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What is Network Analysis

Provides computational methods

= to analyse contacts (arcs)
between elements (nodes) in
a contact network

= for the identification of
relevant (central) nodes or
arcs

= within a specific research
question
(e.g. food safety assessment)
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Node Centrality Examples

Different concepts have been
developed, among others

a. Betwenness
b. Closeness
c. Eigenvector

d. Degree

e. Harmonic

f. Katz

Image source: Wikipedia
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Contact Clustering

= |dentification of Communities

= Need computational power
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Application of Network Computational Methods

= Data availability 350
— Mobile phone
— Social media 300
— Flight passengers
— Animal Trade o 290 -
S
= Methods availability £ 200
— Barabashi-Albert ‘o
— Erdés-Rényi 8 150
— Wasserman & Faust :E,
— Newman < 100
— Vespignani
50
= Software availability
—igraph (Csardi & Nepusz, CRAN) 0

— NetworkX (Los Alamos Lab) 1960 1980 2000 2020
Year
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Networks Evolve.
How to Analyse?
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Networks are partially known.
How to find central nodes?

Real network

Reported network
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Problems & Suggestions

plos.org

@'PLOS ‘ ONE Publish  About Browse

& OPENACCESS g PEER-REVIEWED

RESEARCH ARTICLE

A Bayesian Approach for Modeling Cattle Movements in the
United States: Scaling up a Partially Observed Network

Tom Lindstrém, Daniel A. Grear, Michael Buhnerkempe. Colleen T. Webb, Ryan S. Miller, Katie Portacci, Uno Wennergren [E]
Published: January 4, 2013 » DOI: 10.1371/journal_pone 0053432

Article About the Authors u Related Content
¥

Abstract

Introduction

Abstract

Materials and Methods

Networks are rarely completely observed and prediction of unobserved edges is an important
problem, especially in disease spread modeling where networks are used to represent the
pattern of contacts. We focus on a partially observed cattle movement network in the US. and
present a methad for scaling up to a full netwark based on Bayesian inference, with the aim of
informing epidemic disease spread models in the United States. The observed network is a
10% state stratified sample of Interstate Certificates of Veterinary Inspection that are required

Results
Discussion

Supporting Information

create account

Search Q

advanced search

Article metrics are
unavailable for recently
published articles.

Download PDF  ~

(W) CrossMark
Subject Areas 0

Cattle
Beef

Veterinary diseases

sign in

contacts.”

“One important ingredient to
consider is the pattern of disease-
transmission contacts among the
elements, however lack of data or
delays in providing updated records
may hinder its use, especially for
time-varying patterns.”

“Networks are rarely completely
observed and prediction of
unobserved edges is an important
problem, especially in disease
spread modeling where networks
are used to represent the pattern of
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Gravity Model of Trade

= Acknowledge: We do not have
all the data needed.

= Instead develop models
explaining the trade data.

= Predicted trade data may be
used instead of real data.

= Will this work? Under which
conditions?

= Validate!

F;; = G(MﬁlMB"’ /Dw )7
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Gravity Model of Trade
mNj

(1 + dmn /dU)‘}

= Applied to outbreak source detection
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BABSTRACT

The key challenge during food-borne disease outbreaks, e.g. the 2011 EHEC/HUS outbreak in Germany, is
the design of eficient mitigation strategies based on a timely identification of the outbreak’s spatial origin.
Standard public health procedures typically use case-control studies and tracings along food shipping
chains. These methods are time-consuming and suffer from biased data collected slowly in patient interviews.
Here we apply a recently developed, network-theoretical method to identify the spatial origin of food-borne
disease outbreaks. Thereby, the network captures the transportation routes of contaminated foods. The

technique enly requires spatial information on case reports regularly collected by public health institutions - -
and a model for the underlying food distribution network. The approach is based on the idea of replacing the German fOOd Shlpplng network
conventional geographic distance with an effective distance that is derived from the topological structure of =

S - constructed from a gravity model

the underlying food distribution network. We show that this approach can efficiently identify most probable

enicantare nf fand-hnrna dizeace nithraaks Wea accase and digrnze tha mathnd in tha cantawt of tha 2011

Hans Mielke, 2016-02-08, HOA Meeting page 13 ﬁ BfR

14



Gravity Model of Trade

Trade prediction may be influenced by
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Demographic change
Climate change
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Summary

Powerful methods for the
calculation of node
importance have been
developed in the past.

Nowadays, the network
community deals with the
problem of under- and
asynchronous reporting which
result in eventually severely
biased food chain safety
assessments.

In the future models predicting
flow of goods in a food
network will be available.
These models are expected to
support the preservation of
safe global food chains.
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