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Introduction
• Productive potential of eucalyptus plantations in Brazil
• Favorable environmental conditions

• Advanced technological development

• Climatic zoning is an important tool for the delimitation of areas with
climatic aptitudes for forest varieties implantation and development

• Use of Geographic Information Systems (GIS)

• Boolean logic vs. Fuzzy logic

• Fuzzy logic This modeling can present results which are closer to
natural reality, making the learning process about forestry most suitable
areas more reliable and less subject to errors



Objective

This work’s objective was to determine suitable areas for
Eucalyptus grandis and Eucalyptus urophyla development in
Espírito Santo state using fuzzy logic and Weighted Linear
Combination (WLC).



Methodology
Studied area

• Espírito Santo State, Brazil

Database

• Precipitation;

• Air temperature;

• Water deficit; and 

• Land slope



Database

•Precipitation
• Were used a historical series of 79 pluviometric stations (1979-2008).

• Air temperature
• Were obtained using the CALCLI software (Stock et al., 1991);

• The software makes temperature estimates based on geographic coordinates and
distance from the coast;

• The geographic coordinates of the 79 pluviometric stations were used.

• Water deficit
• The monthly climatic hydric balance was calculated using the methodology proposed

by Thornthwaite and Mather (1955).

• Land slope
• Obtained by SRTM (Shuttle Radar Topography Mission) radar data, with a spatial

resolution of 90 meters.

Interpolation

• Was performed by means of ordinary kriging



Methodology

Map with the pluviometric stations location used in the study



Evaluation by multiple criteria

• Fuzzy logic
• The fuzzy concept was used to give all Espírito Santo’s locations a representative value

of its suitability degree for a certain factor.

• In order to finalize the factor aggregation process, we used the Weighted Linear
Combination (WLC) method of the Idrisi Selva software. The WLC analysis was
done by multiplying each standardized factor by its obtained weight.

• The weights of the factors adopted in the analysis were:
• 0.522 for annual water deficit; 0.1998 for average annual temperature; 0.1998 for

annual mean rainfall; and 0.0781 for land slope, totaling 1.

•The last step in the WLC was to multiply the Boolean constraints.

Varieties
Average Annual 

Temperature (°C)

Average Annual 

Rainfall (mm)

Annual Hydric 

Deficit (mm)

Land slope

(%)

Eucalyptus grandis 6 - 32 1000 – 1800 0 – 400 0 - 100

Eucalyptus urophyla 12 - 29 1000 – 1500 0 – 400 0 - 100

Established requirements for two eucalyptus varieties stands implanting

Ribeiro et al. (2009)



Evaluation by multiple criteria

Function Factor a b c d

Sigmoidal symmetric

Temperature1 0 6 32 32,5

Temperature2 0 12 29 29,5

Precipitation1 0 1000 1800 1900

Precipitation2 0 1000 1500 1600

Sigmoidal decreasing
HD1 0 - - 400

HD2 0 - - 400

Linear decreasing
Land slope1 0 - - 100

Land slope 2 0 - - 100

1: Eucalyptus grandis; 2: Eucalyptus urophylla

Sigmoidal decreasing (a), linear decreasing (b) and sigmoidal symmetric (c)



Results and Discussion



Suitability map for Eucalyptus grandis and for Eucalyptus urophylla



Conclusions

The state of Espírito Santo presented high climatic aptitude for
Eucalyptus grandis and Eucalyptus urophyla. The Weighted Linear
Combination (WLC) allowed to identify suitable areas in the state, for
cultivating both studied varieties. The northwestern region and part of
the north region are the ones that presented the smallest adaptability
value.
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