


Change in cultivated areas
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| Cultivated Systems:
Areas in which at least
30% of the landscape i

iV In 2000, cultivated systems covered 24% of the terrestrial surface. .=~

/ ~ -More land was converted to cropland in the 30 years after 1950 than in the
150 years between 1700 and 1850
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Some of Epstein’s* reasons to model

Explain as distinct from predict, e.g. plate tectonics explains earthquakes, but
cannot predict the time and place of their occurrence)

Guide data collection

llluminate core dynamics

Discover new questions

Bound (bracket) outcomes to plausible ranges

llluminate core uncertainties

Demonstrate trade-offs / suggest efficiencies

Challenge the robustness of prevailing theory through perturbations
Expose prevailing wisdom as incompatible with available data
Train practitioners

Discipline the policy dialogue

Educate the general public

*Epstein, .M. 2008. 'Why Model?'. Journal of Artificial Societies and Social Simulation 11(4); 12




Models and scenarios

“The future isn’t what it used to be ...”

Herman Kahn
The ‘father’ of scenario thinking




What will the future bring?

What will the future
bring?

observations




The way we address ‘futures’ in complex systems depe nds on:

(a) how well we understand a
system's complexity / causalities ;

(b) how uncertain we are about
future developments of key drivers
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Source: Zurek, M., Henrichs, T., 2007. Linking scenarios across geographical scales in international environmental
assessments. Technological Forecasting and Social Change.




Scenarios as
INEER

My painting is visible images which
conceal nothing; they evoke
mystery and, indeed, when one
sees one of my pictures, one asks
oneself this simple question 'What
does that mean'?

Rene Magritte, 1947
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The IPCC SRES™ framework

Storylines

Economic

Regional

Bl

Environmental

*Special Report on Emissions Scenarios




European land use modelling

Socio-economics

Demographics

|

- Land quantities
(supply/demand)
- Spatial allocation

Land use model

Technology
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European agricultural drivers

Policy

Market intervention
(subsidies, quotas)

Rural development
(LFASs)

Environmental policy
(NVZs, ESAS)

Macro-(socio)economics
Demand Supply

Population Resource competition
(consumption) (e.g. urban)

Consumer preferences Climate change
(meat, organic) (temp, precip, COy)

Market liberalisation Technology &
(WTO) management

EU enlargement




An agricultural land use (quantity) change
model

Based on a simple supply and demand function (Borlaug theory):

Agricultural land usé¢ha]
Time

start moment, baseline
Demand for productiofi]
Productivity[t/ha]
Overproduction, relativg]

After: Rounsevell, M.D.A. Ewert, F. Reginster, 1., Leemans, R. and Carter, T.R. (2005). Future scenarios of European

agricultural land use. II: projecting changes in cropland and grassland. Agriculture, Ecosystems and Environment, 107,
117-135




Estimated demand changes

Approach

IMAGE model

Estimated future demand

1 000 000 Gg/yr

Food crops Grassland/fodder
600

GO0

400 -




CO, effect estimates

e Values for the effect of CO;, on crop/grass
vields estimated from the literature
(baseline = 1.00)

Scenario 2020 2050
AlF1 1.04 116
A2 1.04 113
Bl 1.04 1.09

B2 1.04 1.11




Change in wheat yields

The role of technology

t/ha (x10)

el CEECs iy [()-15




Technology change factors
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Approach | P+ (Poco /P -1t
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Technology factors

Food crops ’ Grassland/fodder
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Change in cropland
area (for food
production) by
2080 compared to
baseline (%) for the
4 SRES storylines
and HADCM3

> -20%
-20- -40%
-40- -60%
-60- -80%
< -80%

After: Schroter et al. (2005).
Ecosystem service supply
and vulnerability to global
change in Europe. Science,
310 (5752), 1333-1337




Land use intensification vs expansion

Price
=f(intensity)
Land supply curve

R

Quantity/Available agricultural land




European change quantities

 Ca.50% declines in agricultural (food) production
areas by 2080 (EU15)!




Change In cropland areas within the EU15
(% land surface)
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Change in European cropland areas for a range of sc  enario studies

Global Markets Global Society
180%

160%

140%

120%

100%

. 80%
Global studies =

BDQ/D EO% T T T T T
17 2 (Image)’ 3" 1990 2000 2010 2020 2030 2040 2050 1980 2000 2010 2020 2030 2040 2050

4,5

Continental Barriers Regional Sustainability
180%
(c) (d)

Regional studies 160%
= 6 (Ateam), 7
(Eururalis)

140%

120%

100%

80%

b 6
60% | 60%
1990 2000 2010 2020 2030 2040 2050 1880 2000 2010 2020 2030 2040 2050

Source: Busch, G. (2007). Future European agricultural landscapes - What can we learn from existing
guantitative land use scenario studies? Agriculture, Ecosystems & Environment




Global land use modelling using PLUM*

+

c = cereals technology __.--- climate change
world ¢ balance Toa

el

import ¢
S s ¢ production demand "c croptand

\\ _

GDP country-:: balance
5 2 C productmn

population fotal uses C

+ \‘ -
bloenergy (;

cereal consumption

blomass land
.. bioenergy __.
+5\\+

other consumption in c

lifestyle  (milk and meat)
——

+/-

__ grazing meat production

Overview of the concept underpinning *PLUM (Parsimonious Land Use Model) in the form of a causal
loop diagram (relationships with dashed lines are not implemented in the current version of PLUM).




Cereal Consumption Meat Consumption
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Global observed (FAO, black line) and modelled (PLUM, dashed black line) cereal consumption (tons), meat consumption (t), milk
consumption (t), cereal feed (t), cereal land (1000 ha) and grassland (1000 ha). The faint grey lines are single model runs and the
grey shaded area indicates the standard deviation of the output for the model runs.
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Figure 4: Rc for (a) cereal consumption (-), (b) milk consumption (-), (c) meat consumption
(-), (d) cereal land (-) in 2009. The colour codes on the maps match the distribution of Rc
shown in the histogram in the left-hand corner of each panel. Counties for which the
model overestimates are more than double the observed and countries that are not
included in the model (see Appendix A) are displayed in grey.




Scenario quantifications
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NPP and 8 neighbours

scenarios A2 downscaled col twin_2000-2000.tab — CROPLAND

1.0
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0.7
0.6

. 0.1




NPP and 8 neighbours

scenarios A2 downscaled col twin_2050-2050.tab — CROPLAND

1.0
0.9
0.8
0.7
0.6

. 0.1




CLIMSAVE integrated assessment platform

Agriculture

Competition .

for land — 3 Forests

Biodiversity

Competition
for water




Simplified cross-sectoral linkages

Climate & socio-economic scenarios

b oo Ty
“Cartie

it
I ——————

Hydrology Water
availability
— Flooding

Rural land
allocation

)4 A 4







>
= ac
n O
£
: = m
le
= QA
m
aniy oy
T







Past land cover change (1775-2000) in Lierneux (Belgian Ardennes)

I bogs

coniferous

deciduous
[ deciduous-coniferous
| | grassland-cropland

[ | heath
I crchards N

water
wet meadows A

2 4 Kilometers
™ s—"

Change drivers: depopulation, accessibility/transport,
economics (competition, ...) (Source: Carine Petit, thése de doctorat, UCL, 2001)




FLOCK OF BIRDS

An example of a self-organising
system

A flock of birds




Flocking




@ developed by Craig Reynolds in 1986 (for SIGGRAPH)
@ aimed to simulate complex flocking behaviour with simple

rules
\>

Don't get too close Folow average Move towards
to others heading average position

(images from http: //www.red3d. com/cwr/boids/index.html, which has many interesting links)

Demo at http: //www.theparticle.com/applets/swarm/FlockingSwarmWithControls/index.html




Lane Formation in a Street

15 applet demonstrates how lanes of uniform walking direction form i a street;




Sheep grazing in Norway

Climate change

Policies

DRIVERS

y - |
{ Vegetation |}
—_—>

Farmers AGENTS

Figure 2: Conceptual framework of the Norway model

Source: David Dabin. A simple model to demonstrate the principles, which
currently lacks the human dimension (work in progress)







Secondary data
Community survey

Inter view Community
survey

Expert opinion
Literaturereview

GlSmaps  Statistical
Analysis

Secondary data
Literaturereview
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Agents’ environment
L and use map (2000):

A, -||

7 |

L egend: natural pasture with some  waterlines — blue

agro-sylvo pastoral — magenta mixed forest — lime reservoirs — sky blue

arable or pasture — yellow shrubs — brown bare rocks — gray

forest plantations — green olive groove — red mediterranean shrubs — violet
dense shrubs — dark brown horticulture — orange hamlet and farm buildings — cyan




Agents’ profile and cognition

Farmers and Owner ship:

L egend: Social attributes Economic attributes
Innovative — red 1. age 1. farm size

Active — blue 2. residence 2. income source
Absentee — gray 3. education 3. number workers
Retiree — black 4. profession 4, available successor




ABM: agents’ attributes

Profiles of the reactive agents.

Code neme
MaiadoCamp &
Manuel Guarreiro (
Arsénio Gdago
Manuel Artonio Pz
Femandoda Lz F
Marud Calago
Femandoe Xico P
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QaudaM=o
José MVedkira
Luis Jaudino
Francisco Arténio’
Manuel Fabido
Manud daGraca
Leond Belchior
José Gasparo Mec
Paula Medeira & A
Manuel Medeira
Saverino Cavaco
Augusto Medeira
Ze do Cam (filho
Artonio Meud Roe
Francisoo Ahvito
JoaquimManud S
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Cognitive strategies

L ow | ncome

Deliberation Comparison

L ow High
Uncertainty Uncertainty

Repetition | mitation

High Income




Agent profile and cognition (typology of behaviour)

Profile Characteristics Strategies

# Large farm ownership - .
. 4 High education : Maximization,

# Diversified source of income

4 Small to medium farm ownership oo .
Active 4 Moderate to High education Maximization

4 Young farmers comparison, repetition

# Traditional source of income

# Medium to large farm ownership

Absentee e Imitation, repetition

# Diversified source of income

4 Small farm ownership

Retiree s Repetition

# Pension and land rent

Source: Lilibeth Acosta-Michlik and Anne Van Doorn




Exogenous drivers

Economic Effects

]

Technology Effects
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Model platform and results
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A2 Scenario

Land use in 2050
in the Alentejo,
Portugal

Legend:

Pink — Montado
Green — woodland
Yellow — cropland
Black/brown —
abandoned/scrub




Social survey to
inform ABM

e Brabant-Wallon, Belgium
e Aargau, Switzerland
e Lunan catchment, Scotland




Scenarios

7~

AEMSs/Subsidies

The modelling framework
Agent-Based Modelling (ABM)

Land Managers

:

Policy
Constraints

Land Prices

Crop Prices

Information ]—b

[ Parcel Manager ]

Management
Regimes

Productivity
Scenarios

Land actions

Vegetation/
Landscape

'

Climate
Scenarios

Parcel

Social network

Decision Making

Case Study Data

7

Demographics

Land use I

decisions

Soil quality
Spatial pattemns
Ownership

Typology

[ Animals

'F‘ Individuals

Preferences

~[ Spatial Data ]

Species
distribution

—




Agent types and preferences
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Response to environmental policy

Improve soil condition

Provide better enwvironmentfor the family

Improve wildlife and biodiversity

Easily fitin management

Increase cash flow

M Profit-ariented @ Multifunct-ionalist B Traditional ™ Hobbyist

Mean responses for Motivations to agri-environmental scheme participation with
standard deviations (1: no influence, 2: slight influence, 3: some influence, 4: big
influence) — Lunan catchment, Scotland




Example simulation for Scotland

landscape-2020
| <all other values>
mainManage
I Barley Spring Intensive;, Wheat Spring Intensive
. Barley Winter | ntensive, Wheat Winter Intensive
Results borrowed from Eleonore E. Guillem, B Miscantnius; Miscantius sscablehmisnt

Ph.D. Student @ University of Edinburgh (3 slides) ES!:E:DZSPE Wi




... role of farmer type in scenarios

BAMBU-Multifunctionalist-2001 BAMBU-profit-oriented-2001  BAMBU-traditional-2001

Other
Potatoes il Qther . Potatoes_. 1%

= 1% =
6% , Potatoes 5%
5%

\_Legumes ~~_LlLegumes Legumes
0% 0% 0%

BAMBU-Multifunctionalist-2020 BAMBU-Profit-oriented-2020 BAMBU-Traditionalist-2020

Miscanthus___
0% — 0% 1% 0% Mlsc:a‘:thuﬁ 1%

OSR Legumes MiscanthusQSRLegumes Legumes
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The role of knowledge exchange
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Change in oilseed rape areas in GB (1969-
1999)

US soyabean shortage leads to European oilseed
subsidy in the early 80s; during the 90s OSR is
used as a biofuel crop on set-aside land




HAGERSTRAND -
DIFFUSION OF
INNOVATION IN
A RURAL
COMMUNITY

contm 7'
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Distance and Diffusion

22 adopters
1928-1929

42 adopters
1928-1930

——— 20% adoption
40% adoption

(¢]

e}

315 adopters
1928-1833

Non-Adopters
[0 Large farms

Adopters

A Intermediate farms A

O Small farms

Fig. 7.2 Evolution of a diffusion pattern.
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INNOVATION \_____/ Probability Matrix
DI FFU SION Fig. 7.6 Probability matrix and mean information field (after Hagerstrand (trans. Pred),

1967)
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o Cellular space

e Diffusion through contact

between actors

e Mean information fields as
Neighbourhoods with a
distance decay

38 adopters

22 adopters
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e Stochastic rules
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Fig. 7.7 Simulated adoption of pasture improvement in part of southern Ostergotland,
Sweden: (a) study area; (b) 1928-1929; (c) 1928-1930; (d) 1928-1931; (e) 1928-1933
(after Hagerstrand (trans. Pred), 1967).




Diffusion of innovation/knowledge

i

U —— _..__..._.—'?—_‘-—'2.— Saturation ievel, k

Cumulative
number of
adopters

Intercept, &

N =K/ (1+ exp(a+b.d2-c.t))

a, b and c are constants, d is distance, and K= 1 (for0 > N < 1)




Set of farmer agents Farmer agents use a farm scale model

manage agricultural land with risk a%._rersiﬂ:n io select energy crops

. based on their preferences, quality of land,

transportation costs and market prices.

Buy farm
inputs .’

Receive . Diffusion of innovation process with local

establishment adoptlion rates used to determine

grant probability of considering energy crops.

Receive
price
signal .
4 Set of power plant investor

Market conditions agents control market demand

determines price

Recelve subsidies
Single delivered Buy

market price, biomass sssssssssssssssasasssnsnnnneg
adjusted .

EIPDJ1?HEiE||‘,' at Power plant locations
each time step . selected based on meeting

using net internal rate of retumn target
aggregate Receive . Biomass power plant and sufficient local supply.

demand. price signal
;IIIIIIIIIIIII FRIFAESSAEINAEEEAN *

Supply & demand matched Range of plant biomass
with plants preferentially Sell techneologies and sizes. Rate of

selecting nearer farms supply. electricity RRRERA EUpF'liiJSEd to rank
viable new sites.

Schematic representation of the main agent processes and interactions within the
perennial energy crop market model




Year

Misc. Price
SRC Price
Misc. Area
SRC Area
Installed Cap.
Supply ratio

2010

£60 odt?
£48 odt-1
0 kha

1 kha

2 MW
95.9 %

Energy crop area
<5%

5to 10 %
10to 15 %
15to0 20 %
20to 25 %
25t030%
30to 35 %
35to 40 %
40 to 45 %
45to 50 %
>50%

Power Plant -




- === Observed
Oilseed Rape

e [VIOdelled
perennial
energy crops

/

Energy crop area in the UK (1000 ha)
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Time lags in adaptation - historic oilseed rape data for England and
Wales, against a baseline year of 1966, and mean modelled perennial
energy crop areas, using a baseline year of 2010 (Source: Peter
Alexander, SRUC, Edinburgh)




Residential housing (urban land use) in East Anglia

unclassified

sea/estuary

inland water

beach and costal

saltmarch

grass heath

mown/grazed turf

meadowl/verge/semi-nat
ugh/marsh grass

bracken

dense shrub moor

scrub/orchard

deciduous woodland

coniferous woodland

tilled land

ruderal weed

suburban/rural developn ;

continu an

inland bare ground

felled forest

Source: Corentin Fontaine Lilibeth & Acosta-Michlik




Residential agents

e Socio-economic data analysis
e Agent profiles (household types) & location trends

CLUSTERS
1/ 2]3/4]5]6[7]8]9][10]11]12]

isolated studentlALf | [ [ | ] f O} ] [+ [+
singlepersoniHA2| | | |} | [ ]l

couplelHA3 | |4+ ] + | 4+ | | e ] [ ]

couplewithdep. children|HA4f | | + | ] | 4|4 ]
single-parentfamilyHAS | | | |  feel ) ] P ] L |+

couple with non-dep. children|HAG | +++] ++ | + | + | | | | | [ | | |
allrefired|HA7 | + | + | |+ [+ | | | | |+




Household agent location preferences

Legend
LSOA_EA clustl2_4f

|:| <all other values>
clust_ward_12.CLUST
<Null>
1=HA6 - ... - HA7
2= .- HA3/6 - HA7
- HA3/4/6
4=HAT - ... - HA3/6
P 5=HA5-HA4 - ...
6=..-HA5/7- ...
B 7-HAsiaHA2 -
B s-HA2-HA3- ...
B o- .. -HA25-HA4

10 = HA3 - HA1/2 - HA
11 =... - HA3 - HA1/2

Bl 2-tA1- . -HAST7







Where do we see ABM?
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Key questions

1. Which innovative ‘visions’ can be formulated for
future sustainable resource management and
land use policy development under a range of
environmental and management conditions?

. What are the socio-economic and ecological
‘processes’ that shape land use transitions?

How can bottom-up and top-down modelling
tools be improved and used in a comprehensive
‘assessment’ of critical thresholds for resource
management with reference to land use change
and ecosystem services?




Conceptual framework
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Fig. 2. Anintegrated methodological framework to assess land systems in the past,
present and future.




Challenges for processes

Contemporary landscapes are contingent outcomes of past
and present patterns, processes and decisions

Empirical analysis of past and present land-use change to
provide insights into the socio-economic and ecological
processes that shape land use transitions

Gradual vs rapid land system dynamics and understanding
changes in land use intensity

Combining empirical analysis with multi-scale modelling to
gain new insights into land system change processes




Challenges for modelling

Global level models

accounting for:

-influence of global development on Europe

-influence of European change on other world regions
-interactions between global enwvironmental change
{incl.climate) and the global economy (development, trade)

¥
European level models

accounting for:

-land {(management) change in agricultural, forestry, urban, energy
-policy and land management options

-sector-specific and multi-sectoral developments

-competing claims for land resources

l

High-resolution of European wide land change

Top-down assessment
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Ecosystem service assessment

Case study level models

accounting for:

-variation in decision making/governance structure/culture
-interactions across multiple levels

-variations in human responses between regions

Case study

Eottom-up assessment

Fig. 4. Overview of an integrated modelling framework.

Land system models have an important role in supporting future land use policy, but
model outputs require scientific interpretation rather than being presented as predictions




Challenges for land use futures

Integrating explorative scenarios that reflect possible
outcomes with normative visions that identify desired
outcomes

Road-mapping and envisioning techniques to guide
future land use transitions derived from societal choices
about future landscapes

The broad and in-depth involvement of stakeholders in
order to link scientific findings to political and societal
decision-making culminating in a set of key choices and
consequences

Defining the bandwidth of both potential and desirable
pathways of future land use change




Key themes in land system science

Uncertainty (in observation, experiments, models
and futures)

Integration (across methods, disciplines, spatial and
temporal scales, land use types, science and practice)

Tele-connections (through time and space of people,
goods, services, knowledge, ...)

Stakeholders ( involved in visions, trade-off analysis,
values, institutional analysis, ...)

A changing paradigm in land system science from
pattern to process ...







Conclusions

Providing insight into human—environment interactions is possible through integrated analysis of empirical and
historical land system datasets, if empirical analysis and model simulation are used in combination to explore the
drivers of land system change at a range of spatial and temporal scales.

Integrated modelling based on the ecosystem service concept is expected to contribute substantially to the testing
of hypotheses about land system functioning and decision making, assuming that iteration is undertaken between
stakeholders, model applications and model outputs.

The choices that society has about future landscapes can be informed in an innovative way through road-mapping
and envisioning techniques that can guide future land use transitions.

This will allow for the better definition of the bandwidth of both potential and desirable pathways of future land
use change.

There is growing awareness that the effectiveness of science in advising policy making can only be achieved
through closer integration.

This is especially true for land system research which aims to support policy making in the sustainable
management of land resources because land plays a central and integrative role in many environmental decision
processes from global to local scales.

Sustainable land use strategies would benefit from being underpinned by a sound process understanding of how
policies affect land use and ecosystem services and vice versa, and how the trade-offs and synergies between
them work in practice.

Embedding policy makers and relevant stakeholders in the research process through a carefully planned strategy
of knowledge exchange, has the potential to support the formulation of sound, evidence-based policies.

This paradigm shift in land system science requires a commitment to capacity building (mainly interdisciplinary
and intra-disciplinary) that brings together the scientific and decision making communities.




