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Presenter
Presentation Notes
Recently many high profile cases have highlighted a need to understand resource movements such as: 
Winter 2011 in Thailand damage Global impacts > US $ 45 billion : about 25% of all hard drives in the world are manufactured in Thailand
reduced level of energy produced in the wake of the Fukushima – Daishi power plant disaster slowed the supply of materials and supplies to downstream industries including car assembly plants in the Northeast of England
truck drivers protesting over fuel prices blockaded petrol refineries paralysing fuel distribution, and the country, in a matter of days 
resource disruption - in Queensland, Australia during the recent floods - where they needed to ship in beer to keep the town happy
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Material Flow Analysis 

Presenter
Presentation Notes
The current understanding treats networks and their infrastructure as a ‘consumer unit’ 
do not account for the influence of urban activity on resource consumption. 
The major issue is to understand how infrastructures as well as their interdependencies mediate flow of resources around, into and out of cities 
infrastructure providing choices and options for sustainable (or not) behaviour
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Input Output Table 
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Presenter
Presentation Notes
Going down each column show what that sector has spent in each of the other sectors
Along the columns show the revenue received in that sector from each of the other sectors
Imports include all expenditures made outside of the local economy
Exports include all revenue generated from outside of the local economy
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Methodology 

Input-Output (as used by economists) can be used to model 
supply and use of resources – highlighting these interactions 
 
Spatial network analysis to capture interactions with each other 
in space and with the environment 
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Presenter
Presentation Notes
This diagram provides the basic idea behind the model
The input output data can be used to model supply and use of resources
But on top of this, which isn't usually the case, a spatial element is added 
therefore spatial network analysis used to capture interactions with each other in space and with the environment
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Modelling system 
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Presenter
Presentation Notes
Each of the nodes there for has a vector of demands, a level of supply, as well as a vector of stock levels for each associated demand

Industry 1 requires; x from 2; y from 3. 
In turn supplies 2, 4 and 5 with z of its product. 
Disruption of x from Industry 2 will have a knock on affect to production within 2, 4 & 5. 
This in turn affects the sectors requiring inputs from these industries
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Methodology 
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Presenter
Presentation Notes
The model itself is focusing on the activity within the local economy
The Expenditure per sector becomes the a vector of the demands required to produce one unit of its product
The sum of all supplies becomes the total supply value for each node
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Modelling system 

Presenter
Presentation Notes
The new version of the model is being developed
More than one site of production per industry, therefore separate infrastructure networks develop.
Interdependencies are the links between these networks, shown by dotted lines.
To get finer level detail, i-o data is combined with the business enquire data. This means that networks can be created at a smaller scale.  
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Case study: Shetland 

Presenter
Presentation Notes
This study site is convenient as the internal economy of the Islands is well documented 
many of the industries are co-located geographically which reduces the complexity of the spatial interactions that need to be represented and the results of this first implementation can be more easily interpreted.

There was also an availability of data, in the form of input output surveys and business inquiry data

For example if 100 people are employed in an industry and there are 4 census districts which house this sector. The I-O data is divided out between these sites in equal proportion to the number of employees. So if Site 1 has 50 employees that site is assume to produce 50% of the production in that sector.
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Case study implementation 

• Flood occurs in Lewick 
 

• On nodes [residential/industrial zones] 
• Halts production associated with relevant 
industry 

• Intermediate demand (e.g. for industrial 
processes) removed, but end user demand (e.g. 
food for people) remains 

• Destroys existing surplus stock 
 

• On links [infrastructure networks] 
• Severs connection and any associated resource 
flows 

• Alternative routing sought if possible 
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Analyses of resource movement resilience 

Strategies (S) 
Deliveries of a single 
unit of stock at each 
time step.  
 
As above plus 
additional reserve 
stock of three units. 
  
‘Batch deliveries’ plus 
additional reserve 
stock of three units 
 

Metrics   
The number of time 
steps after the initial 
disruptive event before 
each site is disrupted 
 
The proportion of 
sectors operating 
 
The number of 
remaining active I-O 
connections 
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Disruption of distribution hub 
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Presenter
Presentation Notes
S1: a quick cascading of disruption 
Due to its logistical importance, D-S1 shows an almost instantaneous and complete loss.
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Marine Engineering 
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Presenter
Presentation Notes
S1: Again a quick cascading of disruption
ME does not directly supply resources to key sectors, construction and distribution, therefore only a partial network disruption. 
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Alternative resource management 
strategies 
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Presenter
Presentation Notes
S2: Onsite stock showed a lag time between the events and cascading disruption, providing time to take corrective action
S3: Provides the greatest resilience of all the strategies considered here onsite storage adds a lag between levels of disruption, shown by the uniform steps on the graph
Quantity and frequency of deliveries has a large impact on resilience . 
Bulkier deliveries in this case was modelled randomly. With certain things delivered on every time step, every 3 steps, ever 5steps and every 10. (daily, once a week, twice a week and once a fortnight).



Centre for Earth Systems  
Engineering Research Conclusions 

Disruption of the distribution industry led to far greater 
resource disruption overall and a more rapid cascading 
failure of the wider resource system because of its high 
levels of connectivity.  

  
‘Just in time’ resource production and movement strategy 

led to the fastest system collapse.   
 
On-site storage of stocks provided greater resilience with 

bulk deliveries providing further stability 
 
Provides potential ‘breathing room’ for stakeholders to 

identify alternative mechanisms for ensuring the supply 
of critical resources, repairing facilities and 
infrastructure.  
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Next steps 

Maintaining the flow of food, materials, water and other 
resources before, during and after a flood event is vital for 
community resilience 
 
Introduced a new resource model that couples information on 
consumption and demand for resources, with a spatial network 
model 
 
Preliminary case study demonstrated proof of concept – 
ongoing work to: 

• Prepare a more detailed case study – implement disagregation 
algorithm  

• Better characterisation of failure 
• Alternative metrics of ‘resilience’ – including impact of 

disruptions 
• Develop and test wider range of adaptation strategies – 

including opportunities/risks associated with infrastructure 
interdependency 

• Explore ‘recovery’ strategies 

Presenter
Presentation Notes
Using the imput output tables combined with business inquiry data to allow for multiple sites per sector. 

Business inquiry data provides information on the number of people employed within, in this case, a scottich datazone. Which is the smallest level of census output district available for Scotland.

For example if 100 people are employed in an industry and there are 4 census districts which house this sector. The I-O data is divided out between these sites in equal proportion to the number of employees. So if Site 1 has 50 employees that site is assume to produce 50% of the production in that sector.
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