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Global Change

How much change is happening? 
Where are changes taking place?
Who is being impacted by the change?

Human actions and global change

photo: A. Reenberg

photo: C. Nobre



Are targets of deforestation possible for the Brazilian Amazon?

National Plan for Climatic Change (Brazil, 2008)
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Modelling Nature-Society Interactions

How do humans use space?

How to describe and predict changes resulting from human actions? 

What computational tools are needed to model Modeling the 
interaction nature-society interactions?



land_cover cells

Question #1 for Nature-Society models

Loss of Biodiveristy

What ontological kinds (data types) are required for 
nature-society models? 



Environmental Change models deals with ST fields

A field is a spacetime continuum 

Field: T S A



land_cover cells in 1985

attr_id object_id initial_time final_time land_cover dist_primary_road dist_secondary_road

C34L181985-01-0100:00:001985-12-3123:59:59C34L18 01/01/1985 31/12/1985 forest 7068.90 669.22

C34L181988-01-0100:00:001988-12-3123:59:59C34L18 01/01/1988 31/12/1988 forest 7068.90 669.22

C34L181991-01-0100:00:001991-12-3123:59:59C34L18 01/01/1991 31/12/1991 forest 7068.90 669.22

C34L181994-01-0100:00:001994-12-3123:59:59C34L18 01/01/1994 31/12/1994 deforested 7068.90 669.22

C34L181997-01-0100:00:001997-12-3123:59:59C34L18 01/01/1997 31/12/1997 deforested 7068.90 669.22

C34L182000-01-0100:00:002000-12-3123:59:59C34L18 01/01/2000 31/12/2000 deforested 7068.90 669.22

C34L191985-01-0100:00:001985-12-3123:59:59C34L19 01/01/1985 31/12/1985 forest 7087.29 269.24

C34L191988-01-0100:00:001988-12-3123:59:59C34L19 01/01/1988 31/12/1988 deforested 7087.29 269.24

C34L191991-01-0100:00:001991-12-3123:59:59C34L19 01/01/1991 31/12/1991 deforested 7087.29 269.24

C34L191994-01-0100:00:001994-12-3123:59:59C34L19 01/01/1994 31/12/1994 deforested 7087.29 269.24

C34L191997-01-0100:00:001997-12-3123:59:59C34L19 01/01/1997 31/12/1997 deforested 7087.29 269.24

C34L192000-01-0100:00:002000-12-3123:59:59C34L19 01/01/2000 31/12/2000 deforested 7087.29 269.24

Societal data are modelled as ST objects

land_cover cells in 2000

An object is an individual that exists in space and time 
(Object: ID T [S,A])



land_cover cells (objects)
attr_id object_id initial_time final_time land_cover dist_primary_road dist_secondary_road

C34L181985-01-0100:00:001985-12-3123:59:59C34L18 01/01/1985 31/12/1985 forest 7068.90 669.22

C34L181988-01-0100:00:001988-12-3123:59:59C34L18 01/01/1988 31/12/1988 forest 7068.90 669.22

C34L181991-01-0100:00:001991-12-3123:59:59C34L18 01/01/1991 31/12/1991 forest 7068.90 669.22

C34L181994-01-0100:00:001994-12-3123:59:59C34L18 01/01/1994 31/12/1994 deforested 7068.90 669.22

C34L181997-01-0100:00:001997-12-3123:59:59C34L18 01/01/1997 31/12/1997 deforested 7068.90 669.22

C34L182000-01-0100:00:002000-12-3123:59:59C34L18 01/01/2000 31/12/2000 deforested 7068.90 669.22

C34L191985-01-0100:00:001985-12-3123:59:59C34L19 01/01/1985 31/12/1985 forest 7087.29 269.24

C34L191988-01-0100:00:001988-12-3123:59:59C34L19 01/01/1988 31/12/1988 deforested 7087.29 269.24

C34L191991-01-0100:00:001991-12-3123:59:59C34L19 01/01/1991 31/12/1991 deforested 7087.29 269.24

C34L191994-01-0100:00:001994-12-3123:59:59C34L19 01/01/1994 31/12/1994 deforested 7087.29 269.24

C34L191997-01-0100:00:001997-12-3123:59:59C34L19 01/01/1997 31/12/1997 deforested 7087.29 269.24

C34L192000-01-0100:00:002000-12-3123:59:59C34L19 01/01/2000 31/12/2000 deforested 7087.29 269.24

Requirement #1 for Nature-Society models

Loss of Biodiversity (fields)

Nature-society models need to describe fields and objects 
(and store their attributes in a database)



Question #2 for Nature-Society models

What models are needed to describe
human actions?



Modelling Human Actions

 Models based on global factors
 Explanation based on causal models

 “For everything, there is a cause”

 Human_actions = f (factors,....)

 Emergent models
 Local actions lead to global patterns

 Simple interactions between individuals lead to complex behaviour

 “More is different”

 “The organism is intelligent, its parts are simple-minded”

 Example: cellular automata based models, agent based models



Statistics: Humans as clouds

 Establishes statistical relationship with variables that are 
related to the phenomena under study

 Basic hypothesis: stationary processes

 Examples: CLUE Model (University of Wageningen)

y=a0 + a1x1 + a2x2 + ... +aixi +E



CLUE modeling framework

25 x 25 km2

100 x 100 km2

[Aguiar et al, 2007] 

How much???

INPUT, not in the model



Land Change in Amazonia (Scenario for 2015)

0.0 – 0.1
0.1 – 0.2
0.2 – 0.3
0.3 – 0.4
0.4 – 0.5
0.5 – 0.6
0.6 – 0.7
0.7 – 0.8
0.8 – 0.9
0.9 – 1.0

% deforested

TerraME cell space: 90 initial explanatory factors [Aguiar, 2006]



Statistics: Humans as clouds

MODEL 7: R² = .86

Variables Description stb p-level

PORC3_AR

Percentage of large farms, in terms of 

area 0,27 0,00

LOG_DENS Population density (log 10) 0,38 0,00

PRECIPIT Avarege precipitation -0,32 0,00

LOG_NR1

Percentage of small farms, in terms of 

number (log 10) 0,29 0,00

DIST_EST Distance to roads -0,10 0,00

LOG2_FER Percentage of medium fertility soil (log 10) -0,06 0,01

PORC1_UC Percantage of Indigenous land -0,06 0,01

Statistical analysis of deforestation: 27 alternative regressive models (R2 = 0.80 to 0.86)

[Aguiar et al, 2007] 



Demand scenarios 
D em an d scenario s

0

5000

10000

15000

20000

25000

30000

35000

40000

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

Ye a r

R
a

te
 (

k
m

2
/y

e
a

r)

Dec reas ing

B as eline

Inc reas ing

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Arch

Central

Occidental

[Aguiar et al, 2007] 



Law enforcement scenarios

  

Forest cover threshold  

(forest_  threshold) 

M axim um  allow ed change 

(change_m ax_lim ) 

N o law  enforcem ent 20%  50%  

P rivate R eserve partial 

enforcem ent 50%  50%  

Local C om m and and C ontrol:   

Controlled  areas 50%  20%  

O utside controlled  areas 20%  50%  

 

[Aguiar et al, 2007] 



arch_25, central_25, occidental_25 arch_25

arch_25, central_25, occidental_25

[Aguiar et al, 2007] 



CLUE Simulations: protected areas impact

Study area – ALAP BR 319

ALAP BR 319

Paved roads in 2010

Not paved roads

Main Rivers

Ports



BASE Scenario – Protected  areas in 2004

Protected areas in 2004
New productive areas (2007)
New sustenable use areas (2007)

ALAP BR 319

Paved roads in 2010

Not paved roads

Main Rivers

Ports



BASE SCENARIO – Hot spots of change (1997 to 2020)

ALAP BR 319
Not paved roads in 2010

Not paved roads
Main rivers

0.0 – 0.1

0.1 – 0.2

0.2 – 0.3

0.3 – 0.4

0.4 – 0.5

0.5 – 0.6

0.6 – 0.7

0.7 – 0.8

0.8 – 0.9

0.9 – 1.0

% change 1997 to 2020:



CENÁRIO SIMULADO – Adicionando áreas de proteção integral e uso sustentável (2007)

Protected areas in 2004
New productive areas (2007)
New sustenable use areas (2007)

ALAP BR 319

Paved roads in 2010

Not paved roads

Main Rivers

Ports



Simulated Scenario – Differences from the BASE SCENARIO

0.0 -0.50Decreasing:

0.0 0.10Increasing:

Deforestation differences:
Protected areas

Sustenable use areas

ALAP BR 319
Not paved roads in 2010

Not paved roads
Main rivers



Dynamic modeling conclusions

 Most important coefficient: diffusive pattern of deforestation

 Results show that single factor analysis can be misleading: relative 
importance of determining factors vary across the Amazonia

 The main factors identified were:

 Population density; 

 Connection to national markets;

 Climatic conditions;

 Indicators related to land distribution between large and small 
farmers.

 It is the interaction of connectivity and other factors  that influence the 
intra-regional dynamics and created differentiated conditions in the new 
expansion axes.

 This intra-regional differences led to differentiated impacts of policies 
across the region.



Agents as basis for complex systems

Goal

Environment

Representations

Communication

Action
Perception

Communication

source: Nigel Gilbert

An agent is any actor within an 

environment, any entity that can 

affect itself, the environment 

and other agents.

• Human behavior:

• Autonomous and collaborative

• Goal oriented

• Based on previous knowledge

• Planned



Bird Flocking

No central authority: Each bird reacts to its neighbor

Bottom-up: not possible to model the flock in a global 
manner. It is necessary to simulate the  
INTERACTION between the individuals

Agents: autonomy, flexibility, interaction



Requirement #2 for Nature-Society models

Models need to support both statistical
relations (clouds) and agents (ants)



Question #3 for Nature-Society models

What types of spatial relations exist in 
nature-society models?



Rondonia 1975 1986

Natural space is (usually) isotropic
Societal space is mostly anisotropic



Which spatial objects are 
closer?

Societal spaces are anisotropic

Which cells are closer?

[Aguiar et al., 2003]



Euclidean space Open network Closed network

D2

D1

Requirement #3 for Nature-Society models: 
express anisotropy explicitly

[Aguiar et al., 2003]



Question #4 for Nature-Society models

How do we combine 
independent multi-scale
models with feedback?
Athmosphere, ocean, chemistry climate model 
(resolution 200 x 200 km)

Atmosphere only global climate model
(resolution 50 x 50 km)

Regional climate model
(resolution 10 x 10 km)

Hydrology, Vegetation
Soil Topography (e.g, 1 x 1 km)

Regional land use change
Socio-economic changes
Adaptation (e.g., 100 x 100 m)



Network-based relations

Flow of timber from 
Amazonia

Multi-scale modelling includes networks

National market chains in 
Brazil

[Moreira et al., 2008]



Requirement #4 for Nature-Society models: 
support multi-scale modelling using explicit 
relationships

Express explicit spatial relationships 
between individual objects in 
different scales

[Moreira et al., 2008]
[Carneiro et al., 2008]

up-scaling

Scale 1

Scale 2

father

children



Question #5 for Nature-Society models

Small Farmers
Medium-Sized Farmers

photos: Isabel Escada

How can we express behavioral changes in 
human societies?

When a small 
farmer becomes a 
medium-sized one, 
his behaviour
changes



Old
Settlements
(more than
20 years)

Recent
Settlements
(less than 4 

years)

Farms

Settlements 

10 to 20 anos

Societal systems undergo phase transitions
Isabel Escada, 2003

[Escada, 2003]

Settlements
10 to 20 years



Requirement #5 for Nature-Society models: 
Capture phase transitions

Newly implanted

Deforesting

Slowing down

latency 

> 6 years

Deforestation > 

80%

Small Farmers

Iddle

Year of 

creation

Deforestation = 

100%

Deforesting

Slowing down
Iddle

Year of 

creation

Deforestation = 

100%

Deforestation > 

60%

Medium-Sized
Farmers

photos: Isabel Escada



TerraME: Computational environment for  
developing nature-society models

Cell Spaces

Support for cellular 

automata and agents

All these requirements have been addressed in 
TerraME design. [Carneiro, 2006]



TerraME modelling environment

 

Eclipse & LUA plugin

• model description

• model highlight syntax

TerraView

• data acquisition

• data visualization

• data management

• data analysis

TerraLib

database

d
a

ta

Model 

source code

MODEL DATA 

m
o
d

e
l

• model syntax semantic checking

• model execution

TerraME INTERPRETER

LUA interpreter

TerraME framework

TerraME/LUA interface

m
o
d

e
l d

a
ta

[Carneiro, 2006]



TerraME´s way: Modular components

Describe spatial structure

1:32:00 Mens. 11.

1:32:10 Mens. 32.

1:38:07 Mens. 23.

1:42:00 Mens.44.

. . .return value

true

1. Get first pair 
2. Execute the ACTION

3. Timer =EVENT

4. timeToHappen += period

Describe temporal structure

Newly implanted

Deforesting

Slowing down

latency 
> 6 years

Iddle

Year of 
creation

Deforestation = 
100%

Describe rules of behaviour Describe spatial relations

[Carneiro, 2006]



TerraME GIS Integration: Cell Spaces 
integrated with databases



TerraME GIMS – Graphical Interface for Modeling 
and Simulation

 

 

 

 

 

 

env  = Environment {
      id = “Amazônia”,
      ....
}

env:execute();

 

 

Model Graphical Editor

Model Structure Editor

Model Property Editor

Model 
Package Explorer



TerraME Observer



TerraME HPA 
High Performance Architecture

Graphic Sever

Simulation Cluster

GIS Server

Model 

development 

Workstation



Thank you...
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