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Agenda

1. Findings from a study into local manufacturing, linked to the 

resilience and sustainability of a city-region. 

2. A system dynamics model that represents the key stocks, flows, 

and feedbacks seen in Bristol’s manufacturing history

3. How the model was constructed and interpreted

4. Implications of the model for the potential for re-distributed 

manufacturing (RDM) to contribute to the city-region in future

Research done for ESPRC funded study at the University of Bristol 

2015-2016: 

Redistributed manufacturing for the resilient, sustainable city.

Prof. Chris McMahon was the PI; collaborators were Cardiff (Mo Naim

et al.), Bath, Exeter, UWE
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Conceptual Framework

RESILIENT SMART

SUSTAINABLE

Maintain functionality, 

avoid crossing 

thresholds

Survive 

disturbances, 

adapt, respond
Utilise data and 

knowledge to provide  

improvements and 

opportunities

Improve responsiveness, 

global interconnectedness

Risk management 

and investment in 

long-term 

management of 

natural systems

Reduce resource 

use, increase 

efficiency

Increasing levels of 

technological complexity can 

lead to lack of manageability 

and fragility in systems

Resilience for some may 

mean negative impacts on 

others; how to optimise 

overall resilience?

Environmental sustainability is 

usually decreased by economic 

growth – how much of each is 

possible or desirable? 
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Bristol’s Manufacturing History

 Manufacturing has provided up to 1/3 of employment through 

Bristol’s 800 year history

 During 1800’s: specialist glass products, shot and bullets, shoes, 

motorcycles, chocolate, and tobacco were made in Bristol

 Manufacturing growth was supported through new infrastructure 

such as the floating harbour and an airstrip to the north of the city

 Most mass manufacturing gone by 1980’s due to mergers and 

acquisitions, rising salaries, low-cost production in other countries, 

and the declining cost of consumer goods 

 Recent growth in high-value manufacturing in aerospace and 

electronics – industries provide less than 10% of Bristol employment

 Some companies have sent production overseas but retain product 

design and corporate headquarters locally (Dyson) – loss of semi-

skilled jobs

 A few small manufacturing companies still manufacture locally (e.g. 

hot air balloons, Bristol blue glass, Bart’s Spices) 
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Bristol - A Somewhat Unequal City

 Bristol’s labour market performs well in economic activity and 

employment rates, occupational mix, qualification levels, but…

 “Pockets” of unemployment and persistent worklessness affect 

some city areas, young people (9% of Bristol 16-18 years olds are 

NEETs), and those without adequate qualifications

 Worklessness has detrimental impacts upon residents’ health and 

mortality, levels of crime, educational attainment and childhood 

poverty

 Difference in life expectancy between the most and least deprived 

wards is 9.4 years for men and 5.8 years for women



Bristol - Smart/Innovative City Activities 

Bristol is Open

Bristol Approach to 

Citizen Sensing

Engine Shed as Innovation Hub
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Re-distributed Manufacturing

The localisation of the design and production of manufactured 

artefacts, especially through the use of small-scale and innovative 

production methods and associated business models, which has the 

potential to benefit a region’s economy, society and environment, 

and to improve its resilience to future megatrends such as climate 

change and globalisation of supply networks

1. Making shapes that cannot otherwise be made - e.g. Blagdon, 

aerospace, Hieta, bikes

2. Making mass customised, personalised products – teeth, drones

3. Niche local products (strong localism) – hot air balloons, caravans

4. More/better repair and remanufacture – contribution to the circular 

economy

5. Potential for more “local for local” – food and drink, clothes,  etc. 
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Disturbances

Short-term (hours to months) Long-term (years to decades)

City

Level

Pandemics/changes in workforce

Social unrest  

Fast economic downturns or 

upturns  

Extreme climatic events  

Sudden changes in political 

landscape  

The role of global NGOs 

Changing societal ethical stances

Changing demographics  

Climate change

Availability of investment capital  

Busi-

ness 

Level

Changes in supply chain 

legislation

Changes in business ownership

Changes in availability and/or 

cost of materials or parts  

Technology disruption  

Automation  

Globalisation and future markets  

Scarcity of resources

Mass customisation 

Dynamic technology and innovation 

Global knowledge society 
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System Model

 A way to think about how the city has grown and changed, in 

relation to the city performance indicators 

 Combines stocks (collections of things), flows (movement of things), 

causation, feedback loops

 The model represents our understanding of historical trends – model 

is not saying “this is how the world is”

 Different parts of the model have been more or less active at 

different times in the past

 Can be used to think about what the future might look like –

depending on the size, range and frequency of disturbances

 Model could be further developed to be simulatable with more 

time/budget
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Model Building

 “Strawman” causal loop diagram representing an initial theory about 

the causal relationships between different types of resilience and 

sustainability and the manufacturing sectors

 Strawman presented to workshop participants, requested to  

amend/challenge the model 

 Conversion to a stock and flow model based on workshop feedback
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Workshop 

Example 

Output
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Workshop Dichotomies/Issues

 Timing of organisational response: Are cities and organisations 

likely to anticipate long-term changes, or are they more likely to wait 

until there are short-term shocks? 

 Divergent characteristics: Is a company that stays in business 

resilient even if does so by sending production jobs overseas? 

 Heterogeneity in manufacturing: large variety within different 

manufacturing sectors in how RDM could be used 

 Skills and jobs: What are the implications of RDM for lower-skilled 

workers? Skills may need to be updated

 Uncertainty about disturbances: How large/what type will presses 

and pulses be in future? Is it possible to model a “what if” scenario if 

the future looks quite different to the past?  

 Location of impacts: Reshoring could re-import the environmental 

impacts associated with production that are now offshored
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RDM in the City - System Model
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Feedback Loops

 R1: as manufacturing activity grows it supports the creation of more 

manufacturing capital, which supports ongoing manufacturing activity. 

– From 1800s to post-war period, a large amount of manufacturing 

capital was created. After 1960s, shift towards creation of ‘knowledge 

capital’ in high-value industries (e.g. electronics and aerospace).

 R2: the more manufacturing activity, the more manufacturing clusters and 

diversity, which leads to both skills and technology innovation, and overall 

manufacturing resilience; resilience reduces the impact of disturbances. 

– R2 has been dominant for different industries at different times, such 

as during the growth of the aerospace industry, started in the early 

1900s.

 B1: disturbance impacts on manufacturing, combined with fixed 

constraints from regional geography and climate, provide an impetus for 

innovation, which improves manufacturing sector resilience, which 

reduces disturbance impacts

– This loop balances in response to disturbances
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Feedback Loops

 R3: societal resilience supports the generation of continual local 

ownership and leadership, which in turn supports more societal 

resilience. 

 R4: manufacturing activities provide a range of jobs, which improve 

societal resilience, which supports local ownership and leadership, 

which improves manufacturing sector resilience (e.g. reducing the risk 

of takeovers), which reduces impacts from disturbances on 

manufacturing activities.

 R5: a lack of manufacturing activity spurs the creation of non-

manufacturing activities (after some delay and supported by societal 

resilience), which puts pressure on manufacturing spaces to be 

converted to other uses, limiting or even reducing manufacturing 

capital and hampering manufacturing start-ups who need relatively 

cheap spaces to rent. 

– This loop runs counter to the other reinforcing loops and has been 

a strong trend in Bristol since the 1970s.
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Feedback Loops

 R6: provision of infrastructure supports growth of the local economy, 

which allows building of new infrastructure, adding to the total stock of 

infrastructure.

 R7: local economy supports investment in maintenance and 

robustness of infrastructure, which reduces the impacts of 

disturbances on infrastructure. 

– When disturbance impacts are stronger than infrastructure 

robustness, this loop reduces infrastructure and economy.

 B2: local economy creates environmental impacts such as air 

pollution, but these are reduced by environmental protection 

regulation. Disturbance impacts can also reduce environment health, 

which reduces the robustness of city infrastructure through issues 

such as flooding.

– This balancing loop could limit the economy when disturbances 

are large.
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Model interpretation - Infrastructure

 Manufacturing depends on urban infrastructure, and innovation in 

infrastructure can even stimulate innovation in manufacturing (Luger, 

Butler, and Winch 2013). 

 The historical interdependence between infrastructure and 

manufacturing is represented in Figure 3 by a larger and more slow-

moving feedback: 

– As the stock of city infrastructure grows, this supports increases in 

the stock of manufacturing sector capital, which ties into 

manufacturing activities through R1; 

– Manufacturing activities create jobs and increase societal 

resilience, reducing the impacts on the local economy from 

disturbances and so supporting investment in infrastructure. 

 Whether this feedback will continue to exist in the UK while the 

services sector dominates economic activity is uncertain. However, 

the new Industrial Strategy seeks to promote manufacturing 
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Model interpretation – Physical space

 Based on the definition of RDM as being ‘small scale’, it is likely that 

RDM will in general require smaller physical spaces than traditional 

mass manufacturing

 In some sectors (e.g. the ‘maker’ community) the tie-in to physical 

manufacturing capital could be less important than in the past (R1).

 Production still needs some physical space; because of R5 there is 

now less opportunity for RDM start-ups who need affordable space 

where manufacturing is permitted. 

 This potential dampener for the growth of RDM was highlighted by 

several people running start-ups during a ‘maker walk’ mapping of 

local manufacturing by the project team.

 Local council support for urban manufacturing appears to be weak.
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Model interpretation – Resilience

 RDM activities, and especially those that utilise the latest 

fabrication technologies, should be more agile than mass 

manufacturing. 

 RDM might better respond positively to disturbances such as 

changing global markets, technology disruption, or changing 

availability of material resources

 Design and production could be done with a much quicker turn 

around, and customisation will be easier and cheaper to carry 

out.

 This would make balancing loop B1 stronger.
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Final Thoughts

1. Progress in the future will be more difficult than in the past

– Account for the environmental and social impacts of growth

2. Urban infrastructure for manufacturing, human well-being, 

economy, and ecosystem health are all interrelated

3. The future could have a mixture of old and new technologies, high-

tech and low-tech, makers and hackers, (less consumption?)

4. Need to understand what individuals can do (bottom up) versus 

what is locked in by structure (top down)

5. Competition for investment between cities -> setting high 

environmental standards is risky for local economies

6. Continuing tension between economic and environmental 

resilience and sustainability within current governance paradigm


