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Introduction   

• In the context of climate Change, the sea-level rise is a 
fact;  

• And mangrove ecosystem is very sensitive to this 
process (For example: mangrove can migrate);  

•  In addition, intense human occupation can influence 
the mangrove response to climate change;  

• Because the mangrove can not colonize human use 
areas. 

• In this project, we propose a methodological approach, 
using GIS (Geographic Information System) and 
modeling based on cellular automata.   
 



Motivation I: The largest 
continuous mangrove area of the 

planet is in the 
Brazilian Amazon (Wilson et al., 2013) 

 
    



In terms of total area, the Brazil has the second 
largest mangrove area in the world (Spalding, 

Kainumaand and Collins 2010).  
. 



Important! Different authors may have 
different values. But the fact is … 

The Brazil has an extensive mangrove 
area. 



Motivation II:  
The present study is the first Brazilian 

modeling experiment; 
Important: In the context of mangrove 

response to sea-level rise. 
 
    



General objective: Simulate the 
mangrove response pattern to sea-

level rise 
  • Specific objectives: 

• Develop a conceptual model; 
• Translate the conceptual model in computer 

language to allow the simulation exercise; 
• Simulate mangrove response patterns to sea-

level rise. 



Case Study: Maranhão Island  
• Maranhão Island (see figure below) is located on 

the Brazilian Amazon; 
• The Maranhão Island has low relief with altitudes 

of up to 60 meters; 
• Maranhão Island has 146.49 km2  mangrove 

area; 
• Tidal rise in the Maranhão Island is 6 m. 

 
 
 
 



Case Study: Maranhão Island  



Conceptual Model 
• The mangrove responses to sea-level rise depend on 

factors such as topography (Digital Elevation Model – 
DEM), tidal range, land cover in adjacent areas, coastal 
dynamics and mean rate of sea-level rise (Mcleod & 
Salm 2006, Lovelock & Ellison 2007). 

• Our conceptual model have four components: sea-level 
rise, land cover, environmental restrictions for the 
mangrove migration (only soil types) and mangrove 
dynamics (For example, mangrove migration, loss of 
mangrove area, mangrove resistance to sea-level rise). 
 
 
 



Conceptual Model (Figure) 



Modeling experiment: BR-Mangrove 
• The programming language use: LUA 

(http://www.lua.org/portugues.html); 
• Lua is a powerful programming language, fast 

and light, designed to extend applications; 
• It is a language used in various computer 

games; 
• The modeling platform that was used is the 

TerraME (http://www.terrame.org/doku.php). 
 
 
 

http://www.lua.org/portugues.html
http://www.terrame.org/doku.php


the TerraME website 



Lua and the Web 

Where is Lua? 

• Inside Brazil 
– Petrobras, the Brazilian Oil Company 
– Embratel (the main telecommunication 

company in Brazil) 
– many other companies 

• Outside Brazil 
– Lua is used in hundreds of projects, both 

commercial and academic 
– CGILua still in restricted use 

• until recently all documentation was in Portuguese 

 
 

TerraMe Programming Language: Extension of LUA 
LUA is the language of choice for computer games 

  

[Ierusalimschy et al, 1996] source: the LUA team 



Geographical Database and Cellular Space 
 
 • Our implementation is based on the cellular 

automata computational model, a logical 
system which has the concept of cell as the 
basic unit: each cell has a state and attributes 
(Wolfram 1983). 

• The geographical database and cellular space 
were organized in the software TerraView 
(http://www.dpi.inpe.br/terraview/index.php)
.   
 
 
 

http://www.dpi.inpe.br/terraview/index.php


the TerraView website 



Cells States and Cells Attributes 



Results 

• The simulation considers 88 events of 
elevation from 0.011 to 0.97 m (period 2012 
to 2100); 

• The results are presented in terms of total 
area (ha), mangrove migration (ha) and 
mangrove inundation (ha).  



Results: Br-mangrove in action! 



Results: Simulation of sea-level rise 



Results: Simulation of mangrove area 



Results: mangrove migration and 
mangrove inundation. 



Results: A little movie of the 
simulation  



Final considerations 

• The modelling experiment can be use to 
promote a better understanding of the 
mangrove responses to potencial events of 
sea-level rise; 

• But one must take into consideration 
environmental and human factors;  

• In this context, the human forms of use and 
occupation in adjacent areas to mangrove 
must be considered. 

 



And last: the code 



And last: the code 



And last: the code 



And last: the code 



Thank you very much! 

denilson_ca@yahoo.com.br 
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