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This course introduces the students to qualitative and quantitative network
analysis and its interdisciplinary applications in institutional analysis, political

economy and ecology, social-ecological economics, international relations, among
others.

Social Network Analysis (SNA), Ecological Network Analysis (ENA) , and Social-
Ecological Network Analysis (SENA) will be introduced. The students will
understand the basics of network analysis across disciplines and be prepared to
transfer parts of the acquired knowledge to cases of their own interest.



27.2. Course introduction, basic network-related concepts
6.3. Introduction of situation-centered institutional analysis
13.3. Basic network analysis in R — Part |

20.3. Basic network analysis in R — Part |l

27.3. Social Network Analysis: history, theory and application
34. Ecological and social-ecological networks

10.4. Network of Action Situations — Part |

17.4. Network of Action Situations — Part |l

A Students presenting paper ideas and discussions

1.5. Holiday

8.5. Holiday

15.5. Students presenting their papers



Who are we’?

...previous knowledge about the course topics!
...your studies and interests?
...etc.
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The course



First section

27.2. Course introduction, basic network-related concepts ~ Yanhua Shi

13.3. Basic network analysis in R — Part | Harald VWVaxenecker
20.3. Basic network analysis in R — Part || Harald VWaxenecker
27.3. SNA, ENA, SENA — Part | Harald VWaxenecker

34 SNA, ENA, SENA — Part I Harald VWaxenecker



Second section

27.2
10.4
174
244

15.5

Situation-centered institutional anlaysis
Network of Action Situations — Part |
Network of Action Situations — Part ||

Discussion of paper ideas

Paper presentations

Yanhua Shi
Yanhua Shi
Yanhua Shi

Yanhua Shi
Harald VWaxenecker

Yanhua Shi
Harald VWaxenecker



Course attendance: 80%

March 20: network analysis in R (individual exercise)
April 24: Presenting your paper ideas (individual)
May 15: Paper presentations

End of May:  essay (individual)

Outlining a research proposal...
Introducing a case study...

* Analyzing existing data...
Etc.



Related to your individual essay: topics, analysis, discussion

Book an appointment with one of the lecturers during the semester

A social, ecological, or social-ecological problem of your interest

Or you can choose and analyze publicly available network datasets, e.g,

National, regional, and global trade data: Input-Output Table: EORA (https://worldmrio.com/);
EXIOBASE (https://www.exiobase.eu/); GLORIA (https://ielab.info/analyse/gloria)

Procurement data in Europe: https://opentender.eu/all/start

Open ownership data: https://www.openownership.org/en/

Datasets from publications, e.g., Ocelik et al. (2022)


https://worldmrio.com/
https://www.exiobase.eu/
https://opentender.eu/all/start
https://www.openownership.org/en/

Relation society — nature

How network perspective can be utilized?



“..development that meets the needs of
the present generation without
compromising the ability of future

generation to meet their own needs”
Our Common Future, 1987

ECONOMY ENVIRONMENT

SUSTAINABLE
DEVELOPMENT

SOCIAL
COMMUNITY

Three pillars of SD

QUR

FUTURE

THE WORLD COMMISSION

ON ENVIRONMENT
AND DEVELOPMENT

Our Common Future/United
Nation’s Brundtland Report, 1987



Social-Ecological Systems

Fig. 2. Publications related to social-ecological systems, covering the years 1998-2016. Source: Based on
data in the Scopus database, accessed 20 August 2017.
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Exploring the social-ecological systems discourse 20 years later
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» “Social-ecological systems (SES) are complex adaptive systems (CAS)
that are constituted by interactions between diverse people and
elements of diverse ecosystems (Berkes and Folke 1998, Folke et al.
2016).” (Schluter et al. 2019)

* How to conceptualize and analyze Interactions (or links, connections,
relations, etc) between human and nature?

* Why do we care about social-ecological interdependence?



Network perspective to study SES

Fig. 1. The emergence of a social-ecological phenomenon (emergent SES phenomenon) from social-ecological
interactions. (a) The collapse of a fishery (a type of regime shift, top picture) emerges from interactions between
fishers and the fish through fishing (middle circle), policymakers that devise incentives and regulations (left
circle), and different fish and other species that interact through a food web (right circle). The framework is used
to abstract these action situations from the many relations and interactions between actors and ecosystem
components in a given SES, represented by the network of actors and ecological entities at the bottom of the
figure. Emergent outcomes from one AS, such as regulations, affect interactions in another AS, e.g., fishing. (b)
The generic SE-AS framework. The eclipse in the middle represents a configuration of AS that are hypothesized
to have generated the emergent SES phenomenon of interest. There can be multiple social, social-ecological, and
ecological AS in a configuration. This configuration is developed by identifying those social-ecological, social,
and ecological AS from the many interactions in the SES (network in the bottom) that are considered relevant
from a theoretical or empirical perspective. The emergence of the phenomenon results from a continuous
process of local interactions that shape emergent outcomes to which they subsequently adapt (green arrows).
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Schliter et al. (2019)

Fig. 3. Social-ecological network of forest patches, clans, and
their different interrelationships in an agricultural landscape in
southern Madagascar. The red nodes represent clans residing in
the landscape, and the green nodes forest patches. The tiers
between clans represent various forms of social relations, the
ties between clans and forest patches represent use and
managerial responsibilities, and the ties between the forest

patches represent seed dispersals (figure from Bodin and Tengo
2012).

Bodin et al. (2016)



Networks

...concepts from graph theory



Social networks O
e.g., political collaboration network
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Social networks

, : , O Think tank
e.g, interlocking directorates s

® Personas
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Nicholas David

Boteo de Leén,
Edy Paul

. ) Castillo Siniba
Molina Arathcon Ricardo

Pedro Rio Nevada de Zelaya, Ménica

[Fischer & Waxenecker, 2020]



Social networks
e.g, trade network
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Social networks
e.g., policy instrument preferences

Figure 3. Two-mode network of policy instrument preferences.
Note: Support network (“agree somewhat” or “strongly agree”) on the left; rejection network (“disagree somewhat”

or “strongly disagree”) on the right. Circles = actors, squares = policy instruments, ties = preferences in the form of

support or rejection.
[Metz et al,, 2018]



...an interconnected system of a set of vertices and edges

G(V, E)

G = graph [network] ® )
V = vertices [nodes]
E = edges [ties, relations]



“The most general characteristic of social science data is that they are rooted in cultural
values and symbols. Unlike the physical data of the natural sciences, social science data
are constituted through meanings, motives, definitions and typifications. [...] The

N

principle type of data can be referred to as ‘attribute data’ and ‘relational data.
[Scott, 2013: 3]

We need relational data!!!

VWhat about the class graph we draw earlier?



Style of research
Survey research
Ethnographic
research

Documentary
research

Source

Questionnaires,
interviews

Observations

Texts

Type of data

Attribute

Relational

D R—

Type of analysis

Variable
analysis

Network
analysis

[Based on Scott, 2013]
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Graph density: 0.009

Describing a network...
One-mode network

Binary

Undirected

Number of vertices (nodes)
Number of edges (ties)

Graph density



One-mode network

Binary [0, 1]

Undirected
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Degree centrality (»)

* How many actors is one directly tied to?

* In social theory, high degree tends to be a measure
of popularity for undirected graphs.

* Which actor(s) appear to have more degree
centrality?

C:deg(i) — Zj=1 Xij



100 nodes 100 nodes
243 edges 197 edges
Graph density: 0.049 Graph density: 0.039



Frequency

Scale-free network: a network in which a few actors hold a

high degree centrality, and the majority of actors have a low
degree centrality.

Such a distribution of ties resembles a ‘power-law’. Many
empirical networks have this property, to some extent.

Distribution of Degree Centralities

40

30
I

10
|

Degree Centrality



Scale-free ©

Core-periphery

Small world

Star

Fully




= how many nominations one receives’

This is often seen as a measure of prestige,
popularity, or importance.

|deg(|) Z] 1

= how many nominations does one give!

Usually seen as indicating the extent to @
which one is dependent on others.

Linked to spreaders of gossip,
etc.

Codeg(i) — Zi:1 Xl]



 This is an extension of degree centrality:
* How central are those to whom you are connected?

* Efficiency: rather than building your own ties, simply
connect to those with high degree centrality.

* Dependence: you are dependent on the central
others.

Ceg(i) — ZiZl Xl] Cdeg (])

For all ties for ego (Xij), what is the degree centrality of j?
The higher Cge4(j), the higher is ego’s eigenvector centrality Cegiy,



* The frequency of a node (i) lying on the shortest path between two actors (s,t) who
are otherwise disconnected actors.

* A good measure for resource flows along relations.
* A common measure to capture the notion of a ‘broker’

_ st ()
Coet() = Tswerig_

dg¢ = shortest path linking s to t.
0t (1) = the number of shortest

paths between s and t that actor i
lies on.
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348 nodes

523 edges

Graph density: 0.009
Mean degree: 3.0
Isolates: 18

’ A
/NP A )
7 VRO A o0 e
ek b
4" ‘f".‘ﬂis‘\" v
B N

IR T AN
A, v.\—...jﬁi.‘ d>d -‘, .4 \\‘l
» -n"{»ff).§’{‘:'._\/'?£§\\\ "r\

AV,

7

T~

2 /)

\ -

fete o =
<~ O 0 .T,I’TQ
ST S o
7
-

\ >

LR

Describing a network...

One-mode network

Binary

Undirected

Number of vertices (nodes)
Number of edges (ties)
Graph density

Mean degree
lsolates

Components



Components ‘.
® 0% 0 go @
" o ©® " g0 o
o ® a
0® © o © o9 ©
®® ® @ © ®
@ 0© © @ © ® ¢
o © © 'e°
® og @ @ ®0
® @ ® ® ©
100 nodes ® @ . -' ’ ®
66 edges ‘ . . . ..
Graph density: 0.013 . .
Mean degree: 1.32 . . ..’

Component: 35



One-mode network / two-mode (bipartite) network
Types of networks (scale-free, small-world, star, etc.)
Binary / weighted

Undirected / directed

Number of vertices (nodes)

Number of edges (ties)

Graph density

Degree / Indegree / Outdegree

Eigenvector

Betweenness centrality

Isolates

Components



...In two weeks

Who has experience with R?

@ https.//www.r-project.org
Install R and RStudio

Exp|ore some tutoria|s @StUd'O https://posit.co/download/rstudio-desktop/



https://www.r-project.org/
https://posit.co/download/rstudio-desktop/

...Next week

27.2. Course introduction, basic network-related concepts
6.3. Introduction of situation-centered institutional analysis
13.3. Basic network analysis in R — Part |

20.3. Basic network analysis in R — Part |l

27.3. Social Network Analysis: history, theory and application
34. Ecological and social-ecological networks

10A4. Network of Action Situations — Part |

17.4. Network of Action Situations — Part ||

A Students presenting paper ideas and discussions

1.5. Holiday

8.5. Holiday

15.5. Students presenting their papers
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