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▪ Understand how to model space, and its effect
▪ Understand metapopulations
▪ Understand how to model network structure, and its effect

2Spatial Models & Network Models
Learning Objectives
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▪ How complex should a model be?

3Spatial Models & Network Models
Model Complexity
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▪ Could be deterministic -> math is rather complicated (PDEs) 

▪ Individual-based models (agent-based models): stochastic, highly 
explicit models

4Spatial Models & Network Models
Spatial Models
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5Spatial Models & Network Models
Spatial Models
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Spatial Models
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Spatial Models
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8Spatial Models & Network Models
Spatial Models
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Spatial Models
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▪ Implementing a spatially explicit IBM

10Spatial Models & Network Models
Spatial Models
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▪ Implement a probability p with which random connections 
between any two grid cell occurs.

11Spatial Models & Network Models
Random Connections
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12Spatial Models & Network Models
Random Connections
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13Spatial Models & Network Models
Before Global Travel

Source: Marvel et al 2013
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▪ A population of populations

14Spatial Models & Network Models
Metapopulations

Source: Hanski 1998
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15Spatial Models & Network Models
Metapopulations
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16Spatial Models & Network Models
Metapopulations
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17Spatial Models & Network Models
Metapopulations
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18Spatial Models & Network Models
Contact Network Models
▪Graph
▪ Nodes
▪ Edges
▪ Degree
▪ Path Length
▪ Shortest Path
▪ Average Path Length
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19Spatial Models & Network Models
Random Networks
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20Spatial Models & Network Models
Lattice / Grid / Spatial Networks
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21Spatial Models & Network Models
Social Network
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22Spatial Models & Network Models
Small World
▪Milgram: send letter to target person in Boston. If you don’t know 

target person, send letter to another person who might.
▪ “Sig degrees of separation”, “It’s a small world”
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▪ Ring network, each node connected to k neighbors. Randomly 
rewire with probability p.

23Spatial Models & Network Models
Small World

Source: Watts & Strogatz 1998
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24Spatial Models & Network Models
Small World
▪ N = 100
▪ k = 4
▪ p = 0.05
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25Spatial Models & Network Models
Small World

Source: Watts & Strogatz 1998
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26Spatial Models & Network Models
Small World
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27Spatial Models & Network Models
Small World

A B A B

C C
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28Spatial Models & Network Models
Small World

A B

DC E
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29Spatial Models & Network Models
Small World

Source: Watts & Strogatz 1998
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30Spatial Models & Network Models
Random Networks

C = 0.11
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31Spatial Models & Network Models
Lattice / Grid / Spatial Networks

C = 0.51
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32Spatial Models & Network Models
Social Network

C = 0.73
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33Spatial Models & Network Models
Small World

C = 0.44
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34Spatial Models & Network Models
Fat-tailed networks
▪ Barabasi-Albert: Scale-free networks 
 
“the probability P(k) that a vertex in the network interacts with k 
other vertices decays as a power law, following P(k) ~ k-𝛾”,
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35

▪ 33.4% of nodes 
have minimum 
degree of 4
▪most connected 

node has degree 
of 1295
▪ 𝛾 = -2.7
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37Spatial Models & Network Models
Fat-tailed networks
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38Spatial Models & Network Models
Fat-tailed networks
▪ Highly connected nodes pose a problem, but also a solution: 

targeted protection
▪ Fat-tailed networks are error tolerant, but prone to attack - we can 

use this for control!
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39Spatial Models & Network Models
Fat-tailed networks
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40Spatial Models & Network Models
Fat-tailed networks


