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Scope X

s*Focus on implementation, not on application domains

*How Map Algebra is implemented in different environments

**Mainly Focus:
+*Spatial analysis tools (ArcGIS Pro)
s*ModelBuilder (ArcGIS Pro)
s ArcPy (ArcGIS Pro)
+QGIS
*+GRASS GIS
s*Open-source Python packages
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Main implementation modes

s*»Expression-based implementation
s*Direct raster calculation expressions

s*Tool-based implementation (Spatial analysis tools)
s*Focal statistics
s Reclassify
s*Zonal statistics
s*Distance tools

S
...
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Main Implementation modes

*Workflow-based implementation
s*ModelBuilder
**Chained geoprocessing tools

**Script-based implementation
s ArcPy
+PyQGIS
s Python expressions and automated workflows
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#Import, export and link data
#--Manage maps

’:’DlreCt map eXpreSSIOHS - Computational region
“*ArcGIS Pro: Raster Calculator e e o
++*QGIS: Raster Calculator @ Manage colors

Query raster maps

+*GRASS GIS: Raster map Calculator
— Raster layers are written as variables in expression

Map type conversions

R

Raster buffers and distance

Mask [r.mask]

iz} Raster map calculator

Simplified raster map calculator [r.mapcalc.simple]

“*Supports: .
“*Mathematical operations DERIRIRON S
s»Logical expression
s*Boolean expression
s*Conditional expression

B B

Overlay rasters

)

Solar radiance and shadows
Terrain analysis
Transform features

3 BB

Hydrologic modeling
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\/ .
s Exmaple:
Geoprocessing v X
@ Raster Calculator @
Parameters Environments ®@
@ Map Algebra expression
Rasters Tools
Bare_soil_Built_up Conditional .
Healthy_vegetation Con
wov  Waterbody:1
. Pick
pos_tifft DUl up: 2 el
Boatiff vegetation: 3|, | v

Con("NDVI" < @, 1, Con("NDVI" < ©.2, 2, 3))

>

Conditional expression

Output raster

Reclassification @
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Pre-structured implementation
(tool-based implementation)

4 Spatial Analyst Tools

.3 e
4 @v Conditional

«
Con

 ArcGIS Pro:

* Reclassify
« Cell statistics
* Focal statistics
» /onal statistics

* Slope

Combine

* Aspect R —

Greater Than Frequency

£ Distance
» & Extraction
> &= Generalization
» &= Groundwater

> & Hydrology

« .
> im Interpolation

Highest Position
Less Than Frequency

Lowest Position

* Open-source examples: . pourty

Rank

* QGIS Processing tools e
* GRASS raster modules

I
| 1)

3 Math

| b

3 Multidimensional Analysis

| Y

&= Multivariate
&e Neighborhood
&e Overlay

-~ .
= Raster Creation

«
=3 Reclass
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» (2 Raster analysis

» (2 Raster creation

¥ (2 Raster terrain analysis
€§§' Aspect
{:0} DTM filter (slope-based)
%:Jé:? Fill sinks (Wang & Liu)
4% Hillshade
3 Hypsometric curves
7 Relief
- 3 Ruggedness index
4% Slope
{§§ Total curvature

» (2 Raster tools
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Develop raster map
Manage colors

Query raster maps

Map type conversions
Raster buffers and distance
Mask [r.mask]

Raster map calculator
Neighborhood analysis
Overlay rasters

Solar radiance and shadows
Terrain analysis

Transform features
Hydrologic modeling
Groundwater modeling
Landscape patch analysis
Wildfire modeling

Change category values and labels
Generate random cells
Generate surfaces
Interpolate surfaces
Reports and statistics
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Workflow-based implementation &'

Multiple raster operations can be chained into structured workflows

ArcGIS Pro: ModelBuilder Project Map Insert Analysis View E (6P Mesh Help
@ '§§§'Ioolbox Ctrl+Alt+T

QGIS MOdel DGSlgner ;@ iﬁModelBuilder « Model Designer... Ctrl+Alt+G
. il Python v Ready To Tools (9 History... Ctrl+Alt+H
GRASS: Graphical Modeler

History

=lGUl tools

Graphical modeler [g.gui.gmodeler]

Useful for:

 Building structured analytical workflows
* Making raster analysis reproducible
* Suitable for non-programmers
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move raster operations into code

* Supports: Project  Notebook Insert  Analysis Vie\
* Loops _ .
L) <= ModelBuilder
 Batch processing <D — =
* Automation of repetitive analyses History [ (£ 7° Readv To___Tpols
« Parameter control {7} Python Notebook _
° RepdeUClblllty Open a new notebook. N
Contents [ || Python Window v 1.
* ArcPy: ArcGIS Pro’s API Y | search Show the Python window. | o .
’ Opeg'g%ll“gce Python: C: > Users > Liyan > Desktop > demo.py
*Fy :
« GDAL-based scripting import numpy as
« Numpy import
* Rasterio import xarray as
* Rioxarray / xarray import rioxarray as
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Example: ModelBuilder vs. ArcPy

a File

"
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Example: ModelBuilder vs. ArcPy @i

(=] Map i1 ArcPy example X
B+ XD » » v ~ Code . @ O

Import packages

import arcpy
from arcpy.sa import *
import os

Add result to Map
Add an output to the current map

def add_to_current_map(data_path):

try:
# If the script is run inside ArcGIS Pro, add output to map
aprx = arcpy.mp.ArcGISProject("CURRENT")
m = aprx.activeMap
if m:

m.addDataFromPath(data_path)

except Exception:
# If the script is run outside ArcGIS Pro, just skip adding to map
pass

Workflows

def workflows(dem, gdb):
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Workflow-based vs. Script-based

» Workflow-based implementation

e Strength:
 Visual and intuitive workflow design
* Integrates directly with ArcGIS geoprocessing tools
e 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
e Output naming and file management
e Large models may become difficult to maintain and debug
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Workflow-based vs. Script-based

« Script-based implementation

e Strength:
» Highly flexible for automation and batch processing
e Can iterate through folders and datasets automatically
* Qutput 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
e Scripts need more management of parameters and environments
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Why open-source implementation matter

* 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!
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