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Source:	  Global	  Land	  Project	  Scien4fic	  Plan	  	  



Environmental 
indicators : 
Integration to 
greenhouse 
emission and 
secondary forests 
dynamics models 

Integrated environmental models, 
coupling to Vegetation (INLAND) and 
Hydrological Models, aiming at 
exploring bi-directional feedbacks 

Land use projections generated by 
Spatially explicit dynamic LUCC 
models (top-down and agent-based) 

CCST	  LUCC	  Modeling	  Group	  
 

Scenarios: 
information to 
society about 
alternative land use 
change under 
different scenarios 



TerraLib	  

TerraLib	  Enviromental	  
Modeling	  Framework	  
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Our	  tools	  are	  built	  on	  top	  of	  the	  TerraME	  
and	  they	  make	  model	  creaBon	  easier 

www.terrame.org  
Source: Tiago Carneiro, 2006 

Tiago Garcia de Senna Carneiro, “Nested-CA: A Foundation 
for Multiscale Modelling of Land Use and Land Cover 
Change”. PhD Thesis in Computer Science, INPE, 2006.  

 



Cell Spaces 

TerraME: Multiparadigm Computational 
Environment for the Development of 

Nature-Society Integrated Models 

Hypothesis: No single approach alone is enough to represent the 
complexity of human-environment interactions 

Source: Tiago Carneiro, 2006 



TerraME: Modular Components 

Spa4al	  structure	  

1:32:00	   Mens.	  1	  1.	  

1:32:10	   Mens.	  3	  2.	  

1:38:07	   Mens.	  2	  3.	  

1:42:00	   Mens.4	  4.	  
.	  .	  .	  return	  value	  

true	  

1.	  Get	  first	  pair	  	  
2.	  Execute	  the	  ACTION	  

3.	  Timer	  =EVENT	  

4.	  4meToHappen	  +=	  period	  

Temporal	  structure	  

Newly	  implanted	  

DeforesBng	  

Slowing	  down	  

latency	  	  
>	  6	  years	  

Iddle	  

Year	  of	  	  
crea0on	  

Deforesta0on	  =	  
100%	  

Rules	  of	  behaviour	   Spa4al	  rela4ons	  
Source: Tiago Carneiro, 2006 



LuccME 
A generic and extensible open source framework to build 
spatially explicit land use and cover change models for different 
applications and scales. 
Based on the common structure of several well known LUCC 
models (Verburg et al. 2006, Eastman et al., 2005) 
Academic (operational) tools: 

 Clue family (Veldkamp et al. 1996, Verburg et al., 2002) 
 Dinamica (Soares-Filho et al., 2002) 



What is a LuccME Model? 

Potential Allocation Demand Potential Allocation Demand Potential Allocation Demand Potential Allocation Demand Potential Allocation Demand 

Defini4on	  of:	  	  
1.  Spa4al	  and	  temporal	  scale	  of	  analysis	  
2.  Database	  loca4on	  
3.  Land	  use	  variables	  
4.  Spa4al	  drivers	  	  
5.  Poten4al,	  Demand	  and	  Alloca4on	  components	  (choice	  and	  parameteriza4on)	  
6.  Output	  parameters	  
	  



What is a LuccME Model?  

Spa4al	  scale:	  Amazonia,	  25	  x	  25	  km	  

Temporal	  scale:	  2000-‐2050,	  annual	  
Goal:	  deforesta4on	  scenarios	  

Spa4al	  scale:	  Bauru,	  500	  x	  500	  m	  

Temporal	  scale:	  1990-‐2010,	  bi-‐annual	  
Goal:	  urban	  expansion	  

Source: Pimenta (2010) 



Source:	  Pimenta	  (2010)	  

You	  can	  compare	  exis/ng	  components	  results,	  verify	  which	  one	  fits	  be;er	  your	  
applica/on,	  or	  even	  develop	  new	  components.	  

M1	   M2	  	   M3	  	  

M2	  (simulated	  2007)	  	  Real	  (observed	  2007)	  



LuccME Models 
 

Transitional x Structural  
 

 
 



1.  Define	  land	  use	  transi4ons	  
2.  Define	  drivers	  which	  explain	  each	  transi4on	  (quan4ty	  and	  loca4on)	  
3.  Compute	  potenBal	  for	  each	  transi4on	  
4.  Compute	  demand	  for	  each	  transi4on	  
5.  Perform	  alloca4on	  of	  the	  transi4ons	  (not	  the	  land	  use	  themselves)	  

Example of transition 
Non-urban->Urban 
(Recreation) 

Source:	  PhD.	  Thesis	  Claudia	  Almeida	  (2004)	  	  

TransiBonal	  models:	  differences	  between	  two	  dates	  



1.  Define	  land	  use	  classes	  
2.  Define	  drivers	  which	  explain	  each	  land	  use	  pacern/structure	  (accumulated	  changes)	  
3.  Compute	  potenBal	  for	  each	  land	  use	  
4.  Compute	  demand	  for	  each	  land	  use	  
5.  Perform	  alloca4on	  of	  	  land	  use	  classes	  

Temporary agriculture in 1997 Agrarian Structure (percentage of small farms in area) 

Structural	  models:	  input	  land	  uses	  at	  one	  date	  

Source:	  Aguiar	  et	  al.,	  2007;	  Aguiar,	  2006.	  



LuccME 
 

Continuous x Discrete  
 

 
 



0 % 100% 

CONTINUOS	  MODELS:	  PERCENTAGE	  OF	  EACH	  USE	  IN	  THE	  CELLS	  
	  
Pasture percentage in each 5x5 km2 

source: IBGE agricultural census 2006 and PRODES 2007 

0 % 100% 



0 % 100% 

DISCRETE	  MODELS:	  CATEGORICAL	  LAND	  USE	  CLASSES	  	  
	  
EACH CELL IS CLASSIFIED AS MECHANIZED AGRICULTURE XOR PASTURE XOR FOREST 

Source:	  Coelho	  (2009),	  Pimenta	  (2010)	  



Source:	  Fearnside	  (2002)	  

DISCRETE	  MODELS	  
	  

	  LAND	  USE	  TRAJECTORIES	  EXPLICIT	  REPRESENTATION 



LuccME Advanced Features 

1.  Advanced potential component features 
2.  Advanced allocation component features 
3.  Model coupling 



Source:	  Aguiar	  et.al,(2003),	  Carneiro	  (2006)	  

TerraME incorporates the GPM concept: 
neighborhood based on Euclidian distance, 

adjacency and network relations 



PDS	  (Projeto	  de	  Desenvolvimento	  Sustentável)	  

PAC	  (Projeto	  de	  Assentamento	  Cole4vo)	  

PA	  (Projeto	  de	  Assentamento)	  

PAE	  (Proj.	  Assentamento	  Agro-‐extra4vista)	  

Terras Indígenas 
UC Proteção Integral 

Example	  of	  heterogeneous	  rules	  of	  territory	  use	  
	  (Mosaic	  of	  Territorial	  Units	  in	  Amazonia)	  

Source:	  INCRA,	  MMA,	  FUNAI,	  elaborated	  by	  Ana	  Aguiar	  (GEOMA)	  



Model coupling using 
TerraME Environment 

Multi-scale/hierarchical coupling 
Regionalization of demand 
Update of dynamic variables (regions and drivers) 
Natural and social system models 
To combine potential/allocation components 
sequentially at the same time step (e.g., like 
Dinamica combines Expander and Patcher) 
(see www.terrame.org/luccme for explanation and 

details about these items) 



TerraME:	  www.terrame.org	  
LuccME:	  www.terrame.org/luccme 

laercio@dpi.inpe.br 
ana.aguiar@inpe.br 

pedro.andrade@inpe.br 
talita@dpi.inpe.br 


