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Human actlons and global change

How mucn change is happening?
| Where are changes taking place?

1 Whoﬂis being impacted by the change?




National Plan for Climatic Change (Brazil, 2008)
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Grafico 4: Evolucao das Taxas de Desmatamento na Amazénia
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Are targets of deforestation possible for the Brazilian Amazon?
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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?




=y,

: Question #1 for Nature-Society models

B1: 2090-2099

land cover cells Loss of Biodiveristy

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



Environmental Change models deals with ST fields

__B1:2020-2029

A2: 2090-2099

arh e | N —
L . 35 0 IS
A field is a spacetime continuum

Field: T=>S—> A




land_cover cells in 1985

Societal data are modelled as ST objects

land_cover cells in 2000

(Object: ID > T — [S,A])

C34L.181985{C34L18 01/01/1985| 31/12/1985|forest 7068.90 669.22
C34L.181988{C34L18 01/01/1988| 31/12/1988|forest 7068.90 669.22
C34L1819911C34L18 01/01/1991| 31/12/1991 |forest 7068.90 669.22
C34L.1819941C34L18 01/01/1994| 31/12/1994|deforested 7068.90 669.22
C34L1819971C34L18 01/01/1997| 31/12/1997 |deforested 7068.90 669.22
C34L.182000{C34L18 01/01/2000| 31/12/2000|deforested 7068.90 669.22
C34L191985{C34L19 01/01/1985| 31/12/1985(forest 7087.29 269.24
C34L191988/C34L19 01/01/1988| 31/12/1988|deforested 7087.29 269.24
C34L1919911C34L19 01/01/1991| 31/12/1991 |deforested 7087.29 269.24
C341L.191994lc241 10 n1/n1/1004l 21/12/1004ldefaractad 70R7 20 2RO 24
C34L.1919¢

carioooc AN Object is an individual that exists in space and time




land_cover cells (objects)
attr id ___object_id___initial_time _final_time___land_cover ____ dist_primary_road _ dist_secondary_road|

Loss of Biodiversity (fields)

(and store their attributes in a database)

C341.181985{C34L18 01/01/1985 31/12/1985|forest 7068.90 669.22
C341.181988{C34L18 01/01/1988 31/12/1988|forest 7068.90 669.22
C34L181991{C34L18 01/01/1991( 31/12/1991 |forest 7068.90 669.22
C341.181994{C34L18 01/01/1994 31/12/1994 |deforested 7068.90 669.22
C34L.181997{C34L18 01/01/1997 31/12/1997 [deforested 7068.90 669.22
C341.182000{C34L18 01/01/2000 31/12/2000(deforested 7068.90 669.22
C341.191985{C34L19 01/01/1985 31/12/1985|forest 7087.29 269.24
C34L191988{C34L19 01/01/1988 31/12/1988|deforested 7087.29 269.24
C341.191991{C34L19 01/01/1991 31/12/1991 [deforested 7087.29 269.24
C341L.191994{C34L19 01/01/1994 31/12/1994 |deforested 7087.29 269.24
C3

cz Nature-society models need to describe fields and objects
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@
Modelling Human Actions

m Models based on global factors
Explanation based on causal models
“For everything, there is a cause”
Human_actions = f (factors,....)

m 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

y=a, + a;X; + a,X, + ... +a;x; +E
A

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

m Basic hypothesis: stationary processes
m Examples: CLUE Model (University of Wageningen)




CLUE modeling framework

regional

demand module
scenarios of quantity of

How much??? change
INPUT, not in the model
grid-hased
e ——————— *

spatial analysis

allocation module

'‘coarse scale' W
multiple regression
models J

‘( ‘coarse scale’
'L allocation

fine scale’ W
multiple regression J

models

‘( fine scale’
'L allocation

[Aguiar et al, 2007]

100 x 100 km?




Land Change in Amazonia (Scenario for 2015)

] 0.0-0.1
[]01-0.2
] 0.2-0.3
I 0.3-0.4
B 0.4-05
B 05-06
B 0.6-0.7
B 07-08
B 0.8-0.9
B 09-1.0

TerraME cell space: 90 initial explanatory factors [Aguiar, 2006]
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Statistics: Humans as clouds
MODEL 7: R2 = .86
Variables Description stb p-level

Percentage of large farms, in terms of

PORC3 AR area 0,27 0,00

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

PRECIPIT Avarege precipitation -0,32 0,00
Percentage of small farms, in terms of

LOG_NR1 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 (R = 0.80 to 0.86)

[Aguiar et al, 2007]



QDemand scenarios

Demand scenarios
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LLaw enforcement scenarios

Forest cover threshold Maximum allowed change
(forest_ threshold) (change_max_lim)
No law enforcement 20% 50%
Private Reserve partial
enforcement 50% 50%
Local Command and Control:
Controlled areas 50% 20%
Outside controlled areas 20% 50%

[Aguiar et al, 2007]
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[Aguiar et al, 2007]



&
CLUE Simulations: protected areas impact

Study area — ALAP BR 319

;

S

kY

!‘
- ALAP BR 319

— Paved roads in 2010
— Not paved roads
— Main Rivers
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ALAP BR 319
Paved roads in 2010
Not paved roads
Main Rivers

Ports

Protected areas in 2004
New productive areas (2007)
B New sustenable use areas (2007)
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— ALAP BR 319
— Not paved roads in 2010

— Not paved roads
== Main rivers

% change 1997 to 2020:
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CENARIO SIMULADO Adicionando areas de protegao mtegral e uso sustentavel (2007)

ALAP BR 319 | 7 Dgmabegreds & L
— Paved roads in 2010
— Not paved roads Protected areas in 2004
Main Rivers New productive areas (2007)
B New sustenable use areas (2007)
< Ports
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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:
m Population density;
m Connection to national markets;
m Climatic conditions;

m 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

An agent is any actor within an Representations

environment, any entity that can / - 'i' Ii|

affect itself, the environment

and other agents. >

Goal

Communication

Action

Perception
Environment

* Human behavior:

* Autonomous and collaborative
* Goal oriented
« Based on previous knowledge

* Planned

source: Nigel Gilbert
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Agents: autonomy, flexibility, interaction

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



=Y Requwement #2 for Nature Souety models

.

Models need to support both statlstlcal
reIatlons (clouds) and agents (ants)
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What types of spatial relations exist in
nature-society models?




@ B1: 2020-2029 B81:2090-2099
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Natural space is (usually) isotropic
Societal space is mostly anisotropic

Rondonia



| Societal spaces are anisotropic

Which spatial objects are
closer?

Which ceIIs are closer?

[Aguiar et al., 2003]



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

Euclidean space Open network Closed network

N

[Aguiar et al., 2003]



Question #4 for Nature-Society models

=2 - == 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)




Multi-scale modelling includes networks

\'f‘)& "«:,‘]
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Flow of timber from
Amazonia

Network-based relations

. National Markets

— Unpaved
— Paved

National market chains in
Brazil

[Moreira et al., 2008]



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

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

How much?

Where?
Scale 1

father

up-scaling

Express explicit spatial relationships
between individual objects in
different scales

-
children

Scale 2



Question #5 for Nature-Society models

photos: Isabel Escada

How can we express behavioral changes in
human societies?

When a small
farmer becomes a L .
medium-sized one, IZ> -
his behaviour

changes




Societal systems undergo phase transitions

Isabel Escada, 2003

S.01

Settlements
10 to 20 years

Settlements Old
(less than 4 Settlements
years) (more than
20 years)

[Escada, 2003]



Requirement #5 for Nature-Society models:

Capture phase transitions

latency
> 6 years

Deforestation
Year of

Creat

ejorestation >
Year of

creatio
Slowing down
Deforestation =
100%

Small Farmers

~N
-~

Medium-Sized
Farmers
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TerraME: Computational environment for
developing nature-society models

Cell Spaces

Support for cellular
automata and agents

m o setl_nfamilies_70 9 setl_area_70_ 99 aar
1076 |am Central 4 E71096 146.23648
1077 |am Central 4 E71096 146.23648
1078 |am Central E3.939396 23501.954167
1079 |am Central 81.582006 29865, FEEZ222
1080  |pa Central 12.805476 1287.076729
1081 |pa Central 13.10862 1329.578364
1082 |pa Central 13.10862 1329.578364
1083 |pa Central 11.466334 1163.013824
] [ |

All these requirements have been addressed in
TerraME deSign' [Carneiro, 2006]



TerraME modelling environment

- TerraME INTERPRETER

* model syntax semantic checking

.% * model execution

Eclipse & LUA plugin @. TerraView

» model description LUA Interpreter « data acquisition
» model highlight syntax + data visualization

A

A 4

- » data management
TerraME/LUA interface - data analysis
A\ 4
% TerraME framework
[oX
()

0 N A

Model
source code

TerraLib
database

[Carneiro, 2006]



TerraME’s way: Modular components

[Carneiro, 2006]

1. Get first pair
2. Execute the ACTION

A 4

1. 1:32:00 Mens. 1
I\E:.Ti er =EVENT . 1:32:10 Mens. 3

3. 1:38:07 Mens. 2

N

@ 4. 1:42:00 | Mens.4
t 4. timeToHappen += period 4f
Describe spatial structure Describe temporal structure

latency
> 6 years

Deforesting

Slowing down

Describe rules of behaviour Describe spatial relations



&
TerraME GIS Integration: Cell Spaces
integrated with databases

ﬂ] uzesContagem | Suscetibilidade | TMAX LIBMIN. P15 Fa
1 IGMEDIA 204 49 55 2843
2 252MEDIA 20,6 60,56 3463
3 21 AME DA 24,3 63.29 40,81
4 ME [ 24.2 5118 19 68
5 32MEDIA , 242 508 1537
& 2BALTA 2.2 50.05 12.35
% I UALTA ¥ 24.2 47.81 8.97 &
4] I _»Fj
Tabela lHlatqgrnmn_ ] ‘ronaj Disparséo ]




erraME GIMS - Graphical Interface for Modeling
- and Simulation

Package Explorer Model Graphical Editor

=

I8 Package Explorer I O

= SimpleHidrologicalModeiProject
¢} simpleHidrologicalModellua

- env = Environment {
id = “Amazobnia”,
% simpleHidrologicalModel terramegims

A

}

env:execute();

= Model Structure Editor

4 hidroterramegims 23 . [ hidro.lua

[ Resource Set

| —1 4 @ pi;tfbrm:/}esource/'HiV&roé'aﬁlvance/-l;\id'rb.ierramegims
4 4 TerraMEGIMSApp myApp
\ 4 <4 Environment cabecaDeBoi
ey o 4 Cellular Space csCabecaDeBoi
4 Automaton waterBalance
4 State dry
<4 State wet
4 Trajectory trajectory
4 Timer myTimer
4 < Agent myAgent

— Ve Mbagy

': Properties 2 =] % 4 State agRain
P : — 4 State agSun
P e <% Main main

D < myHidroModelApp
TerraME Source Code * myHidroModelApp = (..




TerraME Observer

R Terra Observer

Arquivo  Editar  Exibir Projeto  Ajuda

BN

|  PE0 6
x|

28 cs0i load( ) ; ~
Modals Solution I 29 CreateHDDreN?ighbDthDd{ csg) i 1
0 ca0isynchronize(); [Object Inspector_____E3
- @ Modelo_07.lua 41 1 = os.timel}: _
: Abributo I Yalue I
32 ul = og.clock{): absorgso 0,12
33 unk = 0; z0lo raxo
34
35 [lfor time = 1, FINALL TIME, 1 do
3G
a7 ~ PROCESS0: chuva I Plot - Window
38 = ForEachCell{ c=0Q,
fEj=l function{ cell })
a5 if({ cell.altimetria B TerraOhserver W
41 cell.gtdelogua =
42 r end
43 return true:
N end M TerraObserver
il r ¥:
46 cEQisynchronize() ;
47 e
45
49
=gu} -- relatorio el )__J
51 [H if{ math.mod{time,10) < 1) t 161699 T
53 print{"t: "..time ) 10 12
53 UDEl = os.clock{): 1y E
54 csQ:savel time, "acgua”, {7 200 -
55 uDBZ = os.clock(): ]
56 ulE = uDE + {uDBZ — uDE1}; 600 b
= Dot = = = EE—— = 400_-_ g 10 12
200
o
M
] 2 4 =] g 0 17
x




@47,,“ TerraME HPA

High Performance Architecture

Simulation Cluster

GIS Server
Graphic Sever

— Swith de 1Ggbit —>

Model
development
Workstation




Thank you...
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