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Key Concepts 

- Geocoding  

- Vector and raster data 

- Spatial clustering and spatial dependence 

- Monadic and dyadic data 

- Network analysis 

 

Further Reading 

Fischer, M. M., & Wang, J. (2011). Spatial Data Analysis: Models, Methods and Techniques (1st Edition). 

Springer. https://doi.org/10.1007/978-3-642-21720-3  
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Geocoded Data 

 

 

Geocoded data contains information on a location. For example, survey companies often include the 

postcode of survey respondents, firm data often includes the locations of the headquarter (and 

occasionally on branches), and so on.  

 

In social science data, there exists a tension between anonymity and geocoding. Geocoding is very useful 

for many analytical purposes, but microdata often allows the identification of individual respondents, 

which clearly violates data privacy regulation.  

 

This is why an at least moderate form of aggregation is usually necessary in the social sciences.   
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Political Unit Data 

 

An obvious form of aggregation and ‘geocoding’ is national or regional data. It is not possible to infer a 

particular person’s income from information on the average income in the district they live in.  

 

Political units (i.e., units under the same government): 

 countries 

 states 

 districts 

 cities 

 

Non-political units: 

 postcodes 

 households 
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Example:  

 

  
 

Confirmed COVID-19 cases in Austria per 100k inhabitants per district, as of 18 October 2020. Source: 

https://commons.wikimedia.org/wiki/File:COVID-19_Austria_Cases_per_District.svg#/media/File:Austria_COVID-19_cases_per_capita.svg 

 

  

https://commons.wikimedia.org/wiki/File:COVID-19_Austria_Cases_per_District.svg#/media/File:Austria_COVID-19_cases_per_capita.svg
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Example 

 

Kogure, K., & Takasaki, Y. (2019). GIS for empirical research design: An illustration with georeferenced 

point data. PloS one, 14(3), e0212316. 
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Source: Kogure & Takasaki (2019, p. 6) 

The authors linked 

information on the location 

of killing sites (triangles, 

colours = number of victims) 

to information on the 

average level of education in 

a district before the conflict 

(gray areas), and on 

infrastructure (roads). 

 

It can be seen, for example, 

that killing sites were usually 

placed in districts with higher 

education levels and near 

major roads. 
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Vector Data 

 

Vector data are composed of points, polylines, and polygons. 

- Wells, houses, etc., are represented by points 

(= XY coordinates). 

- Roads, rivers, streams, etc., are represented by 

polylines. 

- Villages and towns are represented by polygons. 
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Raster Data (Grid Cell Data) 

 

Raster / grid cell data divides the geographic area into spatial cells: say 10 x 10 kilometers, representing a 

specific location.  

 

These grids are then linked to substantive 

information. For example:  

 land use information from satellite data 

 brightness by night 

 insurgent activities 

 terrorist attacks 

 

 

 

 

  

Source: 

https://desktop.arcgis.com/en/arcmap/10.3/manage-

data/raster-and-images/what-is-raster-data.htm  

https://desktop.arcgis.com/en/arcmap/10.3/manage-data/raster-and-images/what-is-raster-data.htm
https://desktop.arcgis.com/en/arcmap/10.3/manage-data/raster-and-images/what-is-raster-data.htm
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Vector Data versus Raster Data 

 

What are advantages of using vector data? 

 Higher geographic accuracy because data isn’t dependent on grid size. 

 Topology rules can help data integrity with vector data models. Not only that, network analysis and 

proximity operations use vector data structures. 

 Because vector data have vertices and paths, this means that the graphical output is generally more 

aesthetically pleasing (Does that matter?) 

 

What are disadvantages of using vector data? 

 Continuous data is poorly stored and displayed as vectors. In order to display continuous data as a 

vector, it would require substantial generalization. 

 Although topology is useful for vector data, it is often processing intensive. Any feature edits 

requires updates on topology. With a lot of features, vector manipulation algorithms are complex. 
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Vector Data versus Raster Data 

 

What are the advantages of raster? 

 Raster grid format is data model for satellite data and other remote sensing data. For raster 

positions, it’s simple to understand cell size. 

 Map algebra with raster data is usually quick and easy to perform. Overall, quantitative analysis is 

intuitive with discrete or continuous rasters. 

 

What are the disadvantages of raster? 

 Because cell size contributes to graphic quality, it can have a pixelated look and feel. To illustrate, 

linear features and paths are difficult to display. 

 You cannot create network datasets or perform topology rules on rasters. Also, you don’t have the 

flexibility with raster data attribute tables. 

 Raster datasets can become potentially very large because they record values for each cell in an 

image. As resolution increases, the size of the cell decreases. But this comes at a cost for speed of 

processing and data storage. 

(Keep in mind that simplification is often a good thing) 
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Yet, to some extent, one can move between both worlds: 
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Example: The PRIO GRID dataset  

 

The dataset " ... consists of quadratic grid cells that jointly cover all terrestrial areas of the world. The basic 

(static) version of PRIO-GRID contains cell-specific information on a limited selection of core variables (e.g. 

cell ID, cell area, population, and terrain characteristics), which may be joined with yearly files containing 

time-varying information measured specifically for each geographic cell (e.g. country code/name, 

population size, ethnic composition, etc.). " 
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References 

Tollefsen, Andreas Forø; Håvard Strand & Halvard Buhaug (2012) PRIO-GRID: A unified spatial data 

structure. Journal of Peace Research 49(2): 363-374.  
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From Geocoding to Spatial Clustering and Spatial Dependence 

 

 

Geocoding does not just allow one to estimate the association between geographic factors such as 

longitude and latitude on outcomes, it also allows to control and analyze spatial clustering.  

 

Examples:  

 the effect of tax rates on mobile factors in other countries on domestic tax rates (tax competition) 

 the effect of r&d expenditure of a company on r&d expenditures of its competitors 

 the effect of terrorist attacks in one country on tourism in a neighboring country 

 the effect of counterterrorist policies in one country on counterterrorist policies in other countries 
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Spatial Clustering 

 

Tobler’s first law: “Everything is related to everything else, but near things are more related than distant 

things”.  

This is the idea that spatial data have more similar values at 

nearby locations – certain data can cluster in space.  

Tests for spatial clusters - Moran’s I is a statistic that shows the 

spatial autocorrection of a variable (beyond the scope of this 

course but for more info see further reading - Fischer & Wang, 

2011). 

 

 

 

 

References - Bruna, F., Lopez-Rodriguez, J., & Faíña, A. (2016). 

Market Potential, Spatial Dependences and Spillovers in 

European Regions. Regional Studies, 50(9), 1551–1563. https://doi.org/10.1080/00343404.2015.1048796  

https://doi.org/10.1080/00343404.2015.1048796
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Spatial Dependence 

 

This implies that observations (people, firms, countries, etc) are not independent from each other and 

there is some form of interaction between them that affects the data.  

This dependence across space is caused by contact, connections, transactions, interactions and relations. 

For this reason, space is much “more than geography” (Beck et al. 2006). To understand (and test) such an 

interrelation between observations, the nature of the interaction should be examined and understood.  

For example, the spread of Sars-Cov-2 occurred not just based on geographical proximity but also from air 

passenger traffic. Had countries considered only geographical proximity they would have only applied 

travel restrictions to land (or sea) borders, rather than to air travel. (Visualisation of the virus spread 

https://www.theguardian.com/world/ng-interactive/2020/apr/09/how-coronavirus-spread-across-the-

globe-visualised).   

In spatial econometrics, observations are linked by a weighting matrix, which defines how much an 

observation affects another (how “close” observations are to each other) in terms of a specified 

interaction. (Beyond the scope of this course but for more info see further reading - Fischer & Wang, 

2011). 

 

  

https://www.theguardian.com/world/ng-interactive/2020/apr/09/how-coronavirus-spread-across-the-globe-visualised
https://www.theguardian.com/world/ng-interactive/2020/apr/09/how-coronavirus-spread-across-the-globe-visualised
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Self Study Exercise 

 

Think about the effect of counterterrorist policies in one country on another (in Western countries).  

- How might similar policies be clustered? 

- How might such spatial dependency be modelled?  

- What variable(s) could one use to model this dependency? 

Now read the following article by Neumayer, Plümper, and Epifanio (2014) and see what the authors did 

https://www.jstor.org/stable/43282100.  

 

 

  

https://www.jstor.org/stable/43282100
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Not all data is monadic. 

 

What is monadic data?  

Monadic data describes a property of a unit of analysis, such as a person, a firm, a country. 

 

 

What is dyadic data? 

Dyadic data describes a property of relation, such as: 

 the number of emails exchanged between two individuals  

 whether two individuals are married or not 

 whether two companies are linked through ownership structures or trade with each other 

 whether two countries are at war with each other 

 the exports of country i to country j 
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What explains a relation between i and j? 

 

 properties of i 

 properties of j 

 properties of ij 

 

For example, the number of emails between i and j per month are a function of  

 individual traits of i and j (e.g., i’s preference for email over messenger services; j’s access to 

electronic devices, …) 

 relational traits of ij (e.g. family ties, friendship, business relation…)  
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Are matters different when we move from monadic to dyadic data?  

 

 

In many ways no, it is just another phenomenon that we analyze. 

 

However, this can become very quickly very complex, for example when we allow spatial dependence 

between one dyad (ij) and other dyads (km). In that case, yij (the outcome for dyad ij) is: 

- a function of xij 

- a function of xi 

- a function of yi 

- a function of yji (reverse causality) 

- a function of ykm 

- a function of yik 

- a function of yim 

and the same for j. 
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Example 

 

The number of emails between i and j depends on the number of emails between i and m and between i 

and k. 
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Network Analysis 

 

Network analysis (NA) is a set of integrated techniques to depict relations among actors and to analyze the 

social structures that emerge from the recurrence of these relations.  

The basic assumption is that better explanations of social phenomena are yielded by analysis of the 

relations among entities. This analysis is conducted by collecting relational data organized in matrix form.  

If actors are depicted as nodes, and their relations as lines among pairs of nodes, the concept of social 

network changes from being a metaphor to an operative analytical tool which utilizes the mathematical 

language of graph theory and of matrix and relational algebra.  

Although deterministic approaches usually emphasize that NA enables study of how the social structure of 

relationships around a person, group, or organization affects behaviors and attitudes, structurally bounded 

purposive actions may affect the social structure and vice versa.  

NA can be regarded as a set of techniques with a shared methodological perspective, rather than as a new 

paradigm in the social sciences. NA techniques allow researchers to specify empirical indicators and to 

control field hypotheses through the definition and measurement of traditional catch-all concepts like 

social structure and cohesion. 
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Example: A social network of a work unit  

 

 

 

 

 

 

 

 

With relational data, we gain a better perspective on research questions that involve:  

- Social Segregation (e.g. the young, the old, and the Spanish). 

- Social Power (e.g. Norm has the very influential network position of a broker) 

- Social Cohesion (e.g. the average distance between two nodes is very low in the Spanish group 

(yellow); we can also calculate the ‘density’ of the network to learn more about social cohesion) 

- Social Inclusion 

http://vlado.fmf.uni-lj.si/pub/networks/course/ch07/Chapter7.pdf 

For a (playful) introduction into social networks see: https://ncase.me/crowds/  

http://vlado.fmf.uni-lj.si/pub/networks/course/ch07/Chapter7.pdf
https://ncase.me/crowds/
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The network links diseases to diseases through the individuals that have them. Of course, some people 

need to have more than one disease to make this a network.  



 26 

Analytically, network analysis adds 

 

three properties to spatial dyadic analysis: 

 

1. the number of ties 

2. global centrality of a nod 

3. local centrality of a nod 
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Chapter Review 

 

Key Concepts 

- Geocoding  

- Vector and raster data 

- Spatial clustering and spatial dependence 

- Monadic and dyadic data 
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Further Reading 

Fischer, M. M., & Wang, J. (2011). Spatial Data Analysis: Models, Methods and Techniques (1st Edition). 

Springer. https://doi.org/10.1007/978-3-642-21720-3  
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