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Abstract 

This master thesis describes a project conducted at SCF-Solutions in Breda. The focus of the thesis is to 

determine the premium to charge carriers and the capital buffer required to remain solvent when Data 

Triggered Financing is offered in the Deep Sea Transportation industry.  

The first part of the research is qualitative, where an overview of the Data Triggers and the accompanied 

risks is presented. Currently, pre-payment of the carriers’ invoices takes place right after the invoice has 

been approved by a Freight Auditor. When moving upward in the Supply Chain and carriers will be paid 

while goods or even before goods are in transit, the operational risk increases which affects the size of 

the premium to charge for pre-payment. 

In the second part, a tool based on insights from literature has been developed for the quantification of 

the premium to charge when offering Data Triggered Financing. In addition, the tool quantifies the 

capital buffer which needs to be kept by SCF-Solutions to remain solvable over the upcoming year.    
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Management Summary 
This thesis describes a project conducted at SCF-Solutions. Due to increasing operational costs and 

extended payment terms, Logistic Service Providers (LSPs) face many challenges to prevent themselves 

running into cash-flow problems. New Supply Chain Financial products, such as Data Triggered Financing 

(DTF), are developed to support LSPs in order to manage working capital more effectively and increase 

liquidity. The most important issue when offering financing is the assessment of the risks involved. 

Because there are currently no insights in the size of the risks and the accompanying premium to charge 

when offering DTF, a calculation tool has been developed based on insights from literature in order to 

assess these. 

Results 

The first part of the thesis is concerned with presenting an overview of possible Data Triggers and the 

accompanied risks. The shipment data which serves as input for the Freight Auditor (FA) to pre-calculate 

the invoice amount could be provided at different stages in the transportation process, depending on 

the specification of the Data Trigger. The acquirement of this data by the FA serves as a trigger to 

generate the pre-calculated invoice amount, which serves subsequently as a financial trigger to finance 

the carrier.  

 Because with Data Triggered Financing the carrier will be financed the pre-calculated invoice 

amount instead of the approved invoice amount, the service provider runs a risk that a loss will be 

incurred on the financial transaction. This is the case when the pre-calculated invoice amount exceeds 

the approved invoice amount. The service provider will therefore charge its carriers a premium to offer 

this new financial product.  

 

As can be seen in the following table, six Data Triggers have been defined together with its 

accompanying risks.  The table shows that the earlier the carrier will be financed by the service provider, 

the larger the financing risk, and as a consequence the larger the premium to charge per transaction. 

The current system is capable to use the Bill-of-Lading (BoL) as a Data Trigger for offering 

financing to carriers. This means that carriers could be financed the cost for offering their transportation 

service to the shippers while goods are in transit. 

Table: Overview of the Data Triggers and the Risks 

Data Trigger Risk Type 

Approved Invoice 1 Data Risk 

Proof of Delivery Data Risk + Operational Risk FA 

Bill-of-Lading Data Risk + Operational Risk FA + Operational Risk Carrier 

Load list Data Risk + Operational Risk FA + Operational Risk Carrier + Information Risk  

Manifest Data Risk + Operational Risk FA + Operational Risk Carrier + Information Risk 

Order Confirmation Data Risk + Operational Risk FA + Operational Risk Carrier + Information Risk 

Tender Offer Data Risk + Operational Risk FA + Operational Risk Carrier + Information Risk 

                                                           
1
 The Approved Invoice is not a Data Trigger but included for completeness 
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The second part of the thesis is concerned with developing a tool for the quantification of the premium 

(P) to charge carriers per transaction, on top of the rates charged for the current product offering 

Freight Financing (FF). Moreover, the annual capital buffer (C) required to remain solvent when offering 

DTF and the additional profit (Pr) per transaction on top of the profit for offering FF will be determined.  

Based on the data collected over the last couple of years, the following results are obtained. 

Table: Summary results  

Shipper Variable 2008 2009 2010 2011 

1 P - - 0.03% 0.18% 

2 P 0.42% 1.04% 0.14% 0.07% 

3 P 0.11% 0.54% 4.99% 4.61% 

  C 0.09% 0.23% 0.20% 0.42% 

  Pr 0.02% 0.04% 0.06% 0.06% 

 

Note that the results should be interpreted carefully, because the model inputs and assumptions are not 

presented here. However, some useful insights can be gained from the table. According to the last 

column of this table, it can be concluded that there exist significant differences in the operational risks, 

and thus the premium to charge per transaction for carriers doing business with the defined shippers. 

Although DTF could be an attractive product for the carriers doing business with shipper 1 and 2, for the 

carriers doing business with shipper 3 it can only be offered against prohibitive rates. Because of the 

rates, it could well be the case that these carriers will not offer any pre-invoices for funding (DTF) but 

only will offer their approved invoices for funding (FF). 

Next to large premium differences between the shippers, the table presents also significant 

differences between the years. These differences are caused by different factors such as the audit 

process which has been used, the number of identical shipments within the course of a year and the 

correctness of information provided by the shipper and carrier. Therefore, in order to decide about the 

premium to charge a carrier for the upcoming year, it might be worthwhile to consider more years of 

data. Basing the premium for the upcoming year solely on the data of the most recent year could give a 

somewhat distorted view because of the many possible factors affecting the size of the operational risk. 

 

Since the premium and cushion results as presented are based on an annual horizon, it is recommended 

when implementing DTF to review the systems performance more frequently, i.e. quarterly, to assess if 

the premium charged based on historical data has been sufficient to cover the actual losses. Because the 

future loss distributions will never behave like the past and the losses could deviate substantially 

between the years, interventions can be made by either increasing/decreasing the capital cushion, or 

increasing/decreasing the premium to charge per transaction.     
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List of Definitions 

 
Capital Cushion Additional capital that companies should carry, as a cushion, against 

operational risk that might damage the company’s health  

Data Triggered Financing A financing method in which financing is provided to businesses based 

on specific Supply Chain data generated before the approval of the 

invoice  

Factoring A financing method in which a business owner sells its accounts 

receivables at a discount to a factor to raise cash 

Freight Auditor A Freight Auditor is a person or an organization that examines, adjusts 

and verifies freight bills for accuracy  

Freight Financing A financing method in which LSPs could sell any approved invoice at a 

discount to a financial service provider to raise cash 

Overbilling   Billing shippers for charges in excess of the amount to which a carrier is  

    entitled 

Supply Chain Finance Supply Chain Finance is the inter-company optimization of financing as 

well as the integration of financing processes with customers, suppliers, 

and service providers in order to create value of all participating 

companies. 
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1. Introduction 
This report presents the results concerning a Master thesis project that was conducted at SCF-Solutions. 

This Dutch based company offers early payment solutions to Logistic Service Providers (LSPs) on a global 

scale. A challenge for SCF-Solutions in the future is to expand its financing business to small and 

informationally opaque carriers world-wide. In addition, the company could extend its current product 

portfolio by offering next to their current product Freight Financing (FF), which is providing financing to 

LSPs based on approved invoices, a new product Data Triggered Financing (DTF). DTF is a financing 

method provided to LSPs based on pre-calculated invoice data which is generated before the invoice is 

approved. This will be the subject of this master thesis project and therefore the potential of Data 

Triggered Financing will be analyzed.  

In this chapter, Section 1.1 will describe the business of SCF-Solutions and its strategic partner 

ControlPay. Section 1.2 will present the most important insights in Supply Chain Finance (SCF), which 

Data Triggered Finance is part of, and in addition the scientific relevance of the Master thesis will be 

outlined. Section 1.3 shows the relevant actors which will be considered, together with the current 

product offering. In Section 1.4 the problem statement and the research question will be presented 

followed by a definition of the project scope. This chapter ends with a section covering the structure of 

this report based on the research methodology chosen.     

1.1 The Company 

In the following section a description is presented of SCF-Solutions, where this master thesis is 

conducted. Since in this thesis SCF-Solutions’ strategic partner ControlPay (CP) is part of the analysis as 

well, a brief introduction of this company is subsequently presented.  

SCF-Solutions 

SCF-Solutions is founded in 2011 and located in Breda. The company’s core business is offering Early 

Payment Solutions to Logistic Service Providers worldwide, with a client base consisting of local and 

multinational carriers using all modes of transport: air, ocean, rail and road.  

 As a SCF platform provider, SCF-Solutions facilitates the process of exchanging invoices and 

payments and helps integrate this information between shippers, LSPs and funders. The distinctive 

character of the company results from close collaboration with Freight Audit (FA) companies – in 

particular its strategic partner ControlPay – which enables early payment based on approved invoices.   

In the following subsection a brief overview of CP’s business will be presented in order to clarify the link 

with SCF-Solutions. 

ControlPay 

ControlPay is the first European Freight Audit (FA) provider and was founded in 2002. ControlPay’s core 

business is delivering savings for their shippers with the elimination of overbilling and adding value by 

creating visibility and putting the clients in control of their supply chain  (source: www.controlpay.com).  

The three biggest changes in the freight payment business over the last 15 years have been 

advances in technology, more detailed fee structures and the development of tools to implement 

meaningful cost savings programs. Shipping companies pay carriers often in a timely fashion with the aid 

of electronic disbursements, online portals and other sophisticated techniques but still the problem is 
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the millions of errors and data discrepancies that keep popping up on freight bills (Biederman, 2011). 

And since freight charges can make up to 10 percent of a firms total expenses (Inbound Logistics, Sept. 

2009), overbilling can be substantial costs for many firms.   

Although the elimination of overbilling is CP’s core business, the real added value is in creating 

visibility, the centralization of processes and putting shippers in control of their Supply Chain. 

1.2 Literature Review 

For this Master Thesis project, a couple of interesting fields in the literature are studied including Supply 

Chain Finance, Financial Management and Risk Management. In the following section a brief overview of 

Supply Chain Finance, together with the subfield Data Triggered Finance will be presented. Because of 

the importance and relevance of Risk Management and measurement in this thesis Chapter 3 is fully 

dedicated to this field of research.   

Supply Chain Finance 

Supply Chain Management is involved with coordinating and integrating the flows of goods (physical 

supply chain), information- and financial flows (financial supply chain) within and between companies. 

The physical supply chain refers to the movement of goods between the initial supplier and the final 

customer, while the financial supply chain refers to the movement of funds resulting from the physical 

supply chain. In the past, much attention has been paid by researchers to optimization of the physical 

supply chain, but optimization of the financial supply chain has lacked attention. The optimization of the 

financial flows in supply chain, also called Supply Chain Finance (SCF), has also recently found his way in 

the Operations Management literature (Coolsen,2011). 

The practice of Supply Chain Finance (SCF) has expanded greatly recent years, which brought 

new fields of study on the solutions to Small and Medium Enterprises (SMEs) financing (Zhang & Yan, 

2009). This is important for these parties since access to the credit markets is more limited than for the 

larger companies. As depicted in Figure 1, the Supply Chain Finance organizational system can be 

considered as a complex financial system where the financial institutions, big enterprises, SMEs, Third-

party logistics providers, the government and other institutions co-exist and co-operate in the same 

environment in which on a continuous basis goods, information and capital flow through the supply 

chain (Zhang & Yan, 2009).   

 

 

 

 

 

 

 

 Figure 1: The organizational structure of Supply Chain Finance. From ‘ The complex economic system of 

Supply Chain Financing ’, Zhang, L., & Yan, G., (2009) 



 

Supply Chain Finance (SCF) is about the optimization of the financial flows within the organizational 

structure as shown above and defined by Pfohl and Gomm (2009) as follows:

Supply Chain Finance is the inter

financing processes with customers, suppliers, and service providers in order to create value of all 

participating companies. 

The task of SCF is to save capital cost by means of better mutual adjustment or completely new 

financing concepts within the supply chain. One of those relatively new financing concepts is Data 

Triggered Finance (DTF), which is outlined in

For the complete Literature Review on SCF, see Coolsen (2011).

Data Triggered Finance 

Many driving forces are demanding a new way for Financial Institutions (FIs) and Logistic Service 

Providers (LSPs) to work together. Here can 

real-time exchange of information about product and payment data between trading partners. This 

causes the currently offered financial products such as Factoring and Reverse Factoring, where financ

is based on invoices, to give way to a new model in which various events or triggers in the supply chain 

could be used to release cash: Data Triggered Financing. DTF can therefore be considered as a broad 

financing concept which is subject to the speci

 

Within the field of DTF a distinction can be made between Pre

Financing, as presented in Figure 2

invoice value of goods after shipment has taken place (and invoices are approved), is already widely 

applied in various industries such as the construction

shipment Financing, with Pre-shipment Financin

goods. As can be seen in Figure 2, a number of potential Data Triggers in the Manufacturing Industry are 

defined which could lead to release cash (Global Business Intelligence, 2

                                  Pre-Shipment                           In

              

   High     

Figure 2: Potential Data Triggers in the Supply Chain Manufacturing Industry

It can be roughly stated that purchase orders will drive Pre

provide data points for In-transit Inventory Financing, and approved inv

Financing. Financial Institutions will need visibility into each step within the Supply Chain in order to 

assess the financing risks involved, as well as strong insights into the underlying commercial terms of the 

transactions (Quinn, 2010).  
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Supply Chain Finance (SCF) is about the optimization of the financial flows within the organizational 

and defined by Pfohl and Gomm (2009) as follows: 

Supply Chain Finance is the inter-company optimization of financing as well as the integration of 

financing processes with customers, suppliers, and service providers in order to create value of all 

The task of SCF is to save capital cost by means of better mutual adjustment or completely new 

financing concepts within the supply chain. One of those relatively new financing concepts is Data 

Triggered Finance (DTF), which is outlined in the following subsection.  

For the complete Literature Review on SCF, see Coolsen (2011). 

 

Many driving forces are demanding a new way for Financial Institutions (FIs) and Logistic Service 

Providers (LSPs) to work together. Here can be thought of internet-based technologies which enable the 

time exchange of information about product and payment data between trading partners. This 

causes the currently offered financial products such as Factoring and Reverse Factoring, where financ

is based on invoices, to give way to a new model in which various events or triggers in the supply chain 

could be used to release cash: Data Triggered Financing. DTF can therefore be considered as a broad 

financing concept which is subject to the specification of the Data Trigger.  

Within the field of DTF a distinction can be made between Pre-shipment, In-transit and Post

2. Post-shipment Financing, in which the supplier will be finan

invoice value of goods after shipment has taken place (and invoices are approved), is already widely 

applied in various industries such as the construction- and manufacturing industry. Contrary to Post

shipment Financing a supplier is financed by a FI before shipment of 

, a number of potential Data Triggers in the Manufacturing Industry are 

defined which could lead to release cash (Global Business Intelligence, 2007).    
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In the Manufacturing Industry, Pre-shipment Financing solutions are already applied by Financial 

Institutions like JP Morgan and ABN Amro, but also by a platform provider as Premium Technology 

(Global Business Intelligence, 2007). With Purchase Order Financing, as part of Pre-shipment Financing, 

suppliers are financed before the delivery of goods and therefore do not have to deplete their cash 

reserves. Since a purchase order might be amended before shipment takes place, besides financial risks 

(credit risk) additional operational risks for the funder are incurred. Therefore, Pre-shipment Financing is 

normally disbursed in stages (“UNCTaD”, 2005). A Financial Institution evaluates the supplier’s 

production (or procurement, or processing) operations, while financing is based around the progress of 

these operations.  Each tranche of financing is only disbursed when the supplier has undertaken certain 

activities.  

Although these financial products are being used by suppliers in the Manufacturing Industry, 

there is only a little known how these types of financing are exactly applied in practice in terms of 

disbursement stages and the required data and risks involved for the FI.  

 

In the Transportation industry, these types of Pre-shipment and In-transit financial products are not yet 

available, and Post-shipment Financing is still in its infancy. This could be due to the fact that in the 

Manufacturing Industry physical goods are financed as they move through the supply chain, while in the 

Transportation industry not the goods but the service will be financed by the funder. Where the goods 

could serve as collateral for a funder when the supplier or buyer faces financial distress in the 

Manufacturing Industry, no such collateral is available in the transportation industry when funding a 

service. This makes early financing a more risky business. Nevertheless, the transportation industry is 

affected by increasing operational costs and extended payment terms, and these financial products 

support LSPs in order to manage working capital more effectively and increase liquidity.   

The early payment program (Freight Financing) as is offered by SCF-Solutions is the first financing 

program to offer financing based on approved invoices by a Freight Auditor for LSPs in Europe (source: 

www.scf-solutions.com). As can be seen in Figure 2, the financing moment is positioned at the far end of 

the financial supply chain. A potential next step might be to offer similar Data Triggered Finance 

solutions as applied in the Manufacturing Industry. Valuable logistic information, which remained 

unused until now, will play a central role in offering these kinds of solutions since financing will not be 

based on approved invoices anymore, but on other logistic data such as a purchase order, a shipping 

document, a pre-invoice or other data generated in the supply chain. 

 

Currently, there is no literature available about Data Triggered Financing. Although it is already 

implemented in some forms in for instance the Manufacturing Industry, there is not much known about 

what the risks are for the actors involved, which logistic data is essential and valuable in a DTF 

arrangement, and how to set it up. An abundance of literature is available about Risk Management 

practices but setting up a framework which relates Risk Management to Supply Chain Finance is a new 

contribution to the existing literature. Therefore, this will be the main contribution of this Master Thesis 

from a scientific perspective. 

 But next to that I hope to contribute in a practical way as well, by setting up a DTF framework 

and a model which can be used to assess the risks involved and to determine a premium to charge 

carriers in a Data Triggered Finance context in the Transportation industry.  



5 

 

1.3 The Supply Chain and its Actors 

As it is important to understand the existing relationships within the physical and financial supply chain, 

a brief overview of the actors and their dependencies will be presented. In Figure 3 a simplification of 

the information flows and the relationships are presented.   

In short, the roles of the most important players in the Supply Chain Financial context are the following: 

• Shipper: The shipper is the person or organization who is usually the supplier or owner of the 

commodity shipped and also called the Consignor.  

• Carrier: The carrier is the person or organization that transports the commodity engaged by the 

shipper and is responsible for any loss or damage to the commodity transported.  

• Freight Forwarder / Agent: The freight forwarder is a person or an organization who arranges 

the transportation of commodities on behalf of the shipper or the buyer. The Freight Forwarder 

facilitates the movement of goods from door to door and acts as an agent between any shipper 

and buyer.    

• Freight Auditor: The Freight Auditor is a person or an organization who examines, adjusts and 

verifies freight bills for accuracy and in special cases creates freight bills. 

• Funder: The funder is a person or organization providing money or financial support to any 

other company. Although the bank is often associated as a funder, it does not necessarily have 

to since the funder can be any (financial) institution. 

• Service provider: The service provider is a person or organization which acts as an 

intermediary/broker to offer financing to other companies via a SCF-platform. This SCF-platform 

is a web based technology platform which facilitates the exchange of information between the 

carriers and the FI in order to finance freight bills. 

 
                     Figure 3: Framework of the data and financial flow from a Supply Chain Financial context 

Note that although more actors are involved in the physical and financial supply chain then presented, 

e.g. the buyers of the goods, only the aforementioned actors fall within the scope of this Master thesis.  
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The system 

The system of the current product offering Freight Financing of the Service Provider as presented in                      

Figure 3 can be described as follows and an example is shown in Appendix A: 

1. The shipper/carrier send shipment data after transportation of goods to the Freight Auditor who 

generates a pre-calculation of the transportation costs based on the acquired data. 

2. The carrier sends the pre-invoice based on its own shipment data to the Freight Auditor.  

3. The pre-calculation and the carrier’s pre-invoice will be matched and the approved invoice will 

be uploaded to the SCF-platform of the service provider. 

4. After uploading, the carrier could sell the invoice to the service provider against a premium, and 

has access to immediate cash instead of having to wait for payment till the due date. 

5. The service provider sends the invoice data to the funder for approval of the invoicing amount. 

6. The funder pays the invoice amount minus premium to the carrier. 

7. At the payment due date, the shipper pays the invoice amount to the funder. 

The proposed system for offering DTF will follow a similar structure as presented in Figure 3, but 

deviates regarding the sequence of steps. The second step will take place later in the process. This will 

be explained in more detail in Chapter 2. 

 

The premium as mentioned in step 4, contains a couple of different fees. The fee structure is presented 

as follows: 

• Service fee: A fixed fee charged to carriers for operating the SCF-platform and providing the 

financing service to carriers.  

• Credit risk fee: A fee charged to carriers based on the credit risk of the shipper. The higher the 

credit rating of the shipper, and thus the lower the default risk, the lower the fee charged. 

• Cost of funds fee: A fee charged to the carriers for borrowing money to provide early financing. 

The size of the fee is related to the amount of time between the moment of financing and the 

payment due date. 

On top of the fee structure for FF as just presented, when offering DTF an additional fee for the 

operational risk incurred by the service provider will be included and an additional cost of funds fee for 

providing financing before the invoice has been approved. The size of the operational risk fee depends 

on the size of the risk which is related to the specification of the Data Trigger.  

Relation to other SCF solutions  

Freight Financing (FF) as just described is one of the available SCF solutions in the market. Especially for 

smaller carriers, Freight Financing can be an important sources of financing since the access to bank 

financing is often limited and costly (Baños-Caballero et al., 2010). Although FF is closely related to other 

already existing Supply Chain Finance products like Factoring, the main differences will be explained.  

 Freight Financing and Factoring are comparable products regarding the financing of invoices, 

however there are a few advantages for the carrier to use Freight Financing over Factoring. Since SCF-

Solutions buys the invoice from the carrier (which implies that it becomes the legal owner) all 

corresponding risks regarding late- and non-payment by the shipper are transferred from the carrier to 

the service provider, which is not the case in a Factoring arrangement. The fact that invoice ownership 

has been changed also entails advantages for the carrier from an accounting perspective.  
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Moreover, because the invoice is already approved by the FA in a FF arrangement, which 

reduces the financing risk for the funder, the advance payment to the carrier equals 100% of the total 

invoice value minus cost of funds and service fees. This is in contrast with Factoring where the advance 

payment is usually between 70-90% of the total factoring amount due to late- and non-payment risk. 

The remaining 10-30% minus factoring fees is received after payment of the invoice by the buyer.    

 

The main advantage for the carrier to use DTF instead of FF is related to the timing of the cash inflow. 

With DTF the carrier has the opportunity to receive its cash earlier than with FF, against a relatively 

more attractive rate. How much earlier the carrier could acquire its cash for performing the 

transportation service depends on the specification of the Data Trigger. The further the specified Data 

Trigger is located upward in the supply chain, the earlier the carrier could acquire its cash, and the larger 

the benefit. But in any case, the carrier has the option to either offer it for DTF, or for FF or not to offer 

it at all for financing and wait for payment by the shipper.   

 

1.4 Project Scope 

In this section the scope of the project will be defined.  

Operational Risk Service Provider 

In order to offer Data Triggered Financing to carriers, a thorough assessment of the risks 

involved is required. According to Léautier (2007), the universe of risk can be divided in four 

broad categories: price-, counterparty-, operational- and business risk. Because SCF-Solutions is 

the first intermediary in Europe to offer Freight Financing to LSPs, business risk is not considered 

because of low competitive pressures. Moreover, since SCF-Solutions bears the operational risk 

involved when offering DTF and the other sources of risk are born by the funder, these are left 

out of scope in the current analysis. Therefore, we will purely focus on the operational risks for 

the service provider. 

Freight Audit Process for Deep Sea Transport  

Based on the current developments within SCF-Solutions it has been decided to focus on a single 

mode of transport, namely Deep Sea Transportation. Deep Sea Transportation when using DTF 

seems to be most interesting from a financial perspective due to large transit time involved. To 

give an example, the transit time for transcontinental shipping routes between South-East Asia 

and Western Europe ranges from 20 to 30 days. Therefore, the focus will be on this mode of 

transport in the thesis.       

For the Deep Sea Transportation process potential Data Triggers will be defined, which 

subsequently affect the timing of the Freight Audit process to start. The risks involved for SCF-

Solutions will be mapped and quantified and the premium which could be charged per 

transaction, the corresponding capital cushion and the expected profit will be determined.    

 

Note that although the models developed in this thesis are applied to Deep Sea Transport, they basically 

could be applied to all modes of transport, after identifying the corresponding Data Triggers. 
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1.5 Research Question 

Based on the discussion of the problem in the previous sections, the following research question has 

been defined, and subdivided in a few questions: 

 

 

 

 

 

 

 
 

It should be noted that the third and fourth sub question should be considered jointly since the 

premium income and the capital cushion are inversely related. When the service provider would have an 

infinite large amount of capital, no premium needs to be charged per transaction in theory. The capital 

would always be sufficient to cover the losses incurred by the service provider when financing 

transactions. An extremely small capital cushion on the other hand would imply that the premium to 

charge per transactions needs to be large to cover the losses and to remain solvent with a pre-specified 

probability.   

Because of this relationship between the premium and the capital level two approaches could be 

considered: either the premium to charge will be determined based on a predefined capital level or the 

capital level will be determined based on a predefined premium level, to prevent insolvency. Both 

approaches will be dealt with in this report.   

1.6 Research Methodology 

The outline of this thesis is based on the research methodology of Mitroff et al. (1974) as presented in 

Figure 4. Mitroff et al.’s (1974) model is based on the initial approaches used when operations research 

emerged as a field.  

 

 

 

 

 

 

 

 

Determine the size of the operational risk, premium and expected profit per transaction for a 

service provider when offering Data Triggered Financing to Deep Sea carriers 

• Identify possible Data Triggers in the Deep Sea Transportation industry  

• Investigate the operational risks involved for a service provider when offering Data Triggered 

Financing to Deep Sea Carriers via a Freight Audit company  

• Determine the size of the premium per transaction which could be charged to Deep Sea 

Carriers for the operational risks incurred when offering Data Triggered Financing  

• Determine the capital cushion for the service provider to remain solvent subject to a pre-

specified probability and time horizon 

Figure 4: Research Model by Mitroff et al. (1974) 
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In order to answer the research question as formulated in Section 1.4, the steps as proposed in the 

model of Mitroff et al. (1974) are conducted to which various chapters in this thesis are related. The 

thesis starts with Chapter 2 presenting information about the Freight Audit and Deep Sea Transportation 

process. The findings presented in this chapter are based on company specific information, but 

important in the analysis of finding potential Data Triggers. Subsequently, Chapter 3 deals with Risk 

Management and measurement. The findings in this chapter are based on literature about the Risk 

Management process. The chapter will be concluded with an introduction to the risk modeling and 

measuring methods which will be used. In Chapter 4 the scientific risk models will be build, based on the 

findings in literature about risk measurement. Chapter 5 analyzes the results using the models 

developed in Chapter 4. The thesis concludes with an outline of the most important conclusions and 

recommendations, after which directions for further research will be presented.   
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2. Data Triggers in Transportation industry  
In order to investigate the possibility of offering Data Triggered Finance in the transportation industry, 

analysis of the Freight Audit process and Deep Sea Transportation process is required in order to 

investigate the operational risks involved. This chapter starts with the definition of Data Triggered 

Finance. It then continues in Section 2.1.1 with the analysis of the Freight Audit process which has been 

conducted at ControlPay. Finally, Section 2.1.2 describes the Deep Sea Transportation process in more 

detail, where after the potential Data Triggers and the risks for further investigation will be described. 

2.1 Data Triggered Financing 

Since no specific definition of Data Triggered Financing currently exists in literature, it could be defined 

as follows: 

Providing financing to customers based on specific Supply Chain data generated before the approval of 

the invoice  

As have been discussed already, most available SCF solutions in the market provide financing based on 

the approved invoice, although financing can also be triggered by the availability of specific Supply Chain 

information. Data Triggered Financing is still a broad financing concept which is subject to the 

specification of the Data Trigger. As described in Section 1.2, possible Data Triggers are for instance 

accepted purchase orders, shipment documents or pre-invoices.  

 

DTF System 

Although the DTF system would have a similar structure as the Freight Financing system as presented in 

Section 1.3, there are a few adjustments regarding the sequence of the steps.  The framework is 

presented in the following figure.   

 

 
              Figure 5: DTF framework of the data and financial flow 

The system, as presented in Figure 5 can be described as follows: 
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1. The shipper/carrier send shipment data based on the specification of the Data Trigger to the 

Freight Auditor who generates a pre-calculation of the transportation costs based on the 

acquired data. 

2. The pre-calculation will be uploaded to the SCF-platform of the service provider. 

3. After uploading, the carrier could sell the pre-calculation to the service provider against a 

premium, and has access to immediate cash instead of having to wait for payment till the due 

date. 

4. The service provider sends the pre-calculated data to the funder for approval of the financing 

amount. 

5. The funder pays the pre-calculated amount minus premium to the carrier. 

6. The carrier sends the pre-invoice based on its own shipment data to the Freight Auditor and will 

be matched with pre-calculation in order to create an approved invoice. 

7. At the payment due date, the shipper pays the approved invoice amount to the funder. 

 

As explained in Section 1.3, when offering DTF the premium per transaction contains an operational risk 

fee on top of the fee structure when offering FF. Moreover, an additional cost of funds fee is included 

for providing financing an extra number of days before the invoice is approved by the FA. The size of the 

fees depends on the specification of the Data Trigger.  

In Section 2.2 the operational risks related to the identified Data Triggers will be described in more 

detail. Before the description of the risks, the following section discusses the freight audit process in 

detail, in order to make the role of the Freight Auditor clear within the DTF framework. 

2.1.1 Freight Audit Process 

ControlPay works on behalf of the shipper to check whether the invoices send by the carrier do not 

contain errors. In order to check these invoices, within CP a distinction can be made between the pre- 

and post-audit process which is respectively a preventive and corrective auditing process. The pre-audit 

process is set up such that an errorless invoice will be created by the carrier and send to the shipper, 

while in the post-audit process already created invoices by the carrier which still might contain errors 

will be corrected by CP. The post-audit process does not fit in the Data Triggered Finance framework, 

because of its corrective nature. Therefore, it will be left out of scope.  

 

The pre-audit process will be explained in more detail as it is important in the understanding of the 

current system as described in Section 1.3.  

Pre-Audit Process 

The matching process executed by ControlPay (CP) as shown in Appendix B can be described as follows. 

First of all, in order to audit any invoices sent by the carrier to the shipper for the transportation service, 

ControlPay acquires data, which can be provided by different sources: the shipper, the carrier or the 

warehouse operator.  

Those data elements are: 

• Carrier Agreement: overview of all the freight rates and accessorial charges agreed upon 

between shipper and carrier. 
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• Business rules: the calculation rules such as consolidation rules, unit of measurement etc, to 

calculate the invoice amount. 

• Shipment data:   overview of all the shipments which will take place or have been taken place 

during a certain period of time.  

 

All this information is mainly obtained from the shipper – CP’s customer – but if the shipper lacks some 

of the necessary information it will be obtained from the other aforementioned sources. As long as all 

the required information is not acquired by CP, the audit process can not be continued. Missing data is 

therefore not an issue of concern for the FA, and it is in all parties interest to provide the necessary data.     

 

The data provided by the shipper is used by CP to create an invoice pre-calculation of each shipment, 

based on the Electronic Transport Order File (ETOF). These pre-calculations or pre-invoices (ETOFs) are 

subsequently matched with the cost calculation, called the Invoice Statement Document (ISD), received 

from the carrier according to his own data. If the ETOFs match with the ISD or are within the pre-

specified boundaries set by the shipper, a billing instruction – the Invoice Statement Document Results 

(ISDR) – will be sent to the carrier in order to create an errorless invoice. 

If the ETOFs and ISD do not match, and thus the cost calculation of CP does not match with the 

cost calculation of the carrier, issue resolution process will be started with the carrier. The reason for a 

mismatch between the ETOFs and ISD can be various stretching from using incorrect rates, wrong 

currencies, rounding rules or shipment data by the carrier till using incorrect volume data by the 

shipper.  Since the issue resolution process already takes place before the creation of the ISDR in the 

matching process, there is only a small probability of non-matching invoice amounts between the ISDR 

and FI. Nevertheless, the final invoice can still be denied due to some invoicing mistakes made by the 

carrier or by incorrect administrative information, which delays the invoice approval. 

 

When all issues are resolved and the process is finished, the ISDR will be sent to the carrier. 

Subsequently, the carrier creates the Final Invoice (FI) based on the ISDR and sent it back to ControlPay. 

Finally, CP performs a final check and in case of matching of the invoice amounts of the ISDR and Final 

Invoice (FI), the FI will be approved by ControlPay and send to the shipper for payment.  

Control Billing Process 

There is a variant of the matching process, called Control Billing (CB). CB is an upgrade of the matching 

process. The main difference between Control Billing and the Matching Process is the exclusion of the 

generation of the ISD by the carrier and as a consequence the timing of issue resolution. 

 In the CB process, in contrast to the matching process, CP sends the ISDR directly to the carrier 

after the pre-calculation has been created. The carrier sends the ISDR together with the FI back to CP if 

the ISDR matches with their cost calculation, in other cases the issue resolution process will be started.   

 Whether CB or the matching process is applied depends on the shippers’ desire and ability for 

implementation. 

 

 

 



 

2.1.2 Deep Sea Transportation Process

In the Deep Sea Transportation Process as depicted in 

could be used for early payment of the invoice value to carriers is presented. A description of the 
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invoice is larger than the approved invoice value. This uncertainty could be caused by the Freight 

Auditor, the shipper or the carrier with many different underlying factors.   

 

As presented in the Table 1, a distinction between four types of risk has been made. These risks need to 

be managed, preventing the service provider losing money on each transaction. These four types of risk 

will be explained in more detail and related to the Data Triggers as proposed in the previous section as 

can be seen in Table 2. This section ends with the identification of one of the Data Triggers which could 

be used by the service provider for providing financing to carriers. This Data Trigger will be used in the 

analysis in the remainder of this report. 

Table 1: Overview of the risks involved with Data Triggered Finance 

Risk Type Definition 

Data Risk Risk that a lack of controls in Audit Process leads to a loss on the invoice value 

of a transaction after invoice approval by the FA 

Operational Risk FA Risk that incorrect shipment-, cost data provided by shippers/carriers or 

processing errors lead to a loss on the invoice value of a transaction 

Operational Risk Carrier Risk that operational issues (i.e. container loss) lead to a loss on the on the 

invoice value of a transaction 

Information Risk Risk that order adjustments/cancellation lead to a loss on the invoice value of 

a transaction 

First of all, data risk is defined as the risk that the approved invoice still contains errors, and 

leads to a financing loss for the service provider. To give an example, a shipper does not pay the 

approved invoice amount to the service provider, because it turns out to be a duplicate invoice. This risk 

is assumed to be negligible for the service provider due to the internal process controls of its strategic 

partner CP. However, data risk should be considered for instance when buying data from other Freight 

Auditors to finance carriers outside the current network. Nevertheless, this is out of scope in the current 

project.  

Secondly, the operational risk of the Freight Auditor is the risk that the pre-calculated invoice 

amount based on the acquired data provided by the shipper and carrier deviates from the approved 

invoice value. The service provider incurs a loss on a transaction with DTF when the approved invoice 

value is smaller than the pre-calculated invoice amount. To give an example, the service provider could 

finance the carrier the pre-calculated invoice amount, but due to the provision of wrong information by 

the shipper/carrier it turns out that the shipper should not be charged for all transportation cost 

components. The approved invoice after issue resolution is smaller than the pre-calculated amount, 

which leads to a loss for the service provider.  

The third source of risk is the risk for the service provider that the transportation service is not 

completed by the carrier, due to operational risk. To give an example, when the containers do not reach 

its intended destination due to container loss, the shipper is not willing to pay the invoice amount for 

the transportation service because it has not been completed. This leads to a loss for the service 

provider when the carrier has been financed the pre-calculated invoice amount before shipment has 

taken place. Therefore, this source of risk will only be considered when financing carriers while or before 
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the goods are in transit. For the corresponding Data Triggers, it is referred to Figure 6. Note that 

although operational losses are mainly covered by insurance and thus the service provider will 

eventually receive the approved invoice value, this risk is considered due to the fact that the payment 

due date will be exceeded by far.   

 A final source of risk, called information risk, is the uncertainty about the size of the 

transportation order and needs to be considered only when financing carriers before the goods are 

shipped.  

 

In Table 2, the four types of risks are related to the Data Triggers proposed in the previous section. 

Depending on the specification of the Data Trigger, these types of risk need to be considered when 

providing financing to carriers. Table 2 shows that more risks need to be considered when moving 

upward in the supply chain. As has been explained, data risk needs always be considered because 

invoices could be adjusted even after approval by the FA, independent of the Data Trigger. The same is 

true for the operational risk of the Freight Auditor, since all invoices will be audited. Operational risk of 

the carrier only comes into play when moving to In-transit or Pre-shipment Financing, because the 

service has not been performed yet.  

Finally, information risk need only be considered when moving to Pre-shipment Financing. This 

type of risk decreases when moving downward in the supply chain, because the order size information 

becomes gradually more certain with full certainty when goods are loaded on the vessel.  

Table 2: Overview of the Data Triggers 

Data Trigger Risk Type 

Approved Invoice 2 Data Risk 

Proof of Delivery Data Risk + Operational Risk FA 

Bill-of-Lading Data Risk + Operational Risk FA + Operational Risk Carrier 

Load list Data Risk + Operational Risk FA + Operational Risk Carrier + Information Risk  

Manifest Data Risk + Operational Risk FA + Operational Risk Carrier + Information Risk 

Order Confirmation Data Risk + Operational Risk FA + Operational Risk Carrier + Information Risk 

Tender Offer Data Risk + Operational Risk FA + Operational Risk Carrier + Information Risk 

In the current setting, the BoL will be specified as the Data Trigger used for providing financing to 

carriers, because it is a required piece of information in the current audit process. In addition, the 

defined Data Triggers generated before the BoL can not be considered because a lack of data prevents 

the assessment of the information risk.  

In the following figure an overview of the total financing system is presented. The figure shows the 

relationship between Freight Financing based on approved invoices and Data Triggered Financing, where 

the BoL is the specified Data Trigger. The BoL is in general created by the carrier right after shipment 

takes place and this piece of data triggers the generation of the pre-calculated invoice amount by the 

shipper.     

                                                           
2
 The Approved Invoice is not a Data Trigger but included for completeness 
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Figure 7: Financing system overview 

Although the payment term in the figure is presented to start after the invoice has been approved by 

the FA, this does not have to be the case. The payment term could also start after the pre-calculated 

invoice amount has been matched with the ISD, but this depends on the contractual agreement 

between shipper and carrier. Because payment terms of 40-60 days are common nowadays which 

means that these are in general larger than the transit times, financing will take place after the 

transportation service has been delivered.   

 Since FF and DTF display many similarities and overlap regarding the risks to consider and the 

timing of cash flows as described in Section 2.1, in the remainder of this report only the risks which are 

DTF specific are considered to determine the size of the premium and capital cushion.  
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3 Risk Management  
Hubbard (2009) defines Risk Management as the identification, assessment, and prioritization of risks 

followed by the coordination and application of resources to minimize, monitor and control the 

probability and/of impact of unfortunate events.   

In the previous chapter it has been described which risks are identified and need to be considered when 

offering Data Triggered Financing. The next step, risk assessment, is the determination of the 

quantitative value of risk.  

3.1 Risk Assessment 

In order to estimate the level of risk, a couple of useful risk measures are identified in literature which 

will be described in more detail.   

3.1.1 Risk Measures 

A risk measure is a functional mapping a loss distribution to the real numbers. If we represent the 

distribution by the appropriate random variable X which corresponds to the risk exposure, and let H 

represent the risk measure functional, then  �: � � � (Hardy, 2006). The risk measure is assumed to 

encapsulate the risk associated with a loss distribution. 

The first use of risk measures in actuarial science was the development of premium principles. 

These were applied to a loss distribution to determine an appropriate premium to charge for the risk 

incurred. 

 

A set of these commonly used premium principles proposed in the actuarial and financial literature are 

according to Tsanakas (2006): 

 

Net Premium Principle ���� � 	���     �3.1� 

This premium principle does not load for risk, as the premium equals the expected loss. Therefore, this 

premium is only sufficient from a risk-neutral perspective. 

 

Standard Deviation Principle ���� � 	���  ������     �3.2� 

With this premium the loading is risk-sensitive, as it is a proportion of the standard deviation. 

 

Variance Premium Principle ���� � 	���  � ����     �3.3� 

This premium principle also builds on the Net Premium Principle by including a risk load that is 

proportional to the variance of the risk. 

The reason for using different principles is their underlying properties. The standard deviation principle 

has the ‘scale equivariance’ property, which means that the premium for doubling a risk as measured by 

the standard deviation, is twice the premium of a single risk. However, it lacks the ‘additivity for 
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independent risks’ property, which means that the premiums for independent risks can added up. The 

Variance premium principle on the other hand, lacks the former but has the latter property.     

 

Quantile Premium Principle – Value at Risk (VaR) 

 ���� � ������ � ������� ���� � � �0,1�    �3.4� 

 

In broad terms, the VaR represents the loss that with probability �, will not be exceeded and can be 

defined as the �"# quantile of the cumulative loss distribution �$. This makes the VaR a risk measure for 

capital requirements, since it is interpreted as the amount of capital that, when exposed to �, limits the 

probability of being fully depleted to �1 %  ��. The great popularity that this instrument has achieved is 

essentially due to its conceptual simplicity: VaR reduces the risk of losses to just a single number, i.e. the 

loss associated to a given probability (Manganelli & Engle, 2001).  

Limitations of VaR 

Value at Risk has become the benchmark for financial risk measuring (Léautier, 2007). This is mainly due 

to the fact that it captures an important aspect of risk: How bad can things get with a certain probability. 

However, Value at Risk has certain practical shortcomings.  

The first practical limitation is that VaR is not priceable. While VaR is easy to communicate, its 

economic implications are less immediately clear. Another limitation is that VaR does not provide any 

indication on losses beyond the confidence interval selected. 

Although the Value at Risk is a useful piece in the risk management process, it would be good to 

use complementary measures and tools to increase its power (Léautier, 2007). 

3.1.2 Risk Models 

The measures of risk, as listed so far, are solvency measures, i.e. they can be interpreted as premiums or 

capital requirements for financial or insurance risk. It is the relation between the capital requirements 

and the premium, based on the distribution of losses, which determine the probability of solvency for a 

company. This solvency probability is defined as the probability that the capital holdings within a 

specified time horizon will be greater than zero.  

In the literature, two different models are available which can be used to calculate the capital 

requirement over a certain horizon to prevent insolvency and the premium income. 

 

Actuarial perspective 

Ruin Theory is the research field which concentrates on the modeling of the probability of insolvency, 

i.e. ruin probability. Given the distribution of losses and a given premium principle, the probability that 

the losses exceed the premium income can be determined. In the actuarial literature, the ruin model 

describes the stability of the insurer over time. In Figure 8, a realization of the risk process is presented, 

where & indicates the initial capital. The capital increases due to premium income received from the 

insured and decreases due to paying out claims. According to the definition of solvency used as 

presented above, ruin occurs if the capital is below zero. The probability of ruin, under the assumption 

that the annual premium as well as the loss generating process remains unchanged, is a good indication 
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of whether the premiums and claims are in relation to the initial capital. However, not much meaning 

can be attached to the ruin probability as it does not represent the probability of depleting all its capital 

in the near future due to the losses incurred. First of all, it might take a long time before ruin actually 

occurs. Moreover, interventions in the process such as increasing the premium or increasing the initial 

capital are precluded in the definition of ruin.  

By the law of large numbers, to avoid eventual ruin the total premium should be at least equal 

to the expected total loss, according to the net premium principle. But additionally, there has to be a 

loading in the premium to compensate the insurer for making available his risk carrying capacity. From 

this loading, the insurer has to build a reservoir to draw upon in adverse times, so as to avoid getting in 

ruin (Kaas et al, 2008). 

 
                          Figure 8: Realization of the risk process 

Financial perspective  

In the financial literature, economic capital concentrates on the capital requirements to remain solvent 

over a specific time horizon, in practice often considered a year. Typically, an economic capital model 

measures the outstanding risk assumed by a company against its ongoing income. A company that 

properly employs economic capital analysis tries to find a balance between: 

• Too much capital, which leads to excessive costs 

• Too less capital, which can lead to risk of insolvency 

 

In  Figure 9, the loss distribution of the total outstanding risks for a company is presented. The 

unexpected loss (UL) is the potential for the actual loss to exceed the expected loss (EL), and is a 

measure of uncertainty inherent the loss estimate. It is this probability for unexpected losses to occur 

that requires a capital buffer. To establish the appropriate level of capital to cover unexpected losses 

due to the outstanding risks, an adequate confidence level need to be established. The difference 

between the worst tolerable loss, i.e. quantile measure (VaR), and the expected loss is the capital 

requirement for companies to cover unexpected losses for the outstanding risk (Shim et al., 2009). This 

is shown in Figure 9. Note that the probability of ruin, as introduced before, is a similar concept to that 

of VaR used for economic capital.  



 

 Figure 9: Expected Loss (EL), Unexpected Loss (UL) and VaR at the 99,9 % confidence level

Obviously, one would like to establish confidence levels approachi

desirable as the capital required would be too high, which is too costly. Nevertheless, confidence levels 

of 99% and higher are often used in practice (Basel Committee on Banking Supervision, 2010). 

It should be noted that the expected loss does not contribute to the capital requirement since 

the ongoing income should at least cover the expected loss in order to remain solvent over a specific 

time horizon.  

3.2 Conclusion 

In literature, those two models are available which 

sub questions as proposed in Chapter 1. 

Where the financial model considers the short term effect of risk, i.e. a one year horizon, the 

actuarial model looks at the long term effect of risk which supplemen

informative risk measure. Given the distribution of losses, both models can be used to determine the 

premium to charge for bearing the operational risk and the capital cushion to remain solvent over a 

certain time horizon for the service provider.

 

In the following chapter the two mathematical models will be developed and fitted within the auditing 

and financing context as described.
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4 Operational Risk modeling 

4.1 Approach 

In this chapter the two mathematical models will be developed as proposed in the previous chapter in 

order to determine the premium to charge and the capital cushion to prevent insolvency. The chapter 

starts with identifying the risks which currently should be taken into account when offering Data 

Triggered Financing (DTF) and presents an overview of the modeling assumptions for both models.  

4.1.1 Risk Identification 

As explained in Section 2.1.2, the data trigger to be considered is the Bill-of-Lading (BoL), assuming that 

all shipment data is received by the Freight Auditor (FA) immediately after the BoL is generated. As a 

result, the following risks need to be taken into account.  

(1) Data risk, i.e. the risk that a lack of controls in the audit process leads to a loss on the value of 

the freight bill of a transaction after invoice approval by the FA. 

(2) Operational risk FA, i.e. the risk that incorrect shipment-, cost data provided by shippers/ 

carriers or processing errors leads to a loss on the value of the freight bill of a transaction.  

(3) Operational risk Carrier, i.e. the risk that operational issues (i.e. container loss, piracy) lead to a 

loss on the value of the freight bill of a transaction. 

 

Note that the first risk type, data risk, is assumed to be negligible for ControlPay due to its internal 

process controls and therefore left out of scope.  

4.1.2 Modeling Assumptions 

The following set of initial assumptions for both models are made.  

(1) Operational risk of the FA and operational risk of the carrier are idiosyncratic risks  

(2) The service provider does not operate in a perfectly competitive market, and is therefore able to 

charge a premium to carriers for bearing idiosyncratic risk 

(3) No interest earned over the capital 

(4) Premiums received and claims are paid at the end of the year  

(5) No currency risk 

(6) All carriers want to be financed as early as possible 

(7) All freight bills will be financed by the service provider 

With respect to the third assumption, this implies that no interest is earned over the capital on a savings 

account. But it should be noted that the shareholders get a return for their invested capital.  

Regarding the last two assumptions, they are closely related. Since many carriers face increasing 

operation- and transportation costs which could result in cash-flow problems, it is assumed that once 

the pre-calculation is generated it will immediately be offered for funding. Furthermore, it is assumed 

that the service provider will finance all transactions which will be offered, independent of the size of 

the risk. In Chapter 5 it will also be investigated what the effect is on the premium results when this last 

assumption (7) is violated.  
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Besides these general modeling assumptions, statistical assumptions are made for each of the models 

which are explained in the following sections where the models are developed. 

4.2 The Models 

Since the profit- and loss expression are the same for both models, these are introduced first.  

Profit expression 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The total annual expected profit is defined as:  	�'()� � 	�'(**�  	�'(+)*� � 	�'(**�  	� ∑ ∑ '-./01� �0,- % �0,-20,-3-1� )  �4.1� 

Note that the above expression is the total profit per transaction which splits into two parts. The first 

part of the equation consists of the profit for the standard product ‘Freight Financing’ (FF), in which 

invoices will be financed by the service provider once they are approved by the FA. The second part 

consists of the additional profit on top of the FF profit, which could be obtained by offering financing 

before the invoice has been approved, i.e. Data Triggered Financing (DTF). To determine the additional 

premium charged per transaction, the risks when offering Data Triggered Financing need to be taken 

into account. In this report the profit and premium calculations for offering FF are left out of scope. Only 

the additional profit per transaction for offering DTF will be considered which is expressed as a 

percentage of the total annual freight bill amount:  	�'(� ∑ ∑ 	��0,-�./01�3-1� � 	� ∑ ∑ '-./01� �0,- % �0,-20,-3-1� )   �4.2� 

Definitions �0,- 4�   The value of the freight bill ($) of the �"# transaction for shipper 5 20,- 4�  The size of the loss (%) on the value of the freight bill of the �"# transaction for 

shipper 5 '() 6    The total annual profit ($) for the service provider '(** 6  The annual profit ($) when offering Freight Financing (FF) '(+)* 6 The annual additional profit ($) on top of the FF profit when offering Data Triggered  

Financing '( 4�  The profit (%) per transaction on top of the FF profit when offering DTF as 

percentage of the value of the expected freight bill amount ( see equation �4.2� ) '- 4�   The premium (%) charged per transaction as percentage of the value of the expected 

freight bill amount for shipper 5 ( see equation �4.9� ) 8 4�  Initial Capital Cushion (%) as percentage of the value of the expected total annual 

freight bill amount ( see equation �4.12� ) 

 9- 6   The annual number of transactions for shipper 5 � 6   The Sharpe Ratio of the developed financial markets  � 4�   The probability of solvency over the next year : 4�      The number of shippers 
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Since in the premium calculation for Freight Financing, as presented in Section 1.3, the service fee for 

the service provider and the credit risk fee are included, these are not considered in the profit 

calculation for DTF. Note that because only the additional profit for offering DTF is determined, the 

premium charged '- is the additional premium which should be charged per transaction on top of the 

financing rate for offering FF. Thus in order to determine the total premium per transaction for offering 

DTF, '- must be added to the discounted FF rate because of the time between those financing moments. 

Loss expression 

As explained in the previous section, two sources of risk are considered which determine the size of the 

loss. These are defined as follows:  

 �0,- 4�  The size of the loss (%) on the value of the freight bill of the �"# transaction for shipper 5, 

assumed non-negative, due to operational risk FA ;0,- 4�   The size of the loss (%) on the value of the freight bill of the �"# transaction for shipper 5, 

assumed non-negative, due to operational risk carrier 

 

The size of the total loss (%) on the value of the freight bill of the �"# transaction for shipper 5 is 

therefore given as 

 20,- � �0,-  ;0,-      �4.3� 
 

Although it might be hard to measure whether the operational risk increases with the provision of 

incorrect shipment or cost data due to economic recession or other global parameters, these risks are 

assumed to be idiosyncratic.  

 

Under the assumption that the operational risk of the FA and the operational risk of the carrier are 

independent, the expected loss and the variance of the loss on the �"# transaction can be expressed as 

follows: 	<20,-= � 	<�0,-  ;0,-= � 	<�0,-=  	<;0,-=     �4.4� �<20,-= � �<�0,-  ;0,-= � �<�0,-=  �<;0,-=  28>?<�0,-, ;0,-= � �<�0,-=  �<;0,-=   �4.5� 

 

In addition it has been assumed that  

The operational risk of the carrier ;0,- are identical random variables for all 5, say ;0,- ~ ;0,�.  

 

This is the case because the risk of the container loss is identical for all shippers.  

4.2.1 The Financial Model 

Under the assumptions of the CAPM only systematic risk would be priced, since unsystematic risk can be 

fully diversified away in a perfectly competitive market. However, the imperfect market in which the 

service provider operates due to a limited number of competitors, allows for charging a premium. 
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Premium calculation  

In order to calculate the additional premium to charge per transaction on top of the financing rates for 

Freight Financing, the losses need to be expressed. Note that premium calculation in the remainder of 

this report only account for the operational risks involved when offering DTF. All other fees included in 

the fee structure as presented in Section 1.3 are not considered. Also the cost of funds fee charged for 

the additional number of days of early financing when offering DTF compared to FF is not incorporated 

in the premium calculation. 

 

The annual aggregated loss B- ($) for shipper 5 can be defined as B- � ∑ 20,-�0,-./01�       �4.6� 

It is assumed that 9- is deterministic D�0,-E are independent random variables and D20,-E are independent random variables  �0,- have same distribution as ��,- and 20,- have same distribution as 2�,- 

Hence, 	<B-= � 	 F∑ 20,-�0,-./01�  G � ∑ 	<20,-�0,-=./01� �  ∑ 	�20,-�	<�0,-=./01�  8>?<20,-, �0,-= �  ∑ 	�20,-�	<�0,-=./01�  8>((�20,-, �0,-����20,-�����0,-�            �4.7� 

 �<B-= � � F∑ 20,-�0,-./01� G � ∑ �<20,-�0,-= �./01�   ∑ 	<20,-=I���0,-� ./01� 	<�0,-=I�<20,-=   2 	�20,-�	<�0,-=8>?��  2	�20,-�8>?�I  2	<�0,-=8>?I� ��J20,-J�0,-�                                                   �4.8� 
 

where  J20,- � 20,- % 	�20,-�, J�0,- � �0,- % 	��0,-� and 8>?LM �  8>?<J20,-L , J�0,-M=,  Goodman (1960). 

A proof for the expression of the variance has been included in Appendix D1. 

 

In order to calculate the premium per transaction for the risk incurred, the standard deviation premium 

principle will be used, because it has the same unit of measurement as the Sharpe ratio which will be 

used as an estimate for the risk loading factor �. A positive risk loading ensures the premium per 

transaction exceeds the expected loss by an amount which depends on the size of the risk as measured 

by the standard deviation. '- ∑ 	��0,-�./01� � 	<B-=  �N�<B-=    �4.9� 
 

The Sharpe Ratio is expressed as:    � � O�PQR��S�PR� � O�PR��PT�S�PR�       �4.10� 

where 
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(U3 4�    The risk premium of the market (3  6    The market return (V  6    The risk free rate 

Equation �4.9� shows how to calculate the additional premium to charge per transaction for carriers 

doing business with shipper 5 for the upcoming year. Note that the currently the finest level of modeling 

detail is at shipper level. This is mainly due to a lack of sufficient amount of data on shipper-carrier level 

to carry out the analysis. As a consequence, some carriers will be overcharged and others undercharged 

according to the shipper-carrier risk profile.  

 

The next step is to calculate the initial capital cushion 8 to remain solvent over the year. 

Capital Cushion Calculation 

In order to calculate the capital cushion, a slightly adapted measure of Economic Capital will be used as 

presented in Section 3.1.2. Where Economic Capital �	8� is the difference between the worst tolerable 

loss and the expected loss, i.e. 	8 � W�B� % 	�B�, the capital cushion �88� here is the difference 

between the worst tolerable loss and the premium income, i.e. 88 � W�B % 'X�. This is the case 

because the service provider is able to charge a premium 	�'X� Y 	�B�. 

The company is insolvent at the end of the year when the initial capital cushion 88 ($), which is 

expressed as 88 � 8 ∑ ∑ 	��0,-�./01�3-1� , is insufficient to cover the annual loss B ($) minus the annual 

Premium Income 'X ($), which is expressed as 'X � ∑ ∑ '-�0,-./01�3-1� . Thus to prevent insolvency, the 

available capital cushion must cover unexpected losses to a high degree of confidence.  

Since the size of the cushion depends on the probability � to remain solvent over the year, the 

probability �1 % �� of insolvency over the next year is thus expressed as,                     

                                 

    '� B % 'X Y 88� �  1 % �      �4.11� 
 

where parameter � will be estimated conform the Solvency II insurance regulations set by the EU, � � 0.995 (Basel Committee on Banking Supervision, 2010). The capital cushion 8 to remain solvent 

over the next year can be derived from equation �4.11� and expressed as follows 8 ∑ ∑ 	��0,-�./01�3-1� � W�B % 'X�        �4.12� 

 

In order to calculate the initial capital cushion 8 using equation �4.11�, the distribution of the random 

variable B % 'X needs to be expressed. Since the distribution of B % 'X can be derived from the 

distributions of B- % 'X-, these need to be expressed firstly.  

 B- % 'X- � ∑ �0,-<20,- % '-=./01�      �4.13� 

 

Define Z0,- � �0,-�20,- % '-�. Hence, the random variable B- % 'X- is expressed as B- % 'X- � ∑ Z0,-./01�  
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It is assumed that DZ0,-E are independent random variables  Z0,- have same distribution as Z�,-  

 

According to the Central Limit Theorem (CLT), the mean of an i.i.d. random sample of a large enough 

size from an arbitrary distribution with finite variance has approximately a normal distribution. 

Equivalently, the standardized version is approximately standard normal. The CLT for independent but 

not identically distributed Z0.- for different 5 is expressed as: 

 

[\/ ∑ ]^,/\/^_[ �O` [\/ ∑ ]^,/\/^_[ a
bc` [\/ ∑ d^,/\/^_[ a\/

 ~ e�0,1�  �  ∑ Z0,-./01� ~ e�9-	 f �./ ∑ Z0,-./01� g , 9-� f �./ ∑ Z0,-./01� g )  �4.14� 

 

Hence, B- % 'X- � ∑ Z0,-./01�  can be approximated by a normal distribution. Since B- % 'X- are 

independent normally distributed random variables, B % 'X � ∑ B- % 'X-3-1�  is also normally distributed 

with the following expectation and variance: 	�B % 'X� � ∑ 	�B- % 'X-�3-1�   ��B % 'X� � ∑ ��B- % 'X-�3-1�   

Hence, the 99.5% quantile value for a standard normal distributed random variable equals:  

   

W� [∑ \/R/_[ ∑ ∑ ]^,/\/^_[R/_[ �O` [∑ \/R/_[ ∑ ∑ ]^,/\/^_[R/_[ a
icj [∑ \/R/_[ ∑ ∑ d^,/\/^_[R/_[ k∑ \/R/_[

 � � 2.58     �4.15� 

Equation �4.15� can be rewritten as follows, in order to calculate the capital cushion using equation �4.12�. 

W� �∑ ./R/_[ ∑ ∑ Z0,-./01�3-1� % 	 f �∑ ./R/_[ ∑ ∑ Z0,-./01�3-1� g � � 2.58lS` [∑ \/R/_[ ∑ ∑ ]^,/\/^_[R/_[ a∑ ./R/_[   

W f �∑ ./R/_[ ∑ ∑ Z0,-./01�3-1�  g � 	 f �∑ ./R/_[ ∑ ∑ Z0,-./01�3-1� g  2.58lS` [∑ \/R/_[ ∑ ∑ ]^,/\/^_[R/_[ a∑ ./R/_[   

W F ∑ ∑ Z0,-./01�3-1�  G � ∑ 9-3-1� 	 f �∑ ./R/_[ ∑ ∑ Z0,-./01�3-1� g  2.58l∑ 9-3-1� � f �∑ ./R/_[ ∑ ∑ Z0,-./01�3-1� g  
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4.2.2 The Actuarial Model 

In the previous section the financial model has been developed which will be used to calculate the 

premium to charge per transaction and the capital cushion to remain solvent over the year. But also in 

the actuarial literature some useful mathematical methods are discussed to determine the premium 

from the distribution of losses and the capital cushion. The actuarial aspect of a premium calculation is 

to calculate a minimum premium, sufficient to cover the losses and to increase the expected surplus 

sufficiently for the portfolio to remain solvent with a high probability. To determine optimal capital 

cushion and the minimum annual premium, the ruin model will be used (Kaas et al., 2008). 

The actuarial model will be developed in this section. The same assumptions are being used as in the 

financial model, except from the assumption that 'X is a random variable, i.e. 'X is assumed to be 

constant. Next to that, the random variables follow the same distributions as in the financial model. 

 

 

 

 

 

 

 

 

Discrete time ruin model 

Consider the discrete time ruin model for insuring a certain portfolio of risks. We have a surplus 8" in 

year � which increases because of collected premiums and decreases in the event of losses, the total of 

which is B" in year �, leading to the model studied in Kaas et al. (2008, Ch. 5).  

It is assumed that 

The annual number of losses per Shipper  5 follows independent Poisson Processes with rate 

parameter 9- 

 

Hence, the total annual number of losses follows a Poisson Process with rate parameter 9 � ∑ 9-3-1�  and 

the aggregate annual losses follow a compound Poisson process B" for � � 1,2, ….. 

 

Furthermore, the following assumption is made 

The total annual losses B" for � � 1,2, …. are independent and identically compound Poisson 

random variables, say B"  ~ B.  
The following recurrent relation hold in the ruin model between surpluses at integer times:  

   8" � 8"��  'X % B"        � � 1,2, … ..    �4.16� 

Definitions 8" 6  The service provider’s Capital at time � for � � 1,2, …. years 88 4�   The Capital Cushion at time � � 0 'X 4�   The annual Premium Income  B" 4�   The total aggregated loss in year � '- 4�   The premium (%) charged per transaction on the value of the freight bill for shipper 5 �- 4�  The total annual freight bill value for Shipper 5 ($) 

 9- 6  The annual number of transactions for shipper 5 :: �  The number of shippers  
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Since the annual Premium Income is defined as 'X � ∑ '-�-3-1� , the recurrent relation is rewritten as  8" � 8"��  ∑ '-�-3-1� % B"        � � 1,2, … ..     

Given equation �4.16�, the question arises how large the initial capital cushion 8n � 88 and the annual 

Premium Income 'X should be to remain solvent at all times with probability �1 % ��.  

 

Ruin (insolvency) occurs if 8" o 0 for some value of � p q. The point in time that this occurs is denoted 

by r, so  r � s minD�w� x 0 & 8" o 0E ; ∞ �| 8" Y 0 } � ~ 
 

The probability that ruin ever occurs, i.e. the probability that � is finite, is called the ruin probability, and 

is defined as follows: ��88� � '�� o ∞�      �4.17� 

 

In order to calculate the minimum annual premium income 'X to calculate the premium per transaction '- for carriers doing business with shipper 5, and the optimal initial capital level 88 to remain solvent 

with probability �1 % ��, Lundberg’s exponential bound will be used. This will be explained in the 

following section, before presenting the expression of '- and 88. 

Lundberg’s exponential upper bound 

Before giving a proof of Lundberg’s exponential upper bound, the adjustment coefficient � will be 

introduced. 

 

Definition (Kaas et al. , 2008) 

In a ruin process with losses 2 with cdf ��·� , arriving according to a Poisson Process with parameter λ 

the adjustment coefficient R is the positive solution of the following equation: 9  � 'X � 9:����      �4.18� 

where :���� is the moment generation function, i.e.  :���� � 	�����.  

Now write B for the total number of losses in an interval of length 1. Then S is compound Poisson with 

parameter λ, so :���� � �.�3������� . Then � can also be found as the positive solution to any of the 

following equivalent equations, 

 �� �� � 	����� � :�����%�� � 1 � 'X � �� ln :����    �4.19� 

 

Theorem (Lundberg’s exponential bound for the ruin probability) 

For a compound Poisson risk process with initial capital 88, premium income 'X per unit of time, losses 

with cdf ��·� arriving and adjustment coefficient � the ruin probability is bounded by the following 

equation (Kaas et al., 2008): ��88� � ��� ��        �4.20� 
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The proof of Lundberg’s theorem is presented in Appendix D2. 

Premium and Capital Cushion calculation 

According to Lundberg’s theorem, the ruin probability is bounded from above by ��� ��. If Lundberg’s 

exponential upper bound is set equal to 1 % � then we get a ruin probability of at most 1 % �, when � � | ��  ����� |�� . Hence, we get a ruin probability bounded by �1 % �� by choosing premium 'X, as 

presented in equation �4.19�, as 

 

 'X � �� ln :���� � �� E<e��=  with � � | ��  ����� |��    �4.21� 

 

The variance premium principle 'X � 	�B�  � � ��B� can be obtained as an approximation of the 

exponential premium as expressed in equation (14). By considering two terms of the Taylor expansion of 

the cumulant generating function (cgf), assuming � is small,  

 'X � ��  ����� � �� F 	�B��  ��B� ��I  � G � 	�B�  �I  ��B�    �4.22� 

 

Therefore, when � � �I � the variance premium principle can be obtained as approximation of the 

exponential premium.   

 

Using  � � | �������|��  leads us to the following expression of the variance premium principle: 

                           'X � 	�B�  | �������|I �� ��B�                     �4.23� 

where             	�B� � ∑ 9-	�B-�3-1�  

             ��B� � ∑ 9-��B-�3-1�   

When taking into account a yearly dividend (88 for the shareholders who require a return ( on their 

initial invested capital 88, the optimal initial capital can be derived, assuming that the annual premium 

income 'X will be as attractive as possible. Considering the dividend, the variance premium principle 

equals:      'X � 	�B�  | �������|I �� ��B�  (88      �4.24� 88 can now be chosen such that the premium is as attractive as possible for the carrier. By setting the 

derivative equal to zero, a minimum is reached for  

88 �  N��B� |M������|IP            �4.25� 

Substituting this value for 88 in equation �4.24�, the optimal premium 'X is the standard deviation 

premium, i.e.  'X � 	�B�  ���B�| �� �1 % ��| 2(     �4.26� 
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To derive the premium to charge per transaction (%) for carriers doing business with shipper 5, the total 

annual Premium Income 'X can be spread out over the different shippers. The premium to charge per 

transaction can be derived from the following expression:  '-	��-� � 	<B-=  � ��B-� where � � | �������|��     �4.27� 

Conclusion 

It has been shown how to calculate the premium to charge per transaction and the capital cushion for 

the financial and the actuarial model. A couple of differences between both models can be mentioned 

briefly. 

• In the actuarial model the variance premium principle is used instead of the standard deviation 

principle as is the case in the financial model 

• In the actuarial model the size of the capital cushion is determined firstly, after which the 

premium per transaction is calculated. In the financial model the opposite approach is taken. 

• In the actuarial model the size of the cushion is based on the probability to remain solvent on 

the long run. This is in contrast with the financial model where the probability of solvency over 

the next year is considered.   

 

One of the main limitations of this single period financial model is that no statement could be made 

about the probability of insolvency within this one year horizon. A Discrete Time Markov Model is 

developed to deal with this limitation and will be presented in the next section.  

4.2.3 Discrete Time Markov Model 

A Discrete Time Markov Chain (DTMC) will be developed to make a statement about the ruin probability 

within the one year period at discrete time intervals. In order to develop the DTMC the same notation 

will be used as in the previous models. 

Definition DTMC (Kulkarni, 1999)  

A stochastic process D8", � x 0E on state space � � D1,2, … . eE is said to be a DTMC if for all � and � in � if, '�8" � � �|8" � �, 8"��, … . , 8n� � '�8" � � �|8" � ��    �4.28� 

 

This means that given the present state of the system, the future state of the DTMC is independent of its 

past, where ¡L,M � '�8" � � �|8" � �� is called the one-step transition probability with �, � � 1,2, … , e 

on finite state space �.  

 

In order to study the probability of ruin within the annual horizon, the conditional probability ¡n,���"� � '�8" � 0|8n � 88� needs to be calculated. This means that given the capital cushion 88 at 

time � � 0, the probability of ruin at time �, which state is reached when 8" � 0 for any �, needs to be 

determined. 



31 

 

To construct the probability transition matrix, the state space � and the time interval � needs to be 

defined. For the model, a monthly interval will be used and as a consequence the distribution of the 

capital adjustment on a monthly basis, i.e. 'X % B, needs to be determined.    

Since in the financial model the annual random variable B % 'X, which distribution is equivalent 

to the random variable 'X % B, has been approximated by a normally distribution with mean 	�B % 'X� 

and variance ��B % 'X�, the monthly random variable 'X % B will also be approximated by a normal 

distribution 'X % B~e�O�������I , S�������I ).  

 

It has been assumed that  

The monthly losses �'X % B�"  for � � 1, … ,12 are independent and identically random variables, 

i.e.   �'X % B�"  ~ 'X % B 

 

Hence, the state space is defined as � � D0, O�������I , 2 O�������I , … , e O�������I E. Although the system is 

unbounded in reality because 8" can become theoretically infinity large, e will be defined as a positive 

integer in order to create the probability matrix. It is therefore assumed that whenever 8" exceeds the 

systems upper bound, which is equal to e O�������I , the excess capital will be removed from the system. 

 

The transition probability matrix can now be constructed. The probability that the capital 

increases/decreases each period � with a multiple of  
O�������I  can now be approximated by defining an 

interval of equivalent size around this capital adjustment. Hence, the one-period transition probability is 

given as follows 

 ' F8" � � � O�������I ¢8" � � O�������I G �  ����� F� |� % �|  �I � O�������I G % ����� F� |� % �| % �I � O�������I G �4.29� 

   

where ������£� is defined as the cumulative distribution function of 'X % B and %�¤ % 2� � �, � � ¤. I 

take ¤ as the positive solution of the following equation 

 ¤ � ¥,¦Nc�§¨©ª�[�«�§¨©ª�[�         �4.30� 

 

in order to bound the one period transition probability by a finite number of steps. 

 

The construction of this transition probability matrix is shown in Appendix G. Note that ruin occurs when 8" � 0. This is assumed to be an absorbing state, i.e. once this level is reached the capital level remains 

unchanged. Therefore, the probability that ruin occurs within the one year horizon can be calculated as ¡n,���I . 
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5 Numerical Analysis and Results 
Based on the models as developed in the previous chapter, the numerical analysis and the results will be 

presented in this chapter. In Section 5.1 the data collection and exclusion will be discussed. In the 

following section the output of both models will be compared for some ‘base case’ scenarios. 

Subsequently in Section 5.3 the results of the scenario analysis will be presented. Section 5.4 deals with 

the sensitivity analysis for the most important parameters and model inputs. The chapter is concluded 

with the model verification and validation.     

5.1 Data Collection 

Data has been collected for all Deep Sea shipments covering the period 2008-2011. It should be noted 

that currently no invoices and pre-calculated invoice amounts have been financed by the service 

provider. This dataset is obtained from ControlPay and reflects the losses the service provider would 

have incurred when offering DTF and financing the pre-calculated invoice amounts.  

The dataset, after data exclusion, contains data from 3 shippers and 11 carriers with a total 

number of e � 21107 shipments. The descriptive statistics of the shippers is presented in the following 

table. As can be seen in Table 3 the shipper characteristics regarding the losses and pre-calculated 

invoice value differ significantly. Therefore, the carriers doing business with these shippers will be 

charged different premiums when they offer their pre-invoices for funding to the service provider. Note 

that the finest level of detail in the analysis is at shipper level. The analysis is not conducted at shipper-

carrier level due to a lack of sufficient data. But as can be seen in Table 3, shipper 1,2 and 3 do business 

with respectively 2,8 and 1 different carriers.  

Table 3: Descriptive Statistics Shippers 2008-2011 

                         Descriptive Statistics Transactional Loss and Pre-Calculated Invoice Value  

Shipper  # Carriers # Shipments Variable Mean St. Dev Min. Max. Corr(Li,j ,Vi,j) 

1 2 2761 Li,1  (%) 0.07% 0.60% 0 8% 0.07 

    2761 Fi,1 ($) 2860 1116 175 12819  

2 8 4574 Li,2  (%) 0.61% 4.54% 0 100% -0.06 

    4574 Fi,2 ($) 2722 1017 480 8750  

3 1 13771 Li,3  (%) 3.42% 16.56% 0 100% -0.10 

    13771 Fi,3 ($) 1339 1008 21 7607  

The parameters of the loss distribution and the annual business volume will be used, obtained from the 

historical data, to forecast expected total annual loss, the premium to charge per transaction and the 

capital cushion to prevent insolvency on the short or long term. 

5.1.1 Data Exclusion 

Because the post-audit process does not fit in the Data Triggered Finance framework due to its 

corrective nature, one post-audit shipper and accompanying carrier is excluded from the dataset which 

account for 1954 observations.  

 In addition, only downward adjustments of the pre-calculated invoice amount generated by the 

Freight Auditor are taken into account as these lead to a loss for the service provider. For 3240 
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observations, the pre-calculated invoice amount is adjusted upward, but this is not a risk for the service 

provider and therefore considered as no loss.   

 

5.2 Model Comparison  

Since the financial model and the actuarial model are used to calculate the premium per transaction and 

the capital cushion, a comparison will be made to see to what extent the output of the models coincides 

or differs. In the first analysis, the data over the full period 2008-2011 will be used. Subsequent analysis 

will focus on the specific years.   

As an estimate for the risk loading factor � the Sharpe Ratio of the European market (SPDR STOXX 

Europe 50) – which is a risk adjusted performance measure – has been used, with � � 0.27. In addition, 

the annual return (, which is the return for providing the capital in the actuarial model, needs to be 

determined.  

The output of both models with respect to the premium and capital cushion will be compared, 

where both models contain different input parameters � and (. In order to compare the models along 

one dimension, the following steps have been taken. First of all, the premiums for the shippers and the 

capital cushion in the financial model have been estimated. Based on this information, the annual return ( in the actuarial model is determined by minimizing the total absolute premium difference between 

both models for the shippers, i.e. :��  ∑ |'-*0� % '-¬"|3-1� , since ( is the only unknown input parameter. 

The total premium is minimized at ( � 0.75%. In addition, when using the Euclidean distance, i.e.  :�� N∑ �'-*0� % '-¬"�I3-1� , as a metric to determine the annual return, it turns out that the return is 

hardly affected ( � 0.81%, see Appendix E. Therefore, the annual return is first of all set at ( � 0.75%.  

Note that this return is small, which might not be a realistic return from a business perspective 

for providing the capital. However, a possible explanation for the fact that this rate of return is small  

might be that there is no dividend included in the premium calculation in the financial model as is the 

case in the actuarial model. The financial model only incorporates a risk loading. Therefore the 

minimization of the total absolute premium difference leads to a small return and thus a small dividend.  

First of all, the results for the financial model will be presented. Under the assumption that the service 

provider will finance all freight bills, and when using the historical average number of transactions as an 

estimate for the expected number of transactions for upcoming year, the following results are obtained.  

Table 4: Premium and Cushion per shipper period 2008-2011 

Shipper ® ¯® °�±®� �²�±®�  °�³®� ´®    µ® 

1 690 $     1,764 $        735 0.09% 0.10% 0.05% 

2 1144 $   15,566 $    4,001 0.50% 0.54% 0.28% 

3 3443 $   99,086 $  13,860 2.15% 2.23% 0.48% 

According to the financial model, the premium to charge carriers doing business with the three shippers, 

when assuming that the historical loss distribution based on data over the last 4 years is representative 

for the future annual loss distribution, equals 0.10%, 0.54% and 2.23%. As can be derived from Table 4, 

the premiums '- are respectively 11.1%, 8.0% and 3.7% larger than the expected losses 	<2-= per 
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transaction for the shippers. Note that the premium markup in the financial model is inversely related to 

the coefficient of variation, 
�²�±®� °�±®� , as can be calculated from Table 4. This is due to the fact that the 

annual losses are analyzed and the risk loading is based on the size of the standard deviation of the loss, 

see equation 4.9, which is small compared to the expected loss.  

A possible explanation for the large difference between the premiums of shipper 1,2 in 

comparison with shipper 3 has to do with the audit process which has been used to check the invoices, 

i.e. Control Billing (CB) process for shipper 1 and 2 vs. the Matching Process for shipper 3. Since the CB 

process is a process improvement of the Matching Process, see Section 2.1.1., the operational risk is 

supposed to be lower which is consistent with the results.    

 

The last column of Table 4 presents the capital cushion as a percentage of the pre-invoice value. The 

service provider should have this amount of capital per shipper per transaction available to prevent 

insolvency with a 0.5% probability over the upcoming year. Considering the annual business volume 9- and the expected pre-invoice value 	��0,-�, according to equation 4.12 the service provider should 

have an initial capital of $32.063 available to prevent insolvency. This amount is equivalent to 0.33% of 

the total annual business volume.  

However, when the annual losses and premium income of the shippers are considered together 

by summing up the random variables B- % '- in order to calculate the capital cushion, the required 

capital buffer is reduced. Using equation 4.12, the initial capital to prevent insolvency equals 0.23% 

($22.686) instead of 0.33% ($32.063), which is a decrease of roughly 29%. This decrease in the capital 

buffer can be ascribed to the fact that it is less common for all shippers to have a bad year together. 

   

Comparing model results 

When comparing the financial and actuarial model, the following results are obtained as shown in      

Table 5. It can be seen that the differences in the premium to charge per transaction for carriers doing 

business with the shippers are relatively small between both models. Although the total absolute 

premium difference between both models has been minimized, the results show that the premiums for 

both models are quite similar in size when nearly no return is required in the actuarial model.   

Next to that, the profit per transaction for offering DTF equals 0.05%. As explained in Section 

4.2, this profit is an additional profit for the service provider when offering DTF to their customers, on 

top of the expected profit for the current product ‘Freight Financing’. Obviously, a similar profit per 

transaction for both models is obtained since the premiums to charge per transaction do only deviate 

slightly.   

     Table 5: Comparison of the Actuarial and Financial model  

    

Shipper Variable 

Financial 

model 

Actuarial 

Model 

1 '� 0.10% 0.09% 

2 'I 0.54% 0.51% 

3 '¥ 2.23% 2.24% 

 

8 0.23% 2.40% 

 

'( 0.05% 0.04% 
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However, the difference in capital cushion is much larger, 0.23% ($22.686) vs. 2.40% ($233.098). Two 

hypothesis are formulated which might explain the differences in the results: 

• The first hypothesis from a conceptual nature is that the ruin probability in the actuarial model 

is defined as the probability to remain solvent on the long run while in the financial model it is 

the solvency probability over the next year.  

• A second hypothesis from theoretical nature is that the cushion in the actuarial model is larger 

because the ruin probability serves as an upper bound, which is larger than the actual ruin 

probability.  

 

In order to test the second hypothesis, the actual ruin probability will be determined by simulation. 

Using equation 4.16, the capital movement is simulated over a period of 100 years, with 1 million 

replications, starting with an initial capital of 2.40% ($233.098) and with an expected annual loss and 

standard deviation of $116.422 and $14.321. Simulation in R shows that the actual ruin probability in 

the actuarial model is 0.0025%, which is significantly lower than the assumed 0.5% upper bound, see 0. 

The confidence interval for the actual ruin probability is narrow because of the large number of 

replications. Due to the simulation results, the second hypothesis is supported, which claimed that the 

capital cushion in the actuarial model is much larger than in the financial model due to the ruin 

probability upper bound. 

 Because the simulation showed that the actual ruin probability is much lower than the upper 

bound, it is interesting to determine the size of the cushion such that the actual ruin probability equals 

0.5%. Trial and error is used to solve the capital cushion and showed that it should be approximately in 

between 1.60% - 1.65% ($155.000 - $160.000). The fact that the cushion is still larger than the cushion in  

the financial model may be due to the conceptual difference between both models, as presented in the 

first hypothesis. 

 

Next to the difference in the size of the cushions as just described, it should be noted that the size of the 

optimal capital cushion in the actuarial model is affected by the return ( required by the shareholders 

for providing the capital. The sensitivity of the Capital Cushion for the size of the required return ( will 

be explored in Section 5.4.  

In the following two sections the premium and cushion results of both models will be discussed 

for the historical years. Because the models present similar premium results, in the remainder of the 

report the premiums are based on the financial model except in cases where it is not explicitly 

mentioned. 

Single-shipper & multi-year model 

The current model takes into account the differences at shipper level to determine the premium to 

charge the accompanying carriers. When ignoring the differences at shipper level and acting like there 

was only a single shipper, the overall premium can be calculated which should be charged to all carriers. 

Although it is not a fair mechanism to charge all carriers the same premium independent of their specific 

risk profile, it might be the case that DTF can now be offered to all carriers against acceptable rates.  
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Based on the historical data of the last years, the premium results are presented in  Figure 10. 

Note that the differences between those years are mostly driven by the large differences in the losses 

per shipper, as will be shown in the next section. This explains for instance the sharp increase between 

2009-2010, but the results are also affected by the correlation between the loss 20 and the freight bill 

value �0. The correlation between 20 and �0 in 2008 and 2009 increased from -0.002 to 0.029. According 

to equation �4.7�, an increase in the correlation increases the loss and thus the premium per 

transaction.  

 
 Figure 10: Premium to charge for all carriers based on annual data 

Multi-shipper & multi-year model 

When looking at the historical data per shipper on an annual level, some remarkable results arise as can 

be seen in Figure 11. The historical annual loss distributions differ a lot, not only between shippers but 

also between years.        

 
Figure 11: Premium per shipper per year 

While the operational risk for shipper 2 decreased over the years after 2008, the risk for shipper 3 

increased enormously between 2008-2011. This increase is driven by an increase in the average loss per 

transaction, which can be attributed to a couple of different factors. First of all, some large repetitive 

0.00%

0.50%

1.00%

1.50%

2.00%

2.50%

3.00%

2008 2009 2010 2011

P
re

m
iu

m
 (

%
)

Year

Premium per transaction

Financial

Actuarial

Expected loss

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

6.00%

2008 2009 2010 2011

P
re

m
iu

m
 (

%
)

Year

Premium per transaction

Shipper 1

Shipper 2

Shipper 3

Cushion



37 

 

adjustments on the pre-invoice value are found back in the data. Shipments with the same origin and 

destination are often adjusted in the same way. These losses incurred by the service provider due to 

repetitive adjustments are often a result of non adjusted business rules, see Section 2.1.1., by the 

shipper and carrier. As a consequence, the FA uses incorrect data to pre-calculate the invoice amount, 

which leads to a loss for the service provider when financing many shipments with the same origin and 

destination.  It is therefore important for the service provider when offering DTF to carriers that these 

business rules are timely adjusted by the shipper/carrier. The service provider and the FA need to play 

an active role in order to reduce the operational risk of the FA, as is defined in Section 2.2.    

Next to losses due to repetitive adjustments, for some of the shipments the charged accessorial 

costs included in the pre-calculation did not have to be paid by the shipper. These accessorial costs, 

which are charges on top of the transportation costs such as visa costs, terminal handling fees and fuel 

surcharges, This could be due to the Inco terms in which the commercial terms are predefined for the 

shipper and the buyer in international transactions. Finally, the reliability of the data plays a role which 

will be discussed later on.   

It can be concluded from Figure 11 that, when assuming that the operational risk for next year 

will be similar as for previous year, it might not be worthwhile to offer DTF to all carriers or it can only 

be offered against prohibitive rates. The minimum financing rate to charge carriers when offering 

Freight Financing is 1.75% for 45 days (source: www.scf-solutions.com), with a maximum of 3%. 

Therefore, charging carriers an additional 4%-5% per transaction for an expected transit time of 30 days, 

when assuming that all issues are resolved within the transit time, would be disproportionate. As a 

consequence, it is assumed that carriers doing business with shipper 3 will not offer these pre-invoices 

for funding. The effect of excluding this shipper from the dataset does not affect the premium to charge 

per transaction for the other shippers, since the annual loss distributions remain the same. However, 

the capital cushion is reduced significantly when this risky shipper is excluded, which is due to a large 

reduction in the business volume and the corresponding loss.    

    Figure 12 presents the difference in Capital Cushion between the financial and actuarial model. For 

each of those years, the capital cushion of the actuarial model exceeds the cushion of the financial 

model which is due to similar reasons as explained already in the previous section.  

A remarkable result is the large increase of the capital cushion in the actuarial model during the 

period 2009-2010. This increase can be explained by the fact that the capital cushion in the actuarial 

model is largely affected by an increase in the variance of the annual loss. This increase could be 

attributed to shipper 3, as can be seen in Figure 11, and is also a result of the increasing business volume 

during this period due to shipper 1.    

 

As can be seen in   Figure 12, the Capital Cushion in the financial model remained stable over the years 

given the 0.5% ruin probability. However, one of the limitations of the financial model is that no 

statement could be made about the ruin probability and the size of the Capital Cushion during the 

course of the year. A Discrete Time Markov Model has been developed to overcome this limitation, 

based on the historical data over 2011, and the results will be discussed in the next section.  
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    Figure 12: Initial Capital Cushion per year 

Intra-year Ruin Probability 

The monthly profit distribution is derived from the annual profit distribution and is presented in 

Appendix G, where the mean and capital cushion has been rounded off to $400 and $32,000 for 

computational reasons. The upper bound of the system is set at $100,000, which means that whenever 

the capital exceeds this value within a year, i.e. 88" Y 100,000, the excess capital will be removed from 

the system. The construction of the transition matrix is presented in Appendix G. 

The ruin probability at monthly time intervals within the annual period is presented in the following 

figure.  

 
    Figure 13: Ruin Probability at monthly horizon 

Given the current settings, it turns out that the probability of insolvency within the annual horizon with 

a capital cushion of $32,000 equals 1.68%. This is larger than the previously assumed 0.5% ruin 

probability, because the probability of ruin within the entire period is considered at monthly intervals, 

instead of the ruin probability after a year.  

 Next to that, Figure 13 shows that the required capital cushion should be $47,600 with a 0.5% 

probability of getting ruined during the one year period and assuming premiums and claims are received 
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and paid at the end of the month. Thus, the capital cushion nearly increases with 50%, from $32,000 to 

$47,600, when taking into account the intra-year ruin probability. The difference in the size of the 

capital cushion between the models is large. Therefore, the service provider should make a trade-off 

whether to hold a more conservative cushion as determined by the Markov model or a less conservative 

cushion as determined by the financial model. This trade-off depends on the costs of attracting capital. 

5.3 Scenario Analysis 

Previously, it has been assumed that all invoices will be offered for funding by the carriers and will be 

financed by the service provider. In this section, a scenario analysis will be conducted to investigate the 

effect of a violation of this assumption on the premium results.  

Financing not all Freight bills   

The graphs of the correlation between 20 & �0 and 20.- & �0,-  are shown in Appendix H. As can be seen, 

according to the historical data no losses are incurred on pre-invoices with a value greater than $5,000. 

Although offering these pre-calculated invoice amounts for financing is interesting for the carrier to 

improve cash-flow and liquidity, the carrier would be paying premiums for riskless transactions. It is 

therefore assumed that carriers will not offer these pre-calculated invoices for funding to the service 

provider, but make for these specific transactions use of FF.  

In the following table the premium results for the financial model are presented based on the 

data over the period 2008-2011. The first column presents the premium calculations when all freight 

bills are financed. The second column presents the premium calculations when these 282 invoices (30 

for shipper 1, 162 for shipper 2 and 90 for shipper 3) are excluded from the data set. 

Table 6: Premium Financial Model for Smaller invoices 2008-2011 

 

  All invoices Smaller invoices Invoices  Business Volume  

Shipper P (%) P(%) Excluded Excluded 

1 0.10% 0.10% 1.09% 3.01% 

2 0.54% 0.58% 3.54% 7.89% 

3 2.23% 2.30% 0.65% 2.82% 

Since the larger invoices are not financed anymore, the service provider misses out a relatively large 

amount of premium income. As is shown in the 2nd and 3th column in Table 6, the premium to charge per 

transaction for the smaller invoices will increase for shipper 2 and 3. This is according expectations 

because no losses are incurred on the excluded invoices. Although for the first shipper 1.09% of the total 

amount of invoices is excluded, which account for 3.01% of his business volume, the premium increase 

is negligible. There is only a minor increase due to the fact that the losses per transaction are already 

relatively small.  

Even when considering that large pre-calculated invoice amounts will not be offered for funding by 

the carriers, for the service provider it is always attractive to offer DTF to carriers doing business with 

shipper 1 and 2. For instance, carriers doing business with shipper 2 have to pay an additional 0.58% 

premium per transaction for getting financed an extra 20-30 days (ocean transit time) earlier compared 

to FF. Note that the additional premium per transaction will be slightly larger because the cost of fund 

fee is not included in the premium calculation. But when considering that the Freight Financing rate 



40 

 

ranges from 1.75%-3% for 45 days, the additional 0.58% premium per transaction for 20-30 days is 

assumed to be attractive for the carrier.    

5.4 Sensitivity Analysis 

A sensitivity analysis will be carried out on the following model inputs: correlation coefficient ¶�,*, 	�20,-� and the required return (. In this section it will be studied what the effect is of the uncertainty in 

these modeling inputs on the premium, the capital cushion and the profit results. For the ¶�,* and 	�20,-�  the 95% confidence bounds will be determined in order to come up with a lower and upper case 

premium to charge per transaction. Next to that, the effect of changes in the parameter value (, used in 

the actuarial model, on the size of the premium, cushion and the profit will be investigated. 

Confidence interval Correlation ³·,® & ¸·,®  

Under the assumption that 20,- and �0,- are bivariate normally distributed and pairs 20,-�0,- are 

independent and identically distributed for all � for the same 5, the confidence interval of the ¹>(( �20,-,�0,-� can be calculated using the Fisher transformation (Fisher, 1921), i.e. ºP/ � �I ln�� P/��P/�. (- is 

estimate of ¹>(( �20,-,�0,-� based on the data for shipper 5. Using the Fisher Transformation the left and 

right confidence bound for the correlation coefficient of shipper 5 is defined as follows:  

(M/ � »��¼½/¾¼[©¿� N [À©Á���
»�¼½/¾¼[©¿� N [À©Á �  and (P/ � »��¼½/©¼[©¿� N [À©Á    ���

»�¼½/©¼[©¿� N [À©Á    � �  

where � is the confidence level and � is the sample size. 

Confidence interval °�³·,®�  

The confidence interval for 	�20,-� for large samples from a population with unknown mean and 

standard deviation is defined as 	�20,-� Â �¿�,��� �S��Ã.Ä�ÅÅ√� , where �¿� ,��� is the Student-t distribution with � % 1 degrees of freedom.  

 

In order to determine the lower and upper case premium to charge per transaction, the confidence 

intervals of these two model inputs will be considered simultaneously. Therefore, for each of these two 

model inputs the 95% confidence intervals are calculated, whereby it is assumed that these model 

inputs are independent. Although this is in fact not the case because an adjustment of 	�20,-� could 

affect the size of the correlation between 20,- and  �0,-, this assumption has been made to get an 

estimate of the lower and upper case premium to charge per transaction.       

Because these model inputs are dependent, the setting needs to be found where the premium 

to charge is at its extremes. It turns out that this is the case when both inputs are set together either at 

its lower or at its upper 95% confidence bound. This can be explained by the fact that both model inputs 

affect the annual expected loss in the same direction, see equation �4.7�. 
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The premium, cushion and profit results are presented in Appendix I. The lower bound represents the 

setting where the correlation as well as 	�20,-� are set at its lower 95% confidence bound, and vice 

versa for the upper bound. The results present the premium to charge per transaction within the 95% 

confidence bounds, where the size of the interval is determined by the annual number of transactions 

and by the standard deviation of the loss. In addition, the figures show the expected relation between 

the premium income, the capital cushion and the profit. Although Figure 22 and Figure 24 are the same 

as Figure 21 and Figure 23, they represent this relationship more explicitly. It can be seen that when the 

premium to charge per transaction increases for the shippers, less capital is required to cover 

unexpected losses and the profit per transaction increases. Furthermore, according to Figure 24 when 

the two model inputs are set at its lower confidence bound, the premium is such that the service 

provider makes an expected loss per transaction. On the other hand, when all carriers are charged the 

premium according to its upper case scenario, the capital cushion turns negative as presented in Figure 

22. This means that the expected annual premium income is already sufficient to remain solvable over 

the year with a 99.5% probability.   

 

The rate of return Ç  

A sensitivity analysis is carried out for the return ( required by the shareholders for providing the initial 

capital. This parameter is only present in the actuarial model. The effect of adjusting this parameter on 

the premium and the profit per transaction and on the capital cushion is presented in the following 

graph, based on the data over 2011. 

When looking at Figure 14, it can be seen that the premium to charge together with the profit per 

transaction are relatively insensitive for changes in this parameter, which is due to the size of the annual 

business volume and corresponding losses. Nevertheless, the capital cushion is heavily affected by 

changes in the rate of return, which is in line with equation 4.25; the formula for the optimal cushion. 

The figure shows that an increase in the rate of return for the shareholders increases the premium per 

transaction, but decreases the capital cushion. Although an increase in the rate of return decreases the 

capital cushion, the annual dividend (88 for the shareholders, which is incorporated in the annual 

premium, increases. This causes the increase of the premium per transaction. 

 
       Figure 14: Sensitivity Analysis rate of return Ç in Actuarial model 

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

6.00%

2% 4% 6% 8% 10% 12% 14% 16% 18% 20%

Rate of return r

Premium, Cushion & Profit per transaction

Premium Sh 1

Premium Sh 2

Premium Sh 3

Cushion

Profit



42 

 

Note that although the ruin probability upper bound is set at a fixed value equal to 0.5%, the actual ruin 

probability increases as the capital cushion decreases. 

 

To estimate the required rate of return ( we have looked at venture capitalists which provide capital to 

early-stage start-up companies. The paper of Kerins et al. (2002), who investigated the opportunity cost 

of capital for venture capitalists investing in American technology firms, shows a rate of return for well 

diversified investors of approximately 17%. Note that this return is larger in the start-up phase of a firm 

than in the growth phase, because the business is assumed to get less risky over time. As can be seen in       

Figure 14, when the rate of return is smaller than approximately 10%, the cushion is more sensitive for 

changes in the return than it is for larger returns.   

 

 The Risk Load Factor È 

In the actuarial model, it can be concluded that only the capital cushion is sensitive for adjustments in 

the required return. The premiums to charge are relatively insensitive for adjustments of ( as can be 

seen in Figure 14. When conducting a sensitivity analysis for parameter � which is used in the financial 

model, a similar graph is obtained as presented in    Figure 14 apart from the capital cushion which is 

linearly related to the risk load factor and varies in a smaller bandwidth.  

It should be noted that the Sharpe Ratio for developed financial markets can differ significantly. 

Basing the risk loading on the European market where much of the service provider’s business takes 

place leaves us with an estimation of 0.27. However, estimating the risk loading based on the American 

market for instance leaves us with a risk loading estimation of 1.45 (SPDR S&P 500). The effect of 

increasing the risk loading factor from 0.27 to 1.45 decreases the cushion linearly from 0.41% to 0.17%.     

5.5 Model Verification and Validation 

This section deals with the verification and the validation of the models used. Sargant (2005) has 

developed a simple framework which distinguishes four verification and validation steps related to the 

modeling process; conceptual model validation, computerized model verification, operational validation 

and data validity.   

Verification 

Computerized model verification is concerned with building the model right by checking whether the 

model is correctly implemented into a computer program and runs as intended. 

A first type of model verification has been the comparison of the financial and the actuarial model in the 

‘base case’ scenario, as presented in Section 5.2. As has been described, the two different models 

present similar premium results when using similar settings. Moreover, the differences between the 

capital cushions could be explained by the conceptual and theoretical difference between both models.   

An additional type of verification is to perform a sensitivity analysis on model parameters and model 

inputs. The models have been executed under various settings of the input parameters, and the results 

as discussed in Section 5.3 and 5.4 are in line with the expert expectations.    



43 

 

Validation 

Model validation is concerned with building the right model by determining whether the model is an 

accurate representation of the real system. Three types of validation are distinguished according to 

Sargant (2005); conceptual model validation, operational validation and data validity.  

Conceptual model validation is guaranteed by presenting an overview with all assumptions, all variables, 

parameters and the model’s structure. The theories underlying the models are supported by providing 

mathematical proofs. In addition, the report contains explanations for the assumptions being made and 

the models have been evaluated with the company supervisors to validate whether they are reasonable 

and correct for its intended purpose.   

One of the underlying assumptions in the actuarial model is the Poisson arrival process of the 

transactions. It has been checked whether this assumptions is consistent with the current system. The 

chi-square goodness-of-fit test has been used to assess whether the weekly number of transactions 

follow a Poisson distribution. The data has been arranged in four different bins. As can be seen in Table 

9 in Appendix J, the Poisson arrival assumption has partly been accepted. For the year 2008 we are 

unable to reject this assumption, but for all other years this assumption has been rejected at the 5% 

significance level. It should be noted that one of the disadvantages of this chi-square test is that it 

depends on the binning method used.    

Nevertheless, any model is a simplification of the real world system it represents and the model 

complexity involves a trade-off between simplicity and accuracy of the model. As a consequence, a few 

of the statistical assumptions are made for modeling simplicity, for instance 9- are deterministic and D20,-E are independent random variables, although these are violated in the real world system. The 

reason why D20,-E are not independent is caused by the fact that the pre-calculated invoice values for 

shipments with the same origin and destination are often adjusted similarly. This means that the 

correlation between those variables would have been positive, which shall increase the loss and thus 

the premium to charge per transaction and decreases the capital cushion. Because the number of 

identical shipments is small compared to the annual number of shipments, it is expected that the 

premium results would not be raised significantly.   

 

Next to that, operational validation is checked by determining the accuracy and correctness of the 

mathematical model and its results. The operational validity is related to the model verification and 

guaranteed by comparing the two models and performing the sensitivity analysis.  

 

Finally, data validity is concerned with checking whether the data is appropriate and accurate, but also 

with validating the correctness of the recorded data. Since there is a sufficient amount of data to 

perform the analysis and the data measures what is required the data is appropriate and accurate.  

However, there are some concerns regarding the correctness of the recorded data. Interviews 

revealed that pre-calculated invoice adjustment data is recorded differently among employees and as a 

consequence, not all adjustments can be traced back in the data. Although these missing adjustments 

would have increased the size of the losses and thus the premium to charge per transaction, no 

statement could be made about the size of this increase. 
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6 Conclusions and Recommendations 
In this thesis the size of the operational loss for a service provider when offering DTF has been analyzed 

in order to determine a premium to charge carriers per transaction. In addition, the size of the capital 

buffer to stay solvent with a predefined probability and the profit per transaction has been determined. 

Two models have been analyzed in order to answer the research question and its sub questions.  

The first part of this chapter will discuss the research question and conclusions based on the analysis 

and discussion in the previous chapters. In Section 6.2, recommendations are given for SCF-Solutions 

and the thesis concludes with a section about the limitations of the current research project and 

indicates future research directions. 

6.1 Conclusions 

The first part of the research question was purely qualitative and consisted of identifying the Data 

Triggers in the Deep Sea Industry. It can be concluded from the second chapter that six different Data 

Triggers have been identified which all can be used to offer financing to Deep Sea carriers. Currently, 

SCF-Solutions is involved in approved invoice financing where the financing moment is positioned at the 

far end of the financial Supply Chain. However, when moving to Data Triggered Financing operational 

risks as defined in Section 2.2 need to be considered. As has been presented, which of those risk types 

to consider depends on the Data Trigger used to offer financing to the carriers. 

In the current analysis, the BoL has been identified as the Data Trigger to create the pre-

calculated invoice amount, which will subsequently be used to offer financing. Since SCF-Solutions 

acquires data from its strategic partner ControlPay, the data risk can be neglected, and only the 

operational risk of the FA and of the operational risk of the carrier are considered in the assessment of 

the total risk.   

 

The second part of the research question focused on the calculation of the premium �'-� per 

transaction, the annual capital cushion �8� and the profit �'(� per transaction based on the size of the 

operational loss. A summary of the results discussed in Chapter 5 is presented in the following table: 

Table 7: Summary statistics  
              

    Base Case Base Case Excl. Invoice Lower Case Upper Case 

    Financial Actuarial Financial Financial Financial 

Shipper Variable / Period 2008-2011 2008-2011 2008-2011 2008-2011 2008-2011 

1 '� 0.10% 0.09% 0.10% 0.07% 0.13% 

2 'I 0.54% 0.51% 0.58% 0.35% 0.73% 

3 '¥ 2.23% 2.24% 2.30% 1.73% 2.73% 

  8 0.23% 2.40% 0.24% 0.54% -0.07% 

  '( 0.05% 0.04% 0.06% -0.25% 0.35% 

The two models seemed completely different, however it can be concluded that the premium 

calculations for both models are close to each other under similar modeling settings, which is presented 

in the 3th and 4th column in Table 7. In contrast with the premium results, the capital cushion 

calculations deviate significantly. As has been explained in Chapter 5, one of the main reasons is due to 
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the theoretical difference between the models. The ruin probability in the actuarial model serves as an 

upper bound and turned out to be much larger than the actual ruin probability.  

Next to that, the results showed significant differences in the operational risks, and thus the 

premium to charge per transaction, between shippers. Although DTF could be an attractive product for 

the carriers doing business with shipper 1 and 2, for the carriers doing business with shipper 3 it can 

only be offered against prohibitive rates. Because of the rates, it could well be the case that these 

carriers will not offer any pre-invoices for funding but only will offer their approved invoices for funding. 

In addition, we have not only seen large differences between shippers, also between years. To 

decide about the premium to charge a carrier for the upcoming year, it might be worthwhile to consider 

more years of data. Basing the premium for upcoming year solely on the data of the most recent year 

could give a somewhat distorted view because of the many possible factors affecting the loss 

distribution. It could be the case that e.g. during the last year many identical shipments have been 

carried out where all pre-invoices have been adjusted similarly compared to the year before. These 

adjustments do not have to be a good predictor for the loss, and thus for the premium for next year.     

Finally, a lower and upper case premium to charge has been presented based on the 95% 

confidence level for the model inputs. In order to increase the probability of making an annual profit, 

the service provider should charge premiums which are closer to or even beyond the 95% upper 

confidence bound, as presented in the last column of Table 7.  

Note that although the models developed in this thesis are applied to deep sea transportation carriers, 

they basically can be applied to all modes of transport. The same risk types as discussed before need to 

be considered for other modes of transport as well, but other Data Triggers need to be defined.      

6.2 Recommendations 

Based on the analysis, the conclusions and the insights gained during the project the following 

recommendations for SCF-Solutions are made: 

1. Use the Financial Model as a decision supporting tool 

Although two different models have been discussed in this report, the Financial Model is 

considered more useful as a decision supporting tool to determine the size of the premium to 

charge its customers and the size of the capital buffer to keep than the actuarial model.  Given 

the fact that SCF-Solutions is founded only recently, it is currently more important to focus on 

the short- than on the long run. The financial model suits this purpose better. The Markov-

model as proposed could serve as a complement to the financial model in order to determine 

the size of the capital cushion, since it considers the intra-year ruin probability. When the 

differences between both models are large, the service provider should make a trade-off 

whether to hold a more or less conservative capital cushion. This depends on the cost of 

attracting capital. 

Moreover, the financial model fits the environment better than the actuarial model 

since no assumptions have to be made about the arrival process and the premium income. 

Nevertheless, the actuarial model could still be used supplementing the financial model as an 

informative risk measure. 
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2. Investigate how the system could be accepted by the funder 

Due to the fact that this is a new type of financing within the transportation industry, it needs to 

be investigated what the necessary requirements for the funder are, to accept the system as 

proposed.  

 

3. Review the system frequently 

Although the models are set up to determine the premium and cushion based on an annual 

horizon, it is recommended when implementing the model to review the systems performance 

more frequently, i.e. quarterly, to assess if the premium charged based on historical data has 

been sufficient to cover the actual losses. Since the future loss distributions will never behave 

like the past and the losses could deviate substantially between years, interventions can be 

made by either increasing/decreasing the capital cushion, or increasing/decreasing the premium 

to charge per transaction.     

 

4. Consider data risk when buying data from other Freight Auditors in order to expand the current 

carrier network  

Although for ControlPay data risk can be neglected due to its internal process controls, for other 

Freight Auditors this does not have to be the case. Therefore, this risk needs to be taken into 

consideration by the service provider when offering FF or DTF to new carriers. In addition, when 

buying data from other FA’s one need to gather a sufficient amount of data, preferably a few 

years, in order to make a sound statement about the premium to charge the carriers for 

financing the pre-calculated invoice amounts.  

6.3 Limitations & Further Research 

In this last section, the limitations of the research conducted and propositions for further research will 

be discussed. 

6.3.1 Limitations 

First of all, one of the limitations is the level of detail in the analysis. Because the finest level of detail in 

the model is currently the shipper level, a carrier doing business with different shippers will be charged 

different premiums when offering his pre-invoices for funding.  

Secondly, it is important to note that for the service provider the probability of ruin in the actuarial 

model has less practical meaning, as it does not represent the probability that the capital buffer will be 

depleted in the near future. It might take quite some time for ruin to actually happen. According to 0 

which shows the simulation results, the average ruin time is close to 50 years. Moreover, interventions 

in the process such as raising the premium for the more risky transactions or increasing the capital 

cushion are ruled out in the definition of the probability of ruin, as it changes the system.  Also ruin has a 

different meaning in this context for the service provider than often used in literature. Ruin means that 

the service provider’s initial capital buffer for offering DTF is fully depleted, but it does not imply 

bankruptcy. The service provider is able to attract new capital. 

Finally, the DTF premium calculations in the models do not take into account the cost of fund fee, 

related to the timing aspect of financing. When considering this fee, the additional premium to charge 
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per transaction for the carriers when offering DTF will increase. Under the assumption that the invoice 

will be approved by the FA right after the transportation service is performed and all billing issues could 

be resolved within the transit time, the total cost of fund fee will be based on the expected transit time 

and the payment term, as can be seen in Figure 7. However, the service provider runs the risk that the 

issue-resolution process time exceeds the transit time, which delays the invoice approval. In cases 

where the payment term starts after the pre-calculated invoice amount has been determined by the FA, 

the total DTF financing horizon is fixed and equals the payment term. Only when the payment term 

starts after invoice approval, the total DTF financing horizon could be extended due to the issue 

resolution process time. Therefore, whether this risk needs to be incorporated in the determination of 

the cost of fund fee for the carriers depends on the payment term agreement between shipper and 

carrier.    

6.3.2 Further Research 

The models, results and conclusions provide new insights for further research. As has been mentioned 

briefly, the models which have been developed can be extended in several ways. 

 

Model extensions 

First of all, the current model does not take the operational risks at a carrier specific level into account. 

Because the finest level of detail in the model is the shipper level, some carriers would still be 

overcharged and others undercharged considering the operational risk involved. In order to charge 

carriers a fair premium, this level of detail should be included in the model.  

Secondly, due to a lack of data the information risk in the Supply Chain could not be assessed. 

Although In-Transit Financing could be a new service offering in the Transportation industry, Pre-

Shipment Financing need still be explored.  

 Thirdly, the Markov model can be extended as well. Currently it is assumed that the ruin state is 

an absorbing state, which means that no additional capital should be attracted in order to prevent 

insolvency. To include more real-world complexity in the model, the model can be adjusted such that 

the service provider incurs a cost for attracting additional capital when the initial capital turns out to be 

insufficient to prevent insolvency. In addition, the discrete time Markov Model can be transformed in a 

continuous-time stochastic process by decreasing the time-steps, where � � 0. This continuous time 

Markov process, also known as the Brownian Motion, is in the mathematical financial literature used to 

model stock price behavior. For instance, when pricing barrier options this model is used to determine 

the first hitting time and the probability of hitting a certain stock price barrier (Su & Rieger, 2009). 

Future research could focus on implementing this financial model within the current context to model 

the capital cushion behavior, with capital cushion barrier 88 � 0.     

 Finally, the current models could be considered as static models, which means that the premium 

rate is predefined based on a historical set of data. The models could be extended by developing a real-

time decision supporting tool, which accepts/rejects transactions based on the expected risk involved in 

a transaction immediately after they are offered for funding.     
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Related research topics 

Next to the model extensions, there are other interesting topics for further research. First of all, the 

quantification of the financial benefits for the carriers when implementing DTF would be a potential 

area for further research. Although offering DTF seems to be an attractive product for some of the 

carriers within the current network of ControlPay, a quantification of the exact benefits could enhance 

the introduction of this new type of financing within this industry.     

 Secondly, although it can be analyzed with the tool what a premium is to charge carriers per 

transaction for the operational risk incurred, it would be interesting to investigate thoroughly which 

factors are the main contributors to the size of the operational risk. The risk profile could for instance be 

driven by carrier or shipper specific factors such as the country of origin, or origin and destination of 

shipments. These factors need to be taken into account in the determination of the premium. 

Finally, in a broader Supply Chain Financial context an interesting area for future research might 

focus at the creation of an open market with regard to the funders for financing invoices. Currently 

carriers have to deal with the funder the service provider does business with, which can be relatively 

costly considering the different interest rate policies used. The creation of a market by introducing more 

funders in the system encourages competition among them and can work in favor of the supply chain 

system.   

  



49 

 

References 
 

Literature 

Baños-Caballero, S., García-Teruel, P.J., Martinez-Solano, P., (2010), Working Capital Management in 

SMEs, Accounting & Finance, volume 50, issue 3: 511-527 

 

Biederman, D., (2011), When Time is Money, The Journal of Commerce Magazine 

Coolsen, L.A.E., 2011, Supply Chain Finance; an integrated view of Operations and Finance, 1ML05 

literature study master OML, TU/e 

 

Fisher, R.A., (1921), On the probable error of a coefficient of correlation deduced from a small sample, 

Metron 1, 3-32  

 

Goodman, L. A., (1960), On the exact variance of products, Journal of the American Statistical 

Association, 55, 708-713 

 

Hardy, M., (2006), An Introduction to Risk Measures for Actuarial Applications, SOA Syllabus Study Note 

 

Hubbard, D., (2009), The Failure of Risk Management: Why It's Broken and How to Fix It, John Wiley & 

Sons, Inc., 2009 

 

Kaas, R., Goovaerts, M.J., Dhaene, J., Denuit, M, (2008), Modern Actuarial Risk Theory, 2nd edition, 

Kluwer Academic Publishers 

 

Kulkarni, V.G., (1999), Modeling, Analysis, Design and Control of Stochastic Systems, Springer-Verlag 

New York, Inc. 

 

Léautier, T. O., (2007), Corporate Risk Management and Value Creation: a Guide to Real-life 

Applications, Risk Books, August 2007 

Manganelli S., R. F. Engle, (2001), Value at Risk Models in Finance, Working Paper 75, European Central 

Bank, Frankfurt 

Mitroff, I. I., Betz, F., Pondy, L. R., Sagasti, F., (1974), On Managing Science in the Systems Age: Two 

Schemas for the Study of Science as a Whole Systems Phenomenon, Interfaces 4, nr. 3: 46-58. 

Pfohl, H-C & Gomm, M. (2009), Supply chain finance: optimizing financial flows in supply chains, Logistic 

Research, Volume 1, Numbers 3-4, 149-161 

 

Sargent, R. G., (2005), Verification and validation of simulation models, In Proc. 2005 Winter Simulation 

Conf., ed. M. E. Kuhl, N. M. Steiger, F. B. Armstrong, and J. A. Joines, 130-143. Piscataway, New Jersey: 

IEEE 

 



50 

 

Shim, J., Lee, S.-H., MacMinn, R. , (2009), Measuring Economic Capital: Value at Risk, Expected Tail Loss 

and Copula Approach, Working Paper presented at the 36th Seminar of the European Group of Risk and 

Insurance Economists 2009, Bergen. 

 

Su, L., Rieger, M.O., (2009), How likely is it to hit a barrier? Theoretical and empirical estimates, 

Tecvhnical Report Working Paper No. 594, National Centre of Competences in Research, Financial 

Valuation and Risk Management, October 2009 

 

Zhang, L., & Yan, G., (2009), The complex economic system of Supply Chain Financing, Social-Informatics 

and Telecommunications Engineering, 2009, Volume 4, Part 1, 763-772 

 

Internet 

Quinn, M., 2010, A Counterintuitive development, Supply Chain Finance in the New Economic Crisis, 

Retrieved August 29th from http://www.jpmorgan.com 

 

Presentations 

United Nations Conference on Trade and Development, 2005, Trade Finance; Instruments, techniques 

and providers, Retrieved from         

http://www.unctadxi.org/sections/DITC/Finance_Energy/docs/ComFin/Training/ditc_commb_ComFin_0

0011.ppt  

 

Report 

Global Business Intelligence, 2007, Empowering CFO’s and Treasurers around emerging Global Supply 

Chain Finance Issues and Solutions, GSCF first edition, Vancouver    

 

Basel Committee on Banking Supervision, 2010, Developments in Modeling Risk Aggregation. Retrieved 

from:  http://www.bis.org/publ/bcbsca.htm 

                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 



51 

 

 



52 

 

 

Appendix A Freight Financing  

 

 

 

  Gains of Freight Financing  

By selling approved invoices to the service provider with value V, the carrier receives its cash with value V-P a number of days before the 

agreed payment term between the carrier and the shipper. The quicker access to capital for the carrier improves its liquidity, and this 

capital can be used to finance the day-to-day operations and increases its growth potential. 
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Appendix B  Freight Audit Process 
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Appendix C Deep Sea Transportation Process 
 

Table 8: Data Trigger Descriptions 

Data Trigger Description 

Tender / Request Quote for single shipment for a number of containers or quote for long 

term agreement  

Order confirmation Document confirming the order by the carrier for transportation at 

certain date(s) against an agreed price 

Transport Manifest Document containing overview of all containers which should be loaded 

on the vessel before custom inspection 

Load List Document containing overview of all containers loaded on the vessel 

Bill-of-Lading (BoL) A legal document between the shipper of a particular good and the 

carrier detailing the type, quantity and destination of the good being 

carried, which serves as a certificate of ownership of the goods 

Proof of Delivery (PoD) The delivery receipt of the freight bill with date and time of delivery 
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Appendix D Mathematical Proofs 
 

1. Proof Variance Expression 

Let 2 and � be two random variables (not necessarily independent).  

Define  É2 � ��O���O��� ,  J2 � 2 % 	�2�    and  Ê�2� � S���O����.  A similar notation will be used for the 

random variable �. We also define   Ë0- � 8>?< �É2�0,  �É��- =     and     	0- � 8>?< �J2�0,  �J��-  =.  

 

Since 2� % 	�2�� � 	�2�	���� �É2  1��É�  1� % Ì��� � 	�2�	���� É2  É�  É2É�  Í��� 

where Ì�� � O��*�O���O�*� and Í�� � 1 % Ì�� � %Ë��, the variance ��2�� can be expressed as follows: 

��2�� � 	 F<2� % 	�2��=IG � <	�2�	���=I� Ê���  Ê�2�  2Ë��  2Ë�I  2ËI�  ËII % Ë��I �    � 	�2�I����  	���I��2�   2 	�2�	���	��  2	�2�	�I  2	���	I�  	II % 	��I   

                       Î 

2. Proof Lundberg’s exponential Bound (Kaas et al., 2008) 

Define �L�88�, %∞ o 88 o ∞ and � � 0,1,2 … .. as the probability that ruin occurs at or before the �"# 

loss. Since for � � ∞, �L�88� increases to its limit ��88� for all 88, it suffices to prove that  �L�88� �������  for each �. For � � 0 the inequality holds, since �n�88� � 1 �| 88 o 0 and �n�88� � 0 if 88 x 0. We are going to split up the event ruin at or before the �"# loss as regards time and size of the � % 1"# loss. Assume that it occurs between time � and �  Ï�. This event has a probability of 9��." Ï� 

due to its exponential inter-arrival time distribution of the losses. Also assume it has size between � and �  Ï�, which has a probability of Ï����. Then the capital right after time � equals 88  'X � % �. 

Integrating over � and � yields  �L�88� �  Ð Ð �L���88  'X � % ��Ï����9��."Ï�ÑnÑn      

 

Now assume that the induction hypothesis holds for � % 1, i.e., �L���88� � ��� �� for all real 88. 

Then, (13) yields to  

 �L�88� �  Ò Ò ������ �� "�M�Ï����9��."Ï� �Ñ
n

Ñ
n  ��� �� Ò 9Ñ

n ��"�. � ���Ï� Ò ��MÏ����Ñ
n� ��� �� 99  � 'X :M��� � ��� �� 

 

Where the last equation follows by rewriting equation (11) to  
. � ��. � :����, hence 

.. � �� :���� �1. 

                                                                                                                                                                         Î 
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Appendix E Premium Distance Minimization 

 

 

Figure 15: Premium distance minimization of financial and actuarial model 
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Appendix F Simulation Results  
 

 

 

 

 

 

 

 

 

 

 

 

  

Values for capital cushion and premium income, horizon and number of replications 

CC <- 233098; PI <- 121084 

n <- 100; nSim <- 1000000; set.seed(2) 

N <- rep(Inf, nSim) 

 

for (k in 1:nSim){  

NYear <- matrix(1:n) Count number of years 

Si <- rnorm(n, mean=116422, sd=14321); SSi <- cumsum(Si);  

Ui <- CC + NYear*PI - SSi 

ruin <- !all(Ui>=0) 

if (ruin) N[k] <- min(which(Ui<0))} 

N <- N[N<Inf];  

length(N);  mean(N);  sd(N);   min(N);  max(N) 

      25               49.64        17.16         23                 82 

 

Ruin Probability 

(length(N)/nSim)*100  

0.0025% 
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Appendix G Construction Transition Probability Matrix 
 

 

 

  

Constructing Matrix 

A=zeros(251) 

 

Constructing one-step transition probability array for single period 

Mu=400 

Stdev=4089 

B(1)= normcdf(-13400,Mu,Stdev) 

B(71)= 1-normcdf(14200,Mu,Stdev); 

 

for j=2:70 

B(j)= normcdf(-13400+(Mu*(j-1)),Mu,Stdev)-normcdf(-13400+(Mu*(j-2)),Mu,Stdev); 

end 

 

Filling Matrix 

A(1,1)=1  

lengthB=length(B) 

 

Filling left corner of matrix 

for i=2:35 

A(i,1)=sum(B(1:35-(i-2))); 

for j=2:(lengthB-1)+i-35 

A(i,j)=B(36-i+j); 

end 

end 

 

Filling middle part 

for i=36:216  

for j=1:lengthB; 

A(i,j+i-36)=B(j); 

end 

end 

 

Filling right corner     

for i=217:251 

A(i,251)=sum(B(70-(i-217):71)); 

for j=250-(lengthB-3)+(i-217):250; 

A(i,j)=B((217-i)+(j+1)-(250-(lengthB-3))); 

end 

end 

 

Transition Matrix at t=12 

C=A^12 

Ruin Probability  ÓÔ,µµÕÖ    
C(81,1)=1.68% 
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Appendix H Correlation Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Correlation results ³·,and ¸·, 

Figure 17: Correlation results ³·,® and ¸·,® 
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Appendix I Sensitivity Analysis  
  

 
Figure 18: 95% Confidence Interval Premium for shipper 1 

 

 

Figure 19: 95% Confidence Interval Premium for shipper 3 

  

 

 

 

Figure 20: 95% Confidence Interval Premium for shipper 2 
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Figure 21: 95% Confidence Interval Capital Cushion 

 

 
Figure 22: 95% Confidence Interval Capital Cushion 

 
Figure 23: 95% Confidence Interval Capital Cushion 

 

 
Figure 24: 95% Confidence Interval Profit & Loss
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Appendix J Assumption Validation 
 

Chi-square test 

To test whether the arrival process follows a Poisson process, the Chi-square test has been used. The 

Chi-square test statistic is defined as follows: �I � × �Ø0 % 	0�I	0
L

01�  

where Ø0is the observed frequency for bin i and 	0  the expected frequency which is calculated by 	0 � ���Ù % �M�. � is the cumulative Poisson Distribution function where & is the upper limit of bin � and � is the lower limit of bin �, and � the number of observations. The mean weekly transaction arrival rates 

for the years 2008 until 2011 are respectively: 102, 92, 134 and 85. Hence, the frequency table is 

presented as follows:     

Table 9: Chi-square Goodness-of-fit test 

   Observed Frequency Expected Frequency 

Transactions per week  2008 2009 2010 2011 2008 2009 2010 2011 

Bin 1  8 23 9 12 6.6 23.1 6.3 16.5 

Bin 2  14 8 11 18 16.7 19.2 13.8 21.4 

Bin 3  14 6 6 7 18.4 8.2 17.2 11.6 

Bin 4  16 15 25 13 10.3 1.5 14.8 2.6 

P-Value  0.08 0.00 0.00 0.00 

     

From Table 9 it can be concluded that the Poisson arrival process is rejected at the 5% level for all years 

accept for 2008. Because of the large difference in the mean weekly arrival rate over the years, the four 

bins cover a different range. As presented in Figure 25 until Figure 28, for 2008 and 2009 the same 

binning range has been used. However, the results for 2010 and 2011 are based on a different binning 

range, as presented in the figures. Nevertheless, for the years 2009 to 2011 the Poisson arrival process 

hypothesis has been rejected. 

 

A weakness of the Chi-Square test is the sensitivity of the test statistic on how the data is binned. When 

increasing the number of bins for the given bin size to 5, the Poisson arrival process hypothesis for all 

years is rejected. Decreasing the number of bins to 3 and increasing the bin size increases the P-value for 

the years 2009-2011 slightly, but the Poisson arrival hypothesis will never be accepted at the 5% level. It 

can be concluded that although the Chi-Square test has its disadvantages, it still gives some insights 

about the Poisson arrival process and whether this assumption is met in practice. 

 

In the following 4 figures the frequency histograms per year are presented. In addition, Figure 29 

presents the weekly arrivals during the years. After visually inspection of the figure, it can be concluded 

that no seasonal trends are present in the arrival data over the years.   
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Figure 25: Frequency histogram 2008 

 

 
Figure 26: Frequency histogram 2009 

 
Figure 27: Frequency histogram 2010 

 

 
Figure 28: Frequency histogram 2011 
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Figure 29: Number of transactions per week 
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Appendix K Implementation 
This section deals with recommendations for the implementation of DTF in practice. In addition, some 

practical guidelines for the use of the premium tool will be discussed.  

Practical Implementation Data Triggered Finance  

Data Triggered Finance is a relatively new financing solution which is already applied in the 

Manufacturing Industry but completely new in the transportation industry. One of the first things which 

should be done before DTF could be implemented in practice is to gain insight in the requirements from 

the Financial Institutions’ (FI’s) perspective. Although the operational risk has been assessed for the 

service provider with the use of valuable Supply Chain information, the FI needs to acquire financial 

information of the shippers and carriers as well to assess the financial risks involved. 

  

To implement DTF in practice it should be noted that not only the reliability of the Supply Chain data is 

an important factor to assess the risk, also the speed of information transformation is key in the current 

DTF practice. The earlier the shipment information is received and processed by the Freight Auditor, the 

earlier the carrier receives its cash and the more attractive the gains are from a financing perspective. 

This way, the carrier can reduce its days receivables outstanding significantly.  

 

Furthermore, the service provider’s current network consists of the shippers and carriers its strategic 

partner CP does business with. To expand the network in the near future as to increase the business 

volume, Supply Chain data could be bought from other Freight Auditors as well. An important factor to 

be aware of when determining the premium is the reliability of this data. A methodology need to be 

developed to assess how the data reliability is guaranteed by the FA. Moreover, a few years of data is 

desirable to get a clear insight in the size of the operational risk.      

Next to that, to increase the attractiveness of DTF in the future for carriers, an open platform could 

be developed where more FI’s are enrolled in the system. Currently, all invoices will be financed by a 

single FI. A system with multiple FI’s increases competition and as a consequence pre-invoice financing 

could be offered to carriers against more favorable rates. 

             

 Implementation Premium Tool 

When implementing the premium tool, the service provider needs to be aware of a number of issues.   

First of all, the dataset needs to be transformed in the required format. Data transformation and 

exclusion is essential to use the model as proposed. In addition, as has been discussed already the 

reliability of the input data is of much importance to get some meaningful results. This is especially a 

relevant issue when acquiring external data. Next to that, when moving in the future to a new financing 

model where most input data is acquired from the carrier instead of the shipper, data reliability 

becomes even more important. 

 

Another issue to consider is the size of the risk loading factor � in the financial model. This factor 

determines the size of the annual premium income over the expected annual loss. Note that � is 

currently estimated as the risk adjusted return of the European market. Other estimations for � which 
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reflect its current line of business could be obtained, although the premium per transactions is not 

extremely sensitive for small adjustments in the risk loading factor.  

When the premium to charge per transaction turns out to be insufficient to cover the actual 

losses, � could be increased to overcome this issue. It is therefore recommended to review the system 

on a regular basis in order to check whether or not manual intervention is required. 

     

Finally, it should be noted that the current model is implemented in MS Excel. An overview of the tool is 

shown in Figure 30. Nevertheless, MS Excel is not designed to deal with large datasets. It is therefore 

recommended when the business is expanded and the dataset becomes larger, to consider other 

software packages such as Ms Access.  

 
       Figure 30: Example Tool  
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