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Agenda 
Motivation:  
     Narratives, social complexity and financial stability 
Text as data*:  

Turning text to structured data 
Natural Language Processing (NLP), Information Extraction (IE), Named Entity Recognition (NER), etc.  

Graph theory, complexity/connectivity measures 
An illustration of social complexity from Reuters News 
Relating evolution of social complexity to financial stability  
* for more details see, e.g., Nyman and Ormerod (2020)“Text as Data: Real-time Measurement of Economic Welfare”, https://arxiv.org/pdf/2001.03401.pdf 
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Narratives and social complexity 

Narratives are important drivers of economic and financial activity (e.g., Keynes, 1936; Akerlof & 
Shiller, 2009):  

Agents deal with social complexity through the use of narratives 
Narratives spread ‘systemically’ via social networks or news media (Shiller, 2000) and precipitate 
‘consensus’ (‘social complexity’) 
Growing text-based analysis linked to sentiment, but much less focus has been given to the 
systematic analysis of structural changes to narratives, which is what we attempt to do here 
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Text analysis 
A widely used approach is to look for a pre-determined set of words/phrases in a text 
 

For example, in economics, the Economic Policy Uncertainty Index has gained traction, and this is (in part) based on mentions  of the 
word “uncertainty” in various newspapers 
 
Another example, Rickard Nyman et al., News and narratives in financial systems: Exploring big data for systemic risk assessment 
(Bank of England Working Paper No. 704). 2018.  
 

However, this is increasingly outdated, machine learning algorithms based on a relatively small number of examples can learn the 
words/phrases which classify text into the appropriate categories 
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Text as Data: The Vector Space Model 
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Encoding Schemes 
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Word embeddings: GloVe 

The approach (known as GloVe) described by Pennington et al. (2014) is widely used to derive 
word-vector embeddings (the paper already has 6000 citations) 
The training objective of GloVe is to learn word vectors such that their dot product equals the 
logarithm of the words’ probability of co-occurrence. Owing to the fact that the logarithm of a ratio 
equals the difference of logarithms, this objective associates (the logarithm of) ratios of co-
occurrence probabilities with vector differences in the word vector space  
It is built up from around 2 billion words in English from Twitter, Wikipedia, web crawls and can 
be downloaded from https://nlp.stanford.edu/projects/glove/  
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Word embeddings: Word2Vec 
A highly influential recent development using neural networks (Mikolov et al. 2013) 
There are two distinct approaches.  
Both rely on training neural networks to predict properties of word sequences 

CBOW: Suppose we have a sequence of n words, where n is an odd number.  We leave 
out the middle word and train a neural net to predict what it is from the surrounding 
ones. Use the weights of the hidden layer as feature vectors for the target word 

Skip-Gram: Suppose we have a sequence of n words, where n is an odd number.  We 
leave out the surrounding words and train a neural net to predict what they are from 
the centre word. Use the weights of the hidden layer as feature vectors for the centre word 

Mikolov et al. show that the relatively simple neural network architectures they propose achieve high quality 
word-vector representations comparable to more complex networks structures such as Recurrent Neural 
Nets while being much faster to train on larger data sets 
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Natural Language Processing (1) 
An area of research attempting to model language probabilistically to deal with the interaction 
between computers and natural languages  

Part-Of-Speech Tagging - the process of annotating words by their 
grammatical use 
Named Entity Extraction - the task of assigning entity type labels to tokens 
found in a document  
Co-Reference Resolution - the task of determining when several entities 
mentioned in a document really refer to the same entity, including 
inferring when a pronoun refers to a previously named entity 
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Natural Language Processing (2) 
ANNIE - A Nearly-New Information Extraction System is the standard NLP processing ‘pipeline’ present in the Java 
GATE (General Architecture for Text Engineering) text analysis software.  
The sequence of steps taken by ANNIE to produce named entity annotations on a document can be summarised as,  
1. Tokenise text  
2. Entity detection based on dictionary lookup  
3. Sentence splitter  
4. Part-of-speech tagger 
5. Entity detection using rules based on earlier annotations  
6. Coreference  
This procedure will give us, for each document, a list of entities mentioned in the document, and in which sentence 
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Graph theory (1) 
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Graph theory (2) 
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Graph theory (3) 

To cluster our network we will make use of the concept of edge betweenness to determine community boundaries.  
The algorithm yields a hierarchical clustering and proceeds as follows:  
1. Calculate the betweenness for all edges in the network.  
2. Remove the edge with the highest betweenness.  
3. Recalculate betweenness scores for all edges affected by the removal.  
4. Repeat from step 2 until no edges remain or a given number of edges have been removed.  

Rickard Nyman 13 13/02/2020 



Illustration with Reuters news 
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Illustration with Reuters news 
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Example August - September, 2008 
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Complexity timeseries: January, 1996 – June, 2014 
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Financial Stability/Complexity 
Correlation (left) and Granger causality (Wald test statistics, right) with VIX and S&P 500 
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Digging deeper (1) 
To understand what drives the major changes in narrative structure we can drill down into the largest network clusters  

The entropy series drops sharply in Sep 2008, for which the largest three clusters were composed of the following organisations: 

1. deutsche bank, freddie mac, american international group, treasury, goldman sachs group, goldman sachs, merrill lynch, jpmorgan chase, cnbc, the fed, congress, nyse, new york times, jp 
morgan, treasury department, wachovia, barclays, sec, washington mutual, morgan stanley, us treasury, lehman brothers, wall street journal, wells fargo, federal reserve, bank of america, 
citigroup, fdic, fannie mae  

2. boeing, northrop grumman, raytheon, ba, us air force, air force, us army, general dynamics, lockheed, airbus, northrop, navy  

3. cox, usa today, cnn, house of representatives, republican, abc, us congress, us senate, white house  

Unsurprisingly, the largest cluster illustrates the high connectivity within the financial sector 
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Digging deeper (2) 
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Visualise connectivity within the largest cluster 

Node size is scaled logarithmically relative to smallest and largest 
frequencies within the cluster  

Edge width is scaled relative to largest and smallest widths within 
the cluster 

Purely for illustration, a simple measure of sentiment (counts of 
emotive words) is used to colour the nodes (red, ‘negative’ – 
green, ‘positive’) 
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Summary 
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Narratives and social complexity are receiving greater attention in economics and are thought (at least by some) to affect gr owth and 
financial stability. Financial stability and uncertainty are closely monitored by central banks 

A lot of attention has been given to sentiment, whereas narratives have been studied much less systematically 

Identifying networks and their evolution from text can potentially paint a ‘macro’ picture of narrative evolution (so that we  may try to 
estimate the evolution of ‘social complexity’)  

I have given some evidence that these techniques may also provide early warnings of risks to financial stability 
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Thank you! 
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