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PREFACE 

In this thesis, an investigation into cross-border operations is presented. The research was done 

with a goal of identifying ways of improving the efficiency of cross border operations.  The thesis 

is submitted in the article-based thesis format. Cross-border operations are a part of multi-

national logistics whereby cargo is transported from a manufacturer or supplier who is located in 

one country to a consumer or retailer who is located in another country. Therefore, in cross-border 

operations cargo traverse through road network of country of origin, the border posts, and through 

the road network of a transit country or of destination country. The study presented in this thesis 

tried to identify the sources and causes of delays or bottle-necks in selected African trade 

corridors; the thesis further tries to identify and suggest possible solutions, which are technology-

enabled, to these delays and the consequent inefficiencies. 

Pursuant to the research objectives, more than nine articles have been published since 2013, 

which include journal and conference papers. The summary of the publications and submissions 

are shown in Annexure “1”. This thesis was compiled using five journal papers out of the eleven 

possible publications. The chosen journal papers cover the essential elements of the research 

described in this thesis and the summary of the chosen journal papers is as follows: 

1. Hoffman, A., Grater, S., Schaap, A., Maree, J., Bhero, E., 2016, ‘A simulation approach 

to reconciling customs and trade risk associated with cross-border freight movements’, 

South African Journal of Industrial Engineering 27(3) Special Edition, pp 251-264 

(Accredited). The work done by the candidate include the development of the simulator 

and the simulation that was used in estimating possible transit time improvement & cost 

benefit with increase in compliancy levels and information interchange. 

2. “Bhero, E., Hoffman, A., Lusanga, K. & De Coning, A., 2015, ‘Impact of a radio-frequency 

identification system and information interchange on clearance processes for cargo at 

border posts’, Journal of Transport and Supply Chain Management 9(1), Art. #181, 14 

pages. http://dx.doi.org/10.4102/jtscm.v9i1.181” (Accredited). The candidate was 

responsible for developing the simulation model, running the simulation as well as 

compiling, analysing and presenting the results. The candidate was also responsible for 

writing the complete manuscript. Professor A. Hoffman is the PhD supervisor/promoter 
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and the other two co-authors were just team members who assisted with analysing 

historical data and the final results. 

3. “Bhero E, Hoffman A, “Optimizing Border-Post Cargo Clearance with Auto-ID Systems”, 

Journal of Machine to Machine Communications, Denmark, Vol 1, January 2014, pp. 17-

30, ISSN 2246-137X.” The candidate was responsible for all the research work and the 

writing of the complete manuscript. The other author is the PhD supervisor/promoter. 

4. Bhero E, Hoffman A, Journal article to JEAS (Journal of Engineering and Applied 

Sciences - (Accredited journal)), which has since been accepted for publication. The title 

of the paper – “Enhancing customs risks management system with GPS data: A simulation 

approach”. This article was an expansion of AFRICON 2017 conference paper, which was 

presented in September 2017 (Accredited). The candidate was responsible for all the 

research work and the writing of the complete manuscript. The other author is the PhD 

supervisor/promoter. 

5. Bhero E, Hoffman A, Journal article submitted to IJLEG (International Journal of Logistics 

Economics and Globalisation) (Accredited). The title of the paper is – “Impact of Human 

Behaviour on Cross-border Transit Times: A Simulation Approach”. (Accredited). The 

candidate was responsible for all the research work and the writing of the complete 

manuscript. The other author is the PhD supervisor/promoter. 

Permission from all relevant parties to use these publications for PhD degree purposes was duly 

requested and the relevant responses are found in Annexure “2”.  
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ABSTRACT  

The emerging of global value chains means that, for a country or region to fully take advantage 

of this global phenomenon, then that country or region will need to be competitive in many areas 

of trade including trade corridor transaction costs. African trade corridors are not competitive 

enough to take advantage of the global value chains and other economic benefits. This is because 

the transaction costs within African trade corridors are very high compared to other countries and 

regions. The work described in this thesis aims to find ways of improving the efficiency of African 

trade corridors, and in particular, the cross border operations. Three simulation models were 

developed in order to investigate three aspects of cross border operations: the customs cargo 

clearance processes at a border post; some component elements of CREMS (customs risk 

engine and management system), which comprised of GPS (Global Positioning System) cargo 

trucks tracking data and infraction detection procedures; and the human behavioural models as 

applied to cross border operations. The results of the investigation show that, it is possible to 

reduce cross border transit time by at least 75%. The results also show that, when risk 

assessment is determined by use of a combination of a posteriori assessment procedure together 

with real time GPS tracking data, infraction detection by CREMS can be improved by at least 26% 

compared to the legacy system. The results further show that, with appropriate reward and 

incentive schemes, it is possible to further improve the performance of trade corridors from human 

behavioural perspective by at least 16%. When techno-social techniques are applied in curbing 

adverse human conduct, the cross border transit time was further reduced by at least 18%. The 

conclusion drawn from the results is that, if technological or technical systems are to be effective 

in applications where there is intensive human involvement, then such technological/technical 

systems should be designed to take into account the human and social elements – techno-socio 

solutions. 

Add key terms – RFID systems; CREMS; PECS; Techno-Socio Solutions (TSS), Global Value 

Chains 
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CHAPTER 1 – INTRODUCTION 

1.1 Background 

Alises et al and other researchers argue that there is a close link between the efficiency of the 

logistics of a country and its economic growth, [1] [2] [3]. The research presented in this thesis 

concerns an investigation into possible ways of improving the efficiency of cross border logistics 

within sub-Sahara Africa; in particular, the South Africa/Zimbabwe corridor. Every country will 

need to import or export goods at some point in time and therefore, cross border operations are 

an inseparable part of the economic activities of every country. Stake holders in cross border 

logistics and trade have different concerns; cargo forwarders and cargo owners are mostly 

concerned about undue long delays in the processing and clearing of cargo at border posts, they 

therefore want improved efficiency. On the other hand, officials such as customs officials are 

concerned mostly with maximisation of revenue collection through duty collection and 

enforcement of compliancy. Field studies that were done by Fitzmaurice, [4], indicate that the 

delays experienced at border posts are due to a multitude of factors that include a lack of optimum 

systems’ configurations and non-optimised human-dependent operations and this makes some 

of the trade corridor operations more prone to corruption and other forms of malpractices. This 

thesis presents the results of a research, which was conducted to determine possible strategies 

for improving some of the operations in this sector.  

1.2 Problem Statement 

This thesis describes the research that was conducted to determine what could be done in order 

to improve operational efficiencies in multinational trade corridors and particularly in road 

transport systems in Africa; in particular, the South Africa/Zimbabwe corridor.  Due to 

globalisation, there has been a gradual and steady increase in international freight movement.  

Although much of the freight is ocean bound, road transport still plays an important role of linking 

the multi-modal freight supply chains.  On the African continent, the dependence on road transport 

is even more prominent due to the absence or bad state of railway lines. Also in Africa, many 

countries are landlocked, which means a significant portion of road freight must travel along 

multinational corridors [5]. In order for Africa to participate in and benefit fully from this 

globalisation reality, there is an urgent need to improve efficiency in transiting the local and 

multinational trade corridors. Presently, numerous African governments are engaged in some 
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joint initiatives with organisations such as the United Nations, World Bank, World Trade 

Organisation and World Customs Organisation, which initiatives aim at improving trade facilitation 

in Africa. One target area of these initiatives is the reduction of trade transactions costs, which 

are presently much higher in Africa when compared to other regions [6].  

Another parallel but concurrent development on the global scene, which calls for rapid 

improvements in trade practices and trade costs reduction in Africa is the so-called “Global Value 

Chains” (GVC). The GVC is premised on the fact that, firms have been for a long time producing 

products from inputs sourced from other parts of the world, but in the present time the scale at 

which firms are outsourcing some of their operations has increased enormously – hence the GVC. 

This means that in the modern time, firms are strategically stationing their production plants and 

setting outsourcing networks throughout the globalised world.  Thus, in the present day, if a region 

or a country is to realise appreciable economic growth, it has to participate fully in the GVC 

scheme. This participation includes appropriate government policies, competitive trade 

transaction costs, optimal turn-around time and other relevant operational efficiencies [7].  It has 

been estimated that developing countries participating in the GVC realise an average 

improvement of 28% in their Gross Domestic Product (GDP) from the value added trade, [8]. 

The last two paragraphs paint the view that, if Africa is to become competitive in this fast changing 

world, it has to improve on operational efficiencies in many areas. Therefore, viewing this research 

from a high-level point of view, the core issue to be solved in this work is how to achieve 

substantial reduction of the turn-around time for freight transporters plying in African trade 

corridors.  

The research work described in this thesis is a part of a bigger research project, which is being 

done in the field of Intelligent Freight Management (IFM) at the School of Electrical, Electronic 

and Computer Engineering at North-West University, South Africa. The IFM project, Figure 1-1, 

includes, but is not limited to the shown research areas. 
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Figure 1-1: IFM research areas 

  

The focal area of this research hence this thesis is Road Transport Cross-border Control Systems. 

The other arms of the IFM project are being done by other team members. 

It is prudent at this point to ask the question, what are the specific issues or challenges faced by 

cross-border transporters and other role players here in Africa? In order to answer this question, 

Table 1-1 below will assist as a starting point in this regard. Table 1-1 shows the average time 

taken by cargo to transit various border-posts in sub-Sahara Africa as was determined by 

Fitzmaurice in detailed field study, [9]. 

Table 1-1: Average border transit time 

Border Post Average transit Time (Hours) 

Beitbridge (South Africa/Zimbabwe) 27 

Chirundu (Zimbabwe/Zambia) 29 

Kasumbalesa (Zambia/DRC) 24 

Nakonde (Zambia/Tanzania) 72 

 

It is clear from Table 1-1 that the average transit times are too high and not acceptable at all if 

Africa is to become competitive on a global scale. The average transit times shown in Table 1-1 

are still valid to this day as confirmed by more recent transit time data obtained from GPS tracking 
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data provided by Globaltrack [10], Table 4-5. There are numerous initiatives in Africa aimed at 

improving the competitiveness of Africa. For example; 

At a COMESA–SADC meeting held in Gaborone, Botswana on the 3rd and 4th of February 2011, 

the objectives of the Regional Economic Communities (REC) were clearly spelt-out [11]: 

“The main objective of the meeting was to finalize and adopt a Joint Strategy and Work Plan for 

the development and implementation of a joint SADC-COMESA CUSTOMS Transit Management 

Information System and to discuss and possibly come up with a road map on the simplification 

and harmonisation of a Transit Management Systems in the regions.” 

 The findings and the report of that meeting indicated that there is political will at Governmental 

level as well as at regional levels to facilitate harmonious trade among member countries. The 

meeting also brought out the imperative nature of the need to optimise trade processes in the 

region. From the report, it is apparent that the RECs aim, mostly, at harmonising information 

interchange at customs level and not at improving operational efficiencies at other levels such 

cross-border operations. Therefore, there is a need to complement the REC’s effort in this regard 

[12]. The work in this thesis is therefore aimed at investigating the causes for long delays at 

border-posts (Table 1-1) and thereafter suggesting possible solutions. 

1.3 The Research Objectives 

The set research objectives were derived from previous related and applicable work done by a 

range of other researchers including the following: 

 Hsu et al, [13], did work on international air cargo to determine the impact of using RFID 

(Radio Frequency Identification) enabled systems in aiding customs clearance processes. 

Their work indicated a possible improvement of 63%. Comparing the air terminal 

processes to cross-border processes, close similarities and huge differences can be 

noted; for example, air terminals handle mostly high valued and perishable goods and 

much less volume of goods compared to cross-border posts. Since some border posts, 

mostly in Africa, handle huge volumes of cargo coupled with substantial manual 

operations, it should be possible to achieve a much greater percentage improvement on 

performance with the use RFID enabled systems than that recorded at an air terminal. 

 Siror et al, [14], did work on finding out the impact of RFID technology on tracking of export 

goods in Kenya. The objective of their work included finding out the possible impact as 
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well as the reliability of RFID enabled technology in curbing the malpractice of diversion 

and dumping of export earmarked goods into the local Kenyan market. They carried out 

284 pilot trips and recorded 66.5% success rate. The insights we can derive from this work 

include the range of possible performance improvements in RFID enabled systems. 

Guided by the work of [15], [14] and other related literature, which is described in detail in chapter 

2, the guiding objective for this research work is as follows: 

The objective is to design a system, which is capable of improving cross-border operational 

efficiencies by at least 75%. The system should use a combination of tracking technologies, 

automatic identification technology led by RFID technology, information communication 

technology, and other relevant technologies or fields of studies. 

1.4 Outline of the work done 

The work in this article-based thesis is organized in the following way: 

1. Chapter 2 – this chapter presents the consolidated literature review for all published and 

submitted articles. More importantly, the chapter looks at work done in closely related 

fields and identifies the knowledge gaps in these fields. The chapter also looks at the 

current best practices in some fields that are applicable to cross-border processes in 

enhancing its efficiencies. 

2. Chapter 3 – Article 1 - this chapter outlines the work, which was published in the Journal 

of Machine to Machine Communication in 2014. The article discussed an investigation into 

the sources and causes of inefficiencies at selected African border-posts. The article also 

suggested possible solution based mostly on the use of RFID systems. 

3. Chapter 4 – Article 2 - this chapter outlines the work, which was published in the Journal 

of Transport and Supply Chain Management in 2015. The article, which was simulation 

based, discussed detailed simulation and analysis of combined impact of RFID systems 

and other auto-ID systems as well as information interchange on cargo clearance at 

border posts. 

4. Chapter 5 – Article 3 - this chapter outlines the work, which was published in the South 

African Journal of Industrial Engineering in 2016. The article discussed how the use of ICT 

(Information and Communication Technology) in aiding customs processes may improve 

the efficiency of trade corridors and how this in turn may impact the regional economy. 
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The article looked at possible cost implications of implementing a new ICT-enabled trade-

corridor system. 

5. Chapter 6 – Article 4 - this chapter outlines the work, which has been re-submitted and 

is still under review with SAIEE Africa Research Journal / SAIEE ARJ in 2019. However, a 

shorter version of this article was duly accepted and presented in September 2017 at 

AFRICON 2017 Conference, which is organised by the IEEE. The aim of the article was 

to show through simulation that, by using GPS tracking on cargo trucks as they leave their 

respective depots and traversing to the respective border posts, it is possible to enhance 

customs cargo risk assessment procedure thereby allowing quick processing of low-risk 

cargo at the border posts. 

6. Chapter 7 – Article 5 - this chapter outlines the work, which has been submitted and is 

still under review with International Journal of Logistics Economics and Globalisation in 

2019. This article discusses how human behaviour may adversely affect the efficiency of 

trade corridors. The article further proposes the need for coming up with “Techno-Socio-

Solutions” (TSS) in order to take into account social aspects when designing and 

developing technical systems. 

7. Chapter 8 – Discussion and Conclusion.  

Each of these chapters works towards answering the overall research question. However, each 

chapter answers one or more sub-questions of the overall research question. Table 1-2 

summarises the research questions addressed by each of the chapters. 

Table 1-2: Summary of chapters and their research questions 

Chapters Research questions (or sub-questions) 

2 What are the knowledge gaps impeding achievement of better and 
more efficient multinational trade corridors? 

3 What are the core sources of operational inefficiencies at African 
multinational trade corridors? Is there a possibility that technology can 
assist in this regard? 

4 Which technology can be of assistance in improving the operational 
efficiencies of African border posts and how should this technology 
and operational procedures be mixed? 
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Chapters Research questions (or sub-questions) 

5 If technology and improved operational procedures are to be used, 
what would be the cost implications for the stake holders in the trade 
corridors 

6 Will the improved system ensure effective policing and control of 
unlawful conduct of some of the role-players? 

7 What are the benefits of monitoring and controlling negative human 
conduct within the multinational trade corridors? 

What are the benefits of implementing reward system for good 
behaviour? 

8 Using the simulated system, what is the optimum operational 
configuration for both the technical and the human aspects of the 
system? 

1.5 Design Science Research Framework 

1.5.1 Design Science Research 

Design Science Research Methodology (DSRM) is a research framework, which is applicable to 

the work done and reported in this thesis. The DSRM is a problem-solving oriented research 

framework whose primary aim is to solve real-life and practical world problems [16]. The role of 

DSRM was succinctly pointed out as research whose focal point is the design and creation of 

products and systems [17]. Simon explained further that, design and creation involves not only 

the creation of new products and systems but also the modification of existing products and 

systems to better ones. Therefore, the present research is entirely focused on designing and 

creating improved cross-border processes or systems, which is an endeavour at improving upon 

an existing system.  

Figure 1-2 shows the role of DSRM as viewed from a systems’ perspective. The figure shows 

how the DSRM as a system is linked to the existing body of knowledge (Knowledge System) and 

Environmental System. The systems have a symbiotic relationship [18]. 
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Figure 1-2: DSR, Environment and Knowledge Systems [16] [19] [20] 

DSRM as a research methodology has two main outcomes; the real world results and the 

theoretical results. The real world results are the solution to the identified world problem while 

theoretical results add to the knowledge base. Generally, the theoretical framework is where the 

analysis and solution of the real world problem is done.  According to Smith and March, [21], there 

are two design processes and four design artefacts produced in applying DSR methodology, 

namely: the build and evaluate processes; and the artefacts are - constructs, models, methods, 

and instantiations. Instantiations is an act of putting constructs, models and methods into 

operation. The artefact in this study is the development of an optimised customs border post 

operations system. The system will comprise of the relevant models and methods of processing 

cargo and other operations at a border post. 

1.5.2 The Relevance Cycle 

The relevance cycle as shown in Figure 1-2 gives the starting point for DSR methodology 

processes in that, it is at this stage that opportunities and/or challenges in the environmental 

system are identified and defined. The challenges and/or opportunities in the environment provide 

the requirements for the research and represent some of the inputs into DSR cycles as shown in 

Figure 1-2. It is also at the relevance cycle stage that the criteria for evaluating and accepting the 

research results are specified. The critical question here is whether the designed artefact is 

capable of improving the environment by either introducing a new artefact or by improving upon 

an existing artefact. Often, the results of evaluation of the artefact leads to iteration of the design 

cycle and field-testing of the artefact (relevance cycle – Figure 1-2) until acceptable performance 
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of the artefact is obtained. According to Peffers, [18], demonstration and evaluation of an artefact 

may be done through simulations; and this is particularly useful where actual implementation of 

the artefact is too costly and/or too complex to implement. 

In the present study, the challenge to be solved in the environment is the reduction of long border-

posts transit times experienced by cargo trucks; stated differently, the identified opportunity is the 

possibility of improving customs’ cargo processing system. The field-testing element of the 

relevance cycle is achieved through simulation results since it would be very expensive to test in 

the environment. However, after detailed simulation evaluation the next step is to get buy-ins from 

relevant authorities to implement the system in a phased manner. 

1.5.3 The Rigour Cycle 

The rigour cycle as shown in Figure 1-2 gives the out point for DSR methodology processes in 

that, it is at this stage that the output is produced and/or contributed to the knowledge base (KB). 

The foundations of the rigour cycle are found in the knowledge base. The KB comprises of the 

following knowledge system components: scientific theories; engineering methods; experience 

and expertise defined in the application domain; and meta-artefacts or existing artefacts and 

processes in the application domain, [22]. Hevner et al, [23], cautioned that, researchers in DSR 

should thoroughly reference the KB in justifying research contribution in order to avoid their design 

being classified as routine designs, which mostly use known design processes and based on 

appropriating design artefacts that are known. However, Hevner et al went on to also caution that, 

not all rigour cycle processing need to be based on grounded theories since some designs go 

ahead of the founding of appropriate theory to explain the designs or the theories might not yet 

be complete. 

In the present study, the following components of the knowledge base as found in the application 

domain were used:  

1. queuing theory was used in coming up with the simulators used; 

2.  a posteriori risk assessment method in assessing the risk factor associated with each 

declaration at the border post;  

3. real-time computing knowledge and/or procedures used in simulating the GPS (Global 

Positioning System) tracking of cargo trucks;  
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4. RFID knowledge/theory used in simulating automatic identification of cargo and cargo 

trucks;  

5. the present customs’ processes in processing cargo at border posts; and  

6. experiences and expertise of experts in logistics industry was relied upon and used in 

calibrating the simulators which were then used in testing the designed solution.  

According to Peffers, [18], simulations are a valid means of testing and evaluating a designed 

artefact. Also, the use of simulations is supported by the fact that, the nature of the problem to be 

solved in this study falls under the so-called “wicked problems”, [24], which are characterised by; 

complexity, dependence on human cognitive abilities as well as social abilities, unstable 

requirements, inherent flexibility to change, and so forth. Implementing the designed artefact in 

this study would be difficult because of complexity and cost considerations, and hence the use of 

simulations in carrying out field-testing under relevance cycle and the addition to the knowledge 

base under the rigour cycle. 

1.5.4 Inputs, Constraints, Resources and Outputs 

The IDEF0 diagram in Figure 1-3 shows a summary of the research process. The research 

process has inputs, processes, constraints, resources and outputs. The fundamental input in 

DSRM (design science research methodology) is real life problems; the input is a need to solve 

real life practical problem(s) and in the present study the overarching problem is the need to make 

African trade corridors more competitive than what they are at the moment. The major cause of 

lack of competitiveness is the long transit times in African trade corridors and mostly the border 

post transit time. Compounding the problem is the issue of corruption perpetrated by role players 

including traders, customs & other governmental officials, and so forth. 

The design processes refer to the design stages that need to be followed in coming up with a 

desired artefact. The research process stages include; the definition of research objectives, 

developing the artefact, testing/using the artefact and the evaluation. The research processes 

often lead to the generation of knowledge within the application domain and this is also often 

communicated to targeted audiences. In the present study, the design processes as 

recommended by DSRM was followed but with appropriate variations. For example, the testing 

and/or using stage was done through simulations mostly on account of the nature of the artefact 

in this case. According to Peffers et al, [18], simulations are a valid means of testing an artefact 
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depending on the domain and nature of the research. However, the simulation results need to be 

validated using other literature, surveys and/or expert opinions in the domain. The present study 

followed that validation procedure. 

The major constraints have been legal/regulations, which made it difficult, if not impossible, to 

access customs data or traders’ data that would have permitted detailed assessment of what 

really happens within the target trade corridor. Notwithstanding these constraints, it was possible 

to obtain useful historical data from other sources.  

The resources of the research included: literature on logistics and other related areas, opinions 

from consultants who have been in logistics industry for a long time, access to field work that was 

done in the domain by various other researchers, and availability of simulation software packages. 

The present research used much of these resources in calibrating the simulations before running 

and testing various scenarios. 

The output of the research includes: the abstraction from the found results, a cross-border 

operation framework, professional publications, efficient customs system, and the artefact. As 

stated earlier, much of the testing was done through simulations and the results validated from 

literature sources. The cross-border operation framework that was developed is specific to the 

South African cross-border operations where the BCP (border crossing point) is Beitbridge border 

post, which lies between South Africa and Zimbabwe. Although the researcher is of firm belief 

that the developed framework should, with minor modifications, work for trade corridors in Africa 

and other developing nations. 
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Figure 1-3: IDEF0 diagram summarising the research - [18] [20] 

 

1.6 The proposed system overview 

The overview of the new proposed system is shown in Figure 1-4. There are three major phases 

of the system: the factory or warehouse or port of origin phase, the transit monitoring phase and 

lastly the border post operations phase. 
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Figure 1-4: System overview of the new proposed system 

The research described here focused on the transit monitoring phase and the border post phase. 

The factory or warehouse phase is, however, an integral part of the proposed system since 

business and government have to work together for the system to be able to generate higher 

benefits to all. From Figure 1-4, we can come up with an abstraction of the proposed new system 

as shown in Figure 1-5. 
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Figure 1-5: Abstraction of the proposed system 
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The summary of Figure 1-5 is that CREMS should be at the centre of running cross-border 

logistics except at factory level where its function is limited. The life cycle of cargo in a cross-

border trade logistics is that, cargo starts from a supplier factory or warehouse, cargo is then 

transported to the factory of a purchaser or warehouse via a chosen border post. When cargo 

reaches the purchaser factory or warehouse that ends the life cycle. However, in trade, the terms 

the seller/supplier and purchaser/buyer are relative terms, which change all the time depending 

on who is supplying cargo/goods at any particular time. Thus, in the abstracted model of the 

proposed system in Figure 1-5, the arrows indicate the direction of movement of cargo/goods. In 

the proposed system, CREMS will play a pivotal role of monitoring and risk assessing, which 

ensures improved efficiency in a target trade corridor. 

1.7 Contribution to Knowledge 

The challenge with DSR methodology is the difficulty of proving contribution to knowledge. 

However, this challenge was aptly argued and motivated by [25]. They argued that in the world, 

there is nothing new under the Sun; all research work builds on the work previously done by 

others. In furthering their argument, they developed a framework for assessing knowledge 

contribution of a Design Science Research (DSR). The framework is summarised in Figure 1-6. 

In this framework, different types and levels of research contribution are categorized in terms of 

the initial point of the research and are measured with respect to problem maturity and solution 

maturity. 

This research work falls in the “Improvement & Exaptation” quadrants (Figure1-6) since the 

work involves finding new solutions for known problems (Cross-border unduly long transit times) 

and applying other knowledge fields such as RFID & other Auto-ID systems, GPS & other tracking 

technologies and ICT systems in solving and improving cross-border operations. The simulation 

results are indicative of contribution to knowledge of this work. The simulation was designed and 

developed from empirical and real-world data from cross-border operations. After the validation 

of the simulation model, the model was then used to test various operational scenarios, which 

would otherwise be very costly to conduct physically. Detailed description of the simulation 

design, calibration, validation and application is covered in subsequent chapters. 
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Figure 1-6: DSR knowledge contribution framework, [25] [20]  

 

1.8 The Architecture of the Proposed System 

Figure 1-7 shows the basic architecture of the proposed system. A summary of the essential 

elements and role players in the system is as follows: 

1. Certification Authority (A): This authority will be responsible for developing standards 

and the minimum requirements for registration/certification of traders/transporters as 

compliant; 

2. CREMS (F): This term stands for Customs Risk Engine and Management System. The 

function of CREMS includes: monitoring the conduct of both truck drivers and customs 

officials, determination of the risk associated with each cargo arriving at a border post, 

and so forth; and 

3.  Auto-Identification, ICS and Tracking Technologies: The proposed system will 

depend on these technologies in improving transparency within the trade corridors by 

providing a means for automatic identification of good and documents, quick provision and 

sharing of data/information, and the real-time monitoring of cargo in transit. 
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Role Players & System Elements

A – Certification Authority (CA) B – Traders (Consignees/Consignors) C – Transporters

D – Drivers E – Customs Officials F – CREMS

G – Clearing Agents H – Auto-Identification, ICS and Tracking Technologies
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Figure 1-7: Proposed System Architecture 
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CHAPTER 2 - LITERATURE REVIEW 

2.1 Introduction 

As has been explained in Chapter 1, the work described in this thesis falls under DSR (design 

science research). Gregor et al, [25], discussed in detail the evaluation of the contribution of a 

DSR work and this is illustrated in Figure 1-6. Under the DSR concept, the research work 

described in this thesis falls under the so-called “Improvement & Exaptation” quadrants, Figure 

1-6. The research work involved finding new solutions for known problems and in this case it is 

the problem of unduly long transit times to cross border posts. Further, the research work also 

involved applying other knowledge fields such as RFID & other Auto-ID systems, GPS & other 

tracking technologies and ICT systems in solving and improving cross-border operations. 

Consequently, the literature review discussed in this chapter draws from a wide variety of sources 

from different fields, which are relevant to the solution of the DSR problem at hand. It is also 

noteworthy that, since this thesis is an article-based thesis, there is further discussion of literature 

review under each of the respective articles under their respective Chapters. 

2.2 Transit time measurements at border-posts 

The work described in this section focuses on empirical research-work, which was done in order 

to identify factors that characterise the recalcitrant problem of long transit times for cargo crossing 

border posts. The work described hereunder was done separately by Fitzmaurice and Curtis; [26], 

[27], and [28]. 

2.2.1 Work by Fitzmaurice & Curtis 

Fitzmaurice conducted field-work under Trade Mark South Africa (TMSA). The project was funded 

by the UK government through its department of international development as an initiative for 

trade facilitation. The project ran for some years and extensive data was collected and compiled. 

The results that were obtained are comparable to those from other sources such as [28], [29]. 

Before Fitzmaurice and his team started conducting their field-work, they first identified the 

sequence of steps that are undertaken for cargo to cross a typical border post. Figure 2-1 shows 

a typical border post workflow pattern before cargo could cross a border post. Frequent reference 

to this typical flow diagram was made in explaining delays experienced at various border posts. 
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Figure 2-1: Work flow at typical border post [30] 

Fitzmaurice and his team conducted field work on several Sub-Sahara border posts, but for the 

purposes of this chapter, only two border posts, which typify the majority of African border posts 

from Sub-Sahara Africa were considered. The two selected border posts are the Beitbridge and 

the Chirundu border posts. 

2.2.1.1 Analysis of Beitbridge Border Post Transit Delays 

Beitbridge border post is located between Zimbabwe and South Africa. The route passing through 

Beitbridge is a gateway to other Southern African countries such as Zambia, Malawi and so forth. 

Four major cargo types that move about in the trade corridors were identified and these were: 

consolidated cargo, refrigerated cargo, break bulk cargo and tanker cargo. It was observed that 

each of these cargo types had and indeed have different customs processing delays associated 

with them. Figures 2-2, 2-3, 2-4 and 2-5 show a summary of the processing delays typical of each 

of these different cargos.  
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Figure 2-2 shows a breakdown of the processing steps and associated delay times for 

consolidated cargo type as observed at the Beitbridge border post [31]. Consolidated cargo was 

seen to have processing steps and associated delay times that resulted in consistently long 

border transit time compared to other cargo types. The explanation was that, in consolidated 

cargo, there are multiple and separate consignors and consignees who use a single transporter 

in a consolidated cargo consignment. Thus, each of the cargo owners would have to complete a 

separate manifest and declaration form; they are also less likely to use the same clearing agent. 

This explains the long delays shown in Figure 2-2 and, more importantly, the long delay in waiting 

for payment of duties. From Figure 2-2 it can be seen that the overall average border transit time 

is 60.9 hours, which is equivalent to 2 days and 12 hours. It should be noted that the typical border 

work flow shown in Figure 2-1 is repeated on each side of the border, hence the pattern of the 

steps shown in Figure 2-2. 

Figure 2-3 shows a breakdown of the processing steps and associated delay times for refrigerated 

cargo type as observed at the Beitbridge border post, [9]. A big difference was observed on the 

total border transit time between the consolidated cargo and the refrigerated cargo, 60.9 hours to 

7.5 hours respectively. The explanation was that refrigerated cargo usually carries one type or 

two types of cargo, and therefore the processing of duties and/or levies payable is way simpler 

than for consolidated cargo.  
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Figure 2-2: Transit time for consolidated cargo, [9] 

 

Figure 2-3: Transit time for refrigerated cargo, [9]  

Figures 2-4 and 2-5 summarize the breakdown of the processing steps and the associated delay 

times for break bulk and the tanker cargo respectively as observed at the Beitbridge border post, 

[9]. Break bulk cargo had a surprisingly high overall border transit time of 30.2 hours compared 

to tanker (8.9 hours) and refrigerated cargo (7.5 hours). These three cargo types usually carry a 

single type of commodity or goods and in some cases they carry very limited variety of cargo at 
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one go. It is reasonable to believe that this huge difference in transit time is due to a combination 

of factors including: the applicable duty to cargo commonly transported in break bulk form; and 

the intrusive inspection that is done on this type of cargo. 

 

Figure 2-4: Transit time for break bulk cargo, [9]  

Figure 2-6 shows the average transit times for the four main cargo types that were observed as 

considered above. These transit times represent the average time to cross the border post. The 

average transit time across all cargo categories is 26.88 hours. Figure 2-7 summarises the 

average transit time for all types of cargo observed over one year. 

 

1
,3 2
,1

8
,4

1
2

,8

8
,1

0
,8 1
,5

0
,8 3

,2

3
0

,2

AVERAGE TRANSIT TIME IN HOURS FOR 
BREAK BULK CARGO



43 
 

 

 

 

Figure 2-5: Transit time for tanker cargo, [9] 

 

Figure 2-6: Transit time for different types of cargo, [9] 
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Figure 2-7: Transit time for different types of cargo, [27]  

2.2.1.2 Analysis of Chirundu Border-Post Transit Delays 

The Chirundu border post is situated between Zimbabwe and Zambia. Its transit delays were 

particularly interesting in that, the Chirundu border post was a subject of detailed monitoring from 

more than one team of investigators; [28] and [9]. Subsequently, based on the results and reports 

from these monitoring and investigating teams, Chirundu was finally converted into an OSBP (one 

stop border post). An OSBP differs from legacy border posts in that, instead of housing in separate 

buildings the customs and immigration officials from the two neighbouring countries, they are 

housed in a single building. One of the convictions of an OSBP concept is that, by housing the 

two set of customs and immigration officials in one building, then the clearance processes would 

be faster since there will be no need to travel a short distance from one customs jurisdiction to 

another. 

The first team of investigators to undertake the study and monitoring at Chirundu was the TLC 

(Transport Logistics Consultants) group of companies.  The TLC was commissioned by TMSA 

(Trade Mark South Africa) to undertake the study and monitoring of four border posts, namely, 

Chirundu, Beitbridge, Kasumbalesa and Nakonde. TMSA was a programme sponsored by United 

Kingdom and Northern Ireland’ DFID (Department for International Development).  

The TLC team conducted the study and monitoring for fourteen (14) months from July 2006 until 

September 2007. Incidentally, this was also carried out as a part of the World Bank SSATP (Sub 

Sahara Africa Transport Policy Program) programme which had the objective of establishing a 
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comprehensive data baseline before the implementing the OSBP system. Some of the results of 

that study are shown in Figure 2-8. From Figure 2-8, it can be seen that the average border transit 

time at Chirundu was originally 29 hours. 

The second team of investigators to undertake the study and monitoring at Chirundu was led by 

Barney Curtis and SSATPP (Sub Sahara Africa Transport Policy Program) organized the study 

and monitoring exercise. The study was carried out for a period of eleven (11) months from 

November 2006 to September 2007. Figure 2-9 summarises some of the results of the findings, 

which shows an average transit time of 38 hours. The results of the two teams are within the error 

margin and their combined average transit time is 33.5 hours.  

 

Figure 2-8: Average transit time for all types of cargo, [27]  
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Figure 2-9: Average Transit times for all cargo categories, [28]  

 

Following the Chirundu transit data compiled by the two teams, Chirundu was finally converted to 

an OSBP in December 2009. TMSA facilitated this conversion and it continues to research and 

study ways of reducing transit times at African borders. In a follow up study, TMSA through TLC 

conducted further studies at Chirundu to determine the impact or effectiveness of Chirundu border 

post after it had been converted into an OSBP.  Figure 2-10 summarises the results of the 

comparative study for various processing steps at Chirundu border post for the Pre-OSBP period 

and the post OSBP period. It was shocking to observe that the transit time had, in fact, increased 

almost by a factor of two; quite contrary to the rationale of OSBP, which expected the transit times 

to decrease instead of increasing. One possible explanation advanced by the researchers was 

that this apparent failure of the OSBP exercise was due, mainly, to negative human conduct.  
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Figure 2-10: Chirundu border comparative study of its transit times [26] 

 

2.2.1.3 Analysis of other Border-Posts Transit Delays 

The unduly long transit delays at Chirundu and Beitbridge border posts considered above are not 

isolated cases. The patterns observed at Chirundu and Beitbridge border posts is quite common 

throughout Africa, especially the sub-Sahara Africa. Extensive research and monitoring of the 

processes at various border posts has been conducted for quite some time. The observations 

and studies done range from physical inspection to the use of GPS tracking methods and on rare 

occasions customs data. The results from all these research and observations point in the same 

direction – the prevalence of long and undue delays at the border posts. The comparable nature 

of the results implies the existence of substantial truth in the findings. It is worrisome for Africa 

especially when considering the assertion by Laksmanan & Anderson, [1], that there is a strong 

connection between the economic growth of a country and the efficiency of its logistics. Indeed, 

logistics is a much broader term and it includes the management of the transportation of goods 

from their source to the point where the goods are consumed. Thus, business-related cross-

border operations form an integral part of a country’s logistics. A lot needs to be done to improve 

on border posts transit delays.  
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Table 2-1: Average transit times at a number of regional border posts, based on satellite, global positioning 
system or mobile system tracking, [29]  

Border post: Week1 Week2 Week3 Week4 Averages 

Beitbridge (SA) 17 15 14 14 15 
Beitbridge (ZIM) 8 9 8 10 9 
Beitbridge Total 25 24 22 24 24 

Chirundu (ZAM) 15 14 14 22 16 
Chirundu (ZIM) 12 11 13 9 11 
Chirundu Total 27 25 27 31 28 

Kasumbalesa (DRC) 26 29 28 26 27 
Kasumbalesa (ZAM) 70 18 17 26 33 
Kasumbalesa Total 96 47 45 52 60 

 

Table 2-1 shows average transit times at a number of regional border posts (South Africa (SA)–

Zimbabwe (ZIM), Zimbabwe–Zambia (ZAM) and Zambia–Democratic Republic of Congo (DRC)) 

for four consecutive weeks in a month in the year 2015, [29]. The transit times are based on 

satellite GPS and GSM tracking data, which is published weekly by Globaltrack company.  

The work that was done by Fitzmaurice and Curtis, and as confirmed by Globaltrack data, was of 

significant practical importance in that it gave concrete information on the nature and extent of 

bottlenecks at the border posts. However, the weakness of this work is that, the sample population 

of truckloads that were assessed per month was relatively small and therefore the error margin 

might be big.  

2.2.2 Barriers to trade 

If the empirical work, which was done by Fitzmaurice and Curtis reflect and are representative of 

the reality of the situation at African border posts, then so much must be done to remove this 

potential trade barrier. In all likelihood, the long transit delays increase trade transaction costs in 

sub-Sahara Africa. From the research on trade costs, which was done by Arvis, [32], it 

underscored continuous trade obstacles in developing nations and more so in the sub-Saharan 

Africa. Portugal-Perez, [33], argued that high costs associated with the movement of goods 

across Africa are without doubt one of the major contributing factors to the continent’s poor trade 

performance. Therefore, finding means of improving efficiency of African trade corridors including 

cross-border operations is important and imperative. 
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2.3 Studies applicable to possible improvement of the efficiency of trade corridors 

Various initiatives and researches have been undertaken in order to improve the efficiency of 

trade corridors including intermodal systems. However, literature focusing on improving cross 

border operations is limited. Some of the more relevant or applicable literature is as follows: 

2.3.1 Work by Siror 

In other related work, Siror et al, [14], conducted a research project in Kenya. Their objectives 

included the investigation on how technology could be used to control unlawful discharge of cargo, 

destined for export or transit, into the Kenyan market. They used various technologies, which 

included Global Positioning System (GPS), Radio Frequency Identification (RFID) system, and 

etcetera. The research project involved the use of RFID electronic seals for sealing cargo and 

truck container doors in order to prevent unauthorised tempering with the cargo in transit. They 

tracked cargo trucks as they travelled from their respective towns or ports of origin up to and into 

their ports of exit. Further, the integrity of electronic seals was checked along the route using 

electronic readers. The GPS technology was used in tracking cargo and to ensure that the cargo 

trucks did not deviate from their set route from their towns or ports of origin to the port of exit. 

Usually, when cargo trucks deviate from their set route, more often than not, such deviation is 

usually linked to malpractices such as addition or removal of illegal cargo from the truckload of 

legal cargo, [34]. In their research project, 284 pilot trips were analysed. Siror et al, reported that 

they observed 74 counts of errors detected in the system and that was associated with a 

combination of RFID seal and GPS errors, [35]. Based on these given figures, the system 

therefore had a success rate of 74% {= (((284-74) ÷284) × 100)}. Siror et al, also reported that 

transit time for cargo from their different places of origin to the port of exit decreased from a range 

of 33 to 100 hours to a range of 20 to 80 hours. They also held that there was 45% increased 

efficiency in cost savings and on turn-around times.  

The importance of the work by Siror et al is that it shows that by using appropriate technology, 

beneficial real-time monitoring of transit cargo is possible such as the reduction of transit time and 

minimisation of malpractices. However, the work did not consider the possible integration of the 

real-time monitoring data into customs processes and risk profiling of transit cargo. 
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2.3.2 Work by Hsu  

A study in a related area was done by Hsu et al, [15]. This study looked at import cargo processing 

at an air cargo terminal. A customs clearance-network based on cargo, information and human 

flows was constructed. The flow network was divided into several operational units and separate 

customs clearing teams worked on these separate units. The study then formulated a 

mathematical model for describing the customs clearance process delay and how it affects the 

delay of cargo arriving later, equation 2-1.  The equation was formulated to describe the time 

taken by cth cargo to go through various clearance processes. 

 

𝒕𝒖,𝒓
𝒄 = 𝑴𝒂𝒙{𝑨𝒖,𝒓

𝒄−𝟏 + 𝒕𝒖,𝒓
𝒄−𝟏 − 𝑨𝒖,𝒓

𝒄 − 𝑺𝒄−𝟏,𝒄, 𝟎} + 𝑰𝒖,𝒓
𝒄       ∀𝒖, 𝒓, 𝒄  (2-1)  

 

Where: 

 𝑡𝑢,𝑟
𝑐  is the total time taken by cth cargo to complete activities of operation at stage u handled 

by working team r. 

 𝐼𝑢,𝑟
𝑐  is the cargo handling and waiting time. 

 𝐴𝑢,𝑟
𝑐  is the accumulative time taken by cargo for completing all upstream activities at parts 

1 to u-1. Note, 𝐴1,𝑟
𝑐 = 0.  

 𝑆𝑐−1,𝑐 is the time headway between (c-1)th and cth cargos. 

 

The performance at the cargo terminal was then assessed and analysed on the basis of this 

model. An RFID system was then introduced in relevant operational units such as replacing labour 

operational units, identification function and position locating functions. The decrease in cargo 

owner’s inventory cost and terminal operators’ labour cost were evaluated to measure the gains 

of reducing delays due to the use of RFID system at the air cargo terminal. The analysis indicated 

a performance improvement of 63%. However, the researchers indicated a decrease in 

percentage improvement when the volume of cargo handled per given time increased beyond a 

certain limit. This decrease in performance was attributed to the limit in the number of work teams 

working on customs clearance. 

Although this work, [2], was carried out at an air cargo terminal, it bears close resemblance with 

cross-border operations. Comparison with cross border operations enable prediction of the 

possible performance improvement should a similar system be applied at border-posts. 

 Differences:   
i. Air terminals handle mostly high value and perishable goods. 
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ii. At air terminals, cargo is removed from the aeroplane and temporarily stored by 
customs during processing and inspection. 

iii. At air terminals, there are no trucks carrying cargo. 
iv. Air terminals handle less cargo per given time compared to border-posts. 

 Similarities:   

i. In both systems we have information flow, human flow and cargo flow paths. 
ii. Both systems have document processing by customs and/or agents or customs 

brokers. 
 

The model by Hsu et al is important in that it shows the possible improvements on cargo 

processing time when an RFID-enabled system is used in a closely related setup to cross border 

operations. However, it cannot be directly applied to cross border operations because of the 

important differences identified above as well as the fact that the air cargo investigated by Hsu et 

al consisted of six processing stages whereas in cross border operations, there are fourteen 

stages. 

2.3.3 Work by Hoffman  

In other related work, Hoffman et al, [36], argued that the inefficiencies experienced at border 

posts is mostly due to a lack of reliable information to enable customs authorities to make accurate 

decisions, as well as the lack of transparency and this allows the customs officials and truck 

drivers to become involved in illegal practices. In order to alleviate this lack of reliable information, 

Hoffman et al suggested that compliant transporters should provide customs with access to their 

GPS data among other relevant data. It was argued further that, by linking this tracking information 

to pre-declarations submitted to customs, it will allow customs to build up a behavioural profile for 

each consignment before it reaches a border post thereby enabling quicker processing of the 

consignment where appropriate. 

Hoffman et al, [36], went on to give estimated cost and benefits of implementing GPS and/or 

technology enabled logistics and customs’ processes. In arriving at the estimated cost/benefits 

they used the given data that 6000 trucks do regular cross-border trips in Eastern and Southern 

Africa and that 20 border posts would need to be modernised, [26]. They estimated that R3.2 

million Rand per border post will be required and the cost for each consignor will be at most R0.7 

million Rand. Based on the benefits, they estimated that the upgraded system should pay back 

for itself within six months (6 months).  
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The importance of the work by Hoffman et al is that it also shows that by using appropriate 

technology, beneficial real-time monitoring of transit cargo is possible. The work also gives 

estimates for the capital outlay required to implement the improved system and the estimated 

benefits. However, the work did not consider different possible scenarios and their impact on the 

possible and intended benefits. Simulation of different scenarios would enable testing of all 

possible scenarios including the worst conditions and this would give deeper insight into the 

proposed system. 

2.3.4 Work by Laporte 

The work that was done by Laporte, [37], was used by the author as a starting point in proposing 

a new and improved customs cargo risk profiling system. 

 In his argument, Laporte made reference to the so-called Revised Kyoto Convention (RKC) and 

World Trade Organisation (WTO) proposals on trade facilitation. The proposals included the 

discouraging of intrusive customs inspections and, apparently, the proposal has resulted in many 

governments in the developed world increasingly relying on data communication and risk 

estimation tools at most stages of the customs chain rather than intrusive inspections. Laporte 

further pointed out that in the developed world the focus has shifted significantly to a posteriori 

inspection.  

In a posteriori inspection system, customs would build a database containing all information about 

particular exporters/importers/transporters and so forth. Such information would include all 

declarations of all stakeholders including historical infractions associated with every stakeholder. 

When a new declaration is received, the system would recall and take into account historical data 

of the declaring stakeholder. 

On the aspect of applying a posteriori inspection, Laporte suggested an approach which is score-

based; the score is computed using appropriate statistical methods. He tested his proposed risk 

profiling system using two methods: 

 The first method was based on simple methods for score calculation. Under this method, 

he compared simple averages, weighted averages and the maximum values for the 

frequency of infringements for the various selected criteria. 
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 The second method was based on Econometric methods for score calculation. Under this 

method, he compared a simple linear probability model to the PROBIT and LOGIT models. 

Based on the available data obtained from customs, Laporte found that weighted averages had 

a better score for effective targeting of infringements. PROBIT and LOGIT models were found to 

have lower score for effective targeting of infringements. Laporte was of the view, however, that, 

the quality or the limitedness of the database used was the reason for the observed results. He 

argued further that, since PROBIT and LOGIT models are more suited for scoring scenarios with 

a binary explained variable (in this case whether a declaration contains and infraction or not), as 

the quality and size of database increased the PROBIT and LOGIT models are expected to yield 

better scores for effective targeting. The summary of Laporte’s work on Customs’ Risk 

Management System includes: 

 Risk profiles are mostly based on frequency of past infringements. 

 There are usually six criteria used in risk profiling and these may include: HS codes of the 

cargo, the origin of the cargo, provenance, freight agents, importer/exporter, and the 

applicable customs regime. Of these six, a posteriori knowledge indicates that, usually 

only three of these criteria are very important. 

 Using binary numbers to represent risk level; a 1 indicates high risk of infringement and a 

0 indicates no risk or low risk of infringement. 

 Risk scores are categorized in the risk engine in order to facilitate decision making when 

targeting various cargo with different risk scores. For example, using the binary numbers 

as explained in the bullet above, categories can range from 0.01 to 0.02, 0.02 to 0.04 and 

so forth. 

 Using statistical methods, the probability of an infringement occurring can be computed 

from the following econometric equation, 2-2: 

𝐏𝐫(𝑰𝒏𝒇. ) = 𝛂 + 𝛃𝟏𝐟𝐪_𝐜𝐫𝐢𝐭𝐞𝐫𝐢𝐚𝟏𝐢𝐣
+ 𝛃𝟐𝐟𝐪_𝐜𝐫𝐢𝐭𝐞𝐫𝐢𝐚𝟐𝐢𝐣

+ ⋯ + 𝛃𝐍𝐟𝐪_𝐜𝐫𝐢𝐭𝐞𝐫𝐢𝐚𝐍𝐢𝐣
+ 𝛆𝐢𝐣      (2-2) 

Where Pr is the probability of infringement for a declaration ij, fq_ij is the frequency of 

customs infringement for the criterion over a specified period. The term εij is the error 

term, α and β are the parameters which must be determined. 
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Laporte was able to show that, by using the statistical risk profiling methods it is possible to detect 

96.6% of declarations with infractions by inspecting only 20.6% of the declarations over a 

specified observation period.  

The limitation of Laporte’s approach when applied to African border posts is that the procedure 

may not be able to catch enough infractions in order to generate the much needed revenue from 

duty and penalties. For developing countries, whose governments’ aim is to maximise revenue 

through duty collections, it is suggestive to use these statistical risk profiling methods together 

with real time monitoring techniques.  

2.3.5 Human behaviour models 

Over the years, various models for human behaviour, especially in operational research, have 

been proposed in an attempt to understand and explain the impact of human behaviour on various 

socio-technical systems and so forth. Human behaviour models were studied with a view of 

finding the most suitable human behaviour model applicable to sub-Sahara Africa trade corridors. 

2.3.5.1 The BDI Model 

BDI (Beliefs, Desires and Intentions) model, [38], has a sound theoretical basis. This model is 

often used to structure and model autonomous agents. Figure 2-11 shows the basic structure of 

a BDI agent. 

 

 

 

 

 

 

 
Figure 2-11: The basic structure of BDI-agent, [39] 

Thus, the internal mental state of a BDI-agent consists of beliefs, desires and intentions. The 

beliefs, which represent the agent’s conceptual model, will be changed by perceptions from the 

environment. Desires represent the state of the environment that an agent would want to achieve 
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through her actions. The cognitive process enables the agent to formulate plans which lead to 

her goals. Intentions are the plans that an agent has elected to execute and they therefore trigger 

the relevant actions. 

The limitations of the BDI model reside in the fact that it concentrates mainly on cognitive 

processes. It ignores not only the physical, social and emotional aspects of human behaviour, but 

also their integration in determining human behaviour. It is therefore less suitable for modelling 

human behaviour. 

2.3.5.2 Cognition and Affect Model 

This model was suggested by Wright et al, [40]. The model is not restricted to cognitive processes, 

but includes the effect of emotions in human behaviour. The model identifies three modes of 

human behaviour control: the reactive, deliberative and reflective mode. The essential 

development brought by the cognition and affect model is the inclusion of the reflective mode 

because this mode allows inclusion of self-reflection, self-evaluation and self-control. The 

advantage of this model over the BDI model is the inclusion of a factual element; a feature which 

is very important in characterisation of human capabilities. However, its disadvantages lie in its 

lack of clarity and well-structured design prescripts. It does not fully clarify the function and 

interaction of its subcomponents. 

2.3.5.3 Dörner’s Ψ Architecture 

The Dörner’s Ψ architecture, [39], has some common aspects with the cognition and affect model. 

This architecture is premised on the assumption that considering cognition, emotion and 

motivation in isolation is not enough; but rather, an integrated analysis combining these three 

factors is required. The essential elements of the Ψ Architecture are motives which compete with 

one another and they constantly change (under the influence by the physical, emotional and 

cognitive variables) over time. The action taken by an individual is the action determined by the 

leading-motive; thus, this architecture selects an action that will lead to the satisfaction of the 

strongest motive. The Ψ architecture is indeed one of the available architectures for modelling 

individual human behaviour, but its greatest disadvantage is that it ignores social factors such as 

social norms and so forth. 
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2.3.5.4 The PECS Architecture 

The PECS architecture was extensively discussed and applied by Schmidt et al, [41], [42], [39] 

and many other researchers. The basic structure of a PECS (Physical, Emotional, Cognitive, and 

Social) model is shown in Figure 2-12.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-12: Structure of a PECS agent, [43] 

The PECS model is premised on the assumption that human beings are psychosomatic entities 

with cognitive faculties operating within a social environment. System theory is used to model the 

internal structure of a PECS agent. It consists of input, internal states and output. Figure 2-12 

shows the structure of the PECS agent. Therefore, in an attempt to model human behaviour, then 

all the PECS aspects (Physical, Emotional, Cognitive, and Social) should be considered. In this 

respect, the PECS architecture encompasses all factors necessary to consider when modelling 
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human agents as compared to the three architectures considered in the previous sub-sections. 

The strength of the PECS model is that, it is almost a universal architecture, which can be adapted 

to many areas of research where there might be a need to model human behaviour. In the 

research described in this thesis, PECS is applicable in many areas including modelling of truck 

driver behaviour and the behaviour of customs officials. The PECS model and its application in 

this study is discussed in detail in article 5 – in chapter 7. 

2.4 Discussion 

As has been explained in the introduction section of this chapter, the work described in this thesis 

falls under DSR (design science research). Therefore, the literature that contributed to this work 

was derived from a variety of unrelated fields or sources. The totality of the studied literature in 

undertaking the research work in this thesis is much more than what was discussed in this 

chapter. Further coverage of the studied literature is to be found in each of the following chapters, 

which discuss different aspects of this work. However, the literature described in this chapter 

provide some of the cardinal input sources used in coming up with the proposed new system. For 

example: 

 The work by Fitzmaurice, Curtis, Mpata [5] and others helped in the understanding of the 

nature of the problem at hand. The work further helped in the identification of the various 

processing stages and the delays associated with each step. This data was used in 

calibrating the simulator used for the article described in chapters 4 & 5;  

 The work by Arvis, Portugal-Perez and others helped in understanding the cost and lack 

of competitiveness of the present setup of the African trade corridors; hence the imperative 

need for solutions. This is further echoed by the assertion that trade expansion often 

focuses more on growing and diversifying exports; whilst the importance of competitively 

priced imported inputs and intermediates is overlooked, [44]. Also, empirical evidence 

suggests that costs associated with customs procedures are 30% higher, and document 

preparation takes 25% longer in Africa than the global average, [45];  

 The work done by Hsu et al was used in estimating the possible improvement in 

processing time when RFID-enabled systems is used instead of manual operations. The 

work was also used in the article described in chapters 3 & 4 of this thesis. 

 The work by Siror, Hoffman, Laporte and many others was used in the articles described 

in chapters 5 & 6. The importance of the work ranged from the used of RFID, GPS 
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technologies and so forth. Laporte’s work was particularly important in introducing a 

posteriori inspection concept in risk calculation by customs’ system; 

 The work by Schmidt and others was used in the article described in chapter 7 on the 

impact of human conduct on the efficiency of trade corridors in sub-Sahara Africa.  

Based on the outcome of the described literature and the other discussed elsewhere in this thesis, 

the research was able to develop a number of Simulators in order to test different scenarios, 

which would otherwise be impossible or very costly to test empirically. The following chapters 

describe in detail various articles that have either been published or submitted for publication. 
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3.1 Abstract 

Stakeholders in cross-border logistics and trade corridors have always been concerned about 

ways of improving operational efficiency. Cargo owners and cargo forwarders have been 

particularly concerned with long delays in the processing and clearing of cargo at border-posts. It 

is reasonably suspected   that the delays are due to a combination of a lack of optimum systems’ 

configurations and the inefficient human-dependent operations, which makes the operations 

prone to corruption. This paper presents the findings of a study, which is being conducted to 

determine the sources of the inefficiencies and then suggest possible solution based, largely, on 

RFID technology. The procedure and preliminary findings are presented. 
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OSBP, Choke Monitoring. 

3.2 Introduction 

Over the years, there has been a steady increase in levels of international freight movement, 

thanks to globalization.  Although the bulk of the freight is ocean bound, road transport remains 

an important link in multi-modal freight supply chains [46]. On the African continent this 

dependence on road transport is even more prominent due to the absence or bad state of railway 

lines. In Africa, many countries are landlocked, which means a significant portion of road freight 

must travel along multinational corridors [46].  While many economic regions are gradually doing 

away with the charging of customs duties at border posts [47], the opposite is true in Africa, where 

the majority of countries are still dependent on customs duties as their primary source of state 

income [48].  Stringent controls are, therefore, applied at most border posts to ensure that freight 

does not leak into or from a country before the required duties are paid. 

The effective management of road transport is complicated by the involvement of a wide spectrum 

of independent stakeholders.  The cross-border movement of a freight consignment includes at 

least the cargo owner (or consignor), the transport company, potentially a transport broker, a 

freight forwarder, a clearing agent, roads agencies, customs authorities on each side of the 

border, and a customer (or consignee).  While the commercial players have objectives that are 

well aligned and aimed at operational efficiencies, the agencies responsible for protecting roads 

infrastructure and collecting customs duties are more concerned about the effectiveness of 

control measures aimed at the prevention of illegal practices. 

Current cross-border freight management systems are characterized by a lack of transparency 

from a perspective of the consignor and consignee and by little coordination between the actions 

of different role-players.  The lack of visibility of operations at ground level results in long average 

delays at border posts accompanied by many corrupt practices - often these two go hand in hand 

[49] [50].  While lacking integration between the systems operated by different stakeholders is 

partly to blame, deliberate manipulation of the process by human operators (who know that their 

actions are difficult to police) also plays a major role. 
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This paper will focus on cross-border operations of typical border-posts in sub-Sahara Africa.  

Firstly, the paper analyses practical studies performed at typical border-posts to measure the 

average delays experienced by freight consignments [51] [9]. 

Secondly, the paper proposes an improved cross-border management concept, based on the use 

of information and communication technologies and on the integration between the systems 

operated by private and public sector stakeholders.   

Thirdly, the paper presents possible improvements on border-posts operations based on related 

studies. 

3.3 Literature Review 

In this section, we will consider, firstly, the empirical work done to evaluate the current state of 

affairs at selected border-posts and the related theoretical studies of possible improved scenarios.  

3.3.1 Border-Post Operations Field-Studies 

Extensive work has been done to determine work flows at border-posts and to determine the 

major contributing factors for the undue delays experienced at border-posts [46]. In this 

presentation, we will focus on the Chirundu border-post because Chirundu is now a One Stop 

Border-Post (OSBP). OSBPs have been suggested as alternative configurations to traditional 

border-posts; the rationale for OSBP was that it would improve operational efficiencies of border-

posts. Table 3-1 summarizes the field-work done at Chirundu border-post, [51] [52]. 

The table shows time-delays for various border activities before and after the border was turned 

into an OSBP. The summary of the field work indicates that: 

 Customs, Document Processing and Agent times have actually doubled. 

 Driver Idle time has increased by 27%. 
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Table 3-1: Summary of Bottlenecks in Hours – North bound 

TMSA Choke Monitoring at Chirundu 

 

Comparative Category 

Current 

OSBP 

Data 

Comparative 

Pre-OSBP 

Data 

Agent 12:31 6:00 

Customs 45:27 21:00 

Driver Idle Time 14:06 11:00 

Immigration 0:31 0.00 

Document Processing 57:58 27:00 

Inspection Time 1:14 1:00 

 

These observations among others indicate that the objective of establishing an OSBP was not 

entirely achieved; in fact, the objective seems to have been completely eroded and reversed.  

The report of the work, [51] [52], confirmed the conviction that, the apparent failure of this OSBP 

is due mainly to negative human conduct. This observation further strengthens the belief that, the 

possible solution lies in automating most of the operations and closely monitoring human conduct 

in a way that fosters accountability. 

3.3.2 Trade Facilitation Objectives of Sub-Sahara Regional Bodies 

In a COMESA–SADC meeting held in Gaborone, Botswana on the 3rd and 4th of February 2011, 

the objectives of the Regional Economic Communities (REC) as far as trade facilitation was 

clearly spelt-out, [53]. The mission objectives read: 

“The main objective of the meeting was to finalize and adopt a Joint Strategy and Work Plan for 

the development and implementation of a joint SADCCOMESA CUSTOMS Transit Management 

Information System and to discuss and possibly come up with a road map on the simplification 

and harmonization of a Transit Management System in the regions.” 

 The findings and the report of that meeting indicated that, there is political will not only at 

Governmental levels but at regional levels too to facilitate harmonious trade between member 

countries. The meeting also brought out the imperative nature of the need to optimize trade 

processes in the region. From the report, it is apparent that, the RECs aim, mostly, at harmonizing 
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information interchange at customs level and not at improving operational efficiencies at other 

levels such cross-border operations. Thus, there is need to compliment the REC’s effort in this 

regard. 

3.3.3 Related Studies on Trade Corridors’ Operations Optimisation 

The most notable study in a related area was done by Hsu et al [15]. This study looked at import 

cargo processing in an air cargo terminal. It then constructed a customs clearance-network based 

on cargo, information and human flows. The flow network lead to the sub-division of the network 

into several operational units and a customs clearing team would work on separate units. The 

study then formulated a mathematical model for describing the customs clearance process delay 

and how it affects the delay of cargo arriving later. The performance at the cargo terminal was 

then assessed and analyzed on the basis of this model. RFID system was then introduced in 

relevant operational units such as replacing some labour operations, identification function and 

position locating functions. The decrease in cargo owner’s inventory cost and terminal operators’ 

labour cost were evaluated to measure the gains of reducing delays due to the use of RFID 

system at the air cargo terminal. The analysis, indicated performance of 63%. However, the 

researchers indicated a decrease in percentage when the volume of cargo handled per given time 

increased beyond a certain limit. This decrease in performance is attributed to the limit in the 

number of work teams working on customs clearance. 

Although this work, [15], was carried out at an air cargo terminal, it bears close resemblance with 

cross-border operations. We will present a detailed comparison in the subsequent sections and 

try and draw insight into cross-border operations. 

3.4 Analysis of Border Post Operations 

In this section, we will analyse the typical process flow diagram at a border-post, analyse the 

typical border-post layout and then identify possible process flow bottle necks.  

3.4.1 Typical OSBP Border Post Process Flow Diagram  

 Figure 3-1 below shows the process flow diagram for OSBP (for example, Chirundu). 
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Figure 3-1: Typical border-post work flow 

The activities in the flow chart are summarized in table 3-2, [10]: 

Table 3-2: Summary of work flow at a border-post 

1. Lodging of manifest for 
pre-clearance. 

8. Customs process 
clearance. 

15. Customs release 
consignment (docs to 
agent). 

2. Pre-clearance and pre-
payment. 

9. Payment of customs duties 
and other payments. 

16. Agent hands documents to 
driver. 

3. Travel from origin to border 
post. 

10. Driver goes through 
immigration procedures. 

17. Consignment leaves the 
border / cross to other 
side. 

4. Consignment arrives at 
border post. 

11. Vehicle weighed at weigh-
bridge.  

5. Driver submits documents 
to agent. 

12. Vehicle scanned at 
scanning shed.  

6.   Agent prepares 
documents for   
submission to customs. 

13. Physical inspection of 
consignment.  

7.   Agent submits documents 
to customs. 

14. Inspections by other 
border agencies.  

 

From table 31 we note that, activities 6, 7, 8, 9 and 15 contribute immensely to the delays 

observed at the border-posts. As mentioned earlier, the delays observed at the border-posts are 

due to a combination of factors; human and system configurations. Thus, the solution sought is 

multifaceted; finding and suggesting improved system configurations and minimizing human 

involvement and closely monitoring human activities by use of auto-ID systems lead by RFID. 

3.4.2 Typical Border Post Layout 

  Figure 3-2 below shows typical border-post layout. In this layout, compliant consignment and 

non-compliant consignment queue into and out of the border using a single lane. There is parking 
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yard for both consignments. In this configuration, it often happens that, a compliant consignment 

is blocked by a non-compliant truck (consignment). The end result is that the compliant 

consignment gets unduly delayed just like the non-compliant consignment. At the end of the day, 

the benefits for being compliant are diminished and therefore would save no purpose in being 

compliant.  

 

Figure 3-2: Typical current border post lay-out 

 

3.5 Proposed Solution and Simulation Results 

We begin this section by presenting a proposal for border-post layout re-configuration and why 

that change is presumed beneficial. We then propose an RFID-based system to automate certain 

border-post operations with a presumed improvement in operational efficiency at border-posts. 

We conclude this section by presenting a comparative study of border-post operations as 

compared to the work of Hsu et al , [15], and thereby presenting the simulated results. 

3.5.1 Proposed Layout Re-configuration 

Figure 3-3 shows a modified border-post layout. The rationale for this layout is that, compliant 

consignment should not be unduly delayed. On entering the customs/immigration yard, the road 

is split into two, the “green lane” for compliant cargo and “red lane” for non-compliant or suspicious 

cargo. At the entry gate, there will be RFID readers, which automatically read tags from entering 

trucks and determine the risk status of the cargo (whether compliant or not). The Auto-ID system 

will then open appropriate boom gate into the green lane or the red lane. Thus, the compliant 

cargo will move freely and fast through the customs/immigration area. The non-compliant cargo 

will have to go to the parking yard for inspection. It should be noted that, green lane layout will 

work better with pre-clearing and pre-payment as indicated in figure 3-1 above. What else can be 

done to further enhance the green lane concept? 



67 
 

 

 

 

Figure 3-3: Green Lane /Red Lane border post lay-out 

3.5.2 Proposed Pro-RFID System Assisted Operations 

3.5.2.1 RFID Technology: 

RFID means Radio Frequency Identification. It is an emerging and independent interdisciplinary 

field. It combines technologies such as HF technology and EMC, data protection and 

cryptography, semiconductor technology, telecommunications and other related areas. RFID is 

widely used, if not exclusively used, in automatic identification procedures. The Auto-ID 

procedures can provide information about people, animals, goods and products in transit. RFID 

system comprises of RFID readers and a variety of transponders or tags. The tags can either be 

passive or active tags. Tags are also categorized in terms of their frequency of operation. The 

RFID readers establish a link between back-end system (databases and networks) and the front-

end system, which is made up of tags and other related auto-id procedures. The RFID reader 

wirelessly communicate and extract information/data from tags and relay this information for 

processing in the back-end system or in a standalone system, the reader can process the 

data/information and carryout required tasks. 

3.5.2.2 The Proposed RFID-Based System:   

Auto-identification systems have existed since the 1960s when the barcode system was first 

introduced. Today we have a wide range of auto-identification systems in the market and RFID 

has been growing fast as an auto-identification system of choice in wide-ranging applications.  

But, according to technology adoption is not always about choosing the dominant design but 

about how to future-proof an auto-ID implementation. Thus, although the researchers suggest a 

predominantly RFID based auto-id system in this work, the researchers are mindful of the need 

to incorporate other auto-id systems and indeed that arm of work is being researched on too. 
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From our analysis of table 3-1 and figure 3-1, it is apparent that the customs processes, document 

processing, which is done by the customs officials and the Agents contribute the longest delays. 

Thus, we propose the use of electronic documents or to have documents that are embedded with 

an RFID tag. The tag will contain information like what is normally found on the manifest document 

and declaration or consignment data. This allows Electronic Data Interchange (EDI) between the 

cargo owners or their Agents and the customs authorities. Further, the cargo itself will be tagged 

and this allows the RFID readers at the entrance to read the tags and identify the cargo as it 

arrives. The cargo identity is then feed to the control Centre, which then initiates immediate 

processing of the consignment. The risk engines of the customs will then determine the risk level 

of the consignment and alert the inspection team whether to physically inspect a particular cargo 

or not. All the information interchange is done electronically thereby improving the rate of 

document processing. The human labour removed from document processing can be deployed 

in the inspection bays and monitoring the entrance and exit points.   Implementing the system as 

just described will substantially remove human involvement in the document processing and this 

is expected to improve the performance at the border-posts. 

3.5.2.3 Comparative Study with the Research work in  

Performance of envisaged system was assessed solely on the basis of closely related work such 

as [15]. The related work in [15] was done at an air terminal (airport) in Taiwan; yet in this study 

it is the border-posts which are the main focus. The following subsections discuss the differences 

and similarities between the two studies. The comparisons enable us to predict the possible 

performance improvement for the border-posts. 

 Differences:   

v. Air terminals handle mostly high value and perishable goods. 

vi. At air terminals, cargo is removed from the aeroplane and temporarily stored by 

customs during processing and inspection. 

vii. At air terminals, there are no trucks carrying cargo. 

viii. Air terminals handle less cargo per given time compared to border-posts. 

 Similarities:   

iii. In both systems we have; information flow, human flow and cargo flow paths. 
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iv. Both systems have document processing by customs and/or Agents or customs 

brokers. 

 Simulated Results:   

In the analysis by Hsu et al [15] , the following equation was formulated to describe time taken by 

cth cargo to go through various clearance processes. 

𝒕𝒖,𝒓
𝒄 = 𝑴𝒂𝒙{𝑨𝒖,𝒓

𝒄−𝟏 +  𝒕𝒖,𝒓
𝒄−𝟏 − 𝑨𝒖,𝒓

𝒄 − 𝑺𝒄−𝟏,𝒄, 𝟎} + 𝑰𝒖,𝒓
𝒄       ∀𝒖, 𝒓, 𝒄    (3-1) 

Where: 

 𝑡𝑢,𝑟
𝑐  is the total time taken by cth cargo to complete activities of operation at stage u handled 

by working team r; 

 𝐼𝑢,𝑟
𝑐  is the cargo handling and waiting time; 

 𝐴𝑢,𝑟
𝑐  is the accumulative time taken by cargo for completing all upstream activities at parts 

1 to u-1. Note, 𝐴1,𝑟
𝑐 = 0.; and 

 𝑆𝑐−1,𝑐 is the time headway between (c-1)th and cth cargos. 

   According to the study, [15], the cargo at the Taiwan air cargo terminal goes through a total of 

six stages of clearing operations. With reference to figure 3-1, we see that there is a possible 

maximum of four stages of clearing operations; if the ‘other inspections’ (block diagram 14) and 

weighing (block diagram 11) are assumed to be negligible there will only be two stages. Thus, for 

compliant cargo, the delay bull-whip effect will be minimal for border-posts compared to air 

terminals. Using time delays in table 1 together with process flow diagram in figure 3-1, we have 

figure 3-4, which shows the possible resultant improvement on processing time when an auto-id 

system lead by RFID is implemented.  
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Figure 3-4: Cargo processing time 

3.6 Discussion and Conclusion 

The expected performance improvement depicted in figure 4 has assumed an ideal auto-id 

system.  It has also assumed no negative human interference. In reality individuals can delay 

capturing or scanning documents. Therefore, there is need to bring a system with a human 

activity monitoring functionality to the proposed system. Also, the system will be more complete 

if it can monitor movement of cargo throughout the transit period of cargo from source to 

destination. If the tracking data is shared or linked to customs’ cargo risk engines, then it 

becomes easier to separate compliant from non-compliant cargo. This would further enhance 

the usefulness of the system with the overall expected improvement in trade facilitation. 

However, a more detailed modelling of every stage is required in order to come up with a system 

close to realistic settings. Further work being done include; investigating impact of current ICT 

paradigms on the implementation of the envisaged system and what levels integration of various 

systems used by different stakeholders is realistically possible. 
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4.1 Abstract 

Background: Improved operational efficiency is important to role players in cross-border logistics 

and trade corridors. Cargo owners and cargo forwarders have been particularly concerned about 

long delays in the processing and clearing of cargo at border posts. Field studies suggest that 

these delays are due to a combination of factors, such as a lack of optimum system configurations 
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and non-optimised human-dependent operations, which make the operations prone to corruption 

and other malpractices. 

Objectives: This article presents possible strategies for improving some of the operations in this 

sector. The research hinges on two key questions: (1) what is the impact of information 

interchange between stakeholders on the cargo transit time and (2) how will cargo transit time be 

impacted upon by automatic identification of cargo and the status of cargo seals on arriving 

vehicles at the border? 

Method: The use of information communication systems enabled by automatic identification 

systems (incorporating radio-frequency identification technology) is suggested. 

Results: Results obtained by the described simulation model indicate that improvements of up to 

82% with regard to transit time are possible using these techniques. 

Conclusion: The findings therefore demonstrate how operations at border posts can be improved 

through the use of appropriate technology and configuration of the operations. 

Keywords—road freight transport, cross-border, customs processes, GPS tracking, RFID, 

OSBP, CREMS, Simulation 

4.2 Introduction 

There is a strong connection between the economic growth of a country and the efficiency of its 

logistics [1]. This article presents an investigation of cross-border operations with a view of 

improving their efficiency. Cross-border operations are an integral part of the economic activities 

of any country as all countries need to import or export goods owing to the increasing globalisation 

of trade. The Beitbridge border post, which is located between South Africa and Zimbabwe, will 

be investigated in detail as it is one of the busiest border posts in sub-Saharan Africa. The aim of 

this investigation is two-fold: (1) to determine the nature and the underlying causes for the 

observed delays at this border post and (2) to determine how the observed delays would be 

affected if the border post operations were to be modernised and reconfigured. 

To quantify the impact of the various proposed measures on improving the efficiency of a border 

post, a few possible approaches can be followed. Firstly, through logical reasoning one can 

estimate the likely impact of individual factors (e.g. the sharing of data) on processing    time. This 
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will, however, ignore the interactions between different activities involving the same consignment, 

as well as between the simultaneous processing of large numbers of different consignments. Most 

of the difficulties around border post delays result specifically from the somewhat chaotic 

behaviour that is observed when high levels of congestion are experienced, resulting in one 

process being delayed by another and one consignment queuing behind others. The cumulative 

effect of delayed processes becomes intolerable. This approach will therefore not be able to 

quantify the likely impact of permutations of various scenarios accurately. 

A second possible approach is to perform practical experiments of actual delays at border posts 

by implementing different sets of operational practices and supporting systems. Although this may 

yield the most reliable results, the costs and involvement required from independent stakeholders 

renders it not practically feasible. To some extent this approach was used by Fitzmaurice, [51] 

[52], in studies undertaken at various border posts, including Chirundu, a border post between 

Zimbabwe and Zambia. The results from the Chirundu One Stop Border Post (OSBP) study 

describe the impact of a specific set of measures against which the current study can be 

compared. However, the Chirundu OSBP systems do not include any of the measures 

investigated in this article. 

We opted to construct an accurate model of the current border post and the proposed improved 

system, and to simulate the expected performance of different scenarios as defined by the 

different modes of operating the cross-border systems. This allowed the investigation of several 

different options at a lower cost than with physical deployments. It also allowed for comparing the 

expected levels of performance for the different scenarios. Based on the results, 

recommendations could be made for future border systems. 

We first present the problem statement for this study, followed by a literature review that informs 

the analysis of an empirical study performed at a typical border post to measure the average 

delays experienced by freight, [28] [51] [52]. A description of a simulation model for the present 

border post operations follows, together with validation of the model. Here we discuss the impact    

of possible alternative configurations for the border post operations based on scenario analysis 

using the simulation model. The impact of each of the following scenarios was investigated: 

 the pre-declaring of consignments; 

 changing customs processing capacity in response to expected congestion; 

 information exchange between consignors and customs enabled by auto-identification 
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systems; and 

 the use of a more intelligent customs risk engine and management system (CREMS). 

The results of the simulation study are subsequently presented and discussed, followed by 

concluding remarks. Suggestions for future work are included in the conclusion. 

4.3 Problem statement 

The need for improving border posts and trade corridors’ operational efficiencies has been 

debated for a long time, [54] [47]. In the case of cross- border clearance processes, cargo owners, 

freight forwarders and cargo transporters are interested in shorter delays in crossing the border 

posts. However, many governments, particularly in Africa, want to maximise the revenue from 

customs duties. These governments therefore implement stringent measures at the borders to 

achieve their objective, which causes long delays at the border posts. 

Effective management of road transport is further complicated by a wide spectrum of independent 

stakeholders being involved. The cross-border movement of a freight consignment involves at 

least the cargo owner (or consignor), the transporter, sometimes a transport broker, a freight 

forwarder, a clearing agent, roads agencies, customs authorities on each side of the border, and 

a customer (or consignee). Commercial players have objectives that are well aligned and aimed 

at improved operational efficiencies. Agencies responsible for protecting roads infrastructure and 

collecting customs duties are, however, more concerned about the effectiveness of control 

measures aimed at the prevention of illegal practices, [55] [14], and collection of maximum duties. 

Current cross-border freight management systems are characterised by a lack of transparency 

from the perspective of the consignor and consignee and by little coordination between the actions 

of different role players. The lack of visibility of operations at ground level typically results in long 

delays at border posts accompanied by many corrupt practices, which often go hand in hand, [51] 

[34]. Although the lack of integration between the systems operated by different stakeholders is 

partly to blame, deliberate manipulation of the process by human operators (who know that their 

actions are difficult to police) also plays a notable role, as shown by empirical data from a 

comparative study at the Chirundu border post, [52] [46], between Zimbabwe and Zambia (Table 4-

1). In an effort to improve the operational efficiency of the Chirundu border post, it was 

converted from a legacy border post (two different and separately housed customs or immigration 

authorities) to an OSBP (both authorities housed in one building). Observations from Table 4-1 
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indicate that some of the delay times have instead doubled after the conversion, eroding the 

objectives of an OSBP. 

Table 4-1: Transit Delays’ Monitoring at Chirundu [9] 

(Summary of delays in Hours – for North bound traffic) 

 

Comparative Category 

Current OSBP 

Data 

Comparative 

Pre-OSBP Data 

Clearing Agent 12:31 6:00 

Customs 45:27 21:00 

Driver Idle Time 14:06 11:00 

Immigration 0:31 < 1min 

Document Processing 57:58 27:00 

Inspection Time 1:14 1:00 

 

At present, the average transit time for goods to cross the Beitbridge border is 26.88 hours 

(Fitzmaurice 2012). This average transit time is too high if the exporters or importers are to be 

competitive at the global level. The aim of this study, therefore, is to investigate the possibility of 

an improved system that can cater for the needs of all stakeholders. Governments in Africa should 

be able to enforce regulations effectively as well as maximising collection of revenue in the form 

of duties. On the other hand, exporters, importers and transporters should enjoy shorter transit 

times at the border posts. Different measures aimed at improvements are proposed and the 

impact of each of these, as well as their combined effect, is determined using a simulated model. 

4.4 Literature review 

Fitzmaurice (2009, 2012) conducted fieldwork at designated border posts to determine the causes 

for long delays. The work formed part of the activities of Trade Mark South Africa, which was a 

trade facilitation initiative funded by the UK government through its Department for International 

Development. The results of this fieldwork have been used extensively in this article to calibrate 

the simulation model. As there is limited relevant literature for the work discussed in this article, 

the work of Fitzmaurice (2009, 2012) was useful in many respects. For example, the results of 

the Chirundu border post study (Table 4-1) shows that human conduct can have adverse effects 

on the operation of various systems. The transaction time was expected to be shorter for an 

OSBP than for a legacy border post. In contrast, the results show the opposite to be true. This 

was attributed to negative human conduct: customs officials who receive information about 
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approaching consignments earlier have more time to select consignments to be subjected to 

extortion, leading to increased rather than reduced delay times for such consignments. This 

observation further supports the view that automating most of the operations and close monitoring 

of human conduct to foster accountability offer a solution. 

In a similar study by Hsu et al, [15], the processing of import cargo at an air cargo terminal was 

investigated. A flow network model that includes cargo, information and human flow was 

developed and the performance was tested. A system based on radio-frequency identification 

(RFID) was introduced in some operational units to replace some manual operations, such as the 

cargo identification function and locating the position of cargo. The results showed a decrease in 

cargo owners’ inventory costs and terminal operators’ labour costs by 63%. Following from the 

approach proposed by Hsu et al. (2009), Hoffman, Lusanga and Bhero (2013), [56], proposed 

and developed a related approach for border cargo clearance in the case of non-air cargo. The 

model reported on in this article essentially builds on that approach through the formulation, 

design and building of a simulation model. 

4.5 Field work at the Beitbridge border post 

In this section, the empirical work conducted to evaluate cargo processing time at the Beitbridge 

border post will be considered. The result of this analysis formed the basis for developing a cargo 

processing model for border post operations. 

4.5.1 Typical flow diagram for border post processes 

Figure 4-1 shows the process flow diagram for a consignment crossing a typical border post 

(Fitzmaurice 2012). The activities in the flow diagram in Figure 4-1 are defined in Table 4-2. It should 

be noted that the steps in Figure 4-1 are for only one side of a border; these steps are repeated 

on the other side of a border. Also worth noting is that some operations are performed in 

parallel. For example, when customs officials collect declarations documents for processing 

(Figure 4-1, block 8), processes such as the driver going through immigration, vehicle weighing 

and vehicle scanning can go ahead. 
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Figure 4-1: Typical border post work flow (e.g. Beitbridge border) [12] 

Table 4-2: Processing steps at a border post [12] 

Step Description of activity 
1 Lodging manifest for pre-clearance 

2 Pre-clearance and pre-payment 

3 Travel from origin to the border 

4 Cargo arrives at the border 

5 Driver submits documents to the clearing agent 

6 Agent works on the documents before submitting to customs 

7 Agent submits documents to customs 

8 Customs process clearance 

9 Payment of customs duties and other payments 

10 Driver goes through immigration 

11 Vehicle weighing 

12 Vehicle goes through scanning process 

13 Physical inspection of cargo 

14 Inspections by other border agencies 

15 Customs release cargo documents to the agent 

16 Agent hands documents to driver 

17 Cargo leaves the border 

 
4.5.2 Beitbridge border post cargo transit times 

The cargo transit times presented in this section were obtained from the fieldwork of Fitzmaurice 

(2009, 2012). These results were comparable with those from other sources (Curtis 2009; 

Globaltrack 2015), [28] [29]. 

 

Table 4-3 shows a breakdown of the processing steps and associated times for consolidated 

cargo type at the Beitbridge border post. Consolidated cargo was chosen because its processing 

steps and associated waiting times result in consistently long delays compared with other cargo 

types. This is because multiple, separate consignors and consignees use a single transporter in 

a consolidated cargo consignment. 

 

Thus, each cargo owner will have to complete separate declaration forms and each is likely to use 

a different clearing agent. This explains the long delays reflected in Table 4-3 and, more 
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importantly, the long delay in waiting for payment of duties. The total average border transit time 

(60.9 hours) was calculated as the total delay time (for the steps in Table 3) over 4 months 

(1950.25 hours) divided by 32 observed cargo trucks (Fitzmaurice 2009) 

 

Table 4-4 shows the average transit times measured for the four main cargo types that were 

observed by Fitzmaurice (2009, 2012). These transit times represent the time to cross the border. 

The notable difference in transit time between consolidated cargo and refrigerated cargo relates 

to refrigerated cargo often consisting of a single commodity or only a few different commodities 

(usually) from the same exporter, whereas consolidated cargo often has multiple, separate 

exporters using a single transporter. The same argument applies to the tanker cargo type. The 

average transit time across all cargo categories shown in Table 4-4 is 26.88 hours. 

 

Table 4-5 shows average transit times at a number of regional border posts (South Africa–

Zimbabwe, Zimbabwe–Zambia and Zambia–Democratic Republic of Congo) for four consecutive 

weeks in 3 months in 2015 (Globaltrack 2015). The times are based on satellite, GPS and GSM 

tracking data. 

 

The average transit time for all cargo types at Beitbridge (South African and Zimbabwean sides 

combined) has been calculated as 23.75 hours, which is comparable to that reported by 

Fitzmaurice (2009, 2012). In this article, the findings of Fitzmaurice (2009, 2012) are used 

extensively because they present detailed data and analysis not only of the delays associated 

with each cargo type but also of the delays at every step in the cross-border processing. However, 

the average transit time calculated from the data in Table 4-5 conceals underlying disparities (e.g. 

a delay of up to 60 hours for consolidated cargo). It would be prudent to investigate the economic 

impact of such delays on operators whose primary means of transport is the consolidated cargo 

arrangement. 

Table 4-3: Transit times for consolidated cargo [9] 

Transaction type Average transit time (hours) 

South African clearing agent 3.7 
Zimbabwean clearing agent 2.7 

South African revenue services 26.2 

Zimbabwe revenue authority 28.5 

Driver idle time 1.8 

Weighbridge 0.6 

Waiting for duties 25.8 

Documentation errors 0.9 

Transporter delays 1.8 
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Transaction type Average transit time (hours) 

Total border transit time 60.9 

 

Table 4-4: Summary of cargo type and transit times [9] 

Cargo type Average transit time (hours) 

Consolidated 60.9 
Refrigerated 7.5 

Break bulk 30.2 

Tanker 8.9 

Across all cargo 

types 

26.9 

 

Table 4-5: Average transit times at a number of regional border posts [10] 

Border post† Week 1 Week 2 Week 3 Week 4 Average over 

period 

Beitbridge (South Africa) 17 15 14 14 15 

Beitbridge (Zimbabwe) 8 9 8 10 9 

Chirundu (Zambia) 15 14 14 22 16 

Chirundu (Zimbabwe) 12 11 13 9 11 

Kasumbalesa  

(Democratic Republic of Congo) 

26 29 28 26 27 

Kasumbalesa (Zambia) 70 18 17 26 32 

 

4.6 Simulation of processes at a border post 

In this section, a simulation model for typical border post processes is discussed, based largely 

on what Hoffman et al. (2013) proposed. The simulation results for the legacy system (i.e. the 

status quo of operations and systems) are first compared to the empirical data, with the model 

then being refined until the simulated results concur with reality. This serves to validate the model, 

increasing the level of confidence in the results generated for modified scenarios. Once the 

simulated model is calibrated in this way, the proposed new concepts can be added and the 

associated changes in behaviour can be studied. 

The simulation model was implemented using Simio simulation software, [57]. Simio supports 

object- oriented simulation and facilitates rapid development and simulation of complex systems 

(Kelton, Smith & Sturrock 2014), [58]. In developing the simulation model, the steps causing the 

longest delays (Table 4-3) were incorporated. In a queuing system, the step associated with the 

longest delay is a determining factor of the time spent in the queuing system. Thus, a detailed 
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state flow diagram was constructed for each participating entity and for each of the essential steps 

in the process (see Figure 4-2). This allows the model to measure time spent within each process 

step and the impact of each input factor on these process times, exposing the internal variability 

for various system steps and their sensitivity to various factors. In the process it was possible 

to develop a realistic simulation model that can be used to refine the various design parameters 

of an overall cross-border system. 

4.6.1 Flow diagram of operations at a typical border post 

Figure 4-2 shows a portion of the flow diagram for operations at a border post: 

 Block 1 represents the number of clearing agents stationed at the border. In the simulation 

model, eight clearing agents were assumed; in reality, the number of agents at the border 

far exceeds eight. A Poisson distribution is used for the processing time associated with 

a clearing agent (Kelton et al. 2014). A Poisson distribution was preferred over a Gaussian 

distribution as it ensured that processing time would always be positive whilst allowing for 

a gradual reduction in probability as processing time increases beyond the average time. 

 Block 2 represents a number of customs teams. In the simulation model, the number of 

working teams was variable. A triangular distribution model is applied owing to the large 

variability in processing time due to the type of cargo; even for the same cargo type, there 

is substantial variability in processing time. The triangular distribution caters for the 

minimum, mean and maximum observed transit times. 

Block 3 represents possible delays that can occur due to error in documentation. A Poisson 

distribution is used.  

 In block 4 a triangular distribution is used owing to the large variability in processing time 

based on cargo type. 

 Block 5 includes steps such as immigration, weighing and scanning processes. These 

operations represent minimal delay times at the border posts and a Poisson distribution is 

used for each. 
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Figure 4-2: Flow diagram of typical processes at a border post 

Owing to restricted space, Figure 2 represents a condensed version of the actual flow diagram 

that was fed into the simulation software. It is worth noting that the steps shown in Figure 4-2 are 

repeated when cargo enters the destination country at the next border. 

Figure 4-3 shows a detailed logic flow diagram for border post operations. 

This flow diagram indicates possible sources of long delays in the present operations at border 

posts: 

 Block 1: Both Fitzmaurice (2009, 2012) and Curtis (2009) reported that drivers often do 

not submit clearing documents to the clearing agent immediately when they arrive at the 

border. Drivers are likely to first engage in personal activities before handing over 

documents to the clearing agent. The reports indicate that these delays can last up to 4.5 

hours. Therefore, this part of border processes needs to be improved if border transit time 

is to improve. 
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Figure 4-3: Logic flow diagram for typical operations at a border post 

 Block 2: Adding declaration documents to a queue is understandable because the number 

of clearing agents at the border is finite and a minimum of 1.1 hours is required to process 

documents (Fitzmaurice 2009, 2012). The same argument applies to the customs officials 

when there is no available (i.e. unoccupied) customs official to start processing an 

incoming declaration (block 2). Queuing documents causes the average processing time 

at these steps to increase unduly. It can therefore be stated that these parts of border 

processes need to be improved if transit time is to improve. 

 Block 3: The delays due to errors in the documents are minimal compared with delays 

associated with other processes such as customs (Fitzmaurice 2009, 2012).  For example, 

consolidated cargo was reported to have an average delay of approximately 1 hour 

whereas refrigerated cargo had no delay time. As consolidated cargo often consists of 

cargo from several separate importers or exporters, multiple declarations are often 

tendered, which increases the probability of errors. 
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 Block 4 represents the most significant component of delays in border transit time. For 

this reason, the internal processes within this block are expanded and illustrated in Figure 

4-4. 

The flow diagram in Figure 3 offers a suitably accurate process model for operations at a border 

post. However, there are other minor delays that are not apparent from Figure 4-3. These include 

queuing of trucks to go through the border gates, queuing to enter the inspection bay, queuing to 

enter the scanning bay, and so on. 

 

Figure 4-4 shows a detailed state diagram for customs processes. A state diagram shows the 

behaviour of a system that is triggered by a specific event. The customs officials manually inspect 

the declaration documents for errors and infractions, physically inspect the majority of cargo and 

then capture declarations (for duty determination) on a computer. 

 

It is evident from Figures 4-3 and 4 that in most of the steps associated with delays, notable 

human action is required. What is being proposed, therefore, is the reduction of human 

involvement in operations at a border post and, at a bigger scale, in all multinational trade 

corridors. Extensive use of auto-identification systems is proposed, including GPS tracking of 

consignments from origin to border post, barcodes to scan documents, and RFID technology to 

identify vehicles arriving at processing points and to check cargo seals. In this article only a subset 

of the proposed auto-identification techniques is investigated; the rest will be addressed in future 

research. 

 

From Figure 4-1 and Table 4-3 it is apparent that customs processes (document processing 

performed by customs officials and the clearing agents) contribute the longest delays. Currently 

customs authorities such as the South African Revenue Services already use electronic data 

interchange between the cargo owners or their agents and the customs authorities. The manual 

verification of documents carried by the driver at the border is, however, still compulsory. This not 

only results in delays and mistakes, but also offers a convenient opportunity for drivers who wish 

to extend their stay at the border. 

 

Thus, it is proposed that electronic documents (with essential information encoded as 2D 

barcodes or embedded with an RFID tag) are used to carry the most important information as 

normally found in the manifest document and declaration or consignment data. Scanning of 



86 
 

 

 

documents will not only eliminate many human errors, but also provide an electronically captured 

record of when documents changed hands. This will allow the consignor and consignee to obtain 

valuable insight into the status of operations at the border and allow delays and processing times 

to be recorded and measured. 
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Figure 4-4: State diagram of internal processes during customs processing at a border post (expanded from 
Figure 4-3) 

In addition, it is proposed that cargo vehicles are tagged so that the RFID readers at the entrance 

to the border can automatically identify consignments as they arrive. The consignment identity 

can then be fed to the control centre, which initiates immediate processing of the consignment. 

The CREMS of the customs authority will determine the risk profile of the consignment and alert 

the inspection team(s) whether to physically inspect a particular cargo or not. This will furthermore 

enable compliant consignments to be separated from potentially non-compliant consignments 

upon arrival at the border, preventing a situation where fully compliant consignments have to 

queue behind non- compliant ones. This process of physically separating consignments upstream 

from where the clearing process takes place is depicted in Figure 4-5 (Hoffman et al. 2013). 
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All the mentioned information interchange is achieved electronically, which improves the rate of 

document and vehicle processing. The human labour freed from these tasks can thus be deployed 

elsewhere, typically to inspect suspicious consignments detected earlier. Implementing the 

described system can substantially reduce human involvement in the processing of consignments 

and can eliminate face-to-face contact between customs officials and transporters for fully 

compliant consignments. This can eliminate the primary cause of corruption and unnecessary 

delays. The proposed system is therefore expected to improve the performance at border posts 

with regard to not only speed but also accuracy and transparency (Bhero & Hoffman 2014), [12]. 

 

Figure 4-5: Green Lane /Red Lane border post lay-out [36] 

4.6.2 Simulation model for typical border post processes 

Based on the process flow diagrams representing the current system (Figures 4-2, 4-3 and 4-4), 

a simulation model was developed using the Simio simulation package. The simulation model 

was calibrated using historical field data on transit times for various cargo types. For each 

scenario investigated, the simulator was run for a period of 500 hours, with each run comprising 

200 replications. The results of the simulation are shown in Table 4-6. 

Table 4-6: Comparison of simulated and measured transit times for processing of various cargo types at the 
Beitbridge border post 

Cargo type/Process stage Time in system Standard 

deviation  Field data 
(hours) 

Simulation 
(hours) 

South African side: Customs 11.9
5 

10.6
9 

3.44 

Zimbabwean side: Customs 15.0
5 

9.66 2.81 

South African side: Break bulk 8.40 11.0
8 

3.28 

Zimbabwean side: Break bulk 12.8
0 

10.2
2 

2.72 

Break bulk 30.2
0 

27.0
1 

5.11 

Consolidated 60.9
0 

51.2
5 

5.18 

Refrigerated 7.50 15.1
7 

5.51 

Tankers 8.90 14.8
2 

5.34 

All cargo 26.8
8 

26.3
7 

5.50 
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The simulation results in Table 4-6 are within an acceptable range compared with the field data. 

Applying the t-test, [59], shows that the two samples have been drawn from the same population. 

The calculated value of t was -0.724 and the table value of t at 5% and at 14 degree of freedom 

is 2,145; and since the calculated value is less than the table value, their means are not 

significantly different. Confidence intervals of 90%, 95% and 99% are common for studies of this 

nature (Wegner 2012). Furthermore, it is unrealistic to expect very high precision levels, given the 

inherent uncertainties related to human actions. 

The simulated times for tanker and the refrigerated cargo are higher than those observed in field 

data. As the simulated system is essentially a queuing problem, the delay of other cargo still 

impacts on the average delay of all other cargo. The transit times associated with tanker and 

refrigerated cargo are the shortest and are likely to be affected the most. 

The average delay simulated across all cargo types is 26.37 hours compared to 26.88 hours for 

field data (Table 4) and 23.75 hours for tracking data (Table 5). All simulated times are within the 

1σ range. It can, therefore, be concluded that the simulator has been calibrated within an 

acceptable range of statistical uncertainty (Wegner 2012), [60]. 

After calibrating the model, experiments were set up to test the following scenarios: 

4.6.2.1 Pre-declaration facility (scenario 1) 

In this scenario, the objective was to determine the potential effect of pre-declaring cargo on the 

border transit time. In pre-declarations, the declaration documentation is sent to the clearing agent 

before the cargo leaves the depot of origin. The rationale is that the clearing agent will process 

the documents, hand them over to customs for processing and possibly pay any required duties 

before the cargo arrives at the border. Therefore, by the time the cargo arrives, less time is 

expected to be spent at the border. However, although cargo would have been pre-declared, it is 

possible that it could still be subjected to intrusive inspection by customs officials depending on 

the cargo or exporter risk profile or any other reasons that the customs officials may see fit. 

In running this scenario, the percentage of cargo that is pre- declared was varied from 0% to 

100%. Customs capacity was set at six on either side of the border. The border transit time was 

expected to decrease as the delays associated with the steps in block(s) 2 and block 3 in Figure 
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4-3 were expected to be eliminated or substantially reduced. In Figure 4-4, delays associated with 

inspecting documentation and physical inspections are expected to be similarly mitigated. It 

should be mentioned that in the simulation only the input percentage of pre-declared cargo is 

deterministic and all other processes are stochastic. 

4.6.2.2 Processing capacity at customs (scenario 2) 

Here the objective was to determine the impact of the processing capacity at customs on the 

border transit time.  As customs processing contributes the longest delay in cargo processing, the 

rationale for this scenario was to determine the impact of parallel processing by customs on 

border transit time. 

The processing capacity was varied from a minimum of six officials to a maximum of 25 officials 

working on processing and clearing cargo on either side of the border. The procedure for varying 

capacity involved increasing the number of customs officials by one in a sequential way on both 

sides of the border post and then recording the impact on processing time. 

4.6.2.3 Combined strategies (scenario 3) 

In this scenario, the objective was to determine the combined impact of pre-declaring cargo and 

customs processing capacity on the border transit time – a combination of scenarios 1 and 2. The 

proportion of cargo that is pre- declared was gradually increased whilst the processing capacity 

was kept constant. This procedure was repeated several times, with the processing capacity 

being changed for each new repeat. Border transit times were observed and compared. 

4.6.2.4 An RFID-enabled system (scenario 4) 

Here the objective was to determine the impact of using the proposed RFID-enabled system on 

the border transit time.  A combination of electronic pre-declaration, use of auto- identification 

systems (based on RFID technology) and the intelligent and dynamic changing of processing 

capacity at customs were investigated.  In the proposed system, the term ‘compliant cargo’ is 

preferred to ‘pre-declared cargo’. Compliant cargo can loosely be defined as cargo for which the 

importer or exporter has made information available upfront to allow automated verification by 

means of appropriate technologies and is administrated by an importer or exporter who has a 

track record of good business ethics and integrity. 
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For intelligently and dynamically changing customs processing, it is proposed that customs 

authorities will be running a more intelligent risk engine. CREMS can, amongst others, do the 

following: 

 communicate with the exporter or importer systems to facilitate electronic pre-

declarations; information about when cargo leaves the depot of origin is used for 

estimating arrival time and hence volumes at the border at certain times 

 communicate electronically with road agents, for example the South African National 

Roads Agency, to get information on cargo deviations on the way to the border 

 advise the supervisory customs authority on expected arrival volumes at certain periods 

to allow anticipative increase in processing capacity 

 keep a record of individual customs officials’ efficiency profile or the type of cargo or 

specific exporter or importer often attended to by the official, which could expose potential 

malpractices. 

The majority of these attributes of CREMS will be considered in future work; however, some 

preliminary features of CREMS were implemented in the current study. In this article, the research 

focuses on the impact of information interchange between exporters or importers and the customs 

system. Therefore, the proportion of compliant cargo was gradually increased from 0% to 100% 

whilst the simulation model was set to change processing capacity at the border adaptively in 

response to alerts from cargo as it left the depot of origin. The message packet includes the town 

of origin and departure time, which enables CREMS to estimate travelling time and hence 

possible arrival volumes. The border transit times were then observed. 



91 
 

 

 

 

Figure 4-6: Condensed process flow diagram with proposed implementation of an RFID-enabled system at a 
Border post 

Figure 6 shows a condensed process flow diagram at the border for the proposed RFID-enabled 

system. The essential features of the system include: 

 substantial information exchange amongst stakeholders 

 automation of many of the cross-border trade operations 

 faster processing of compliant cargo as many human- dependent stages will be automated 

 Monitoring and policing of infractions throughout the cross-border trade corridor, with 

officials being held accountable. 

4.7 Simulation results 

The results of the scenarios discussed in the previous section are presented here. 
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4.7.1 The impact of pre-declaring (scenario 1) 

The proportion of cargo that is pre-declared was gradually increased and border transit times 

determined. The results are summarised in Table 4-7, with the resultant graph shown in Figure 

4-7. 

The results show that the average transit time across all cargo types decreased from 26.41 hours 

to a minimum of 12.53 hours at 70% of pre-declared cargo and then increased slightly to 13.60 

hours at 100% pre-declared cargo. A continuous decrease is observed only for consolidated 

cargo; transit times for all other cargo types decrease to a minimum and then increase again 

slightly. This is because the number of customs officials was fixed in the simulation. Thus, as 

more cargo is pre-declared the demand to process pre-declarations increases beyond the 

processing capacity. Consignments that are normally processed very quickly (refrigerated and 

tankers) now have to compete with pre-declared consolidated consignments for the available 

customs processing capacity. Consolidated cargo shows continuous decrease because it was 

originally associated with a very high transit time compared with other cargo types. 

Table 4-7 simulated total transit times for different types of cargo at Beitbridge border post when pre-declaring 
was implemented 

Percentage 
pre-declaration 

All cargo 
(hours) 

Break bulk 
cargo 

(hours) 

Consolidat
ed cargo 
(hours) 

Refrigerated 
cargo 

(hours) 

Tanker 
cargo 
(hours) 

0 26.41 27.01 51.29 15.16 14.85 

10 20.87 21.36 43.68 10.46 10.14 

20 17.52 18.04 37.68 8.47 8.03 

30 15.63 16.03 33.78 7.59 7.17 

40 14.44 14.64 30.15 7.42 6.96 

50 13.51 13.68 26.88 7.69 7.11 

60 12.89 13.00 24.05 8.18 7.61 

70 12.53 12.52 21.38 8.87 8.34 

80 12.54 12.37 19.41 9.95 9.37 

90 12.76 12.48 17.57 11.21 10.64 

100 13.60 13.20 16.32 13.04 12.52 
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Figure 4-7: Graph showing the effect of pre-declaration on simulated total transit times for different types of 
cargo at Beitbridge border post 

4.7.2 The impact of processing capacity at customs (scenario 2) 

The processing capacity at customs was varied from a minimum of six officials to a maximum of 

25 officials on either side of the border. The resulting border transit times are summarised in Table 

4-8, with the resultant graph shown in Figure 4-8. 

The results show that as the processing capacity at customs increases (more customs officials 

available), cargo transit time decreases. This is in line with the expected outcome. A notable 

observation from these results is that the transit time across all cargo types levels off close to 17 

hours, which is associated with a processing capacity of 20 (10 officials on each side of the 

border). Beyond this capacity, the decrease in transit time becomes almost negligible.  For 

example, at a capacity of nine officials on each side (total of 18 across both sides), the transit 

time is 17.85 hours. At a capacity of 25 officials on each side of the border (a total of 50 across 

both sides), the transit time is 17.10 hours. This represents a change of 0.75 hours for a 15-official 

increase in capacity. 

The result shows that simultaneous processing by customs officials has a limit beyond which it 

ceases to be beneficial. It further shows that to achieve better performance in a system that 

involves a series of potentially parallel processing units, coordination of the various units is 

required; that is, some form of inter-unit (inter-process) communication is needed. For example, 
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increasing customs capacity may require a corresponding increase in the number of duty payment 

counters or clearing agents. 

Table 4-8: Simulated border transit time for different types of cargo at Beitbridge border post for varying levels 
of processing capacity at customs 

Processing 
capacity (number 
of officials) 

All cargo 
(hours) 

Break bulk 
cargo 

(hours) 

Consolidat
ed cargo 
(hours) 

Refrigerated 
cargo (hours) 

Tanker cargo 
(hours) 

12 26.41 27.01 51.29 15.16 14.85 

13 24.27 24.99 49.36 12.95 12.53 

14 20.49 21.13 45.71 9.01 8.68 

15 19.52 20.31 44.97 8.10 7.72 

16 18.59 19.26 43.88 7.19 6.78 

17 18.14 18.81 43.55 6.75 6.34 

18 17.85 18.53 43.23 6.47 6.04 

19 17.47 18.22 42.80 6.23 5.75 

20 17.39 18.09 42.84 6.11 5.61 

30 17.12 17.83 42.49 5.80 5.33 

50 17.10 17.82 42.55 5.83 5.34 

 

 

Figure 4-8: Graph showing the effect of varying levels of processing capacity on simulated border transit time 
for different types of cargo at Beitbridge border post. 
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4.7.3 The impact of combined strategies (scenario 3) 

The percentage of cargo that is pre-declared was gradually increased whilst the processing 

capacity was kept constant for each run. Earlier results (Figure 4-8) showed that a capacity of ten 

officials on either side of the border is optimal. Therefore, only the results for the case of varying 

the percentage of pre- declarations with ten officials on either side are shown. It should be noted 

that the starting value for average transit time for all cargo types is set at 17.40 hours, because 

the starting customs capacity is ten officials (see Table 4-8). The results for scenario 3 are 

summarised in Table 4-9 and the resultant graph is shown in Figure 4-9. 

The average transit time across all cargo types decreased from 17.40 hours to a minimum of 

12.53 hours at 80% of pre- declared cargo and then increased slightly to 13.60 hours at 100% 

pre-declared cargo. As explained earlier, this is because the number of customs officials was set 

to a fixed number in this scenario of the simulation. Thus, as more and more cargo is pre-declared, 

the demand for customs processing capacity increases beyond what is available; hence the 

increase after reaching a minimum. 

Table 4-9: Simulated border transit time for different types of cargo at Beitbridge border post with combined 
effect of pre-declaration and processing capacity 

Percentage 
pre-declaration 

All cargo 
(hours) 

Break bulk 
cargo 

(hours) 

Consolidat
ed cargo 
(hours) 

Refrigerated 
cargo 

(hours) 

Tanker 
cargo 
(hours) 

0 17.40 18.09 42.84 6.11 5.61 

10 16.34 16.99 39.34 6.15 5.71 

20 15.48 15.92 36.00 6.36 5.87 

30 14.61 15.00 32.63 6.61 6.15 

40 13.91 14.19 29.70 7.05 6.50 

50 13.29 13.48 26.58 7.58 6.95 

60 12.85 12.90 24.17 8.11 7.51 

70 12.54 12.52 21.36 8.90 8.37 

80 12.53 12.37 19.40 9.97 9.36 

90 12.77 12.48 17.57 11.20 10.64 

100 13.60 13.20 16.32 13.04 12.52 
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Figure 4-9: Graph showing the combined effect of pre-declaration and processing capacity on simulated 
border transit time for different types of cargo at Beitbridge border post 

 

4.7.4 The impact of an RFID-enabled system without information exchange (scenario 4) 

In scenario 4, the percentage of compliant cargo (which is therefore processed along the green 

lane [Figure 4-5]) was gradually increased and border transit times determined. The results are 

summarised in Table 4-10, with the resultant graph shown in Figure 4-10. The results show that 

the average transit time across all cargo types decreased from 26.41 hours to a minimum of 7.17 

hours for 100% compliant cargo. The refrigerated and tanker cargo are the only types that initially 

decrease and then slightly increase as the percentage of compliant cargo approaches 100%. 

In this scenario, the processing capacity associated with the red lane was set at six on either side 

of the border, whereas the processing capacity associated with the green lane was set at three 

on either side of the border. A similar explanation for the results is offered as for scenario 1. As 

shown in Figure 4-6, compliant cargo in the proposed system is processed through the ‘green 

lane’ (Figure 4-5). Thus, as the percentage of compliant consignments increases, the processing 

capacity of the green lanes is adversely affected. Therefore, cargo with shorter processing time 

is expected to experience additional queuing time. In this experiment, the processing capacity of 

the green lane was kept constant. As human-dependent processes are eliminated or minimised 

in the green lane (Figure 4-6), the RFID-enabled system is expected to process cargo faster. This 

explains the minimum of 7.17 hours observed for scenario 4. 
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Table 4-10: Simulated border transit time for different cargo types at Beitbridge border post based on a radio-
frequency identification-enabled system 

Percentage 
pre-determined 

Compliance 

All cargo 
(hours) 

Break bulk 
cargo 

(hours) 

Consolidat
ed cargo 
(hours) 

Refrigerated 
cargo 

(hours) 

Tanker 
cargo 
(hours) 

0 26.41 27.01 51.29 15.16 14.85 

10 20.42 21.05 42.84 10.30 9.94 

20 16.63 17.30 36.16 7.65 7.32 

30 14.15 14.63 31.22 6.31 6.03 

40 12.39 12.80 27.00 5.71 5.45 

50 11.06 11.35 22.98 5.42 5.24 

60 9.86 10.09 19.37 5.43 5.26 

70 8.91 9.11 15.92 5.59 5.49 

80 8.17 8.33 12.83 5.94 5.88 

90 7.58 7.61 10.01 6.47 6.40 

100 7.17 7.16 7.16 7.18 7.19 

 

 

Figure 4-10: Graph showing the effect of implementing an RFID-enabled system on simulated border transit 
time for different cargo types at Beitbridge border post. In this system, no information exchange was possible 
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accordingly. The results are summarised in Table 4-11, with a graphical representation shown in 

Figure 4-11. 

The results show that, compared to the basic conditions of scenario 4, information exchange 

further improves performance in an RFID-enabled system. With information exchange, all cargo 

types experience steady decreases in transit time as the percentage of compliant cargo increases 

(minimum transit time of 4.83 vs 7.17 hours). 

In this experiment, the processing capacity of the red lane was fixed at six on either side of the 

border, whereas the capacity for the green lane changed dynamically from a minimum of three to 

a maximum of six on either side of the border. 

Table 4-11: Simulated border transit time for different types of cargo at Beitbridge border post based on a 
radio-frequency identification-enabled system that allows information exchange 

Percentage 
pre-determined 

Compliance 

All cargo 
(hours) 

Break bulk 
cargo 

(hours) 

Consolidat
ed cargo 
(hours) 

Refrigerated 
cargo 

(hours) 

Tanker 
cargo 
(hours) 

0 26.41 27.01 51.29 15.16 14.85 

10 20.29 20.90 42.86 10.07 9.79 

20 16.45 17.04 36.15 7.39 7.15 

30 14.17 14.63 31.47 6.30 6.04 

40 12.28 12.74 26.78 5.57 5.29 

50 10.72 11.03 22.74 5.16 4.94 

60 9.38 9.59 18.99 4.95 4.78 

70 8.12 8.35 15.03 4.86 4.72 

80 7.04 7.15 11.72 4.82 4.73 

90 5.89 5.93 8.17 4.81 4.75 

100 4.83 4.83 4.83 4.83 4.83 

 

 

Figure 4-11: Graph showing the effect of implementing an RFID-enabled system on simulated border transit 
time for different cargo types at Beitbridge border post. In this system, information exchange was possible 
throughout the trade corridor 
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4.7.6 Comparison of transit time for the various investigated solutions 

Figure 4-12 compares the simulated transit times found with the various investigated solutions. 

The figure shows the impact of the following conditions on transit time across all cargo types: 

 pre-declaration 

 processing capacity at customs 

 combined pre-declaration and processing capacity at customs 

 an RFID-enabled system without information exchange other than at the border itself 

 an RFID-enabled system with information exchange throughout the trade corridor. 

From Figure 4-12 it is clear that RFID-enabled systems provide a steady decrease in transit time, 

with the lowest value observed being 4.83 hours. 

It should be noted from Tables 4-7 to 4-11 that for each scenario investigated, a different variable 

parameter was relevant (e.g. percentage pre-declarations or number of customs officials); in each 

case the transit times were calculated for 11 different values of the relevant variable parameter.    

In Figure 4-12, which compares transit times between the different scenarios, transit times are 

displayed for the 11 values used in each case; the x-axis therefore corresponds   to different 

variable parameters as obtained from the respective tables. 

 

Figure 4-12: Comparison of simulated transit times achieved with various process changes across all cargo 
types 
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4.8 Discussion 

It is clear that the greatest reduction in transit time was obtained with the RFID-enabled system 

that allowed for continuous information exchange (RFID_SmartCapacity in Figure 4-12). Besides 

the exchange of information between customs and other stakeholders, this system also permitted 

the dynamic scheduling of processing capacity at customs based on the anticipated cargo arrival 

volumes. Across the different scenarios investigated, the average transit time reduced from 26.41 

to 4.83 hours across all cargo types, which represents an efficiency improvement of at least 82% 

compared to the status quo. The least reduction in transit time was obtained in scenario 2, where 

only processing capacity at customs was changed. In this case, the transit time reduced from 

26.41 to 17.10 hours. This represents a 35% reduction in transit time. Other scenarios (see Figure 

4-12) resulted in transit times between these two extremes. 

These results are in line with the expected outcome. Changing processing capacity only at 

customs, without changing the processing capacities at other stations within the border post 

system, cannot cause substantially improved overall system performance. For example, once 

cargo has gone through customs clearance (Figure 4-1, block 8), it proceeds to the customs duty 

payment stage (Figure 4-1, block 9). 

 If the processing capacity at customs is increased without increasing capacity at the payment 

stage, more and more cargo will have to queue at the latter point. This erodes the gains of 

increasing customs processing capacity. In contrast, an RFID-enabled system supports data and 

information interchange between stakeholders and allows for dynamic and intelligent change in 

processing capacities at various stages. Furthermore, in the proposed system, many of the 

processing stages found in the present systems will be streamlined and most of the operations 

will be automated through the use of technology. 

Literature pertaining to cross-border operations and associated delays, specifically in reference 

to developing countries, is limited. The work by Hsu et al. (2009) is closely related to the research 

described in this article, although it focused on improvement of customs processing of air cargo 

at an airport in Taiwan. Hsu et al. (2009) tested how the use of RFID systems would affect 

automating some of the operations. Their results indicated an improvement of 63% with regard to 
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performance and cost serving. Therefore, the results in this article are within range of the 

expected improvements as found in closely related literature. 

The findings of our study may have far-reaching implications for stakeholders. For example: 

 Governments will benefit from improved revenue collection as more cargo will be passing 

through the borders in a set period and there will be fewer opportunities for corruption. 

 Exporters and importers will benefit from the improved turnaround time as they will be able 

to do more trips per month. 

 Road agencies will spend less money on repairing roads if effective monitoring and 

controlling of overload are in place. 

 Governments will need to restructure the infrastructure at the respective border posts in 

order to support the envisaged green lanes (improved system). 

 Governments will need to revamp their customs processing software and risk engines to 

the modernised CREMS. 

 Transporters will need to equip their trucks with GPS- and RFID-supporting equipment. 

 Cargo owners will need to acquire RFID equipment such as RFID readers, RFID tagging 

equipment and support for the electronic scanning of documents. 

 Road agencies will need to acquire RFID readers and RFID software. 

 Integration across the respective systems will be needed to facilitate the proposed 

information exchange. 

For the envisaged system to be realised, a joint task force comprising government and other 

stakeholders should be formed. This task force will have to define measurable objectives and 

design a clear road map of each stakeholder’s responsibilities. 

4.9 Conclusion and future work 

Regional initiatives to reduce transit time, [61] [62], by for example, introducing OSBPs, have not 

produced the intended improvement (see Table 4-1, for the Chirundu border post). Long delays 

at the borders and the apparent failure of OSBPs have been attributed to human conduct (Curtis 

2009; Fitzmaurice 2012). The simulation study reported on in this article has demonstrated that 

long delay times experienced at border posts can be eliminated by using a combination of 

information systems to enable information exchange between different stakeholders and modified 
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operational processes. Our results show that the use of RFID-enabled systems can achieve an 

improvement of up to 82% with regard to average transit time for all cargo at a border post. The 

minimum average transit time for the improved system was found to be 4.83 hours; however, this 

may still be too high if Africa is to become competitive in international trade (Barka 2012; Norov 

& Akbarov 2009). 

In the present simulation model human conduct was not specifically included. However, in 

developing the simulation model, field data were heavily relied upon, in which the human element 

is presumed to have been inherently included. Further research is therefore proposed to: 

 include human behaviour modelling in the model for trade corridors, including border posts 

(Schmidt 2002), [63]. 

 determine compliance for arriving consignments not only from RFID checks at the point of 

origin of the route, but also by using GPS tracking data to verify compliance based on pre-

agreed (geo-fenced) routes (Lusanga et al. 2014; Siror et al. 2010), [64] [14]. 

 include a reward system for drivers with a good road compliance record and for customs 

officials with the shortest processing time 

 perform a cost–benefit analysis for each scenario to verify which of the scenarios will be 

able to pay for itself in the shortest time, taking into account the situation for each group 

of stakeholders 

 complete development of an internet-enabled system that would allow transparency and 

visibility of cargo as it traverses the cross-border trade corridor(s) (Lusanga et al. 2014). 
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A SIMULATION APPROACH TO RECONCILING CUSTOMS AND 

TRADE RISK ASSOCIATED WITH CROSS-BORDER FREIGHT 

MOVEMENT 

5.1 Abstract 

Southern Africa critically depends on increased exports to enable economic growth and job 

creation. Logistical inefficiencies, however, are hampering exports, with cross-border freight 

delays a key contributor that adds cost and unpredictability to the supply chain, making South 

Africa an unattractive participant in global just-in-time value chains. The detention of cargo 

consignments at border posts is intended to reduce the risk of customs duties not being paid and 

to prevent the smuggling of illegal contraband. These risks must be weighed against the risk to 

trade caused by unpredictable time delays, and the resulting harmful impact on the economy. The 

increased use of ICT technologies has been proposed to enable a more attractive compromise 

between customs and trade risks. This study investigates the impact of the proposed new 

measures, including the use of technology, on the efficiency of cross-border freight movements. 

The research approach will combine the analysis of historical electronic transaction data 

exchanged between customs and consignors, with the simulation of different scenarios for the 

ICT support of customs processes. The expected impact of the proposed measures on exports 

within and from the SADC region, and the direct impact on corridor users, are estimated and 

compared against the estimated cost of the proposed measures. It is shown that implementing 

the proposed improvements should represent an attractive investment for the regional economy. 

5.2 Introduction 

The global economy is rapidly evolving with increased trade in goods, both intermediate and final, 

and services that add value. This drive for competitiveness is forcing countries to focus on specific 

levels in the value chain, finding trading partners across the globe rather than interacting mainly 

with suppliers and customers within their own jurisdictions. For this reason, successful economies 

must find ways to remove obstacles to the free flow of goods across national borders, whether 

this be at sea ports, land-based ports, or airports. 
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The countries of Southern Africa could benefit economically by viewing the region as a single 

entity or ‘factory’, combining resources and spreading manufacturing across the region, rather 

than competing against each other. However, one of the crippling factors in establishing this 

‘factory Southern Africa’ is delays at borders along key transport corridors in the region, [44]. 

While the benefit of reduced trade costs, occasioned by a reduction in trade obstacles, is generally 

accepted, experts disagree on the details, [65]. What is rather consistent is that political will is 

indispensable. However, countries show a general reluctance to follow through on trade 

agreements; and this has an adverse effect on any cross-border initiative, [66]. Even shared 

national borders do not guarantee trade integration if trade facilitation measures are incompatible, 

[67]. 

Trade obstacles at border posts not only have a distinct financial impact on traders, but also cause 

welfare losses to entire economies of the affected countries. Trade obstacles can be removed or 

reduced by active trade facilitation initiatives. 

The single biggest cause of long border delays in southern Africa is the compliance enforced by 

customs agencies on traders taking goods across borders, to collect customs duties and prevent 

illegal contraband smuggling. The legacy approach to ensuring compliance is to apply many 

intrusive inspections. In the case of border posts that must process high traffic levels, this can 

lead to excessive delays, resulting in the disruption of trade flows, [44]. 

There are many reasons why intrusive inspections are so rampant in Africa and other developing 

regions. Numerous customs authorities in Africa rely on the use of ASYCUDA (Automated System 

for Customs Data), as it is sponsored by the United Nations; the early versions of ASYCUDA still 

being used in some countries operated as a closed system, and did not allow customs authorities 

to improve the risk management of their systems by using available data to assess customs risks. 

These systems were mostly limited to combining simple selection criteria such as lists of 

importers, the origin of goods, the applicable tax regime, etc., [37]. A second contributing factor 

is the use of less-developed risk management systems that employ simple criteria to select and 

blacklist exporters, importers, or goods. Thirdly, within these developing economies there is a dire 

need to maximise revenue through tax collection. Fourthly, general moral hazards are associated, 

not only with the traders, but even more so with customs officials who exploit the lack of 

transparency and proper governance to manipulate the system for personal financial gain. 
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The above background is the motivation for a study of possible interventions to reduce the 

negative impact of cross-border delays on the free flow of trade goods. As many independent 

stakeholders are involved in a typical border crossing, it is not a trivial matter to change the status 

quo; many of these stakeholders and the human operators who represent them in processing 

cross-border freight have conflicting — and sometimes hidden — agendas that create significant 

resistance to change. It is obvious, therefore, that a very strong economic argument will be 

required to overcome this resistance and to generate the required political will among 

governmental decision-makers to implement a new approach to handling cross-border trade. 

The purpose of this paper is to quantify the impact of specific interventions on the operational 

efficiency of cross-border operations, and then to translate these operational improvements into 

expected benefits for the regional economy. We study the expected impact of such interventions 

both from the perspective of the export industry in general, and from the perspective of specific 

corridor users. The rest of the paper is structured as follows: Section 5.3 provides a literature 

overview of previous studies in the field. Based on the current literature, we motivate the problem 

statement and define the methodology to be applied in Section 5.4. In Section 5.5, we propose 

specific interventions that could reduce such delays. In Section 5.6 we quantify the expected 

operational improvements resulting from the identified interventions, and translate these into 

expected economic benefits in Section 5.7. We conclude in Section 5.8 with our findings and 

recommendations and an overview of future work. 

5.3 Literature study 

In general, the economic literature accentuates the importance of upgrading trade facilitation 

initiatives in Africa, especially through customs reforms, as African countries lag far behind in 

terms of global standards. Preliminary calculations at the Beitbridge border post indicate that the 

cost implications of customs delays might be significantly higher than the global average, and 

could be one of the reasons why Southern Africa is one of the most expensive regions from which 

to export products. Given the existing literature on economic growth, global trade, and the impact 

of trade facilitation on both, it is evident that additional research is needed on trade barriers in 

Southern Africa. 

In a recent study, Hoekman, [68], observes the differences in definitions of the term ‘trade 

facilitation’ by various organisations. He finds that while the World Trade Organization (WTO) 

regards trade facilitation as the reform of border management processes, the Asia-Pacific 
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Economic Cooperation (APEC) extends the definition to include policies affecting transport. The 

International Finance Corporation goes even further, including programmes that affect trade 

finance. 

Not only is trade facilitation a broad field of study, it is also multidisciplinary in nature, including 

political, economic, business, administrative, technical, technological, financial, and legal 

elements, [67]. It is generally accepted that a decline in trade costs will increase trade 

performance. However, achieving such reductions is complex, and some limitations, such as 

being a landlocked country, are impossible to change, [68]. Nevertheless, a large share of trade 

costs is affected by administrative practices and, as a result, the greatest focus has recently been 

placed on it [68]. It has been pointed out that customs procedures are exceptionally slow in Africa, 

and customs procedures have been highlighted as a key priority on the continent, [69]. For 

instance, due to risk assessment policy, 70 per cent of containers are opened and inspected in 

Africa, in contrast with only five per cent in the Organisation for Economic Cooperation and 

Development (OECD) countries, [45]. 

Although sufficient and competitive infrastructure services such as transportation and 

telecommunication are essential for the development of global value chains, it is also deeply 

influenced by the efficiency of border processes and customs practices, [70]. The quick movement 

of goods across borders was, in fact, the reason and basis for trade facilitation talks that started 

in 1996 at the World Trade Organization (WTO). Negotiations eventually concluded in December 

2013, and the Trade Facilitation Agreement (TFA) was adopted. The aim of this agreement is to 

provide a general framework for addressing non-tariff barriers. Member countries are currently in 

the process of ratifying it, and the agreement will come into force once a two-thirds threshold has 

been reached. If it is taken into consideration that the full implementation of the TFA is calculated 

to reduce the cost of trade by around 15 per cent [16], the benefit to Africa is clear. 

Research done on trade costs by Arvis, [32], underlines continuous trade obstacles in developing 

countries and particularly in sub-Saharan Africa. The high costs associated with the movement of 

goods across Africa are undeniably one of the major contributing factors to the continent’s poor 

trade performance, [33]. Trade expansion often focuses more on growing and diversifying 

exports, while the importance of competitively-priced imported inputs and intermediates is 

overlooked, [44]. Empirical evidence suggests that costs associated with customs procedures are 
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30 per cent higher, and document preparation takes 25 per cent longer, in Africa than the global 

average, [69]. 

The SADC Protocol on Trade came into force more than 15 years ago with the objective of 

removing trade barriers, increasing investment and, as a result of increased trade between 

members, improving development. Trade liberalisation and the free movement of people and 

goods through the region are therefore SADC’s two key goals, [71]. Despite these goals, the 

SADC region is an excellent example of trade barriers blocking cross-border linkages within a 

region [45] and restricting the region to operating as one functional factory. Despite ample 

opportunity for production networks to develop around the region with South Africa as a regional 

powerhouse, very few global value chains have been established to date, [45]. 

      Table 5-1 indicates that only 20 per cent of trade in the region is internal. The other 80 per 

cent therefore consists of trade with other regions, such as the EU and the US. Most Southern 

African economies also have a narrow range of exports — mainly natural resources and 

commodities, [44]. On-going decline in commodity prices signifies vulnerability, and not many 

economies have succeeded in sustaining increased exports without diversifying the export base 

to include manufacturing, [44]. 

Table 5-1: SADC intra-regional trade 2004 - 2013 

 Total world 

exports 

Total SADC 

exports 

SADC-SADC 

exports 

Intra-SADC 

exports 

 
US$ (million) US$ (million) US$ (million) % 

2004 9,086,814 60,976 9,163 15 
2005 10,342,461 68,517 9,989 15 
2006 11,952,387 84,394 14,580 17 
2007 13,772,780 135,075 16,504 12 
2008 15,972,312 173,257 19,431 11 
2009 12,314,697 122,582 17,204 14 
2010 15,057,106 173,346 33,275 19 
2011 18,066,515 220,920 38,425 17 
2012 18,202,309 221,100 41,594 19 
2013 18,684,466 218,622 43,261 20 

   Data from database: ITC Trademap [12]    

It takes the region on average 28.3 days to export a product, almost 17 days longer than in the 

European Union (EU), [72], and a far cry from the best global performers, who require only 6.5 

days to export, and four to import, a container, [72]. Various factors play a role in firms’ total cost. 

While delivery times and transport costs are just two of them, some countries have been able to 

reduce trade costs through implementing trade facilitation measures, [44]. Extensive trade 

facilitation initiatives are currently underway in the East African Community (EAC), whereas very 

little is taking place in the Southern African context. 
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Zimbabwe is a landlocked country providing essential trade links within Southern Africa along the 

north-south corridor, with many of the products moving from South Africa through Zimbabwe to 

other countries in the region. Beitbridge is the only border post connecting Zimbabwe with South 

Africa, [73]. More than 400 trucks cross the border daily, making it one of the busiest border posts 

in Southern Africa. Smooth and quick operations are essential, given the importance of this border 

post; but the opposite is true: crossing times of a week, and sometimes longer, are frequently 

reported, [73]. 

Recently-measured cross-border delays (as shown in Table 5-2 below) indicate that the average 

delay figures for those border posts that carry the most traffic — typically those along the north-

south corridor, including Beitbridge (South Africa to Zimbabwe), Chirundu (Zimbabwe to Zambia), 

and Kasumbalesa (Zambia to the Democratic Republic of the Congo) — are between 24 and 46 

hours. This is in line with figures mentioned in previous studies. 

 

Table 5-2: Cross-border delay times for SADC border posts 

Border 

post 

Ave delay 

(hrs) 

Beitbridge 24.5 

Chirundu 24.1 

Kasumbalesa 39.4 

Kazungula 42.3 

Nakonde 46.0 

 

One of the biggest causes of delays is customs inspections at these border posts. The Revised 

Kyoto Convention (RKC) is a trade facilitation convention that was initiated by the World Customs 

Organization (WCO). The RKC recommended limiting intrusive customs inspections; this has 

increasingly caused governments in developed countries to move away from intrusive customs 

inspections, [74], in favour of non-intrusive inspections. On the other hand, Buyonge and Kireeva 

, [6],and Laporte, [37], argue that, in African and other developing regions, intrusive inspections 

are still rampant, and that these cause long delays through inefficiencies observed at the border 

posts of these countries. Buyonge and Kireeva, [6], attribute this state of affairs to a number of 

factors, including poor relations between customs and business, insufficient supporting state 

infrastructure, multiple and different inspection agencies, and general corruption within customs 

authorities. 
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Buyonge and Kireeva, [6], argue that if Africa is to develop faster economically, it has to reduce 

trade transaction costs substantially, among other measures. The high trade transaction costs 

are caused by a number of factors, including delays associated with customs processes. Buyonge 

and Kireeva, [6], are of the view that customs reform and modernisation initiatives are 

indispensable elements for trade facilitation. On the other hand, the reality is that in Africa the 

majority of countries are still dependent on revenue from customs operations [10]. This means 

that extensive and intrusive inspections are carried out to maximise the revenue from payable tax 

and duties. 

Studies show that time delays have a negative impact on exports, [75]. Trade decreases at least 

one per cent on average for each day a product is delayed before delivery, [75]. It is even worse 

for exports of perishable agricultural products, where a one-day delay reduces exports by six per 

cent, [75]. Of equal importance are intermediate products (manufactured goods in a supply chain), 

representing more than half of the current global trade flow, [76]. These products are, according 

to Hummels and Schaur, [77], 60 per cent more time-sensitive than final goods. It has been 

observed, however, that faster customs clearance and document preparation alone might not be 

enough to provide adequate support for trade expansion, and that an all-inclusive approach is 

required where reliable delivery times, reduced transport costs, and more competitively-priced 

imported inputs are also addressed, [44]. This draws attention to the significance of trade 

facilitation measures to enhance trade flow, and thus justifies an investigation into the impact of 

time barriers on regional trade. 

Empirical evidence suggests that customs delays carry an average weighting of between 0.6 per 

cent and 2.1 per cent of traded cargo value, [77]. However, at Beitbridge, the border post 

connecting Zimbabwe and South Africa, it takes three days on average just to cross the border. 

Rough calculations indicate a price increase in consumer goods of between 2.97 per cent and 

13.90 per cent due to delays at this border post, [73]. An analysis of the cost implications of border 

delays and the impact they have on trade in Southern Africa is thus imperative. 

A prior study that is very relevant to this paper is the work that was done by Laporte, [37]. He 

made reference to the Revised Kyoto Convention (RKC) and World Trade Organization (WTO) 

proposals on trade facilitation that discourage intrusive customs inspections. As a result, 

governments in the developed world are increasingly becoming involved in the various stages of 

the customs chain with the aid of data communication and risk estimation tools. Laporte argued 
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that the focus has shifted significantly in the developed world to a posteriori inspection. Laporte 

was able to show that, by using statistical risk profiling methods, it is possible to detect 96.6 per 

cent of declarations with infractions by inspecting only 20.6 per cent of the declarations. For 

developing countries, whose governments’ aim is to maximise revenue through duty collections, 

it is suggested that they use these statistical risk profiling methods together with real-time 

monitoring techniques. 

In another related work, Siror, Huanye and Dong, [14] conducted a pilot project in Kenya. One of 

their objectives was to investigate how technology could be used to curb the unlawful discharge 

of goods earmarked for export or transit into the Kenyan market. They used a combination of 

technologies including a radio frequency identification (RFID) system and a global positioning 

system (GPS). The pilot project involved using RFID electronic seals to seal goods and truck 

container doors to prevent unauthorised tampering with the goods. The goods trucks were then 

tracked as they travelled from the point of origin to the port of exit. Along the route the trucks 

passed through a number of check points where the status of the electronic seals was checked 

for integrity with electronic readers. Also, to ensure that the goods trucks did not deviate from the 

set route between the source and the port of exit, their movement was tracked using GPS 

technology. The deviation of goods trucks from the set route is usually linked to malpractices such 

as removal from, or addition of illegal goods to, the truck-load. In the pilot project, 284 trips were 

analysed. Siror et al., [14], reported that 74 errors detected in the system were associated with a 

combination of GPS and RFID seal errors. On this aspect, the system had a success rate of 74 

per cent. Siror et al., [14], further reported that the transit time from different places of origin to 

the port of exit decreased from a range of 33 to 100 hours, to a range of 20 to 80 hours. They 

also found that truck and cargo owners realised an increased efficiency of 45 per cent in savings 

on turn-around times. 

5.4 Problem statement and methodology 

From the literature study it is clear that economic growth in sub-Saharan Africa is restricted by 

obstacles to free trade, and that border crossings represent an important element that justifies 

efforts towards improvement. Current cross-border processes are largely based on a legacy from 

an era when volumes to be handled were much lower, and where manual interventions were the 

order of the day. At the same time, it is clear that improved processes enabled by technology, as 
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employed in most developed economies, can go a long way towards eliminating most of these 

obstacles. 

The primary purpose of our current research work is to generate scientific evidence of the benefits 

to the regional economy into modernising the current approach to handling cross-border trade. A 

second objective is to demonstrate that technically-viable practical measures can have a 

significant impact on cross-border delays. Thirdly, we quantify the expected impact of the 

proposed measures, and perform a cost-benefit analysis to determine which of the proposed 

measures can be justified, based on economic considerations. Lastly, we demonstrate that the 

proposed changes to the handling of cross-border trade will not create new conflicts between the 

objectives of customs and trade, but that they will specifically facilitate the reconciliation of these 

potentially conflicting interests. The overall objective of this article is to provide evidence that the 

objectives of customs (improved compliance) and of trade (improved cargo flow efficiencies) can 

be simultaneously achieved through an improved set of measures (supported by technology), and 

that the economic benefits resulting from these improvements will far outweigh the foreseeable 

costs. 

In order to achieve our research objectives, we will complete the following steps: 

1. The estimated economic impact of current border crossing delays will be quantified, both 

from the perspective of the overall regional economy, and from the perspective of road 

transport operators who convey goods across national borders in sub-Saharan Africa; 

2. Specific new interventions will be identified and their expected impact on cross-border 

trade will be estimated; the measures that will be considered include improved customs 

risk profiling based on data analytics, and the use of telematics to create a richer data set 

to support more effective customs process flows; 

3. The expected impact of these interventions on the regional economy is estimated. We 

limit our study to the impact of reduced cross-border delays, as this is the easiest factor 

to quantify from among a set of trade facilitation improvements; 

4. We also limit our measurement of regional economic impact to the impact on exports, 

partly because this is the economic activity that is most directly impacted by cross-border 

cargo movements, and partly because the relationship between exports and cross-border 

delays has been quantified through earlier studies, [77]; 
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5. We then proceed to perform a cost-benefit analysis that compares the direct economic 

benefits to corridor users against the estimated costs of the proposed interventions; and 

6. Based on the results from the above analyses, we will derive conclusions and make 

practical recommendations for improving the status quo. 

5.5 Proposed interventions for improving cross-border trade flows 

Proposed new interventions for improving cross-border efficiencies are discussed in two 

categories, as previously identified: the first, which can be based on existing data and that should 

therefore be relatively easy to implement, is the use of analytical data-based models for the 

statistical profiling of customs risks. The second category of measures involves the use of 

telematics technology to collect additional data reflecting the physical movements of cargo and 

cargo vehicles from origin to the point of clearance. As this will involve either the deployment of 

new technology or integration between customs systems and existing systems operated by 

corridor users, this will require a much bigger effort to implement. All proposed measures are, 

however, based on proven technology that has been successfully deployed in other application 

domains. 

5.5.1 The use of data analytics for statistical profiling of customs risk 

The measures proposed in this section are aimed at using data that is already available to 

customs more effectively, and are based on the work that was done by Laporte, [37]. Laporte 

suggested an approach that is score-based, where the score for each declaration is computed 

using appropriate statistical methods applied to data contained in the declaration. He tested his 

proposed risk- profiling system using two methods: 

i. The first method was based on simple methods for score calculation. Under this method, 

he compared simple averages, weighted averages, and the maximum values for the 

frequency of infringements for the various selected criteria. 

ii. The second method was based on econometric models for score calculation. Under this 

method, he compared a simple linear probability model with the probit and logit models. 

Laporte’s method for a customs risk management scoring system can be summarised as follows: 
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 Six criteria are used in risk profiling. These include the health and safety (HS) aspect of 

the goods, their origin, provenance, freight agents, importer/exporter, and the applicable 

customs regime. 

 Risk profiles are based on the historical frequency of infringements for declarations with a 

value corresponding to the value for that criterion for the current declaration. 

 Binary numbers are used to represent risk level. A ‘1’ indicates a high risk of infringement 

and a ‘0’ indicates no risk or a low risk of infringement. 

 Using statistical methods, the probability of an infringement occurring is computed from 

the following econometric equation, (5-1): 

𝐏𝐫(𝑰𝒏𝒇. ) = 𝛂 + 𝛃𝟏𝐟𝐪_𝐜𝐫𝐢𝐭𝐞𝐫𝐢𝐚𝟏𝐢𝐣
+ 𝛃𝟐𝐟𝐪_𝐜𝐫𝐢𝐭𝐞𝐫𝐢𝐚𝟐𝐢𝐣

+ … + 𝛃𝐍𝐟𝐪_𝐜𝐫𝐢𝐭𝐞𝐫𝐢𝐚𝐍𝐢𝐣
+ 𝛆𝐢𝐣 (5-1) 

where Pr is the probability of infringement for a declaration ij, and fq_ij is the frequency of customs 

infringement for the criterion over a specified period. The term εij is the error term, and α and β 

are the model parameters that must be determined. 

 Risk scores are categorised to facilitate decision-making when targeting various goods 

with different risk scores. For example, categories for the risk score can be from 0.01 to 

0.02, from 0.02 to 0.04, and so forth, up to a value of 1. 

 An intrusive customs inspection will be triggered only if the score for the respective 

consignment exceeds a set threshold level; the level at which the threshold is set will 

represent a compromise between the risk of customs non-compliance and the impact on 

trade flows. 

5.5.2 Using telematics to create richer data set for customs risk profiling 

The measures described in the section are aimed at expanding the data set available to customs, 

on the basis of which they can generate a risk outcome for each consignment. To determine 

which data to add through telematics, it is necessary to identify the primary contributors to long 

delays. Based on recent studies performed in the cross-border field, [67], it is clear that human 

processes are the primary culprits. The current nature of the process required to clear a 

consignment from customs involves, among other things, the following: 

 While declarations to customs can be made electronically before a consignment reaches 

the border (at least in some countries), it is still a requirement that physical paperwork be 



118 
 

 

 

submitted to customs at the border. In the process of passing documents from the truck 

driver to a clearing agent and then via a ‘runner’ to customs and back again, some of the 

paperwork is often mislaid, resulting in delays as new documents are generated. 

 The fact that a human-controlled clearing process is required means that customs officials 

have the opportunity to manipulate the clearance process for personal gain. Studies have 

shown that, in some cases, pre-declaring documents, instead of expediting the process, 

tended to slow it down, [69]. The probable reason is that it allows unscrupulous customs 

officials more time to target consignments for deliberate delays in order to extort bribes. 

The obvious solution to the problem is to automate the process of clearing consignments as far 

as is practically possible. In order to do this without increasing the risk of leakage of non-compliant 

goods across borders, it will be necessary to rely to a larger extent on technology to complement 

human processes. Technology can be employed in several ways to provide customs authorities 

with much more detailed information on the physical status of freight consignments arriving at a 

border, allowing much more accurate discrimination between those consignments with a high 

likelihood of being compliant and the potentially suspicious ones that justify inspections. 

Technology can also be used to police processes controlled by human operators to ensure that 

the appropriate steps are taken and that an audit trail exists of all actions taken by officials. 

The improved cross-border management concept that is proposed in this paper consists of the 

following elements: 

1. A certification system for freight forwarders and transporters, combined with incentives for 

self-regulation: The majority of participants prefer to be fully compliant as long as they will 

receive benefits in the form of faster processing through borders. A certification system 

will only work effectively, however, if compliant consignments of certified transporters can 

be accurately distinguished from potentially non-compliant consignments of non-certified 

transporters. Telematics can contribute towards this objective, as described below. 

2. Automated channelling of freight traffic at border posts: Ideally the system must 

automatically separate compliant from non-compliant traffic upstream from where trucks 

are finally cleared for crossing, so that non-compliant traffic will have minimal impact on 

the flow of compliant traffic, as described in Figure 1 below. This will effectively enable the 

implementation of a Green Lane / Red Lane system. 
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(a) Typical current border post lay-out 

 

(b) Green Lane /Red Lane border post lay-out 

Figure 5-1: Proposed change in traffic flow management at border posts 

3. Marking of documents: Documents handed in for customs inspections must be marked 

with a machine-readable code to enable automatic detection of paperwork when 

submitted and handled as part of the clearance process. This will serve as a performance 

measurement tool; it can also be used to verify that the contents were not manipulated; 

and it will accurately link documents to related vehicles. 

4. The marking and automated detection of freight vehicles: This will enable accurate and 

automated separation of certified and non-certified vehicles; secondly, it will verify that all 

consignments for which paperwork was cleared actually crosses the border, and that only 

those vehicles for which the paperwork has been cleared can move through a customs 

gate. 

5. The use of electronic seals on cargo containers: This will reduce the risk that cargo has 

been tampered with from the time it was initially sealed. The electronic seal can be 

automatically checked at specific points along major corridors (typically at weigh bridge 

stations) to provide regular feedback that the consignment is still intact. Using more 

sophisticated technology it will even be possible to provide continuous feedback about the 

current status of seals, [78]. 

6. Providing customs authorities with detailed information on the movements of 

consignments from the time of dispatch until they reach the border: If a vehicle is 

dispatched by a certified participant in good standing and this vehicles reaches the border 
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within standard travelling times, without any unexpected deviations from the designated 

route, without any unexpected changes in weight, and with the original cargo seals still 

intact, it could reasonably be assumed that such a vehicle represents minimal customs 

risk. By automatically presenting customs with such information on arrival at the border, it 

will be possible automatically to process and acquit those vehicles that are fully compliant 

based on the above set of measurements. This will allow the customs authority to focus 

its limited law enforcement capacity on the minority of consignments that are not fully 

compliant. 

7. Using handheld technology: Handheld computers can provide customs officials with real-

time decision support while performing their inspection duties, while at the same time 

policing their actions to ensure that correct practices are applied to all consignments being 

inspected. This will prevent customs officials from delaying specific consignments without 

receiving corresponding instructions from the customs risk engine. It will also force officials 

to inspect cargo that has been selected by the risk engine, and to report on findings. While 

these measures may not prevent all misconduct by customs officials, it will at least make 

them aware of the fact that their actions are visible within the larger system and that they 

will be held accountable if found to be in collusion with truck drivers or syndicates. 

5.6 Quantifying the operational impact of proposed improvements 

The expected operational impact of the measures proposed above are now estimated, partly by 

analysing historical customs data where the outcomes of inspections were known, and partly be 

simulating modified processes that rely on telematics to automate the process. 

5.6.1 Customs risk profiling based on statistical models 

Using the customs risk profiling model described in Section 5.4.1, Laporte, [37], was able to show 

that, by using statistical risk profiling methods, it is possible to detect 96.6 per cent of declarations 

with infractions by inspecting only 20.6 per cent of the declarations. It can therefore be argued 

that it should be possible to reduce the number of intrusive inspections by 80 per cent, while still 

correctly identifying the vast majority of consignments that represent an infringement. 

Based on the literature study, the average border post delay for border posts carrying high traffic 

levels is 36 hours. The expected improvement to cross-border delays from this intervention should 
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therefore be 29 hours; to be on the conservative side we can round the expected improvement in 

cross-border delays down to one day (24 hours). 

5.6.2 Enhancing efficiency based on telematics 

A simulation study was performed to quantify the expected impact of some of the proposed 

interventions identified in Section 4.2 above. The simulation model that was used is described in 

detail in Bhero, Hoffman, Lusanga, and de Corning, [31]. In this section we summarise the primary 

results that were generated through that study. Only two of the potential measures discussed in 

Section 4.2 were included in this simulation study. 

A. Increasing customs processing capacity 

It was assumed that compliant consignors will declare the dispatch of trucks destined for a specific 

border, informing the customs authority at each border post about the expected arrival time. This 

will allow the customs authority to determine the expected cross-border traffic at any given time, 

allowing them to prepare sufficient processing capacity to match the traffic levels. 

B. Using RFID enabled Green Customs Lanes 

This scenario included separate Green and Red Lanes for compliant and non-compliant cargo. 

The proportion of compliant cargo was gradually increased and border transit times determined. 

Compliant cargo in the proposed system is processed through the Green Lane; thus, as the 

percentage of compliant consignments increases, the processing capacity of the green lanes is 

adversely affected. Therefore, cargo with shorter processing time is expected to experience 

additional queuing time. 

Figure 5-2 shows the simulated results where the proportion of cargo that is compliant was 

gradually increased and border transit times determined. Exchange of information was also 

enabled to allow the customs risk engine and management system to estimate expected volumes 

of arrivals, and to allocate customs processing capacity accordingly. The simulation was 

performed for each of the following cargo types: All, Break Bulk, Consolidated, Refrigerated, and 

Tanker. This was done because historical statistics showed that different cargo types, on average, 

experience different delays. The figures for 0 per cent compliance correspond with the actual 

delays experienced on average by the different cargo types at the Beitbridge border post. It can 
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be seen that, with increasing compliance levels, all cargo types processed through the Green 

Lane experience a steady decrease in transit time to a minimum of 4.83 hours as the percentage 

of compliant cargo increases. 

 

Figure 5-2: Transit times with dynamic scheduling of customs capacity 

 

5.7 Quantifying the economic impact of the proposed improvements 

Section 6 above provided convincing evidence of the potential improvement in operational 

efficiencies in cross-border processes, based on the proposed interventions. In order to create a 

convincing argument to justify a significant effort from the respective customs authorities to 

overhaul their current systems, it is necessary to translate these operational improvements into 

expected economic benefits to the region in general, and to corridor stakeholders in particular. In 

this section, we combine our results on expected operational improvements with the results of 

previous studies that quantified the impact of cross-border delays on export potential and on the 

cost-efficiency and profit potential of corridor users. 

5.7.1 Economic impact on the regional economy 

The approach that we take is as follows: 

 We use the historical figures generated by Hummels, [77], that estimate the impact of 

increased or reduced cross-border delays on exports to estimate by what percentage the 

various measures proposed in Section 4 might be expected to influence export figures. 
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 Publicly-available figures on the level of exports between different neighbouring countries 

within SADC are used to translate the expected percentages into monetary amounts; 

these figures can then be further translated into increased tax revenues and expected 

creation of employment. 

The results from previous studies on the application of statistical profiling, as described in Section 

5.1, provide evidence that more than 96 per cent of cross-border infractions can be detected by 

inspecting only 20 per cent of consignments that are currently subject to inspections. These 

studies were based on the use of currently-available declaration data only, and excluded any new 

interventions relying on telematics. We can therefore state with reasonable certainty that the 

volume of customs inspections can be reduced by 80 per cent or more if more advanced 

techniques were employed. 

In Section 5.2 we demonstrated though a simulation study how telematics can be used to reduce 

cross-border delays by up to 90 per cent, even with the current level of physical inspections. Thus, 

by combining these two sets of results, we can claim that a system based on both telematics and 

data analytics should be able to reduce cross-border delays by 80 to 90 per cent while 

implementing stricter controls over potentially-suspicious consignments. The benefit generated 

for cross-border trade will therefore be achieved not at the cost of reduced customs compliance; 

if correctly implemented, it should be accompanied by improved compliance levels. Making a 

conservative estimate, we can state that the proposed interventions could, on average, reduce 

cross-border delays by about one day. 

Table 5-1 shows that intra-SADC exports in 2013 exceeded US$ 40 billion. Based on the 

estimates made by Hummels, [77], and our own estimates of potential reduction in cross-border 

delays, we can estimate the potential improvement in export levels to be at least one per cent, 

amounting to more than US$ 400 million per annum. We can also extrapolate these figures to 

SADC’s exports to the rest of the world, which are about five times higher. The vast majority of 

SADC’s exports move through sea ports, which are plagued by similar delays and inefficiencies 

to those of land-based border posts. If similar measures were applied to cargo movements 

through sea ports, the economic potential of the proposed interventions could be much larger. 
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5.7.2 Economic impact on corridor users 

The economic impact of cross-border delays on corridor users was determined by translating 

border delays into reduced truck-use levels for a typical fleet that is used to transport cross-border 

cargo. Information was obtained from several commercial transporters about the actual income 

and cost figures applicable to typical road freight operations in African corridors. The availability 

of this data made it possible to estimate accurately the economic losses suffered by transport 

companies from increased round-trip times for trips to African destinations. 

The costs associated with reduced use of trucks due to cross-border delays are calculated based 

on the set of values as described in Table 5-3 below; these values were obtained from the 

operations of a transporter doing trips between South Africa, Zambia, and the DRC [26]. Firstly, 

we calculate the economics associated with an average cross-border trip, including total cost, 

income generated, and profit. Using the average turnaround time, we calculate the average 

monthly income, cost, and profit for one truck. 

Table 5-3: Economics per trip 

Monthly interest rate 1.0% 

No. of monthly installments 120 

Average cost of truck $180 000 

Monthly installment $2 582 

Average income per trip $8 000 

Average distance per trip (km) 4000 

Average fuel consumption (km/l) 1.5 

Cost of fuel per litre $1.40 

Average cost of fuel per trip $3 733 

Cost of driver per trip $700 

Additional cross-border expenses per trip $700 

Other costs per trip (tolls, etc.) $180 

Total trip costs excluding financing of truck $5 313 

 

The loss of income and profit per truck is then calculated by using the fraction of total trip time 

that is consumed by cross-border delays. Average waiting time at border crossings (39 hours) 

was calculated using studies that were conducted over several years, in each case involving the 

measurement of delay times for several hundred trucks over periods of several months. By 

calculating the total average border crossing times for the entire trip and subtracting this from the 

average trip duration, we obtain the trip duration for zero border crossing delays. Using this figure, 
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it is possible to calculate the monthly profits than can be generated per truck if border crossing 

delays were reduced to two hours, as shown in Table 5-4. 

Table 5-4: Monthly profits per truck 

 Current 
scenario 

Improved 
scenario 

Average speed of travel (km/h) 70 70 

Number of hours' driving per day 8 8 

Number of days driving per trip 7.1 7.1 

Number of border crossings per 
trip 

 

4 
 

4 

Average cross-border delay (days)  

1.63 
 

0.08 

Total border delay per trip (days)  

6.50 
 

0.33 

Average trip duration (days) 13.6 7.5 

Number of trips per month 2.0 4.0 

Income per month $15 690 $31 809 

Costs per month $13 003 $23 709 

Profits per month $2 687 $8 100 

 

Table 5-5: Comparison: Current vs improved scenario 

 Current 
scenario 

Improved 
scenario 

Number of trucks 6 000 2 960 

Investment in trucks $1 080 000 000 $532 713 195 

Annual installments $129 600 000 $63 925 583 

Total profits per month $16 119 991 $23 971 967 

Increase in annual profits - $94 223 708 

 

In order to determine the overall impact on the regional economy, we calculate the difference in 

profits that can be generated by a fleet of trucks with a reduced round-trip delay. We make the 

conservative assumption that the total demand for road freight transport will not increase when 

cross-border delays are reduced, but that the need could be met by using a smaller fleet of trucks. 

This will result in two benefits: 

 There will be a saving in the total required investment in the regional truck fleet from US$ 

1.08 billion to US$ 0.53 billion, as shown in Table 5-5. Assuming an annual interest rate 

of 12 per cent for lease purchases, this positive impact on financing cost amounts to 

almost US$ 66 million per annum. 

 As the smaller fleet will be operated more profitably, there will still be an increase in total 

annual profits: the increased annual profits are calculated at just more than US$ 94 million. 

It can be seen that the annual benefit to the transport industry of improved cross-border 

operations, based just on improved truck use, could amount to about US$ 160 million. This figure 
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is comparable in size with the expected positive impact on exports, as determined in the previous 

section. 

In order to determine whether the cost benefit will be positive, it is necessary to estimate the 

expected costs of deploying the proposed system. Firstly, the cost of capital deployment at border 

posts is estimated. The figures in Table 5-6 are used as the basis for the cost estimation. Only a 

summary of costs is shown; the rest are found in Bowland [3]. In order to cover the major routes 

used by the roughly 6,000 trucks doing regular trips from South Africa into the rest of Southern 

Africa, it will be necessary to equip around 20 border posts, [69]. The capital outlay will include 

civil works to implement screener lanes, installing RFID readers in weigh-in-motion (WIM) and 

customs lanes, handheld terminals and desktop scanners used by officials, and customised 

software and integration with field equipment. 

The number of independent consignors who would be interested in certification is estimated at a 

maximum of 500 (according to SACBTA industry figure, only about 160 transporters of significant 

size operate between South Africa and neighbouring countries). The average cost per consignor 

comes to about US$ 80,000, with a total industry capital outlay of US$ 40 million. The capital 

outlay for all stakeholders together amounts to around US$ 58 million. 

Table 5-6: Capital outlay for system deployment 

Cost of capital outlay at weigh 
bridges: 

 

Number of weigh bridges 48 

Number of lanes per weigh bridge 2 

Cost per equipped lane $ 30 000 

Total capital outlay per weigh bridge $ 221 000 

Total cost for all weigh bridges $ 10 608 000 

Cost of capital outlay at border 
posts: 

 

Number of border posts 20 

Number of customs lanes per border post 4 

Cost per equipped customs lane $ 30 000 

Total capital outlay per border post $ 307 300 

Total cost for all border posts $ 7 406 000 

Cost of capital outlay at consignors:  

Number of certified consignors 500 

Number of trucks 6000 

Total capital outlay per consignor $ 80 324 

Total capital outlay for all consignors $ 40 162 000 
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If the above costs are compared with the estimated benefits, it can be seen that, using a 

conservative estimate for the expected benefits (i.e., assuming no increase in traffic but assuming 

improved profitability per trip), the proposed system should pay for itself in less than 12 months. 

This does not even consider the reduced long-term investment in trucks or the positive spin-offs 

for the regional economy resulting from a more efficient transport sector. Based on the 

assumptions that the annual maintenance and operational costs are 25 per cent of the initial 

capital outlay, and that the system has a life expectancy of 10 years, the expected internal rate 

of return (IRR) amounts to 137 per cent. 

5.8 Conclusion and recommendations 

From our literature study, it is clear that trade facilitation — and, more specifically, the streamlining 

of customs processes to reduce cross-border delays — can have a significant impact on exports 

and economic growth in the SADC region. In this paper we proposed specific measures to reduce 

the impact of customs processes on cross-border delays, and estimated the quantified impact of 

these measures. The proposed measures are partly based on the use of analytics with historical 

customs statistics in order to profile the risk of declaration more accurately, and partly on the use 

of telematics technology to enable more efficient customs process flows, including the 

implementation of a Green Lane / Red Lane system. 

Our results show that cross-border delays can on average be reduced by at least one day, 

resulting in an expected increase in annual export within SADC of about US$ 400 million, with a 

potential increase in exports to the rest of the world of US$ 2 billion. The direct benefit to corridor 

users is estimated at US$ 160 million, based on the increased usage levels of their trucks. The 

total cost to implement these measures is estimated at less than US$ 60 million, providing a fast 

payback to the regional economy. 

Future work will involve a more detail study of the expected impact of various trade facilitation 

measures, using GTAP models to simulate the response of the regional economy to such 

measures. The simulation study on the impact of telematics on cross-border delays will also be 

expanded to include all of the proposed measures described in this paper. 
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6.1 Abstract 

Numerous calls have been made for Africa to improve the efficiency of her trade corridors. The 

calls have been predicated on a number of reasons including an understanding that, in this 

modern and globalised world, an efficient trade corridor promotes economic competitiveness of a 

country or region. Delays associated with customs processes, especially with cross-border trade, 

has been singled out as one of the major sources of long delays, hence the decrease in the 

efficiency of Africa’s trade corridors. The aim of the simulation-based study in this article was to 

investigate the possible impact of using GPS-based data on efficiency of customs’ cargo risk 

assessment, management and control. The simulation of using real-time GPS-based monitoring 

data was combined with a posteriori controls. The results show that, infraction detection 

improvement of at least 26.31% is possible when only 20.6% of cargo is intrusively inspected 

compared to the present levels or proportions of intrusive inspections. The results show that, 

using a posteriori risk assessment procedure together with GPS-based real-time cargo trucks 

monitoring data and other technologies such as RFID systems can improve the efficiency of 

customs processes. 

Key words: ASYCUDA, road freight transportation, cross-border operations, GPS tracking, 

CREMS, Customs processes, Infraction hit-rate, Simulation, RFID systems. 

6.2 Introduction 

There is a view that, there is a close link between the rate of growth of the economy of a country 

or region and the level of efficiency of its trade corridors or logistics, [79] [80] [81]. The logistics 
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referred to encompasses both the domestic as well as international movement of goods. 

International movement of goods (cross border operations/logistics) is well known to be one of 

the sources for logistics inefficiencies in developing countries, [54]. The aim of the research 

described in this article was to investigate cross border operations in Africa in order to find 

possible ways of improving the efficiency and the overall incidental benefits to African economies.  

The long delays and lack of efficiency observed in African cross border logistics is mostly 

attributed to delays experienced at the border posts. Unlike developed nations, Africa has been 

slow in adopting the Revised Kyoto Convention (RKC), which recommends limiting customs’ 

intrusive inspections of cargo and instead use non-intrusive inspections, [74] [6] [37]. Buyonge et 

al, [6], attributed the wide spread intrusive inspections to multiple factors including; the lack of 

trust between business and customs’ entities, lack of sufficient supportive state infrastructure, 

several different inspection agencies at the border posts and wide-spread corruption perpetrated 

by some trade corridor participants including customs officials. The other reason why there is still 

so much intrusive inspections in Africa is the use of the so-called Automated System for Customs 

Data (ASYCUDA) of which the early version was a closed system that did not allow its 

modification. ASYCUDA is still being used in some countries. This meant that various customs 

authorities could not modify it in order to improve their risk assessment and management 

procedures. The early version of ASYCUDA was limited to a procedure of using a set of selected 

criteria in deciding the cargo/goods to be intrusively inspected. The criteria included; a list of 

importers/exporters, the origin of goods/cargo, the tax applicable to the goods and so forth, [37]. 

The other obvious reason why intrusive inspections are still widespread in Africa is that the 

revenue derived from customs duty/tax represents a significant source of Government income. 

In this article, a proposed system for improving customs risk assessment and management is 

presented. The proposed system involves a combined use of GPS (Global Positioning System) 

tracking data and a posterior risk management procedure.  In this study, however, a pilot project 

could not be done owing to the complexity of the required coordination of several role players, the 

cost and time intensive as well as time extensive nature of such a pilot project. The researchers, 

therefore, used one of the available and viable option of using simulations, which has the obvious 

advantage of allowing a research on wide range of possibilities at low cost and providing the most 

likely results should the concept be implemented in future. 
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The article is subdivided as follows: the problem statement is presented in section 6.3; section 

6.4 looks at literature review while section 6.5 gives an overview of the proposed Customs Risk 

Engine and Management System (CREMS) for running and monitoring of customs’ processes. 

Section 6.6 describes the development of a simulation model for improving CREMS’ infractions 

detection using GPS and other technologies. Section 6.7 presents simulation results. The 

discussion of the results is presented in section 6.8. Section 6.9 discusses pilot project work and 

section 6.10 concludes this article by presenting possible future work. 

6.3 Problem statement 

Buyonge et al, [6], is of the view that if Africa is going to realise a faster economic growth and 

become competitive at global level, it needs to significantly reduce the cost of trade transactions 

along with other appropriate measures. The factors driving high costs of trade transactions include 

the long delays in processing cross border cargo at border posts. These delays are mostly 

attributed to customs processes; hence the urgent need for customs’ reforms and other initiatives 

to promote competitive trade in Africa. As stated in the introduction section, numerous African 

countries need the income derived from customs tax and duties, [48], hence the intrusive 

inspections at border posts. Therefore, there is dire and urgent need to find a balance among 

three somewhat contrasting objectives; the need to generate enough income from custom 

duties/tax, the need to minimise intrusive inspections at the border post, and the overall objective 

of facilitating competitive trade in Africa.   

Africa’s risk management systems for customs administration should move away from the 

selectivity approach, which is based on black lists and move towards a posteriori controls, which 

are dependent on statistical scoring techniques, [37]. In a posteriori control, customs would 

compile and build a database over time, which contains various risk criteria and the associated 

frequency of infractions committed by various traders and transporters. Statistical scoring 

techniques should then be applied to each new declaration and the score of a given declaration 

thereafter determines the necessary type of inspection. A posteriori control as proposed by 

Laporte, [37], may not be adequate in netting enough infractions in order to maintain substantial 

degree of compliance and revenue collection as it depends only on information submitted by 

consignors as part of customs declarations, and does not take into account the driver/cargo 

behaviour displayed while cargo was being physically transported to a border post. It is known 

that a significant percentage of infractions result from unauthorised introduction of additional 
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cargo items after the consignment was initially sealed off at the point of origin. Alternatively, 

infractions may result from unlawful discharge of cargo within the non-intended customs 

jurisdiction resulting in such cargo remaining in the country of origin or country of arrival (country 

with ports) or a transit country without being cleared through a border thereby evading payment 

of relevant duties/tax.  In such cases, the physical movement of the truck can be expected to 

include stoppages at unauthorized locations en route to a border post.  Control by a posteriori 

procedure may thus need to be complemented with some form of real-time monitoring and 

detection of infractions or infraction-prone activities in order to achieve the customs’ sought 

objectives; efficiency, compliance and adequate revenue collection. 

This article describes the proposition in which GPS tracking data is used alongside a posteriori 

procedure with the object of improving the efficiency of customs risk management and controls at 

border posts. The aim of the research was two-fold; to find ways of minimising intrusive 

inspections at border posts using GPS tracking data together with a posteriori procedure, and 

maintaining or improving levels of income derived from customs tax/duties. Successful 

implementation of the proposed improvements will inevitably take developing nations, particularly 

Africa, another important step towards her full participation in the fast emerging business 

phenomenon, the so-called global value chains, [7] [8]. 

6.4 Literature review 

Laporte’s work, [37], is important to the work described in this article. In agreeing with the WTO 

(World Trade Organisation) as well as the Revised Kyoto Convention recommendations about 

the need for minimising customs’ intrusive inspections, Laporte stressed the urgent need for 

governments to start relying more on data communication as well as risk estimation tools at all 

essential levels of the customs chain. In particular, there is a need for the implementation of a 

posteriori inspection tools.  

Laporte proposed a score-based approach on a posteriori inspection. Then use appropriate 

statistical methods for score computing and he used two methods for testing his proposed risk 

profiling. Based on the available data, Laporte found that weighted averages had a better score 

for effective targeting of infringements compared to PROBIT (a probit model is a type of 

regression where the dependent variable can take only two values) and LOGIT models. Laporte 

was of the view that, the quality or the limitedness of the database used was the reason for the 
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observed results. He argued further that, since PROBIT and LOGIT models are more suited for 

scoring scenarios, as the quality and size of database increased the PROBIT and LOGIT models 

are expected to yield better scores for effective targeting.  

In coming up with our proposed Customs’ Risk Management System, the following essentials of 

Laporte’s work were applied: 

 The profiling of risk was based mostly on the frequency of past infringements. 

 There are usually six criteria that are used in profiling risk, namely; HS codes of cargo, 

origin of cargo, freight agent, provenance, exporter/importer, and the relevant customs 

tax/duty regime payable. According to a posteriori knowledge, usually only three of these 

criteria are very important in determining cargo risk level. 

 Risk levels were represented by binary numbers with a 1 indicating that there is high risk 

of infringement while a 0 indicating low risk of infringement. 

 Decision making when targeting various types of cargo was facilitated by categorising the 

risk scores in a descending or ascending order in the risk engine. For example, using the 

binary numbers as explained in the bullet above, categories can range from 0.01 to 0.02, 

0.02 to 0.04 and so forth. 

 Statistical methods, using econometric equation (6-1), were then used to compute the 

probability of an infringement happening. 

Pr(𝐼𝑛𝑓. ) = α + β1fq_criteria1ij
+ β2fq_criteria2ij

+  … + βNfq_criteriaNij
+ εij               (6-1) 

In equation (6-1), the term Pr represent the probability that a declaration number ij contains an 

infraction while fq_criteriaNij represents the frequency of infringements associated with a particular 

criterion observed over the assessment period. The error term, εij, while α and β are the 

parameters that must be determined. 

Laporte’s results showed that, when a posteriori risk profiling procedure was applied, only 20.6% 

of the total declarations needed to be inspected in order to capture 96.6% of declarations with 

infractions. These findings suggest that, developing countries can manage to continue collecting 

substantial revenue through tax/duty collection without much intrusive inspections if they adopted 

a posteriori procedure. However, in this study, it is recommended that a posteriori risk-profiling 
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procedures should be used alongside real time monitoring techniques such GPS tracking data, 

RFID (Radio Frequency Identification) system and so forth.  

In this study, the new proposed system, CREMS, besides the criteria in equation (6-1), it shall 

also have an additional criterion, the GPS-based real-time tracking data as shown in equation (6-

2). The GPS tracking data shall be obtained from tracking of cargo as it is transported from towns 

of origin to their desired exit border-posts. Furthermore, CREMS shall also have ancillary 

functions such as controlling boom gates as well as monitoring the efficiency of service of customs 

officials and facilitating reward system. For example, the reward system may work in such way 

that each time a customs official completes a designated processing exercise within set time, and 

then such official will be awarded a score. Also, CREMS shall monitor driver behaviour and then 

awarding/de-awarding points that would be used in a similar reward system as that of customs’ 

officials.  

6.5 Customs risk management system model 

Bhero et al, [82], proposed CREMS as the central system in the envisaged improved integrated 

cross-border logistics. As compared to the current systems, CREMS will include a more enhanced 

risk engine module that uses a posteriori procedure together with real-time GPS cargo tracking 

data. It will also incorporate monitoring and controlling functionalities. The monitoring and 

controlling functionality will be enabled by GPS as well as by an assortment of auto-ID systems 

led by RFID system. CREMS will monitor the cargo in transit, the conduct of customs’ officials at 

border posts and that of truck drivers. Thus, some of the proposed essential functions of CREMS 

include [82]: 

 Facilitation of electronic pre-declaration of goods by enabling communication between 

customs and importers/exporters; 

 Communicating cargo departure time from point of origin. This information is used in 

estimating cargo arrival times, hence the estimation of traffic volumes at the border at 

certain times;  

 Communicating and exchanging information with roads authorities (for example, 

SANRAL), which helps in determining cargo deviations from the set routes on the way to 

the border – including failure to go through weighbridges. Such conduct has the effect of 

increasing infraction risk of the cargo;  
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 Advising the customs supervisory authority on expected arrival volumes (of trucks carrying 

consignments) at certain times of the day thereby allowing customs to implement 

anticipatory adjustment of processing capacity at the border posts;  

 Keeping individual customs officials’ record on efficiency. The officials will be monitored 

on the type of cargo processed, the specific importer or exporter often attended to by the 

same official, and so forth. This information will facilitate the exposure of malpractices.  

Figure 6-1 summarises the processes that cargo goes through before departing from the port of 

origin and the processes upon arrival at the border post in the proposed system.  

Compliant cargo leaves 

depot of origin

Non-compliant cargo 

leaves depot of origin

1) Alert CREMS that cargo has left.

2) Alert clearing Agent.

3) Cargo travels N hours to the border.

4) Cargo arrives at the border.

RFID readers at the border do the 

following:

1) Read truck ID and cargo data;

2) Read status of electronic seals; and

3) Send read data to CREMS.

Cargo arrives at 

the border

Assess risk of the cargo 

and assign to appropriate 

inspection before release

Exit

 

Figure 6-1: Summarised process flows for cargo in the proposed system [82] 

Figure 6-2 is an expansion of “risk” assessment block in Figure 6-1 and it shows the risk 

assessment flow chart for cargo on arrival at a border post. On arrival at the border post, cargo is 

sorted according to whether the cargo ever deviated from the set routes as determined from GPS 

tracking data or whether it did not deviate at all. 

The cargo that would have deviated from geo-fenced or set routes is considered to have a higher 

risk of containing infractions. They are therefore subjected to further detailed assessment based 

on Laporte’s a posteriori risk assessment procedure, which uses the econometric equation (6-1), 

plus assessment based on the cargo transit time compared to their town of origin average transit 

time. These two assessment procedures are shown in Figure 6-2 in the decision blocks on the 

branch of cargo that would have deviated from their geo-fenced routes.  
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Figure 6-2: Risk assessment flow chart 

Equation (6-2) shows a modification of econometric equation (6-1) by adding a GPS parameter. 

In the proposed system, equation (6-2) is used instead of equation (6-1) 

 

Pr(𝐼𝑛𝑓. ) = α + β1fq_criteria1ij
+ β2fq_criteria2ij

+ 𝛃𝟑𝐟𝐪_𝐜𝐫𝐢𝐭𝐞𝐫𝐢𝐚𝐆𝐏𝐒 + ⋯ + βNfq_criteriaNij
+ εij (6-2) 

 

The term β3fq_criteriaGPS represents the infringements of geo-fenced or set routes as determined 

from GPS tracking data. The other terms are the same as those in equation (6-1). It should be 

noted further that, there are two kinds of threshold in Figure 6-2: thresholdR, which refers to risk 

assessment thresholds as given in Laporte’s work (table 6-3) and is derived from the econometric 

equation (6-1); then there is thresholdT, which refers to transit time threshold and this is the 

threshold discussed in this article. From Laporte’s work, his finding (inspect 20.6% to capture 

96.6% of infractions) is used as is in this work. 

Further, the proposed modern system shall comprise and include the following elements [83]: 

 A system of certifying transporters:  The rationale is to promote self-regulation in that a 

substantial number of transporters would elect to be compliant provided there are benefits 

in some form such as faster processing at the borders. The system should be able to 
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clearly distinguish cargo of compliant transporters or exporters/importers from cargo of 

non-compliant transporters/exporters/importers.  

 Automation of freight traffic channelling at border posts:  Figure 6-3 shows the proposed 

border system for automatically separating compliant from the non-compliant cargo upon 

entering a border post. The cargo is separated into the so-called Green-lane for cargo 

which is compliant and the Red-lane for cargo which non-compliant. The rationale is to 

ensure that compliant cargo is not unduly delayed (blocked for example) by non-

compliant cargo.   

 Electronically marked documents: In order to facilitate automatic detection and 

identification of customs declaration documentation, handed in documents should be 

electronically marked with information such as the nature and quantity of cargo as well 

as information on the transporting vehicle. Ultimately, companies in Africa and other 

developing regions will need to adopt the so-called EDIFACT (electronic data interchange 

for administration, commerce and transport). This is a standard that was developed by 

the UN (United Nations) with the object of facilitating multi-country and multi-industry 

exchange of electronic business documents. EDIFACT is one of many EDI (Electronic 

Data Interchange) document standards. Presently, EDIFACT is mostly used in Europe 

because many companies in Europe adopted EDIFACT early. EDI and EDIFACT are 

capable of bringing drastic reduction in document processing time and their adoption in 

Africa would immensely improve the efficiency of African trade corridors. For this to be 

achieved, the approach has to be multi-sectorial including governments. 

 

 

Figure 6-3: The lay-out of the Green & Red lanes at the border post [83] 

 

 Automatic detection of freight vehicles: The rationale is three-fold; to enable automatic 

separation of certified/compliant from non-certified/non-compliant cargo vehicles, 

enabling linking of declaration documentation to the right cargo vehicle, and ensuring that 

only cargo vehicles with cleared documentation crosses a border post. The automatic 
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identification of freight or cargo vehicles can be done in three main possible ways: tagging 

of the cargo itself; or, where the cargo is containerised, electronically sealing the 

containers as explained in the next paragraph; and tagging of the vehicles. In tagging of 

either the cargo, container or the cargo vehicles, outdoor RFID readers will be needed to 

be installed at the entry points at the border posts or at some designated check-points. 

The outdoor RFID reader will play a role of either interrogating the status of RFID 

electronic seals on container doors or interrogating cargo motor vehicles tags affixed on 

dashboard of each cargo motor vehicle. Motor vehicle tags can either be active or passive 

since the range of the tag will not be an issue. Passive tags have a range of up to 10 

metres. Since the indoor RFID reader will be installed in the vehicle cabin and since the 

vehicle will only be read by outdoor readers on entering the border gate or when passing 

through a check-point, the 10 metres range will be more than adequate and this will also 

be cost-effective compared to active tags. The tagging must take place at the factory, 

plant or warehouse, and the tagging and arming of the tags and seals must take place 

before the cargo truck leaves the factory, plant or warehouse.  

 Electronic sealing of cargo containers: This provides a cargo integrity checking 

mechanism. Once cargo is electronically sealed at the point of origin, then regular 

checking for seal integrity can be done at designated places such as weighbridges. It is 

also possible to use technology that continuously checks for electronic seals’ integrity and 

periodically updates customs and any other authorities with information on the electronic 

seals’ status; thereby minimising the risk of tampering with cargo once it has been sealed, 

[35] [55]; and this can easily be achieved by using RFID technology in combination with 

GSM or satellite communications. Active and tamper immune RFID electronic seals will 

be used for sealing and locking container doors, valves or hatched tankers. This will 

prevent unauthorised opening of containers without the right key or without showing that 

there has been some tampering with the sealed container. The active and tamper immune 

RFID electronic seals are ideal to use because of their long range of around 100 metres 

since cargo trucks with multiple trailers carrying containers can be quite long. Indoor RFID 

reader will be installed inside the cabin of each truck and needs to be integrated into the 

electrical system of the truck in order to make tampering more difficult and cumbersome. 

The RFID reader will periodically interrogate the electronic seals to check for their status 
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and then automatically transmitting seals’ status, over GPRS/GSM or satellite, to customs 

and other relevant authorities. 

6.6 Simulation procedure 

Simio simulation software package was used in developing a simulation model for the proposed 

system in Figures 6-1 and 6-2.  As stated in section 6.2, one of the objectives of this article was 

to simulate GPS tracking of cargo trucks as they travelled from various ports of origin to a selected 

border post, the Beitbridge border post in this study. The simulation of GPS cargo trucks tracking 

data and its communication to customs’ system had two primary objectives: firstly, identifying 

cargo trucks that would have deviated from the set travel routes; and secondly, identifying cargo 

trucks that would have taken unduly long on their journey from their ports of origin to the border 

post. Cargo may take unduly long to get to the border post for number of reasons, which include; 

undue and unscheduled stoppages and/or deviating from the prescribed routes.  

The simulation model consisted of six South African major cities, the ports or towns of origin, the 

road networks, and routes from these towns/cities that are used in traveling to the chosen border, 

the Beitbridge border post. The simulator was calibrated using GIZ website, [84], field data. This 

study used GPS tracking data generated by a fleet of more than 4000 trucks traveling across all 

of the major routes forming part of the so-called North-South Corridor.  Beitbridge is one of the 

major border posts along this corridor and is known to represent one of the major transit delays 

for cargo. The data from GIZ website include the distances between towns and average speeds 

of cargo truck as observed on different sections of the route. After the development of the 

simulator, it was then run for a period of 8760 hours with 100 replications.  In developing the 

simulator, the steps that were followed included: 

 A targeted trade corridor network was developed, modelled and simulated using Simio 

simulation software. 

 The simulator was then calibrated and validated using historical as well data from GIZ, 

[84]. 

 Various scenarios were then investigated.  

Cargo trucks deviations from the set routes are of two main kinds: the cargo trucks that deviate 

from the set routes to a secluded places or to some other warehouse or undue stoppages at 

undesignated places in order to illegally load additional or offload some cargo/goods; and those 

that randomly deviate and stop with no intention of engaging in any form of malpractice. These 
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deviations, and stoppages have an effect of increasing the traveling time from port of origin to the 

border post. It would not be unreasonable to assume that cargo that deviate with full intention of 

engaging in some form of malpractices would, on average, have a higher deviation tendency 

(probability) compared to cargo that deviate without any intention to engage in malpractices. In 

the simulator, the deviation probability for cargo, which deviates for some malpractices activity, 

was set at twice as much as that of cargo that deviates but not involved in any malpractice 

activities. 

 As stated above, the deviations from the set routes and undue stoppages inevitably result in 

increase in transit time from the port of origin to the border post. In taking this into account for the 

two kinds of deviations, the simulator was designed to stochastically apply a delay to each cargo 

that deviated from set routes or unduly stopped at undesignated places. The delay for each of 

these two kinds of deviators (those who deviate with intention to engage in malpractices and those 

that deviate without necessarily engaging in malpractices) was generated by a unique probability 

distribution function (PDF) associated with either of the first or the second scenario as explained 

above; in this case a Random Triangular (min, mode, max) distribution was used as it allows for 

wider variability. The values of min, mode, and max used in the simulator were informed by transit 

times from historical data, [27] as well as a detailed analysis of possible conduct of truck drivers 

on the way to the border. The possible conduct of truck drivers and its expected effect on transit 

delay include: 

1. Deviators/stoppages without malpractice intentions: 

i. Use of a toilet may cause delays of up to 40 minutes since there is need to slow 

down, find parking, going to the toilet, toilet business, going back to the car and 

picking up speed again; 

ii. Buying and eating of food may take up to 50 minutes since some of the steps in 

bullet (i) above are involved in addition to the buying and eating of the food; 

iii. Taking a rest may take up to 60 minutes taking into account some of the steps 

above; and 

iv. Drivers may once in a while visit family and friends or visit a beer drinking or 

entertainment place. Although this step may be less frequent, it can take up to up 

to 60 minutes. 

2. Deviators/stoppages with malpractice intentions: 
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i. All the activities for deviators with no malpractice intention equally applies to 

deviators with malpractice intention and further; 

ii. These drivers may need to drive to a distant warehouse to collect or leave some 

unauthorized goods. This may take up to 50 minutes owing to traffic and so forth; 

iii. Removal or insertion of illegal goods entails the processes of opening, 

insertion/removal of goods and the closing of containers in addition to other 

incidental transactions. All this may take up to 60 minutes. 

After taking into account all these possible activities, the selected PDFs for the two classes of 

truck drivers were Triangular (1, 2, 5) for cargo that deviates with no intention of engaging in 

malpractices and Triangular (2, 4, 7) for deviators with intention to engage in malpractices. 

After the simulation was done, the results were then interpreted taking into account the findings 

by Laporte on the use of a posteriori knowledge in risk assessment. The assumption was that, by 

including GPS real-time tracking data in customs database, then a posteriori intelligence would 

be enhanced. The development of the simulator is described in detail in the next section and the 

simulation of the scenarios that were identified.   

6.6.1 Trade corridor network: 

This article investigates the incorporation of GPS real-time tracking data into the customs 

database with the object of improving the efficiency of customs risk management, controls and 

processing of cargo trucks at the border posts. In this study, the trade corridor network developed 

was limited to the territory of South Africa and the target border post for this study was the 

Beitbridge border post. Beitbridge border post is located between Zimbabwe and South Africa. 

Beitbridge is one of the busiest border posts in sub-Sahara Africa and there is substantial 

statistical data available on it and that’s why it was chosen. The other reason for limiting the trade 

corridor considered to the territory of South Africa and the Beitbridge border post is that, the 

researchers believe that the results from this study can easily be extended to other trade corridors 

with necessary adjustments since the operation of most border posts is more or less the same. 

Figure 6-4 shows a simplified model of the targeted trade corridor network.  It comprises of a 

source (labelled source1), which generates cargo entities; the different routes which are then 

followed by cargo as they leave different simulated towns on their way to the Beitbridge border 

post; the weighbridges along the routes; and the border post used when exiting South Africa. 
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Figure 6-4: Simplified trade corridor network 

In the trade corridor network model in Figure 6-4, different types of cargo are stochastically 

generated by the Source1 station. When Source1 creates cargo, it also stochastically attaches to 

each cargo entity variables such as the name of the town of origin and the distance of such a 

town from the border post and so forth. Six different towns (Cape Town, Durban, East London, 

Johannesburg (JHB), Port Elizabeth and ‘Maputo’) were selected and used in the simulator. The 

reasons for selecting these towns include their importance in South African trade and the 

availability of routes’ data from GIZ website, [84]. Each time cargo leaves the point of origin, a 

trigger signal is sent to CREMS, which include information such as cargo truck ID, town of origin, 

and so forth.  

In the corridor network in Figure 6-4, there is a single source (Source1) which generates 

consignment for the six different towns which are considered in this article. It could have been 

possible to have six different sources with each separately generating the right proportions of 

cargo for each respective town. However, the same was achievable using a single source in Simio 

simulation software package, which was used in this research. As can be seen in Figure 6-4, 

there are six lanes (links) that link the source to each of the six towns’ routes; the link to 

Johannesburg (JHB) has been purposely left as a thin link and this has no effect on the simulator. 

The next step was that each of these links were given the so-called link-weights (usually 

expressed in percentage). Now, when the source stochastically generates cargo (entities in 

simulation terms), it then stochastically channels them through each of these links in proportions 
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corresponding to the link-weights as assigned. The proportions of cargo from each town were 

estimated using the GIZ traffic volumes and the approximate link-weights given to each of the 

towns were as follows; Cape Town (16.22%), Durban (29.91%), Port Elizabeth (5.32%), East 

London (2.90%), Maputo (24.70%) and Johannesburg (20.95%). The source was set to use 

exponential distribution when randomly generating an average of one entity (cargo) every other 

five minutes.  

The generated cargo then travels through a road network to the border post and enters the South 

African side of the border post at SABorderGate station. On its way to the border, the cargo goes 

through a number of weighbridges depending on the cargo’s town of origin. The weighbridges in 

Figure 6-4 are much simplified since the focus of this study was not the weighbridges. As cargo 

trucks travel from their respective towns of origin, some cargo trucks may deviate from the normal 

routes and use alternative routes for various reasons. These deviations may be normal statistical 

deviations or deviations with intent to engage in some form of malpractices. The effect in both 

cases would be an increase in transit time. In the simulator, these potential deviations were 

implemented as follows: in figure 6-4, the chequered routes (black & white), which branch from 

the main routes (grey) represent deviations from the main (geo-fenced) routes. At the point where 

these deviation routes branch off from the main routes, the proportions of entities that followed 

different branches were set using deviation probabilities stochastically assigned to each 

simulation entity. Whenever cargo trucks deviated from the main route, the customs system would 

receive a GPS alert signal. The signal was simulated to contain the cargo truck ID and information 

such as licence plate number. Since in the new system, it is proposed that upon departure from 

the port of origin, cargo trucks send information to customs which contains the cargo information 

as well as the truck ID and the town of departure. Now, based on this information, customs would 

then be able to determine the extent of deviation of each cargo from normal travel time and hence 

the risk level of each arriving cargo. Therefore, deviations and associated time delays increase 

the risk factor associated with each relevant cargo and hence the probability of infractions. 

It should be noted that, in the proposed new system, the SABorderGate station would have 

functionalities that include: automatic detection and identification of arriving trucks & cargo; 

automatic checking of the integrity of cargo electronic seals if available; determination of the level 

of compliancy of the consignment; and the automatic opening of boom gates to direct the 

consignment to either the Green lane or Red lane (see Figure 6-3) depending on the level of 
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compliancy or alternatively depending on the risk factor of the arriving cargo. The cargo that goes 

through the Red lane would be subjected to the legacy and intrusive inspection procedures, while 

the cargo that goes through the Green lane would generally not be subjected to any intrusive 

inspection save for minor inspections if the CREMS raises a high risk factor flag for a particular 

cargo. 

6.6.2 Calibration of the Simulator  

The data from GIZ website was used in calibrating the simulation model. Some of the essential 

data from the GIZ website is summarised in Table 6-1. The data on the website is detailed to the 

extent of providing observed average speeds of cargo trucks in different sections of the respective 

routes. In developing the simulator, the data in Table 6-1 was used in the following ways: the 

distances of various towns from the border was used in setting the logical distances in the 

simulator in order to correspond to the actual distances travelled by cargo from various towns, 

the Simio simulation package supports this kind of functionality; the average speeds were used 

to impart cargo trucks appropriate travel speed for various sections of the route; and the travel 

time is mostly important on arriving at the border post where the customs’ risk engine would 

determine the risk of the arriving cargo, taking into account the amount of time the cargo deviated 

from expected travel time. The average speed data for different towns was used in estimating the 

travel time to the border post from respective ports of origin. The GIZ data shows overall average 

speed of 25.99 Km/h with standard deviation of 12.11 Km/h.  

It is also mention-worth that, the data from the GIZ website includes information on the minimum 

and maximum speeds observed on various routes as it were. This data was used in the simulation 

to determine the parameters of the input distributions to drive the simulation. For example, the 

route from Cape Town to Bloemfontein, the average speed is 34.69 Km/h and the observed 

minimum and maximum speeds are 33.3 Km/h and 35.84 Km/h respectively. Therefore, all cargo 

trucks on entering this route their speeds were then driven by the Triangular distribution, 

Random_Triangular (33.3, 34.69, 35.84), as used in Simio simulation package. This procedure 

was applied to all other routes. 
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Table 6-1: Average speeds and transit times [84] 

Town Name 

  

Distance 

(Km) 

Average Speed 

Km/Hr 

Travel Time 

Hrs 

Cape Town 1941 35.61; σ = 18.64 54.51 

Durban 1105 12.58; σ =7.44 87.84 

Port Elizabeth 1588 35.32; σ =18.65 44.96 

East London 1505 42.47; σ =20.71 35.44 

Maputo 955 16.70; σ =10.45 57.15 

Johannesburg 538 13.26; σ =10.12 40.57 

After the development of the simulator model and application of inputs to drive the model, 

validation was thereafter done using GIZ website data. The simulation was then run for a period 

equivalent to four months with one hundred (100) replications. In order to take into account, the 

warm-up effect at the commencement of simulations, the simulator was instead run for 8760 hours 

with one hundred hours (100 hours) for warm-up period. The one hundred hours (100 hours) 

minimises the simulation start-up bias. Simio simulation package can be set to clear or reset the 

recorded statistic from the start of the simulation to the end of the defined warm-up period and 

thereafter it starts recording new statistics, [85]. Generally, the warm up period has to be as close 

as possible to the steady state run-time. 

Table 6-2 shows the simulation results, which shows values that are comparable to the GIZ data 

in Table 6-1. From GIZ data, the overall average speed is 25.99 Km/h while the simulation overall 

average speed is 24.76 Km/h. When the t-test, [86] [59], was applied in comparing GIZ data 

(Table 6-1) with the simulation results (Table 6-2), the t-values were 0,189 and -0,401 for average 

speeds and transit times respectively. The 5% value of t for 10 degrees of freedom is 2,228, which 

is higher than both calculated values of t; therefore, the difference between the means is not 

significant.   It is also worth noting that confidence intervals within 90% and 95% ranges are not 

uncommon for studies of this nature where there is wider variability [60]. The inherent 

uncertainties associated with human behaviour (driver behaviour), [43], makes it difficult to get 

higher levels of precision in the results.  

It is also worth noting that the town distances obtainable from GIZ website seem to be slightly 

different from the commonly used distances and in this simulator other commonly available 
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distances were used instead. This issue though, is immaterial since one can always argue that 

one started measuring the distances from certain points for certain reasons and these minor 

differences would not affect the pattern that was being investigated in this study. Considering and 

comparing the simulation results (Table 6-2) to GIZ values (Table 6-1) as well as their respective 

average transit times, 57.12 hours and 53.41 hours. These results do show that, the simulator 

had been calibrated within the range of acceptable statistical uncertainty, [60]. 

Table 6-2: Simulation average speed and transit time 

Town Name 

 

  

GIZ 

 Speed (Km/Hr) 

 

Simulation 

Speed (Km/Hr) 

 

Simulation 

Travel 

Time (Hrs) 

Cape Town 35.61; σ = 18.64 36.02 58.35 

Durban 12.58; σ =7.44 16.90 73.42 

Port Elizabeth 35.32; σ =18.65 29.43 58.47 

East London 42.47; σ =20.71 32.12 51.37 

Maputo 16.70; σ =10.45 16.08 65.19 

Johannesburg 13.26; σ =10.12 18.03 35.94 

 

After calibration of the simulator, it became possible to estimate transit times of cargos from their 

respective ports/towns of origin to the border post. This capability would enable CREMS to 

estimate risk associated with each cargo on arrival at the border depending on the level of 

deviations from standard travel routes (geo-fenced) and travel times. It should be added and 

clarified that, in the envisaged system, CREMS would determine the estimated arrival times using 

multiple means including the use of look-up tables and so forth. 

6.6.3 Scenarios’ investigations 

The following three scenarios were investigated in this study:  

(a) The impact of cargo deviation from the set routes and how this impacts on transit time 

from port of origin to the border post; and its impact on infraction detection ability of the 

proposed GPS facilitated new system. The input variable was the degree or proportion of 

cargo that deviated from the set route, and that variable was called Deviation Probability 

(DevProb). This variable was used to determine, at selected road junctions in the model 

network, the probability of cargo deviating from the normal route and every cargo that so 
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deviated was then subjected to a delay time determined by the PDFs (Probability 

Distribution Functions) explained in earlier sections. DevProb was then varied from 1% to 

some value, for example 50%; 

(b) The impact that the proportion of infraction-prone cargo has on transit time from port of 

origin to the border post; and how it impacts on infraction-detection capability of the 

proposed new system. The input variable was the proportion of infraction-prone cargo (or 

Infraction probability (InfraProb)). It is note-worthy that, the simulator stochastically 

imputed infraction status, at the time of generating cargo (entities) at the source, on some 

model entities (cargo trucks) according to the set value of InfraProb parameter; and 

(c) Transit time from port of origin to the border post and transit time Thresholds (Threshold) 

and its impact on infraction-detection capability of the proposed new system. Threshold 

was set to a specific level (% of average transit time for a specific route) and any cargo 

whose transit time was above the threshold were then sent for detailed inspection. 

Investigating these three scenarios enables the determination of possible improvements on 

border posts transit time when the proposed new system is implemented. Further, the knowledge 

of the average number or percentage of cargo trucks that deviate from the agreed routes will 

allow improvement on customs’ a posteriori intelligence in risk assessment and infraction-

detection thereby avoiding unnecessary and uncalled for intrusive inspections. 

6.7 Simulations results 

Before a detailed discussion of the results is presented, it is apposite to briefly discuss the 

assumptions upon which the analysis of the results is predicated upon. It is assumed that the 

infraction prevalence in the cross-border trade corridor is ten percent (10%) of all cargo trucks 

plying the targeted trade corridor. The work by Fitzmaurice and Laporte, [27] [37], indicate that 

the total infractions caught by customs over a specified period is only one percent (1%) of all 

cargo trucks plying the trade corridor. The 1% seems to be too low, and if it were to be true and 

correct then it would imply that 99% of traders are compliant and good model citizens/traders. 

But, according to the reports by United Nations Economic Commission for Africa as well as by 

Zvekic, [87] [88], the prevalence of corruption as a social problem in the SADC region is 74.1%; 

and the number of citizens who are required to pay bribes in the SADC region is 14.7%. With 

these historical figures on corruption in the SADC region and other parts of the world, the 

assumption of 10% infraction prevalence is actually a conservative and a reasonable assumption. 



150 
 

 

 

Therefore, the analysis of the results is mostly predicated on the 10% assumption on infraction 

prevalence. 

In order to aid clarity, it also important to clarify a few terms used in the process of analysing the 

results. The term “inspection selection rate”, which is used interchangeably with the term “Laporte 

rule” refers to the percentage (%) of all cargo which is selected for detailed inspection – column 

1 in Tables 6-3 & 6-4. The term “infraction detection rate” which is used interchangeably with the 

terms “LegacyHitRate & NewSysHitRate” refers to the percentage (%) of infractions caught in the 

trade corridor. 

6.7.1 Transit time of cargo of different classes  

Since in the proposed new system average transit time will be used in screening potentially non-

compliant cargo from compliant cargo, there is therefore a need for the system to be able to 

differentiate transit times for the following three categories of cargo: 

i. The Cargo which deviates from the set routes or which randomly stops with intention to 

engage in some form of malpractices (TIS_Infra – Time in System or transit time of cargo 

with high infraction risk), however not all cargo of type TIS_Infra deviate from set routes 

and therefore the overall transit time of this cargo class comprise the average of the two 

– those that deviate with infractions and those that do not deviate but with infractions. The 

deviations are purely stochastic in nature; 

ii. The Cargo, which deviates from the set routes or that randomly stops without any intention 

to engage in malpractices (TIS_DevNoInfra – Time in System & deviates from set routes 

with no infraction prone activities); and 

iii. The Cargo, which is compliant which does not deviate or make undue random stops 

(TIS_NoDevNoInfra). 

The impact, on cargo trucks transit time, of increasing the proportion (DevProb – Deviation 

probability) of cargo that deviate from the set routes was investigated by varying DevProb from 

1% to 50% while maintaining the parameters; InfraProb, and Threshold fixed at 1% each. Figure 

6-5 shows the simulation results. The results show that the proposed system should be able to 

differentiate the transit times of these three categories of cargo discussed immediately above.  
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Figure 6-5: Comparison of overall average transit times 

 

 

Figure 6-6: Comparison of Cape Town transit times 

Further, Figure 6-6 shows similar transit time for the three cargo categories for Cape Town. The 

proposed system categorises transit times per town and therefore has a potentially heightened 

infraction detection ability. 

Figure 6-7 shows the spread of transit times for the three classes of cargo for Cape Town. The 

histograms were obtained from a simulation run where the parameters were respectively set as 

follows; InfraProb = 1%, DevProb = 10% and Threshold = 10%. The histograms show that, based 
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on towns’ average transit time for cargo without infractions and which also does not deviate from 

the set route (Figure 6-7(c)), it is possible to substantially differentiate the infraction prone cargo 

(Figure 6-7(a)) from other cargo. The obtained histograms of other towns were comparable to 

those of Cape Town within the limits of their respective average transit times. It must be stated 

clearly that, the objective of showing these histograms for Cape Town was to show that the transit 

time variation among the stated three categories of cargo was distinguishable enough.  

 

 

Figure 6-7(a) TIS for infraction prone cargo for Cape Town 

 

Figure 6-7(b) TIS for deviant cargo for Cape Town 
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Figure 6-7(c) TIS for compliant cargo for Cape Town 

Figure 6-7: Histograms for Cape Town transit times 

6.7.2 Average infractions detection rates  

Achieving improved infraction detection with minimal amount of intrusive inspection was the 

primary objective of this work. The work summarized in this article aims to improve a posteriori 

inspection procedure as was proposed by Laporte. Therefore, as further explained in the 

discussion section, the proposed system would have a two-layered approach to customs’ 

inspections; apart from the use of Laporte’s a posteriori approach, it would also be using GPS 

data on cargo that deviates from the normal route or set routes and which would have had longer 

transit time to arrive at the border or which would have made unauthorised stops. 

A similar procedure was used in investigating the impact, on infraction-detection capability of the 

proposed new system, of increasing the proportion (DevProb – Deviation probability) of cargo that 

deviate from the set routes by varying DevProb from 1% to 50% while maintaining the parameters; 

InfraProb, and Threshold fixed at 1% each. Figure 6-8 shows the obtained simulation results. The 

results show that, the proposed new system improves in infraction detection as the deviation 

probability is increased while a posteriori procedure does not improve in infraction detection as 

deviation probability increases. The new system improves from 22.02% infraction detection rate 

to 57.10% infraction detection rate as deviation probability was increased from 1% to 50%. In 
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Figure 6-8, infraction in system represents the number of cargo entities with infractions, 

LegacySysHit is the number of infractions detected by the current or a posteriori system, and 

NewSysHit is the number of infractions detected by the new proposed system. Table 6-6 

summarises all investigated parameters’ settings and their impact on infraction detection, also 

Figure 6-9 shows graphical summary of some of the results in Table 6-6. 

Table 6-3 shows an extract from Laporte’s work on application of a posteriori control techniques 

in catching a substantial portion of cargo trucks with infractions with minimum intrusive 

inspections. As explained in section 6-4 on literature review, in this technique, risk scores are 

categorized in the risk engine in order to facilitate decision-making when targeting various cargo 

with different risk scores. The categories in Laporte’s work are in the first column of Table 6-3. 

Transporters, exporters/importers, and so forth, who have in the past been frequently caught with 

infractions will have increased risk and are therefore found at the top portions of the categories. 

Considering columns 4 and 8 and third row from the bottom in Table 6-3, it can be seen that, by 

inspecting only 20.6% of the customs declarations the system was able to capture 96.6% of 

customs declarations with infractions. This article proposes to use similar technique but with the 

incorporation of GPS data on cargo trucks’ behaviour along the route as explained in the 

discussion section below. 

 

Figure 6-8: Comparison of infraction detection rates 
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It should further be stressed that, the claim in Laporte’s work of catching 96.6% of cargo with 

infractions after inspecting 20.6% of the declarations was made on the assumption that there is 

only 1% infraction prevalence for all cargo. The researchers in this study disagree on the 1% 

infraction prevalence for reasons given at the start of section 6. Infraction prevalence of 10% was 

suggested. Further support for the 10% infraction prevalence comes from simulation results 

obtained when infraction prevalence was set at 10%. The t-test showed that the simulation results 

and Laporte’s results were not significantly different; and the same cannot be said for results 

when infraction prevalence was set at 1%. Therefore, Laporte’s results need to be scaled down 

by a factor of ten (10). 

 

6.7.3 Application of Laporte’s results in estimating detectable infractions from the GPS 

data 

In using Laporte’s infraction detection results in estimating the minimum possible improvement 

achievable using the new proposed system, it was considered apposite to initially compare head-

to-head the two systems.  Table 6-4 shows Laporte’s infraction detection results against the 

simulation results on infraction detection when transit time threshold was set at 10% of average 

transit time. Since the simulator was not calibrated with or for Laporte’s data, it was necessary to 

reconfigure the calibrator before generating the results shown. In particular; the number of entities 

(cargo trucks) was set to the same number (104697) as in Laporte’s case, the run time of the 

simulator was set to one-year (8760 hours) similar to Laporte’s observation period, and the 

possible total number of infractions (detected plus the non-detected) was set to 10% of all cargo 

trucks plying the trade corridor under study. The 10% assumption was informed by the reported 

level of corruption, [34], and that only 1% of infractions is normally detected, [27] [37]. Further 

motivation for the 10% has been discussed at the beginning of section 6 as well as the paragraph 

immediately above this paragraph. 

𝑡 =  
(�̅�1 − �̅�2)

√(
�̃�1

2

𝑛1
+

�̃�2
2

𝑛2
)

           (6-3) 

The t-test, equation (6-3), [59], was then used to see if the simulation results and Laporte’s results 

have been drawn from the same population. In Table 6-4, the t-test was applied to columns 2 and 
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4 and the calculated value of t was -2,01 and the table value of t at 5% and 19 degree of freedom 

was found to be 2,09. Since the calculated value of t is less than 2,09, the difference between the 

means of the samples is not significant; in other words, samples have been drawn from the same 

population. 

 The accumulated simulation infractions in column 4 of Table 6-4 are obtained by applying the 

risk assessment procedure summarised in Figure 6-2. The inspection selection rates shown in 

column 1 of Table 6-4 are each applied one after another in the block “Apply Laporte selection 

procedure” in Figure 6-2 together with the transit time threshold criteria to select potentially high 

risk cargo. As can be seen in Table 4, at inspection selection rate (column 1) of 9.2% the proposed 

new system was able to capture 9.8% of infractions when the transit time threshold is set at 10% 

compared to Laporte procedure which captures 9.5% of the infractions. At inspection selection 

rate of 12%, the proposed new system can capture up to 11.1% of infractions compared to 10.2% 

which is captured at 20,6% inspection selection rate in the Laporte procedure. Therefore, the 

proposed system is evidently superior in infraction detection. 

Table 6-5 shows the impact of varying the transit time threshold criteria. Simulation results show 

that, with inspection selection rate (Table 6-4 column 1) set at 9.2% and with transit time threshold 

criteria set at 7%; it is possible to capture 10.2% of all infraction, and this is the same amount of 

infractions captured by Laporte procedure when Laporte’s inspection selection rate is set at 

20,6%. This further shows the superiority of the proposed new system over mere a posteriori 

procedure. In order to capture infractions at the same rate as in the Laporte system; it possible to 

set inspection selection rate at 9.2% and the transit time threshold at 7% and then capture 

infractions at the same rate with Laporte procedure set to inspection selection rate of 20.6%.  

Table 6-3: From Laporte’s work [37] 

 Effectiveness of targeting – Linear Probability 

Score 

interval 

 

 

Number of 

declarations 

for the 

interval 

Number of 

accumulated 

declarations 

Accumulated 

declarations 

(%) 

Number of 

declarations 

with 

infraction 

Number of 

accumulated 

declarations 

with 

infraction 

Rate of 

infraction 

by interval 

Accumulated 

declarations 

with infraction 

(%) 

(1) (2) (3) (4) (5) (6) (7) (8) 

[0.5 : 1] 98 98 0.1 94 94 95.92 8.5 

[0.1 : 0.5] 1165 1263 1.2 348 442 29.87 40.0 

[0.07 : 0.1] 954 2217 2.1 121 563 12.68 51.0 

[0.06 : 0.07] 448 2665 2.5 56 619 12.50 56.0 

[0.05 : 0.06] 788 3453 3.3 98 717 12.44 64.9 

[0.04 : 0.05] 1152 4605 4.4 85 802 7.38 72.6 
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Score 

interval 

 

 

Number of 

declarations 

for the 

interval 

Number of 

accumulated 

declarations 

Accumulated 

declarations 

(%) 

Number of 

declarations 

with 

infraction 

Number of 

accumulated 

declarations 

with 

infraction 

Rate of 

infraction 

by interval 

Accumulated 

declarations 

with infraction 

(%) 

[0.03 : 0.04] 2427 7032 6.7 109 911 4.49 82.4 

[0.02 : 0.03] 2645 9677 9.2 83 994 3.14 90.0 

[0.01 : 0.02] 11897 21574 20.6 73 1067 0.61 96.6 

[0 : 0.01] 83123 104697 100.0 38 1105 0.05 100.0 

Total 104697   1105  1.06  
 

Table 6-4: Comparison of Infractions detection capability between Laporte procedure and the new proposed 
system with transit time threshold set at 10% and overall infractions prevalence set also at 10% of 104697 of 

total cargo 

 

Inspection 
rates 
(levels) 
from 
Laporte 
data  

   (%) 

 

Laporte 
accumulated 
infractions 

(#) 

 

Laporte 
accumulated 
infractions  

(%) 

 

Simulation 
accumulated 
infractions 
when applying 
Laporte 
inspection 
rates plus 
transit time 
thresholds (#) 

 

Simulation 
accumulated 
infractions 

 (%) 

 

Simulation 
accumulated 

infractions 
caught when 

applying 
Laporte rule 

Only  

(#) 

 

Simulation 
accumulated 
infractions 

caught when 
applying 

Transit time 
rule only 

(#) 

 

Percentage of 
infractions 

caught using 
transit time 

rule only per 
inspection 

selection rates 
(column 1)  

(%) 

(1) (2) (3) (4) (5) (6) (7) (8) 

0.1% 94 0,9% 595 5,7% 7 588 98,8% 

1.2% 442 4,2% 648 6,2% 63 585 90,3% 

2.1% 563 5,4% 693 6,6% 114 579 83,5% 

2.5% 619 5,9% 714 6,8% 135 579 81,1% 

3.3% 717 6,8% 752 7,2% 177 575 76,5% 

4.4% 802 7,7% 804 7,7% 234 570 70,9% 

6.7% 911 8,7% 909 8,7% 352 557 61,3% 

9.2% 994 9,5% 1028 9,8% 484 544 52,9% 

12% - - 1163 11,1% 641 522 44,9% 

15% - - 1306 12,5% 801 505 38,7% 

18% - - 1448 13,8% 962 486 33,6% 
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Inspection 
rates 
(levels) 
from 
Laporte 
data  

   (%) 

 

Laporte 
accumulated 
infractions 

(#) 

 

Laporte 
accumulated 
infractions  

(%) 

 

Simulation 
accumulated 
infractions 
when applying 
Laporte 
inspection 
rates plus 
transit time 
thresholds (#) 

 

Simulation 
accumulated 
infractions 

 (%) 

 

Simulation 
accumulated 

infractions 
caught when 

applying 
Laporte rule 

Only  

(#) 

 

Simulation 
accumulated 
infractions 

caught when 
applying 

Transit time 
rule only 

(#) 

 

Percentage of 
infractions 

caught using 
transit time 

rule only per 
inspection 

selection rates 
(column 1)  

(%) 

20.6% 1067 10,2% 1565 14,9% 1087 478 30,5% 

100% - 100.0% 10470 100% - - - 

 

 

Table 6-5: The effect of varying transit time threshold on the number of caught infractions when the 
inspection selection rate was set at 9.2% - expansion of 10th row in Table 6-4 

# Transit time 
threshold  

(%) 

Caught 
infractions  

(#) 

Infraction 
Detection rates 

(%) 

# Transit time 
threshold  

 
 

(%) 

Caught 
infractions  

(#) 

Infraction 
Detection rates  

(%) 

1 1% 1145 10.9% 5 10% 1028 9.8% 

2 3% 1120 10.7% 6 13% 990 9.5% 

3 5% 1095 10.5% 7 16% 962 9.2% 

4 7% 1069 10.2% 8 20% 915 8.7% 
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Table 6-6: Comparison of infraction hit rates of the legacy system to the new proposed system when the 
inspection selection rate was set at 20.6% 

 

1. 1st Parameter setting: 

Infractions Probability = 0.01 (1%); Threshold = 1% and then varied Deviation probability 

DevProbability% 

Infractions in 

System LegacySysHit LegacyHitRate% NewSysHit NewSysHitRate% 

1 1035 213 20,62 228 22,02 

10 1035 214 20,72 330 31,93 

20 1036 215 20,75 415 40,04 

30 1034 212 20,49 495 47,93 

40 1034 214 20,69 551 53,36 

50 1037 213 20,55 592 57,10 

2. 2nd Parameter setting: 

Selected values of the parameters; Infractions Probability (InfraProb), Deviation probability (DevProb) and 

Threshold 

Parameter 

values 

Infractions in 

System LegacySysHit LegacyHitRate% NewSysHit NewSysHitRate% 

InfraProb=1, 

DevProb=2, 

Thresh=10 1035 213 20,60 235 22,68 

InfraProb=1, 

DevProb=10, 

Thresh=10 1035 215 20,75 308 29,78 

InfraProb=2, 

DevProb=2, 

Thresh=10 2067 427 20,65 467 22,61 

InfraProb=2, 

DevProb=10, 

Thresh=10 2071 426 20,58 609 29,39 
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Table 6-7: TIS intervals and cargo class count for Cape Town 

TIS_Interval Infra_Count DevNoInfra_Count False Alarm% 

21-30 1 0 0 

31-40 5 2 29 

41-50 9 4 31 

51-60 10 4 29 

61-70 7 3 30 

71-80 6 3 33 

81-90 2 2 50 

91-100 2 2 50 

101-110 2 2 50 

111-120 1 2 67 

 

 

Figure 6-9: Comparison of infraction detection rates 

6.8 Discussion 

The aim of the proposed system is to improve upon a posteriori risk assessment procedure for 

customs as was proposed and subsequently tested by Laporte. The proposed system improves 

risk assessment by using a two-layer risk assessment procedure unlike a posteriori risk 

assessment procedure. Figure 6-2 summarises the flow diagram showing the two-layered risk 

assessment in the proposed new system. Upon arrival at a border post, cargo is separated into 
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two categories; the cargo that did not deviate from the set routes and the cargo that would have 

deviated from the set routes as detected through GPS or would have made unscheduled 

stoppages. Risk assessment using a posteriori procedure is applied to each of these categories 

and risk score calculation is done according to the econometric equation (6-2). But, for the cargo 

that would have deviated from the set routes or those that would have had unscheduled 

stoppages, additional selection criterion is used to decide whether the given cargo should be 

inspected intrusively or not. The additional criterion used is the transit time from port/town of origin 

to the border post; and here the determination is whether a given cargo has transit time which is 

above the set threshold for the respective set routes.  

It should be noted from Figure 6-2 that the proposed system obtains its advantage over the basic 

a posteriori procedure in that, it has the additional risk parameter, GPS tracking data, added to 

econometric equation (6-1) giving rise to econometric equation (6-2) as well as the two-layered 

risk screening procedure. The GPS tracking data provides real-time cargo monitoring intelligence 

to customs and other relevant authorities thereby enriching the customs database with risk 

assessment data. On the other hand, the two-layered risk screening procedure comprise of a 

posteriori risk screening procedure as proposed by Laporte together with the proposed GPS 

tracking data enhancement and the second screening layer is provided by the transit time of each 

cargo as measured against the known average transit time for given ports or towns of origin and 

the set transit time threshold. Expressed differently, if T (≡ 100% in Figure 6-2) represents the 

total cross-border cargo trucks within the trade corridor, ND represents cargo trucks that did not 

deviate or did not unduly stop and D (≡ x% in Figure 6-2) represents cargo trucks that deviated 

from set routs or unduly stopped at undesignated places. Therefore, 

𝑇 =  𝑁𝐷 + 𝐷             (6-4) 

On applying the Laporte’s 20.6% inspection selection rate gives the total number of cargo trucks 

to be inspected as, 

0.206𝑇 =  0.206𝑁𝐷 + 0.206𝐷         (6-5) 

Equation (6-6) is a generalisation of Figure 6-2 assessment procedure where 𝛼 is the chosen 

inspection selection rate at any given time. 

𝛼𝑇 =  𝛼𝑁𝐷 + 𝛼𝐷         (6-6) 
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In Figure 6-2, the main branch marked as (100% - x%) is the same as the ND while the branch 

marked as x% is the same as D in equation (6-4). In equation (6-5), 20.6ND and 20.6D represent 

the blocks “apply Laporte selection procedure” for the respective branches of Figure 6-2. For the 

minor branch (x%), after application of Laporte selection (20.6D) procedure, as explained 

previously, a second screening which is based on transit time then follows as shown in Figure 6-

2. This second screening layer provides the additional screening capability over and above the 

addition of the GPS tracking data parameter used (equation (6-2)). The pertinent question should 

now be centred on finding the least possible improvement that the new proposed system brings 

above the legacy system or the basic a posteriori procedure. 

The question is, what is the least achievable improvement, which the proposed system can bring 

above a posteriori risk assessment procedure? Analysis and discussion of simulation results will 

help in answering the question. In the new proposed system, econometric equation (6-2) is used 

instead of equation (6-1). Equation (6-2) contains an additional parameter, the GPS parameter. 

The geo-fenced or set routes violations data, as provided by GPS real-time tracking data, will be 

stored in the database of customs risk engine alongside other a posteriori data; and this combined 

data is then used in providing an enhanced a posteriori risk analysis and control as summarised 

in Figure 6-2. 

Based on the risk assessment procedure in Figure 6-2 and the results of cargo transit time shown 

in Figure 6-5, the proposed system can easily differentiate the transit times of different categories 

of cargo. Figure 6-5 shows that, the transit time of infraction carrying and deviant cargo (TIS_Infra) 

is always higher than the transit times of the other two categories of cargo (TIS_DevNoInfra and 

TIS_NoDevNoInfra). Therefore, by setting appropriate transit time thresholds (e.g., 1%, 5%, 10% 

and so forth) above the average transit time of compliant cargo per given route, it should enable 

the proposed system to capture and send for detailed intrusive inspection a substantial portion of 

the deviant cargo with a higher than average probability of containing infractions. Inevitably, the 

probability of catching more infractions in the proposed system is increased compared to the 

present systems including the systems that uses a posteriori procedure. It should further be noted 

that, in the proposed new system, compliant cargo is less likely to be inconvenienced compared 

to non-compliant and cargo that deviates from the set routes. The principle is that, if you behave 

well you are less likely to be inconvenienced. 
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Figure 6-8 compares infraction-detection capabilities of the improved new proposed system 

(NewSysHit) with the current or legacy system which uses simple a posteriori risk assessment 

system (LegacySysHit). Similar to Figure 6-5, deviation probability (the probability that cargo 

deviated from set route) was increased from 1% to 50% and the infractions detections (NewSysHit 

& LegacySysHit) and infractions detection rates (NewSysHitRate & LegacyHitRate) for both the 

proposed system and legacy systems determined. The results show that for proposed system, 

there is an increase from 22.02% to 57.10% in infraction-detection rate (NewSysHitRate) while 

the legacy system remained constant at approximately 20.6% infraction detection rate 

(LegacyHitRate) as deviation probability of cargo was increased from 1% to 50%.  

In an attempt to answer the question on least achievable improvement on border post transit 

times, the investigated parameters were given their least possible but reasonable values in the 

present context. Accordingly, the following assumptions were made: maximum infraction 

probability (InfraProb) or infraction prevalence in the sample population was set at 2%; threshold 

(Threshold) for transit time from port of origin to the border post was set at 10%; and cargo 

deviation probability (DevProb) was also set at 10%. The rationale for these assumptions include:  

both in Laporte’s work and that of Fitzmaurice, [30], the observed infraction rate is 1%. If the 1% 

is the observed infraction rate, then on applying statistical risk estimation techniques such as the 

less favoured point estimators or interval estimators, [89] [60], it implies that the observed 

infraction rate may represent the average. But in this regard, interval estimation could be better 

because the amount of infraction detected seem to be too low compared to the known extent of 

corruption, [34], and as has been argued in earlier sections, the present researchers reasoned 

that the infraction prevalence is at least 10% of all cargo. The transit time threshold (Threshold) 

value of 10% was informed by the fact that for most jurisdictions, traffic speed limits tolerance 

(threshold) are set at 10% of the allowable speed limits. The deviation probability (DevProb) 

parameter was also assumed to be 10%; if a too low value were to be assumed, then the 

percentage of good behaviour in South African trade corridor would be more than 90% and that 

would not be consistent with known corruption statistics. 

After these assumptions were made, the simulator was run with settings of parameters as 

summarised in Table 6-6 and results on infraction-detection are also shown in Table 6-6 as well 

as in Figure 6-9. Table 6-6 results (2nd Parameter setting) show that the lowest percentage 

improvement is 9.37% = {(467-427) ÷ 427} while the highest improvement is 43.26% = {(308-215) 
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÷215}. Considering the infraction detection rates results in the 3rd parameter setting in Table 6-6, 

and considering the average of the four improvements scenarios, the value 26.31% is obtained 

as the most reasonable least possible improvement in infraction-detection rate. Simulation results 

also showed that when the threshold (Threshold) parameter is set above 10%, then it did not have 

significant effect at all on infraction-detection rate. Therefore, Threshold parameter is a function 

of both DevProb (deviation probability) and InfraProb (infraction probability) parameters. 

Consequently, the selected values of these parameters, in estimating the least possible and most 

reasonable infraction-detection rate improvement, is bound to be correct. 

Alternative estimation of the possible improvement that the new proposed system can bring may 

be derived from the results in Tables 6-4 and 6-5. Applying linear regression to Laporte data 

(column 2 of Table 6-4) and to the simulation data (column 4 of Table 6-4) give the following 

respective trend-lines equations: 

𝑓1(𝑥) = 37.28𝑥 + 482.39           (6-7) 

𝑓2(𝑥) = 47.36𝑥 + 593.42           (6-8) 

The corresponding derivatives are; 

𝑓1
′(𝑥) = 37.28, 𝑎𝑛𝑑 𝑓2

′(𝑥) = 47.36 

Therefore, possible improvement is 27,04% {((47.36-37.28) ÷ 37.28) × 100}.  It is noteworthy that, 

the simulation results on accumulative infraction detections at column 4 of Table 6-4 has been 

shown through the t-test to be valid, and belonging to the same population as the Laporte data 

on accumulative infraction detections. Therefore, the analysis and the consequent deductions 

based on the derived trend-lines equations should be acceptable. The results in Table 6-4 further 

show that, as the inspection selection rate (%) is increased, the proposed system further far 

outperforms the system based merely on a posteriori risk assessment procedure. For example, 

at inspection selection rate of 12% for the proposed new system compared to 20.6% inspection 

selection rate for the system using a posteriori procedure, the proposed system outperforms the 

system based on mere a posteriori procedure by at least 8.8% {= ((11.1%-10.2%)÷10.2%) ×100}. 

Another head-to-head estimation of possible improvement from Table 6-4, at inspection selection 

rate of 20.6%, the legacy system infraction detection rate is 10.2% while for the proposed new 
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system it is 14.9%. Therefore, possible improvement is 46.1% {= ((14.9%-10.2%)÷10.2%) ×100}. 

The average of these two figures (8.8% & 46.1%) is 27.45%.  

Figure 6-2 shows that the risk assessment procedure is stricter for cargo that would have deviated 

from their normal set routes or geo-fenced routes. In addition to risk assessment based on 

econometric equation (a posteriori procedure) the cargo is also checked against the set transit 

time threshold per town of origin. In the simulator, each town was assessed to see whether it was 

possible to distinguish between infraction prone cargo from the deviant cargo but which are not 

infraction prone. As a result, Table 6-7 compares only the deviated cargo comprising of those that 

deviate without intention of engaging in malpractices (TIS_DevNoInfra), and those that deviate 

with the intention of engaging in malpractices (TIS_Infra). An assessment of Cape Town is 

presented here for analysis’ sake only. Table 6-7 summarises the number of cargo per transit 

time interval (TIS_Interval). The aim of the analysis was to estimate the percentage of cargo sent 

for red lane inspection for each of the two classes of cargo for exceeding the set transit time 

threshold as well as the percentage false alarm. False alarm refers to cargo sent for red lane 

inspection when it should have been released, and in this case, it is the deviant cargo without 

infractions (DevNoInfra). The average transit time was set at 58.35 hours as per Table 6-2 and 

then the threshold was set for the data in Table 6-7 from 0%, 5%, 10%, 15% and 20% and the 

count of cargo sent to red lane inspections was calculated. For the infraction prone cargo, the 

respective percentages sent for red lane inspection were 49%, 42%, 38%, 33%, and 29% while 

the respective false alarm were 40.54%, 40.63%, 41.38%, 42.31% and 43.49%. With these 

results for Cape Town, it would be instructive for the customs to set the transit time threshold at 

10% since this represent the median between the two extremes of being too strict (0%) or be too 

relaxed (20% or more). The corresponding false alarm of 41.38% should be acceptable since it 

works as a form of punishment for cargo who unduly deviate from the set routes and are therefore 

sent for red lane inspection. It is noteworthy that when the simulator was run, the parameters 

were set as follows; InfraProb = 1%, DevProb = 10% and in this case, the simulator was run for 

a shorter period (3300 hours) compared to the runtime of 8760 hours for the rest of critical parts 

of the research. The total number of cargo model entities created in this case for the entire network 

were 38384. 

Since the accuracy of a posteriori risk assessment procedure is dependent on the quality of 

customs risk assessment database, [37], and since the proposed new system incorporates a 
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posteriori risk assessment procedure; therefore, as customs database becomes richer with data 

over time, the proposed system will inevitably improve as well.  If the historical data in the customs 

database is to continue to have effect on risk assessment, it should be preserved in some way. 

To this end, it is further proposed that, the data be preserved using the so-called NFU (Not 

Frequently Used) algorithm. This algorithm is mostly used in operating systems when deciding 

the next page to be replaced, [90]. The essential aspect of NFU algorithm usable is that, the entire 

contents of the database are divided by a chosen factor (divide by ten, for example) at the end of 

each cycle (which might be yearly, or after two years and so on); in this way, historical infractions 

continue to contribute to the econometric equation, albeit at a lesser extent, in the determination 

of the risk factor associated with each new declaration. Necessary modifications to the 

econometric equation maybe required. 

If the data from the GIZ website, [84], which was used to calibrate the simulator, is assumed to 

be correct, then the simulation results produced should be closely reflective of what would happen 

in reality. Should customs adopt the proposed new system, then the role players in the trade 

corridors can take full advantage of the results of this study by insisting on transporters to meet 

cost-effective transit times and avoid deviating from set routes.  

6.9 Pilot Project 

A pilot project, which bears close resemblance to the study described in this article was done by 

Siror et al, [14]. The research project was done in Kenya. The objectives of the pilot project 

included investigating how to use technology in curbing unlawful discharging of cargo into Kenyan 

market, which would be destined for export or transit to other countries. Siror et al, used various 

technologies, which included RFID, GPS, and etcetera. The research project involved the use of 

RFID electronic seals that were used in sealing cargo as well as cargo truck container doors in 

order to prevent unauthorised tampering with the cargo in transit. Cargo trucks were tracked as 

they travelled from their respective towns or ports of origin up to and into their ports of exit. 

Furthermore, the integrity of electronic seals were checked along the route using electronic 

readers. The GPS technology was used in tracking cargo and in insuring that cargo trucks would 

not deviate from their set routes from their respective towns or ports of origin to their ports of exit. 

Usually, when cargo trucks deviate from their set routes, more often than not, such deviation is 

normally linked with some form of malpractices, for example, the addition or removal of illegal 

cargo from the truckload of legal cargo, [34]. In this pilot project, a total of 284 pilot trips were 
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investigated. Siror et al, found that of the 284 pilot trips, only 74 trips recorded errors which were 

associated with RFID seals as well as GPS errors, [35]. Based on these given figures, the system 

therefore had a success rate of 74% = {(284 – 74) ÷ 284}. It was further reported that, the transit 

time for cargo from their respective towns or ports of origin to their ports of exit decreased from a 

range of 33 hours - 100 hours to a range of 20 hours - 80 hours. It was also reported that there 

was 45% increase in efficiency on cost savings and on turn-around times.  

The work done by Siror et al is important in that, it showed that by using various technologies 

together, beneficial and reliable real-time monitoring of cargo in transit was achievable. The work 

further showed that there is potential impact in reducing transit time of cargo thereby improving 

on cost savings and turn-around time. However, the pilot work did not look into the possibility of 

integrating real-time monitoring data with other possible customs risk assessment data for risk 

profiling of transit cargo. This is one the aspects considered in the present research. 

The researchers in the present study recently entered into a consultancy contractual agreement 

with a certain Zimbabwean firm that worn the tender to improve the Zimbabwean Beitbridge 

border post operations. One of the terms of the agreement is that, the present researchers 

spearhead incorporation of the present study and any other previous studies into an assortment 

of pilot projects leading to commissioning of a new customs’ system in the near future. However, 

for the complete benefits of the new system to be realised, a similar or comparable and compatible 

system will need to be implemented on the South African side as well. 

6.10 Conclusion and future work 

Based on the simulation results and the analysis applied thereto, it can be concluded that the new 

proposed system, when compare to using a posteriori procedure only, is capable of achieving at 

least 26.31% improvement on customs risk assessment and infraction-detection.  Furthermore, 

besides improving customs risk assessment and infraction-detection, the proposed new system 

also serves as a regulatory measure in that, the system will allow most compliant cargo to go 

through a border post with minimum delays compared to deviant and non-compliant cargo. 

Consequently, efficiencies of trade corridors are bound to improve accordingly. 

The work described in this article has shown that, it is possible to reduce the long transit times 

that cargo experience at border posts through implementing of a new system, which incorporates 

a posteriori procedure, real-time monitoring of cargo and other ancillary technologies. Risk 
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assessment through the use of a posteriori procedure enhances customs risk assessment by 

combining, through econometric equation, historical infractions record of a trader; thereby 

permitting a more intelligent way of selecting cargo that should be intrusively inspected. On the 

other hand, GPS real-time tracking and monitoring of cargo as it travels from the towns/ports of 

origin to the border post improves the efficiency of trade corridors in multiple ways including: 

improved driver behaviour since any undue deviations from the set routes or undue and long 

stoppages will be picked up by the GPS with adverse repercussions; customs’ risk assessment 

will also be improved, and as a result processing of cargo will become faster because the 

combined risk assessment procedures will enable customs to capture more infractions by 

inspecting fewer  cargo trucks. It should be pointed out that, the other ancillary technologies to be 

used in the proposed system include RFID systems, which may comprise of RFID readers, RFID 

tags and RFID electronic seals. All these technologies and procedures/techniques in the 

proposed system will inevitably have a significant and positive impact on the efficiency of the 

target trade corridors. However, one question that still remains to be answered is whether the 

reduction in customs processing time or efficiency improvement would be good enough to take 

Africa’s trade corridors one step towards competitiveness on international trade stage, [47] [54]. 

Trade corridors are socio-technical systems where the human element is quite dominant. 

Inevitably, in introducing a new operandi model, the impact of human conduct must be taken into 

account if one is to come up with a more realistic system. Therefore, the proposed future research 

work should include: 

 Incorporating human conduct in modelling trade corridors and border posts processes 

[43]. 

 Implementing a system of rewarding both truck drivers and customs officials who 

conduct themselves well. For drivers, good behaviour includes compliancy with set 

routes and agreed conduct; while for customs officials this may include those who 

consistently process cargo within agreed time periods.  

 Proposition of appropriate regulatory framework that makes it compulsory for all cargo 

trucks to be installed GPS module and allowing the GPS data to be shareable customs 

systems. 
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 Developing a complete internet enabled trade corridor system, which enables full 

transparency and visibility of all registered cargo as they move-about within the trade 

corridor(s) as well as cross-border movements, [64]. 

 Completing the investigation of the efficiencies of the entire trade corridors, starting from 

the point of origin of the cargo to the point where the cargo crosses the border posts. 

This requires the combination of the work in this article and the work that was done by 

Bhero et al, [82], which investigated border posts processes and how they can be 

optimized by a combined use of RFID technology and procedural re-alignment.  

 It is worth investigating the impact of using NFU (not frequently used) algorithm, [90], 

on the customs database compared to the cyclic operandi as proposed by Laporte. 
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All journals published by Inderscience place great emphasis on the quality of the articles they 

publish. Therefore, submitted articles are put through a full double-blind refereeing process in 
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 Articles are sent to 2-3 experts for their peer review. 

 The reviewers' recommendations determine whether an article will be accepted subject to minor 

changes accepted subject to resubmission with significant changes rejected. 
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The Editor in Chief reserves the right to refuse any article, whether invited or otherwise, and to 

make suggestions and/or modifications before publication. The publisher shall furnish authors of 

accepted articles with proofs for the correction of printing errors. The proofs shall be returned 

within 14 calendar days of submittal. The publishers shall not be held responsible for errors which 

are the result of authors' oversights. 
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7.1 Abstract 

If Africa is going to fully participate and benefit to the full extent from global trade 

and emerging global value chains, then Africa must significantly improve the 

efficiency of her trade corridors. In Africa, cross border trade is adversely affected 

by long transit times to cross African border posts. This negatively affects Africa’s 

competitiveness on matters of international trade. Various initiatives have been and 

are still being taken to improve the efficiency of Africa’s trade corridors but with 

disappointing results. This article presents the results of a simulation-based 

investigation into the impact of human behaviour on the efficiency of sub-Sahara 

Africa trade corridors; and in particular, the impact on cross border operations. The 

article also presents the simulation results on possible ways of using technology to 

mitigate against negative human conduct and propose a so-called techno-social 

solution. The methodology used included the application of human behavioural 

models, which were combined with existing cross border data to develop an 

appropriate simulator. The results show possible improvement from deviant 

behaviour of at least 16% and a further reduction of cross border transit time by at 

least 18% when techno-social techniques are applied. The results lead to a possible 

conclusion that, when applying or developing technology to improve social systems 

or operations, it is critically important to take into account the human aspect and 

incorporate it in the solution. 

Keywords: BDI; PECS; Social status; techno-social solutions; global value chains;  
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7.2 Introduction 

Erickson & Hills in their report on Research on Corruption and Its Control, [91], held that, 

“Corruption occurs in all parts of the world. More than US$ 1 trillion is paid in bribes every year, 

according to estimates by the World Bank Institute, and the costs of corruption in the developing 

world have reached approximately US$80 billion annually. Corruption significantly deters the 

development of markets, discourages investment, increases costs, reduces competitiveness, 

increases uncertainty, undermines the rule of law, and weakens the institutional foundations on 

which economic growth depends”. They further stated that, based on observations, firms in a 

developing country where the level of corruption is high tend to achieve growth rates which are 

about half the growth rates of similar firms situated in another developing country with low levels 

of corruption. 

Agenda 2063 [92] is a pivotal AU document; which spells out what Africa wants to achieve in the 

next 50 years from the day of adoption of the Agenda 2063 document. It would be very good if 

Africa can achieve the set objectives in the Agenda 2063 document and an aspect of particular 

interest to the research described in this article is found in paragraph 29. The last sentence in that 

paragraph states that, “Corruption and impunity will be a thing of the past”. Considering the 

assertions by Erickson & Hills in the previous paragraph and the inclusion of corruption 

eradication statement in the AU Agenda 2063, it is not unreasonable to perceive corruption as 

being at the centre of hampering development and progress worldwide, but more so in developing 

nations. And at the heart of corruption is deviant human behaviour. This article describes research 

conducted to determine the impact of human behaviour on the performance of Sub-Sahara Africa 

trade corridors, and in particular, the impact on cross-border processes. 

The adverse impact of cross-border processes on operational efficiency of African trade corridors 

has been recognized for many years; [93], [94], and [46]. This is caused by various factors 

including the conflicting objectives of the large variety of stakeholders.  For example, cargo 

owners and freight transporters aim to minimize the delay times in order to speedily deliver goods 

while the objectives of customs authorities and other government agencies are law enforcement 

and maximization of collection of customs duties [95].  It is unfortunate that there are also multiple 

influences from human agents who perform official duties in the cross-border value chain but who 

manipulate the process based on personal goals – this may involve collusion between truck 



174 
 

 

 

drivers who illegally smuggle contrabands and customs officials who accept bribes in exchange 

for turning a blind eye to the malpractice [96]. 

The cross border transit times at Chirundu border post, for example, clearly illustrate the adverse 

impact of human conduct on transit times. Chirundu border post is located between Zimbabwe 

and Zambia, and it has been a subject of several empirical studies on measurement of transit 

times. With the aim of improving its operational efficiency, Chirundu was converted from a 

traditional border post to a so-called One-Stop border post (OSBP). Traditional border posts have 

two different customs officials from the neighbouring countries housed in separate building on 

either sides of the border whereas at an OSBP, customs officials from the neighbouring countries 

are housed in one building in order to speed up customs’ processes. The studies conducted at 

Chirundu included measuring the length of time for each customs’ processing step in the entire 

chain of customs’ processes; [97] & [51]. The empirical data showed that some of the delay times 

for different processing steps after conversion of Chirundu to an OSBP had actually doubled and 

thereby nullifying if not reverse altogether the objectives of establishing an OSBP.  Fitzmaurice’s 

work [51] & [52] provided some measure of evidence that the failure of this OSBP initiative is 

apparently due to negative human conduct. Wouldn’t one possible explanation of these results 

be that, in an OSBP setup, it is more complicated to subject consignment to extortion, hence the 

resultant long delays (deliberate delays). This observation strengthens the belief that, the solution 

for long transit time lies in automating most of the operations and monitoring closely human 

conduct in a way that enhances accountability. 

This article presents an investigation into possible impact of human behaviour on cross-border 

transit times by way of simulation.  The simulation model was implemented using the Simio 

simulation package, which is an object-orientated platform capable of supporting simulation of 

discrete processes. The rest of the paper is structured as follows: firstly, a literature review is 

presented; secondly, the methodology is discussed; thirdly, the rationale for considering driver 

behaviour and detailed simulation procedure are described; fourthly, simulation of customs 

behaviour incorporating driver behaviour is presented; next, is the discussion of simulation results; 

and thereafter, discussion and conclusion. 
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7.3 Literature review 

Over the years, various models for human behaviour, especially in operational research, have 

been proposed in an attempt to understand and explain the impact of human behaviour on various 

socio-technical systems and so forth. In this section, we discuss some of the often used models 

for human behaviour with a view of finding the most suitable human behaviour model applicable 

to sub-Sahara Africa trade corridors. 

7.3.1 The BDI Model 

BDI (Beliefs, Desires and Intentions) model, [38], has a sound theoretical basis. This model is 

often used to structure and model autonomous agents. Figure 7-1 shows the basic structure of a 

BDI agent. 

The internal mental state of a BDI-agent consists of beliefs, desires and intentions. The beliefs, 

which represent the agent’s conceptual model, will be changed by perceptions from the 

environment. Desires represent the state of the environment that an agent would want to achieve 

through her actions. The cognitive process enables the agent to formulate plans which lead to 

her goals. Intentions are the plans that an agent has elected to execute and they therefore trigger 

the relevant actions. 

 

 

 

 

 

 

 

Figure 7-1: The basic structure of BDI-agent [39] 
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The limitations of the BDI model reside in the fact that it concentrates mainly on the cognitive 

processes. It ignores not only the physical, social and emotional aspects of human behaviour, but 

also their integration in determining human behaviour. It is therefore less suitable for modelling 

human behaviour. 

7.3.2 Cognition and Affect Model 

This model was suggested by Wright et al, [40]. The model is not restricted to cognitive processes, 

but includes the effect of emotions in human behaviour. The model identifies three modes of 

human behaviour control: the reactive, deliberative and reflective mode. The essential 

development brought by the cognition and affect model is the inclusion of the reflective mode 

because this mode allows inclusion of self-reflection, self-evaluation and self-control. The 

advantage of this model over the BDI model is the inclusion of factual element; a feature which is 

very important in characterisation of human capabilities. However, its disadvantages lie in its lack 

of clarity and well-structured design prescripts. It does not fully clarify the function and interaction 

of its subcomponents. 

7.3.3 Dörner’s Ψ Architecture 

The Dörner’s Ψ architecture, [39], has some common aspects with the cognition and affect model. 

This architecture is premised on the assumption that considering cognition, emotion and 

motivation in isolation is not enough; but rather, an integrated analysis combining these factors 

three is required. The essential elements of Ψ Architecture are motives which compete with one 

another and they constantly change (under the influence of the physical, emotional and cognitive 

variables) over time. The action taken by an individual in the action determined by the leading-

motive; thus, this architecture selects an action that will lead to the satisfaction of the strongest 

motive. The Ψ architecture is indeed one of the available architectures for modelling individual 

human behaviour, but its greatest disadvantage is that it ignores social factors such as social 

norms and so forth. 

 

7.3.4 The PECS Architecture 

The PECS architecture was extensively discussed and applied by Schmidt et al, [63], [42], [39] 

and many other researchers. The basic structure of a PECS (Physical, Emotional, Cognitive, and 

Social) model is shown in Figure 7-2. The PECS model is premised on the proposition that human 
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beings are psychosomatic entities with cognitive faculties operating within a social environment. 

Therefore, in an attempt to model human behaviour, all the PECS aspects (Physical, Emotional, 

Cognitive, and Social) should be considered. In this respect, the PECS architecture encompasses 

all factors necessary to consider when modelling human agent as compared to the three 

architectures considered in the previous sections. PECS is almost a universal architecture, which 

can be adapted to many areas of research where there might be a need to model human 

behaviour. 

The PECS agent model consists of input, internal states & processes and an output, Figure 7-2. 

The input comprises of the Sensor and Perception components, which are responsible for initial 

reception of data and stimuli from the environment. The middle section is comprised of the Status, 

Cognition, Emotion and Physis. These components contain agent’s state variables and their 

interstate state changes. The change of state variables from one state to another as governed by 

the state transition function, F. The function, G, determines the values of the output and is located 

in the output region. The Behaviour component in Figure 7-2 contains a set of rules used as the 

basis for commands issued to perform a specific behaviour. These execution commands are 

passed on to the Actor component, which then carries out the command/performance. 

A PECS agent has the following three modes of behaviour, [98]: 

 Reactive behaviour; 

 Deliberative behaviour; and 

 Reflective behaviour. 

The agent’s personality influences all the three modes of behaviour. The PECS model uses two 

functions F and H to define the personality of an agent, [63]. Therefore, in order to define the 

transfer function F and the output function G, an agent is given relevant state variables that define 

the personality traits of the agent. State variables that may be more relevant to the present study 

include: 

 EnergyAct: This is the physical condition of an agent for it to interact with the environment; 

 SocialAct:  The social position of an agent in the society around him; 

 KnowAct: Cognitive state variable, which describes the amount of knowledge that the 

agent possesses at a particular point in time. 

𝒁(𝒕𝒏+𝟏) = 𝑭(𝒕𝒏 , 𝒛(𝒕𝒏), 𝒓(𝒕𝒏) , 𝒙(𝒕𝒏))     (7-1) 
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Figure 7-2: Structure of a PECS agent, [63] 

The transfer function F, equation (1), describes the transition of state variable z(tn) to the next 

state variable z(tn+1) at current time tn and input x(tn) from the environment. The r(tn) represent 

other possible variables of the transfer function. 

According to Schmidt, [98], state variables do not directly manifest as observable behaviour, but 

rather, other dependent variables such as w that depend on the values of state variable are used 

in the model to depict agent’s observable behaviour.     For example, the state variable EnergyAct 

will directly affect the dependent variable HungerInt, which in turn depending on hunger intensity 

directly affects the behaviour of an agent as to whether or not the agent stops at a nearby food 

outlet to get some food. Also, the state variable EnergyAct will affect other dependent variables 

such as NeedRestInt, which determines whether or not the agent stops whatever the agent is 
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doing to have some rest. Applying equation 7-1 to the state variable, EnergyAct, we have the 

following equation: 

𝑬𝒏𝒆𝒓𝒈𝒚𝑨𝒄𝒕(𝒕𝒏+𝟏) = 𝑭(𝒕𝒏 , 𝑬𝒏𝒆𝒓𝒈𝒚𝑨𝒄𝒕(𝒕𝒏), 𝒓(𝒕𝒏), 𝒙(𝒕𝒏))  (7-2) 

Accordingly, the relationship between state variables and dependent variables is described by 

the function H in the following manner: 

𝒘(𝒕𝒏+𝟏) = 𝑯(𝒛(𝒕𝒏+𝟏))         (7-3)  

What drives human behaviour at any moment is complex. Behaviour is mostly dependent on 

needs, desires and drives, which are collectively called motives. Thus, state variables do not 

directly determine behaviour, but indirectly through the motives that belong to them. Out of a set 

of competing motives, it is the one with the highest intensity which is bound to influence behaviour 

at a particular time. For example, the social satisfaction of an agent is measured by the SocialAct 

state variable. This state variable increases when the agent is in the company of other 

people/agents, and decreases when the agent is by himself or herself. The dependent variable, 

SocialDesire, is affected directly by the state variable SocialAct. The intensity of SocialDesire will 

determine whether an agent who is perhaps driving a truck would stop and pick up a random 

passenger to keep him company during the journey, or he/she just continues travelling by 

himself/herself. The extent of sociability of an agent can be defined by the functions F & H, 

equations (7-4) & (7-5):  

𝑺𝒐𝒄𝒊𝒂𝒍𝑨𝒄𝒕(𝒕𝒏+𝟏) = 𝑭(𝒕𝒏 , 𝑺𝒐𝒄𝒊𝒂𝒍𝑨𝒄𝒕(𝒕𝒏), 𝒓(𝒕𝒏), 𝒙(𝒕𝒏))   (7-4) 

𝑺𝒐𝒄𝒊𝒂𝒍𝑫𝒆𝒔𝒊𝒓𝒆(𝒕𝒏+𝟏) = 𝑯(𝑺𝒐𝒄𝒊𝒂𝒍𝑨𝒄𝒕(𝒕𝒏+𝟏))   (7-5) 

This theoretical framework, PECS, for modelling human behaviour was then applied to the 

present study in determining the impact of human behaviour on cross border transit times 

(example of techno-social system). 

7.4 Methodology 

According to Rijckeghem et al, [99], there is an inverse relationship between the salaries of public 

officials and the level corruption in the form of taking bribes to supplement their income. 

Rijckeghem et al, argued further and held that, those earning high salaries tend to consider the 

high cost of being caught engaging in fraudulent behaviour. An empirical survey carried out on 

28 different countries substantially confirmed their proposition. Jens Chr et al, [100], analysed the 

impact of monitoring and controls on an agent’s (for example, a public official) behaviour. They 



180 
 

 

 

concluded that there are two main factors, in addition to salary incentives, which influence the 

agent’s decision whether to behave honestly or not: the probability of being detected; and the 

severity of the penalty when caught. It is instructive to realise that, the risk of being detected may 

not work as a deterrent if the penalty is minimal; and alternatively, even if the penalty is severe 

but with the risk of being detected is too low, then the penalty may not work as a deterrent. 

Based on the work by Rijckeghem et al, Jens Chr et al, [101] and [102] a simulator was designed 

to determine the following scenarios: 

(1) Impact of awarding a driver some incentives for good driving behaviour; and 

(2) Impact of limiting and/or controlling/avoiding customs officials meeting the same drivers 

or transporters and so forth. 

Therefore, the simulations described in the following sections were meant to determine the impact 

of inclusion of incentives, and penalty on human behaviour as well as determining the impact of 

intelligent techno-socio systems in detecting and controlling adverse human behaviour. 

7.5 Driver behaviour simulation 

The driver behaviour simulation described in this section was built on the simulation work that 

was done by Bhero et al, [103]. Figure 7-3 shows sample results from Bhero & Hoffman’s work. 

 

Figure 7-3: Comparison of infraction detection rates, [103]  

Bhero & Hoffman’s work investigated and proposed an alternative way of improving customs 

detection of infraction-prone cargo when it arrives at a border post without necessarily subjecting 
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a substantial portion of arriving cargo to intrusive inspections. The meaning of the terms in Figure 

3 as well as some of the essential propositions and/or assumptions of Bhero & Hoffman’s work 

are as follows: 

(1) The risk assessment based on a posteriori procedure for reducing the extent of intrusive 

inspections of arriving cargo at a border post as proposed by Laporte, [37], can be 

improved by including real time-based GPS monitoring data of the driver conduct on the 

way to a border post; 

(2) The GPS monitoring data assist in determining if and whenever drivers deviate from the 

set route from the point of origin to the designated border post and the consequent delay 

in arriving at the border post when compared to known average transit times. The 

deviations and delays are normally associated with malpractices such as addition or 

removal of illegal goods to a truck load of legal goods, [34]; 

(3) Bhero & Hoffman’s simulator included a road network from six chosen towns in and around 

South Africa to the Beitbridge border post. The road network also included alternative 

routes from a given town to Beitbridge border post. In the simulator, each model entity 

(cargo trucks in this case) were given a stochastic state variable, which determined the 

probability of a cargo truck deviating from the set route. Thus, upon arriving at a road 

junction containing two or more roads, the state variable determined the probability of 

choosing a particular route. In the simulator, alternative routes were limited to two. The 

state variable also determined the probability of cargo being delayed even if the cargo did 

not deviate from the set routes; 

(4) Based on Laporte’s suggested a posteriori risk assessment procedure when combined 

with GPS tracking data as proposed by Bhero & Hoffman, the customs’ risk assessment 

engine would intelligently select cargo to be subjected to intrusive inspections. It is 

instructive to note that, on the aspect of real time GPS monitoring, the greater the deviation 

of cargo from norm the greater the risk of infraction being associated with that cargo; and 

(5) Thus, from bullet 4 above, Figure 7-3 shows comparative results on infraction detection 

capability of the Bhero & Hoffman’s proposed system as compared to legacy system, 

which applies Laporte’s proposition only. In the Bhero & Hoffman’s simulator, the deviation 

probability of cargo from set routes was increased from 0% to 50% and the number of 

detected infractions determined. The terms in Figure 7-3 have the following meanings: 

“AvgInfraInSysy” – is the average amount of infractions as predetermined in the 
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simulator; “LegacySysHit” – is the number of infractions detected by customs’ risk 

assessment system that uses Laporte’s proposition only; and “NewSysHit” – is the 

number infractions detected by customs’ risk assessment system that uses Bhero & 

Hoffman’s proposition, which added the real time GPS-based cargo trucks monitoring data 

to the legacy system as just explained. 

The work in this article used the results as shown in Figure 7-3 as a starting point in adapting and 

developing a simulator for investigating the impact of driver behaviour on cross border transit 

times; and in particular the results at 50% deviation probability. The 50% deviation probability was 

chosen since, in the results given, it represents the worst level of cargo deviation from the set 

routes. 

Based on what is stated in bullet (3), immediately above, the stochastic state variable (hence the 

PDF) determining deviation and delay probability was modified in the simulator to be determined 

by a conditional probability, equation (7-6). 

𝑷(𝑫\𝑺) =
𝑷(𝑫∩𝑺)

𝑷(𝑺)
   (7-6) 

Where P(D\S) is the probability that a truck driver deviates (D) from a set route given social status, 

S; and P(S) is the probability of a certain social status. The rationale for this approach is motivated 

by the following possible answers to the question, “what motivates people to work harder?” 

 According to Reiss, [102], there are 16 social desires that motivate, define and determine 

what people do. Social Status is one of these desires and the present study chose Status 

as the leading desire that determines what people do. Further motivation for this choice is 

provided in the following bullets. 

 The argument by Rijckeghem et al as stated under methodology section, indicates that 

those earning high salaries (high Status) tend to seriously consider the cost of being 

caught thereby shying away from fraudulent behaviour more often than not, [99]. The 

argument by Rijckeghem et al is further supported by Jens Chr et al, [100], who argued 

that if penalty of being caught engaging in fraudulent activities is severe (loss of Status), 

then agents are bound to behave well to protect their status. 
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 According to Maslow, [104], people have a hierarchy of needs and the needs for the next 

level of social status stand as motivating factors for an individual. This proposition has 

been supported by many leading researchers including John Maxwell, [105]. 

It may further be noted that, research on moral development suggests that only a small fraction 

of people is natural-born miscreants; instead individuals are drawn into corruption because of 

social, political, and economic environment, [91]. Therefore, combining the above stated 

propositions and their justifications together with the PECS model for human behaviour, the 

dependent variable, SocialDesireHigherStatus, was defined and equation (7-4) applied to it 

leading to equation (7-7). 

𝑺𝒐𝒄𝒊𝒂𝒍𝑫𝒆𝒔𝒊𝒓𝒆𝑯𝒊𝒈𝒉𝒆𝒓𝑺𝒕𝒂𝒕𝒖𝒔(𝒕𝒏+𝟏) = 𝑯(𝑺𝒐𝒄𝒊𝒂𝒍𝑨𝒄𝒕(𝒕𝒏+𝟏))   (7-7) 

The impact of this dependent variable, SocialDesireHigherStatus, on driver behaviour in respect 

of deviating from the set route was investigated by way of simulation with the application of 

equation (7-6). The advantages of using simulation are obvious and include the ability to 

investigate a wider range of inputs/variables at minimal cost. According to the authorities stated 

above, the lower the social status of a driver the higher the probability that the driver engages in 

some form of malpractices (including deviating from set routes). This observation is further 

supported by Baye’s formula as given in equation (7-6). 

The summary of the simulation procedure, as derived and adapted from Bhero & Hoffman’s work, 

[103], include the following: 

(1) A trade corridor network comprising of six towns in South Africa, roads and Beit bridge 

border post was modelled using Simio simulation software package; 

(2) The data from GIZ website, [84], was used in calibrating the simulator and in this present 

study the simulator was further modified to include further human behavioural elements 

as motivated elsewhere in this article; 

(3) Simulator was run for 2300 hours (3 months) with a 100 replications in order to test various 

scenarios. However, in this present study, the scenarios of interest include human 

behavioural elements as motivated elsewhere in this article; 

(4) In investigating the impact of the dependent variable, SocialDesireHigherStatus, on driver 

behaviour in respect of deviating from the set route, equation (6) was applied in the 

simulator to determine the resultant deviant behaviour as P(S) {Probability of social status, 
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S} was varied from 0.5 to 1 in steps of 0.1. The joint probability, 𝑷(𝑫 ∩ 𝑺) was, on the 

basis of point estimation, [106], assumed to be 0.5 (50%) – see Figure 7-3. The results of 

the present simulation are shown in Figure 7-4. 

 

Figure 7-4: Impact of status improvement on truck drivers’ behaviour 

The simulation results shown in figure 7-4 indicate that, as the social status of cargo truck drivers 

improves, their propensity to engage in deviant behaviour decreases. These results appear to be 

consistent with the propositions by Rijckeghem et al and Jens Chr, [99] & [97] as presented above. 

It should be noted from Figure 7-4 that: 

 From the applied equation (7-6) in the simulation, the y-axis should be representing the 

conditional probability, 𝐏(𝐃\𝐒). The actual value of this probability is of little value, but 

rather its impact on driver conduct as simulated in this simulation is important because it 

enables the determination of deviant behaviour as related to P(S) – probability of a certain 

social status;  

 The simulator kept the statistic of cargo that deviated and cargo caught with infractions 

among other important statistic, hence the results in Figure 7-4. Further discussion is to 

be found under the discussion and conclusion section; and 

 A certain portion (1%) of total Model Entities (cargo trucks) was stochastically imputed 

with infractions, hence the constant graph showing “TotalInfractions” in Figure 7-4 and 

Table 7-1. 
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Since the value of the joint probability, 𝑷(𝑫 ∩ 𝑺), in equation (7-6) had to be assumed, it was 

necessary to investigate and compare three important possible values of the joint probability. 

Table 7-1 summarises the comparison when the simulator was run for 3300 hours (4 months) 

with a 100 replications. 

In the comparison Table 7-1, only the minimum and maximum possible values of probability of 

certain social status probability (P(S)) was investigated and then the possible improvements, for 

example incidence of infractions, were determined. The rationale was to enable a reasonable 

estimation of minimum improvement in African trade corridor efficiencies. Decrease in incidence 

of infractions as well as the cargo deviations count means that more truck drivers are behaving 

better. The fewer the deviant behaviour, the faster the cargo will be processed at border posts as 

per the new proposed system, which incorporates real-time risk assessment of approaching cargo 

through GPS data, [103].  

Table 7-1: Comparison of the impact on behaviour of the assumed joint probability 

 

Parameter: 

𝑷(𝑫 ∩ 𝑺) = 𝟎. 𝟐𝟓 𝑷(𝑫 ∩ 𝑺) = 𝟎. 𝟓𝟎 𝑷(𝑫 ∩ 𝑺) = 𝟎. 𝟕𝟓 

 Observed 

Values with 

change in 

P(S) 

% 

change 

Observed 

Values with 

change in 

P(S) 

% 

change 

Observed 

Values with 

change in 

P(S) 

% 

change 

ProbSocialStatus, 

P(S) 

0.25 1.0 75 0.5 1.0 50 0.75 1.0 25 

InfractionsHit 129 83 36 129 109 16 129 123 5 

CargoDevCount 432 170 61 432 258 40 432 343 21 

TotalInfractions 194 194 - 194 193 - 194 193 - 

 

7.6 Customs officials’ behaviour and the techno-social system simulation 

 Customs officials’ behaviour and the techno-social system simulation described in this section 

were built on the simulation work which was done by Bhero et al, [82]. Before discussing the 

specific simulation results (Figure 7-5) from the work done by Bhero et al, which was used as a 

starting point for the present study, it is apposite to briefly discuss the border transit data obtained 
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from the field work by [9] and simulations by Bhero et al.   

Tables 7-2, 7-3 and 7-4 show field-work data for Beitbridge border post transit times, GPS-based 

tracking data for Beitbridge border post transit times, and a comparison with simulated results, 

respectively. 

Table 7-2: Summary of cargo types and average transit times [9] 

Cargo type Average transit time (hours) 

Consolidated 60.9 
Refrigerated 7.5 

Break bulk 30.2 

Tanker 8.9 

Across all cargo 

types 

26.9 

 

Fitzmaurice and his team carried out surveys at a number of border posts including Beitbridge 

border post. Table 7-2 shows a sample of their survey results for Beitbridge border post, which is 

located between South Africa and Zimbabwe. The table shows the transit times for four different 

types of commonly encountered cargos, and the table also shows the average (26.9hrs) transit 

time for all cargo. The results of these surveys, particularly for Beitbridge border post, was used 

in calibrating the simulator that was developed by Bhero et al. The simulation results of Bhero et 

al, was then used as starting point of the simulation described in this article. 

 
Table 7-3: GPS-based average border transit times [10] 

Border post† Week 1 Week 2 Week 3 Week 4 Average over 

period 

Beitbridge (South Africa) 17 15 14 14 15 

Beitbridge (Zimbabwe) 8 9 8 10 9 

Total border transit time 25 24 22 24 24 

 

Table 7-3 shows Beitbridge border post transit times obtained from an independent source, [10]. 

Globaltrack publishes a weekly online summary of various border posts transit times as 

determined using GPS-based tracking data. The results summarised in Table 7-3 were for the 

Month of February 2015. The average transit time is comparable to the average transit time as 

determined by Fitzmaurice and his team and therefore makes the results trustworthy. 

As explained earlier, the survey results from Fitzmaurice work was used by Bhero et al in 

developing and calibrating a simulator in order to facilitate the investigation of various scenarios. 

Table 7-4 shows a comparison of field data of border transit times and the simulator calibration 
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results. Applying the t-test shows that the two samples have been drawn from the same 

population. The calculated value of t was -0.724 and the table value of t at 5% and at 14 degree 

of freedom is 2.145; and since the calculated value is less than the table value, their means are 

not significantly different. 

Table 7-4: Comparison of field data of border transit times and the simulator calibration results [82] 

Cargo type/Process stage Time in system Standard 

deviation  Field data 
(hours) 

Simulation 
(hours) 

South African side: Customs 11.9
5 

10.6
9 

3.44 

Zimbabwean side: Customs 15.0
5 

9.66 2.81 

South African side: Break bulk 8.40 11.0
8 

3.28 

Zimbabwean side: Break bulk 12.8
0 

10.2
2 

2.72 

Break bulk 30.2
0 

27.0
1 

5.11 

Consolidated 60.9
0 

51.2
5 

5.18 

Refrigerated 7.50 15.1
7 

5.51 

Tankers 8.90 14.8
2 

5.34 

All cargo 26.8
8 

26.3
7 

5.50 

 

After the simulator was calibrated (Table 7-4), Bhero et al then ran some simulations to test 

various scenarios and their results are summarised in Figure 7-5. The present study is using the 

best of the scenarios shown in Figure 7-5 as starting point in developing a simulator that takes 

into account human conduct. 

Figure 7-5 shows sample results from the work by Bhero et al. This work by Bhero et al, 

investigated five scenarios with the aim of determining a scenario capable of significantly reducing 

border post transit times. The investigated scenarios, as shown in Figure 7-5, are as follows: 

(1) Pre-declaring facility (PreDeclare – scenario 1) – in this scenario, the impact of pre-

declaring cross border cargo on border transit time was investigated as the percentage of 

pre-declared cargo increased from 0% to 100%; 

(2) Processing capacity of customs (Capacity – scenario 2) – in this scenario, the impact 

of increasing customs’ processing capacity on border post transit time was investigated 

as the capacity was increased from six officials to twenty-five officials per each side of the 

border post;  

(3) Pre-declaring & capacity (PreDecla&Capacity – scenario 3) – in this scenario, the 

combined impact of scenarios 1 & 2 as explained in bullets (1) and (2) above was 

investigated; 
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(4) An RFID enabled system (RFID_Enabled – scenario 4) – in this scenario, the impact of 

using RFID (radio frequency identification) enabled system on border transit times was 

investigated as the percentage of compliant (good behaviour & using RFID enabled 

systems) cross border traders increased from 0% to 100%. The RFID system was being 

used in conjunction with information exchange technologies in aiding customs cargo 

clearance processes and so forth; and      

(5) An RFID enabled system with smart capacity (RFID_SmartCapacity – scenario 5, 

which was an extension of scenario 4) – in this scenario, not only was the impact of 

RFID enabled & information interchange investigated, but also the customs’ processing 

capacity was smartly adjusted in anticipation (based on exchanged information) of 

volumes of cargo arriving at the border. 

 

Table 7-5: Comparison of transit time for different scenarios, [31] 

The results in Figure 7-5 show that the use of RFID enabled system (RFID_SmartCapacity) 

alongside with other information exchange technologies achieved the biggest decrease in 

average border-post transit time. The decrease was from an average of 26.41 hours to an average 

of 4.83 hours, which represents 82% improvement. 

The 82% possible improvement is acknowledged, but the pertinent question remains; is the 

4.83hours border transit time not too much, if Africa’s trade corridors are to become competitive? 

Further improvements on transit time may come from other possible strategies; and here two 

proposed strategies are: 
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(1) Implement incentive schemes to positively influence the behaviour of customs officials; 

and/or 

(2) Use technology to limit and curb against adverse decisions and conduct of customs 

officials, and indeed other role players within the trade corridors. 

The simulation described in this section had the objective of determining the impact on cross 

border transit time if the customs officials were limited by the customs risk engine from 

serving/inspecting truck drivers/transporters/agents that they have dealt with before with adverse 

effect. The adverse effect here includes longer transit time or processing time than the expected 

transit times or processing time. To this end, the simulator for the RFID_SmartCapacity, [82], 

described above (Figure 7-5) was modified so that it could monitor and record the following, 

among other things: 

 Cross border traders whose declarations/inspections have been processed by a particular 

customs official before; 

 The duration of processing of the declarations/inspections; and 

 The CREMS (customs risk engine and management system) assuming the role of 

allocating work (processing declarations and/or inspections) to be done at a particular time 

to customs officials. And so forth. 

The simulation was premised on the proposition that, in some cases customs officials unduly 

delay the processing of certain cargo in order to extort bribes; and the customs officials usually 

target particular traders and so forth, [52]. Therefore, in the simulator, declarations processing 

and inspections were imputed PDFs (probability distribution functions) as informed by the work 

by Fitzmaurice, [52], and subsequently applied by Bhero et al, [82]. The further guiding 

assumption was that the new proposed system, which takes into account human conduct, would 

have the objective of reducing by at least half the average transit time (4.83 hours). The simulator, 

in the present study, was run for a period of 1440 hours (60 days) with 200 replications and 

relevant data for customs officials was stored. The simulator was then run again with the use of 

the stored data to control the conduct of customs officials as the number of controlled customs 

officials was increased from zero to ten and the transit time observed. The obtained results are 

summarised in Figure 7-6. 
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The results show that as the number of customs officials who are monitored and system-

controlled is increased from zero to ten, the average border-post transit time decreased from 4.83 

hours to 3.94 hours, which represents 18% decrease in transit time. 

 

Figure 7-5: Cargo border transit time with anti-buddy system 

7.7 Validation 

The simulation results arising from a series of connected simulations by Bhero et al may appear to 

be too good to be practically achievable. The transit time initially decreased from 26.41 hours to 

4.83 hours when RFID together with smart capacity strategy was simulated. Further simulation 

using incentives and control of customs official decreased the transit time further from 4.83 hours 

down to 3.94 hours. Application of these two strategies together achieves an impressive decrease 

in transit time of 88.29% {((26.41-3.94) ÷26.41) ×100}. It is therefore instructive to compare the 

simulated improved performance against actual transit times for borders where similar 

improvements have been implemented in practice.  Table 7-5 is a sample of border transit times 

of South East Europe (SEE), [107].  
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Table 7-6: Extract of SEE border transit times, [107]. 

Border crossing point 
name 

Country      Current Total Average 

                            Time (Minutes) 

Approximate in 
hours 

Obrezje Slovenia 93.8        1.5 

Bregana Croatia 12.5     <0.5  

Lipovac Croatia 26.8        0.5 

Batrovci Serbia 31.3        0.5 

Presevo Serbia 21.8       <1 

Evzonoi Greece 36.0       <1 

Kulata Bulgaria 10.0      <0.5  

Krystallopigi Greece 49.8       <1 

Kakavia Greece 40.0       <1 

Gradina Serbia 37.3       <1 

Calafat Romania 128.5         2 

Giurgiu Romania 436.0         7 

Ruse Bulgaria 3.5        <0.5  

Vama Albita Romania 1,032.9        17 

Zahony Hungary 23.5       <0.5  

Bors Romania 395.0        6 

 

The results in Figure 7-5 clearly shows that very short border post transit times are achievable in 

practice. This validates that the results presented in this article can in fact be achieved in practice. 

Further validation of the proposed procedure in this article, in particular, the proposal of using 

incentives for both truck drivers and customs officials in the form of merit & demerit systems 

linkable to personal status, and hence the salaries got favourable response from experts in the 
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fields of criminology and psychology. One of the experts, a criminology Professor quoted the so-

called “operant conditioning” (also called instrumental conditioning) as proposed by a world 

renowned psychology expert, B. F. Skinner. According Skinner, [108], in instrumental 

conditioning, reinforcement or punishment are used to either increase or decrease the probability 

that a behaviour will occur again in the future. The principles of operant conditioning include that, 

behaviour that is positively reinforced will normally reoccur; and the converse is also true that, 

punishment for deviant behaviour means the deviant behaviour is less likely to repeat. Therefore, 

application of the principle of incentives and necessary punitive measures as proposed in this 

article is bound to work positively as proposed. This further validates the work described in this 

article. 

7.8 Discussion and conclusion 

Two simulations have just been described; the simulation of truck drivers’ deviant behaviour as 

the social status of the drivers improves, and the simulation of how adverse customs officials’ 

behaviour may be mitigated against by use of appropriate techno-social systems in managing 

customs operations. 

It is an undeniable fact that simulating human behaviour is complex and difficult, [98]. Concerning 

the truck drivers’ behaviour simulation, there is a host of driver behaviours, as provided for under 

the PECS model, that are worthy simulating. The simulation of truck drivers’ behaviour as a 

function of Social Status was chosen because of the following reasons:  

 A previously stated proposition is that, in a modernised trade corridor system, there 

has to be attractive incentives for good behaviour and good business practices, [56]. 

Concerning truck drivers, it is further proposed that there has to be a grading system 

based on good behaviour among other considerations. The grading system should 

facilitate not only the employability of the truck drivers, but also commensurate 

remuneration. Similar propositions should also be made for customs officials. 

Therefore, with this proposition the desire to attain higher status through good 

behaviour becomes a significant factor in determining truck drivers’ behaviour;  

 One complementary view on how truck drivers’ behaviour may be influenced by the 

desire for higher social status comes from the proposition that, in the modernised 

system the truck drivers are monitored through GPS data and other complementary 

https://www.verywellmind.com/operant-conditioning-a2-2794863
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technologies, [103]. If the truck drivers are observed to repeatedly engage in deviant 

behaviour they will then loose grading points with consequent reduction in their social 

standing as their grading rating decreases thereby affecting not only their employability 

but in some cases even their remuneration; and so forth. 

The results of simulating the behaviour of truck drivers are shown in Figure 7-4 and Table 7-1. As 

explained earlier, the main thrust of the simulation was the determination of the possible impact 

of social status on cross border transit time. The less the truck drivers deviated from set routes, 

the less the truck drivers were sent for intrusive inspections at the border post and the shorter the 

average border transit time, [103]. Thus, Figure 7-4 shows that the decrease in the number of 

deviant cargo with increase in social status of truck drivers lead to a corresponding decrease in 

the number of incidence of infractions. The incidence of infractions decreases by at least 16% 

{((89-75) ÷ 89) × 100 = 16 %}. In the comparison Table 7-1, it is reasonable to assume that the 

majority of truck drivers have a social status below or equal to the bottom band of the middle 

class. The assumption of joint probability to be at 50% makes sense. It may therefore be deduced 

from Table 7-1 that, a minimum improvement of 16% in incidence of infractions is possible, hence 

reduced cross-border transit time. 

The second described simulation had the object of determining whether it was possible to mitigate 

against adverse human conduct and if so, to what extent can the mitigation be achieved? The 

results shown in Figure 6 seem to indicate that, by monitoring, storing and then using the historical 

operational data of individual customs officials (and other stakeholders in the trade corridors) to 

control and determine which customs official inspects which cargo at a particular time has a 

positive effect. The results show that by monitoring and controlling (through CREMS – customs 

risk engine and management system) ten customs officials, it is possible to further reduce border 

transit time by at least 18% {((4.83 – 3.94) ÷ 4.83) × 100 = 18%}. Modelling and simulating human 

behaviour is indeed complex; the results however indicate that appropriate application of 

technology in curbing adverse human conduct can have a positive impact on techno-social 

systems, which should preferably be called techno-social solutions (TSS). The TSS encompasses 

technological systems working in a social environment in ways that take into account human 

behaviour in order to reduce the adverse effects of human conduct. 

Possible future work includes the following: the human behaviour concerning truck drivers 

considered the Social Status aspect only; it would be illuminating to investigate how other aspects 
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of the PECS model such as the Physis, Emotion and Cognition impacts on deviant behaviour. 

The interplay of all relevant traits may need to be investigated. About controlling and allocating 

jobs to customs’ officials by CREMS, the following simulations need to be investigated: the status 

quo where officials deliberately target consignment/cargo; where the system (CREMS) randomly 

allocate consignment to officials; and where the system (CREMS) does not allocate consignments 

to officials that previously manipulated consignments from the same consignor. 

From the foregoing analysis, it can reasonably be concluded that, by using appropriate incentives, 

monitoring and control procedures, it is possible to influence human conduct in order to improve 

operations of various techno-social systems, as exemplified by a minimum improvement of 16% 

decrease in incidences of infractions within the African trade corridors. Further, the use of TSS 

(techno-social solutions) can improve the operational efficiencies of various techno-social 

systems as exemplified by a minimum improvement of 18% decrease in border-post average 

transit time as the conduct of customs officials became system-controlled. 
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CHAPTER 8 – DISCUSSION AND CONCLUSION 

8.1 Introduction 

This closing chapter of the thesis provides a summary of the work done, the results & validation, 

contribution to knowledge, possible future work and the conclusion. On the minimum, the 

achievements of the research work described in this thesis include: 

1. Identified and formulated an original engineering problem, which in this case was to find 

ways of improving the efficiency of cross border trade transit times within sub-Sahara 

Africa trade corridors starting with South Africa/Zimbabwe corridor; 

2. Proposed the necessary research objectives to guide the research work; 

3. Reviewed relevant literature in order to find a solution by way of simulation procedures; 

and 

4. Proposition of a plausible solution, within an applied field of engineering where existing 

knowledge was expanded or redefined so as to solve the recalcitrant problem of long 

transit times experienced within sub-Sahara Africa trade corridors with a particular focus 

on South Africa/Zimbabwe corridor. 

Further and more detailed achievements of this research work are described in the subsequent 

sections. 

8.2 Research overview 

The research objective that this research intended meeting is stated (in chapter 1) as follows: 

The objective is to design a system, which is capable of improving cross-border operational 

efficiencies by at least 75%. The system should use a combination of tracking technologies, 

automatic identification technology led by RFID technology, information communication 

technology, and other relevant technologies or fields of studies. 

Therefore, the sequence of the research carried out and subsequently published or submitted for 

publication is summarised below. 
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8.2.1 Article 1 (chapter 3) 

The aims of this article (Optimizing border-post cargo clearance with auto-ID systems) included; 

the identification of sources of inefficiencies at border posts, suggestion of possible solution using 

auto-ID systems led by RFID systems, and estimating possible improvements on transit times at 

the border posts. Based on the relevant literature reviewed under the article, it was found out that 

the use of RFID systems may improve efficiency at the border posts by at least 63%. This finding 

together with other literature informed the formulation and refinement of the research objective, 

which expects possible cross-border operational efficiency improvements by at least 75% as 

motivated in chapter 1. 

8.2.2 Article 2 (chapter 4) 

This article (Impact of RFID system and information interchange on clearance processes for cargo 

at border posts) investigated a number of scenarios at border posts by means of simulations. The 

simulation permitted the investigation of many scenarios some of which would have been 

impossible or too expensive to investigate in other ways. Out of the many scenarios that were 

investigated (simulated) it was shown that, the use of a combination of RFID systems, information 

interchange between customs and other trade corridor(s) stakeholders as well as intelligent and 

dynamic changing of customs’ processing capacity, would improve cargo processing at the border 

by at least 82%. However, despite this significant improvement on efficiency, there were still a 

number of outstanding issues, which included: 

1. The need for determining the economic impact of the proposed solution; 

2. The need for customs systems to implement more intelligent cargo risk assessment 

systems or procedures in order to avoid rampant intrusive inspections of cargo at border 

posts; 

3. The need to simulate human behaviour in order to determine and assess the impact of 

human behaviour on sub-Sahara Africa trade corridor(s), in particular, the South 

Africa/Zimbabwean one; and 

4. So forth. 
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8.2.3 Article 3 (chapter 5) 

This article (A simulation approach to reconciling customs and trade risk associated with cross-

border freight movement) addresses the question on economic impact of the proposed system 

using partly the simulation results and other sources of economic data. The need for the 

information on the possible economic impact is obvious for policy makers and other stakeholders. 

8.2.4 Article 4 (chapter 6) 

This article (Enhancing customs risk management system with GPS data: a simulation approach) 

addresses the question on the need for intelligent cargo risk assessment systems. The solution 

proposed in this article combines Laporte’s a posteriori inspection procedure with the transit time 

threshold procedure. Under transit time threshold procedure, there is real-time monitoring of cargo 

truck drivers’ behaviour, through GPS, as they travel from a depot of origin to a chosen border 

post. The behavioural information, transit time of each cargo from depot of origin, and a posteriori 

data enable CREMS (customs risk engine and management system) to estimate risk associated 

with each cargo arriving at a border post. The article showed (in section 6.7.3) that, by combining 

a posteriori procedure and transit time threshold procedure in providing input to risk assessment 

data of CREMS, it was possible to capture more infractions with a lower inspection rate compared 

to Laporte’s suggested a posteriori procedure when applied alone. At inspection selection rate of 

12%, a posteriori procedure plus transit time threshold procedures caught 11.1% of infractions 

compared to 10.2% of infractions caught when the inspection selection rate was 20.6% using a 

posteriori procedure alone. The article showed that, by using the proposed combined procedure, 

infraction detection rate would increase by at least 26.31% with inevitable improvement in transit 

time since fewer (12% for example) cargo is intrusively inspected, but also getting more duty 

revenue as more infractions are caught. 

8.2.4.1 Article 4 (chapter 6) verification and validation 

The verification and validation of the results presented in article 4 is provided as follows: 

1. In section 6.7.3 of the thesis, the t-test was applied in validating simulation results when 

they were compared to Laporte results (Table 6-3), [37], and the two results were found 

not to be significantly different, and therefore drawn from the same population; and 
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2. The t-test results meant that, the simulation results were valid within statistical limits. 

Therefore, the calculated minimum improvement in infraction detection, which is fully 

discussed in section 6.8 of the thesis is bound to be correct and achievable when the 

proposed system is implemented. 

8.2.5 Article 5 (chapter 7) 

This article (Impact of human behaviour on cross-border transit times: a simulation approach) 

addresses the question on how human conduct may adversely or otherwise affect the 

performance of sub-Sahara Africa trade corridors. In essence, the article proposed the use of 

merit/demerit system in a bid to positively influence professional conduct of cargo truck drivers 

and customs officials among other role-players. The article applied one aspect (social aspect) of 

the PECS model in modelling human conduct, and incorporated it into Baye’s equation. The result 

was then used in the simulator in modelling human conduct. Baye’s equation is widely used in 

estimating an unknown probability given probabilities of closely connected events; therefore, the 

application of Baye’s equation is equally valid and permissible in this application domain. Hevner, 

[19], pointed out the complementary nature of design science research and behavioural science 

research; and this further validates the approach taken in this article 5 (chapter 7). 

8.2.5.1 Article 5 (chapter 7) verification and validation 

The verification and validation of the results presented in article 4 is as follows: 

1. The achievability of reduced and shorter border post transit times, as a result of applying 

the proposed incentives scheme (merit and demerit system) to the truck drivers and 

customs officials, is evidenced by comparable border posts transit times for South East 

Europe given in Table 7-6. This validates that the results presented in article 5 (chapter 7) 

can in fact be achieved in practice; 

2. Experts were consulted on the question, “whether it was possible to positively influence 

human behaviour through the proposed incentives scheme (merit and demerit system)?” 

The response by a Professor in Criminology is attached under annexure 4. The expert 

submissions are that, yes it possible; but a mix of the status of the person, the extent of 

the reward/gain, severity of punitive measures, operant conditioning and so forth, 

determine the outcome at any given time. The submissions of the consulted experts are 

further supported by the findings by Rijckeghem et al, [99], who found out that the higher 
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the position or status of a person, the less likely is that person to engage in corrupt 

activities especially if the consequences are too severe in comparison to the gain. 

Therefore, the proposed merit/demerit system, when appropriately designed and 

implemented, may have a significant and positive impact on the efficiency of cross-border 

trade and logistics; and 

3. A short survey done, where truck drivers and other role players (logistics companies 

personnel) were asked to answer four (4) simple questions aimed at determining whether 

merit/demerit system would work. The survey questions and the results are under 

annexure 5. The results show that, 80% of participants believe truck drivers would improve 

their behaviour in order to improve on turnaround time if monetary incentive was available, 

while 60% believed that the merit/demerit system would assist in improving customs 

officials’ operational efficiency. On the question whether truck drivers would improve their 

professional conduct if the merit/demerit system had an impact on their professional status 

and salaries, 40% were neutral, 20% agreed, and 40% strongly agreed. The survey results 

further validate the research described in article 5 (chapter 7). 

8.2.6 DSRM and the role of each article 

Table 8-1 summarises the principles and guidelines of carrying out a research, which is guided 

by DSRM (Design Science Research Methodology) and how each of the published and/or 

submitted articles fitted into DSRM framework. According to Peffers et al, [18], simulations are a 

valid means of testing and evaluating a designed artefact. Also, the use of simulations is 

supported by the fact that, the nature of the real-world problem being solved in this study falls 

under the so-called “wicked problems”, [24], which are characterised by; complexity, dependence 

on human cognitive abilities as well as social abilities, unstable requirements, inherent flexibility 

to change, and so forth. Peffers et al, [18], further stated that, simulations are a valid means of 

testing an artefact depending on the domain and nature of the research; but, the simulation results 

need to be validated using other literature, surveys and/or expert opinions in the domain. The 

present study followed that validation procedure, hence much reference to simulations in Table 

8-1. 
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Table 8-1: DSRM guidelines, [19], and the articles in this thesis 

DSRM Guidelines Articles and/or Chapters 

Guideline Description  

Guideline 1: Design as an 
Artefact 

“Design science research must produce a viable 
artefact in the form of a construct, a model, a 
method, or an instantiation” 

Methods and processes for improving the 
efficiency of South African/Zimbabwean 
cross-border trade corridor is the artefact in 
this work. Articles 2, 3, 4, and 5 (chapters 
4, 5, 6, and 7 respectively). 

Guideline 2: Problem 
relevance 

“The objective of design science research is to 
develop technology-based solutions to important 
and relevant business problems” 

Chapter 1 (introduction) as well as article 1 
(chapter 3) clarify the problem at hand. 

Guideline 3: Design evaluation “The utility, quality, and efficacy of a design 
artefact must be rigorously demonstrated via 
well-executed evaluation methods” 

Articles 1, 2, and 3 (chapters 3, 4, and 5 
respectively) have been peer reviewed and 
published. For article 2 in particular, 
rigorous testing using simulations (Peffers, 
[18]) was done and results obtained 
consistent with other known border transit 
times, [107]. 

Articles 4 & 5 (chapters 6 & 7) have been 
evaluated through simulations as well as 
verified and validated against other known 
results – see sections 7.7, 6.8, and 8.2.4.1. 
There have been preliminary peer 
reviewers comments too. 

Guideline 4: Research 
contributions 

“Effective design science research must provide 
clear and verifiable contributions in the areas of 
the design artefact, design foundations, and/or 
design methodologies” 

Through simulations, articles 4 & 5 
(chapters 6 & 7), verification and validation 
(see sections 7.7, 6.8, and 8.2.4.1) 
contributed to the artefact in the following 
way: 

(1) Use of transit time threshold in 
addition to a posteriori 
procedure in enhancing catching 
of infractions (article 4 – chapter 
6). 

(2) Monitoring human conduct 
(drivers and customs officials) 
through CREMS and use of 
merit/demerit system further 
showed possible improvement 
in transit time at the border 
posts (article 5 – chapter 7). 

Both articles were verified and validated 
as stated above. 

Also, article 2 chapter 4. 

Guideline 5: Research rigor “Design science research relies upon the 
application of rigorous methods in both the 
construction and evaluation of the designed 
artefact” 

As stated above, the evaluation of the 
artefact was mostly through simulations as 
justified by Peffers, [18]. The simulations 
results were duly validated. The ultimate 
contribution of this work is in the 
development of methods and procedures 



201 
 

 

 

for improving efficiency of cross-border 
trade corridor. 

Guideline 6: Design as a 
search process 

“The search for an effective artefact requires 
utilizing available means to reach desired ends 
while satisfying laws in the problem 
environment” 

This was indeed met in that at least three 
simulations were done: one for border 
operations (Article 2); simulation of cargo 
transit from origin to border and simulation 
of customs risk assessment (article 4); and 
simulation of the impact of human conduct 
(article 5). 

Guideline 7: Communication of 
research 

“Design science research must be presented 
effectively to both technology-oriented and 
management-oriented audiences” 

This report. 

 

8.3 Results and Research Objectives 

The summary of the key results of this work include: 

1. The results presented in article 2 (chapter 4), show that the use of RFID enabled system 

in conjunction with intelligent customs’ processing capacity algorithm is capable of 

producing the highest improvement of at least 82% on cross border transit delays, Figure 

4-12. The other investigated scenarios produced improvements that are way less than 

82% and the worst scenario was the “Pre-declaration” scenario, which produced an 

improvement of mere 35%. Before running the simulator, which was used to test the five 

scenarios that were investigated, it was initially calibrated, see Table 4-6 in chapter 4. The 

calibration was done using the empirical data obtained by Fitzmaurice and other 

researchers. The comparative Table 4-6 shows that the simulation calibration results were 

within the statistically acceptable error margin thereby giving the validation of the 

simulation results so obtained. 

2. The results presented in article 4 (chapter 6), show that customs officials’ ability to detect 

infractions without necessarily subjecting a substantial portion of cargo to intrusive 

inspection can significantly be improved by using a combination of a posteriori inspection 

procedure and real time monitoring with GPS data, Figure 6-10. The least possible 

improvement, on infraction detection, was determined to be 26.31%. As has been 

explained in chapter 6, the work described in article 4 sought to improve upon Laporte’s a 

posteriori inspection procedure by including GPS data in customs cargo risk assessment 

procedures. By using simulation procedures, various scenarios were investigated in order 

to determine possible improvements on infractions detection. In order to ensure the validity 
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of the simulation results, the simulator was calibrated using data obtained from GIZ 

website, [84]. The simulator calibration results are summarised in Table 6-2 and as can 

be seen, simulation calibration results were within 1σ of the GIZ data thereby validating 

the results of the simulator. Also, when the t-test was applied (see section 6.6.2 of the 

thesis), it showed that the differences between the means was not significant and 

therefore samples drawn from the same population. 

3. The results presented in article 5 (chapter 7), show that by using appropriate incentives, 

monitoring and control procedures; it is possible to influence human conduct in order to 

improve operations of various techno-social systems (TSS). Further, the use of TSS was 

shown to be capable of further improving the operational efficiencies of customs’ 

operations by at least 18%. 

8.4 Research contributions 

In discussing concluding summary on research contributions, repetitions are inevitable. 

Therefore, it is suggested that the discussion on research contribution be done in three parts: the 

artefact; assorted contributions; and the rigour cycle. 

8.4.1 The Artefact 

Methods and processes for improving the efficiency of South African/Zimbabwean cross-border 

trade corridor, with a potential for extension to other similarly situated trade corridors, is the 

artefact in this work. 

According to Peffers et al, [18], the end objective of DSRM process is the provision of a mental 

model characterisation of research outputs. This means that, small scale modelling of reality 

capable of construction from imagination, perception or understanding of a discussion. In this 

study, Figure 1-5 gives a summary of the mental picture for the proposed cross-border trade 

corridor framework within which the proposed methods and processes for improving efficiency 

are embedded, the artefact. Figure 1-4 shows the three phases through which cargo go through 

in the proposed system. Figures 4-3, 4-4, 4-6, and 6-2 give detailed processes taking place at 

each of the three phases and mostly for the transit and border post phases. In essence, the 

artefact helps in improving efficiency in five possible ways:  
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1. Monitor the integrity of cargo in transit thereby providing necessary risk assessment 

intelligence to CREMS so that, ideally, only risky cargo will need to be sent for intrusive 

inspection;  

2. Monitor, using GPS, the behaviour of cargo truck drivers in regards to following the set 

routes and arriving at the border post within expected travel times from respective ports 

of origin, this also provides necessary risk assessment intelligence to CREMS and further 

allowing it to implement transit time threshold criterion (Figure 6-2); 

3. Using RFID and other technologies, CREMS automatically identifies cargo on entering 

border post and classify (using the enhanced a posteriori procedure – equation 6-2 

together with chosen inspection selection rate) them either as high risk or low risk and 

send them to green lane or red lane. Further, CREMS uses geo-fence (deviate from set 

routes or undue stoppages) violations to select cargo to be sent for possible red lane 

inspections – see Figure 6-2; 

4. On processing cargo, CREMS monitors the conduct of customs officials and also allocates 

the inspection duties to various customs’ teams for various cargo based on historical 

information; and 

5. At the end of a specified period, and after due processes CREMS automatically uploads, 

to a designated agent website, the rating (merit/demerit) points for each truck driver and 

for each custom official. These points should impact on the professional status of each 

person. 

At the end of the day, the artefact helps customs to process cargo faster by using necessary risk 

assessment intelligence which enables customs to target and intrusively inspect the deserving 

cargo only. At the same time, as has been demonstrated in chapter 6, with the risk assessment 

intelligence customs inspect intrusively a smaller fraction of all cargo but with much higher 

infraction detection rate. This allows developing countries, which have a need for generating 

enough revenue from customs’ duties to generate sufficient revenue albeit the reduced inspection 

selection rates. 

8.4.2 Assorted contributions 

Chapter 1 pointed out that the work described in this thesis falls under DSR (design science 

research). Gregor et al, [25], argued that the evaluation of the contribution of a DSR work falls 

under four possible quadrants, Figure 1-6. The research work described in this thesis falls under 
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the so-called “Improvement & Exaptation” quadrants, Figure 1-6. The research work involved 

finding new solutions for known problems and in this case, it is the problem of inefficient cross-

border operations within the target trade corridor, South Africa/Zimbabwe. Further, the research 

work also involved applying other knowledge fields such as RFID & other Auto-ID systems, GPS 

& other tracking technologies and ICT systems in finding possible solutions and improvements to 

cross-border operational efficiencies. The specific contributions include: 

1. Commencing with a validly calibrated simulator described in article 2 (chapter 4), the 

research demonstrated the following outcomes for the investigated scenarios: 

i. Customs processing capacity – if customs’ processing capacity (customs teams 

processing declarations) is increased from a low number to a high number, there 

is a certain critical number beyond which there cannot be any further improvement 

in processing time or efficiency. From Table 4-8 and Figure 4-8 in chapter 4, it can 

be seen that, when the number of customs officials are increased gradually from 

12 to 50; beyond 18 customs officials the impact of increasing capacity is 

insignificant. The highest improvement obtainable with increase in customs 

capacity only is 35%. Such information is important for process and manpower 

planning purposes for customs; 

ii. Pre-declaration – within cross border circles, there is a general belief that pre-

declaring one’s goods/cargo help in quickening customs cargo clearing process 

when one’s cargo arrives at the border. Indeed, pre-declaration significantly 

improves efficiency. But, as can be seen from Table 4-7 and Figure 4-7 in chapter 

4, pre-declaration can decrease transit times from an average of 26.41 hours to 

about 13.60 hours. This represents about 50% improvement. Once again, such 

information is important for planning purposes for all stakeholders such as 

customs, consignees and policy makers; 

iii. Combined Pre-declaration & Customs capacity – Figure 4-12 in chapter 4 

shows that even if these strategies for efficiency improvement are used together 

(graph – “PreDeclaration&Capacity”), there is no appreciable increase in 

efficiency. Once again, such information is important for planning purposes; 

iv. RFID-enabled system with information exchange and intelligent capacity 

adjustment – Table 4-11, Figures 4-11 & 4-12, show that, using RFID enabled 

system with information interchange and smart customs capacity adjustment, the 
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transit time can be reduced from 26.41 hours to 4.83 hours (82% improvement – 

best scenario). Once again, such information is important for planning purposes 

for all stakeholders such as customs, consignees/consignors and policy makers; 

and 

v. Proposition and coining of the term “CREMS”, which stands for Customs Risk 

Engine and Management System. The envisaged functionality of CREMS is 

described in article 2 (chapter 4). 

2. Economic benefits - Article 3 (chapter 5) outlines the economic benefit to Africa’s trade 

corridors stakeholders in the event of implementation of the proposed system. The article 

found out that, if transit delays are significantly reduced, then SADC (for example) is 

expected to experience within the region an annual export of at least US$ 400 million and 

least US$ 2 billion to the rest of the world. Benefits to corridors’ users is estimated at US$ 

160 million. The article further estimated that, at least US$ 60 million is needed to 

implement the critical portion of the new proposed system. 

3. Commencing with a validly calibrated simulator described in article 4 (chapter 6), the 

research demonstrated the following outcomes for the investigated scenarios: 

i. Impact of deviation probability – the investigation was premised on the 

proposition that, if customs’ cargo risk assessment is to be improved by the 

incorporation of real-time GPS-based risk assessment and monitoring of truck 

drivers in transit, then the customs risk engine, CREMS, should have the ability to 

differentiate transit times for different cargo. Figures 6-5 & 6-6 shows that the 

customs risk engine will be able to differentiate the transit times for the three 

categories of cargo described in the article. Figure 6-9 shows a comparison of 

infraction detection rates between a system based on Laporte’s a posteriori risk 

assessment only (LegacyHitRate) and the one using a combination of a posteriori 

procedure plus GPS data improved risk assessment procedure (NewSysHitRate). 

The results show that the proposed new system significantly improves infraction 

detection compared to the legacy system. The importance of these results are that, 

it shows the system planners and programmers that the proposed system should 

be able to not only differentiate the transit times of the three classes of cargo and 

then apply the necessary two step risk assessment as shown in Figure 6-2, but 

also that the new proposed system captures more infractions compared to the 

legacy system; 
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ii. Impact of infraction probability – Figure 6-9 shows that, as the probability of 

infraction prone cargo increases, the proposed system is capable of detecting 

more infractions as compared to the legacy system. This further proves the 

superiority of the proposed system over the legacy system; 

iii. Impact of transit time threshold – Table 6-5 shows that, setting transit time 

threshold to a value above 10% will yield a much reduced infraction detection rate. 

This result is essential in the calibration and setting of the transit time thresholds. 

The results discussed in the article 4 further show that the customs risk engine 

need to set separate transit time thresholds for different cities and towns. 

Therefore, this result is important in the planning of the implementation of the 

customs risk engine, CREMS; and 

iv. Two-layer risk assessment procedure – Figure 6-2 shows a proposed 

improvement on cargo risk assessment as an improvement to Laporte’s a 

posteriori risk assessment procedure. Laporte’s suggest that by inspecting 20.6% 

of all declarations using a posteriori procedure, it was possible to capture up to 

96% of infractions (within the investigation and research period). Laporte’s work 

suggest a single layer risk assessment procedure. However, the proposed two-

layer approach to risk assessment where real time GPS data is used in conjunction 

with a posteriori risk assessment procedure is proposed in this study. The results 

in article 4 (chapter 6) show that, with this procedure, it is possible to improve 

infraction detection by at least 26.31%. This will be a significant improvement since 

these procedures try to strike a balance between minimising intrusive inspection 

and the need to generate enough revenue from customs duties and penalties for 

developing nations The reader’s attention is drawn to section 6.7.3 of the thesis 

where it is argued that, in fact, Laporte’s selection rate of 20.6% does not capture 

96.6% of infractions, but rather captures only 10.2% of total infractions in the 

system. The same section shows that the proposed new system captures 11.1% 

of the total infractions present in the system by inspecting only 12% of all cargo. 

4. The techno-social systems – article 5 (chapter 7) outlines why human behaviour needs 

to be incorporated in the design and implementation of technological/technical systems, 

hence the proposition of - “enhancement of cross border operational efficiency with 

techno-social systems”. The work showed that, by monitoring truck drivers’ conduct using 

suitable technology and providing necessary incentives; it is possible to achieve at least 
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16% improvement on drivers conduct and hence proportional improvement of the trade 

corridor. The work further showed that, by using appropriate procedures and strategies to 

control the conduct customs officials; it is possible to improve border post transit time by 

at least 18%. Section 7.7 of the thesis goes on to motivate that, by application of the best 

improvement method/procedure described in article 2 (chapter 4) together human conduct 

improvement method described in article 5 (chapter 7), it is possible to achieve overall 

improvement of at least 88.29%. 

8.4.3 The Rigour Cycle 

In the present study, the following components of the knowledge base as found in the application 

domain were used:  

1. Queuing theory was used in coming up with the simulators used; 

2.  a posteriori risk assessment method in assessing the risk factor associated with each 

declaration at the border post;  

3. Real-time computing knowledge and/or procedures used in simulating the GPS (Global 

Positioning System) tracking of cargo trucks;  

4. RFID knowledge/theory used in simulating automatic identification of cargo and cargo 

trucks;  

5. The present customs’ processes in processing cargo at border posts; and  

6. Experiences and expertise of experts in logistics industry was relied upon and used in 

calibrating the simulators which were then used in testing the designed solution.  

The rigour cycle as shown in Figure 1-2 gives the out point for DSR methodology processes in 

that, it is at this stage that the output is produced and/or contributed to the knowledge base (KB). 

The foundations of the rigour cycle are found in the knowledge base. Generally, the KB comprises 

of the following knowledge system components: scientific theories; engineering methods; 

experience and expertise defined in the application domain; and meta-artefacts or existing 

artefacts and processes in the application domain, [22]. Hevner et al, [23], cautioned that, not all 

rigour cycle processing need to be based on grounded theories since some designs go ahead of 

the founding of appropriate theory to explain the designs or the theories might not yet be 

complete. Having said this, it is apposite to point out at this stage that, evidently the design 

processes in this study resulted in methods and processes of improving operational efficiency of 
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the targeted trade corridor. Article 2 (chapter 4) showed that by using RFID technology together 

with information interchange, and in particular the strategic adjustment of customs processing 

capacity gave at least 82% reduction in transit time at the border post. Article 5 (chapter 7) 

showed that by taking into account human behaviour component, it is possible to further reduce 

border transit time by at least 18%. And on combining the two methods, the overall reduction in 

transit time was calculated (section 7.7 of the thesis) to be at least 88.29%. The resultant reduced 

transit times were confirmed to be possible by data from SEE (South East Europe), [107]. Article 

4 (chapter 6) went on demonstrate that with appropriate risk assessment intelligence, customs 

would need to intrusively inspect fewer cargo unlike when using traditional methods and 

processes. This article further showed that, the proposed process/procedure is capable of 

improving infraction detection by at least 26.31%, which means customs would still generate 

enough duty revenue yet inspecting a much smaller portion of cargo and this further implies 

improved average transit time for all cargo. 

Although much of the research was done through simulations for good reasons, the results have 

been verified and validated. According to Peffers, [18], simulations are a valid means of testing 

and evaluating a designed artefact. Also, the use of simulations is supported by the fact that, the 

nature of the problem to be solved in this study falls under the so-called “wicked problems”, [24], 

which are characterised by; complexity, dependence on human cognitive abilities as well as social 

abilities, unstable requirements, inherent flexibility to change, and so forth. Implementing the 

designed artefact in this study would be difficult because of complexity and cost considerations, 

and hence the use of simulations in carrying out field-testing under relevance cycle and the 

addition to the knowledge base under the rigour cycle. There has been improvement in theoretical 

understanding of methods and processes that are capable of significantly improving the efficiency 

of the target trade corridor. 

8.5 Challenges and limitations of the research 

The challenges that may be met in implementing the artefact include the following: 

1. Cargo truck drivers who deviate from set routes or engage in unscheduled and undue 

stoppages may speed up their trucks in order to beat the transit time threshold criterion. 

However, they may do so at the risk of being arrested by traffic police. Also, CREMS 
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functionality could include keeping a record of speeding up of trucks and incorporate into 

risk assessment. 

2. Real-time monitoring of trucks results in increased communication cost. 

3. Tracking procedure suggested may not work well for one time carriers. 

4. Present real-time tracking technologies take time install in vehicles, which makes it less 

user-friendly. 

8.6 Future work 

Possible future work includes the following: 

1. The human behaviour concerning truck drivers considered in this work focused on the 

Social Status aspect only; it would be illuminating to investigate how other aspects of the 

PECS model such as the Physis, Emotion and Cognition impacts on deviant behaviour. 

The interplay of all relevant traits may need to be investigated (article 5 -chapter 7).  

2. About controlling and allocating jobs to customs’ officials by CREMS, the following 

simulations need to be investigated: the status quo where officials deliberately target 

consignment/cargo; where the system (CREMS) randomly allocate consignment to 

officials; and where the system (CREMS) does not allocate consignment to officials that 

previously manipulated the consignment (article 5 -chapter 7). 

3. Including a reward system for drivers with a good road compliance record and for customs 

officials with the shortest processing time. 

4. Performing a cost–benefit analysis for each scenario to verify which of the scenarios will 

be able to pay for itself in the shortest time, taking into account the situation for each group 

of stakeholders. 

5. Completing development of an internet-enabled system that would allow transparency and 

visibility of cargo as it traverses the cross-border trade corridor(s) (Lusanga et al. 2014), 

[64]. 

6. Implementation and incorporation of fatigue sensing technology into the CREMS so that 

the level of fatigue of a driver is sensed in real-time and together with real-time tracking 

data, CREMS can estimate and predict the time a driver is likely to arrive at a border post. 

7. Further investigation into a possibility of using x-ray and gamma rays on a wider scale in 

scanning cargo is required. This may lead to a possible implementation of the so-called 
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Yellow lane (x-ray & gamma rays scanning) as opposed to only the red-lanes and green-

lanes. 

8.7 Conclusion 

By considering the totality of the simulation results, it can be concluded that, if the new proposed 

system can be implemented, then the efficiency of South African cross-border operations will be 

improved by at least 75.5%. From Table 4-11 and Figure 4-11 of the article 2 (chapter 4), with 

100% compliance of all traders, the average cross border transit time is 4.83 hours compared to 

26.41 hours at 0% compliance. In reality, it is not conceivable to have 100% compliance. It would 

not be unreasonable to assume that under the best situation, there might be around 85% 

compliance. This assumption is supported by Fitzmaurice’s and Laporte’s work, which indicated 

that the number recorded or detected cases of non-compliance is minimal. Based on this 

assumption and the data contained in Table 4-11, it can be determined that at 85% compliance 

then the average cross border transit time is about 6.47 hours down from 26.41 hours. Therefore, 

possible improvement on cross border transit time will be at least 75.5%. 

The determination of the 82% transit time improvement discussed in article 2 (chapter 4) and as 

subsequently moderated to 75.5% in the above paragraph, did not take into account the reduced 

intrusive inspection procedures as presented in article 4 (chapter 6). Further research presented 

in article 4 proposes a reduction of not only intrusive inspections, but also the number of cargo 

trucks referred to intrusive inspection due to exceeding transit time thresholds. In fact, according 

to Laporte procedure, only about 20.6% of the cargo trucks will be sent for intrusive inspection as 

determined by the customs risk engine employing a posteriori procedure together with GPS data. 

In fact, the present study has shown (in section 6.7.3) that, with the proposed system, only 12% 

of all cargo need to be sent for intrusive inspections, which captures more infractions compared 

to Laporte’s procedure inspecting rate of 20.6% of all cargo. Therefore, the estimated possible 

transit time improvement of 75.5% is bound to be on the modest side; it might not be surprising 

that the actual improvement might be over 91.05% (0.755 ×1.206), assuming Laporte’s inspection 

rate. This level of improvement is supported by the border post transit data of SEE (South East 

Europe), [107]. 

It should further be noted that the findings of the work described in article 5 (chapter 7) indicates 

that, by employing a reward and incentives schemes within the customs risk engine, CREMS, 

and the wider trade corridor ICT system, it has the effect of improving performance in the trade 
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corridor as a whole. This is a further component capable of further improving the performance of 

the trade corridors. It is therefore concluded that the research work has met the research 

objectives in that: 

1. Although the overall improvement in cross-border operational efficiency has been shown 

in section 7.7 to be at least 88.29%. A foregoing discussion, has shown how this value 

has been moderated down to at least 75.5%; 

2. Reduced cargo inspection selection rate from the 20.6% as proposed by Laporte down to 

12% (section 6.7.3) in the new proposed system. This means fewer cargo are unduly 

inconvenienced at the border posts; and 

3. Improved infraction detection rate of at least 26.31%, which means lower inspection 

selection rate but with much higher infraction detection rate.  
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Transit Times: A Simulation Approach" for the International Journal of Logistics Economics 

and Globalisation. 

Your submission code is IJLEG-249581 

Please use this code when you contact us regarding your submission. 
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ANNEXURE 4 – EXPERT OPINION  

Ernest:  

Instrumental conditioning is another term for operant conditioning may resonate well with the notion of 

comprehending how human behaviour may evolve during the process of rewards and punishment. B. F. 

Skinner argued that in instrumental conditioning, reinforcement or punishment are used to either increase 

or decrease the probability that a behaviour will occur again in the future. 

For example, if an employee is rewarded with praise or an incentive every time s/he completes a task 

according to the rules of the company s/he is likely to repeat this behaviour in the future. However, if s/he 

is punished for the converse then s/he becomes less likely to repeat this behaviour.  

In the example of truck drivers, the caveat in Skinner’s operant conditioning is their psychosocial 

circumstances that may be more favourable in influencing whether the reward/punishment system will 

actually achieve the desired outcomes. For example, if these employees are involved in corrupt activities 

where the rewards far outweigh the punishment it is unlikely that they will desist from their corrupt or 

deviant activities. Spending long hours away from home and having to work in sometimes unfavourable 

conditions could also influence whether or not to engage in corrupt activities rather than be afraid of the 

punishment that may be metered to them.   

 

Prof. Nirmala Gopal 

 

  

https://www.verywellmind.com/operant-conditioning-a2-2794863
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□ 

□ 

ANNEXURE 5 – SURVEY FORM AND SURVEY RESULTS  

Questionnaire  
 
Incentive and good professional behaviour 
You are invited to participate in this 3 minutes’ survey, which seeks to answer the question, "Will 
providing incentives help to curb or control improper behaviour among participants in cross-
border trade corridors?" None of your personal detail will be collected or stored and you have a 
right to pull out of this survey at any time. The results of this survey will be used in generating 
report that maybe published. If you consent to participating, then kindly answer the following 
questions: 
 

1. Would monetary incentive for meeting set turnaround times cause cargo truck 
drivers to try and improve on their turnaround times? 

Check all that apply. 
 D Y 
D N 
D Maybe 
2. Would a merit and demerit system make cargo truck drivers improve on their 

professional conduct if the merits/demerits record determines their professional 
status and their salaries? 

Check all that apply. 
D Strongly disagree 
D Disagree  
D Neutral  
D Agree 
D Strongly agree 
3. Would a merit and demerit system make customs officials improve on their 

professional conduct if the merits/demerits record determines their professional 
status and their salaries? 

Check all that apply. 
D Yes 
D N 
D Maybe 
 
 
4. Would transporters, exporters, and importers be willing to pay a small fee for 

membership of an accredited body of traders, transporters, exporters, and 
importers if such membership requires compliance but guaranteeing very short 
border transit time for their cargo? 

Check all that apply. 
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D Yes 
D N 
D Maybe 

 
 
The Results 

 
 

Table A: The results1 

Question Responses: 

Yes No Maybe Strongly disagree Disagree Neutral Agree Strongly 
agree 

Q1 80% 20% 0% - - - - - 

Q2 - - - 0% 0% 40% 20% 40% 

Q3 60% 0% 40% - - - - - 

Q4 80% 0% 20% - - - - - 

 
  

                                                

1 The response level was not that encouraging though. 
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End of thesis 


