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Introduction

* Mesa is an open-source agent-based modeling (ABM) framework written in Python, allowing users to quickly build and

visualize agent-based models.

* Mesa-Geo is its GIS extension. Due to the modular design of Mesa, extending its functionalities is relatively straight-

forward, without the necessity of modifying its core components.

Why Python?
* There has been a trend of utilizing machine learning methods in and for ABM and GIS.

* Python is currently the dominant programming language for machine learning (ML): NumPy, pandas, scikit-learn, Keras,
PyTorch, and of growing interest to GlScience (PySAL, GeoPandas, Rasterio ...).
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Background
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Background

Mesa ® Actions [ Projects [0 wiki @ Security |~ Insights
* Created in 2015. Source code: https://qithub.com/projectmesa/mesa Dependency graph
* QOver the years, Mesa has been used in a wide range of application areas, from Dapendencies: | Dependsdts; | ‘Dependabt

epidemiology, logistics, healthcare, to the modeling of electricity market, auction, Repositories that depend on mesa

food market, building, etc.

[¢] 882 Repositories @ 24 Packages
Mesa-Geo
. . . As of October 25, 2022.

* Created in 2017. Source code: https://github.com/projectmesa/mesa-geo Source: hitps-/aithub.com/proiestmesa/mesa/network/dependents

* |Initially focused on vector data support. Our contributions are integrating more
sophisticated GIS functionalities such as:

- Raster data support

- Consistent coordinate reference system (CRS) settings

along with other changes including frontend dependencies management, bug fixes,
etc.
6
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Architecture
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Architecture
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Applications

Examples of GIS functions commonly needed in ABM:

Basemaps
GIS data import/export
Raster data:
- Digital elevation (e.g., pedestrian evacuation)

- Neighborhood queries (e.g., Moore, von Neumann)

Vector data:
- Buffers
- Shortest path queries (e.g., road network)
- Contains/Within/Intersects/...

Raster & vector data overlay
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Example Models

& projectmesa / mesa-geo ' Public <% EditPins v+  ®Unwatch 10 ~ % Fork 41 Y star 81

<> Code () lIssues 17 11 Pullrequests 3 Discussions () Actions [ Projects [ Wiki
¥ main + mesa-geo | examples /| README.md

Q g-boyu link to

A1 contributor

= 16 lines (10 sloc) = 684 Bytes

Examples

Vector Data

* GeoSchelling Model (Polygons)
* GeoSchelling Model (Points & Polygons)
* GeoSIR Epidemics Model

Raster Data

 Rainfall Model
e Urban Growth Model

Raster and Vector Data Overlay

* Population Model

|~ Insights £ Settings

Go to file

Latest commit bcd@sb7 on Sep 10 (\) History

> @ Rw Bame 2 - @ §

Link: https://github.com/projectmesa/mesa-geo/blob/main/examples

A Mesa-Geo

Introduction
Tutorial
B Examples
Overview
GeoSchelling Model (Polygons)

GeoSchelling Model (Points &
Polygons)

GeoSIR Epidemics Model
Rainfall Model
Urban Growth Model

Population Model

API Documentation

# » Examples O Edit on GitHub

Examples

Vector Data

e GeoSchelling Model (Polygons)

e GeoSchelling Model (Points & Polygons)
e GeoSIR Epidemics Model

Raster Data

e Rainfall Model
e Urban Growth Model

Raster and Vector Data Overlay

e Population Model

Link: https://mesa-geo.readthedocs.io/en/latest/examples/overview.html
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Example: Digital Elevation Model

RAINFALL MODEL

GeoSpace: a raster layer representing elevations.
GeoAgents: raindrops.

At each time step, raindrops are randomly created across
the landscape to simulate rainfall.

The raindrops flow from cells of higher elevation to lower
elevation based on their eight surrounding cells (i.e., Moore
neighbourhood).

11
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Example: Multiple Raster Layers

URBAN GROWTH MODEL
:

[ Frames prsocond S -+
; ” land use, urban area, and so on.

GeoSpace: multiple raster layers representing slope, road,

dispersion_coefficient

0 100

* Cells: land parcels.

0 100

* At each time step, each land parcel is decided whether it is

0 100

suitable to be urbanized, based on the input raster layers

0 100

as well as the user defined coefficients.

0 100 Percentage Urbanized: 21.36%

0 100

12
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Example: Raster & Vector Overlay

POPULATION MODEL

* GeoSpace:

- a raster layer of population data for each cell.

20

- a vector layer representing a lake.
* GeoAgent: people, created based on the population data.

* The agents move randomly to neighbouring cells at each
time step.

== Leaflet | Map data © O;

Number of Agents: 5196

13
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Example: Road Network

AGENTS AND NETWORKS MODEL

Agents and Networks

Number of Commuters

10

150
Commuter Walking Speed (m/s)

!

1

GeoSpace: multiple vector layers, including buildings,
lakes, and a road network. The road network is constructed
from polyline data.

GeoAgent: commuters.

Buildings are randomly assigned to agents as their home
and workplaces.

Agents' commute routes can be found as the shortest path
between entrances of their home and workplaces. Their
movements are constrained on the road network.

Source code available at https://qithub.com/wang-

boyu/agents-and-networks-in-python

14
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Example: Points & Ploygons

GEO SCHELLING (POLYGONS)

Schelling

GeoSpace: only the agent layer containing GeoAgents.

GeoAgents: the Level 2 European Nomenclature of
Territorial Units for Statistics (NUTS-2) regions.

During the running of the model, a polygon queries the
colors of the surrounding polygon and if the ratio falls below
a certain threshold (e.g., 40% of the same color), the agent
moves to an uncolored polygon.

15
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Example: Points & Ploygons

GEO SCHELLING (POINTS & POLYGONS)

Schelling

et
o

Happy agents: 1081

Unhappy agents: 519

GeoSpace: only the agent layer containing GeoAgents.
GeoAgents:

- NUTS-2 regions.

- People residing in NUTS-2 regions.

Each person resides in a randomly assigned region and
checks the color ratio of its region against a pre-defined
"happiness" threshold at every time step.

If the ratio falls below a certain threshold (e.g., 40%), the
agent is found to be "unhappy", and randomly moves to
another region.

16
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Data Export
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Conclusion

* Mesa-Geo: an open-source GIS extension for the Mesa agent-based modeling framework in Python.

* By utilizing the rich software ecosystem of open-source scientific libraries (e.g., Rasterio, GeoPandas, NetworkX),
users can import, manipulate and visualize georeferenced data in ABM.

https://qithub.com/projectmesa/mesa-geo https://mesa-geo.readthedocs.io

18
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Join us!

Matrix chat room: https://matrix.to/#/#mesa-geo:matrix.org

Monthly dev session: https://github.com/projectmesa/mesa/discussions

Mesa-Geo discussions: https://github.com/projectmesa/mesa-geo/discussions

Contributors guide: https://github.com/projectmesa/mesa-geo/blob/main/CONTRIBUTING.md

https://qithub.com/projectmesa/mesa-geo https://mesa-geo.readthedocs.io
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THANK YOU FOR LISTENING!
WELCOME COMMENTS, QUESTIONS AND

SUGGESTIONS.

- bwang44@buffalo.edu v @BoyuWang__ O @wang-boyu
vincent.hess@posteo.de @AndyCrooks @Corvince

atcrooks@buffalo.edu @acrooks2
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