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Scope

vFocus on implementation, not on application domains
vHow Map Algebra is implemented in different environments
vMainly Focus:

vSpatial analysis tools (ArcGIS Pro)
vModelBuilder (ArcGIS Pro)
vArcPy (ArcGIS Pro)
vQGIS
vGRASS GIS
vOpen-source Python packages
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Environment settings

• Cell size
• Extent
• Snap raster
• Mask
• NoData propagation
• Edge handling
• …
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Main implementation modes

vExpression-based implementation
vDirect raster calculation expressions

vTool-based implementation (Spatial analysis tools)
vFocal statistics
vReclassify
vZonal statistics
vDistance tools
v…
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Main Implementation modes

vWorkflow-based implementation
vModelBuilder
vChained geoprocessing tools

vScript-based implementation
vArcPy
vPyQGIS
vPython expressions and automated workflows
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Expression-based implementation

vDirect map expressions
vArcGIS Pro: Raster Calculator
vQGIS: Raster Calculator
vGRASS GIS: Raster map Calculator
à Raster layers are written as variables in expression

vSupports:
vMathematical operations
vLogical expression
vBoolean expression
vConditional expression
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Expression-based implementation

vExmaple:
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Pre-structured implementation
(tool-based implementation)
• ArcGIS Pro:

• Reclassify
• Cell statistics
• Focal statistics
• Zonal statistics
• Slope
• Aspect
• …

• Open-source examples:
• QGIS Processing tools
• GRASS raster modules
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Workflow-based implementation

• Multiple raster operations can be chained into structured workflows
• ArcGIS Pro: ModelBuilder
• QGIS: Model Designer
• GRASS: Graphical Modeler

• Useful for:
• Building structured analytical workflows
• Making raster analysis reproducible
• Suitable for non-programmers
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Script-based implementation
• move raster operations into code
• Supports:

• Loops
• Batch processing
• Automation of repetitive analyses
• Parameter control
• Reproducibility

• ArcPy: ArcGIS Pro’s API
• Open-source Python:

• PyQGIS
• GDAL-based scripting
• Numpy
• Rasterio
• Rioxarray / xarray
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Example: ModelBuilder vs. ArcPy
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Example: ModelBuilder vs. ArcPy
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Workflow-based vs. Script-based

• Workflow-based implementation
• Strength:

• Visual and intuitive workflow design
• Integrates directly with ArcGIS geoprocessing tools
• Easy to understand for non-programmers
• Good for demonstrating analytical logic
• Convenient for relatively simple workflows

• Limitations:
• Less flexible for complex conditions and custom logic
• Batch processing is possible, but often requires iterators and careful variable setup
• Output naming and file management 
• Large models may become difficult to maintain and debug
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Workflow-based vs. Script-based

• Script-based implementation
• Strength:

• Highly flexible for automation and batch processing
• Can iterate through folders and datasets automatically
• Output names can be generated dynamically to avoid overwriting
• Easier to include conditional logical, loops, and error handling
• Better suited for reproducible and scalable workflows

• Limitations:
• Requires programming knowledge
• Not intuitive compared to a visual model
• Harder for beginners to learn and debug
• Scripts need more management of parameters and environments 
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Why open-source implementation matters
• No license barriers
• Accessible for teaching and research
• Transparent and reproducible
• Map Algebra is not tied to one software vendor
• Supports portability and broader adoption
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Thank you for your attention!


