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Land system science:

From local decision making to global assessment
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= Representing land use:

* New ways of representing land use are needed to capture the
essential characteristics of land use impacting climate,
biodiversity and ecosystem services

= Modelling land use decision making:

* Research is needed to better represent socio-economic variation
and decision making structures in land allocation models,
including adaptation

= Spatial and temporal complexity:

 Better representation of spatial and temporal variability allows to
address region/location specific policy intervention

‘ | |I I IVM Institute for
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= Representing land use:

* New ways of representing land use are needed to capture the
essential characteristics of land use impacting climate,
biodiversity and ecosystem services
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Land use in global models LAND)
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Verburg et al., Landscape Ecology, 2012
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Verburg et al., Landscape Ecology, 2012
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Anthropogenic biomes (Eliis et al., 2010) LAND/
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Farming system distribution in Kenyan highlands

Parks and nature reserves

Subsistence farmers with limited dairy actvities
B Farmers with major dairy activities

- Intensified crop farmers wath limited dairy activities
- Export cash crop farmers with limited dairy activities
- Export cash crop farmers wath major dairy activities
D Non-agncutural households _
- Towns \Vd Steeg et al., 2010




Classification input data LAND’

Prolect

B .. ST
Land cover Tree cover (%)

Bare area cover (%)
Cropland cover (%)
Built-up area (%)
Livestock Bovines, goats & sheep (number/km?)

Pigs & poultry (number/km?)

Land-use intensity Efficiency of agricultural production (0-1)
‘ | |I VM Institute for Asselen and Verburg, Global Change Biology, online first
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Agricultural efficiency LAND)

Projec
e . R T o et
. . q (Output)
 Frontier production A oo e
functions represents @)t
maximum crop yield for [N
a set of environmental S ey | R
Conditions ¥ s '"j'f . §>Orbo§ewt?od (Rxa)
A
* Difference with actual i J R}
X Xa 8 % (Inputs)

yields represents the
efficiency of agricultural
production at a certain
location.

For details see: Neumann et al. (2010), Agr. Syst. 103, p. 316-326.
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Efficiency map (cropland areas) LAND:
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Efficiency (-)

B 0019-01[]05-06
@mo1-02 []06-07
[jo2-03 [@jo7-08
[]03-04 [@moO8-09
[]04-05 mEMOS-1

Eckert IV projection.

Based on Neumann et al. (2010), Agricultural Systems 103, 316-326.
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Hierarchical classification

Built-up
(%)

Rural systems Settlement systems

Bare
(%)

Bare systems Forests, crop- & grasslands

Cropland (%)

Forests & grasslands Mosaic croplands

Tree & bare Tree
(%) H\ (%)

Livestock (nr/km?) Livestock (nr/kmz) Livestock (nr/kmz)

Croplands

leestock (nr/kmz)

Livestock (nr/km?)\ Bare (%)

//

[1\

Forest systems

Mosaic (semi-)
natural systems

Grassland
systems

Efﬁc:ency

[1\

Efﬁc:ency

[1\

Mosaic crop & grass
systems

Mosaic crop & forest
systems

N— Efficiency ==

Cropland systems
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Asselen and Verburg, Global Change Biology, online first
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Land Systems classification I-Aplry;ec[t)

Eckert IV projection.
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Legend Land Systems

e
Cropland Systems

|:| Cropland; extensive with few livestock

|:| Cropland; extensive with bovines, goats & sheep

|:| Cropland; extensive with pigs & poultry

|:| Cropland; medium intensive with few livestock

|:| Cropland; medium intensive with bovines, goats & sheep
|:I Cropland; medium intensive with pigs & poultry

Forest systems

- Dense forest

- Open forest with few livestock

- Open forest with pigs & poultry
Mosaic (semi-)natural systems

|:| Mosaic grassland and forest
|:| Mosaic grassland and bare

Grassland systems

|:| Natural grassland

|:| Grassland with few livestock
l:l Grassland with bovines, goats & sheep

Bare systems

|:| Cropland; intensive with few livestock

- Cropland; intensive with bovines, goats & sheep

- Cropland; intensive with pigs & poultry

Mosaic cropland and grassland systems

I:I Mosaic cropland and grassland with bovines, goats & sheep

|:| Mosaic cropland and grassland with pigs & poultry |:| Bare
- Bare with few livestock

Settlement systems

- Mosaic cropland (extensive) and grassland with few livestock

- Mosaic cropland (medium intensive) and grassland with few livestock
Peri-urban and villages

- Urban

- Mosaic cropland (intensive) and grassland with few livestock
Mosaic cropland and forest systems
|:| Mosaic cropland and forest with pigs & poultry

|:| Mosaic cropland (extensive) and forest with few livestock
- Mosaic cropland (medium intensive) and forest with few livestock

- Mosaic cropland (intensive) and forest with few livestock

‘ | |I I IVM Institute for
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Asselen and Verburg, Global Change Biology, online first
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Land Systems map Philippines LAND’
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Land Systems: livestock & population density LAJ,}{P
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Modellmg land system changes LAND
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Demand Supply
= Agric. commodities > | = Agriculture
= Forest (wood/fuel) > | = Forest
= Housing > | = Urban
= Rest (nature)

Demand Supply

= Agric. commodities = |ntensive Agricultural landscape

= Forest (wood/fuel) \\\> = Extensive Agricultural lands.
= Mosaic landscape

= Housing ~ :
= Peri-urban mosaic

“| = Nature
‘ | |I I IVM Institute for
Environmental Studies 20




Model structure CLU-Mondo I-Aplmviep

Explanatory
location factors
ilogistic regression
Local Preferred
suitability conversions

Location \_
Gpeciﬁc additionj \ 4
FYT—— Calculate total Adant C o

eighborhoo > probability ( apt Compatitive
\ influence ) @l Ls) strength
(" Conversion ) . o

elasticity B Iterative equilibrium-

J search procedure if demand #

allocated demand

1

R |
i

AI:Iowed Determine new LS ) Compare demand Demand
[ conversions ji_> (highest probability) with S (per demand type)

allocated demand

if demand =
allocated demand
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Model CLU-Mondo USA LAND
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= Scenario: increasing demand for crop production, livestock &
built-up area (40 time steps). Initial Land System map:

‘ | |I IVM Institute for Asselen, Verburg, Stehfest, in preparation
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Model run USA: LS map yr 40 LAND
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Model run USA: change in crop production I-Apl,oﬂie!?:
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Model run USA: intensification
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Asselen, Verburg, Stehfest, in preparation
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CAND)

Model run USA: change in built-up area et
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Model run USA: change in bovines, goats & shee-"\, \.:
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Model run Brazil: increasing demand scenario

— —
‘ | |I IVM Institute for Asselen, Verburg, Stehfest, in preparation
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Global land system change model LAND
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= Simulates location specific trajectories: intensification vs
area expansion

= Captures subtle changes in land use mosaic, including peri-
urban developments

= Takes livestock as an integral part of the land use system,
iIncluding landless and pastoral systems

= Explicitly models land use competition

= Allows for region-specific allocation rules

Environmental Studies
D EEECEEEREEESS

‘ | |II IVM Institute for Asselen, Verburg, Stehfest, in preparation
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= Modelling land use decision making:

» Research is needed to better represent socio-economic variation
and decision making structures in land allocation models,
including adaptation

‘ | |I I IVM Institute for
Environmental Studies 30



Land use in a teleconnected world fAND>
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General approach to modelling land change

= .

World region economic calculation of
agricultural areas

IMAGE regional breakdown

Grid allocation of land change

CAND)

Project

[VM Institute for
Environmental Studies
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Generallpartlal equilibrium models LAJ,XP:

= World-region level
= one profit optimizing ‘average/representative’ farm

®" Three choices to respond to increase in demand:
« Expand land area
* Increase inputs/outputs
* Import

" Price determines choice

= |_and suitability used as indicator of land price

VM Institute for ..
‘ | |I I Environmental Studies Van Me”' et al’ 2006 33



Land supply curve Project

. =N TN s

Average Total land area R

Land
Rental
Price

Infrastructure
Inefficiency agr.

*
agricultural area Land Supply

‘ | |I [VM Institute for
Environmental Studies 34



Average Total land area
Land

Challenges o

= Empirical estimation of land
supply curves / spatial data

Infrastructure
Inefficiency agr.

L

agriculturalarea Land Supply

= Validity of approach
(economic rational agents)

= Disentangling price effects &
of competition between land &=
resources and land quality s

e o i

= Calculation of available land
areas: in general a strong
over-estimation of potential
land areas

‘ | |I [VM Institute for
Environmental Studies



Allocation rules LAND)
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= Very simple, only biophysical
factors

= One uniform rule worldwide
or optimization based on
profit optimization

‘ | |I I IVM Institute for
Environmental Studies 36




Allocation phases 1

Advances

= . b |

= Higher spatial resolution /
strong coupling to biophysical
models (LandShift; Schaldach
et al., 2011)

Land Use Systems
map

intensity changes
vvvvv

= | and system approach

ccccccccc

(IMAGE module; Letourneau —_—

et al., EnvSoft, 2012) [

Soloct grid-coll with
{nex1) highost likelihood
for conversion

YES

NOL~7
fulfilled 7
ES

= CLU-Mondo land system
approach (Asselen, Verburg

and Stehfest, in preparation) NO v
el S
change In phase X

‘ | |I I VM Institute for , :
) ) ** For phase 1, locations of change are grid celis where
Environmental Studies population and climatic changes exceeds thresholds.

S Detailed allocation procedure for phase X




Challenges LAND.
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= |[ntegrate variation in human decision making

" |[nclude feedbacks from allocation to demand, including
adaptation

‘ | |I I IVM Institute for
Environmental Studies 38



Approaches LAN D>
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Spatial models Multi-agent models
Driving factors Driving factors
Decision making DI
4 A/l\
Land change Land change

‘ | |I I IVM Institute for
Environmental Studies 39




Scaling agent-based models LAND
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= Qut-scaling:
* Model all global actors individually
« Simplify through typology of actors that have similar behaviour
 Explicitly model higher-level agents/institutions

= Up-scaling:
* Model aggregate decision making (e.g. community level agents)

« Simplify through typology of aggregate decision strategies or
through nested detailed models

* |nstitutions may be embedded in aggregate decision making

[VM Institute for .
H|II Environmental Studies Rounsevell, Robinson et al., 2012



Scaling agent-based models LAND
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= Qut-scaling:
* Model all global actors individually
« Simplify through typology of actors that have similar behaviour
 Explicitly model higher-level agents/institutions

IVM Institute for .
‘ | |II Environmental Studies Rounsevell, Robinson et al., 2012 ,



Out-scaling
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Agent typology | Agent typology

Agent population

|
> 20 dsu.

No Yes
|
' Farm expansion |
No Yes
| ]
| Farm diversification | | Farm diversification |
No Yes No Yes
I | | l
Hobby  Non-expansionist Non-expansionist  Expansionisi Fxpansionist
cemrventiomel divercifier comventinnel divercificr

Agent type parameterization: production strategies

Agent type Stop farming Increase Decrease Diversify farm Compensation Tourism and
production production practices schemes recreation

Hobby farm + - + - _

Non-expansionist conventional + — - +|— +—

Non-expansionist diversifier + — - + +

Expansionist conventional - + — — - —

Expansionist diversifier - + — + + +

‘ | |II IVM Institute for  Valbuena, Verburg, Bregt, Agriculture, Ecosystems and Environment 2008
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Out-scaling I-Ap'm\lp

Farm Agent
- Hobby O
I Non-expansionist i
]  Expansionist A

‘ | |I I IVM Institute for
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Out-scaling LAND)
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Strengths:

= |[ndividual behaviour, no scaling problems

= Diversity of decision-making within the landscape
Weaknesses:

= Qut-scaling of typology requires detailed census data

= Extensive surveys at individual/household level are needed
to parameterize decison making

* Typology can become large when accounting for regional
differences

‘ | |I I IVM Institute for
Environmental Studies 44
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Scaling agent-based models LAND
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= Up-scaling:
* Model aggregate decision making (e.g. community level agents)

« Simplify through typology of aggregate decision strategies or
through nested detailed models

* |nstitutions may be embedded in aggregate decision making

‘ | |I I IVM Institute for
Environmental Studies 45



CAND)

Up-scallng/nestlng Bt
0 .. . IIN TN O =
lobal land change simulation
' Global level
Spatial
proxies
o of
driving
factors Demand
Aggregate for Case-study /
response Landscape
patterns ecosy'Stem level
[ [ services
Underlvi Agent-decision making
nderlyin
drivi:g g on Ian}change - Actor-level
factors ﬁ

‘ | |I [VM Institute for
Environmental Studies
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Up-scaling LA,J,},LP/
i 5 -
Land Use System; Typical LUS Land Use System, 4
........ ) Change response )
)
Changes in local Aqaregate response Demands for
and contextual > 99red P <— ecosystem
strategy .
factors goods and services
T A
Actor composition and interaction
» | Decision strategies/behaviour <
Institutional/Governance structure
‘ | |I Institute for
Environmental Studies 47



Meta-analysis of local case studies LAN D>
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= Deforestation: Geist&Lambin / Rudel
» Desertification: Geist

= Agricultural intensification: Keys&McConnell B Pl w* o T
. . . LT e g
= Swidden agriculture: vanVliet et al ) Y NP

‘ | |I I IVM Institute for

Environmental Studies 48




Wetland conversion meta-analysis LAND:
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Collected 105 case-study papers on wetland conversion from
Sciencedirect & Web of Science.

o Wetland conversion
mm Wetland

ﬂ_ﬁ?’/& s — Eckert IV projection

‘ | |I [VM Institute for
Environmental Studies 49




Processes driving wetland conversion

Followed method of Geist & Lambin (2002, 2004):

Proximate causes: human activities or immediate actions at the local level that originate
from intended land use and directly impact land cover.
Underlying causes: fundamental societal processes, such as human population dynamics
or agricultural policies, that drive the proximate causes and either operate at the local level

or act as an indirect forcing from the national or global level.

" Agriculutral Infrastructure Settlement Pasture Industrial/ Peat Wood Natural causes
] development construction development expansion commercial extraction extraction
- development
v - Agriculutre - Roads, airports, - Urban - oil & gas - For fuel - Large-scale - Climatic event
% - Aquaculure recreational, etc. - Rural extraction - For horticulture, logging (drought, storm,...)
£ - Bioresources -Dam / reservoir - water litter, fertilizer. - Local-scale use - Increased
% - Plantations construction extraction temperature
e - Drainage to - Canal dredging, - other - Decreased
o combat diseases dyke building. precipitation
g |
b
F Institutional Population Economic Technological Little Cultural Tourism/
v factors growth growth innovations environmental reasons recreational
g awareness developments
> Government Traditional use
@ regulations and of the land by
-g subsidies local people
>

IVM Institute for
Environmental Studies

50



Natural causes

Decreased precipitation
Increased temperature
Sea-level rise

Extreme climate events

Project

Wood extraction

Wood extraction (small scale)
Wood extraction (large scale)

Peat extraction

Peat extraction for horticulture
Peat extraction for fuel

Agricultural
development

Reclamation for agricultural land
Reclamation for pastures
Reclamation for aquaculture
Plantations

Drainage to combat diseases
Harvesting for bioresources

Infrastructure
construction

Dam/reservoir construction
Canal dredging/dykes/boot traffic
Construction of roads, airport, etc.

Industrial
development

Industrial/commercial activities
Water extraction
Oil and gas extraction

Settlement
expansion

Rural development

Urban development




Wetland conversion: underlying causes LAPIEQP:

—
Little environmental awareness h

Cultural reasons (tradition) .
Tourism/recreational developments -
Technological innovations _
Economic growth / benefits _
Population growth _
I

Institutional factors

o
—
o
N
o
w
o
N
o
(&)
o
()]
o
N
o
(0]
o
(o]
o

‘ | |I [VM Institute for
Environmental Studies 52



Meta-analysis of case-

studies
.

Georeferenced
data

-k,

—————}k

S

Eckert IV projection

META-ANALYSIS & f S

.| Drivers according Contextualized =g e
Regionalmﬂ to case-study Location factors 43 /e
; Enqunmenalg; <| description J s W e

= S S e )
T - - > Sy P

] B ”#Ti”:"‘ﬂ-ru FHH :
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Regressmn analysis: explantory variables LAN D
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Explanatory factor Description
Biophysical factors Temperature Annual mean (mean of monthly mean).

Precipitation Annual mean (mean of monthly mean).

Slope Derived from Altitude 30 sec map.

Organic content Percentage of organic carbon.

Histosol Percentage of histosols.

Wetlands Percentage of wetlands within a 3x3 grid cell area.
Socio-economic Cropland cover Average cropland cover within a 3x3 grid cell area.
factors Agricultural efficiency Relative measure of land-use intensity.

Built-up area Global urban land for c. 2001-2002 based on (MODIS)

500-m satellite data.

Population density Average population density within a 3x3 grid cell area.

Distance to roads Distance to nearest road

Market accessibility Indicator for the accessibility to markets.

Market influence Indicator for market influence.

Governance Indicators Voice and accountability

Regulatory quality
Government effectiveness
Rule of Law

‘ | |I I IVM Institute for
Environmental Studies 54



Probability of

wetland conversion
= e

—

Logistic regression:

Probability =
f(precipitation (+),
market influence (+),
population density (+),
cropland in
neighborhood (+)).

ROC =0.9

‘ | |I [VM Institute for
Environmental Studies

North
America

' "- e Wetland conversion
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Up-scaling LA,J,},LP/
i 5 -
Land Use System; Typical LUS Land Use System, 4
........ ) Change response )
)
Changes in local Aqaregate response Demands for
and contextual > 99red P <— ecosystem
strategy .
factors goods and services
T A
Actor composition and interaction
» | Decision strategies/behaviour <
Institutional/Governance structure
‘ | |I Institute for
Environmental Studies 56



Up-scaling/nesting LAND
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Strengths:
= Use empirical evidence of case-studies worldwide
= Reduced complexity while accounting for diversity

= Nesting of more complex agent models is possible

Weaknesses:

= Decision-making strategies/environmental cognition poorly
reported in case studies

= Typology not static, communities move between agent-types

= Requires scaling of behaviour

‘ | |I I IVM Institute for
Environmental Studies 57




Challenges: feedback to global trade assessment

= .

World region economic calculation of
agricultural areas

Grid allocation of land change

= Agricultural productivity depends on allocation
= Change vs. Net Change (shifts in pattern)

= Adaptation

= Technology impacts

‘ | |I I IVM Institute for
Environmental Studies 58




Embedding bottom-up model results in partial
equilibrium models

Land Use Policy x
Laad Use Policy
Yolume 30, Issue 1, January 2013, Pages 446-457 '.A.-\‘

Policy reform and agricultural land abandonment in the EU

Alan Renwick? & - 5", Tarhjorn Janssonb, Peter H. Verburg®, Cesar Revoredo-Giha?®, Wolfgang Britzd,
Alexander Gocht®, Davy McCracken?®

g%\g‘*h Agriculture, Ecosystems & Environment
B

Yolume 142, lssues 1-2, July 2011, Pages 40-50

Scaling methods in integrated assessment of agricuttural systems

Modelling of land cover and agricultural change in Europe:
Combining the CLUE and CAPRI-Spat approaches

Wolfgang Britz> & - & Peter H. Verburg®, Adrian Leip®

‘ | |I [VM Institute for
Environmental Studies 59



Land Use Cover Change Economic modeling
meodeling chain chain
| 1 T — i
Globe Calculation E e
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Fig. 2. Overview of the possible model linkages.
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= Spatial and temporal complexity:

 Better representation of spatial and temporal variability allows to
address region/location specific policy interventions
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Complexity
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= No ‘simple’ messages. Same driver has location dependent
impacts that may be judged differently
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Complexity LAND.
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= Use narrative approaches to explain dynamics resulting from
simulations

= Study region-specific impacts/effectivenss of policy options

= Clarify spatial spill-overs and trade-offs

= Adding complexity to land use simulations not only
improves the simulation results
* Insight in mechanisms
* Insight in spatial and temporal variations
* Link to stakeholder perception of landscape
* Insights into the decision-making processes to influence
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= Representing land use:

* New ways of representing land use are needed to capture the
essential characteristics of land use impacting climate,
biodiversity and ecosystem services

= Modelling land use decision making:

* Research is needed to better represent socio-economic variation
and decision making structures in land allocation models,
including adaptation

= Spatial and temporal complexity:

 Better representation of spatial and temporal variability allows to
address region/location specific policy interventions
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Thank you!




