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Core message:

• Freight flow modeling is not an activity for itself

• Nor is logistics cost and performance measurement

• The objective is to provide a macrologistics instrument

• This instrument enables macrologistics
– Cost benefit trade-offs for policy, infrastructure prioritisation, mode 

optimization, disaster and humanitarian planning, corridor 
development

• To achieve this requires a living, shared, standard model with 
national buy in, constant updates, flows and costs.

• The model must be flexible enough to receive updates from 
any commodity flow survey work  
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Methodology

Demand for 

transport

• Powerful but complex
• Demand and supply of 

commodities
• Apply gravity modelling
• Requires:

o accurate economic 
data and 

o deep 
understanding of 
industries and 
demographics

Supply of 

transport

• Accurate but commodity 
blind

• Based on actual data:
o Truck counts, 
o Rail traffic and 
o Port data

Survey 

methods

• Least reliable overall, but 
good insight on industry 
dynamics

• Interviews, intercept 
studies



Creating an evidenced based flow model: 

Supply and demand research per province 

• 9 provinces



Further detail: Research per district 

• 372 Magisterial District (MD) regions

– 356 MDs in South Africa

– 8 Border posts

– 7 Ocean ports

– 1 Airport



Total economy: Supply and Demand

MODELLEDKNOWN



KNOWN MODELLED

Total economy: Supply and Demand

Can be related to Origin, Destination and Commodity



KNOWN MODELLED

Total economy: Supply and Demand

Can be related to a Commodity and either an Origin or 

Destination but requires disaggregation modelling



Total economy: Supply and Demand

KNOWN MODELLED

Integrated data for Origin Destination Commodity



Typical data sources

• Railway freight ODC databases

• Pipeline freight ODC databases

• Waterway ODC freight databases

• Port data with hinterland connections

• Border post data with hinterland 
connections

• Customs data with hinterland 
connections

• Commodity flow surveys

• Port data without connections

• Border post data without connections

• Customs data without hinterland 
connections

• Industrial databases but with larger 
geographical areas

• Mining  and agricultural databases but 
with larger geographical area

• Data from associations such as ports, 
textile and garment manufacturers, 
seafood exporters, food and drink 
exporters, automobile manufacturers, 
iron and steel, etc

• Data from container shipping lines

• Commodity specialists

Gaps filled and balancing factors usually disaggregated input/output models



Model OD flows from Supply and Demand

South African example – Sugarcane

Supply Demand



Model OD flows from Supply and Demand

South African example – Sugarcane

Supply Demand

Freight flows



Model OD flows from Supply and Demand

South African example – Processed foods

Supply Demand



Model OD flows from Supply and Demand

South African example – Processed foods

Supply Demand

Freight flows



Model OD flows from Supply and Demand

South African example – Motor vehicles

Supply Demand



Model OD flows from Supply and Demand

South African example – Motor vehicles

Supply Demand

Freight flows



Supply chain view example from South Africa

Coal



Supply chain view example from South Africa

Iron ore Coal Manganese



Supply chain view example from South Africa

Iron ore Coal Manganese

Steel



Supply chain view example from South Africa

Iron ore

Steel

Coal

Machinery

Manganese

Motorvehicles
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Freight flow modeling have a specific objective

That is all value chains of all commodities added together

That will assist us to make policy/infrastructure/cluster decisions better

Much the same way in which macroeconomics assist a nation

At the birth of logistics as a discipline, about four decades ago authors often 

referred to the macroelements of logistics

But the concepts were never developed further

We’ve seen functional measurements recently, but sporadic

Flow modelling is not new, many models exist

But these are often not linked to a cost model to enable trade-offs with other production factors

And often just sporadically updated and not linked



Our objective

Is to create a standard model, meaning:

That even if it is improved it can be used by all planners and 

policymakers 

The output is standardized, irrespective of various inputs

The output is living, meaning it can be continuously updated

The model should have disaggregated costs to enable

Trade-offs

Scenarios

Supply chain mapping

A model should be used to:

Map and cost specific supply chains

Suggest alternatives

Develop results of given scenarios



With forecast component 

• Today • Forecast for 2040



Applied in more countries and regions

• South Africa • Sub-Sahara 

Africa

• India • Vietnam

in progress



Sample of BigCube data file



Sample of BigCube data file
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Logistics costs for South Africa

180 188 203
232

287
319

297 313
332

379 393
429

470
499

13.6% 12.7% 12.4% 12.6% 13.6% 13.5% 11.8% 11.4% 11.0% 11.7% 11.1% 11.2% 11.7% 11.8%

50.4% 49.3% 49.1%
52.1%

55.6%
52.6%

48.6% 47.8% 47.9%

52.8%
50.5% 51.5%

53.6%
56.0%

0

100

200

300

400

500

600

0%

10%

20%

30%

40%

50%

60%

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015e 2016f

R
an

d
 b

ill
io

n

Logistics costs % of GDP % of transportable GDP



Transport costs is still the biggest contributor



20%

8%

15%

0%

5%

10%

15%

20%

25%

Vietnam USA China

National logistics costs and GDP

Logistics costs as % of GDP

Source:  Armstrong & Associates, Inc. Global 3PL market size estimates



20%

8%

15%

44.0%

79.5%

51.6%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

0%

5%

10%

15%

20%

25%

Vietnam USA China

National logistics costs and GDP

Logistics costs as % of GDP Services as % of GDP

Source:  Armstrong & Associates, Inc. Global 3PL market size estimates

Central Intelligence Agency, World Factbook



20%

8%

15%

36%

40%

30%

44.0%

79.5%

51.6%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

Vietnam USA China

National logistics costs and GDP

Logistics costs as % of GDP Logistics costs as % of Transportable GDP Services as % of GDP

Source:  Armstrong & Associates, Inc. Global 3PL market size estimates

Central Intelligence Agency, World Factbook



Discussion points

Methodology

Rationale

Logistics performance measurement

Macrologistics – decision making enablement

Examples of Macrologistics in practice

Planning for the future



National cost measurement shouldn’t exist statically:

It should support decision making continuously

• Logistics have a functional 

view

– Transport and storage and 

related management and 

inventory holding costs

• A systemic integrative view

– Trade-offs between these 

functions

• A supply chain view

– Lowest total cost of ownership

• Macrologitics developed a 

functional view (although 

very few people call it that)

– USA, South Africa, Finland 

and some other countries 

sporadically

• The integrative view requires 

instrumentation

– Did not exist up to now

• The supply chain view

– Determining the lowest cost 

of ownership to the economy. 

What we are dealing with 

now
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The typical FMCG long distance supply chain has 

natural “catchment” areas...
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...and logistics hubs should form
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South Africa Corridors 2 corridors only
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Considering a vehicle fleet – for a major corridor in 

South Africa (Natcor)

Current fleet Trips per day (laden)

Current 3500 2 000

30 year scenario: Aggressive rail 8 000 4 500

30 year scenario: Current rail 11 000 6 500

30 year scenario: Stagnated rail 14 000 8 000



South Africa’s logistics costs for 2014 were R429 

billion

R429bn

0 50 100 150 200 250 300 350 400 450

Total inland logistics cost

This includes costs up to the quay wall, but excludes the port and liner costs



Of the R429 billion, R101 billion were inland trade 

logistics costs

R328bn R101bn
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Of the R429 billion, R101 billion were inland trade 

logistics costs

R101bn
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Inland trade logistics costs



Trade logistics costs

R101bn R23bn R95bn
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Inland trade logistics costs Direct port charge Ocean carrier costs



But R23 billion of this costs is “induced”.

It is overspend or waste, due to the nature of trade 

supply chains

R84bn R18bn R23bnR5bn R90bn

0 50 100 150 200 250

Inland trade logistics costs Induced cost on surface Direct port charge

Induced cost of port Ocean carrier cost

Induced costs total R23 billion



This figure could be as high as R28 billion

R84bn R23bn R23bnR5bn R90bn
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Externality costs in South Africa
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Externality costs in South Africa – rates per mode
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The full results of internalising South Africa’s freight 

externalities for corridor freight
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What causes high logistics costs?

High demand for logistics relative to value added

• Spatial

• Lack of beneficiation

• Excessive choice

Expensive or inefficient supply

• Modal choice

• Routing and scheduling

• Double handling

• Empty haul

• Load factors

• Driver behaviour

• Inefficient drivetrains



Our modeling approach can continuously…

On the demand side suggest and develop cost benefit analysis for 

alternative:

• Nodes

• Industrialization

• Demand management

On the supply side suggest and develop cost benefit analysis for 

alternative:

• Modes

• Technologies

• Routes



Thank You


