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Environmental modeling

“Environmental”
Modeling
Questions 
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Context

GEOMA Network 
(“Rede Cooperativa de Modelagem Ambiental”)

Cooperative Network for Environmental Modeling
Ministry of Science and Technology
INPE/OBT, INPE/CPTEC, LNCC, INPA, IMPA, MPEG

Long-term objectives - Phase I
Develop computational - mathematical models to predict the spatial dynamics 
of ecological and socio-economic systems at different geographic scales, 
within the framework of sustainability

Support policy decision making at local, regional and national levels, by 
providing decision makers with qualified analytical tools.

LUCC, Data Base, Human Dimension, Wetlands, Climate, Physical 
processes, Biodiversity.Biodiversity.
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GEOMA Biodiversity 

Biodiversity & Conservation planning

Systematic Planning for Conservation

Species Distribution Models 

Economic interest species Population 
Dynamic 
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Biodiversity

Biological diversity or Biodiversity  

Totality of genes, species, and ecosystems of a region  Or  Variation of life at 
all levels of biological organization

Variability of Genetic Resources
Economic interest
Human demands and presence
Climatic changes

How to measure ?  
Strategies for conservation?
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AMAZONIA
5 million km2
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Photos by C
ohn-H

aft, 2006

AMAZONIA
4 million km2 of forest
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Tania Sanaiotti - 2008

Field Work
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GEOMA Biodiversity – Field Data
Field Work 

Madeira - Purus rivers
BR-319 road
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Photos by Cohn-Haft, 2006



GIScience for Dynamic Environmental Sensors - INPE  & IfGI Workshop

March 2009

GEOMA Biodiversity – Field Data

Cohn-Haft, 2006

Field Work:(23 researchers) birds, fishes, insects (bee,butterfly), arthropods 
(spiders), mammals, lizards, vegetation (palm trees), landscape.
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GEOMA Biodiversity – Field Data
Field Work:(23 researchers) birds, fishes, insects (bee,butterfly), arthropods 

(spiders), mammals, lizards, vegetation (palm trees), landscape.

Several students, thesis and papers

Almost all $$  for the component

3 points sampled – Modeling??

How to “extrapolate” point data (plots) for some region?

Environmental variables could be collected at regular 
temporal and/or spatial  base sensors (light, moisture, 
canopy cover, etc.) ?
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Field Work  - Existed data - Plots (permanents)
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Biovidersity data

You can always
ask data to the
“owner”... 
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Biovidersity data

You can always ask data 
to the “data owner”... 
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Biovidersity data – Collections
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Biovidersity data
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Species distribution data

Herbarium
Classification system
Family, gender, specie

Lockers

Maria Cândida H. Mamede - IBt

Excicata

Herborization

Species distribution – time and space

Flora from preserved and alterated areas

Taxonomy and phylogeny studies

Precise identification

Associated Colections
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Species distribution data

Maria Cândida H. Mamede - IBt

Lables – information – geo-referenced

Type
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The Ecological Niche modeling process

locality data
specimen collection data

precipitation

topography

temperature
environmental variables

Distributional Prediction

species distribution model
A

lg
or

ith
m
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GIS integration – loose coupling

TerraView/TerraLib–OM Plugin:
Allowing the user to work with the concept 

of data source using the tools that they 

are used.
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Environmental Data
Alexandre Jardim is a Master student, working on 

creating a Web Environmental Catalogue Service:

- an ontology for environmental data for the 

domain of SDM

- a WS that identifies data sources exporting data 

as WCS; makes a mapping between its metadata 

and the SDM ontology

- a client interface to the WECS and openModeller

- evaluate the WCS specification for the SDM 

domain
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Web

Client applications

Researcher Researcher Researcher

WBCMS
Web Biodiversity Collaborative Modelling Services

Client Applications

Model instances
Catalogue

Karla Fook in her phD work proposes an approach 

for sharing species distribution modeling on Web

Publish modeling experiments and their

provenance, to make it available into catalogues, 

and to enable researchers to perform new models

based in catalogued model instances

Sharing modeling experience
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Model Sensibility to input data  positioning errors

FFáábio bio IwashitaIwashita –– MsCMsC

Fundamental Niche simulation:  Non-
restrict distribution, continuous, and 
typical from Amazon

100  “GPS” points
Positioning error simulation

Cell centroid
Polar coordinates 
Errors up to 10 km; 0,25º; 0,5º; 1º

?

??

?
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Model Sensibility to input data  positioning errors

M
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10 km 0,25º 0,5º 1º

Position errors effective for every model

Overestimation with errors increasing

Need of more than one metrics

Bioclim – not for conservation or climatic change

GARP-Bss - robust for small samples

Maxent – less sensitive to errors increasing (all 
metrics)

FFáábio bio IwashitaIwashita –– MsCMsC
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RS and Species Distribution Modeling

C. lanceolatum C. lanceolatum C. hasslerianum C. erythrocephalum

Foto: C.B. Costa

5:2:18

14:10:18

3:0:18

5:0:18

5:2:18

14:10:18

3:0:18

5:0:18

Training points Evaluation points 
Studied species 

Presence Presence Absence 

C. capitatum (Graham) C.B. Costa & Mamede 65 15 15 
C. cordifolium Nees & Mart. 72 16 16 
C. erythrocephalum Cham. & Schltdl. 33 8 8 
C. lymansmithii Standl. 22 5 5 
C. pulchellum Cham. 52 12 12 

Nature Variables Resolution 
(Degree) Source Date 

Maximum temperature  
Minimum temperature  
Average temperature 
Precipitation 

Clima 

Bioclimatic variables 

0.25 
  

Weather 
stations 

WordClim 
Project 

  

Average monthly 
climate data from 
1950-2000 series 

Elevation 
Slope Relieve 
Aspect 

0.0089 
  

SRTM 
NASA 

  
2000 imagery 

Maximum NDVI 
Minimum NDVI 
Average NDVI 

Vegetation 
RS 

Standard deviation NDVI

1.0 
  

AVHRR-17 
NASA/CPTEC

  

Fortnightly mosaic 
2005 

 

Amaral, Costa e Renó, 2007
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C. lanceolatum C. lanceolatum C. hasslerianum C. erythrocephalum

Foto: C.B. Costa

Kappa Mann-Whitney (U Statistic) 
Specie 

no NDVI  NDVI no NDVI NDVI 
Critical value    

(α =5%) N 

C. lymansmithii 0.8 0.8 7.5 7.5 2 5 

C. erythrocephalum  0.5 0.5 21.5 22.5 12 8 

C. pulchellum  0.83 0.83 16* 15* 37 12 

C. capitatum  0.6 0.53 55* 48.5* 64 15 

C. cordifolium 0.75 0.56 46.5* 36* 75 16 

 

C. capitatum
NDVI

C. cordifolium
NDVI

C. lymansmithii
NDVI

RS and Species Distribution Modeling
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Species Distribution Modeling
Data Base  – Arecaceae
RS data

São Paulo – 763 reg.

Amazonas –
427 reg.

Acre – 298 reg. Bahia – 298 reg.

Mato Grosso – 129 reg.

Goiás – 106 reg.

Pará – 99 reg.

Maranhão – 94 reg

São Paulo – 763 reg.

Amazonas –
427 reg.

Acre – 298 reg. Bahia – 298 reg.

Mato Grosso – 129 reg.

Goiás – 106 reg.

Pará – 99 reg.

Maranhão – 94 reg

209 reg.

76 reg.

73 reg.

70 reg.

70 reg.

63 reg.

61 reg.

209 reg.

76 reg.

73 reg.

70 reg.

70 reg.

63 reg.

61 reg.

% de registros para 
cada espécie

% de registros para 
cada espécie

Syagrus 
romanzoffiana

(Cham.) Glassman

Geonoma stricta
(Poit.) Kunth

Syagrus oleraceae (Mart.)Becc.

Acrocomia 
aculeata
(Jacq.)

Lodd. Ex.
Mart.

Euterpe edulis Mart.

Geonoma 
schottiana 

Mart.

Bactris hirta
Mart.

9524 records, with 3360 records with geographical
coordinates;

2637 records after corrections (errors: sea
coordinates, duplications, and taxonomy);

Richer genders: Bactris (38spp.), Geonoma (37), 
Syagrus(25), Attalea (22) e Astrocaryum (13).

(Arasato, 2009)
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RS and Species Distribution Modeling

(Rennó et al, 2008)

HAND (Height Above the Nearest Drainage)
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Euterpe edulis

Arasato (2009)

Species Distribution Modeling
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Restrict Distribution

Louzada (2008)

Ortophytum sp



GIScience for Dynamic Environmental Sensors - INPE  & IfGI Workshop

March 2009

Sensitive species

Luz B

Iván

Harpia   harpyja

Vila Amazônia

Com. Bom Socorro Zé Açú

Com. Sta. Fé Zé Açú

Com. S.Sebastião do Quebra

Com. Quebrinha

Com. Independência
Com. S. João Batista

Com.N.Sa. Perpétuo Socorro

Com. Santíssima Trindade

Com. Nova Esperança/Miriti

Com. N.Sa. Fátima do Açaí

Com. Sta. Clara

Com. Jauarí

Com. St.Antonio MuritubaRio Amazonas

PARINTINS

++

++
Vila Amazônia

Com. Bom Socorro Zé Açú

Com. Sta. Fé Zé Açú

Com. S.Sebastião do Quebra

Com. Quebrinha

Com. Independência
Com. S. João Batista

Com.N.Sa. Perpétuo Socorro

Com. Santíssima Trindade

Com. Nova Esperança/Miriti

Com. N.Sa. Fátima do Açaí

Com. Sta. Clara

Com. Jauarí

Com. St.Antonio MuritubaRio Amazonas

PARINTINS

++

++

Sanaiotti (2008)

• Satellite monitoring

• Habitat definition
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Species Distribution Modeling

Just geographical expression of part of 
“fundamental niche”

Historical factors, genetic, biological interactions – not considered

Biodiversity ?  Based on Species (all of them?) How to integrate in 
space? In time?

Community modeling ?
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Biodiversity Inferences
Alternative data to understand biodiversity  

Phyto-fisionogmy (vegetation types) as proxy
Ecorregions
Remote Sensing 

Floresta

Ombrófila Estacional

densa aberta

terras 
baixas

submontanaaluvial montana terras 
baixas

submontana montana

c/ cipó c/ palmeiras c/ bambuc/ cipó c/ palmeiras c/ cipó c/ palmeiras

1

2

3

4

5

Natureza hierárquica do sistema do Veloso (1991)

Floresta

Ombrófila Estacional

densa aberta

terras 
baixas

submontanaaluvial montana terras 
baixas

submontana montana

c/ cipó c/ palmeiras c/ bambuc/ cipó c/ palmeiras c/ cipó c/ palmeiras

1

2

3

4

5

Natureza hierárquica do sistema do Veloso (1991)
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Biodiversity Inferences
Alternative data to estimate biodiversity  

Phyto-fisionogmy (vegetation types) as proxy

Forest dominated by bamboo, mapped
based on Landsat and MODIS

Bruce Nelson, 2008
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Biodiversity Inferences

Alternative data to estimate biodiversity  
Phyto-fisionogmy (vegetat ion types) as proxy

Floresta

Ombrófila Estacional

densa aberta

terras 
baixas

submontanaaluvial montana terras 
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submontana montana

c/ cipó c/ palmeiras c/ bambuc/ cipó c/ palmeiras c/ cipó c/ palmeiras
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Natureza hierárquica do sistema do Veloso (1991)

Floresta

Ombrófila Estacional

densa aberta

terras 
baixas

submontanaaluvial montana terras 
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submontana montana

c/ cipó c/ palmeiras c/ bambuc/ cipó c/ palmeiras c/ cipó c/ palmeiras

1
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5

Natureza hierárquica do sistema do Veloso (1991)
town

pastos

Floresta 
dominada por 
bambu

Bambu 
maduro no 
dossel

Limites de 
bambu em 
expansão

Limites de 
bambu em 
expansão

Limites de bambu 
controlados por 
topografia

Limites de bambu 
controlados por 
topografia

Mortalidade 
sincronizada 
recente

Fusão de informações espectrais do Landsat +  relevo/sombra do SRTM

Bruce Nelson, 2008
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Floresta aberta com 
Bambu; Inceptisol

Florestas densa sem 
bambu; inceptisol

Floresta densa sem bambu; 
Ultisol

Três tipos de vegetação/solo detectados no sudoeste da 
Amazônia

Qual é o grau de dissimilaridade florística?

Comunidades muito 
distintas (A. Oliveira, 2000)

Bruce Nelson, 2008
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Biodiversity Inferences
Alternative data to estimate biodiversity  

Ecoregions
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Environmental Data Generation and Pré-processing
variables dependence

Self Organizing Mapping - Ximenes (2008)

pp temp pp

Dataset – HAND, 
Rivers Density, 
Radar image, clima, 
etc.
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Environmental data for Biodiversity Modeling

Ecoregions – Madeira-Purus, BR-319
Self Organizing Mapping

(Ximenes, 2008)

Regional Scale
Self Organizing Mapping

21 Environmental variables
Clima, vegetation, soil, altitude, 
geographical distance, drainage
density, slope and NDVI

Self Organizing Mapping
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Environmental data for Biodiversity Modeling

Ecorregions – Madeira-Purus, BR-319
Self Organizing Mapping

(Ximenes, 2008)

Self Organizing Mapping

- Data Validation

- Natural Barriers

- Aquatic environment

- Historical factor
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Biodiversity Inferences
Alternative data to estimate biodiversity  

Remote Sensing 
High resolution data

Dossel structure, ground coverage, LAI

Understory vegetation
Composition
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Remote Sensing Data

Radar Data – clouds 
and above dossel
information

Phenological aspects
LIDAR – forest structure
Carbon stocks – wood 
density

RS - Useful for inference and  spatial generalization

3-D information from the canopy

Overhead view

Diagonal view

Lateral view

3-D information from the canopy

Overhead view

Diagonal view

Lateral view
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Biodiversity Modeling
Habitat loss, changes & threats

Prioritary areas for biodiversity
conservation

• Deforestation process

Taxa de Desmatamento Anual na Amazônia Legal
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Consolidado Estimativa
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Global Climate Change Modelling

Modeling Biodiversity based on Life Form
“Savanization” process 

(Salazar et al., 2007)

B1- “positive”

A2-”negative”

2020-2029 2050-2059 2090-2099

BIOMA approach

??? Given the climate 
warming and based on 
the plant form spectra, is 
there a tendency of 
"savannization" of 
Amazonian forest ? 

Jardim (2008)
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Modeling Biodiversity based on Life Form

Potential life forms combination over 
cerrado and Amazon forest frontier
considering cenarious of clima 
change
Modeling based on bio-climatic
envelops and life forms

Height Specific Leaf Area (AFE)

Species classified base on the Function
instead of taxonomy – Functional
GROUPS

Jardim, 2009

Species grouped by their form of
life and survival strategy & E.Box 
Model
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Final Comments

Biodiversity modeling

Important Issue in times of Global Change

More questions/problems than solutions/answers

Complementary Approaches – every contribution is more than 
welcome !!

Understanding temporal (“slow”?) and spatial (“too diverse”?) 
Biodiversity dynamic     

Modeling – despite the restrictions, one can learn from modeling 
exercises.   
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Thank you !

silvana@dpi.inpe.br


