
 
 

IAALD AFITA WCCA2008         WORLD CONFERENCE ON AGRICULTURAL INFORMATION AND IT  

Tracking and tracing in food networks 
 
Melanie Fritz and Gerhard Schiefer 
 
University of Bonn, Bonn, Germany  m.fritz@uni-bonn.de and schiefer@uni-bonn.de 
 
 
Abstract 
 
Tracking and tracing functionalities are widely discussed and in some countries even required 
as core features in the assurance of food safety and quality. They deal with internal processes of 
enterprises as well as with the trade relationships between enterprises. This creates a 
complexity which cannot be solved by enterprises alone but requires concerted action. Action 
needs to build on agreements which cover a multitude of issues including but not restricted to 
issues related to information systems and technology. One of the problems is that a solution in 
one of the issues is not sufficient for getting a tracking and tracing scheme into operation. 
Feasible solutions require agreements on issues which involve different competences and 
competence groups which adds to complexity. This paper discusses some of the issues and links 
them to the organization of information systems and the development of an appropriate 
information infrastructure. 
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Introduction 
 
The tracking and tracing (TT) of food products throughout the food value chain has become a 
dominant issue in discussions on food safety and food quality guarantees (Starbird et al., 2004; 
Vernède, 2003). The delivery of guarantees for food safety and quality is sometimes enforced 
through legal requirements on enterprise tracking and tracing capabilities (as, e.g., in the 
European Union) or through the implementation of quality schemes that build on a TT based 
monitoring of process activities, as is the case with the Hazard Analysis and Control Point 
(HACCP) approach.  

The tracing capability allows, for any product and from any stage within the chain, to 
identify the initial source (backward tracing) and, eventually, its final destination (forward 
tracing). The tracking capability allows, to identify for any product, the actual location at any 
given time. Backward tracing from deficient products allows the identification of sources of 
deficiencies. It is a prerequisite for the subsequent identification of products at later stages of 
the chain, which might have been affected by the contamination or deficiencies of the initial 
source (forward tracing) for call back or destruction. It is the combination of backward and 
forward views that constitute the primary benefit of tracking and tracing capabilities. 

The relevance of TT schemes reaches far beyond food safety and quality considerations. It 
involves strategic development perspectives that are of high relevance in today’s competitive 
business environment (for an economic view see Souza-Monteiro et al., 2005). Core 
implications involve the potentials for efficiency improvements in the logistics chain (supply 
chain) from the source (farms) to the final destination (the consumer), for reaching 
transparency in the sustainability of food networks and for support in risk management. In risk 
management, TT schemes could support the limitation of recalls in case of product deficiencies 
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or support management (through increased transparency on the flow of products after they have 
left the point of sales) in the selection of appropriate procurement and especially distribution 
channels that are in line with its risk management strategies. Beyond these operational 
functionalities, the installment of backward tracing capabilities for customer use is increasingly 
viewed a core element in the development of trust in business relationships. 

From a historical point of view, TT schemes evolved from enterprise internal process 
organization efforts and were subsequently extended to supply chains and supply networks. 
Supply chains are characterized by predetermined supplier-customer relationships with little or 
no trading activities with enterprises outside the chain. However, trade activities in the food 
sector resemble, in most cases, the activities in a supply network with changing 
supplier-customer relationships with dynamically evolving and continuously changing supply 
chain constellations (figure 1). The complexity of food networks is a determining factor in the 
complexity of TT system development.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Food network complexity (CIAA, 2007). 
 
 

The identification of product units and the monitoring of their movements inside an 
enterprise requires less coordination efforts than is necessary in supply chains and, especially, 
in a sector as a whole with its larger number of enterprises and the different and ever-changing 
trade relationships. This complex scenario involves efforts on 
a) negotiation, mediation, engagement and investment, 
b) the adaptation of process organizations to match the requirements on tracking,  
    tracing and quality assurance, and 
c) the organization, management and operation of the information exchange  
    including of necessary interfaces, data networks, data bases, data processing  
    activities, and data utilization through business intelligence products. 
 

These efforts correspond with costs. It should be noted that the design and development of 
the necessary information system and technology is only part (and a minor one) of the TT 
complexity. The heterogeneity of the sector with its different but interlinked production lines 
and the diversity of enterprises place high costs on the negotiation, mediation, engagement and 
investment efforts. Furthermore, some parts of the sector, especially the commodity sector with 
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its classical bulk products, might be forced to engage in major process re-organizations to meet 
expectations on the quality of its tracking and tracing capability. To be of interest beyond legal 
requirements, these transaction costs need to be counterbalanced by comparable gains in 
logistics efficiency, quality management and risk control.  
 
 
System technologies 
 
Tracking and tracing functionalities can build on a number of different modern technologies. 
They are related to three principal concepts and include a.o. (table 1) analytical methods that 
might allow, through product analysis, to identify the origin of its components, electronic 
product tags (RFIDs) that allow the identification of a product’s origin, and, if combined with 
sensor technology or satellite identification capability, the identification of a product’s position, 
and information systems involving data bases and data exchange schemes that could be based 
on, e.g., internet communication, software agents, or intelligent RFIDs and allow the 
realization of the full range of tracking and tracing functionalities. 

With its comprehensive view, the information system concept is the strategic development 
perspective. It may build on the integration of electronic product identification tags for 
efficiency considerations or data communication and might also incorporate analytical methods 
for data evaluation.  
 
 

Table 1 
TT functionalities and supporting technologies 

 

TT Functionalities 
Analytical 
methods 

Product tags 
(RFIDs etc.) 

Information 
systems 

Backward tracing (origin) Yes Yes Yes 
Forward tracing (position) No Yes Yes 
Backward tracing (history) No No Yes 
Forward tracing (movement) No No Yes 

 
 

Apart from tracking and tracing capabilities, analytical methods are an indisposable 
element in the identification of food contaminations which might initiate the need for a product 
recall and the utilization of a tracking and tracing system for efficient reaction. The best 
tracking and tracing system is without value if analytical methods do not provide appropriate 
results before products have reached the consumer.  

The relationships are described in figure 2. The quality of a tracking and tracing system 
determines the increase in recall costs over time. The quality of an analytical method measured 
as time needed for analysis determines the point in time where a recall can be initiated and, as a 
result, the actual costs incurred. 
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Figure 2: Recall costs (risk) over time considering consumers’ stage, consumption 
(diminishing costs) and distributional concentrations (example). 

 
 
Information infrastructure 
 
The establishment of information infrastructures for enterprise communication is not a unique 
or new scenario. E-commerce and the digital exchange of trade documents in business 
transactions have been the focus of much attention in the agri-food business community since 
many years (Schiefer et al., 2003). However, the establishment of information infrastructures 
for tracking/tracing capabilities and quality assurance are different and much more complex 
tasks. 

The organization of information flows in supply chains and networks depends on the 
universal acceptance of organizational and technical communication standards. Solution 
proposals have been formulated by the universal standard committee GS1 (‘General Standard 
One’; www.gs1.org) with its specification of Global Location Numbers (GLN), a universal 
trade unit identification scheme with the Global Trade Item Number (GTIN) , and the 
development of Electronic Product Codes (EPC) that facilitate the use of electronic 
identification devices like RFIDs and others. However, the implementation of TT systems has 
to consider, in addition, the enterprises’ information policy and information ownership. This is 
a prerequisite for reaching sector-wide acceptance, and, in turn, a comprehensive TT system. 

The performance of information exchange may build on a direct communication between 
enterprises. This could involve communication through, e.g., EDI or intelligent communication 
devices like advanced RFIDs. This approach does not need any central organization apart from 
agreements on content and communication format. However, in this approach, the information 
to be communicated is accumulated with the product’s movement through the different stages 
of the supply chain. The major alternative is the establishment of a common data network that is 
linked with enterprises’ internal information systems. The data network could consist of, e.g., a 
joint database system (single or interconnected data bases) or of peer-to-peer communication 
system schemes that link data bases of enterprises leaving information at the place of 
generation. These approaches mirror classical network approaches as, e.g., bus or ring network 
topologies (Turban et al., 1999). However, the operation of such networks requires general 
agreements on organization and management. This has not yet been achieved on a sector-wide 
scale but in small clusters of enterprises only. 
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Organizational considerations 
 
The feasibility and ‘value’ of the information infrastructure depends on participation of each 
individual enterprise within a group of similar interests. The dependency between enterprises 
makes the value of the infrastructure dependent on the weakest link. This forces the sector into 
the establishment and management of a generally accepted and implemented basic 
communication layer that leaves room and provides the format for higher levels of agreements 
between participating subgroups.  

This structural model might be the basis for a general sector solution or, alternatively, for 
independent infrastructure clusters that might be implemented independently of each other by 
different groups. From a sector point of view, the first alternative requires a higher degree of 
agreement throughout the sector but is characterized by simplicity in system organization and 
management. The second alternative allows individual initiatives to develop independently. 
This reduces the initial need for sector wide agreements but adds coordination complexity in 
system organization and management. However, whatever the development path, the principal 
problems in the design, establishment and management of the information infrastructure are the 
same.  
 
 
Conclusion 
 
The establishment of tracking and tracing schemes that fit the still dominant network 
relationships in the agri-food sector with its changing trade relationships depends on 
sector-wide agreements in a broad range of issues. 

The complexity of reaching agreements has prevented the organization of IT based 
tracking and tracing systems on a broad scale. Efforts by groups like the quality system operator 
GlobalGAP and others have not reached necessary broad based support. 

It is common understanding that the establishment of appropriate tracking and tracing 
systems is a necessary pre-condition not only for guarantees in food safety and quality but in 
the further development of the sector. Improvements in efficiency, risk control, transparency 
within the chain as well as towards consumers, the building of trust in e-commerce 
environments or improvements in economic, social and environmental sustainability, all 
depend on an appropriate identification of products and their history. However, it requires 
cooperation and coordination. Individual clusters of enterprises, be it countries or other 
groupings, could assume an innovator role and initiate global developments that support the 
sector in meeting the many challenges it will have to face in the future . 
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