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ABSTRACT  
 

The Vehicle Quality Information (YQI) group at Scania provides a monthly basic warranty 

forecast in order to predict the 12-months basic warranty level before the products have actually 

finished their first year in use. The presently used method for forecasting is based upon 

differentiation over only two parameters: responsible department for a claim and delay in claim 

reporting. However, warranty cost varies within a wide range depending on the complexity of 

the repair, thus perhaps being driven by several other parameters as well. Especially for small 

product series, single high costs and early repairs might cause great overestimation of the final 

warranty cost. This thesis work aims to improve the calculation of the warranty claim forecast 

and to develop a measurement of the forecast uncertainty, especially for small product series, 

such as the present Euro 6 engines.  

Keywords: Basic warranty forecast, Vehicle, Warranty claim, Claim quantity, Claim amount, 

Claims per vehicle, Delivery window, SAS, SQL, Forecast uncertainty, Assembly unit, Region, 

Responsible department, New products 
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Chapter 1: Introduction 

 

1.1 Background and Problem Description 
 

Within the manufacturing industry high product quality is an essential part of the brand. 

Warranty payments are used as a common way of assessing product quality and the automotive 

industry spends huge amount of money on warranty claims. For Scania itself, the product 

obligations, mostly related to vehicle warranties, amounted to ~SEK 1480 m in the year 2013 

[5]. Therefore, precise warranty forecasts are of immense importance for the company 

management. 

After the delivery of the vehicle, its warranty period starts and with the passage of time, 

warranty claims are gradually reported. Warranty claims are the claims from customers for 

replacement or repair of, or money compensation for malfunctioning or non-functioning of any 

part of the vehicle, as specified and agreed in the warranty guidelines. Companies usually 

maintain a warranty database to collect the details of all the claims reported during the warranty 

period of the vehicle. There is a vast literature available on modeling of warranty claims. 

Empirical models obtained by the analysis of past warranty details from technologically similar 

products usually form the basis of commonly employed warranty forecasting techniques. These 

models usually incorporate (or allow for) modifications in the methodology to adjust according 

to the design and technology changes in the product. The originative contribution in this regard 

is the publication by Kalbfleisch et al. [2] where they have proposed a Poisson distribution 

model for prediction of warranty claims in the time domain. Since, then several papers have 

been published to predict the warranty claims for the remaining period based on the claims 

reported so far and the empirical model based on past warranty claims of similar products. 

Majeske et al. [4] proposes a mixture model for warranty data including the parameters for 

product field quality performance, manufacturing and assembly process, and dealer preparation 

process. Kleyner et al. [3] proposes a model of two dimensional automotive warranty 

characterized by time in service and vehicle usage mileage.  

 

A related aspect here is the warranty forecasting for recently launched products that have very 

small history of claim records of their own. Since the technology is constantly evolving and 

also because of new environmental and safety regulations, it is inevitable to face frequent 

launches of new products. And it becomes vitally important as well for the manufacturers to 

make good forecast for the newly launched products in order to prepare their fiscal plans.  Since, 

the historical claim data for such products is not sufficient enough, developing models with 

good accuracy has been a difficult problem within the industry, Wu et al. [7] propose a two 

phase modeling approach for forecasting the number of warranty claims for recently products. 

In phase I, upper and lower confidence intervals are computed based on the historical record of 

old similar products and in phase II, forecasting model for the new products is developed subject 

to the upper and lower constraints derived earlier.  
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Scania’s method [1] for forecasting the warranty claims is based on the approach proposed by 

Kalbfleisch et al. [2]. The issue of ‘reporting delay’, which refers to the delay that happens 

between the occurrence and reporting of a claim, has been addressed in this approach. The 

central idea is to estimate the expected number or money value of claims from a vehicle, as a 

function of its time in use, and eventually predict the collective amount of claims from all the 

vehicles in service. However, despite the approach followed in Scania’s method [1] being 

conceptually similar to Kalbfleisch et al. [2], the treatment of claims data is different.  

Consequently, this work relies mostly on the study and analysis of exiting Scania method of 

forecast.  

 

1.2 Purpose/Aim 
 

This study aims to do a comprehensive study and analysis of Scania basic warranty forecasting 

method, thereby adding to its current understanding and scope of future improvement. More 

specifically, the study intends to explore the effect of various factors which specify an 

assembled vehicle, on the parameters used in forecast methodology. It is intended to analyze 

the warranty claims from the vehicles that have finished their basic warranty period to 

understand the pattern of vehicle delivery time, rate of claim occurrence and to arrive at an 

estimate of amount of time it takes before which majority of the claims get realized. 

Additionally, the intention is to develop a model of uncertainty for the forecast method thereby 

setting a method for evaluation of any proposed improvement in the forecast.  Moreover, the 

study aims to investigate the existing method of forecasting new products which do not have a 

sufficient warranty claim history of their own. 

 

1.3 Delimitations 
 

Scania basic warranty is limited only in time and not by mileage, which is a quite common 

practice amongst other automobile manufacturers as well. Field claim reported during the first 

year of warranty is thus the standard measure of field quality at Scania. This study therefore is 

concerned only with the field claims and does not include any information about mileage usage 

limit. 

The amount of time it takes to execute a code i.e. run-time depends upon the complexity of the 

code. Although, it may be a good idea theoretically to do a certain modification in the code 

which will improve its output accuracy; practically the run-time maybe too long for it to be 

used on a regular basis. Therefore, although this study identifies some more parameters to be 

included in the code written in SAS, practically it is not possible to execute it.  

Moreover, due to confidentiality concerns, some information has been purposefully removed 

from certain sections viz. 2.1.2, 2.5.1, 4.1, 4.3 and 4.4. 
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1.4 About Scania 
 

Scania is one of the world’s leading manufacturer of trucks and buses for heavy transport 

applications, as well as industrial and marine engines, An increasing proportion of the 

company’s operations consists of products and services in the financial and service sectors as 

well, thereby assuring Scania customers of cost effective transport solutions and maximum 

uptime. Scania operates in about 100 countries. Research and development activities are 

concentrated in Sweden, while production takes place in Europe and South America, with 

facilities for global interchange of both components and complete vehicles [6].  

Scania identity is shaped by its customers and products – vehicles, services and financing – and 

by the people in the company, their values and working methods. Scania embraces three core 

values – customer first, respect for the individual and quality. These core values tie the 

company together and form the basis of Scania culture, leadership and business success. 

Scania aim at solving most of the warranty issues and has a dedicated organization for product 

follow up known as Vehicle Quality. Vehicle Quality Information (YQI) is a sub group of this 

department. YQI provides forecasts, pendent reports and survival analysis to the Scania R&D 

and the company management. 
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Chapter 2: Scania forecasting framework: methodology and tools 

This chapter introduces and describes the terminology of vehicles and claims in use at Scania 

from the point of view of warranty forecasting. The passage of time from assembly of a vehicle 

till credit for a claim is explained. Additionally, various statistic tools and forecast techniques 

employed in the Scania forecasting framework are discussed. Furthermore, the approach used 

for generating forecasts for new products with relatively very small history of vehicles and 

claims, is described.  

 

2.1 Introduction to vehicles and claims 

2.1.1 Vehicles and associated chassis variants  

Chassis is the underlying supporting structural frame of a motor vehicle to which all other 

components are fastened. Scania way of describing chassis is to specify it in terms of various 

classifiers known as ‘variant family’. This specification method enables assembly of tailor 

made vehicles. In this thesis work, the terminology ‘vehicle’ or ‘vehicle assembly’ has been 

used which basically refers to the chassis or assembly of chassis.  Each variant family 

corresponds to some technical specification of a part or component of the vehicle. There are 

several thousands of variant families, however, based on previous experience, not all the variant 

families are found to be important in the context of warranty forecasting. For example, variant 

families corresponding to splash guard front or driver seat are not considered to be important. 

Accordingly, some important variant families are listed in Appendix A.  

Variant families are written in the format ‘C’ followed by 4 digits i.e. CXXXX. Each of the 

variant families has several variant codes where each code value denotes a technical 

specification in that family. As an illustration, variant code C0614 i.e. Assembly location may 

have eight codes with each of the eight code values specifying a different geographical 

assembly plant location where the vehicle was assembled. It must be mentioned here that the 

final assembly of a vehicle is done at one assembly location only. For e.g. all cabs for Södertälje, 

Zwolle and Anger are made in Oskarshamn; all engines and gearboxes are made in Södertälje.  

It is important to note here that keeping abreast with the technological development and launch 

of new products; several variant families are disbanded whereas new families are also created. 

Hence some families might be relevant only for certain products, e.g. C0116 – (Cab length) is 

only relevant for Trucks whereas C1425 – (Anti-roll front, torsion bar) is only meant for Buses. 

Accordingly, it can be inferred that all assembled vehicle might not have values for all variant 

families.  

Moreover, several other identifiers are also attached to a vehicle depending upon where its 

vehicle was assembled or where is it being used, etc. They are mentioned as follows: 

 Product unit – The production unit where a component of the vehicle is produced.  
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 Product class – Whether the vehicle is a truck or bus. 

 

 Vehicle segment – Further distribution of trucks and buses into e.g. haulage, 

construction, distribution, etc. depending upon the specification of vehicle. 

 

 Vehicle country – The country to which the vehicle is sold. Each country is identified 

by a separate code. 

 

 Region – The region where vehicle is sold. Regions are classified into Africa (AF), 

America (AM), Asia & Oceania (AO) and Europe (EU). 

 

2.1.2 Claims  

 

Claims are also classified in various ways. One important classifier of claims is the department 

which designed the part or component of the vehicle which malfunctioned or underwent a 

repair/replacement. It is known as ‘Responsible department’. As an illustration, Transmission 

department would be responsible for all clutch repair claims.  

 

2.2 Timeline for vehicles and claims  
 

With regards to the interest of basic warranty forecasting, Fig. 2.1 on the next page explains the 

progression of various stages in the life cycle of a vehicle and its associated claims. The 

different stages are further explained as follows: 

• Assembly month – This is the month and year in which the vehicle is finally assembled. 

The vehicle is now ready to be delivered to Scania distributors across the world. Also, 

most of the vehicles are then sent to ‘body builder’ who builds some external body 

attachments for the vehicle according to requirements. All these activities can take some 

amount of time. 

• Warranty start date / delivery date – This is the date when the vehicle is delivered and 

the key is handed over to the customer. Basic warranty period of the vehicle starts from 

this date and lasts for 365 days.  



 

6 
 

  

Fig. 2.1 Progression from assembly of a vehicle till credit for a claim 

• Repair date – When a fault happens, customer comes up for repair at a workshop. This 

date is referred to as repair date. The repair is then either registered by the workshop via 

the ‘common warranty process (CWP)’ system whereby it reaches the Scania warranty 

process database – SWAT, or else, if this system is not in practice at a workshop 

location, the repair is communicated by the workshop to the respective distributor who 

then forwards it to the factory, to be entered into SWAT. A related parameter here is the 

number of days that have passed since the warranty start date, when the customer turns 

up with a claim. It is represented as day to repair quantity. 

• Claim registration date – This stands for the date when the details of the claim including 

the amount of money, requested by workshop, is actually registered into the database. 

It can either be the same day as repair date or a later date. The corresponding money 

value of claim demanded by the workshop is called ‘registered claim amount’. There 

might be differing amount of delays between the repair date and the claim registration 

date depending upon different claim reporting systems. 

• Claim approval date – After the company looks up into the details of the claim, 

determines what is covered/and what not under the warranty guidelines, and decides 

how much amount of money or money value of the part(s) to be replaced/refurbished, 

is to be paid out, the claim is said to have been settled or approved. The corresponding 

money value of the approved claim is called ‘approved claim amount’. A related 

parameter here is the number of days since the repair date till the claim approval date. 

This is the time which includes the delay in registration as well as deliberations into the 

claim and possible negotiations with the customer. It is represented as ‘lag’. 

Assembly Month
Warranty Start Date/ 

Delivery Date
Repair Date

Claim Registration 
Date 

Claim Approval Date Credit Date
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• Claim credit date - After the approval of the claim, the money is finally credited to the 

account of the service center. Credit is done on several occasions each month. The 

corresponding date is called the claim credit date.  

 

2.3 Types of Forecast 

The group YQI provides several forecast reports in order to monitor the quality of products. 

These are described below: 

 Basic Warranty forecast – This is a monthly basic warranty forecast e.g. on different 

products such as Haulage vehicles, Construction vehicles, City buses, or fuel injection 

systems, or on different geographical locations – Global production of vehicles, Europe 

production and South America production. The forecast predicts the 12-months basic 

warranty level before the vehicles have actually finished their first year in use. Warranty 

level is measured by two parameters – number of warranty claims per vehicle and the 

money value of claims per vehicle.  

 

 Vehicle Off Road (VOR) – VOR refers to the forecast report which includes only the 

repairs pertaining to the situation when vehicle is no more fit for use and has to be taken 

off the road e.g. repairs that require towing away or road side repair.  

 

2.4 Statistic Tools 

Several tools are used the group YQI in order to provide forecasts and reports on warranty 

claims data. These are explained as follows: 

 Diver – This tool is used to obtain statistics for deeper investigation of various quality 

aspects such as Basic Warranty, Vehicle Off Road, Spare parts, etc. It is basically an 

Online Analytic Processing (OLAP) tool which enables the interactive analysis of 

multidimensional data from different perspectives and provides the capability for 

complex calculations, trend analysis, and sophisticated data modeling.  

 Dive Port –This tool is used to provide statistics with instant presentation of failure rate 

for 3, 6, 9 & 12 months in use. 

 SAS Base and Portal – SAS is a software package capable of data mining, 

manipulation and analysis. It is developed by the SAS Institute which is an analytics 

software developer institution based in North Carolina, U.S. SAS software uses its own 

programming language called the SAS language. Programs written in SAS can be 

characterized by two major commands known as ‘step’ – DATA step and PROC step. 

A DATA step is used for retrieving and manipulating the data whereas a PROC step is 

used for the analysis of data. PROC statements are basically predefined procedures 

within the SAS system which can be employed depending upon the intended analysis.  
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The SAS software suite consists of several (more than 200) components like Base SAS 

(Basic procedures and data management), SAS/STAT (Statistical analysis), 

SAS/INSIGHT (Data mining), SAS/OR (Operations research), etc. Base SAS has been 

used for all the retrieval and analysis tasks included in this study,   

 

YQI also hosts a SAS portal which is used for survival analysis such as Weibull and 

Kaplan-Meier analysis of individual vehicle components.  

 

 SQL – SQL stands for Structured Query Language. It is a programming language that 

specifically caters towards data management in a relational database management 

system. The syntax for using SQL language can be mainly divided into clauses, 

expressions, predicates, queries and expressions.  

 

A simplified version of prognosis code is available on SQL platform. This code is 

referred to as Claim Information From Field (CLIFF). 

 

2.5 Forecast Techniques 

As mentioned above while describing the statistic tools available at the disposal of YQI 

department, two types of prognosis codes exist for making the warranty level forecast. One is 

an extended version of code written in SAS primarily considered as the main forecast code. 

And the second code is a simplified version of code executed on the SQL platform. In this 

section, the concept and methodology of both the prognosis codes is described at length.  

2.5.1 Main Forecast in SAS 

 

This section describes the parameters and methodology used in the main forecasting method 

based in the SAS platform.  

The present forecasting method enables estimation of claims per vehicle per assembly month 

based on currently known warranty level – either number of claims or money value of claims. 

The method utilizes two main parameters in the calculation: 

 Distribution of repairs during the warranty year (λt) –It has been observed historically 

that values of the parameter λt differ depending upon the department responsible for the 

occurrence of any specific claim. This knowledge is reaffirmed by the output of the 

Analysis of Variance (ANOVA) test described in section 4.3 afterwards, wherein a 

significant difference is observed between various values of the responsible departments 

with regards to the quantity and money value of claims. Hence, the claims are divided 

into categories of their responsible departments and calculation of λt is done separately 

for each of them. 
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 Distribution of delay in claim reporting (Fl) – After the claim has been registered, there 

is usually some delay before the settlement is done. This delay mainly occurs between 

the repair and registration of claim but might also occur because of discussion between 

customers’ claim and organisation’s liability as per warranty definitions.  

 

 
The calculated parameters λt and Fl are then used to generate a forecast factor for each of the 

assembly months. The estimation of claims per vehicle (qx) for a specific assembly month x is 

done from the currently known number of claims (ñx) divided by the Forecast factor as shown 

in. Eq. 2.1.  

 

 �̂�𝑥 =
�̂��̃�

𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡 𝑓𝑎𝑐𝑡𝑜𝑟
               ………………… (2.1) 

In order to estimate the number of claims per vehicle for any assembly month, calculation of 

parameters λt and Fl is done on the basis of recent vehicles that have finished their basic 

warranty of one year but have not yet finished two years of use. An important point to be 

mentioned here is the concept of delivery window. 

 Delivery window – It refers to the option of selectively choosing the recent vehicles 

based on their delivery times. Delivery time means the time it takes form the assembly 

of the vehicle till the delivery of the vehicle. Traditionally, the selection of recent truck 

population is controlled by the provision of delivery window of 7 months whereby only 

the vehicles with delivery time within 7 months are included. Similarly, buses and 

engines have different provisions of delivery window. Selection of vehicles in this way 

ensures an effective computation of these two parameters to be used later on the forecast 

process.  

However, in this thesis work, an attempt has been made to get rid of this delivery window, and 

hence, all the codes written and executed in SAS as well as SQL do not contain the provision 

of delivery window.  

2.5.2 Simplified forecast in SQL - CLIFF 

 

This section explains the concept and approach employed in the simplified forecasting method 

based in SQL platform.  

2.5.2.1 Mathematical Formulation and Methodology 

 

This method utilizes a parameter, denoted hereafter as Lambda. Lambda is a multiplication 

factor that provides for estimation for final value of number of claims (or claim amount) at the 

end of basic warranty period based on the claim history so far. This Lambda here must not be 

confused with the repair probability λt mentioned in the previous section. Whereas λt is the 

probability of repair occurrence, Lambda is based on the share of claims at a point of time. 
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Lambda can be obtained by analyzing the historical claims of the vehicles which have finished 

their warranty and thereby, generating an approximation out of that as to how much share of 

claims appear after a certain number of days. It is worth recalling here that Scania provides 12 

months (or 365 days) basic warranty. However, this method uses the claim registration date 

which leads to extension of calculation period for Lambda somewhat beyond 365 days. The 

claim measure at the end of this period is called ‘Final claim measure’. Eq. 2.2 describes the 

mathematical relationship illustrating the concept of Lambda. 

Lambda (z) =Final claim measure / Claim measure (z) where ………………………….. (2.2) 

z refers to the number of days in use of the vehicle. The value of claim measure can either be 

taken as the absolute number of claims or the money value of claims. Accordingly, Lambda 

can be classified into two types:  

 Lambda (quantity) – Based on the absolute number of claims. 

 Lambda (amount) – Based on the total money value of claims. 

The relationship mentioned in Eq. 2.2 holds true for each of the two cases with the measure 

being either the absolute quantity or the money value, respectively. 

In order to obtain the claim estimate for any assembly month, Lambda is calculated on the basis 

of claim history of recent vehicles. Having selected the pertinent vehicles and their claim 

records, claims are then divided according to days in use of the vehicle and calculation of 

Lambda is done per number of days in use. Consequently, the current claim measure for each 

vehicle is multiplied with its corresponding value of Lambda to estimate its claim measure at 

the end of basic warranty period. This estimate is thereafter summed together for all the vehicles 

coming from a specific assembly month to obtain an estimate for that month. 

 

2.6 Forecasting new products 
 

With the advent of new standards & regulations in European Union regarding emission and 

also driven by the inherent core values of efficiency improvement, Scania keeps offering the 

latest technology to its customers. The latest development in this direction is in the form of 

Euro 6 engines with several variants. When it comes to forecasting for the vehicles with Euro 

6 engines, these are new products with a relatively very small history and therefore, there is 

not sufficient recent population of vehicles and claims. This makes it difficult to apply the 

forecasting techniques discussed above in the section 2.5. 

The practiced method to resolve this issue is to utilize the recent history of vehicles and claims 

from the older products such as Euro 5 category, which most closely match the technical 

specifications of the new product variant. Necessary changes are made in the prognosis code in 

SAS in order to enable this modified selection of recent warranty data. The list of Euro 6 engines 

and their closest counterparts from the previous standards category is mentioned on the next 

page: 
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• Euro6 (DC13 109/110)       Euro5 (DC13 07/10) 

• Euro6 (DC13 124/125)       Euro5 (DC13 07/10)  

• Euro6 (DC9 108/112           D9 Euro5/EEV XPI+EGR 

• Euro6 (DC9 111/113)          D9 Euro5/EEV XPI+EGR 

• Euro6 (DC13 115)                Euro5 (DC13 112/113) 

• Euro6 (DC16 101)                Euro5 (DC16 17/18/19) 

• Euro6 (DC16 103)                Euro5 (DC16 21)  
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Chapter 3 Methods 

 

This chapter presents the various methods used for the analytical study of the basic warranty 

forecast method with detailed descriptions of objective, parameters and methodology included 

in each of the methods. 

 

3.1 Historical analysis of vehicles and claims data  
 

This section describes the analysis of the vehicles assembled from respective months and the 

claims connected to them, with respect to time after the month of assembly.  This analysis is 

historical and iterative in nature, which essentially means that the historical record of vehicles 

and claims is analyzed and the analysis is done after every month from the assembly month.  

The prime objective of this study is to find out a cutoff point in time for the forecast after which 

it can be reasonably assured that the forecasted value is correct within an error margin of 5%. 

A new dataset was created for this purpose by retrieving information about vehicles and claims 

from existing databases and calculating the intended parameters for the analysis.  

 

Additionally, the dataset formulated in this study is used to get an idea of the rate of occurrence 

of claims through the warranty period of a vehicle – whether the claims occur uniformly or they 

are skewed towards the beginning or the end of warranty period, or some other possible 

distribution. In this regard, the accretion of claims is observed with respect to the percentage of 

elapsed warranty period or with respect to the number of months after assembly of the vehicle. 

 

This historical dataset formulation is also used to study the delivery time of vehicles after the 

assembly month. Furthermore, an investigation is done as to find out if there is any empirical 

relationship between the high/low values of claims per vehicle and the vehicle delivery time.  

 

3.1.1 Description of terms and procedure 

 

In order to accomplish this task, the assembly months starting from February 2007 till 

December 2012 (71 months in total) have been taken into account. An important parameter in 

this approach is the value of actual approved claims per vehicle. This value is calculated as a 

function of time for each of the 71 assembly months mentioned previously. An observation is 

made as to how many months after the assembly does this value reach at least 95% of the final 

value in at least 95% of the cases. The final value hereafter refers to where all the delivered 

vehicles and approved claims from a particular assembly month have been taken into account. 

And for this to happen, even the latest month used here i.e. Dec. 2012 is in fact more than two 

years old. Given that the basic warranty period of vehicles is one year, the time period of two 

years has been observed historically to receive most of the claims. Other key parameters of this 

database are as follows on the next page:  
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 Assembly month refers to the month of vehicle assembly. 

 Check month that refers to the month in which analysis is done and includes the vehicles 

delivered within this month and the corresponding claims.  

 Number of months after assembly period 

 Number of vehicles assembled in a particular assembly month. 

 Number of vehicles delivered 

 Percentage of warranty finished/elapsed. It is calculated by summing over the number of 

days in use for all vehicles and dividing by 365 times the number of vehicles (because 365 

days is the basic warranty limit.) 

 Number and amount(SEK) of settled claims 

 Number and amount(SEK) of registered claims that are not yet settled  

 Actual value of claims per vehicle which is calculated as number of settled claims divided 

by the number of delivered vehicles 

 Actual value of claims per vehicle expressed as a percentage of the final value. 

 

3.2 Comparative analysis of Lambda in CLIFF 
 

The existing technique of main forecast method in SAS takes into account only the different 

responsible departments for the claims. The objective of study described in this section is to 

investigate whether differentiation over other factors such as different assembly units where the 

vehicle was assembled or different regions where the vehicle is operating, would also make a 

significant difference in the output of the forecast. The approach followed in this study is to 

analyze the values of Lambda in the simplified forecast code CLIFF in SQL. Lambda is 

calculated over different assembly units and regions and thereafter plotted together to observe 

the differences.  

 

3.3 Comparison of extended forecast & simplified forecast 
 

As previously described, two sets of forecast methods are available at the disposal of YQI – the 

main forecast in SAS and the simplified forecast in SQL. Both of these prognosis codes enable 

the calculation of warranty level at the end of basic warranty period. While the code in SAS is 

primarily used for forecasting and reporting applications, the CLIFF code in SQL is also used 

for simpler analysis of claim information. A comparative study is done to compare the 

forecasting capabilities if these two methods. For this purpose, all the assembly months from 

2007 to 2012 are taken into account and their warranty levels at the end of basic warranty period 

is predicted by using both the methods. The latest months in the study are of 2012, which would 

also have completed their basic warranty period, by the time this study is done. The comparison 

is done against the actual values of the warranty level, which are obtained from the output of 

the historical analysis described in section 3. 2. The actual values are based upon all the 

delivered vehicles and approved claims until the end of basic warranty period.  
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3.4 Investigation into the forecasting method for new products 
 

The current approach to performing basic warranty forecast for vehicles with Euro 6 engines is 

based upon selection of recent history of the closest technically matching older product. 

Moreover, this recent record selection is made from the global population of the corresponding 

older category product.  However, since the major difference that this new breed of product 

Euro 6 brings in is in the area of emission reduction. This makes it intuitive to investigate 

whether the historical population should only include the claims related to emission or the 

global list of claims.  

The product segment analyzed in this study is the total population of trucks with Euro 6 engines. 

The number of claims (claim quantity) has been taken as the claim measure in this study and 

the study is limited to the assembly months from February 2013 to March 2014. The latest 

included vehicles were assembled about an year ago and no further vehicles are  included; this 

is because vehicles need some time to be delivered and need to be run for a certain amount of 

time on the field before their claim history can become sufficient for study. It must be noted 

that different Euro 6 product variants were introduced at different times, so the comparison for 

all variants is not possible for the entire time period mentioned above.  

 

3.5 Forecast uncertainty computation 

 

There is a need to establish a method for investigating the accuracy of existing forecast method. 

In order to do this, the output of main forecast is compared against the actual historical values 

of the parameter – claims per vehicle. Such an investigation is then used to develop a model of 

uncertainty in the existing forecast method. The assembly months from January 2009 till 

December 2012 are taken into account in this analysis. Historical values are accessed from the 

historical dataset formulation described in section 3.1 and 4.1. Whereas for obtaining the 

forecasted values, the prognosis code in SAS is rerun for all these assembly months in a 

historical and iterative manner. This historic and iterative method basically means that, for each 

specific assembly month, the forecast is made starting from seven months after assembly and 

until twenty five months after assembly. For this purpose, necessary changes are made in the 

forecast code so as to enable the selection of appropriate vehicle and claims data. A noteworthy 

point here is that not all the assembled vehicles might end up being actually delivered and not 

all the registered claims might actually end up being approved. Consequently, the calculation 

of the parameter – claims per vehicle includes only the delivered vehicles and the approved 

claims arising from them. 
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3.6 Analysis of variance (ANOVA) method – Significant factor 

exploration 
 

This section digs deeper into the search for other factors that can significantly affect the output 

of forecast, apart from the responsible department for the claim, which is already included in 

the methodology of the main forecast. In a way, this section follows further from the 

investigations done in section 3.1., where an analysis of Lambda values was done in the 

simplified forecast code CLIFF, in order to find out the differences over various assembly units 

and regions. However, the output of analysis was mostly visual in nature with no hard statistics 

to support the observations. Furthermore, the study dealt only with two factors – assembly unit 

and region. Consequently, there is a need to do a more comprehensive and statistically sound 

analysis of warranty record data in order to reach any conclusion about the variation in 

level/values of different factors 

3.6.1 Description of parameters and model  

 

The statistical technique (ANOVA) is used to find out the factors for which significant 

difference exists over different levels/values of factors. ANOVA is a method used to test for 

significant differences between means. Factors used for analysis in this section consist of the 

40 important variant families mentioned in Appendix A and in addition to that product unit id, 

vehicle segment, current country, responsible department and region. These factors serve as 

independent variables for the ANOVA analysis whereas the dependent variable is money value 

of claims (claim amount). A database is created out of the claims from the vehicles which have 

finished their warranty. Specifically, vehicles which were delivered between January 2009 and 

December 2013 are taken into consideration here. Scania basic warranty of vehicles is 1 year, 

so it can be assured that most of the vehicles from December 2013 would have finished their 

warranty by now.  

The null hypothesis for our study would be that there is no significant difference between 

various values of the input variables. The value of Significance (Sig.) provides a way to accept 

or reject the null hypothesis. Taking a Sig. level of 0.05, we would accept the hypothesis for 

the cases where Sig. value is greater than 0.05 whereas for values less than 0.05, the null 

hypothesis would have to be rejected. Rejection of null hypothesis would imply that there is a 

significant difference between various values of the independent variables. 

The F ratio in the output is the ratio of the mean sum of square values. In case of null hypothesis 

being true, F ratio would have a value close to 1.0. A large F ratio implies that the variation 

among group means is more than what can be expected to happen by chance. So, a large F ratio 

would imply that the null hypothesis is wrong. 

 

It needs to be mentioned here that not all the factors included in this study are mutually 

independent. In fact, several of them affect the inclusion and level of other factors. As an 

illustration, selection of a certain level of chassis height in the factor C0272 would constrain 

the level of the factor C0548 – roof height. 
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Chapter 4 Results and Analyses 
 

4.1 Results from the historical analysis of vehicles and claims as a 

function of months after assembly 
 

Table 4.1 partially illustrates the parameters from the formulated dataset for a selection of the 

vehicles assembled in February and April 2007, respectively. It is to be noted that all the 

parameters from the database are not listed here. 

Table 4.1: Glimpses of the historical database 

 Assembly Month - February 2007 
Number Of 

Months 
After 

Assembly 

Check 
Month 

Number 
Of  Vehicles 
Assembled 

Number 
Of Vehicles 
Delivered 

Warranty 
Elapsed 

Percentage 
Value Of Claims 

Per Vehicle 
Against The 
Final Value 

0 02/2007 5900 503 2.09 % 0.19 % 

1 03/2007 5900 2397 5.74 % 0.93 % 

2 04/2007 5900 3564 10.94 % 2.62 % 

3 05/2007 5900 4380 16.65 % 6.38 % 

4 06/2007 5900 4854 22.87 % 10.83 % 

(i) February 2007 
 

 Assembly Month - April 2007 
Number Of 

Months After 
Assembly 

Check 
Month 

Number 
Of  Vehicles 
Assembled 

Number 
Of Vehicles 
Delivered 

Warranty 
Elapsed 

Percentage 
Value Of Claims 

Per Vehicle 
Against The 
Final Value 

0 04/2007 5750 672 2.20 % 0.06 % 

1 05/2007 5750 2581 6.10 % 0.98 % 

2 06/2007 5750 3743 11.31 % 3.24 % 

3 07/2007 5750 4586 17.04 % 6.59 % 

4 08/2007 5750 5081 23.51 % 10.42 % 

(ii) April 2007 
 

4.1.1 Interpretation of results 

 

The output of this analysis is presented in the table 4.2. The information presented therein can 

be comprehended as the percentage of cases (assembly months here) in which the value of 

settled claims per vehicle attained at least 95% of the final within a certain number of months 

after the assembly month. For example, for the trucks global population, 75 % of the cases 

attained the 95% mark after 18 months from assembly.  
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Table 4.2: Output of the historical analyses 

 
Truck Global Production 

 

 
Bus Global Production 

Months After 
Assembly 

Percentage Cases 
Attained 95% Mark 

Months After 
Assembly 

Percentage Cases 
Attained 95% Mark 

16 4 % 20 4 % 

17 46 % 21 13 % 

18 75 % 22 15 % 

19 90 % 23 25 % 

20 92 % 24 42 % 

22 93 % 25 55 % 

23 96 % 26 66 % 

24 99 % 27 75 % 

25 100 % 28 80 % 

– – 29 89 % 

– – 30 93 % 

– – 31 94 % 

– – 32 96 % 

– – 33 97 % 

– – 34 99 % 

– – 37 100 % 

 

The takeaways from the results presented here are the corresponding values where at least 95% 

of the cases attained the 95% target. These values are highlighted in the table for distinct 

observation of the reader.  Henceforth, when making the prognosis for Trucks global 

population, 95% confidence can be expected in the forecasted claim value after 23 months from 

assembly. Similar deliberation into the Bus global population gives the statistic of 32 months.   

4.1.2 Some other observations from the historical analyses 

 

It can be observed from the table 4.1 that the percentage of elapsed warranty may significantly 

differ from one assembly month to another for the same number of months after assembly 

period. This is due to the fact that the number of vehicles assembled each month can differ 

significantly and also the delivery times for each vehicle can be different. 

Figure 4.1 presents the trend of the actual value of claims per vehicle (expressed as a percentage 

against the final value) and the share of elapsed warranty against the number of months that 

have passed since the assembly of the vehicle. This figure presents the observations from the 

assembly month July 2009.  
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Fig. 4.1: Trend of warranty depreciation and claim per vehicle buildup 

 

It can be observed from Figure 4.1 that the occurrence of claims doesn’t exactly copy the trend 

of depreciation of warranty period. For example, after around nine months after assembly, 

around 50 % of the warranty has been elapsed whereas the value of claims per vehicle hovers 

around 30 % of the final value. This observation suggests that the accumulation of claims is 

skewed towards the latter half of the warranty period. This phenomenon is reconfirmed in the 

later section 4.2 where observation of Lambda is made against number of days in use.  

Figure 4.2 shows the plot of delivery of the vehicles with respect to the number of months after 

assembly month. The data for this figure includes all assembly months for the year 2009 and 

2010 and the product segment is global truck population.  
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Fig. 4.2: Observation of vehicle delivery time 

Figure 4.3 illustrates the trend of actual claims per vehicle for all the 71 assembly months 

(February 2007 till December 2012) as a function of the number of months it takes to deliver 

the vehicle after vehicle assembly. For this purpose, all the vehicles and the claims coming from 

those vehicles were basically grouped according to the number of months taken for vehicle 

delivery and the average claims per vehicle calculated for each of them .  

 

Fig.4.3: Claims per vehicle as a function of vehicle delivery time 
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It can be observed that the vehicles getting delivered shortly amount to higher value of claims 

per vehicle as compared to the vehicles getting delivered late. This behavior is partially 

explained by the knowledge of the fact that in the recent years, vehicles delivery to the Brazil 

market region has been relatively swifter and coincidentally, the vehicles from that market have 

had high amount of claims. However, it must be noted that this trend might look different for 

different products and different assembly months.  

 

4.2 Results from the comparative analysis of Lambda in CLIFF 
 

This section presents the output from the comparative analysis of Lambda over different 

assembly units where the vehicle was assembled or different regions where the vehicles are 

operating. 

4.2.1 Based on claim quantity 

 

a) Comparison over different assembly units - Lambda is calculated based on different 

assembly units of vehicles. The European units namely Södertälje, Zwolle & Anger are 

grouped together as they represent similar specifications and markets, whereas Brazil is 

observed separately. A comparative difference is shown in Fig. 4.4. 

 

Fig. 4.4 Claim (quantity) share for different assembly units 
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As can be observed from the graph, there exists a significant difference between Lambda for 

these two different categories of assembly units. Claims in Brazil appear to be delayed and 

coming up later as compared to the one in Södertälje / Zwolle / Anger units.  

b) Comparison over different regions - Lambda is calculated based on the different regions 

where vehicles are operating. Comparison here is done in terms of different continents 

as the operating conditions differ based on that. It is to be noted here that Scania does 

not sell Trucks and Buses in North America, so the series America in the graph 

essentially means Middle and South America. A comparative difference is shown in 

Fig. 4.5.  

 

 

Fig. 4.5 Claim (quantity) share for different regions 

As can be observed from the graph, there exists a significant difference between Lambda for 

these different regions. Claims in America appear to be delayed and coming up later as 

compared to the other regions, whereas claims in Africa appear to be coming up at a steady rate 

throughout the warranty period. 

4.2.2 Based on claim amount 

 

As discussed in section 2.7.2, the calculation of Lambda can also be based upon the money 

value of approved claims as a function of the number of days in use of the vehicle. It is 

interesting to investigate whether Lambda calculation differed over other factors also such as 

different assembly units or different region ids of vehicle in this case as well. 
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a) Comparison over different assembly units - Lambda is calculated based on different 

assembly units of vehicles. A comparative difference is shown in Fig. 4.6. Descriptions 

of various assembly units are same as mentioned in section 4.2.1. 

 

  

Fig. 4.6 Claim (amount) share for different assembly units 

As can be observed from the graph, there exists a significant difference between Lambda for 

these two different categories of assembly units. Claims in Brazil appear to be delayed and 

coming up later as compared to the one in Södertälje / Zwolle / Anger units.  

b) Comparison over different regions - Lambda is calculated based on different regions 

where vehicles are operating. A comparative difference is shown in Fig. 4.7. 

Descriptions of various regions in the chart are same as mentioned in section 4.2.1. 

As can be observed from the graph, there exists a significant difference between Lambda for 

these different regions. Claims in America appear to be delayed and coming up later as 

compared to the other regions, whereas claims in Africa and Europe appear to be coming up at 

a steady rate throughout the warranty period. 
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 Fig. 4.7 Claim (amount) share for different regions 

 

4.3 Results from comparison of extended & simplified Forecast 
 

Figure 4.8 presents the output from an analysis performed in order to compare the extended and 

simplified methods of forecasting. Extended forecasting here refers to the prognosis made 

through code in SAS. Whereas, simplified method refers to the CLIFF code in SQL. 

The assembly months considered in this figure cover only January to December 2012 whereas 

the complete analysis covers assembly months from year 2007 to 2012. However, the figure 

presented here is similar to the results for other assembly months as well.  

The primary outcome of this study is that the simplified CLIFF code performs well when 

compared to the actual values of claims per vehicle and the forecasted values in SAS. This gives 

an assurance for the use of Cliff code in simpler forecasting and reporting applications. 

A secondary observation from Fig. 4.8 is that the actual value and the value from SAS prognosis 

are very consistent with each other for this selection of assembly months. However, this may 

not the case if a plot is made for some other assembly months.  This would be further elaborated 

in the section 4.5 which delves deeper into comparison of the actual values and the SAS forecast 

values, in order to derive a model of uncertainty for the forecast method.  
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Fig. 4.8: Comparison of extended and simplified forecasting 

4.4 Results from evaluation of forecast method for new products 

 

Figures 4.9((i) – (vii)) present the forecast results for different Euro 6 variants, obtained by 

using only emission related claims as compared to using all the claims, for the product segment 

truck having Euro 6 engines. 
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(ii) Euro6 (DC13 124/125) and Euro5 (DC13 07/10) 

 

 
 

(iii) Euro6 (DC9 108/112) and D9 Euro5/EEV XPI+EGR 
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 (iv) Euro6 (DC9 111/113) and D9 Euro5/EEV XPI+EGR 

 

 
 

(v) Euro6 (DC13 115) and Euro5 (DC13 112/113) 
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(vi) Euro6 (DC16 101) and Euro5 (DC16 17/18/19) 

 

 
 

(vii) Euro6 (DC16 103) and Euro5 (DC16 21) 
 

Fig. 4.9 (i)-(vii): Euro 6 emission forecast evaluation 
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Some take away observations from the above analyses are: 

 

a) Forecasts based on Emission reference and Global reference are similar and close to the 

actual value in the following cases: 

 

 Euro6 (DC13 109/110) and Euro5 (DC13 07/10), Truck, Global production 

 Euro6 (DC9 108/112  and D9 Euro5/EEV XPI+EGR, Truck, Global production 

 Euro6 (DC9 111/113) and D9 Euro5/EEV XPI+EGR, Truck, Global production 

 Euro6 (DC16 103) and Euro5 (DC16 21), Truck, Global production 

  

b) In the following cases, forecast based on Emission reference tends to be higher than the 

one based on Global reference and thus deviating more from the actual value, from end 

of 2013 and 2014 onwards: 

 

 Euro6 (DC13 124/125) and Euro5 (DC13 07/10), Truck, Global production  

 Euro6 (DC13 115) and Euro5 (DC13 112/113), Truck, Global production  

  

c) In the case of Euro6 (DC16 101) and Euro5 (DC16 17/18/19), truck global production, 

forecast based on Global reference tends to be higher than the one based on Emission 

reference data, which is opposite to the trend observed above. There is a huge 

difference for the month of November 2013. Moreover, lesser but significant 

differences continue from 2014 onwards. Nevertheless, forecast based on Global 

reference tends to be closer to the actual value than the one based on Emission reference 

data.  

 

In order to understand the reason behind this peculiar observation in the case of Euro6 (DC16 

101) and Euro5 (DC16 17/18/19), a discussion was held with the product responsible. The 

output of the discussion was that there is a huge technological (although not commercial) 

difference between these two categories of engines.  

 

But overall, the forecast based on Global reference has been observed closer to the actual value 

(and thus smaller error) than the one based on Emission reference data. Thus, the conclusion 

from above analyses is that it is better to use the global population of claims from older products 

rather than using only the emission claims. 

 

4.5 Results from the forecast uncertainty analysis 
 

Figures 4.10 and 4.11 present the outcome of analysis done in order to ascertain the uncertainty 

present in the forecast method. The first figure presents the difference between forecast and 

actual figures for all the assembly months included in this study. The latter one presents the 

upper and lower bounds and the average estimate. It is to be noted here that figures are presented 

onwards from seven months after the assembly and until twenty five months after assembly. 

This is done primarily because of the provision of 7 month delivery window in the existing 

forecast method and the experience based knowledge and estimate of uncertainty levels. 
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Moreover, by the time of twenty five months, the uncertainty in forecast comes down to very 

low numbers.  

 

Fig. 4.10: Uncertainty in Forecast model 

 

 

Fig. 4.11: Confidence intervals for the forecast model 
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It can be observed that the uncertainty in the forecast follows a decreasing trend over the time 

period which is quite obvious since more and more vehicles finish their basic warranty period 

and more and more claims get settled with the passage of time, thereby providing better picture 

of the actual claims per vehicle. One of the explanatory reasons for significant uncertainty 

figures in the earlier months is the service campaigns offered by the company from time to time. 

In any such service campaign, customers are incentivized or recommended to get some repair 

or replacement done beforehand in order to avoid the impending problem that has been foreseen 

by the company. Many of these campaigns might ensue because of legal regulations or safety 

concerns. As a result of campaigns, a lot of basic warranty claims which otherwise would have 

occurred, actually end up not getting covered under the scope of basic warranty. This amounts 

to the forecast figures deviating from the actual statistics. There is no provision to include the 

occurrence/non-occurrence of any campaigns in the basic warranty forecast methodology. 

Moreover, it is difficult to foresee campaign decisions several months before they actually 

happen and so that an attempt could be made to compensate the forecast figures accordingly. 

However, the repair and expenses arising out of campaigns are registered in a separate account 

other than the basic warranty.  

Another correlation for high uncertainty figures in the earlier months can be made with the 

observations from the figure 4.7 described in an earlier section. The vehicles getting delivered 

shortly after their assembly end up having higher value of claims per vehicle as compared to 

the vehicles getting delivered later in time. However, as pointed out in the earlier section, this 

trend might be different if observed for a different product category or for a different set of 

assembly months.  

It can be observed from Fig. 4.11 that the average absolute uncertainty drops down to less than 

5 percent after 12 months from the assembly month. Upper bound and lower bound of 

uncertainty figures decline to less than 5 percent after 18 and 15 months respectively. These 

findings would serve as key statistics in future in order to comprehend the forecast data against 

the actual warranty levels in future.  

Based on the findings described above, a correction factor is proposed to be applied to the 

forecast data in order to obtain better estimates for the future basic warranty forecasts. Fig. 4.12 

shows the values of suggested correction factor as a function of number of months from the 

assembly month. These factors can be applied to the forecasted value of claims per vehicle to 

obtain the upper and lower bounds as well as corrected mean estimate.  
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Fig. 4.12: Suggested correction factor for the forecast model 

 

4.6 Results from ANOVA analyses 

 

The results from the ANOVA analysis are presented in the Appendix B. Significance statistic 

of less than or equal to 0.05 and F value significantly higher than 1 provides for identification 

of a factor as significant. Based on these criteria, 24 significant factors are identified. These 

factors are highlighted in the table and sorted in the order of their significance for easier 

interpretation of the results.  

 ‘Responsible department’ comes out to be the most significant with a high F-value of approx. 

1788. Since C1534 is marginally significant with a Sig. value of 0.052 and F value of 2.579, it 

is decided to include it in the category of significant parameters. It is worth to recall here that 

'responsible department' is already included in the basic warranty forecast methodology. Other 

significant factors follow further in the list in decreasing order of their significance.  

The factors ‘production unit’ and ‘region’ of the vehicles come out to be having insignificant 

difference across their different levels. This finding needs to be contrasted with the observations 

made in section 4.1 from the comparative analysis of Lambda in CLIFF code in SQL. The 

terminology ‘production unit’ used here corresponds to different assembly units. The 

observations in section 4.4 suggest a significant difference in values of Lambda over different 

assembly units of the vehicles and different regions where vehicles are operating. However, it 

must be understood that those observations are just visual in nature whereas the results 

presented in this section are derived out of concrete significance tests and analysis. Moreover, 
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not using any of these factors as a differentiating parameter in the forecast methodology simply 

means use of their average values across the different levels. Hence, an explanatory reason for 

this behavior could be that the average value is not inclined towards any of the different levels 

of these parameters, which accounts for not much difference in the warranty level figures, when 

using the average value instead of using different values across different levels.  

The factor ‘vehicle country’ comes out to be the second most significant with an F value of 

20.61. This outcome might be another explanation for the insignificance of the factors 

‘production unit’ and ‘region’ as the country of the vehicle (which are much in number) might 

be accommodating all the differences which may come because of different production units or 

regions. This perhaps suggests towards combining the countries in smaller groups which have 

little variation across group means.  

The most significant parameters identified (or the groups made further of) in this analyses can 

be incorporated in the forecast method in order to investigate as to whether they would result 

in improvement of the forecast. However, a cautionary note must be made for the increase in 

run time with the increase in complexity of the code, which may bring about practical problems 

in code execution. These findings can provide a probable direction of future work to further 

improve and develop the forecast methodology.  
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Chapter 5: Conclusions and Discussion 
 

This study through its analytical approach brings out thorough insight into the Scania basic 

warranty forecasting method. Investigations into the simplified forecast method CLIFF resulted 

in interpretation of differences in the rate of claim accumulation across different assembly units 

and regions. In general, vehicles sold to the America region (Middle and South America) are 

assembled in the Brazil assembly unit and for this set of vehicle population, claims are more 

delayed towards the end of basic warranty period. Nonetheless, claims are observed to be 

skewed towards the latter half of the basic warranty period for all vehicles. This trend conforms 

to the distribution of repair probability (t) mentioned in the description of main forecast 

method in SAS. Moreover, this same trend is observed irrespective of whether Lambda is 

computed based on the number of claims or the money value of claims.  

The historical dataset facilitates a detailed observation of delivery of vehicles, occurrence of 

claims, extent of finished warranty period, and trend of actual value of claims per vehicle as a 

function of time from the assembly of vehicle. Most importantly, this part of the work 

establishes key numbers – 23 months for the global truck production and 32 months for the 

global bus production – as a measure of time from the assembly period by which majority of 

the claims have been recorded and the value of claims per vehicle realizes at least 95% of its 

final value. Additionally, the examination of claims per vehicle against the share of finished 

warranty reconfirms the skewing of claims towards the end of basic warranty period.  

 

The study of vehicle delivery time and calculation of claims per vehicle with respect to vehicle 

delivery time leads to the conclusion that vehicles getting delivered early in time end up having 

higher value of claims per vehicle as compared to the vehicles getting delivered late in time. 

However, this trend is specific for the global truck population for the years 2007 to 2012. And 

the existing organizational knowledge at YQI group suggests that this trend might look different 

if figured out for other products or for other assembly months.  

 

The ANOVA exercise determines factors from vehicle and claim data which significantly affect 

the parameters used in main forecast method in SAS and thereby influence the outcome of 

forecast. Responsible department’ comes out to be the most significant factor which 

incidentally is already included in the forecast code by virtue of existing organizational 

knowledge at YQI group. ‘Vehicle country’ is the next most significant factor which suggests 

towards inclusion of country where the vehicle is sold, as a differentiating factor in the forecast 

code. This is quite reasonable as different countries might have differences in the operating 

conditions and safety & environment regulations.   

 

Another noteworthy conclusion from this part of work is the clarity over significance of 

‘assembly unit’ and ‘region’ of the vehicles. Whereas the simplistic analysis in CLIFF code 

visually suggested these factors to be having significant difference across their respective 

different levels, the robust analysis performed here rules out any such proposition. 
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The evaluation of forecast method for new products recommends the continuation of use of 

global population of claims as opposed to usage of only emission related claims from the 

corresponding older products, when making a forecast for the Euro 6 vehicles. The peculiar 

case of technological mismatch when using older vehicles with Euro5 (DC16 17/18/19) engine 

as a reference for the Euro6 (DC16 101) vehicles suggests pursuit for a better technically similar 

older product.  

 

This study intended to develop a model of uncertainty in the forecast method, thereby enabling 

the calculation of upper and lower limits for the forecasted values of claims per vehicle. In this 

regard, extensive literature study and review of statistical methods was done so as to find a 

relevant technique that can be accommodated in the existing forecast code in SAS. The 

statistical method used in the code is unique in its approach and no association could be made 

to the methods described in the studied literature. Henceforth, despite several attempts, no 

provision could eventually be made in the forecast code in SAS to include the confidence limits.  

 

However, as an alternative approach, historical data is analyzed to derive the uncertainty present 

in the forecast code. This analysis brings out some key figures – 12 months for average absolute 

uncertainty, 18 months for the upper bound and 15 months for the lower bound – as the amount 

of time after which uncertainty present in the prognosis outcome drops down to less than 5 

percent. By virtue of these key findings, a correction factor has been proposed with respect to 

amount of time after the assembly of vehicle.  
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Chapter 6: Future Improvements 
 

This thesis work identifies some other significant factors apart from the ‘responsible 

department’ which can affect the parameters of the forecast code and eventually the output and 

accuracy of the code. However, because of limitation on run time of the code, it has not been 

possible to incorporate the new factors into the code. Hence, this study proposes to simplify the 

code so as to include some other differentiating factors in the code as well.  

A correction factor has been proposed in this study to be applied to the forecast results. A future 

direction of work can be to apply the proposed correction factor on future warranty claims 

forecast and test the accuracy of the proposed modifications. Some distinctions might also need 

to be made in order to accommodate different product segments and different geographical 

regions of the vehicle. 
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Appendix A 
 

 Variant Families of Chassis 

Variant 

Family No. 
Family Description  

Variant 

Family No. 
Family Description 

17 Gearbox  1470 Injection system 

21 Axle gear first  1483 Body builder 

22 Rear axle gear ratio  1534 Taillamp type 

37 Gearbox type  1838 Identification lamp 

42 Cab type  2200 Climate system control 

82 propeller shaft type  2253 Air intake 

89 Clutch, frictiontype  2303 Tachograph 

111 Retarder  2409 EGR system 

116 Cab length  2471 Emission level 

118 Auxiliary heating  2521 Cab suspension 

122 Suspension system rear  2983 Headlamp type 

142 Engine stroke volume  2986 Front axle, type 

272 Chassis height  2987 Rear axle, type 

392 Exhaust outlet, direction  3127 Engine management system 

408 Engine type, vehicle  3129 Gearbox management system 

448 Wheel configuration  3133 Brake management system 

548 Roof height  3135 Suspension management 

system 

614 Assembly location  3137 Locking and alarm system 

1163 Chassis adaptation  3488 Selective Catalytic Reduction 

1405 Wheel brake  3575 Clutch system 

1425 Anti-roll front, torsion 

bar 
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Appendix B 
 
 

Result from ANOVA analysis 

Tests of Between-Subjects Effects 
Dependent Variable: Approved Claim Amount 

Source Type III Sum of Squares df Mean 
Square 

F Sig. 

Corrected Model 1638980355946.742a 389 4.21E+09 69.481 0 

Intercept 1.63E+09 1 1.63E+09 26.839 0 

      

Responsible 
Department 

7.59E+11 7 1.08E+11 1787.924 0 

Vehicle Country 1.06E+11 85 1.25E+09 20.611 0 

Air intake 2.7E+09 3 8.99E+08 14.825 0 

Rear axle gear ratio 2.49E+10 30 8.29E+08 13.676 0 

Clutch, frictiontype 8.59E+09 17 5.05E+08 8.331 0 

Gearbox 1.33E+10 27 4.91E+08 8.099 0 

Cab length 1.86E+09 4 4.66E+08 7.683 0 

Headlamp type 1.2E+09 3 4.01E+08 6.62 0 

Auxiliary heating 3.14E+09 8 3.93E+08 6.48 0 

Identification lamp 1.64E+09 5 3.27E+08 5.394 0 

Emission level 1.68E+09 6 2.8E+08 4.618 0 

Engine type, vehicle 1.76E+10 72 2.44E+08 4.03 0 

Cab suspension 1.02E+09 3 3.4E+08 5.612 0.001 

Axle gear first 1.5E+09 7 2.15E+08 3.539 0.001 

Brake management 
system 

7.92E+08 2 3.96E+08 6.531 0.001 

Wheel configuration 1.89E+09 13 1.46E+08 2.404 0.003 

propeller shaft type 9.19E+08 4 2.3E+08 3.79 0.004 

Exhaust outlet, 
direction 

8.91E+08 4 2.23E+08 3.675 0.005 

Climate system control 4.11E+08 1 4.11E+08 6.778 0.009 

Suspension system 
rear 

4.84E+08 2 2.42E+08 3.988 0.019 

Tachograph 1.31E+09 11 1.19E+08 1.961 0.028 

Locking and alarm 
system 

4.24E+08 2 2.12E+08 3.498 0.03 

Vehicle Segment 5.29E+08 3 1.76E+08 2.91 0.033 

Taillamp type 4.69E+08 3 1.56E+08 2.579 0.052 

Production Unit 0 0    

Wheel brake 1.38E+08 1 1.38E+08 2.284 0.131 

Front axle, type 9.54E+08 11 86765168 1.431 0.151 

Suspension 
management system 

2.16E+08 2 1.08E+08 1.784 0.168 

Rear axle, type 6.48E+08 8 81006523 1.336 0.22 

Clutch system 1.81E+08 2 90254394 1.488 0.226 

Chassis height 2.59E+08 4 64854619 1.07 0.37 
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Selective Catalytic 
Reduction 

21618831 1 21618831 0.357 0.55 

Cab type 62290074 2 31145037 0.514 0.598 

Engine management 
system 

5627108 1 5627108 0.093 0.761 

Injection system 4242075 1 4242075 0.07 0.791 

Chassis adaptation 881410.9 1 881410.9 0.015 0.904 

Gearbox management 
system 

8370370 2 4185185 0.069 0.933 

EGR system 2950.99 1 2950.99 0 0.994 

Region 823.214 1 823.214 0 0.997 

Gearbox type 0 0    

Retarder 0 0    

Engine stroke volume 0 0    

Assembly location 0 0    

      

Error 2.62E+13 431661 60639452   

Total 3.18E+13 432051    

Corrected Total 2.78E+13 432050    

a. R Squared = .059 (Adjusted R Squared = .058) 

(Highlighted rows correspond to significant factors) 

 

 


