensis; Amber List),
and a significant reduction in grass cover could reduce
the abundance of Golden Plover, Dunlin (Amber List and
SPA designated), Snipe, and Reed Buntingsin the Dark
Peak (Pearce-Higgins et al. 2006). In drier areas, scrub
and forest may gradually replace habitats and associated
speciesthat are internationally significant and protected
under various statutory designations. Although this
scenario may create habitats suitable for certain
important species, liketheRed List speciesBlack Grouse,
thismay be at the expense of the majority of habitatsand
species that are currently the focus of national and
international statutory designationsintheuplands. Those
who visit uplands for recreation tend to value their
uninterrupted viewsand unique habitatsand wildlife (van
der Wal et a. 2011), which would be compromised by
scrub and forest.

A number of benefits would be associated with managing
uplands for carbon through active restoration, typically
associated with the extensification scenario. Figure 5 shows
that compared to the current carbon budget (-62 tonnes CO,eqf
kmz/yr), the carbon budget in 2030 with cessation of grazing
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and burning would be -117 tonnes CO.eq/km?/yr, and the
carbon budget in 2030 under active management for carbon,
including various combinations of cessation of grazing and
burning, blocking drainage ditches and gullies, and
revegetation of bare and eroding peat soils would be -160
tonnes CO,eq/km?/yr. Thismay partly bedueto theincreasing
value placed on carbon in the context of efforts to mitigate
climatechange. A study commissioned by the UK Department
for Environment, Food and Rural Affairs (DEFRA) on the
ecosystem services of peat, that included the Dark Peak of the
PDNP as one of its case studies, found carbon storage wasthe
only ecosystem serviceranked in thetop three most important
services by stakeholdersin all four case studies (Bonn et al.
2010). Similarly, Christie et al. (2010) found stakeholders
rated carbon storage, along with water provision, as the most
highly valued service provided by conservation of blanket
bogs under the UK’ s Biodiversity Action Plan.

Box 2 focuses on policies that lead to intensification of land
management, mainly livestock intensification, but potentially
some conversion to arable use, to meet growing demands for
UK self-sufficiency infood production. Thisscenarioisbased
on afuturewherefood prices have become prohibitively high,
because of population growth and growing appetites of the
emerging middle classes in the developing world, combined
with a contraction in global production because of the effects
of climate change. This may result in policies and/or market
incentives to bring more marginal land into intensive
production. Figure 6(i) showsthat this might be facilitated by
increases in agricultural suitability in uplands due to climate
change by 2030. Grazing and cultivation could lead to a
reduced biomass cover, around 90% of the potential biomass
(Fig. 6[ii]). Thiswould lead to an increasein runoff by afactor
of two (Fig. 6[iii]). Moreintensegrazing and arable production
could rel ease carbon, and reducewater quality through erosion
and Cryptosporida contamination, with associated water
treatment costs for water companies, and potentially increase
runoff generation and peak flows due to shorter swards.
Plowing, even where feasible, could increase the delivery of
sediment and nutrients downstream, with consequences for
reservoirs and fish spawning beds. Although deemed less
likely than other scenarios by most stakeholders, this scenario
is considered highly plausible and, if it were to happen, of
major significance for the future provision of ecosystem
services from uplands (Reed et a., in press).

A reduction in the abundance of a range of species of
conservation concern is a negative externality of both
scenarios, and may be a flashpoint for future conflict in UK
uplands. Interestingly, thereis evidencethat existing conflicts
in uplands revolve around biodiversity conservation iSsues.
Evidence from a Social Network Anaysis of upland
stakeholders in the PDNP suggests that a number of cliques
exist between stakeholder groupswho communicateregularly
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Fig. 6. Changesin area of land suitable for arable
agriculture, annual runoff, and vegetation cover under the
“food secure future” scenario, showing (i) Dark Peak
uplands suitable for arable agriculture in 2000 and 2030; (ii)
vegetation biomass in 2009 and 2030 showing 10% of
potential biomassin 2030; and (iii) annual runoff in 2009
and 2030.
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and trust one another (Prell et al. 2008, 2009). This work
identified one clique as those with interestsin agriculture and
grouse moor management and another between conservation
and water companies, with little communication or trust
between each of thesecliques. Thisdividinglinecorresponded
with the terms of an argument, explored through
semistructured interviews, between members of each clique
over the extent to which moorland burning should be
regulated. On one side, conservationists and water companies
wanted tighter regulation to prevent “inappropriate” burning
on some habitats and reduce water discoloration in upland
streams. On theother side, farmersand grouse moor managers
wanted regulation to be more flexible, to maintain burning
rotations in the face of growing labor availability constraints
and climate change.

Itisdifficult to generalize how different types of stakeholders
perceive each of the scenarios. Partly this is because each
category of stakeholder ishighly heterogeneous, e.g., sporting
interestsinclude land owners, game keepers, and land agents,
each with their own views, whereas the conservation group
ranges from organizations narrowly focused on conservation,
such astheWildlife Trusts, tothe National Trust withitsmuch
broader remit, including access. Itisalsodifficulttogeneralize
becausethe scenariosthemsel vescontainanumber of different
components. For example, some members of the land
management community were in favor of increasing grazing
intensity in uplands but would be concerned to see an
expansion of arable agriculture (Box 2). Many land managers
were happy to see aspects of the extensification scenario (Box
1) that were similar to current practice, including more
restoration, but were concerned about the prospect of land
abandonment. Similarly, a minority of conservationists
favored forms of extensification that might lead to land
abandonment, which they referred to as “rewilding”, but the
majority favored more conservative forms of extensification,
similar to current practice. Understandably, the majority of
conservationists were concerned about the possibility of any
form of intensification in the uplands, if it were to take place
at the expense of the habitatsthey wereworking to protect and
enhance.

There is also an urgent need to consider the implications of
policiesthat prioritizecarbon andwildlife (Box 1) for property
rights. Themajority of UK uplandsarecurrently heldinprivate
ownership, but government intervention has created private-
state property regimes for the management of biodiversity,
and there are a few “commons’ under common property
management, mainly in England (Quinn et al. 2010). This
complex mix of property regimes are emerging partly in
responsetotheincreased recognitionthat privateland provides
important public goods and services that need to be managed
inthepublicinterest (Quinnet al. 2010). Private-state property
regimesmight need to expandinreach andinfluenceif uplands
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are required to provide an ever wider range of ecosystem
services to society. Alternatively, existing financial
instruments, e.g., agri-environment schemes, or the
emergenceof schemesbased on PES might incentivize private
land owners to manage their land for a wider range of
ecosystem services than they currently provide (Reed et al.
2011). Whatever happens, it is clear that the emergence of
carbon markets for upland restoration will present unique
challenges, given the complex and overlapping array of
property rightsin UK uplands.

Adaptations

Despitethemany current and future changesthat uplandsface,
there are many opportunitiesto reduce trade-offs and enhance
complementarities between different forms of land use and
management in UK uplands. Table A1.1 summarizes a wide
range of suggestions made for policy and practice by across-
section of upland researchers and stakeholders from Scotland
and England who took part in aseries of interviews and focus
groups conducted by the Sustainable Uplands project and
Glass et a. (2011). Many of the suggestions that could be
implemented by land owners and managers have been
discussed elsewhere (Glass et al. 2011). Given our focus on
understanding likely trade-offs and complementarities
between ecosystem services, we focus on policy suggestions,
in particular PES.

Thereisinterest from the UK Government (see, for example,
Scottish Government 2010, DEFRA 2011) and the European
Union (see wider discussion over greening the Common
Agricultural Policy) in ways to restructure financial support
to provide incentives for more effective management of
ecosystem services. Thereisinterest in accessing new, usually
private, sources of finance that can monetize and hence
incentivize some of the positive externalities of sustainable
upland management. There is also interest in using existing
agri-environmental paymentsmoreefficiently to securefuture
provision of ecosystem services under different scenarios.

Investment in the restoration of degraded peatlands appears
to represent a win-win scenario that could help meet
conservation targets while increasing the resilience of
peatlands to climate change and mitigating further climate
change by reducing greenhouse gas emissions. Payments are
already madefor many upland ecosystem servicesthrough the
EU’ sRural Devel opment Programme(Pillar 1 of theCommon
Agricultural Policy) via the Upland Entry Level Scheme
(UELYS) in England, Glastir in Wales, and Rural Prioritiesin
Scotland. In some cases, payments for ecosystem services are
made through the private sector. There may be opportunities
to expand the range of services currently supported by
government schemes, and to elicit further engagement with
the private sector to pay for some services.


http://www.ecologyandsociety.org/vol18/iss1/art5/

In addition to climate regulation through carbon sequestration
and storage, it may be possibleto generate paymentsfor other
ecosystem servicesfrom uplands. For example, “green water”
schemes whereby companies that need clean water pay land
managers upstream to conduct activities, e.g., soil and water
conservation measures, that improve water quality (e.g.,
Sadoff and Grey 2002, Emerton and Bos 2004). Such schemes
have the potential to be applied to land management activities
in uplands like drain and gully blocking (Armstrong et al.
2009) or the revegetation of bare and eroding peats, which can
reduce downstream concentrations of particulate and
dissolved organic carbon. For example, several water
companies are already paying for clean water via changesin
peatland management by funding management schemes, e.g.,
drain blocking or bare peat restoration, which they view to be
more cost effective in the long term than spending money on
enhanced water treatment.

Many of the cultural ecosystem services provided by uplands
focus around activities and values that are hard to monetize.
However, “visitor payback” schemes are now emerging that
enable visitors to pay for environmental management that
supports these services. For example, the scheme, “Our Man
at the Top” secures £50k per year for such work by adding a
£2 surcharge to every week booked by tourists in the Lake
District (Reed et al. 2011). Alternatively, there are arange of
mechanisms that can broadly be considered under “spatial
planning” approaches, that help broker arrangements between
developers, landowners, and planning authoritiesto create and
enhancethemanagement of habitatsat alandscapescale (Reed
et a. 2011).

Markets are also emerging to pay for biodiversity. Habitat
banking can beused to purchase biodiversity creditsthat offset
the impacts of development on biodiversity by creating or
enhancing habitats elsewhere (Latimer and Hill 2007, Briggs
et al. 2009). In Europe, thisis partly aready enforced through
the Habitats Directive and the Bird Directive, which demand
like-for-like compensation where development that is of
overriding public interest damages important sites for
conservation. It may be possible to generate biodiversity
credits from the restoration of degraded upland habitats that
could betraded to of fset damagefrom devel opment. However,
given the relatively high proportion of uplands protected by
conservation designations and that offsets must be like-for-
like, it isunlikely that there would ever be alarge market for
credits generated for this purpose.

Although there are many attractions to PES, some significant
unresolved challenges remain, such as those associated with
realizing “output-based payments’ (Engel et al. 2008) or
“payment-by-results’ (Schwarz et al. 2008) schemes, i.e.,
those that make payments proportional to the amount of
ecosystem service provided. Despite significant advances in
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recent years, scientific understanding of the complex
relationships between ecological and biophysical processes
and service provision remains limited (Dailly and Matson
2008) and more is known about some services than others.
The spatial interconnectedness of ecosystem services in
multifunctional landscapes makes it difficult to identify
exactly which land managers are responsible for delivering
which services. As a consequence, identifying and enforcing
who should pay whom, and identifying where property rights
lie to underpin this, can be tricky (Kroeger and Casey 2007).
Monitoring and verification of the ecosystem services
provided in return for payments al so presents challenges. The
cost of monitoring awide range of ecosystem servicesrapidly
becomes prohibitive, potentialy outweighing the economic
efficiencies that such a scheme should theoretically provide
(Schwarz et al. 2008). There is a danger that if private PES
schemes proliferatein future at local scaleswithout sufficient
coordination at a national scale, trade-offs may arise, with
benefits from one scheme cancelling out the benefits of
another. There is, therefore, an urgent need to consider how
PES for arange of ecosystem services could be coordinated
in the uplands. Such coordination requiresthe involvement of
natural and social scientists, theformer to devel op an adequate
evidencebaseontheeffectsof land management on ecosystem
servicesin different locations and thelatter to identify priority
ecosystem services and tailor incentives to target their
provision.

CONCLUSIONS

Developing policiesthat can protect and enhance, rather than
compromise the future provision of ecosystem servicesis an
urgent societal challenge, as decision makersattempt to tackle
climate change and food security in the context of ongoing
demographic and cultural change. Anticipating how policy
decisionsmight lead to trade-offs between ecosystem services
may help avoid or manage some of the worst trade-offs and
help develop policies that protect and enhance multiple
services. By understanding how land use and management
affects different ecosystem services, it may be possible to
identify the hidden costs and benefits of land management for
which society does not pay, and from which land managers
do not directly benefit. By paying land managers for the
soci etal benefitsof sustai nableland management andtoreduce
the costs to society of less sustainable practices, it may be
possible to harness private investment in the future provision
of ecosystem services. Such paymentsfor ecosystem services
schemes are now proliferating internationally, and are being
piloted in the UK through mechanisms established in the UK
Government’ s Department for Environment, Food and Rural
Affairs White Paper on the Natural Environment (DEFRA
2011) and viapoliciesin thedevolved administrationslike the
Scottish Government’'s Land Use Strategy (Scottish
Government 2010). However, to ensurethat apayment for one
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ecosystem service does not inadvertently compromise the
provision of other important services, it is essential to have a
spatially explicit understanding of how changes in land use
and management in response to policy are likely to affect
multiple ecosystem services.

This paper has shown how, with the aid of computer models
in close collaboration with decision makers and other
stakeholders, it is possible to quantify and map how policy
decisions are likely to affect multiple ecosystem services in
future. In this way, it is possible to identify potential trade-
offs and complementarities between different ecosystem
services, so that policies can be designed to avoid the worst
trade-offs and enhance multiple services where possible. In
contrast to the use of visualizations and user interfaces,
communicating scenarios via film facilitated the integration
of local and scientific knowledge and enabled all stakeholders
to reach a similar level of understanding so that they could
develop adaptations together in response to the research
findings.

Two contrasting scenarios were developed through a
combination of interviews and discussions during site visits
with stakehol ders, literaturereview, conceptual modeling, and
process-based computer models, using the Dark Peak of the
Peak District National Park in the UK as a case study. Both
scenarios led to arange of costs and benefitsto society, many
of which have not currently been paid. In places where
extensification leads to a significant reduction in managed
burning and grazing or land abandonment, changes in
vegetation type and structure could compromise a range of
species that are important for conservation, while
compromising provisioning services, notably sheep and Red
GrouseintheDark Peak of the Peak District, theamenity value
for thosewho currently valuethe open nature of thelandscape,
and increasing the risk of carbon in peat soils being released
through wildfire. However, where extensification leadsto the
restoration of peatlands damaged by former intensive
management, i.e., blocking drainage ditches and revegetating
bare/eroding peat, there would be an increase in carbon
sequestration and storage, with anumber of cobenefits, which
could counter theloss of habitats and species elsewherein the

landscape.

In the second scenario, land use and management was
significantly intensified, through increased livestock grazing
and bringing limited areasinto arable production, in response
to concerns over the UK’s self-sufficiency in food. This led
to benefits for certain provisioning services, mainly food
production, that were offset by a wide range of negative
consequences for most other ecosystem services, notably
carbon storage, water quality, andthelossof important habitats
and species of conservation concern. A reduction in the
abundance of a range of such species was a negative
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consequence of both scenarios, and assuch may beaflashpoint
for future conflict in UK uplands.

Asthese scenarios depict, the provision of ecosystem services
islikely to change over timein responseto arange of different
policy and environmental drivers. Ecosystem services will
also change in response to the changing demands and
preferences of society, which are far harder to anticipate.
Society needs to be aware that its current use of ecosystem
services might compromise its ability to realize future uses
(Hubacek et al. 2009). For exampl e, peatlands can beextracted
for horticulture and fuel, but historic extraction of peat has
compromised the ability of these environments to sequester
carbon and provide for wildlife habitats, water purification,
and run-off attenuation. As society’s needs and priorities
change, new ecosystem services may emerge, causing shifts
in the way existing ecosystem services are prioritized
(Hubacek et al. 2009). For thisreason, it isessential to further
develop spatially explicit model sthat cantrack how ecosystem
services might change over time, further integrating models
to understand how such changes might influenceland manager
decisions in future, and incorporating a wider range of
ecosystem services.

Thispaper hashighlighted the need to devel op modelsin close
collaboration with decision makers and other stakeholders, if
they are to depict scenarios of real concern to those who are
likely to use the model outputs. Films and other media (see
Appendix) were used asaway of illustrating narratives based
on a combination of model outputs and qualitative insights
from interviews and site visits, rather than focusing on the
development of a user interface for the modelsthat are likely
to belittle used, e.g., the NELUP model (O’ Callaghan 1995).
In thisway, it was possible to engage as wide an audience as
possible with research findings and facilitate discussion with
stakeholders about adaptive options to minimize trade-offs
and enhance the provision of multiple ecosystem services
under very different future conditions. By preparing for awide
range of possible futures in this way, it may be possible for
decision makers to act rapidly and effectively in the face of
unpredictable future change. As Malcolm X said, “the future
belongs to those who prepare for it today.”

Responses to this article can be read online at:
http://www.ecol ogyandsoci ety.org/i SSUeS/reSponses.

php/4924
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Appendix

Item 1: [llustrated children’s fairvtale
Iltem 2: Music video

Iltem 3: Table 1 (below)

Table 1: Opportunities to reduce trade-offs and enhance comple mentarities between different forms of land
use and management in UK uplands (results compiled fromthe Sustainable Up lands Project site visits and
expert workshop and the Sustainable Estates project (Glass et al., 2011) (from Reed et al.., 2009).

Themes Adaptation strategies Example Source*
Restructured Provide incentives for Use financial incentives e.g. to ensure the appropriate a,b,c
financial management of combination of moorand burning and grazing
support: an ecosystem goods and Include carbon storage/management payments in b, c
ecosystem services Environmental Stewardship grantschemes
goods and Regulate management Penalise inappropriate or damaging management outcomes a,c
services Develop innovative Individual ‘carbon allocations’ and collection of ‘carbon tax or a,b
approach tax/trading systems ‘offsetting schemes’

Plan long-temm Draw up long-temrm, integrated spatial plans for future change a,b,c
management visions e.g. rewetting peat soils, woodland regeneration etc.

- Focus on quality rather than quantity e.g. specialised local a,b,c
Resilient rural : o . o

. . - food products, diversify livestock, create tourism opportunities
businesses Diversifyincome - - - - —

Inject more cash into non-agricultural economic activity to a,b,c
that can streams and add value o X ) .
withstand to products maintain upland economies (private and public sources)
future shocks Develop biomass and carbon storage opportunities e.g. small b, c
scale wood pellet enterprises, willow plantations etc
. . Exemplify innovative land managers that make changes rather a,b,c
Encourage innovation . . h
than allowing change to dictate practices
Wildfire risk control, ensure designated sites are in favourable a,c
condition, maintain viable populations of appropriate species
Environmental risk Ecological restoration projects e.g. gully and grip blocking to a,c
management reduce erosion, riparian improvements to mitigate flooding
Integrated :
¢ Reduce impacts of upland management resource use e.g. c
managemen increase energy efficiency/sustainable building design
that delivers - -
- S Release land for development and play a role in housing c
environmental Link into local I, .
o provision to reduce upland depopulation
and other communities —
benefits Develop local food markets and encourage self-sufficiency [
Manage increasing Manage footpaths and access points to reduce impacts, a,c
upland recreation increase ranger provision for education and monitoring
Manage visual impacts Heather burning, grazing levels, tree planting, bracken control, b, c
of management renewable energy developments, cultural heritage etc.
Join up thinking and Find common ground between interest groups and encourage a,c
) P 9 understanding of the needs and wants of different users
dialogue among - ——
stakeholders Partner across the region e.g. develo.p.habltat linkages, a,b,c
manage increases in recreational activities etc.
. Exemplify successful management practices e.g. disseminate a,b,c
. Share best practice - .
Productive moorland restoration techniques/technology
knowledge Raise public awareness | Educate about the multiple uses of moorlands and the role of a
generation and | ofupland management | managers/gamekeepers/farmers/rangers
exchange More research e.g. relationship between water quality and a
Improve scientific local conditions; the effects of grouse moor management on
evidence, ecosystem services
understanding and Integrate local experience and knowledge into management a,c
monitoring Well-designed, structured and standardised monitoring e.g. a,c

changes in moorand diversity/restoration progress




a= Sustainable Uplands project site \isits, Peak District National Park and Nidderdale
AONB, summer 2008

b= Battle of the experts workshop, RELU Future of Rural Land Use event, 4 June 2009
c= Sustainable Estates Delphi survey, Scotland (Glass et al. 2011)
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