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Short Introduction
Northern Portugal has a 
temperate Mediterranean 
climate with Atlantic 
influence, resulting in 
variable precipitation and 
groundwater recharge. Its 
geology is dominated by 
fractured granites, schists, 
and greywackes, where 
faults and fractures 
control groundwater 
circulation and storage. 
These conditions favor 
groundwater and 
geothermal resource 
development, highlighting 
the need for sustainable 
management amid 
increasing water demand 
and anthropogenic 
pressures.

Objectives
•Identify key geothermal 
controls.
•Integrate multi-source 
data in GIS.
•Weight factors using AHP 
and ANP.
•Model potential using 
SVM and RF.
•geothermal potential 
Maping.
•Compare model 
performance.
•Support sustainable 
resource management.
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Fig 1.Location of 
the study region

Fig 2. Flowchart of applied methodology
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GIS database integrating 22 
geothermal factors was 
developed for Northern 
Portugal. Factors were 
weighted using AHP and ANP, 
while SVM and Random 
Forest models mapped 
geothermal potential. Model 
performance was validated 
using ROC–AUC, and results 
were classified into five 
potential zones.



Results
The AHP, ANP, RF, and SVM 
models produced 
consistent geothermal 
potential maps, identifying 
a major high-potential 
corridor from Bragança 
through Vila Real to 
northern Braga. In 
contrast, coastal 
lowlands and the Porto 
hinterland show lower 
potential, reflecting 
geological, 
hydrogeological, tectonic, 
and thermal controls.

The models showed strong 
spatial agreement (84–91%), 
confirming reliable 
geothermal predictions. The 
highest agreement occurred 
between AHP and ANP (91%). RF 
identified more localized 
anomalies, while AHP and ANP 
mapped broader favorable 
zones, supporting the 
robustness of geothermal 
targets.
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Fig 3. Comparative Geothermal 
Potential Zonation Maps of Northern 

Portugal Derived from RF, SVM, ANP, 
and AHP Models.

Table 1. Spatial Correspondence 
Between Geothermal Models.

The integration of GIS, AHP–ANP, and machine learning techniques 
(SVM and RF) proved effective for geothermal potential 
assessment in Northern Portugal. The results consistently 
identify the Bragança–Vila Real corridor as the most favorable 
geothermal zone, driven by the interaction of geological 
structures, thermal gradients, and groundwater circulation. 
The strong agreement among all models validates the reliability 
of the methodology and highlights its potential as a decision-
support tool for sustainable geothermal resource 
development..

Conclusion
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