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Land use systems

. Coupled natural and human systems

. Influence of processes, rather than
drivers, of change

. Land ‘function’ — how land systems work,
what they do: ecological goods and
services

. Animal systems
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Land use systems

e Global Land Project garth System
recognises land use as T T24
coupled natural and
human systems:

— Interdependent

— reciprocal causal
relationships

o Complex systems :
Complex A

Contingent ‘ T3.1 Critical pathways of change t
H | erarch ICaI T3.2 Vulnerability and resilience of Land-Systems

_ T3.3 Effective governance for sustainability
Irreducible

www.globallandproject.org
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Figure 9 A systemic and generalized view upon the causative pattern of tropical deforestation (N = 152 cases)*
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Geist, H. J. and Lambin, E. F. (2001) What drives tropical deforestation? A meta-analysis fo proximate and underlying causes
of deforestation based on subnational case study evidence. LUCC Report Series no. 4.
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Infrastructure extension

Transport
(roads, railroads, etc.)

Markets

(public & private, e.g. sawmills)
Settlements

(rural & urban)

Public Service
(water lines, electrical grids,
sanitation, etc.)

Private Company

Proximate and underlying
causes of change

Agricultural expansion

Permanent Cultivation
(large-scale vs.smallholder,
subsistence vs.commercial)

Shifting Cultivation
(slash & burn vs.
traditional swidden)

Cattle Ranching
(large-scale vs.smallholder)
Colonization
(incl.transmigration

& resettlement projects)

Wood extraction

Commercial
(State-run, private,
growth coalition, etc.)
Fuelwood

(mainly domestic usage)

Polewood
(mainly domestic usage)

Charcoal production
(domestic & industrial uses)

(hydropower, mining,
oil exploration)

Other factors

Pre-disposing
environmental factors
(land characteristics, e.g. soil
quality, topography, forest
fragmentation, etc.)

Biophysical drivers
(triggers, e.g. fires, droughts,
floods, pests)

Social Trigger Events

(e.g. war, revolution, social
disorder, abrupt displacements,
economic shocks, abrupt policy
shifts)

Demographic factors

Natural Increment
(fertility, mortality)

Migration
(in/out migration)

Population Density
Population Distribution
Life Cycle Features

Economic factors

Market Growth

& Commercialisation
Economic Structures
Urbanization

& Industrialization
Special Variables
(e.g. price increases,

comparative cost
advantages)

Technological factors

Agro-technical Change
(e.g.in/extensification)
Applications

in the wood sector

(e.g. mainly wastage)
Agricultural
production factors

& Institutional factors

Formal Policies
(e.g.on economic
development, credits)
Policy Climate
(e.g.corruption,
mismanagement)
Property Rights
(e.g.land races, titling)

Cultural factors

Public Attitudes,
Values & Beliefs
(e.g.unconcern about
forest, frontier mentality)
Individual

& Household Behavior
(e.g.unconcern about
forests, rent-seeking,
imitation)

Geist, H. J. & Lambin, E. F. (2002) Proximate causes and underlying driving forces of tropical deforestation. Bioscience, 52, 143-150.

Drivers of change

Underlying causes
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Technological

Cultural

Earth Systems

[ ]
Drivers of change

Processes of change?

Structural: Human Systems
Institutional and Policy

Economic

Land Use .
Demographic

Natural Systems
Land Cover

Climate Systems

Ecological Systems
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Case studies

 What are the processes?

 \WWhat might we miss with snapshots
(especially if based on land cover)?

« How are changes — and processes -

related to provision of ecosystems
services?
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Case studies - Data

o Agricultural (June) Censu¢
national, regional and ,#"
local statistics

e Since 1866

e Data converted to
metric units p——

AGRICULTURAL STATISTICS,

— Production: metric tons 012,
— Yield: metric tons/ha ok el
— Area: hectares

ACREAGE AND LIVE STOCK
RETURNS

[ ]
Case studies
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Arable agriculture Scotland

ARABLE - 1988

First Land Utilisation Land Cover of
Survey of GB D e Scotland 1988

MLES 50

Case studies




- Major land uses and
animal numbers in Scotland
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Case studies
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Snaphots to model change

S R
‘ 1

Need to consider spatial units (eg farm, parcel — not pixel)

Case studies




1. Technological change

e Crop breeding and yield/production
 Mechanisation of agriculture




LR Crop breeding:
iIncreased yield
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Technological
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Mechanisation of agriculture

Horses for Agricultural Use
250,000 T

200,000
150,000

100,000

%

0 T T T T T \\\.\ IR eees sasssss s N il

1860 1870 1880 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Combines + Tractors
80000

50,000

0 \ \ \ \ \ I \ T T T T \

1860 1870 1880 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

Technological




THE MACALILAY
: INSTITUTE

Technological change

 Processes
— Technological innovation
— Diffusion and adoption of technology

 Not a change In use or cover, but has
considerable importance (for natural and
human systems)
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Assoclated conseguences
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Technological change:
other candidates

L and reclamation

— drainage, fertilisers, reseeding
« upland pasture improvement (in the UK)
e peatland reclamation

Use of chemicals
Transportation and access
Food supply chains, marketing

Energy technologies
— Windfarms
— Biofuels

Construction practices and materials (e.g. urban)

Technological




2. Structural (Policy) change

« Common Agricultural Policy - price
support, overproduction in 1980s

e Set aside (EU) — 1988 onwards




S Common Agricultural Policy:
Price Support
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Common Agricultural Policy:
Set aside

Bare Fallow + Setaside, Scotland

w o O
o o o
o o o
o o o
o o o

S
=
e,
'
LL
o
@®©
o
+
Q
8
2]
@©
+—
[<B)
n

1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

o
Structural




THE MACALILAY
: INSTITUTE

Processes

e Policy creation: decision-making
e Adoption: decision-making
(even, In some places, where this required

a massive change in farming practice, for
example from grazing to arable)




Structural change:
other candidates

Spatial: across national and other political boundaries.
For example, between Russia and China, the USA and
Canada

Temporal: following change in a political system.
For example, from communism to democratic and
capitalist systems in eastern and central Europe (eg

Slovenia, Czech Republic, Slovakia, Russia)

With change in land tenure, as Iin crofting areas in
Scotland

Expansion of ex-urban development in USA, often with
associated changes in individual and community policy
on development and land use

FairTrade

Structural
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3. Cultural change

e amenity and lifestyles

— Rocky mountains have seen explosive growth
In number of people and in housing

— Change linked to lifestyle and amenity
preferences

(demographic and cultural change)

Example: Gallatin County, Montana, USA:
a multi-model analysis
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Gallatin County: New Homes

Gallatin County Population 1890-2000
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Cultural




) NSTITUT!
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well and septic permit records (1860-2000)
- Locations of properties
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Models for different times

Model

Pre-1890

1890-1934

1935-1966

1967-1984

1985-2000

Variables

Period

Bozeman
Slope
Water
Forest

Railroad
Slope
Water
Forest

Towns
Slope
Water
Forest

Bozeman
Slope
Nat Forest

Bozeman
Slope

Nat Forest
Visibility

Pre-1890

0.521

0.126

0.098

0.184

0.071

1890-1934

0.000

1.000

0.000

0.000

0.000

1935-1966

1.000

0.000

0.000

0.000

0.000

1967-1984

0.000

0.000

0.000

0.691

0.309

1985-2000

0.000

0.000

0.000

0.331

0.668

[ ]
Cultural
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Gallatin County

« Amenity Is a relatively recent influence on
change

e Processes: reflects choices and decisions
based on values, attitudes, and beliefs




.
4. Environmental

 Climate change

e Hazards
~lood
Drought

nan land use

World wheat producton Bluetng
2005-6: 622 million metric tons
2006-7: 593 million metric tons

o
Environmental
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5. Economic change

Globalization
World markets
Change in relative price and demand for fuel and food

US Maize production for ethanol:
2006-7: 2 billion bushels out of 12 million bushels (16.6%)
2007-8: forecast to rise to 3.5 billion bushels (35%)

70 new ethanol plants are under construction — this will
double the amount of maize consumed for fuel

Economic
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Conclusions

A process-based view of drivers of change
through decision-making

A variety of processes are relevant

 Technological change
— Innovation, diffusion

e Structural, Cultural, Economic
— Decision-making
e Decisions and choices
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Technological
Innovation, diffusion

Cultural

Processes?

Structural:
Institutional and Policy

Decision-making
Preferences
Attitudes, Norms, Habits

Individual/Household

(7]
8 c
0139
o c.»
:fﬁo
&) (b}

()

Values and Beliefs

Land
Function

Economic

Demographic
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Conclusions
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Conclusions

Changes in land management are important,
especially in relation to land function (e.g.
provision of ecosystem services)

Conclusions
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Conclusions

Modelling and analysis of land use change
can, and should, draw on a broad range of
methodologies and enabling technologies

A variety of approaches

« Agricultural and environmental histories
 Narrative methods

e Quantitative methods and models




y: l THE MACAULAY /
NSTITUTE /

P :
Conclusions

Dynamic Land Transitions

Land-use Land-cover
Human contrpl Biophysical control

|

Es : * il

mmm— Decision Making s\, FC /001 C2I

Choices (knowledge, values, preferences) _SyStem_S
and their socio-economic, piogeochemistry
political and cultural context Biodiversity
Political/institution regMg Water

Culture, Technology Air, Soil

Social challenges Ecological challenges R

poverty pollution clean air
conflict diseases clean water
social justice foodffibreffuel shortages
migration overcrowding foodfibre/fuel
consumption clean water supply recreation
health

www.globallandproject.org
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