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ITRC Work Stream 3 

Managing Infrastructure as a Complex Adaptive System 

WS3 explores a variety of approaches to simulate and interpret the long 
term interactions between infrastructure, society and economy 

Using the tools of evolutionary economics we shall explore the dynamic 
relationship between infrastructure provision and structural change 

in the economy 
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Research Motivation   
 

•  To gain a greater spatial understanding of infrastructure  

•  Informing decision making 

•  Innovation and changing spatial effects 

•  Desire to combine systematic analysis with research on new, micro-
foundation behaviours 

•  Infrastructure at a cross roads… 

•  Longevity (HM Treasury, 2011; 2012) 

•  Causation  

•  External environment and evolutionary economics  
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Economic Aspects of Infrastructure  

•  Transportation and communication systems have a direct effect on 
unlocking additional investment and raising levels of productivity 
(Eddington, 2006; Égert et al. 2009; HM Treasury, 2011; 2012) 

•  With transport infrastructure, the wider indirect benefits ripple through 
an inter-connected economy causing dynamic development effects 
(Lakshmanan, 2011:9)  

•  This yields a range of sectoral, spatial and regional effects which 
augment productivity (echoing Schumpeter’s observations in Business 
Cycles, 1939) 

•  In the information economy, telecommunication systems have been 
found to cause similar positive economic effects (Czernich, 2011; Kolko, 
2010; Koutroumpis, 2009; Crandall et al. 2007)  
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The Economic Impacts of Infrastructure on Cities  

	  Transport	  Infrastructure	  Demand 	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ICT	  Infrastructure	  
Demand 

 

• Economic	  efficiency	   
• Compe..on	   
• Domes.c	  and	  interna.onal	  trade 
 

Indirect	  Economic	  Benefits 
 

• Business	  usage 
• Commuters 
• Freight	  usage 
• Recrea.onal	  usage 
 

• Business	  usage	  -‐	  informa.on	  
• Business	  usage	  -‐	  communica.on	  
• Capital	  transfer	  and	  finance	  
• Recrea.onal	  usage	  
	  

Supply	  impact	  on	  microeconomic	  produc.vity: 
• Cost	  –	  transport	  costs	  and	  .me	  savings	   
• Quality	  –	  reliability,	  safety	  and	  security 
 

Direct	  Economic	  Benefits 
 

• Cluster	  development	  and	  agglomera.on 
• Innova.on	  and	  investment	   
• Labour	  market	  effects 
 

Micro,	  Meso	  and	  Macro	  Produc/vity	  Drivers 
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The Research Focus 

1.  How does infrastructure and the connectivity it provides, influence 
growth and economic development? 

2.  What is the role of connectivity in influencing location decisions? 

3.  Does infrastructure connectivity influence the degree of innovation 
which takes place in different spatialities?   

4.  How does supply and demand co-evolve over time, and what are 
the implications of change in these sub-systems? 

Focus on ICT infrastructure in the UK 

Transportation systems shall be used in a reflective manner 
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Classical 
Economics 

Neoclassical 
Economics 

Evolutionary 
Economics 

Analy;cal	  
horizon	  

Long	  run	  perspec.ve	   Compara.ve	  sta.c	  
view	  

Long	  run	  perspec.ve	  

Incorpora;on	  of	  
change	  

Endogenous	  technical	  
and	  social	  explanatory	  

variables	  

Exogenous	  technical	  
and	  social	  explanatory	  

variables	  

Endogenous	  technical	  and	  
social	  explanatory	  

variables	  
System	  state	   In	  equilibrium	   In	  equilibrium	   Out-‐of-‐equilibrium	  

Informa;on	   Perfect	  and	  
symmetrical	  

Perfect	  and	  
symmetrical	  

Imperfect	  and	  
asymmetrical	  

Type	  of	  
ra;onality	  

Ra.onal	  agent	   Ra.onal	  agent	   Bounded	  ra.onality	  

Determinant	  
laws	  

Immutable	  objec.ve	  
laws	  

Immutable	  subjec.ve	  
laws	  

Co-‐evolu.on	  of	  subjec.ve	  
and	  objec.ve	  laws	  	  	  

Necessary for 
infrastructure 

Innovating out 
of equilibrium 

Limited 
foresight and 
uncertainty 

Reciprocal 
learning and 
adaptation 

(Dopfer and Potts, 2008) 

General Tenets of Evolutionary Economics  

Changed created 
from within 
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Using an Evolutionary Lens to Understand Change...  

•  The Schumpeterian legacy 

•  Evolution: novelty, dynamics, irreversibility and discontinuity 

•  The adaptive nature of infrastructure supply and demand 

•  The importance of connectivity – the degree to which different entities 
are linked – to the development of different places 

•  Connectivity a dynamic process, and therefore competitive advantage 
as a dynamic process 

•  Feedback evident in the delivery of infrastructure across space 
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The National Infrastructure (NI) System as a CAS 

Reorganisation Conservation 

Growth Release 

Connectedness  

Potential 

Adaptive 
Cycle Model 

(Holling & 
Gunderson, 

1995)  

ICT 

Rail 

•  Change is not life cycle based 

•  Succession   

Schumpeterian         
       G

rowth Creative                 Destruction  
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Research Agenda 

Reality 

Data Model 
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Co-evolving Supply and Demand 

How does supply and demand co-evolve over time, and what are the 
implications of perpetual change in these sub-systems? 

Picking up the behavioural responses of infrastructure providers and 
those demanding connectivity through a mixed methods approach 

 
Growth	  and	  
expansion 

Innova7on 

Content	  and	  applica;on	  
change 

Innova.ve	  new	  
applica.ons	  and	  

soOware 

SoOware	  growth	  in	  the	  
ICT	  ecosystem 

Supply	  change 

Transmission	  network	  
change 

Network	  expansion	  across	  
space 

Demand	  change 

Prolifera.on	  of	  connec.ng	  
devices 

Hardware	  change	  in	  
connec.ng	  devices 
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Growth and Economic Development 

How does infrastructure and the connectivity it provides, influence growth 
and economic development? 

•  Macroeconomic research by Koutroumpis (2009) identified an average 0.26% 
impact of broadband deployment on UK GDP between 2002-2007  

•  Kolko (2012) finds a positive relationship between broadband expansion and 
local economic growth in the U.S. for the period of 1999-2006. 

•  Research on European city regions by Tranos (2012:334) found “that the 
Internet infrastructure does not follow, but precedes, economic development”  

Hypothesis 1:  

The degree of connectivity provided impacts on the growth and development of 
different spatialities  
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Broadband Supply: What the Available Data Measure  

Telephone 
Exchange 

Trunk 
Transmission 

Network  

Local Loop 

Household 

Metropolitan 
Access Network 
 

Metropolitan 
Access Network 

Firm 

Household 

Firm 

Telephone 
Exchange 

Server 

Ookla Speedtest.net Data 
 

Ofcom Sync Speed Data 
 

Sam Knows Data 
 Telegeography 

Data 
 

Point Topic 

£ € $ 
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Geo-locating Telephone Exchanges 
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Telephone Exchange Coverage 
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Calculating Maximum Speed/Data Bitrate (kbps) 
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Location Analysis 

What is the role of connectivity in influencing location decisions? 

•  Mack & Grubesic (2008) found no relationship between firm location 
and broadband provision in Ohio between 1999-2004 

•  Mack et al. (2011) found that broadband provision was important for the 
location of information intensive firms in the US, but there was a 
significant variation across the metropolitan areas examined 

Hypothesis 2:  

The degree of connectivity provided by different places influences location 
decisions 
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Location Analysis 

What is the role of connectivity in influencing location decisions? 

 

 

 

 

 

This research needs to be able to inform further quantitative research  

Who? Purpose? Number of 
Interviews? 

Internet Exchange 
Points (LINX) 

To gauge the experts’ thoughts on this matter. Perhaps 
they have an answer to this question. 

5 

Data Centres To identify how connectivity influences the location 
choices of data centres 

5 

Financial Services To identify how they connect into the network given the 
amount of resources they have at their disposal 

5 

SME Knowledge 
Intensive 
Businesses 

To identify how connectivity influences their location 
decisions 

5 
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Innovation and the Information Economy 

Does infrastructure connectivity influence the degree of innovation which 
takes place in different spatialities?   

Hypothesis 3:  

Infrastructure connectivity influences the degree of innovation which takes 
place in different spatialities  
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In Conclusion  

•  A need for understanding how infrastructure systems dynamically adapt and 
change 

•  This requires a step change in how we think, and evolutionary economics 
provides a lens for helping us to understand this change 

•  Co-evolutionary change 

•  Network growth / expansion and innovation 

•  Productivity and growth, location change and innovation 

•  Picking up supply and demand behavioural responses 

•  Supply data has been problematic but the outlook is improving  



NGI & ITRC Symposium, May 2013  

References 

•  Boschma, Ron A., and R. L. (Ron L. ) Martin. 2010. The Handbook of Evolutionary Economic Geography. Edward Elgar 
Publishing. 

•  Crandall, Robert, Robert Litan, and William Lehr. 2007. The Effects of Broadband Deployment on Output and 
Employment: A Cross-sectional Analysis of U.S. Data - Brookings Institution. http://www.brookings.edu/reports/
2007/06labor_crandall.aspx. 

•  Czernich, Nina, Oliver Falck, Tobias Kretschmer, and Ludger Woessmann. 2011. ‘Broadband Infrastructure and 
Economic Growth*’. The Economic Journal 121 (552) (May 1): 505–532. doi:10.1111/j.1468-0297.2011.02420.x. 

•  Dopfer, Kurt, and Jason Potts. 2008. The General Theory of Economic Evolution. Routledge. 

•  Eddington, Rod. 2006. ‘The Eddington Transport Study. Main Report: Transport’s Role in Sustaining the UK’s 
Productivity and Competitiveness’ http://trid.trb.org/view.aspx?id=795459  

•  Holling, C. S. & Gunderson, L. H. (2001) Resilience and Adaptive Cycles, in Gunderson, L. H. 2001. Panarchy: 
Understanding Transformations in Human and Natural Systems. Island Press. 

•  Hall, J.W., Henriques, J.J., Hickford, A.J. & Nicholls, R.J. (eds) 2012. A Fast Track Analysis of strategies for 
infrastructure provision in Great Britain: Technical report. Environmental Change Institute, University of Oxford. 

•  HM Treasury, 2011. National Infrastructure Plan. Stationary Office: London 

•  HM Treasury, 2012. National Infrastructure Plan: Update 2012. Stationary Office: London 



NGI & ITRC Symposium, May 2013  

References 

•  Kolko, Jed. 2010. ‘Does Broadband Boost Local Economic Development? (PPIC Publication)’. 
http://www.ppic.org/main/publication.asp?i=866. 

•  Koutroumpis, Pantelis. 2009. ‘The Economic Impact of Broadband on Growth: A Simultaneous Approach’. 
Telecommunications Policy 33 (9) (October): 471–485. doi:10.1016/j.telpol.2009.07.004. 

•  Lakshmanan, T.R. 2011. ‘The Broader Economic Consequences of Transport Infrastructure Investments’. Journal of 
Transport Geography 19 (1) (January): 1–12. doi:10.1016/j.jtrangeo.2010.01.001. 

•  Mack, Elizabeth A., and Tony H. Grubesic. 2009. ‘Broadband Provision and Firm Location in Ohio: An Exploratory 
Spatial Analysis’. Tijdschrift Voor Economische En Sociale Geografie 100 (3): 298–315. doi:10.1111/j.
1467-9663.2008.00487.x. 

•  Mack, Elizabeth A., Luc Anselin, and Tony H. Grubesic. 2011. ‘The Importance of Broadband Provision to Knowledge 
Intensive Firm Location’. Regional Science Policy & Practice 3 (1): 17–35. doi:10.1111/j.1757-7802.2011.01026.x. 

•  Schumpeter, Joseph. 1943. A Theory of Economic Development. Cambridge, Mass.: Havard University Press.  

•  Schumpeter, J. A., & Fels, R. (1939). Business cycles (Vol. 1, pp. 161-74). New York: McGraw-Hill. 

•  Tranos, Emmanouil. 2012. ‘The Causal Effect of the Internet Infrastructure on the Economic Development of European 
City Regions’. Spatial Economic Analysis 7 (3): 319–337. doi:10.1080/17421772.2012.694140. 



 
 

The Application of Evolutionary Economics to 
Infrastructure Systems 

 Infrastructure as an evolutionary, dynamic and adaptive system  
 
 

Questions? 

Mr. Edward Oughton – Ejo31@cam.ac.uk 

NGI & ITRC Workshop, Delft, May 2013 


