
Introduction
Urban-scale Material Flow Analysis (MFA) have been conducted in many cities. However, 

current methodologies reduce the study area into a "black box", masking the rich and 

valuable processes within the city's metabolism. Therefore, besides reporting the 

aggregated stocks and flows of materials, the movement of materials, often embedded 

in commodities, should also be highlighted. Understanding the movement and 

dispersion of goods and commodities can allow for microscopic analysis of material 

flows, ultimately enhancing the potential to promote material circularity within cities.

Objectives and Approach
By exploring commodity flow and truck activity survey datasets, we aim to:

1. Investigate the feasibility of portraying high-resolution urban commodity flows in 

the context of understanding material resource use and opportunities for 

conservation.

2.  Approach a data-driven, consumption-based, microscopic approach to MFA, which 

more effectively captures human activities and its impact on urban environments.

Commodity Flow Surveys
Within the freight transportation domain, Commodity Flow Surveys (CFS) have been 

conducted to help city and transport planners better understand the exchange and 

movements of goods or commodities within the economy. 

In the United States, the Freight Analysis Framework1 (FAF) extends the U.S. CFS by 

integrating data from a wide variety of sources, including foreign trade data. FAF Version 

4’s (FAF4) Data Extraction Tool2 provides public access to the value and tonnage of 

freight movements in the U.S. to the level of 2-digit SCTG commodity codes. Using 

information of the total imports and exports of each FAF4 zone in 2015, the trade 

balance of each commodity can be calculated at both the zonal and national level. Figure 

1 demonstrates such a calculation for the commodity group of minerals.

Fig. 1 – Net Accumulation and Removal of Minerals per FAF4 Zone, 2015 (in Megatonnes)
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Truck Driver Activity Surveys
In freight vehicle surveys, truck GPS data is often available to capture vehicle 

movements, and the possibility to interpret goods movement. Increasingly, using sensing 

technologies and more sophisticated survey instruments, the freight research 

community is able to validate truck stop activities with truck drivers3, including the type 

and volume of commodities handled. This allows us to form a more complete picture of 

goods movements in an urban area. At each detected stop, the following attributes are 

collected:

-  Location (GPS coordinates)

-  Time

-  Activity (pickup, delivery, refuelling, queuing, mealtime, resting etc.)

-  Volume of material picked up or delivered

-  Type of Good (construction, minerals, metals etc.)
Fig. 2 – User Interface of the Truck Driver Activity Survey

Case Study: Construction Material Flows in Singapore
Using truck activity data from a sample of trucks carrying construction materials over 5 

days in the period 2017/18, the volumes of pickups and deliveries are aggregated into a 

hexagonal grid. This reveals a spatial representation of the net accumulation and 

removal of material over the city.
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Figures 3 and 4 above show a net removal 

of material from major construction sites 

that involve excavations, followed by a 

corresponding net accumulation of material 

at the staging grounds.

By understanding the sites of activities, 

urban planners and analysts can uncover 

potential for material circularity. In the case 

of construction materials, material 

excavated from major construction sites are 

observed to be moved into staging grounds, 

and material reused for land reclamation.

Fig. 5 – Reusing Excavation Material for Land 
Reclamation4

Fig. 4 – Densities of Pickups and Deliveries Weighted by Volume 
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Fig. 3 - Net Accumulation and Removal of Construction-Related Material
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Conclusion

- Disaggregated geospatial datasets of freight movement can be applied in the 

context of MFA.

-  Such analyses uncover sub-national flows such as the secondary resources arising 

from material reuse which would have otherwise been masked in national level 

MFAs5.

Future Work:

-  The analyses have to be meaningfully incorporated with other geospatial datasets of 

similar resolution to form a full picture of the material flows within an urban area (e.g. 

population density, land use, water and gas consumption).
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