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Land systems

: garth System
 The Global Land Project .
recognises land systems wsﬁm
as coupled natural and
human systems:
— Interdependent p

— reciprocal causal
relationships

« Complex systems

— Complex ‘ - &
— Contingent T3.1 Critical pathways of change
) ) T3.2 Vulnerability and resilience of Land-Systems
— Hierarchical T3.3 Effective governance for sustainability
— Irreducible

www.globallandproject.org



* To develop a design specification for
Integrated models representing land
systems as coupled natural and human
systems

o Address the spatial, temporal and process
dynamics of both human and natural
systems, and the interaction of these
systems
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1. Develop case studies that identify sequences
and histories of land changes
What happens?

2. Compare case studies to determine the
different states of land systems and driving

factors
Are there generalisations?

3. Develop an understanding of the processes
operating and determine the relations that are

applicable
What controls land systems and land change?




Meta-analysis:
comparing case studies

Figure o 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
(hydropower, mining,

oil exploration)

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)

Other factors

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

Biophysical drivers
(triggers, e.q. 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
(infout 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)

Underlying causes

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

UNDERLYING CONSTRAINTS PROXIMATE CONSEQUENCES
CAUSES ON CHOICE CAUSES
Cultural or : - Agricultural Changes
socio-political Land Quality Cultivation techniques :
S Suitability Ranching ECOR
Institutional LarGet
Demographic Infrastructure Changes
Social Norms 1 Social

Economic
Technological

Environmental

Individual
Preferences

Finance

Markets, Agreements
Services

Industrial Changes
Employment
Industry

Environmental

External Factors/Trigger Events
e.g. weather, economic shocks

Modified from: Geist and Lambin (2001,

2002, 2004)
Birnie et al., (2002)




e Factors/Drivers

— Cultural or socio-
political

— Policy and Institutional
— Demographic

— Economic

— Technological

— Environmental

... processes?

Political
Economic
Social
Technological
Legal

Environmental
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Horses for Agricultural Use
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Processes

_ Earth System
e |nnovation i

 Diffusion
and adoption

e Decision-making

‘ T3.1 Critical pathways of change t
T3.2 Vulnerability and resilience of Land-Systems
T3.3 Effective governance for sustainability

www.globallandproject.org



Process dynamics

— Species dispersal

— Material CyC|eS Dynamic Land Transitions
— Soil formation i ckesfonscB rcrtend
— etc... ’ s
e Human systems i 1p Lt BB
. Sﬁgtgﬁls *— . Decision Making _. Eso;g?gﬁgl
-_ Innovatlon 5 _- b Choices ﬁn;é?rdsféifﬁsn. Dpr:;ﬁl:'erermes] 9 :
. . litical and cultural context
— Diffusion ;
— D ec | S | on-m akl N g Social challenges Ecological challenges cEom sh" e
paverty pollution clean air
— etc... socl e s orges Sl

migration overcrowding f ot

mption clean water supply T
health




1. Attention to forcing variables

2. Focus on coupling the subsystems
(human and natural)

3. Efforts directed to modelling coupling
variables




Inputs at the system boundaries

Context for change
Multi-scale effects (including space, time,
organisation, ... )

A capacity for adaptation may also be
valuable — to represent and detect
change in the importance of drivers
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Coupling the subsystems

« Understanding
of processes
that couple
subsystems

‘ T3.1 Critical pathways of change t
T3.2 Vulnerability and resilience of Land-Systems
T3.3 Effective governance for sustainability

www.globallandproject.org
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Coupling variables

e Land use
e Land cover

e Ecosystem
services

e Land function

Land-use

Human control

i i Ecological
Systems _ Decision Making ﬁ Systems

Choices (knowledge, values, preferences)
and their socio-economic,
political and cultural context

Ecosystem goods and
services

poverty pollution clean air

conflict diseases clean water
social justice foodffibreffuel shortages waste recycling

migration overcrowding foodffibrefuel

consumption clean water supply recreation

health

Social challenges Ecological challenges



Economic
— Resource and non-land based industries and services
— Land based production
— Infrastructure
— Mobility and transport
— Housing
— Places of work

Social
— Provision of work
— Human health
— Recreation
— Cultural-Landscape identity, scenery, cultural heritage
— Community

Environmental
— Provision of biotic and abiotic resources
— Support for, and provision, of habitat
— Maintenance of ecosystem/earth system processes

After S. Petit et al

Land use

Land function

Land cover
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Coupling variables

e Land use
e Land cover

e Ecosystem
services

e Land function

Land-use

Human control

i i Ecological
Systems _ Decision Making ﬁ Systems

Choices (knowledge, values, preferences)
and their socio-economic,
political and cultural context

Ecosystem goods and
services

poverty pollution clean air

conflict diseases clean water
social justice foodffibreffuel shortages waste recycling

migration overcrowding foodffibrefuel

consumption clean water supply recreation

health

Social challenges Ecological challenges



 Develop a process-based approach to human
and natural systems

— Innovation, diffusion, decision-making

— Hydro-, geo-, atmo-, bio-, litho- sphere processes
 Focus on

— Process dynamics

— Forcing variables

— Coupling of human and natural subsystems

— Coupling variables
Land use

Land cover

Land function
Ecosystem services
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