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Abstract 

Abstract 

This report describes the design and development of a forecasting system of booking profiles for 
KLM Cargo. Furthermore, a research is described into the applicability of the forecasting system as a 
means to improve the manpower planning of the air cargo handling process. 
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Executive Summary 

Executive Summary 

This report is the result of a graduation project at KLM Cargo from September 5, 1994 until June 20, 
1995. 'Customers' of the project were the departments Trading House and Cargo Handling. The 
report integrates forecasting, commercial and information technology aspects from a practical and 
theoretical point of view. 

Assignment 

The assignment has been twofold. Firstly, a forecasting system (Fortune Teller) has been designed 
and developed. The Fortune Teller provides information about future air cargo bookings by means of 
forecasts of booking profiles. The forecasts will be used as input for designing, testing and 
implementing decision rules which specify when KLM Cargo should accept, decline, or provide 
alternatives for, air cargo booking requests. These decision rules are referred to as 'entry conditions' . 
Secondly, the applicability of the Fortune Teller for the manpower planning of the air cargo handling 
process has been investigated. 

Design and Development of the Fortune Teller 

Specifications of the Fortune Teller 
After an orientation phase and formulation of the project, the function, use and tasks of the Fortune 
Teller have been formulated. The tasks of the Fortune Teller have been specified by means of the 
formulation of the requirements of the system and the variables which have to be forecasted. 

The variables to forecast are the amount of booked kilograms and cubic metres on specific 
flights at a random point in time before departure. The forecasts are accompanied by a range in which 
the realisation will be with a given probability. 

The requirements of the Fortune Teller are as follows: 
• The Fortune Teller is an analysis tools for its users. 
• The performance of the Fortune Teller, with respect to reliability, applicability and robustness, is 

shown and can be monitored. 
• Flexibility of the Fortune Teller, with respect to an extension of the system with other tasks, is 

provided. 
• User-friendliness has been accomplished with respect to the use of graphical interfaces, required 

statistical experience, availability of documentation and the easiness of data input. 
• The Fortune Teller is easy to interface and to integrate with the existing hardware and software. 

Development forecasting system 
The Fortune Teller has been developed using the systems development tool Enfin. The systems 
development process has been structured using a prototyping approach. The combination of Enfin and 
prototyping led to a short development lead-time, low cost and the freedom of changing or 
determining functions, uses and tasks, during the development process. All set requirements have 
been satisfied . 

Development forecasting model 
A forecasting system requires the specification of a forecasting model. The first step in the 
development process of the forecasting model was the definition of three general forecasting models. 
From these models, the most promising has been selected to elaborate upon. The selection has been 
based on both quantitative and qualitative comparisons. 

The second step was to optimise the selected forecasting model by means of research into the 
value of the parameters which influence the forecasting model's performance. This has resulted in a 
model which uses the Bayesian approach to update a prior forecast with newly gathered information. 
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Executive Summary 

This Bayesian approach has been combined with a seasonal forecasting technique for a seasonal 
adjustment of the booking profiles on which the forecasts are based. 

Performance forecasting model 
The performance of the forecasting model is satisfactory, when one takes into consideration the 
variation in the booking profiles. The forecasting model has to be seen as a first step towards an 
environment in which forecasts are an important input for the sales and reservations process. The 
performance of the model is expressed using four indicators. 
1. Average deviation. The average deviation is, for forecasts of com bi aircraft, 8 .5 % . 
2. Reduction of uncertainty. The reduction of uncertainty is a measure which indicates how much of 

the uncertainty (with respect to the average · -ien-)..is..reduced when using the forecasting 
odel. The r uction is 34% compared to naive forecasti model. 

' 3. Robustness the forecasting model. The robus ne 1s a quality indicator of the forecasting 
--,,.....,..,.+-,!rrnd is 1.02. Ideally the robustness is 1. 

4. Revenue and cost. A forecasting model of booking profiles is profitable when it has a forecasted 
variation coefficient of at most 0.3. The forecasted variation coefficient of the developed 
forecasting model is 0.14. From a cost point of view, the development cost are negligible 
compared to the revenue which may be gained. 

Recommendations Trading House 

1. Implement the Fortune Teller in the current sales and reservations process. 
2. Stimulate the use of the Fortune Teller as a training tool for Trading House and other related 

departments. A training with cases and a simulation of booking periods should be set up. 
3. Increase the booking period and try to the spread bookings more evenly over the booking period 

since the predictability of booking profiles then may increase. For the same purpose it is 
recommended to strive for an increase of the amount of accepted small shipments. 

4. Continue the research into an improvement of the forecasting model. Seasonal patterns and 
special events have to be monitored and used for adjustment of the forecasts by Trading House 
and regional Sales departments. 

5. Investigate and determine which factors influence the booking profiles. Use these findings to 
both minimise the variation in the booking profiles due to the sales and reservations process and 
to forecast the impact of entry conditions. 

Applicability of Fortune Teller for Manpower Planning 

Manpower planning 
The research into the applicability of the Fortune Teller as a means to improve the short-term 
manpower planning method for the builders at the Intercontinental flight modules, has been split into 
four key questions. These questions relate to the complexities of the cargo handling process and are 
formulated as follows. 
1. Is it possible to forecast the required manpower per shift, knowing the mixed cargo per shift? 
2. Is it possible to forecast the mixed cargo per shift, knowing the mixed cargo per block? 
3. Is it possible to forecast the mixed cargo per block, knowing the total cargo per block? 
4. Is it possible to forecast the total cargo per block, knowing the forecast of total cargo per flight? 

The four questions can be interpreted as a chain, in which the weakest link determines the strength of 
the chain as a whole. The four questions are presenting four forecasting problems in which each 
forecast is input for another forecast. The research has shown that the first and the third question will 
be the bottleneck when applying the Fortune Teller. The Fortune Teller, based on the conducted 
research, is not capable of improving the current manpower planning method. 

The questions have been answered with the use of many information sources. All of these 
sources were related to air cargo units as for instance: number of shipments, number of kilograms and 
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Executive Summary 

cubic metres, etcetera. Apparently is the knowledge about the quantitative aspects of the air cargo 
handling process not sufficient in order to forecast manpower. Qualitative aspects should also be 
considered. 

Recommendations Cargo Handling 

1. It is highly recommended to work on data registrations of the units which are useful for 
forecasting manpower in the building process. These units are for instance: the number of 
parcels, shipments, maindeck pallets, etcetera. Do not consider the number of Unit Load Devices 
as the 'one and only' unit which is useful for productivity reports, manpower planning, etcetera. 

2. Use the quantitative and qualitative information which is available in Cargoal. The information 
I 

can be used to forecast the ratio of mixed cargo and total cargo. Furthermore, the information can 
be used for a reliable translation of workload into a forecast of the required manpower per flight 
up to three or four days in advance. 

3. Productivity reports have to give a better reflection of reality. Quantitative aspects have to be 
measured more accurately and qualitative aspects have to be taken into account. 

4. Reduce the variation in the unstable ratio of mixed cargo and total cargo using 'operational 
rules'. Operational rules specify which bookings to accept and which to decline from an 
Operation's point of view. Using these rules, KLM Cargo can balance the bookings of mixed 
cargo and through cargo . 
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Preface 

'Bridging the World' was KLM Royal Dutch Airline's theme for the celebration of its 75th 
anniversary in October 1994. It was at KLM Cargo where I have carried out a graduation project from 
September 1994 until June 1995. As a student at the Faculty of Industrial Engineering and 
Management Science of Eindhoven University of Technology, this graduation project has been my 
last test whether or not I am capable of spending my future life as an industrial engineer. 

'Bridging the Past and the Future' is the title of this report, which presents the findings of the 
graduation project. It is concerned with forecasting future air cargo bookings using booking profiles 
from the past. The project would never have been possible without the help and support of many 
people and I therefore would like to thank those involved. 

From KLM Cargo I want to thank: 
Drs. P.A.M. Kienhuis for giving me the opportunity to graduate at KLM Cargo and for the many 
discussions we have had on various subjects. I appreciate his involvement, comments and ideas about 
the project. I have really enjoyed working for and with him; 
M.J. Bloemen MBA for his contribution to the project and his knowledge on how to structure reports 
and research. I cannot imagine how many hours he has spent reading the chapters I have written; 
L. van Mullem who has been very helpful with the problems I have been facing during this period. 

From Eindhoven University of Technology I want to thank: 
Prof. Dr. C.B. Tilanus for his commitment, ideas and interest in the project; 
Dr. G.J.K. Regterschot who has made many contributions to the project. His involvement was 
especially appreciated during the final weeks when I was writing this report; 
Ir.J. Ruules for his willingness to read the report in a very short time. 

Then I want to thank all staff of Trading House, Cargo Handling and all the others who have made my 
graduation project, besides very interesting, very pleasant. 

The last nine months have provided an opportunity to 'evaluate' my student life which has been great 
and intensive each and every year. I have had fun and I have learnt a lot from books and courses but 
maybe even more important, from a number of very good friends . Therefore I want to say 'thanks a 
lot' to everybody who has made my student life all that it has been. Special thanks to the members of 
Wasniks! 

'Bridging the Past and the Future' also applies for myself. I have enjoyed my student life. However, 
things will probably have to change in the future. A nine month graduation project is in that respect a 
good opportunity to get used to what the future might hold. 
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Chapter 1 
Introduction 

This chapter briefly introduces KLM Cargo. The emphasis is put on the changes and innovations 
within the organisation. The purpose of this chapter is to give an overview of the project setting and 
an introduction to the problem definition. 

1.1 A Division in Transition 

KLM Cargo is one of the two divisions of KLM and was established in 1991. In 1994, KLM Cargo 
grew to number five in the list of global air cargo carriers. With 3000 employees, KLM Cargo aims to 
rank among the top three customer-oriented suppliers of high-quality transport, distribution and 
information services. The division seeks to achieve this goal by gaining greater customer preferences, 
strengthening its market presence and by offering services at competitive cost levels. 

Due to changes in its environment, KLM Cargo would not be able to achieve its intended aims 
without changing its organisation and market approach. Therefore a world-wide reorganisation, called 
'a division in transition', was initiated in 1994. Part of the reorganisation is an on-going re
engineering of the sales and reservations process. 

1.2 Forecasting System 

The graduation project has consisted of two major parts. The first .part was the development of a 
forecasting system of booking profiles. A booking profile is a line-graph which shows the level of air 
cargo bookings at a number of points in time before departure. The need and function of a forecasting 
system is explained below. This explanation is accompanied by a short presentation of the re
engineering of the sales and reservations process. 

One of the reasons for the re-engineering was KLM Cargo's lack of market orientation. The 
· 1ack of market orientation is caused by the inability of KLM Cargo to segment its market with respect 
to customers, products and prices. In other words, everything is offered to everyone at any time. KLM 
Cargo will, however, change into an organisation which offers different products to different 
customers for different prices. This approach is based on strong market segmentation and will 
increase the market orientation. 

Pricing and priority setting in the sales and reservations process is a means to support this 
required market segmentation. Priority setting refers to the process of deciding which booking 
requests to accept and which to decline. Pricing is the process of setting pre-defined prices which are, 
for some products and services, adjustable on a day-to-day basis. 

In order to work on the pricing and priority setting, the project 'Commercial Rules' has been 
initiated. The objective of this project was to develop decision rules which specify when to accept, 
decline or provide an alternative for a booking request. These decision rules are hereafter referred to 
as 'entry conditions'. Another objective was to develop information systems which are needed to feed 
the entry conditions with the required information. 

One of the required information systems is a forecasting system of booking profiles. Using this 
system, forecasts will be made, at a specific point in time before departure, of the total booked weight 
and volume on a certain flight. These forecasts will be used to anticipate on the future reservations 
behaviour of customers and will be input for the entry conditions. The objective of the first part of the 
graduation project was to design and develop this forecasting system. 
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1.3 Manpower Planning 

The second part of the graduation project has dealt with the manpower planning of the air cargo 
handling activities. Aircraft arrive at and depart from Schiphol Airport 24 hours a day concentrated in 
four time blocks. After arrival and before departure a number of air cargo handling activities are 
carried out. One of these activities is the grouping of parcels to air cargo pallets and containers, the 
so-called building activities. 

The required manpower for the building activities depends on the workload. A planning of the 
required manpower is made twice a year and is not based on a detailed forecast of the workload. 
Flexibility in the manpower planning is created by the possibility to hire temporary employees and to 
plan absence of KLM Cargo employees. The available manpower is, however, not always equal to the 
required manpower. 

A discrepancy between required and available manpower has a number of negative 
consequences. If the available manpower is less than the required manpower, air cargo cannot be 
handled according to planning. If the available manpower is more than the required manpower, 
productivity per employee decreases. 

The second part of the graduation project has consisted of a study of the applicability of the 
developed forecasting system as a means to improve the manpower planning for the building 
activities. 

1.4 Overview 

Chapter two contains general information about KLM and its Cargo division. Besides this, the 
reorganisation and re-engineering of the sales and reservations process is analysed in more detail. 
Chapter two also presents a number of cargo related issues. Furthermore, the manpower planning 
method for the building activities as well as the activities themselves are described. Chapter three 
deals with the issues and the assignment which has been formulated. Chapter four discusses the 
function, use and tasks of the forecasting system. Complexities and risks which relate to the 
development and implementation of the forecasting system and entry conditions are discussed. 
Chapter five deals with the reliability of the historical booking profiles and with the development of 
information systems. Presented is the development of the forecasting system and the information 
system which provides access to the historical profiles. The forecasting system is based on a 
forecasting model. The developed forecasting model is described in chapter six as are the results 
which have been obtained. The research and the recommendations on the use of the forecasting 
system as a means to improve the manpower planning of the air cargo handling activities, is the 
subject of chapter seven. Finally, chapter eight presents the conclusions and recommendations of the 
graduation project. 
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Chapter 2 
KLM Royal Dutch Airlines 

KLM Cargo is in the process of changing its core business from being a regular line-haul carrier to a 
logistic service company. To understand the motives for this change, a closer look at KLM Cargo in 
terms of its strategy, the markets it competes in and the organisation structure is presented in the first 
two sections of this chapter. Consequences of this change for the sales and reservations process are 
discussed in section 2.3. Air cargo handling, in particular building aircraft pallets and containers, is 
the subject of section 2.4 and 2.5. 

2.lKLM 

The aviation business is still a growth business but is affected by the fluctuations in the world's 
political and economic fortunes and their subsequent effect on supply and demand. In recent years, the 
industry has seen an increasing liberalisation, globalisation and a strong increase in competition 
between airlines. To survive, KLM Royal Dutch Airlines positions itself as an airline operating 
world-wide from an European base, professionally able to offer discerning passengers and shippers a 
reliable and punctual product and a careful and friendly service at competitive costs and for equally 
competitive tariffs (KLM Cargo, 1994). 

KLM Royal Dutch Airlines has total assets of NLG 15,938 million and employs over 24,000 
people in 91 countries. In the fiscal year 1993/1994 the net income was NLG 103 million, earned 
from carrying over 11 .2 million passengers and 4 71 million kilograms air cargo (KLM Royal Dutch 
Airlines, 1994). This means that every day almost 31,000 passengers and 1.3 million kilograms air 
cargo are being carried by KLM. Additional statistics about financial and operating results are 
enclosed in appendix 1. 

2.2 KLM Cargo 

Strategy 
After a strategic orientation in 1989, KLM management set a process in motion that would more 
clearly define the shape of the Cargo organisation. The result of this has been a shift in the carriage of 
air cargo from being a core activity to a core business. This led to the formation of the KLM Cargo 
division in 1991. 

On the basis of the overall KLM strategy, KLM Cargo has worked on a strategy, strategic 
targets and the transformation of fragmented cargo activities into a fully fledged Cargo division. The 
strategic orientation of KLM Cargo has led to the following mission statement. It is the aim of KLM 
Cargo to rank among the top three customer oriented suppliers of high-quality transport, distribution 
and information services. In support of this mission statement, KLM cargo will: 
1. strengthen its line-haul position; 
2. design services specifically aimed at the upper end of the market; 
3. operate on the world's main routes; 
4. continue to respect the traditional distribution channels, but actively seek direct distribution 

channels; and 
5. optimise effectiveness, efficiency and contribution to results, with consideration to staff and 

environment. 

Markets 
Market segments can be split into two main groups, being the intermediaries and the end users. End 
users are the shippers and the owners of the transported products. Intermediaries do not own the 
products but act as representatives for the end users and arrange transport on behalf of the end users. 
Figure 2.1 presents the various market segments differentiated according to four parameters. The 
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Chapter 2 (KLM Royal Dutch Airlines) 

market segments are the interliner, space broker, integrator, forwarder, direct account, etcetera. The 
four parameters are the production profile, margin profile, distribution profile and service profile. The 
arrows in this figure are reflecting the strategy of KLM Cargo. 

Core Business 

Production 
Profile 

By-product 

Low 

Margin 
Profile 

High 

8 
~ 
~ 

Linehaul ◄~1----...------....----► Added 
Value Service 

Profile 

Figure 2.1: Market segmentation and positioning 

Grip 

" 

Distribution 
Profile 

No-grip 

Most intermediary segments are represented in the lower left quadrant and will predominantly make 
use of generic transport services. These services are then 'packaged' with customised service 
elements by the intermediaries and supplied to the end user. The margin on these market segments has 
slowly eroded, as has the contact with the customer, the so-called grip. 

The majority of the end user segments fall in the upper right quadrant where customers are 
prepared to pay extra for value added products. The exact nature of these value added products differs 
from customer to customer. As a result, very close contact has to be maintained with the customer in 
order to determine what services are required and to be able to offer these customised services . 

In the present relation with the air cargo market, the right upper quadrant represents the 'upper 
end of the market'. It is in this direction that the market positioning of KLM Cargo has to move. Of 
the current income, 75% is derived from the lower left quadrant. In order to reduce the vulnerability, 
this has to be reduced to 50%. A balance between both quadrants is essential for survival. On the one 
hand is the volume provided by intermediaries necessary to accomplish efficiency and a relating low 
cost level for the line-haul activities. On the other hand it is necessary to generate high margins by 
providing value added products with a high yield . 

Organisation structure 
KLM Cargo used to be divided organisationally into three areas. These areas were Europe/Africa, The 
Americas and Asia/Pacific and were divided into countries managed by national establishments. 
Every national establishment was led by a manager who was responsible for all activities carried out 
in or for the benefit of that country. Depending on the size of the country's market, it handled all 
kinds of activities such as sales, personnel affairs, export, air cargo handling, reservations, etcetera. 

4 
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The result of the reorganisation is a change in the above-mentioned organisation structure. As 
from April 1, 1995, activities are divided into Operations, Sales and Customer Service. As well as 
these three so-called pillars, a number of Business Units have been created. The pillars have been 
divided into twelve regions. Every region is managed by an Operations, Sales and Customer Service 
manager. 

Task of Operations (the factory) is to carry the ownership of the operational network, with 
responsibility to develop services, control cost and meet quality levels. Sales (the shop) has a world-

KLM Cargo 

Sales 

wide sales responsibility including 
Marketing, Account Management and 
Relationship Management. Close to the 
customer is the Customer Service manager 
with responsibilities such as reservations, 
claims and status reporting. Figure 2.2 gives 

Operations an overview of the KLM Cargo 
organisation structure as from April 1995. 

LMCar~ 

2.3 Sales and Reservations Process ~ 

Changes in the organisation structure and market approach strongly influence the sales and r s? ~ ~ 
reservations process. A re-engineering of this process is necessary to anticipate the new structure ancv'·1 ~ 
approach. The re-engineering is, like the reorganisation, an on-going project. The past, current and ( . 
future sales and reservations process are described below. f---h>--./\A-c. 

r <; '/ 
Past sales and reservations process 
The available capacity on a flight used to be divided into a number of 'allotments'. Allotments are 
space reservations on certain flights over a period of time. Some of these allotments were assigned to 
national establishments which were to a large extent autonomous in selling capacity. Other allotments 
were reserved for small shipments and could be used by all establishments for reservations. 

When a national establishment wanted to make a reservation on a flight out of Amsterdam and 
they did not have access to an allotment, a booking request had to be sent to Commercial Reservations 
at Schiphol. Commercial Reservations, a staff department of the Europe/Africa area, possessed 
allotments which were used for free sales. National establishments, and to a lesser extent other 
airlines, were eligible for a part of these free sales allotments. The task of Commercial Reservations 
was to accept or decline booking requests. Their objective was to optimise revenue and load factors. 

Enumerating problems 
The problems which occurred in the past process and which have occurred due to the reorganisation, 
are listed below. Solutions for these problems have been and have to be found, developed and 
implemented. 
1. Because a functional distinction has been created between sales and reservations, clear and 

specific guidelines about acceptance and decline of booking requests should be provided to 
Customer Service. 

2. On a number of flights, booking requests are declined because the capacity is sold out a few days 
before departure. These 'capacity based no-sales' cause high opportunity losses and cost. 

3. One day before departure many reservations are cancelled by customers. These customers do not 
have to pay a penalty for these 'no-shows', nor does this influence the acceptance of their future 
booking requests. 

4. It is hardly possible to segment the various market groups with respect to pricing and priority 
setting in the sales and reservations process. 

5. If an allotment is not fully used at departure, the owner of the allotment does not have to pay a 
penalty. Nonfulfilment of allotments results in opportunity cost in case of capacity based no
sales. 
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Chapter 2 ( KLM Royal Dutch Airlines) 

Current sales and reservations process 
Reservations is the task of Customer Service since they are the shopkeepers and contact point for 
customers. Every region has a Customer Service department, responsible for all reservations and 
order-taking activities. Sales is responsible for revenue. 

When a customer wants to make a reservation, he has to contact a regional Customer Service 
department. They accept or decline booking requests using guidelines provided by the Sales 
departments. As well as accepting or declining requests, it is possible that alternative products are 
provided. Alternative products are for instance, a different lead-time, priority, transport medium or 
price. A customer is referred to the Sales organisation when he wishes to make a special contract or 
when an exception occurs. 

Future sales and reservations process 
A commercial decision support system will support Customer Service with their decisions. To fulfil 
its function, the commercial decision support system will be fed with information and entry 
conditions. Regional Sales and Trading House will be involved in the design of entry conditions. 
Trading House is a staff department of the new KLM Cargo organisation. 

The commercial decision support system will have access to databases of customers, prices, 
products, contracts, etcetera. Furthermore, a number of well defined entry conditions will be available 
as well as control and maintenance procedures. Since the scope of the development of the system is 
too large to handle, a decision has been made to restrict the initial activities to a workable size. Some 
of these activities have been assigned to the 'Commercial Rules project'. 

Commercial Rules project 
The Commercial Rules project started in October 1994 and finished in June 1995. The objectives of 
the Commercial Rules project were the following. 
1. Design entry conditions for order acceptance, decline and provision of alternative products. 
2. Train employees of four regions in the use of entry conditions. 
3. Evaluate the effectiveness of the entry conditions and recommend on world-wide 

implementation. 
4 . Entry conditions will be applied, amongst others, on the basis of information technology tools 

which are needed to analyse demand and supply. Implement these information technology tools 
at the four regions. 

5. Use the deliverables of the project for training and promotion of the new sales approach. 

Entry conditions 
Entry conditions will be based on the analysis of various types of information. The information will 
present the dynamics between demand and supply. The most important information sources are 
depicted in figure 2.3 and are explained 
below. The development of some of the 
required information systems was part of 
the Commercial Rules project. 

1. 

2. 

Contract specifications. When a 
customer wants to make a reservation, 
the contract of the customer has to be 
consulted. Agreements upon priorities 
and prices have to be known. 
Prices. Prices for products and 
services are pre-defined by Sales. 
These prices are, for some products 
and services, adjustable on a day-to
day basis. The up-to-date prices have 
to be available. 

Figure 2.3: Entry conditions 
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7 . 
8. 
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Chapter 2 ( KLM Royal Dutch Airlines) 

Size of the shipment. The size of the shipment has to be known. Small shipments are generally 
more profitable than large shipments. 
Density of a shipment. If a flight is volume/weight restricted high/low density shipments are 
preferred. 
~hmy behaviour of customers. Customers who frequently cancel reservations have to be 
1dentified1n order to know the 'quality' of their requests . 
No-sales. · e historical number of capacity based no-sales gives information about the potential 

--...---.i.-r-nemand on a route and is therefore valuable information. 
Available capacity. The available capacity is a bottleneck on some routes. 
Customer-type. KLM Cargo wants to increase the share of end users in total sales. The customer
type therefore has to be known . 
Commodity. Various commodities require various products and services. The commodity has to 
be considered since market segmentation is involved . 
Booking profile and forecast of booking profile. A booking profile shows the level of bookings 
on a flight during its booking period. 
The booking period is the period of 
time during which cargo reservations 
can be made. Dependent on the 
destination, the booking period is ten 
or eleven days. When the booking 
period has started, the flight is 
'current'. Booking profiles are 
expressed in cubic metres or 
kilograms and are visualised using 
the information system 'ARAMIS'. 

Using booking profiles and forecasts 
of booking profiles, it is possible to 
anticipate on reservations behaviour 

Bookings (kg) 
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20000 
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10000 
5000 

0 ---+--+---+----+-----------
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Number of Days before Departure 

Figure 2.4: Booking profile KL861 , February 28th, 1995 

of customers. An example of a booking profile is depicted in figure 2.4. More information about 
booking profiles is presented in appendix 2. 

2.4 Air Cargo Handling 

After arrival and before departure of aircraft and trucks, a number of activities are carried out. These 
activities are, amongst others, the air cargo handling activities. 

Air cargo 
A shipment arrives at and departs from Schiphol Airport by aircraft or truck. The transport medium 
for both the incoming and outgoing stretch is mainly determined by the origin and destination of a 
shipment. Airport-to-airport transport services operated with aircraft and trucks are called flights. 

A shipment consists of one or more parcels. Dependent on the type of aircraft or truck and the 
characteristics of a shipment, the shipment is transported as belly cargo or unitised cargo. Unitised 
cargo is transported on air cargo pallets or in air cargo containers. Air cargo pallets and containers are 
hereafter referred to as Unit Load Devices (ULDs) . Appendix 3 presents an overview of different types 
of ULDs. Belly cargo is transported loose in the belly of an aircraft or on ordinary, non-air pallets, in a 
truck. The unit of load is the parcel and only 5% of the total handled air cargo volume at Schiphol is 
belly cargo. Belly cargo is not relevant for this research and is therefore not considered in the 
description of the air cargo handling process. 
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Chapter 2 (KLM Royal Dutch Airlines) 

Air cargo handling process 
The air cargo handling process can be divided into eleven sub-processes. These processes are listed 
below and are depicted in figure 2.5. 

Unloading 

Incoming 
Transport 

Incoming uld 
Warehouse 

Figure 2.5: Air cargo handling process 

Import 

Breakdown 

Parcel 
Warehouse 

1. Unloading process (unloading an aircraft or truck) 

Export 

2. Incoming transport process (transporting ULDs to automated warehouse) 
3. Incoming ULD warehouse process (storing incoming ULDs in automated warehouse) 
4. Breakdown process (ungrouping ULDs into parcels) 
5. Import process (handling of import shipments) 
6. Parcel warehouse process (storing parcels in warehouse) 
7. Export process (handling of export shipments) 
8. Building process (grouping parcels to ULDs) 
9. Outgoing ULD warehouse process (storing outgoing ULDs in automated warehouse) 
10. Outgoing transport process (transporting ULDs to aircraft or truck) 
11. Load process (loading an aircraft or truck) 

Loading 

Outgoing 
Transport 

The number of cargo ULD positions on an aircraft depends on the aircraft type and on the allocation of 
ULD positions to baggage, mail and cargo. Cargo ULDs can be distinguished in two types, being mixed 
and through ULDs. A mixed ULD is grouped (building process) or ungrouped (breakdown process) at 
Schiphol. A through ULD is not grouped or ungrouped, but enters and leaves Schiphol unaltered. 

2.5 Building Process 

Building activities 
The building activities start approximately fifteen hours before departure. The precise starting point 
depends, amongst others, on the availability of equipment and air cargo capacity of the flight. In 
general the starting point varies between 26 and 12 hours before departure and marks the 'opening' of 
the flight. 

Parcels which are output of the breakdown process are transported to the import area, parcel 
warehouse or to a 'buffer'. A buffer is a marked area of approximately ten square metres and is 
located close to a 'building pit'. A building pit is a rectangular iron plate with an adjustable floor level 
on which ULDs are built. The available buffers and building pits are grouped in three modules. 
Dependent on the destination of a parcel it is transported to the module for European palletised flights 
(EUP) or one of the two intercontinental flight modules (ICA-1,2). 

Besides direct transport of parcels from the breakdown and export process to the buffers, 
parcels are picked from the parcel warehouse and transported to the buffer. Parcel picking is done 
using the 'pre-manifest' which is a list of actual locations of booked shipments per flight. The pre
manifest is made by Freight Handling when the flight is opened. Possible locations are the parcel 
warehouse, the buffer or outside the air cargo handling building. 
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By the time the buffer is filled, Freight Handling starts building ULDs. Builders pick parcels 
from the buffer and, dependent on the parcels ' characteristics, put them in a certain position on the 
ULD. When the ULD is completed, builders report on the grouped shipments and the ULD is 
automatically moved to the automated warehouse. 

Planning of manpower 
The required number of employees carrying out breakdown and building activities depends on the 
workload. If the available manpower exceeds the required manpower, productivity per employee 
decreases. If, on the other hand, the available manpower does not satisfy the required manpower, part 
of the cargo can not be handled according to planning and will thus not be loaded. This results in a 
number of negative consequences, which are enumerated below . 
I. Shipments which cannot be loaded, will be sent with another flight. In general these shipments 

will be delayed. Delay is a decrease in quality as perceived by KLM Cargo' s customers. 
2. Additional expenses will be made since extra activities have to take place. 

Building activities take place in three consecutive shifts. Each shift consists of a module supervisor, a 
foreman and a number of builders and routers. The task of routers is to decide on the use of ULDs and 
to perform administrative tasks. The tasks of builders are mentioned above and the tasks of the 
supervisor and foreman are lead and control. 

The planning of the required number of builders and routers is made twice a year at the 
beginning of the winter and summer schedule. The planning is made for each shift at each day of the 
week. The calculation of the required manpower is made using a standard time for building and 
'routing' one ULD. The number of ULDs is calculated by combining flight schedules, related aircraft 
configurations and an estimate of the ratio between mixed ULDs and through ULDs. An estimate of 
absence through illness and leave is added to the calculated net manpower. In reality the available 
number of builders does not always satisfy workload which causes mentioned delay of shipments or a 
decrease of the productivity per employee . 
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Chapter 3 
Project Formulation 

On the basis of the expectations of KLM Cargo and an analysis of past, current and future activities, 
six issues have been defined. These issues are presented in section 3.1. The assignment is based on 
these issues. The assignment is subject of section 3.2. An overview of the research planning and 
approach is enclosed in appendix 4 . 

3.1 Issues 

The issues have been formulated as follows . 

1. KLM Cargo has the opinion that forecasts of booking profiles are useful for, amongst others, the 
design, test and implementation of entry conditions. Entry conditions are decision rules which 
clearly specify when to accept, decline or provide alternatives for a booking request. The first 
issue was the definition of the precise function and use of the forecasting system. 

2. The second issue was the definition of the type of forecasts which are required. The definition 
depends on the use and function of the forecasting system. Questions like: what has to be 
forecasted and when do forecasts have to be made, have been answered. 

3. The development of the forecasting model was the third issue. The forecasting model has been 
formulated both from a practical and theoretical point of view. 

4. The fourth issue was the definition of the features and requirements of the forecasting system. 
This issue also included the selection of the systems development tool and the (approach of the) 
systems development process. 

5. The fifth issue was whether or not it is possible to reduce the difference between the available 
manpower and the required manpower in the air cargo handling process. The decrease must be 
established using a short-term manpower planning method which is based on a forecast of the 
workload. 

6. The sixth issue was whether or not the developed forecasting system can be used to obtain a 
forecast of the workload . 

3.2 Assignment 

The assignment has been formulated as follows. 

1 
Design and develop a forecasting system which provides information about future air cargo bookings. 

The forecasts will be used as input for designing, testing and implementing decision rules which 
specify when KLM Cargo should accept, decline or provide alternatives for air cargo booking 

requests. 

2 
Investigate if the developed forecasting system can be used for forecasting required manpower in the 

air cargo handling process. If so, recommend how to use this system in order to improve the 
manpower planning method. 
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Chapter 4 
Function, Use and Tasks of Forecasting System 

At the start of the graduation project, all that KLM Cargo management knew was that they wanted a 
forecasting system for booking profiles. The precise function and use of the forecasting system was 
unknown, not to mention the tasks of such a system. 

The assignment contains a broad description of the function of the forecasting system as being 
an input supplying system for the design, test and implementation of entry conditions. To formulate 
the precise function, use and tasks, a more detailed discussion about the concept of entry conditions 
has been required. This discussion is presented in section 4.1. The relation between the concept of 
entry conditions, function, use and tasks of the forecasting system, is presented in section 4.2. Section 
4.3 will then explain the function of the forecasting system. The use will change in time since the new 
sales approach and entry conditions will be implemented gradually. The various phases of 
implementation and use are analysed in section 4.4. The tasks are formulated by means of the 
definition of variables which are forecasted and the requirements of the forecasting system. This is the 
subject of section 4.5 . 

4.1 Concept of Entry Conditions 

The information which should be considered by entry conditions can be distinguished into two 
categories, being shipment information and flight information. Shipment information is for instance, 
the requested number of kilograms and cubic metres, the moment of booking and the commodity. 
Flight information is for instance, the number of no-shows and no-sales, forecasts of booking profiles 
and the available capacity. 

Two concepts of entry conditions and use of the shipment and flight information can be 
distinguished. Since entry conditions 
are not in operation yet and since the ~ 
applied concept can change in time, it 
is useful to analyse the impact of each 
concept on the forecasting system. 

Shipment/flight 
infonnation based 

restrictions 
f-+ Price 

The two concepts are depicted in 
figure 4.1 and are explained below. 

Flight lnfonnation f-+ 
Shipment infonnation 

f-+ 

1. 

based Price 
restrictions 

Entry conditions are if-then-else 

restrictions considering both Figure 4. J: Concepts of entry conditions 
shipment and flight information. 
This concept requires that many information sources are available and that the entry conditions 
interpret these sources. An example is given in the following text box. The number of days 
before departure is referred to as V- 'number of days before departure'. 

IF before V-6 and no-sales>l0 and no-show<20 and request<lOO or forecast V-4<12,000 THEN 
price= $2.50 ELSE price= $3.00 

2. Entry conditions are if-then-else restrictions considering only shipment information. An example 
is as follows. 

!IF request<lOO and before V-6 THEN price= $2.25 ELSE price= $2.50 

The decision upon which entry conditions to install, is made using flight information and is not 
formalised by means of 'restrictions' or 'rules'. The decision is made by Trading House using 
forecasts of the booking profile, the available capacity at a number of points in time, the number 
of no-sales and no-shows, etcetera. 
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4.2 Thinking in Systems 

KLM Cargo's intention is to design and test entry conditions using the first concept. The choice of the 
concept does not influence the function of the forecasting system but only its use and tasks. The tasks 

are formulated by means of the variables to 
Concept forecast and the requirements of the forecasting 

entry conditions l system. The re ation between the chosen 
Function Use 

Tasks 

------- -------
1 va. bl s • • • 
1 na e 1 1 Require- 1 

1 to 1 1 ments 1 

1 Forecast 1 1 1 

Figure 4.2: function, concepts, use and tasks 

concept of entry conditions, the function, use 
and tasks of the forecasting system is depicted 
in figure 4.2. 

The above statements can be made since 
the purpose of entry conditions is independent 
of the chosen concept. The purpose is to 
contribute to the optimisation of the balance 
between demand and supply, in order to 
implement KLM Cargo's strategy and realise 
the highest possible profitability. In order to 

succeed, the design, test and implementation of entry conditions will be required. The function of the 
forecasting system as being an input supplying system is therefore not different from one concept to 
the other. 

4.3 Function of Forecasting System 

Designing entry conditions 
The forecasting system has to identify flight numbers, days of the week, routes, aircraft types and time 
frames for which it turns out that the 'quality' of the forecast does not reach a certain performance 
target. These forecasts should not be considered since they are unreliable or not usable. 

Unreliable or not usable forecasts are due to a highly unpredictable variation in the historical 
booking profiles. The variation in booking profiles is caused by variation in the market demand and 
the sales and reservations process. More predictable variation will result in an increase in the 
reliability and usability of forecasts. It is interesting to investigate which factors influence the 
variation. At the start of the graduation project, KLM Cargo had some ideas about these factors. More 
information may serve two purposes. The first purpose is to eliminate these factors in order to 
minimise the variation. The second purpose is to use the knowledge to design entry conditions and to 
forecast their impact. 

Testing entry conditions 
The forecasting system has to provide information which can be used to decide whether or not to 
accept a booking request. Especially in the test phase, many different types of forecasts are required in 
order to decide which types provide the most usable information. The forecasts and the impact of 
these forecasts on the acceptance decisions, has to be analysed thoroughly. This analysis should be 
supported. 

Implementing entry conditions 
Implementing entry conditions requires the availability of information about future bookings. The 
forecasting system has to provide this information to the user of the system. Implementing entry 
conditions means that the control and maintenance will become important. Control and maintenance 
of entry conditions has to be supported by the forecasting system. 
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Chapter 4 ( Function, Use and Tasks of Forecasting System) 

4.4 Use of Forecasting System 

The use of the forecasting system will change in time and will depend on the implementation of the 
new sales approach and the entry conditions. In this respect, the uncertainty was anticipated on to 
carefully think about and 'forecast' the future implementation. Four phases of the use of the 
forecasting system have been 
distinguished. These phases are depicted 
in figure 4.3 and are explained below. 

Ad-hoc 
use use 

1. Phase 1. The forecasting system will Figure 4.3: Use of the forecasting System 
be used to increase the awareness 

Entry 
conditions 

that the sales approach has to change in the direction as outlined in chapter two. Trading House 
will have to get used to the support which is provided by means of information systems and will 
have to accept this support. The forecasting system will thus mainly be used for training, 
promotion and creating awareness. 

2. Phase 2. Trading House will start using the forecasting system on ad-hoc basis for decisions on 
acceptance, decline or the provision of alternative products and entry conditions. The department 
has to learn the system and has to learn how to interpret the information. 

3. Phase 3. Information systems will be linked with each other and Trading House and other 
departments will continuously use all information systems for their decision making processes. 

4. Phase 4. Finally, entry conditions will be carried out and will automatically make decisions on 
acceptance of booking requests. Entry conditions will automatically consult the information 
sources. The focus of human intervention will be to maintain and update the entry conditions. 

The first set of entry conditions will have a simple format and will only require a few information 
sources. This set will be installed in the second phase. The sophistication and use of the entry 
conditions will, together with the use of information systems, increase in time. The performance of 
the sales and reservations process will (hopefully) also increase in time. 

4.5 Tasks of Forecasting System 

The function of the forecasting system, as noted in section 4.3, is somewhat self-evident but important 
to address. Together with the use of the system and insight into possible concepts of entry conditions, 
the ingredients for the formulation of the tasks are available. The tasks have been translated into a 
formulation of the variables to forecast and the requirements of the forecasting system. 

Variables to forecast 
When a customer sends a booking request to KLM Cargo, the decision must be made whether or not 
to allocate capacity to that request. This decision has to be based on the forecast of the booked volume 
and weight at departure of the requested flight. If the forecast indicates a shortage of capacity, 
acceptance of requests has to be restricted. If the forecast indicates sufficient capacity, most of the 
booking requests may be accepted. 

As well as a forecast of booked volume and weight at departure, it is (even more) important to 
forecast the bookings at a random point in time before departure. The reason is the relevance of the 
forecast of the booking profile for the remaining booking period. If for instance a forecast indicates 
that the capacity of a flight will be sold out four days before departure, acceptance of requests has to 
be restricted. The restrictions are different from those which are valid if it is forecasted that the 
capacity is sold out one day before departure. 

In other words, the forecasting system has to forecast the entire profile of booked volume and 
weight on a specific flight. Note that a distinction has to be made between the forecasting moment and 
the forecasted moment. The forecasting moment is between the beginning of the booking period and 
departure. The forecasted moment is between the forecasting moment and departure. 

As well as a forecast of the precise bookings, a range has to be forecasted in which the 
realisation will be with a given probability. The probability is requested by the user of the system by 

13 



Chapter 4 (Function, Use and Tasks of Forecasting System) 

means of the requested reliability. For example, the user enters a requested reliability of 90%. The 
forecasting system will then return that the realisation will be, with a probability of 90%, in between 
12,000 and 15,000 kilogram, with an expected amount of 13,500 kilogram. This forecast incorporates 
a 10% probability that the realisation is below 12,000 or above 15,000 kilogram. 

Requirements of forecasting system 
The requirements of the forecasting system are highly influenced by the uncertainty with respect to 
the use of the forecasting system. The rationale for the development of a computer application can 
be derived from the requirements which are enumerated below. 

1. Analysis tool 
In the previous section it is explained that Trading House will use the forecasts. The booking 
profiles, forecasts and the other flight information may be interpreted in a number of ways. The 
relation between these information sources is complex. Trading House and other departments are 
not used to use work with and interpret booking profiles and forecasts of booking profiles. In 
order to anticipate on a high level of human analysis, the forecasting system has to be developed 
in such a manner that it helps to analyse forecasts. 

2. Predictability 
The predictability of a booking profile is indicated using the criteria reliability and usability of 
forecasts. These criteria have been translated into two measures, being requested reliability and 
accuracy. Requested reliability is the probability that the realisation is in the forecasted range. 
Accuracy is a measure for the width of the range. These measures have to be presented together 
with the forecast, in order to help to decide whether or not the forecast should be considered. In 
order to monitor the reliability of the forecasting system on the long-term, the forecasts and 
related data have to be registered. 

3. Flexibility 
It is expected that the forecasting system will have to change in the future. The developed 
forecasting system has to be seen as a first development and a first step towards an environment 
in which forecasting systems will be continuously used. Therefore, flexibility with respect to an 
extension of the system with another function, use or task, has to be provided. 

3. User-friendliness 
The availability of newly developed information systems causes an overflow of information and 
training needs for the involved departments. The development of user-friendly information 
systems minimises these training needs. The user-friendliness of the forecasting system has to 
relate to the following four aspects. 
• use of graphical displays; 
• required statistical experience; 
• users documentation; 
• input of source data. 

5. Integration hardware and software 
Integration of the developed forecasting system with existing hardware and software minimises 
training needs and cost and maximises the possibility to interface the information systems with 
each other. Integration and interfacing has therefore to be accomplished. 
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Chapter 5 
Systems Development 

This chapter presents the development of the forecasting system from an information technology's 
point of view. Both the forecasting system and ARAMIS are discussed. The forecasting system is called 
the Fortune Teller . 

Section 5.1 presents an overview of the data sources which are used by the Fortune Teller, 
being Cargoal and ARAMIS. Due to major programming and development errors made during the 
development of ARAMIS, the development of the Fortune Teller has been complicated. These errors 
have been found during the graduation project and concern ARAMIS and its systems architecture. The 
system architecture of ARAMIS is presented in section 5.2. The scope of the errors, the problems, the 
solutions and the consequences for the graduation project are presented in section 5.3. The 
development of the Fortune Teller is the subject of section 5.4 to 5.7. In section 5.4, the requirements 
of the Fortune Teller are summarised. In this section, also the possible systems development tools are 
presented, together with the selection of one of these tools. Systems development approaches and the 
choice of an approach are explained in section 5.5. The systems development is the subject of section 
5.6. The result of the development, the Fortune Teller, is presented in section 5.7. 

5.1 Data Sources 

Forecasts of booking profiles are based on a selection of historical booking profiles. Furthermore they 
are based on the booked weight and volume at the forecasting moment, the so-called actual bookings. 
In order to get a reliable forecast, it is crucial to have reliable input data. If the reliability of the input 
data lacks, the reliability of the forecasts cannot be guaranteed. 

Cargoal 
The actual bookings can be derived on-line from Cargoal. Cargoal is KLM Cargo's world-wide air 
cargo reservations system. Using Cargoal, bookings can be made and information about KLM and its 
partners' flights can be derived. Flight information is for instance the available capacity, actual 
bookings, departure time, irregularities, etcetera. 

ARAMIS 

The historical booking profiles can be derived using the Airline Revenue Analysis Management 
Information System, in short ARAMIS. Purpose of ARAMIS is to get insight into the booking profiles. 
Until the development of ARAMIS was finished in 1994, KLM Cargo did hardly knew something about 
its booking profiles. This in contrast to the Passengers division of KLM, where the analysis and 
forecast of booking profiles is the responsibility of Revenue Management for a number of years. 

During the orientation phase of the graduation project, the reliability of the booking profiles has 
become questionable. The reasons for the doubt about ARAMIS' reliability have been threefold. 
1. A great number of booking profiles showed an extremely low or high load factor. 
2. Differences between homogeneous groups of booking profiles where hardly imaginable. 
3. KLM Cargo was aware of the fact that the reliability of booking profiles could not be guaranteed 

for the time frame between one day before departure and departure. 

As part of the Commercial Rules project, the ARAMIS application has been implemented at four 
regions for training and promotion of the new sales approach. Reliability has been important in order 
not to lose the credibility of the Commercial Rules project. Furthermore, reliable booking profiles are 
crucial for the Fortune Teller. These arguments justify that a decision has been made to conduct a 
research to the reliability of the ARAMIS booking profiles. Purpose of this research has been to 
determine to which extent ARAMIS was reliable and therefore usable as input for the Fortune Teller. In 

15 



Chapter 5 (Systems Development) 

order to understand the conclusions and consequences of this research, the systems architecture of 
ARAMIS is explained in the following section. 

5.2 Systems Architecture Aramis 

The front end of ARAMIS consists of a Powerplay application. Powerplay is an Executive Information 
System which is developed by a software house and can be tailor made for specific purposes. ARAMIS 

receives its data using an Impromptu query from a DB2/2 database. The DB2/2 database is located on 
the Local Area Network of KLM Cargo and is read-only for end-users. The DB2/2 database is 
referred to as the ARAMIS database. The data which is stored in the ARAMIS database is imported by a 
weekly download job from the 'Information Warehouse'. 

Info 
Ware
house 

Aramis 
dbase 

Figure 5.1: Systems architecture ARAMIS 

Graphs 
Reports 

5.3 Booking Profiles and Reliability 

Search for reliability 

The Information Warehouse is a mainframe 
database which receives its data from two other 
mainframe databases. These mainframe databases, 
called STEPS and CARS, have been developed years 
ago and are used for a number of purposes. Most 
of these purposes relate to generating management 
information. 

The rationale for the creation of STEPS and 
CARS has been the disability of Cargoal to store 
historical flight information. Cargoal is not able to 
show flight information about flights which have 
departed more than two days before the current 
date. In order to prevent an information loss, 
Cargoal continuously feeds these two databases 
with an extract of the in Cargoal available 
information. The information which is stored in 
STEPS is amongst others, airway bill numbers with 
their corresponding, flight number, departure date, 
number of kilograms and cubic metres. The 
systems architecture of ARAMIS is summarised in 
figure 5.1. 

ARAMIS is reliable if its booking profiles are similar to the booking profiles according to Cargoal. 
Cargoal is not able to visualise booking profiles but only reports on the actual bookings. Since 
ARAMIS booking profiles are of flights which have departed, it is not possible to compare ARAMIS and 
Cargoal directly. In order to investigate the reliability of ARAMIS, a three weeks research has been 
conducted. The approach of this research has been as follows. 

A representative sample of ten flights with different destinations, departure dates and aircraft 
types has been selected. During the booking period of these flights, Cargoal periodically (every four 
hours) has been consulted for on-line information about the actual bookings. The gathered actual 
bookings together are the booking profiles according to Cargoal. These booking profiles have then 
been compared to the ARAMIS booking profiles and the booking profiles according to STEPS. 

Remember that STEPS is the link between Cargoal and ARAMIS and it is also possible to visualise 
booking profiles using STEPS. The conclusions of this research are fivefold. 
I. Bookings which were made more than ten days before departure were not considered by ARAMIS. 

2. Bookings were made according to Cargoal but were not registered in STEPS, and vice versa. 
3. The gap between the Cargoal and ARAMIS booking profiles diminished as departure approached. 
4. The incorrect transfer of information from Cargoal to STEPS seemed to occur at random. 
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5. The gap between booking profiles according to Cargoal and ARAMIS, and the gap between 
Cargoal and STEPS, was not acceptable. The gap has been indicated by means of the ratios of the 
actual bookings according to Cargoal and the corresponding bookings according to ARAMIS. 

These calculations have been made for every observation during the research period. The total 
number of observations for one flight has been around 60. Results of these ratios ranged from 
0 .80 to 231.50 with an average of 14. This means that the height of the Cargoal booking profiles 
was on average fourteen times the height of the ARAMIS booking profiles. 

The results of this research were handed over to the Business Unit Information Technology. The 
Business Unit initiated a project with the assignment to solve the data problems before January 1, 
1995. In December 1994 it became clear that the project delayed until half February 1995. Finally it 
lasted until April 1995 before the Business Unit guaranteed the reliability of the booking profiles. T~e 
lesso~ that ~ll ~~ies involved have learned from the 'ARAMIS case', is not to assume reliability, but J 2-. 

to venfy rehab1hty. · · ~ '-<-

Consequences for forecasting 
The selection and development of a forecasting model depend on the data which is used for 
forecasting. If the data is not reliable, and the selection of a forecasting model is based on these data, 
it may be that the forecasting model would not be selected when reliable data is available. In other 
words, a risk is involved that the selected forecasting model is not the best model given the available 
knowledge and the reliable data. The selection of the forecasting model is subject of the following 
chapter. 

Although the data was not reliable, a decision has been made to proceed with the development 
of the Fortune Teller. The decision has been made after an analysis of the risks and after it has been 
made sure that all parties involved were aware of the risks. This decision was a balance between lead
time and risk and has been based on following three reasons. 
1. A few characteristics of booking profiles were known or expected. The knowledge about these 

characteristics has been used for the selection and development of the forecasting model. The 
characteristics are presented in section 6.1. 

2. A number of short-term solutions have been available in order to minimise the risks. These 
solutions are discussed below. 

3. The adjustments of ARAMIS should have been finished before January 1, 1995. Given the 
graduation project planning, the optimisation and subsequent testing of the forecasting model 
could be carried out using reliable ARAMIS booking profiles. 

Solutions 
The risk involved in the development of the Fortune Teller, has been minimised as follows. 
I . The Fortune Teller has been developed such that the forecasting model can be changed easily 

when required. 
2. Reliable booking profiles have alternatively been gathered using a system called Flight Runner. 

This system automatically reads the actual bookings from Cargoal and writes them into a 
database. Doing this, a large number of Cargoal booking profiles has been stored as from 
December 1, 1994. The Flight Runner has been developed and installed in less than one week 
and took a NLG 500 investment. 

3. A database consisting of ARAMIS booking profiles has been created. This database has been used 
for the selection of the forecasting model. The risk has been minimised by means of the selection 
of the ARAMIS booking profiles which are stored into this database. The selection has been made 
such that a variety of booking profiles has been selected and that no 'suspicious' booking profiles 
have been included. 

Thus far, the subject of this chapter was ARAMIS and its relating problems. The second part of this 
chapter deals with the Fortune Teller. 
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5.4 Systems Development Tool 

Summary of requirements 
In section 4.5, a number of requirements is presented. As well as these requirements, a few have been 
added by the Commercial Rules project group. The total set of requirements for the Fortune Teller is 
summarised in table 1. 
The added requirements have been as follows . 
1. The development costs of the Fortune Teller had to be below NLG 12,000. 
2. The lead-time of the development had to be such that the Fortune Teller was available as from 

January 1, 1995. 
3. The IT effort, such as programming, or purchase of a system, should be done by a KLM 

department under supervision of the Business Unit Information Technology. 

Table 1: Requirements of the Fonune Teller 

1. System has to be used as an analysis tool 
2. System has to be flexible 
3. System has to support information about predictability 
4. System has to integrate with existing hardware and software 
5. System has to be user-friendly 
6. Development costs has to be below NLG 12,000 
7. System has to be available as from January 1, 1995 
8. KLM department involved in programming or purchase of 

s stern 
~e,. J~....-i~.__,.... 

Classification of systems development tools ~f ~ -1 
1 

A systems development tool is an IT tool with which information systems may be being built. These 
tools can take various forms and are distinguished into two categories. 
1. Ready made software packages which have to be tailor-made for a specific purpose. Examples 

are Microsoft Excel and the SAS system. 
2. Computer languages of various generations. Examples are Basic, Pascal and Small-Talk. Most of 

these computer languages are supported by software packages such as Visual Basic, Turbo 
Pascal and Enfin. These software packages facilitate and simplify the coding activities. 

Knowing the available software packages and IT skills of KLM Cargo, four potential systems 
development tools have been defined. These are: 
I. SAS system; 
2. Microsoft Excel; 
3. Enfin; and 
4. Visual Basic. 

The Fortune Teller could have been built by a KLM department or as part of the graduation project. In 
other words, the building of the system could have been outsourced or insourced. Whether or not a 
type of sourcing is appropriate 
for a specific tool, is depicted in 
table 2. In this table, the possible 

Table 2: /nsourcing or outsourcing 

combinations are cross-marked. 
The selection of the type of 
sourcing and the systems 

SAS system 
Microsoft Excel 
Enfin 

development tool, is explained in Visual Basic 

Insourcing 
X 
X 

X 

Outsourcing 
X 

X 
X following sub-section. .__ ______________________ ___. 
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Selection of systems development tool 
The advantages and disadvantages of the cross-marked combinations of table 2 are summarised in 
table 3 and are explained in more detail in appendix 5. The numbers in table 3 illustrate to which 
extent the combination of sourcing type and systems development tool is able to satisfy a certain 
requirement. The scores can vary between 0 and 10. A score of 10 indicates that the combination is 
very capable of satisfying the requirement. A score of 0 indicates that the combination is not capable 
of satisfying the requirement. 

Since the requirements are not equally important, a weight has been given to each requirement. 
The 'weighted factor score' has been calculated by summing all multiplications of weight and score 
per combination. The combination with the highest score may then be considered as the most 
appropriate combination of sourcing type and systems development tool. Note that the requirements 
'predictability' and 'developed by KLM department' are not included in the table. The reason is that 
the scores on these requirements is the same for all combinations. 

Table 3: Requirements and scores of the systems development tools/types of sourcing 

Analysis Flexibility User- Integration Cost Lead- Weighted 
tool friendliness time factor 

Wei,:ht: (2) (3) (3) (1) (2) (1) score 
SAS insourcing 4 4 4 3 2 2 41 
SAS outsourcing 4 4 4 3 2 2 41 
Excel 7 9 4 2 10 10 85 
Enfin 9 8 9 9 9 10 106 
Visual Basic insourc 7 9 7 9 10 6 95 
Visual Basic outsourc 9 7 9 9 6 4 82 

From the above may be concluded that Enfin was the most appropriate systems development tool. The 
building of the Fortune Teller has been outsourced to a KLM department which is specialised in 
systems development with Enfin. The builders of the Fortune Teller are two employees of this 
department. The development of the Fortune Teller has still been the responsibility of the graduation 
project. In the following section, the approach of the development process is discussed. 

5.5 Systems Development Approaches 

Two approaches for the development of the Fortune Teller have been distinguished. These approaches 
are as follows. 

Linear development 
In conventional development of information systems, also 
referred to as linear development, a final system emerges 
from a sequence of increasingly detailed written models. 
The approach is also known as the waterfall approach 
because it utilises several steps, each following the other 
in succession (like a waterfall). This approach is depicted 
in figure 5.2. A new phase is initiated after the prior phase 
is completed. For example, after the design is frozen in the 
design phase, the coding phase begins (Gordon, 1994). 

The major problem when using the waterfall 
approach to develop information systems is that it does 
not incorporate new information as it is obtained. For 
example, if a new requirement is determined in the testing 
phase, it is too late in the process to incorporate that 
requirement. 
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Prototyping development 
The prototyping development of an information system is a four 
step procedure (Watson et al, 1992). The four prototyping steps 
are depicted in figure 5.3 and are explained in the following 
section. The development of the Fortune Teller has been 
structured using these four steps. 

The reason that a prototyping approach has been chosen is 
that Enfin is able to support a prototyping development and 
since it has a number of advantages compared to the waterfall 
development. These advantages are enumerated below (Gordon, 
1994). 
1. Prototyped systems are more likely to be tuned to business 
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• needs. 

, 

, 
, 
, 

2. Prototyped systems are less risky. 
3. Prototyped systems have strong user buy-in. 
4. Prototyped systems are more time and cost effective. 
5. Prototyped systems are easier to maintain. Figure 5.3: Prototyping approach 

5.6 Development Process 

In this section, the chosen prototyping approach is described from both a theoretical and practical 
point of view. The description is structured according to the four steps distinguished in section 5.5. 

Step 1: Identify the user's basic information requirements 
Two distinct approaches are suggested for this first step, being the data abstracting approach and the 
process simulating approach. In both approaches, the emphasis is placed on identifying the essential 
features of the user's requirements. The data abstraction approach assumes that the essential features 

Input 
module 

Algorithm 
module 

Output 
module 

Figure 5.4: Modules 
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are data and data relationships. In contrast, the process 
simulating approach assumes that both data and 
process have to be identified in the first step. These 
two views agree that completeness is not important at 
this stage. 

For the development process of the Fortune 
Teller, the process simulating approach has been used. 
The identification of the data and processes has been 
structured by splitting the Fortune Teller into four 
modules. These modules are depicted in figure 5.4 and 
are the 1. input module; 2. algorithm module; 3. output 
module; and 4. graphical user interface. 

Input for the identification process were the 
requirements of the system. The translation of 
requirements into features has been conducted using 
brainstorm sessions, supported by lots of white-boards, 

displays, flip-overs and Post-it memos. These tools have amongst others been used to simulate the 
process and to design the initial screens. 

Step 2: Develop a working prototype 
According to McCracken (McCracken, 1993), delivery of a running prototype should take weeks, 
rather than months, in order to be effective. This short time requirement serves both the user and the 
builder. The user has a tangible system to experience and criticise, the builder gets responses based on 
that experience. 

20 



Chapter 5 (Systems Development) 

The working prototype of the Fortune Teller has been developed within a two week period. The 
development phase has in fact been a small prototyping process itself. The builders of the prototype 
have been visited every two days in order to discuss and change the newest prototype version. 

Step 3: Implement and use the prototype system 
'Hands-on' use of the system provides experience, understanding and evaluation. It should be 
apparent that an evaluation takes place whether the traditional or prototype approach is used. The 
users will find the incongruities and irritants which cause misfit whenever a new system is 
experienced. The prototype approach exploits, rather than deplores, this behaviour. 

This phase could not be completed neatly since ARAMIS was not reliable during the 
development process. Furthermore, the forecasting model was not finalised at that point in time. The 
future users therefore have not used the Fortune Teller in their day-to-day activities. Although the 
Fortune Teller has not been used formally, presentations have been given to both users and managers. 
These presentations have led to a number of improvements with respect to the graphical displays. 

Step 4: Revise and enhance the prototype system 
Undesirable or missing features are identified by the user and are corrected or added. Rapid 
turnaround remains important. The user is not likely to identify all the remaining problems in the 
system during a single evaluation step. Therefore, several iterations are required. Step 3 and 4 have to 
be repeated until the user qualifies the system. 

The Fortune Teller has been developed in three iteration steps. Since a fixed price has been 
quoted, the quotation provided iteration steps until a good working Fortune Teller was developed. 

5.7 Result of Systems Development 

The result of the development is a good working Fortune Teller. The features of the Fortune Teller are 
presented by a review of the requirements. 

Analysis tool 
• The Fortune Teller is able to visualise the historical booking profiles, the actual bookings and the 

forecasted booking profile in one view. 
• The forecasts are displayed using different graph styles, being a bar chart, line graph, textual 

presentation, and a scatter graph. 
• The user of the Fortune Teller is able to adjust the reliability of the forecasts, the forecasted 

moment and the selected destination. 

Flexibility 
• The Fortune Teller has been developed in four modules. Changing one module does not affect 

the functioning of the other modules. 
• The systems development tool makes it easy to accomplish changes in the modules. 
• A number of settings may be changed by the user. 

Predictability 
• Every forecast is accompanied by the measures 'reliability' and 'accuracy'. 
• Forecasts and other relevant data, as for instance reliability and accuracy, are saved on disk each 

time a forecast is obtained. 
• An option is provided to save the historical booking profiles and the actual bookings. 

Integration hardware and software 
• The Fortune Teller operates in an OS/2 2.1 or Windows 3.1 environment. 
• The Fortune Teller is a personal computer application. 
• Access to Cargoal and the ARAMIS database is easily obtained. 

21 



Chapter 5 (Systems Development) 

• Enfin is used for the development of other KLM Cargo information systems, including the Flight 
Runner. 

User-friendliness 
• A graphical user interface has been developed. 
• The Fortune Teller can be used with only the mouse. 
• A user's manual has been made and is enclosed in appendix 6. 
• The user does not need to have statistical experience. 
• Other information sources are automatically accessed for the required input data. 

Development costs 
• Total development cost have been NLG 10,320. 

Development lead-time 
• The Fortune Teller has been installed at December 9, 1994 

KLM Department 
• The Fortune Teller has been built by KLM department 'Cargo Systems' (AMS/XL). 
• The Fortune Teller has been developed under supervision of Trading House (SPUJO). 
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Chapter 6 
Forecasting Model 

This chapter describes the development process of the forecasting model. In order to more clearly 
present the development process, it has been decided to elaborate on the approach in section 6.1. 

6.1 Approach 

An approach of the development process of a forecasting model is suggested by Box and Jenkins (Box 
and Jenkins, 1970). Their 'iterative approach', which is depicted in figure 6.1, consists of four phases 
which have to be passed through. This section presents these phases and the analogy with the 
developed forecasting model. Each phase relates to a number of sections. 

Phase I: Postulate general class of models 
From the interaction of theory and practice, a useful class of models has been defined. This has been 
done using a literature review and an analysis of the characteristics of the booking profiles. The 
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Parameters in Tentatively 
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• 
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u 

Use Model for 
Forecasting or 

Control 

Figure 6. 1: Approach 

characteristics of the booking profiles are presented in section 6.2. A 
short summary of the literature review is presented in section 6.3. Three 
models have been identified and are described in section 6.4. 

Phase 2: Identify model to be tentatively entertained 
Based on a quantitative and qualitative analysis of the performance and 
'fit' of the models, one has been selected to elaborate on. Since reliable 
booking profiles have not been available for the selection, much weight 
has been given to the qualitative analysis. 

Phase 3: Estimate parameters in tentatively entertained model 
The tentatively entertained model has been fitted to the data by an 
estimation of the parameters of the model. The estimation of parameters 
is presented by means of a theoretical and practical formulation of the 
forecasting model. The theoretical formulation of the forecasting model 
is presented in section 6.5. The practical formulation of the model is 
subject of section 6.6. 

Phase 4: Diagnostics checking 
Diagnostics checks have been carried out by means of calculating the 
performance of the forecasting model. Furthermore, the assumptions are 
discussed which have been made for the theoretical formulation. The 
forecasting performance has been compared with the expectations of 

KLM Cargo and the required performance according to a study of American Airlines. The 
assumptions of the forecasting model are discussed in section 6.7. The results which have been 
obtained are presented in section 6.8. Subject of the final section of this chapter is another application 
of the forecasting model. 

6.2 Characteristics Booking Profiles 

The forecasting model which is appropriate in a given situation, depends on the tasks of the 
forecasting system and on the characteristics of the input data. The tasks of the forecasting system are 
explained in chapter 4. The input for the forecasting model are historical booking profiles and the 
actual bookings. Characteristics of the historical booking profiles are as follows. 
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1. Booking profiles relate to two time variables. These variables are the number of hours before 
departure and the departure date. In other words, the moment of booking (sale) and the moment 
of consumption. 

2. A booking profile is a time series which can be characterised as a roughly monotonic increasing 
curve. A point on a booking profile equals its previous point plus the air cargo which is booked 
between the observation moments of the 
two points. 

3. The autocorrelation between two non
successive points decreases as the number 
of points which are between these two 
increases. This is depicted in figure 6.2. 
Approximately 20% of all bookings 
account for 80% of the total booked 

4. 

Correlation 
coefficient 

volume and weight. This results in a step- o.s 

5. 
to-step character of the booking profiles. 
The most similar set of booking profiles 
consists of booking profiles with the same 
flight number, departure day of the week, 
capacity and unit. The unit of a booking 
profile is kilogram or cubic metre. 
Furthermore, the departure dates of the 
profiles have to be in a certain time period. 
If such is the case, the variation between 

10 
Number of days between two observation moments ._ 

Figure 6.2: Correlation curve 

booking profiles due to seasonal effects is minimised. 

0 

6. The variation in booked weight and volume is indicated with the coefficient of variation. The 
coefficient is the ratio of standard deviation and mean (Iman and Conover, 1989). With respect to 
booking profiles, this coefficient varies between 0.15 and 0.45. 

7. No other time series variable has been identified which can 'explain' the booking profiles. 

6.3 Literature Review 

Forecasting techniques which are useful for forecasting booking profiles are distinguished into three 
categories, being (Curry, 1994): 
1. time series methods; 
2. regression methods; and 
3. hybrid methods. 

These three categories are explained in more detail below. The purpose is to give the reader an 
impression about the statistical techniques which are available for forecasting booking profiles. 

Time series methods 
Time series methods are appropriate for forecasting using historical univariate time series. These 
methods assume that what will happen in the future to a given variable is a function of what has 
happened in the past to the same variable. In other words, they consider what has happened with a 
time series during a period of time and forecast the future course of this time series. These techniques 
have application when considering the week-to-week forecast of for instance, no-shows. For example, 
consider the following forecasting model. In this model, Qt+ 1 is the forecast for the coming period, Qt 
is the current observation, Qt-1 is the last periods' observation, etcetera. 

Regression methods 
Regression analysis is a technique for formulating models for multivariate time series by computing 
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the mathematical relationship between variables. The model which is used for this analysis is a 
general model which is based on a equation of following form. 

In the general model Xi, X2, X3, are the independent variables which affect the dependent variable 
Q. Regression analysis serves two purposes. One is to identify important relationships between the 
variables. The other is to use a regression model to forecast unknown values of the dependent 
variable. The latter purpose can be used in the context of forecasting booking profiles. 

Hybrid methods 
There is an opportunity to combine the more traditional forecasting tools and techniques because of 
the two time variables involved when forecasting booking profiles. For example, one could use time 
series techniques to forecast the week-to-week variation in demand with correction terms based on a 
regression model using actual bookings. Many other combinations are possible. 

6.4 Selection of General Forecasting Model 

General class of forecasting models 
Three general forecasting models have initially been identified. These general models are the 
following. 

1. Seasonal Forecasting Model 
The Seasonal Forecasting Model calculates a forecast from two forecasts, being an 'optimistic' 
and a 'pessimistic' forecast. The weight which is given to both these two forecasts depends on 
the statistical characteristics of the forecast situation. This model is explained in greater detail in 
the following sections. 

2. Selective Profile Forecasting Model 
The Selective Profile Forecasting Model applies a set of rules with which a number of booking 
profiles are selected from the ARAMIS database (first selection). These booking profiles are 
assumed to be comparable with the booking profile to be forecasted, the so-called target profile. 
The selection criteria are flight number, departure day of the week, unit and capacity. 

Out of this selection, again a few booking profiles are selected. The selection criteria is the 
amount of bookings at the forecasting moment (second selection). This amount must be 
comparable with the actual bookings of the target profile. The precise criteria for the second 
selection depend on the statistical characteristics of the booking profiles which have passed the 
first selection. 

The forecast is the average and variation of the amount of bookings at the forecasted 
moment of the second selection of booking profiles. 

3. Naive Forecasting Model 
The first step of this model is the selection of the historical booking profiles of the twelve weeks 
before the current date. The booking profiles must have the same flight number, departure day 
of the week, unit and capacity as the target profile. The forecast is the average and variation of 
the amount of bookings at the forecasted moment of these profiles. 

The Naive Forecasting Model is a simple and easy to apply forecasting model. The model 
has been used to define the forecast performance of the other two models. This is explained in 
more detail in section 6.8. 
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Performance indicators and selection 
The selection of one of the three above-mentioned forecasting models (the tentatively entertained 
model) has been complicated since the booking profiles were not reliable. The results of a quantitative 
comparison between these three models have therefore been carefully interpreted. The comparison 
has been made by means of approximately 150 forecasts. 

The performance of the three models has been measured by means of their performance on three 
indicators. These indicators are: 
1. realised reliability forecasting model (the requested reliability has been 90%); 
2. deviation forecast and realisation; and 
3. width of the forecasted range compared to the capacity. 

The performance of the three models is summarised in table 1. 

Table 1: Performance of forecasting models 

Seasonal Forecasting Model 
Selective Forecasting Model 
Naive Forecasting Model 

Deviation 
10.2% 
14.1% 
13.8% 

Reliability 
88% 
86% 
85% 

Range 
18.3% 
24.7% 
23.2% 

From this comparison can be concluded that the performance of the Selective Forecasting Model was 
lower than the performance of the Naive Forecasting Model. On the other hand was the performance 
of the Seasonal Forecasting Model better than the Naive Forecasting Model. From a quantitative point 
of view, the Seasonal Forecasting Model has been the best choice for a tentatively entertained model. 

The qualitative selection has been carried out by means of interviews with forecasting experts. 
It has been possible to use the knowledge of the Boeing Commercial Airplane Group, Decisions 
Focus Incorporated, KLM Passage Division and the Eindhoven University of Technology. From the 
interviews it has turned out that many comparable industries are successfully using a kind of Seasonal 
Forecasting Model. The industry's success stories, the expert opinions and the knowledge which has 
been gathered from the literature review, all pointed the Seasonal Forecasting Model as the best 
alternative. 

The selected model has been the Seasonal Forecasting Model. The model is formulated from a 
theoretical point of view in the next section and from a practical point of view in section 6.6. 

6.5 Theoretical Formulation of the Forecasting Model 

The forecasting method which has been developed for KLM Cargo is based on seasonal forecasting 
(Oliver, 1983), (Hopperstad, 1991) and the Bayesian statistical philosophy (Sander et al, 1992). This 
section describes both subjects and explains the applicability for the problem of forecasting booking 
profiles. For this purpose it is required to define a booking period as a season, with ~ t the length of 
the season. 

In seasonal forecasting problems it is assumed that the fraction of events which occur by a 
given date is stable from season to season. An example of such an event is a booking at time t~ on a 
flight with departure time ~- The booking concerns a shipment of one kilogram. Another 
assumption is that the probability function of the total seasonal demand Xt at time T can be estimated 
prior to the start of the season. Furthermore it is assumed that the related prior probability function is 
Gaussian with mean No and variation Po. The probability function of the total seasonal demand at the 

. end of the season can be summarised as 

(1) 
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The bottom curve in figure 6.3 is the plot of the prior booking profile of a certain flight. The 
specification of the prior booking profile and related prior probability function of Xr depends on 
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Figure 6.3: Seasonal forecasting 

experience and belief. This poses the 
problem of how to convert experience 
and belief into the form of a probabilistic 
function. Among the many possible 

n/Ft approaches, smoothing historical data and 
adding a judgmental opinion are the most 
common. Section 6.6 elaborates on the 

No prior booking profile and probability 
function. 

T 

The top curve in figure 6.3 is a 
forecasted profile from t through T, based 
on the observation Xr=n. This profile is 
obtained from the prior profile by simply 
scaling the prior profile upwards. The 
shapes of the profiles are identical after t 
but, as a result of the scaling, the total 
seasonal demand XT increased. If Fr is 
the probability that an event occurs on or 

before t, a new estimate of XT given n is n!Fr. It can be proven that this estimate has the highest 
probability to occur and is therefore referred to as the maximum likelihood estimate of XT. The 
related conditional distribution of XT is (Oliver, 1983) 

(2) 

The two estimates of the probability function of XT are very much different. In the former estimate 
the total seasonal demand at T is unaffected by n. On the other hand is the latter estimate of the total 
seasonal demand unaffected by the original estimate No. If the assumption is made that the 
combination of both estimates improves the estimated probability function of XT, the Bayesian rule is 
useful to obtain the optimal combination. The philosophy of Bayes can be interpreted as a formal 
scientific way of dealing with the concept of learning from experience. 

Before the start of a season there is a prior belief in the total seasonal demand during the season 
and the probability function which describes this belief. During the season events take place and the 
cumulated number of events at time t is considered as information. Bayes theory describes how such 
information can be used to revise the prior belief in the distribution of the seasonal demand at the end 
of the season. The revised prior belief is then called posterior belief. This process is called updating 
the prior belief and is described with following formulas (Box and Jenkins, 1970). The posterior 
distribution remains Gaussian. 

NF No+ pcrxrcrx/(n-NoFr) 

PF crxT2(1-p2) 

with, 

Nr = updated estimate of total seasonal demand 
Pr= updated estimate of variation of total seasonal demand 
p = correlation between X T and Xr 
crx T = standard deviation of X T 
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Equation 4 and 5 show the expressions for the posterior mean and variation of the Gaussian 
distribution of XT given a single observation n at time~- The update of Nt is compared with the 
maximum likelihood estimate which has been obtained earlier. This comparison results in equation 6 
which shows that equation 4 can always be written as a linear interpolation of the prior mean No and 
the maximum likelihood estimate n!Ft (Raiffa and Schlaiffer, 1969). 

(6) 

with, 

rot = weight factor 

6.6 Practical Formulation of Forecasting Model 

Definition of season 
One of the assumptions of the theoretical formulated forecasting model is that the forecasted moment 
equals to the moment of departure. The argument for this statement is that the length of a sea~on 
equals to the length of a booking period and that, using the formulated model, end of the season 
forecasts are obtained. 

In reality it has to be possible to request a forecasted moment which is between the forecasting 
moment and the moment of departure. The end of the season must therefore depend on the requested 
forecasted moment. For example, if a forecast is requested of the booked weight at four days before 
departure, this point in time is referred to as the end of the season. 

Historical booking profiles 
The developed forecasting model involves three steps, being estimation, projection and forecasting. 
The first step is the estimation of the prior probability function of the seasonal demand at the end of 
the season. In order to define this function, a number of different approaches are available. The most 
appropriate and common approaches are: 
I . smoothing of historical data; and 
2. definition of a judgmental profile. 

The analysis of booking profiles is not a common activity of one of the KLM Cargo departments. 
Therefore it is not possible to use any knowledge which relates to booking profiles in order to specify 
a judgmental probability function. The only information which can be gathered with judgmental 
techniques is an indication of sales peaks throughout the year. Smoothing of historical data is 
therefore the most appropriate approach. Input for a smoothing technique are representative booking 
profiles. A booking profile is considered representative if it meets following criteria: 
I. profile same flight number as target profile; 
2. profile same departure day number as target profile; and 
3. profile approximately same capacity as target profile; 
4. profile same unit as target profile; 
5. departure date profile at most twelve weeks before departure date target profile. 

Seasonal indexes 
Booking profiles which are considered representative for the target profile are at most twelve weeks 
old. Since the air cargo market is highly sensitive for seasonal fluctuations, a seasonal correction can 
make the historical booking profiles even more representative. The seasonal correction is made using 
aggregate air cargo production figures of the year before the forecasting moment. 
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The correction is made as follows. Suppose a forecast is requested for a certain flight in the 
month of March 1995. The departure dates of the historical booking profiles were in the months of 
January 1995, February 1995 and, dependent on the departure date of the target profile, December 
1994 and March 1995. If the carried air cargo in March 1994 was for instance twenty percent higher 
then in January 1994, it is assumed that the carried air cargo in March 1995 also increases with twenty 
percent compared to January 1995. Booking profiles of January therefore have to be increased with 
twenty percent when they are to be compared with March profiles. An overview of the seasonal 
pattern throughout the year is given in appendix 7. 

Estimation 
After the seasonal correction is completed, a set of booking profiles is available which can be 
compared to the target profile. The prior probability function of the end of the season bookings is 
easily specified by calculating the average and variation of the set. The calculations are carried out on 
the total bookings at the forecasted moment. The average and variation are No and Po, respectively. 

Projection 
The second step in forecasting is the projection of the actual bookings n at the forecasting moment to 
a maximum likelihood estimate for the forecasted moment. This step requires the calculation of the 
probability F1. F1 is the ratio of the prior seasonal demand at the forecasting moment and the prior 
seasonal demand at the forecasted moment. The projection is the ration of the actual bookings and the 
calculated probability. 

Assume that for instance, the average booked weight at eight days before departure (V-8) is 10 
ton; the average booked weight at V-4 is 15 ton; the actual (V-8) booked weight is 12 ton. The 
probability Fv-8 that a kilogram is booked at or before V-8 is 10/15. The prior estimate of the total 
seasonal demand is 15 ton. The maximum likelihood estimate is 18 ton. 

Forecasting 
Equation 5 and 6 are transformed into 

NF No+ Po,'(PoF1+No(l-F1))*(n-NoF1) 

PF Po*PoNo( 1-Fr)/(PoF/ +NoO-Fr) 

(7) 

(8) 

The results of these equations are easily derived. If the confidence in the prior distribution is high (Po 
small), forecast errors are given little weight in (7) and N1 remains close to No. Rejection of the prior 
distribution is pretty much assured when F1 gets close to 1. When the confidence in the prior 
distribution is low (Po large), forecast errors are given considerable weight and the updated mean lies 
closer to nlF1 than it does to No. 

6.7 Discussion of Assumptions 

In order to derive the equations presented in section 6.5, the following assumptions have been made. 

A prior or judgmental forecast for the seasonal demand can be obtained 
The prior estimates of the total seasonal demand at the forecasted and forecasting moment are the 
basis for the forecast. The forecasting system estimates these prior probability functions using 
deseasonalised booking profiles of the last twelve weeks. The accuracy of the prior estimates is 
considered acceptable since the coefficient of variation is below 0.3. A coefficient of variation of 0.3 
is a certain target which is explained in more detail in the following section. Recent developments 
within KLM Cargo make it plausible that the estimate of the prior probability function may even be 
improved in the future. These developments are the following. 
1. A judgmental adjustment of the prior probability function is not yet possible since the analysis of 

booking profiles is not a common activity of a KLM Cargo department. It is unknown which 
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factors influence booking profiles and how these factors influence booking profiles. If the 
analysis of booking profiles becomes a common activity, insight and knowledge about these 
factors is gathered. This knowledge may be used to adjust the calculated prior probability 
functions . In the future the analysis of booking profiles may become a common activity. 

2. The accuracy of the prior estimate may increase if unfinished booking profiles for future flights 
are available. Unfinished profiles contain information about the actual booked air cargo on future 
flights. The use of these unfinished profiles increases the accurateness of the prior estimate 
(Hopperstad, 1992). 

The current booking period is eleven days. The unfinished booking profiles are not 
available since at most two future flights are current. In the (far) future , the booking period may 
increase to thirty days. The number of current flights then increases to four which provides a 
probability to improve the prior estimate. 

3. Estimating the prior probability function may improve when booking profiles of one year before 
are available. Using these profiles, the seasonal fluctuations may be identified in more detail. 

Conclusion: the assumption that a prior forecast of the seasonal demand can be obtained, is justified. 
The performance of the prior forecast meets a target which is set for the forecasting model as a whole. 
In the future, this assumption will even be more justified due to developments within KLM Cargo. 

Cumulative demand at any time is binomially distributed 
The second assumption is that the cumulative demand at any time is binomially distributed. This 
assumption is justified if the fraction of events which occur by a given date is stable from season to 
season and when events occur independently of one another. 

Except for some seasons, no reason exist to doubt the first criteria. An exception is for example 
the period around Christmas and New Year. In this period it is possible that the fraction is very 
different from one week to another. 

The second criteria can however not be justified. Air cargo is booked per shipment at a certain 
point in time. Since each shipment consists of more than one event, the events within one shipment 
are completely dependent. If a booking of one shipments is defined as an event, events are 
independent of each other. Altogether, the events are not independent of each other so the assumption 
cannot be justified. The bigger the shipments, the more the assumption is falsified. 

Conclusion: the demand is not binomially distributed due to the interdependency within a booking. 
The assumption can therefore not be justified. The result of this is more variation in booking profiles 
than assumed. The forecasted range should therefore be wider than it, from a theoretical point of 
view, has to be. The consequence for the forecasting performance is explained in the following 
section. 

6.8 Results Forecasting Model 

Performance indicators 
The performance of a forecasting model can be discussed and defined using different performance 
indicators. In this section, the performance of the developed forecasting model is presented from 
different points of view, using different indicators. Each indicator puts emphasis on another aspect of 
the performance. The indicators are: 
1. deviation between forecast and realisation; 
2. robustness of the forecasting model; 
3. reduction of uncertainty; and 
4. revenue and cost. 

The performance of the model has been calculated using reliable booking profiles of various flights. 
Approximately 300 forecasts have been obtained and used for the assessment of the performance on 
each of the above indicators. Forecasts have been made of different destinations, days of the week, 
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aircraft types and time frames. The forecasts all have been made in kilograms. The forecasted time 
frames are: 
I. forecast at V-8 of V-4; 
2. forecast at V -8 of V-1; 
3. forecast at V-4 of V-2; and 
4. forecast at V-2 of V-1. 

Examples of the performance calculations are presented in appendix 8. 

Deviation between forecast and realisation 
The deviation between a forecast and its realisation is calculated using following formula. 

deviation = absolute value (forecast-realisation)/forecast * I 00% 

The deviations have been calculated for all 300 forecasts. The average deviation has been 10.0%. The 
deviation depends on the day of the week, aircraft type and forecasted time frame. The aircraft type 
and forecasted time frame have a high influence on the performance. If only forecasts are considered 
for combi aircraft, the average deviation is 8.5%. If the deviations are split according to the four time 
frames, following results have been obtained: n V _ 

1 
~ V- v 

I. forecast at V-8 of the booked weight at V-4, deviation 10.0% ' J L._,..'),c.-

2. forecast at V-8 of the booked weight at V-1, deviation 10.1 % ) C- _ -~ y -c---
3. forecast at V-4 of the booked weight at V-2, deviation 7.9%; and <,r,L{f -<V'-•:r-- l 11 

4. forecast at V-2 of the booked weight at V-1, deviation 3.7%. 'h P -~~,..,. ~ • 
' y . 1_.,f,,..,---vv-' 

,,l,_,v. I~_, 

The expectation of KLM Cargo was to achieve an average deviation of 10%. If only the combi aircraft ~~-":;." " 
forecasts are considered, this target has been reached. Although the target has been reached, it is still -1:<- >t, lL 
considered a high deviation between forecasts and realisations. 

Robustness of the forecasting model 
The robustness of the forecasting model is calculated using the realised reliability and the requested 
reliability. The realised reliability is the percentage of the total number of forecasts, of which the 
realisation has been in the forecasted range. If 80% of all realisations are in the forecasted range, the 
realised reliability of the forecasting model is 80%. The requested reliability is specified by the user 
of the forecasting model. The forecasts are calculated using a requested reliability of 90%. The 
robustness of a model is calculated with the following formula. 

robustness = realised reliability/requested reliability 

The realised reliability has been only 78%, which means that the robustness has been 0.89. Ideally the 
forecasting model has a robustness of 1. The reason that the realised reliability does not equal to the 
requested reliability is a result of the assumption that the cumulative demand is binomially 
distributed. The result of this assumption is an underestimate of the variation in booking profiles. This 
results in a forecasted range which is too small to anticipate on the variation in the booking profiles. 

If the updating formula for the variation (equation 8, section 6.5) is not applied, the realised 
reliability would have been 92%. The robustness of the forecasting model then would have been 1.02, 
which is considered good. Since the robustness of the forecasting model is an important performance 
indicator, it has been chosen not to use the updating formula, but to rely on the prior estimate of the 
variation. 

Reduction of uncertainty 
The reduction of uncertainty indicates the improvement which is made, when the developed 
forecasting model is applied. The improvement is compared to the situation without the developed 
forecasting model and is expressed by means of the percentage reduction of the average deviation. 
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Since KLM Cargo did not forecast the booking profiles before the model was developed, every 
forecast is an improvement. In order to make a useful comparison with a situation without forecasts, it 
is assumed that the Naive Forecasting Model was applied. The reduction of uncertainty is calculated 
with following formula. 

reduction of uncertainty = (naive - seasonal)/naive * 100% 

with, 

naive= average deviation Naive Forecasting Model; and 
seasonal = average deviation Seasonal Forecasting Model. 

The average deviation of the Naive Forecasting Model is 12.9%. The reduction of uncertainty is 
therefore 34%. This is considered a progression compared to the Naive Forecasting Model, and a 
major progression compared to the situation without a forecasting model. 

Revenue and cost 
The performance of the forecasting model can also be looked at from a revenue and cost point of 
view. In other words, how many revenue is gained when applying the forecasting model and how 
many revenue is lost while not having the perfect forecast. This is illustrated using a study of 
American Airlines. 1 

American Airlines uses forecasts of booking profiles as input for a yield management system. 
They define a yield management system as a series of models which are used for the control and 
management of reservations inventory in a way that increases company profitability (Smith et al, 
1992). The forecasting system was 
unused for over two year because 
American Airlines was not satisfied 
with the performance of the 
forecasting model. 

Then a study has been carried 
out of the performance which a 
forecasting model should have, in 
order to be used as input for a yield 
management system. The question 
has been 'which performance is 
required for a forecasting model in 
order to gain revenue' . The result of 
this study is depicted in figure 6.4. 
The crucial performance indicator 
has turned out to be the forecasted 
variation coefficient. The value of 

Revenue 

110% 

100% 

90% 

80% 

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 

_. Forecasted variation coefficient 
Figure 6.5: Relationforecasted variation coefficient and revenue 

the forecasted variation coefficient should be at most 0.3 in order to gain revenue. 
The developed forecasting model for KLM Cargo has a forecasted variation coefficient of 0.08. 

Even the Naive Forecasting Model has a forecasted variation coefficient of 0.19. The performance of 
the forecasting model is, with respect to this indicator, considered very good. 

However, a change in the model has been made as a consequence of the disappointing 
robustness of the original forecasting model (section 6.5). As mentioned, it has been decided not to 
update the variation, which results in a wider range. A wider range results in an increase of the 

1The facts which are mentioned in this section cannot be proven using a literature reference. The source is a study 
of American Airlines of the revenue which is gained or lost when using forecasts of booking profiles. This study 
is quoted by Decision Focus Incorporated, an American consultancy firm, specialised in the design and 
development of Yield Management System for amongst others, transport companies. 
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forecasted variation coefficient. Without updating the prior estimate of the variation, the forecasted 
variation coefficient is 0.14, which is still considered very good. 

The cost which have been made for the development of the Fortune Teller are NLG 10,320. 
The revenue which may be gained when applying the Fortune Teller is purely hypothetical. But in 
order to relativise the development cost of the system, assume that on the long-term the revenue per 
kilogram increases with NLG 0.01. With 650 ton air cargo per day on flights out of Amsterdam, the 
development costs are earned back within two days. 

6.9 Other Application 

Another application of the forecasting model is a forecasting system of the capacity based no-sales 
___ _ernfi~. A no-sales profile presents the amount of kilograms and cubic metres which have to be 
- declmed by KLM Cargo since no capacity is available. Like the booking profiles, the no-sales have to 

be shown flight specific on a number of days before departure . 
When the no-sales profile is added to the booking profile, the unconstrained demand profile is 

created. The forecast of the unconstrained demand at the moment of departure is, besides the forecast 
of the booking profile, crucial for the commercial decision support system, KLM Cargo wants to 
develop. 

) 
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Manpower Planning 

The subject of this chapter is the study of the applicability of the Fortune Teller for the manpower 
planning method for the cargo handling activities. In order to define some of the elements· of the 
issues and the assignment, section 7 .1 presents a definition and further restriction of these elements. 
Then, in section 7.2, the question 'why forecasting manpower' is discussed. A research has been 
defined and decomposed into four questions in section 7.3. All of these questions have to be answered 
in order to answer the research question. In the four subsequent sections, being section 7.4 to 7. 7 ., 
these sub-questions are discussed. Finally, some remarks are given on the conducted study as a whole. 

7.1 Definition and Restriction 

The issues and the assignment contain elements which have to be defined in order to understand 'what 
is useful to study' and 'what is possible to study'. These elements are: 
1. manpower; 
2. air cargo handling process; 
3. short-term; 
4 . workload; and 
5. improvement. 

Manpower 
The manpower has been restricted to the manpower in the air cargo handling process. When 
considering the criteria 'useful to study', the argument cannot be withdrawn that all types of 
manpower are useful to forecast. The only thing is that some types are more useful and more difficult 
to forecast than others. 

From a 'possible to study' point of view, restriction is required. The Fortune Teller forecasts 
booking profiles of flights out of Amsterdam. The manpower which may be forecasted, should 
therefore relate to the cargo which is leaving Amsterdam. Note that in the near future also the booking 
profiles of flights to Amsterdam will be available. This would extend the possible use of the Fortune 
Teller to the manpower which relates to both the incoming and outgoing cargo. 

Different types of manpower have been identified. The study has focused on the building 
process. Within the building process, the building activities are identified as interesting activities for 
this study. The reasons for this further restriction are listed below. 
1. The 'customer' of this part of the graduation project has been Cargo Handling, responsible for 

the building process. 
2. Cargo Handling is not able to make reliable short-term forecasts of the required number of 

builders per shift per module. 
3. The required number of builders is approximately linear with the amount of cargo which has to 

be built. 

Air cargo handling process 
From the elaboration of the manpower, the restriction of the cargo handling process has easily been 
derived. Subject has been the building activities of the builders at the ICA-1 and ICA-2 module. The 
activities are described in chapter two. 

The Fortune Teller may be applied in other processes which have not yet been studied. This 
study can therefore be interpreted as a case-study of the applicability of a forecasting system of 
booking profiles for the forecast of workload and manpower in the air cargo handling process. 
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Short-term 
To define 'short-term', a presentation of the 'Hub Control concept' is required (KLM Cargo, 1995). 
Purpose of the development and implementation of a hub control, is to carry out forecasting, 
management and evaluation activities unambiguously and effectively. These activities are carried out 
both at a central and decentral level. The decentral level is divided into, amongst others, the building 
process. The hub control concept is depicted in figure 7 .1. 

Central 

Forecasting& Managing Evaluating 
Planning -~ 

'~ •• 

Decentral 
,. ,1, 

Forecasting& Managing Evaluating 
Planning -~ ~ 

Trana. I Breakd. I Build Trana. Breakd. I Build Trana. Trana. I BrHkd. I Build 

Figure 7.1: Hub Control concept 

The forecasting activities for the building process are distinguished into three levels according 
to the forecast horizon and time frame. The required forecasts and the three forecasting levels are 
depicted in table 1. 

Table 1: Forecast and planning activities 

Frequency 
month 
3 days 
1 day 

Horizon 
half year 

week 
day 

Detail 
shift 
hour 
hour 

Organisational level 
central 

decentral 
decentral 

The use of the Fortune Teller is restricted to the second and third forecasting level. The booking 
period of flights is only ten or eleven days, which restricts the time horizon of the Fortune Teller. In 
the current situation, it sometimes is even a problem to forecast the required manpower per week. 
Therefore, it has been decided that a forecast of the manpower per day would be a major 
improvement. Preferably the forecast should be made per ICA module. When it should tum out that a 
forecast per module is not possible, while a forecast for both modules is possible, such a forecast is 
for the moment considered an improvement. 

Workload 
Although K.LM Cargo uses the number of ULDs as an indicator of the workload, a number of other 
cargo quantities are also influencing required manpower. These quantities are: 
1. number of kilograms; 
2. number of cubic metres; 
3. number of maindeck pallets; 
4. number of 20ft pallets; 
5. number of lowerdeck containers; 
6. number of shipments; and 
7. number of parcels. 

Since no argument or proof could be given why to use the number of ULDs, it has been decided to 
consider all variables in the study. The applicability of the Fortune Teller is however restricted, since 
the Fortune Teller forecasts the number of kilograms and the number of cubic metres. 
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Improvement 
No reliability target has been set. The purpose of the study has been an orientation to the use of 
forecasts of booking profiles in the air cargo handling process. 

7.2 Why Forecasting Manpower? 

Rationale for research 
A study of the current manpower planning has been conducted. The purpose has been to determine to 
which extent the manpower planning is cause for a possible gap between the required and the 
available manpower. The reasons for this study are the following. 
1. Various opinions about the manpower planning have been heard during the orientation phase of 

the graduation project. In general, KLM Cargo management has the opinion that the available 
manpower exceeds the required manpower most of the time. On the other hand, builders and 
foremen have the opinion that the available manpower does not satisfy the required manpower 
most of the time. 

2. No registrations are made of the required manpower per shift. Although this would not be easiest 
registration to make, it is useful feedback for the manpower planning method. 

3. It has been mentioned that the gap may be caused by process disturbances. Process disturbances 
are defined as any cause which results in a decrease of the available man-hours per shift. For 
example, when builders have to rush to an aircraft to re-build a pallet, they cannot carry out their 
own activities at the module during a period of time. 

4. KLM Cargo has the opinion that manpower correlates with the number of ULDs. Furthermore, 
most pallet positions on an aircraft are used and the ratio of through ULDs and mixed ULDs is 
stable on a weekly basis. When considering these three remarks, the questions 'why forecasting 
the number of ULDs', arises. 

Research approach 
A three weeks research has been conducted in order to gather the data which has been required to 
draw conclusions on the manpower planning. For this purpose, three manpower 'lists' have been 
compiled. These lists are reflecting the planned, available and required number of builders per shift 
per module and are referred to as planned-list, available-list and required list. 

In order to gather the required data, a number of information systems has been consulted and an 
inquiry has been held among the module supervisors and foremen. The research has considered both 
the ICA-1 and ICA-2 module. 

Planned manpower 
It is not possible to define and compile the planned-list. The reason is that the manpower planning is 
updated until the very last moment. Even a few hours before the start of a shift, KLM is able to hire 
'ad-hoes' and adjust the manpower planning. Ad-hoes are employees who are working for an 
employment agency. 

On the one hand it would be an advantage when the number of required ad-hoes was known in 
advance. On the other hand it is an advantage that high flexibility is created by means of hiring ad
hoes last minute. In order to include both remarks in the research, it has been decided to compare two 
types of planned-lists, being a planned-list with the ad-hoes and a planned-list without the ad-hoes. 

Available manpower 
The available-list states how many employees really have been working at a module. The available
list includes the flexibility between the modules. In other words, when an ICA-1 employee has worked 
at ICA-2, the available-list considers this employee to have worked at ICA-2. KLM reports consider 
this employee to have worked at ICA-1. 
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Required manpower 
The required-list states how many employees should have been available during a shift at a module. 
This list has been the most difficult list to make, since no reports are made by KLM Cargo and since a 
subjectivity comes into determining how many employees should have been available. The required 
manpower depends on the cargo which should have been handled both in quantitative terms and in 
qualitative terms. 

Information sources 
The information sources which have been consulted are: 
l. Productivity target. Productivity targets are expressed in number of ULDs built per employee per 

shift and are set by KLM Cargo management. The target value is 3.5. 
2. Departure list. The departure list shows the cargo which has departed on a certain flight. 

Consulting the departure lists has had two purposes. The first purpose has been to register the 
cargo which has been built. The departure list is the only easy-to-access information source for 
shipment and pallet related information. The second purpose relates to the 'tracking and tracing' 
of pallets. Some pallet types, or when pallets consist of certain commodities, the pallets are not 
transported to the ULD warehouse but are transported directly to an aircraft. These 'buitenom 
pallets' have not been stored in the ULD warehouse and are not registered. The departure lists 
have been used to trace these pallets and to register them as being built. 

3. Inquiry. The inquiry has been held among the module supervisors and foremen. The 
questionnaire has been filled in at the end of each shift and has been made with help of the 
module supervisors. The questionnaire and the introduction letter are enclosed in appendix 9 (in 
Dutch). 

4. ULD warehouse (IC) registration. The IC registration has been required since this presents the 
point in time that a ULD has been stored into the ULD warehouse. This point in time is 
approximately equal to the point in time that a ULD has been built. 

5. 'Wachtrapporten'. 'Wachtrapporten' are reports which are made by the module supervisors. The 
'wachtrapporten' are used for the communication between the module supervisors of various 
shifts. The consistency of the questionnaire has been checked with the 'wachtrapporten'. 

6. Quality report. These reports state when cargo is not handled according to planning due to a 
shortage of manpower in the building process. 

7. Manpower report. These reports state how many KLM Cargo and ad-hoc employees have been 
working. 

The gathering of all data has been a very time consuming effort. However, the results have been 
necessary. The manpower-lists are enclosed in appendix 10. This appendix also shows the cargo 
which has been built per shift per module during the research period . 

Results of research 

Table 2: Manpower (in FTEs) 

(1) (2) planned (3) planned (4) process absolute absolute 
required (incl.adhoc) ( excl.adhoc) available disturbance value 1-2 value 1-3 

ICA-1 590 602 547 601 4.75 43 85 
ICA-2 614 606 567 622 7.75 57 124 

The results of the research are summarised in table 2 and are discussed below. 

1-4 

-11 
-8.5 

1. The absolute value of the gap between the required number of builders and the initial planned 
number of builders (without ad-hoes) has been calculated per shift. The number of builders at a 
module during a shift is hereafter referred to as FIES (Full Time Equivalents). The gap has been 
85 FIEs for ICA-1 and 124 FIEs for ICA-2 in the research period of three weeks. When 
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considering the total required Fl'Es, it may be concluded that the gap between the initial planned 
manpower and the required manpower is very big. 

2. The 'adjusted' planned manpower (including ad-hoes) has decreased the gap to 43 FI'Es for ICA-1 

and 57 FI'Es for ICA-2. When considering the total required manpower, the gap is approximately 
9%. This is still considered a significant gap. 

3. Process disturbances are not cause for the gap between the required and available manpower. The 
process disturbances are negligible since only 1 % of the available man-hours has been necessary 
to solve the process disturbances. Therefore it has been concluded that the manpower planning 
method is cause for a significant gap between planned and required manpower . 

7.3 Decomposition 

The research question has been defined by means of the assignment and the restriction which is 
presented in section 7.1. The research question was: 'is it possible to use the Fortune Teller as a 
means to improve the manpower planning for the building activities per ICA module per shift'. Since 
complexities have been involved, the research question has been decomposed into four sub-questions. 
The complexities relate to the following four aspects. 
1. Workload of the air cargo handling process can be indicated using different units. For instance, 

the number of kilograms and cubic metres, number of ULDs, number of parcels, etcetera. The first 
complexity is the unit which should be used to indicate workload, given the abilities of the 
Fortune Teller and the relation between the units and the required manpower. Since the Fortune 
Teller forecasts kilograms and cubic metres, these units have to be translated to an appropriate 
workload unit. 

2. Flights are departing in four time blocks and building activities are carried out in three shifts. 
Furthermore, the arrival pattern of the cargo has an impact on when, which cargo is being built. 
No 'rules' are available which specify when the cargo, from a specific time block, has to be 
handled. Since the Fortune Teller forecasts the amount of bookings on a flight, the forecasts have 
to be translated to a workload per shift. 

3. Not all cargo has to be built. The ratio of mixed cargo and total cargo presents the percentage of 
the total cargo which has to be built. Since the Fortune Teller forecasts the total cargo, total cargo 
has to be translated to the mixed cargo. 

4. When a forecast is made, the forecast will be accompanied by a forecast error. If several 
forecasts are grouped, the forecast error will increase in absolute value. The more the forecasts 
errors are dependent on each other, the more the total error will increase. Since the Fortune 
Teller forecasts flights, which then will be grouped into blocks, there has to be no relation 
between the individual forecast errors. 

The formulated sub-questions can be interpreted as a chain in which the weakest link determines the 
strength of the chain as a whole. The four sub-questions are related to the above-mentioned 
complexities and are formulated as follows. 
1. Is it possible to forecast the required number of FI'Es, knowing the workload? This question 

indirectly asks for determining which cargo unit, or combination of units, should be used for 
forecasting manpower . 

2. Is it possible to forecast the cargo which has to be built during a shift, knowing the mixed cargo 
which departs from Amsterdam in a number of time blocks? 

3. Is it possible to forecast the mixed cargo per block, knowing the total cargo per block? The ratio 
of the mixed cargo and the total cargo is crucial. Stability or predictability of this ratio is 
required. 

4. Is it possible to forecast the cargo which departs from Schiphol per block, knowing the air cargo 
which is booked on flights? This question can immediately be positive confirmed since this only 
requires the enumeration of the flight information. The question becomes more difficult when the 
cargo per block has to forecasted, knowing the forecast per flight. Independence between the 
forecasts error per flight is required in order not to magnify the total absolute forecast error. 
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7.4 From Mixed Cargo per Shift to Manpower 

The first question requires information about which unit, or combination of units, has to be used for 
the forecast of manpower. The workload will be expressed in these units. The research which has 
been conducted, is described in section 7 .2. A relation between the required manpower and the 
number of kilograms and cubic metres has to be found. 

The relation between two units can be measured using the correlation coefficient (Iman and 
Conover, 1989). The correlation coefficients have been calculated for all possible combinations of 
units and manpower. These correlation coefficients are presented in appendix 11 by means of the 
'correlation coefficient matrix', and are summarised in table 3. The cargo which has been built during 
the research period, is presented in appendix 10. 

Table 3: Correlation coefficients 

ICA-1 ICA-2 

Required Available Planned Required Available Required 
nr ulds 0.71 0.71 0.68 0.69 0.64 0.60 
nr pallets 0.74 0.70 0.67 0.56 0.49 0.45 
nr 20ft -0.17 -0.15 -0.14 0.06 0.05 0.06 
nrldc 0.38 0.43 0.42 0.50 0.50 0.48 
nr shipm 0.68 0.67 0.67 0.63 0.52 0.53 
nr parcel 0.55 0.50 0.47 0.62 0.59 0.56 
nrkg 0.62 0.59 0.58 0.71 0.61 0.55 
nrm3 0.68 0.65 0.63 0.67 0.56 0.50 

The following may be concluded from the correlation matrix. 
l . When considering ICA-1, the number of maindeck pallets has the highest correlation with the 

required manpower. The correlation between the number of kilograms and cubic metres, and the 
required manpower is somewhat lower but is considered acceptable. 

2. When considering ICA-2, the correlation between the cargo units and the manpower is in general 
lower than the correlation coefficients of ICA-1 . The highest correlation with required manpower 
has the number of ULDs. The correlation between the number of kilograms and cubic metres, and 
the required manpower is acceptable. 

3. The correlation between the number of 20ft pallets and the required manpower is negative. This 
means that when a multiple regression forecast is made of the required manpower, the number of 
20ft pallets decreases the forecast of the required manpower. 

4. When a single regression forecast is made of the required manpower, based on the number of 
cubic metres, the forecast error correlates with the number of 20ft pallets (this is not depicted in 
the appendix). The number of 20ft pallets is independent of the number of cubic metres. 
Therefore it may be that a multiple regression forecast, based on cubic metres and 20ft pallets, 
performs better than a single regression forecast, based on cubic metres . 
When the regression forecast is made, based on the number of cubic metres, the percentage 
deviation between forecasted and required manpower is 15%. When the multiple regression 
forecast is made, the average deviation reduces to 13% . 

5. The correlation between the number of kilograms and cubic metres, and the total number of ULDs 
is high. Cubic metres are somewhat more correlated with the number of ULDs than kilograms. 

The purpose of calculating the correlation coefficients has been to determine which unit, or 
combination of units, has to be used for the forecast of manpower. In order to use the Fortune Teller, 
manpower has to be forecasted using a workload expressed in kilograms or cubic metres. 

In this respect is the correlation coefficient a crucial variable. The correlation between the 
required manpower and the number of cubic metres and kilograms is on average 0.67. This means that 
a relation between the variables exists and that a regression forecast can be applied in order to 

39 



' , 

' , 
, 

Chapter 7 (Manpower Planning) 

forecast the manpower using the number of kilograms and cubic metres. The best forecast which has 
been obtained was a multiple regression forecast, based on the number of 20ft pallets and the number 
of cubic meters. The average deviation was 13%. 

The average deviation is considered high. Apparently are the quantitative units not sufficient to 
make a reliable forecast of the required manpower. Qualitative variables should also be considered. 

The following may be concluded from appendix 7. 
I. The number of ULDs which has been measured during the research period, is very different from 

the number of ULDs which KLM Cargo has measured for the productivity reports. KLM Cargo 
does not consider all 'buitenom pallets' and does not consider the fact that the IC registrations are 
not only presenting built ULDs. A number of ULDs is registered twice in the ULD warehouse. 
Furthermore, does it occur that pallets which are not built at an ICA module, enter the ULD 
warehouse. These are also registered by KLM as being built at an ICA module. 

2. The difference in productivity differs per module and per shift. When considering ICA-1, the total 
number of handled ULDs is 9.2% higher than the KLM Cargo reports indicate. The difference in 
productivity is such that the night shift has handled 68% of all ULDs which were not registered by 
KLM. In other words, the productivity of ICA-1 is 9 .2 % higher than KLM reports show. The 
productivity of the night shift is much higher than it is thought of (25% ). The productivity of the 
evening shift is 6.8% higher than the KLM reports indicate. The productivity of the day shift is 
according to the reports. 

3. When considering ICA-2, the productivity of the module is 6.2% less than is reported. The 
number of ULDs which have not been built, but included in the IC registration, are equally spread 
amongst the three shifts. 

4. The types of ULDs which have been built, do not influence the productivity reports. This should 
however make difference since the effort which has to be put into building a certain type of ULD 
differs. For example, 20ft pallets require on average two man-hours, while containers require on 
average an half man-hour. 

7 .5 From Mixed Cargo per Block to Mixed Cargo per Shift 

The second sub-question is whether or not it is possible to calculate the mixed cargo which has to be 
built per shift, knowing the mixed cargo which departs in certain blocks. In other words, how has the 
cargo, which is departing Amsterdam, to be allocated to shifts. 

The allocation is highly dependent on the arrival pattern of the cargo. The allocation will, 
however, not be the bottleneck for the research question, since the allocation of the cargo may be 
controlled by KLM. The study of the arrival patterns has not been the purpose of the graduation 
project. 

When the arrival patterns are known, a study has to be conducted to the optimal allocation of 
the cargo to shifts. The allocation should be formalised since it can be used as a mechanism for the 
manpower planning method and for the performance indicator of the forecast of the workload. 
Purpose of such a research is to balance the cargo over the shifts, in order to obtain a stable utilisation 
of the equipment. 

7.6 From Total Cargo per Block to Mixed Cargo per Block 

The third sub-question is whether or not it is possible to calculate the mixed cargo per block, knowing 
the total cargo per block. To answer this question, a study has been conducted to the stability or 
predictability of the ratio of mixed cargo per block and total cargo per block. 

The study has been conducted as follows. The ratio of mixed air cargo and total air cargo has 
been calculated for every block during the research period. The ratio for a certain block of a certain 
day of the week has been compared with the ratios of similar blocks. The stability in the ratios has 
turned out to be low. In order to illustrate this, the deviation between the minimum and maximum 
ratio has been calculated for a number of blocks. For example, the fourth block on Saturday showed a 
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ratio of 0.38 in the first week, 0.49 in the second week and 0.34 in the third week. The deviation 
between the maximum ratio and minimum ratio 0.15. 

The average of all calculated deviations is 0.14, which is considered high. A related problem is 
that the deviations vary between 0.02 and 0.50. When the ratio is forecasted, this will not result in a 
robust forecast. Instead of assuming stability of the ratio, it may be possible to forecast the ratio if 
some qualitative information would be available. The ratio will depend on the customer-types and 
commodities. When such information is available, it may be possible to forecast the ratio. 

7.7 From Total Cargo per Flight to Total Cargo per Block 

Dependent on the forecasted time frame, the average deviation of the Fortune Teller will be 10.0% 
(section 6.8). When the forecast errors are independent of each other, the average deviation of the 
forecast of cargo per block will be below 10.0%. The reason is that forecast errors, in case of 
independence, will compensate each other. 

It has not been possible to forecast the total number of kilograms per block, due to the 
reliability problems with ARAMIS. It therefore has not been possible to investigate the independence of 
the forecast errors. One positive remark can however be given. If the average forecast error is 
calculated using the real deviation (and not the absolute value of the deviation), the 'forecast bias' 
results. The forecast bias is an indicator of a structural over or under estimate. The forecast bias has 
turned out to be negligible. 

7.8 Composition 

In this final section, the four sub-questions are linked together. This results in a statement with respect 
to the whole chain. Furthermore, few attention is paid to the bottlenecks of this research and the 
inability not to have studied every detail (even some details of which the intention has been to study 
them). 

The whole chain 
The composition of the four sub-questions is depicted in figure 7 .2. The applicability of the Fortune 
Teller cannot be discussed with many quantitative facts. The research question has to be answered 
with some 'intuition'. The discussed sub-questions can be used as guidelines. 

Forecast error 
0%-8% 

Actual 
bookings 

Figure 7.2: Composition 

Forecast error 
±15% 

Allocation 
factors required 

Forecast error 
13% 

The fact that the research question has to be decomposed, is a disadvantage for a possible 
applicability. The sub-questions which have been identified are presenting four forecasting problems 
of which each forecast is input for another forecast. When one forecast is used as input for another 
forecast, a high possibility will exist that the final forecast will not be reliable. Only if there is reason 
to assume that the error of the one forecast will be compensated by the error of another forecast, 
applicability may be possible. 

The forecast errors depicted in figure 7 .2 are indications. It has not been possible to estimate 
the forecast error of the whole chain. However, it is clear that the first and third sub-question will be 
the bottleneck for a reliable applicability. Although the errors are indications, it may be indicated that 
a possible applicability of the Fortune Teller can be rejected. 

Altogether, based on a three weeks research, the conclusion may be drawn that the Fortune 
Teller is not an appropriate means to forecast the required manpower. The research indicates that too 
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many steps have to made in order to obtain a final forecast. No indication can be given that the 
unreliability of one step can be compensated by the unreliability of another step. The study has 
considered many quantitative aspects of the air cargo handling process. Apparently is the knowledge 
of quantitative aspects not sufficient in order to forecast manpower. Therefore, also qualitative 
aspects of the process will have to be considered. Qualitative aspects are amongst others, the 
commodities and the customers of whom the cargo has to be handled. 

Bottleneck 
Besides the activities which have been described in this chapter, a few more have been planned to do. 
Unfortunately it has not been possible to carry out all intended activities, since a lack of research time 
has occurred. The activities which have not been carried out are: 
1. aggregation of the data per shift to daily data; 
2. aggregation of the data per shift to weekly data. 
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Chapter 8 
Conclusions and Recommendations 

The conclusions which have been drawn are grouped according to the chapter to which they refer. 

8.1 Conclusions 

Chapter 4: (Function, Use and Tasks of Forecasting System) 

l. When applying entry conditions, forecasts of the booking profiles and forecasts of the 
unconstrained demand at departure (chapter 6), are valuable information. 

2. The forecasting system of booking profiles, the 'Fortune Teller', has to fulfil the following 
requirements. 
• The Fortune Teller has to be an analysis tool for its users. 
• The performance of the Fortune Teller, with respect to reliability, usability and robustness, 

has to be shown and monitored. 
• The Fortune Teller has to be flexible with respect to an extension with other tasks. 
• The Fortune Teller has to be user-friendly with respect to the use of graphical interfaces, 

required statistical experience, availability of documentation and easiness of data input. 
• The Fortune Teller has to be easy to interface and to integrate with the existing hardware 

and software. 

Chapter 5: Systems Development 

3. Forecasting booking profiles requires the availability of reliable historical booking profiles. The 
information system which provides historical booking profiles was unreliable and, even after 
some improvements, still requires attention with respect to reliability. 

4. The combination of Enfin and prototyping has led to a short development lead-time, low cost and 
the freedom of changing or determining functions, the use and tasks of the Fortune Teller during 
the development process. 

Chapter 6: Forecasting Model 

5. Forecasts of booking profiles can be made using a Bayesian approach in combination with a 
seasonal forecasting technique for a seasonal adjustment of the historical booking profiles on 
which the forecasts are based. 

6. The performance of the developed forecasting model has to be expressed using four indicators. 
• Average deviation. The deviation is, when considering forecasts of combi aircraft, 8.5%. 
• Reduction of uncertainty. The reduction is 34% compared to a naive forecasting model. 
• Robustness. The robustness of the forecasting model is 1.02. Ideally the robustness is 1. 
• Revenue and cost. A forecasting model of booking profiles may be profitable when it has a 

forecasted variation coefficient of at most 0.3. The forecasted variation coefficient of the 
developed forecasting model is 0.14. 
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Chapter 7: Manpower Planning 

7. The current manpower planning for building activities is not satisfactory. 

8. In order to use forecasts of booking profiles as a means to improve the manpower planning 
method for the building activities, a positive respons to certain key questions is required. Since 
two key question will be the bottleneck when applying forecasts of booking profiles, it is not 
(yet) possible to use these forecasts. 

9. The productivity reports of the building activities are not presenting the real productivity in 
qualitative and quantitative terms. 

8.2 Recommendations 

The recommendations 1 to 10 are follow-up activities ~ r Trading House. The recommendations 11 to 
14 are follow-up activities for Cargo Handling. 

Use the Fortune Teller 

1. Implement the Fortune Teller in the current sales and reservations process. Indications about the 
performance of the system have been given but a more detailed study of the performance of the 
system on different days of the week, aircraft types, routes and time frames, is required. 

2. Stimulate the use of the Fortune Teller as a training tool for Trading House and other related 
departments. A training with cases and a simulation of booking periods should be set up. 

3. When volume is the bottleneck on a flight, more attention has to be paid to the bookings, booking 
profiles and forecasts of booking profiles expressed in cubic metres. 

Increase the predictability of booking profiles 

4. Increase the booking period and try to the spread bookings more evenly over the booking period. 
The predictability of booking profiles then may increase. For the same purpose it is 
recommended to strive for an increase of the amount of accepted small shipments. 

5. Carry out research into the possible improvement of forecasts of booking profiles, when 
incorporating the effect of no-shows as a percentage of the total bookings. 

6. Investigate and determine which factors influence the booking profiles. Use these findings to 
both minimise the variation in the booking profiles due to the sales and reservations process and 
to forecast the impact of entry conditions. 

7. The research into an improvement of the forecasting model has to continue. Seasonal patterns 
and special events have to be monitored and used for adjustments of the forecasts by Trading 
House and regional Sales departments. 

Prepare for the future 

8. In order to measure and forecast the impact of entry conditions, information has to be available 
about the historical entry conditions and booking profiles. Databases have to be built into which 
the booking profiles and the related entry conditions are stored. It is recommended to strive for a 
standardisation and a low complexity of entry conditions. 
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Strive for systems reliability 

9. Be critical towards the reliability of developed information systems. It is crucial that the 
reliability of information systems is continuously checked. This recommendation especially 
counts for ARAMIS since the reliability problems have not yet been solved. 

10. Unspecified bookings (unks) and space blokkings (spacers) influence the reservations process but 
are not registered by KLM Cargo. These 'bookings' are not registered since they do not have an 
airway bill number. High priority should be given to a solution for this problem. 

Increase predictability cargo handling process 

11. Reduce the variation in the unstable ratio of mixed cargo and total cargo using 'operational 
rules'. Operational rules specify which bookings to accept and which to decline from an 
Operation's point of view. Using these rules, KLM Cargo can balance the bookings of mixed 
cargo and through cargo. 

12. Use the quantitative and qualitative information which is available in Cargoal. The information 
can be used to forecast the ratio of mixed cargo and total cargo. Furthermore, the information can 
be used for a reliable translation of workload into a forecast of the required manpower per flight 
up to three or four days in advance. 

13. It is highly recommended to work on data registrations of the units which are useful for 
forecasting manpower in the building process. These units have been indicated in this report. Do 
not consider the number of ULDs as the 'one and only' unit which is useful for productivity 
reports, manpower planning, etcetera. 

Improve the productivity reports 

14. Productivity reports have to give a better reflection of reality. Quantitative aspects have to be 
measured more accurately and qualitative aspects have to be taken into account. 
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Glossary 

ARAMIS 

Booking profile 

Building activities 

Cargoal 

Entry conditions 

Fortune Teller 

I CA-module 

Mixed cargo 

No-sales 

No-show 

Realised reliability 

Reduction uncertainty 

Requested reliability 

Robustness 

Through cargo 

ULD 

Glossary 

Information system which provides access to historical booking profiles. 

Line graph which shows the amount of air cargo bookings at a number of 
points in time before departure. The graph is flight specific and is expressed 
in kilograms or cubic metres. 

Grouping of parcels to air cargo pallets or containers. 

KLM Cargo' s world-wide air cargo reservations system. 

Decision rules which specify when to accept, decline, or provide alternatives 
for, booking requests. 

The developed forecasting system of booking profiles. 

(Intercontinental flight module) Location where parcels are being grouped to 
air cargo pallets and containers. 

Cargo which has to be grouped to air cargo pallets or containers, or has to be 
ungrouped from air cargo pallets and containers to parcels, at Schiphol. 

Occurs when a customer has a booking request which cannot be accepted due 
to amongst others, no available capacity, no agreed price level. 

Cancellation of a booking by the customer or by KLM Cargo. KLM Cargo 
cancels a booking request when the cargo is not available by the time it has to 
be handled and no notification has been made. 

Percentage of the total number of forecasts of which the realisation is in the 
forecasted range (has to be calculated after a number of forecasts has been 
made). 

The improvement which is made when applying a forecasting model. The 
improvement is expressed by the percentage reduction of the average 
deviation between forecast and realisation, compared to the former applied 
forecasting model. 

Theoretical probability that the realisation will be in the forecasted range (has 
to be entered by the user before a forecast is made). 

Ratio of realised reliability and requested reliability. 

Cargo which arrives and leaves Schiphol unaltered (without grouping or 
ungrouping) . 

(Unit Load Device) Air cargo pallet or container. 

Unconstrained demand The amount of bookings which is made when no capacity restrictions exist. 



Appendices 

Appendix 1: Financial and Operating Results KLM Royal Dutch Airlines 

1993/94 1992/93 1991/92 1990/91 1989/90 

' Statement of Earnings (consolidated figures in millions of guilders) 

• Traffic revenue: 
, Passengers 5,934 5,730 5,256 4,260 3,899 

• Cargo and Mail 1,375 1,226 1,343 1,155 1,154 
Other revenue 1,363 1,266 1,314 1,140 1,103 

I 
Operating revenue 8,672 8,222 7,913 6,555 6,460 

' Operating expenses 8,205 8,126 7,497 6,840 6,150 
Net income 103 (562) 125 (630) 340 

• 
Traffic (including KLM Cityhopper) 
Revenue passengers and baggage 

ton-kilometers* 3,636 3,116 2,634 2,429 2,326 
Revenue cargo/mail ton-kilometers 3,006 2,562 2,354 2,250 2,096 
Total revenue ton-kilometers* (RTK) 6,642 5,678 4,988 4,679 4,422 

Load factor(%) 72.7 69.6 70.5 71.0 71.4 
Passenger kilometers * 38,606 33,064 28,736 26,504 25,367 
Passenger load factor (%) 71.2 70.7 72.0 69.6 70.6 
Number of passengers (x 1,000) 11,203 9,497 8,222 7,484 7,168 
Kilograms of cargo/mail carried* 471 422 385 371 356 
Average distance flown (kilometers) 3,446 3,481 3,495 3,541 3,539 

Capacity (including KLM Cityhopper) 
Available ton-kilometers* (ATK) 9,136 8,157 7,073 6,588 6,195 
Available seat-kilometers* (ASK) 44,217 46,773 39,911 38,065 35,908 
Kilometers flown * 240 220 188 163 151 
Hours flown (x 1,000) 360 321 270 249 231 

Yield and Cost Statistics (including KLM Cityhopper, in guilder cents) 
Yield per RTK: 

Passengers 151 166 188 173 178 
~ 

Cargo/mail 46 48 55 51 55 

• Total 104 113 126 114 120 

, Operating expenses per ATK 84 80 84 88 82 
Break-even load factor(%) 71.9 71.5 67.1 76.9 68.9 , 
Personnel (excluding subsidiaries) 

~ Ground staff 17,875 20,065 20,067 20,853 20,527 

• Flight staff 6,173 6,089 5,529 5,227 4,668 
Total 24,048 26,163 5,596 26,080 25,195 

* in millions 
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Appendices 

Appendix 2: Profiles 

Booking profiles 
This appendix presents more details about the booking profiles. The booking profile of the KL643, 
March 5, 1995 (Amsterdam-New York), is depicted in figure 1. The flight is operated by a Boeing 
747-400 combi having a capacity of 42,600 kgs and 204 m3. The horizontal axis of the profile 
presents the number of days before departure. 
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Figure 1: Booking profile KL643, March 5, 1995 (source: Cargoal) 

The exact amount of bookings at a number of points in time before departure is given in table 1. The 
number of days before departure is referred to as V- 'number of days before departure'. 

Table 1: Booking profile KL643, March 5, 1995 

V-10 V-9 V-8 V-7 V-6 V-5 V-4 V-3 V-2 V-1 V-0 
m:.; 62 62 62 80 80 113 115 131 164 160 191 
kg 7300 7300 7300 10300 10300 16550 17555 20387 26553 25102 30339 

In order to illustrate the variation in booking profiles, a set of comparable booking profiles is depicted 
in figure 2. This figure contains all booking profiles of the monday flights of the KL643. The profiles 
are dated between April 16 and June 4, 1995. 
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Figure 2: Booking profiles KL643, April 16 until June 4, 1995 (source: ARAMIS) 
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No-show profile 
The booking profile is composed from two other profiles, being: 
1. the no-show profile; 
2. the gross booking profile. 

The no-show profile presents the cumulative amount of cancellations made by customers and KLM 
Cargo. KLM Cargo cancels reservations if the cargo is not available when it has to be handled (like a 
passenger who does not show up at departure). The gross booking profile presents all bookings which 
have been made without considering the cancellations. 

In contrast to the booking profiles, the no-show profiles and the gross booking profiles are yet 
unknown. In order to illustrate the relation between the profiles, table 2 presents the breakdown of the 
gross booking profile. The information which is required for these breakdowns will be available in a 
few months. 

Table 2: Relation between gross booking profile and booking profile (fake data) 

V-10 V-9 V-8 V-7 V-6 V-5 V-4 V-3 V-2 V-1 V-0 
gross 7300 7300 7300 7300 10300 16550 19555 22387 28553 26602 33839 
no-show 0 0 0 0 0 0 2000 2000 2000 3500 3500 
bkng prof 7300 7300 7300 10300 10300 16550 17555 20387 26553 25102 30339 

Unconstrained demand profile 
When the no-sales are taken into account, the 'unconstrained demand' profile can be composed. This 
profile presents the net booking profile which would have occurred when the capacity of the aircraft 
was unconstrained. The difference between the unconstrained demand profile and the booking profile 
are the capacity based no-sales. Since the no-sales will be known in a few months, the unconstrained 
demand profiles can then be composed and analysed. An example of an unconstrained demand profile 
is depicted in figure 3. 
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Figure 3: Unconstrained demand profile 
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Appendix 3: Unit Load Devices 

Maximum Standard Standard 
ULD type Length (cm) Width (cm) Height (cm) Volume (m3) Weight (kg) 

' Lowerdeck 

' pallet 318 224 160 10 2000 

.. Maindeck 
pallet 318 224 300 18 3000 

• 20ft , pallet 606 244 244 33 11,300 

~ 
Lowerdeck 
container 156 154 160 4 800 

,. 
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Appendix 4: Research Planning and Approach 

Month: Activity: Milestone: 

' Start Graduation Project September 5, 1994 

\ 
September Orientation/Project Formulation 

' October Definition Function/Use/fasks Fortune Teller 

• , November Selection Systems Development Tool/Process 

~ Definition General Class of Forecasting Models 

December Installation First Version Fortune Teller December 9, 1994 

Selection Forecasting Model 

Gathering Booking Profiles 

January Gathering Booking Profiles 

Preparation Interim Report 

Interim Presentation January 19, 1995 

February Gathering Booking Profiles 

Gathering Air Cargo Data 

Installation Second Version Fortune Teller 

, March Gathering Booking Profiles 

Analysis Air Cargo Data 

April Optimisation Forecasting Model 

Analysis Air Cargo Data .. 
Installation Third Version Fortune Teller 

I 

May Preparation Final Report 

June Final Presentation June 20, 1995 
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Appendix 5: Systems Development Tools 

The advantages and disadvantages of the combinations of types of sourcing and systems development 
tools, are listed below. The purpose of this appendix is to give additional information which may be 
required to understand the selection which is described in section 5.4. 

SAS system 
The advantage of the SAS system as a development tool for the Fortune Teller is the availability of an 
enormous variety of statistical functions. Disadvantages are the cost which have to be made in order 
to integrate the SAS system with the existing hardware and software. Furthermore, the SAS system is 
not suitable for the development of a user-friendly system with analysis features. Whether or not the 
system is insourced or outsourced does not change these disadvantages. The only difference, if 
insourcing, is an enormous increase in development lead-time and a decrease in development cost . 

Microsoft Excel 
The advantage of Excel is the free availability of the software package within KLM Cargo, and the 
negligible development cost of a worksheet. Disadvantage of Excel is the user-unfriendliness and the 
integration with the existing hardware and software. The latter disadvantage is due to the inability of 
Excel to support the network facilities which have to be available. The user has to carry out the import 
of the appropriate data himself. Such activities will restrict the user-friendliness of the system. 

Enfin 
Advantage of Enfin is that a very flexible system can be developed. The use of a graphical user 
interface increases the user-friendliness and may increase the analysis features of the system. 
Integration with the existing hardware and software is possible since Enfin supports network 
facilities. The disadvantage is that it is not possible to build the system as part of the graduation 
project. This will increase future cost when adjustments have to be made. 

Visual Basic 
Advantage of Visual Basic is that it is relatively easy to learn and that the tool provides the possibility 
to use graphical user interfaces. A cost decreasing advantage of insourcing is undone since 
programming assistance will be necessary for the network facilities which have to be made. When 
outsourcing the development, the lead time will be the bottleneck. 
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Appendix 6: User's Manual Fortune Teller 

User's Manual 

Fortune Teller 

Forecasting system of booking profiles 

Version 1.0 

January 30, 1995 

G.J. Jansen 

Appendices 
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Chapter 1 Learning Fortune Teller 

1.1 About Fortune Teller 

The development of the Fortune Teller is one of the activities of the Commercial Rules project. The 
main purpose of the Fortune Teller is to provide information about future air cargo bookings to the 
user of the system. This information is provided by means of forecasts of booking profiles of 'current' 
flights . A booking profile shows the amount of bookings on a certain flight at a number of points in 
time before departure. A flight is current between ten or eleven days before departure, and departure. 

For more information about the Fortune Teller it is recommended to read the documents which are 
listed in section 1. 7. 

1.2 Getting started 

• Read the next sections of this user' s manual; 
• Read the Aramis user's manual; 
• Experiment freely with Aramis and the Fortune Teller. 

1.3 Systems requirements 

• 486 processor; 
• 8MB internal memory; 
• OS/2 2.1 or MS-Windows 3 .1 ; 
• 3270 emulation; 
• Interface to the LAN of KLM Cargo; 
• Database client enabler. 

1.4 System set-up 

The Fortune Teller needs access to various information systems in order to forecast. These 
information systems are Cargoal and the 'ARAMIS' database. The 'ARAMIS' database is located on 
the LAN of KLM Cargo and contains historical booking profiles. The required information systems 
can be activated by following steps. 

• 
• 
• 

• 

• 
• 
• 
• 

Switch your computer on; 
Start OS/2; 
Double-click the 'Start Communications' icon. If the icon is already shaded, press <Ctrl-Esc> 
and double-click 'A-A Emulation'; 
Press <Ctrl-Esc> and check whether or not 'DB2/2 Command Line Processor' is listed. If not 
listed, proceed with following steps. Otherwise proceed with the instructions of section 1.5; 
Double-click the 'DATABASE 2 OS/2' icon; 
Double-click the 'DB2/2 Command Line Processor' icon; 
Type <dbm connect to ARAMIS>, press <return>; 
Double-click the box in the upper left comer of the 'DATABASE 2 OS/2' window . 
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1.5 Make your first forecast 

• 

• 
• 

• 
• 
• 

Double-click the 'Fortune Teller' icon. If the icon is already shaded, press <Ctrl-Esc> and 
double-click 'Fortune Teller'; 
Double-click the 'New Flights' icon; 
Click the 'Dated Flight' icon with the right mouse button and hold the button down while you 
move the mouse. Release the button in the 'Fortune Teller' window. This is called 'dragging'; 
Double-click the 'KU ... .' icon and select a flight number and date, click <OK>; 
Drag the 'KLJ<date>' icon to the 'Fortune Teller' icon; 
A forecast is made!! 

1.6 Default window 

The left bars in the two boxes in figure 1 show the actual amount of bookings in kilograms and cubic 
metres. The actual amount of bookings is similar the amount of bookings at the forecasting moment. 
The height of the bars indicates the capacity on the specific flight. The data are derived from Cargoal. 
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Figure 1: Bar chart 
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The right bars in the two boxes show the forecasts of the amount of bookings in kilograms and cubic 
metres at a future point in time. This future point in time is the forecasted moment. The forecast is 
indicated by means of a 'margin'. The margin has an upper and lower bound. The amount of bookings 
at the forecasted moment will be between these bounds with a given degree of probability. The degree 
of probability is by default 90%. 

The upper part of the 'Forecast' window shows the flight number, departure date and selected off
points. The Fortune Teller selects by default all off-points. The flight number and flight date are as 
selected at the start of the forecasting procedure. 
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Accuracy is a measure for the usability of a forecast. If the width of the margin is large compared to 
the capacity, a low accuracy results. If the margin is small compared to the capacity, a high accuracy 
results. 

The reliability is equal to the mentioned probability. If the reliability is at least 90% and the accuracy 
is at least 75%, the forecast may be used. If the accuracy is less then 75%, the margin is too large 
compared to the capacity. Forecasts should then not be used anymore since the difference between 
forecast and realisation may become too big. 

1. 7 Related documents 

The following documents contain more information about the Fortune teller. 

- Project plan 'Commercial Rules' (Version 0.3, September 29, 1994) 
- Interim report graduation project G.J.Jansen 
- User's Manual 'Aramis' (Version 0.1, March 30, 1994) 
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Chapter 2 View menu 

2.1 Introduction 

The Fortune Teller provides tools which help to analyse a forecast. A forecast may be interpreted in 
different ways and from different points of view. The tools are provided by options of the view menu 
and forecast menu. The forecast menu is subject of chapter 3. 

2.2 Bar chart 

The bar chart is the default view of the Fortune Teller. The black area of the forecast bar is a forecast 
of the capacity which probably is available at the forecasted moment. A forecast of the available 
capacity at the forecasted moment may be compared with the no-sales which occur in the period from 
the forecasted moment till the moment of departure. The amount of no-show and the forecast of the 
amount of bookings at 24 hours before departure also have to be considered. With use of this 
comparison it may be concluded how strictly booking requests have to be declined or accepted. 

2.3 Line graph 

The 'forecast horizon' is the period between the forecasted moment and the forecasting moment. A 
line graph (see figure 2) shows how fast the amount of bookings increases during the forecast horizon. 
This is reflected by the steepness of the 'booking profile'. If the steepness is too high or too low (with 
consideration of the forecasting moment and forecast horizon), booking requests should be declined 
or accepted more or less strictly. 
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2.4 Scatter graph 

The dimension 'time' is not depicted in this view (see figure 3). The two axis express kilograms and 
cubic metres. The points in the lower left corner and the upper right corner indicate a completely 
empty and filled aircraft, respectively. The cross indicates the actual situation, i.e. the forecasting 
moment. The green star indicates the forecast. The four squares show the forecast margin. 
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Figure 3: Scatter graph 

This view clearly shows whether or not density air cargo is preferred. In the ideal situation an aircraft 
has both a high and equal loadfactor for weight as well as volume. Therefore it is recommended to try 
to reach the upper right point. 

With use of this view, it can be concluded whether or not to accept density air cargo. To do so, 
imagine a line between the cross and the upper right point. If the star is below this imaginable line, 
cargo with a high density should be accepted. If the star is above the imaginable line, cargo with a low 
density should be accepted . 
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2.5 Text 

As well as the above-mentioned views, it is possible to display the exact numbers of the forecast (see 
figure 4). 
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Figure 4: Textual presentation 

2.6 Absolute versus percentage 
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144.9 m3 

In a future release it will be possible to forecast load factors as well as absolute numbers. 
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Chapter 3 Forecast menu 

3.1 Edit menu 

The options of the edit menu (see figure 5) make it possible to change the default settings of the 
Fortum: Teller. 

Forecast Edit 

Forecasted Moment 

Reliability 

Alpha 

Ott Points 

Figure 5: Edit menu 
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The forecasted moments are V-0 (hours), V-24 (hours), V-2 days and V-4 days before departure by 
default. The forecasted moment is chosen by the system and depends on the forecasting moment. The 
user can change the forecasted moment. To do so, click the arrow and select a new forecasted 
moment. 

Reliability 
Although it is not advisable, it is possible to change the reliability of the forecast. If the reliability is 
increased, the width of the margin increases. If the reliability is decreased, the width of the margin 
decreases . 

The probability that the realisation is not in the forecasted margin increases if the reliability is 
decreased. On the other hand, the probability that the realisation is in the forecasted margin increases 
as reliability increases. 

Alpha 
Do not change this default. 
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Off-points 
In case of a multi leg flight, it is possible to forecast the air cargo bookings per off-point. To do so, 
click the off-point for which no forecasts has to be made. 

3.2 Explain menu 

Historical bookings 
This view shows some statistics which describe the situation. The historical booking profiles which 
are used for the calculation are displayed. Especially the available capacity of the historical booking 
profiles is useful to know in case of outliers. The parameters as Proc Co, Rho, Beta, St Deviation and 
Alpha are not of interest for the user. 

Weight 
If the 'Weight' button is clicked, the profiles which are used for the forecast are displayed (see figure 
6). 
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• Figure 6: Past, current future bookings 

The horizontal line expresses the number of hours before departure. The vertical line expresses the 
amount of bookings in kilograms. The points at the left show the historical amount of bookings at the 
forecasting moment. These points are the realisations of the last twelve weeks on flights with the 
same flight/day number as the forecasted flight. The points at the right show the historical amount of 
bookings at the forecasted moment. Again, the points are realisations of flights with the same 
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flight/day number of the last twelve weeks. The cross shows the actual amount of bookings at the 
forecasting moment. The star shows the forecast. The squares show the margin. 

This view integrates historical booking profiles, actual amount of bookings and the forecasts. 
Especially the display of the historical booking profiles and the actual amount of bookings is useful. 

Volume 
Same is possible for the amount of bookings in cubic metres. Click the 'Volume' button in the 
'Forecast Explain' window. 

Save 
The Fortune Teller creates two kinds of files. The first contains information about the forecasts which 
are made. Every forecast is automatically saved to C:\forecast.txt. The use of this file can be twofold. 
I. The reliability of Fortune Teller can be monitored continuously; 
2. The forecasts are available for other systems 

The second file (C:\explain.txt) contains information about the input which is used for the calculation 
of the forecast. The explain file is not created automatically but is made if the 'Save' button is 
clicked. If the name of the file has to change, click the 'Save As' button and enter the new name . 
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Appendix 7: Seasonal Patterns 

A seasonal adjustment reduces the variation in the historical booking profiles. These adjustments 
cannot be made at a detailed level since no detailed information is available. The most useful source 
has turned out to be the aggregate production figures of the Schiphol Hub. 

The historical booking profiles are weighted using a monthly index. The index is based on the 
comparison of the average carried air cargo per day. For example, if May 1995 is the forecasting 
month, the index for this month is 1.00. If May 1994 showed an increase of 10% in total carried air 
cargo compared to April 1994, the index for April is 0.89 ( 1-10/90). The data points of the booking 
profiles of April 1995 have then to be multiplied with 0.89 in order to be used for a forecast of a 
booking profile in May 1995. 

In order to get an impression about the seasonal fluctuations throughout the year, table 1 
presents an overview of the average carried air cargo per day on flights out of Amsterdam. 

Table 1: Seasonal index 

Month Air cargo Index 
production per 

day (tons) 
June 1994 938 1.08 
July 1994 923 1.09 
August 1994 883 1.14 
September 1994 940 1.07 
October 1994 988 1.02 
November 1994 1,102 0.92 
December 1994 1,022 0.99 
January 1995 888 1.14 
February 1995 1,026 0.98 
March 1995 1,073 0.94 
April 1995 1,039 0.97 
May 1995 1,009 1.00 
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Appendix 8: Performance Indicators Forecasting Model 

In order to judge the performance of the forecasting model, four indicators have been calculated. In 
this appendix these indicators are illustrated using an example of the KL601 to Los Angeles. The 
flight is operated by a Boeing 747-400 combi. The departures dates of the flights were in March, 
1995. The capacity of this aircraft was approximately 200 m3 and 30,000 kgs. 

Table 1 presents the data which are required for the performance calculations. The 'actual' 
column shows the actual bookings at the forecasting moment. The 'real' column shows the 
realisations at the forecasted moment. The 'forecast' column shows the forecasts which have been 
made at the forecasting moment. The 'stdev' column shows the forecasted standard deviation. The 
'naive' column shows the forecast of the Naive Forecasting Model. The naive forecast equals to the 
average of the last twelve weeks. 

Table 1: Overview data required for performance calculations (in kgs) 

time frame actual real forecast stdev naive 
8-4 13,662 18,247 21,838 4,636 22,153 
8-4 16,557 19,413 22,387 4,745 22,057 
8-4 12,550 23,334 21,453 4,950 22,153 
8-1 13,662 25,092 24,320 2,483 23,854 
8-1 16,557 23,843 25,252 2,436 24,934 
8-1 12,557 21,717 24,539 2,349 25,657 
2-1 21,485 21,717 24,773 2,349 25,657 
2-1 25,509 23,843 24,851 2,436 24,934 
2-1 24,624 25,092 24,829 2,553 23,854 
4-2 18,247 21,485 23,724 4,744 23,475 
4-2 19,413 25,509 24,273 4,950 22,548 
4-2 23,334 24,624 26,906 5,164 22,317 

Average deviation between realisation and forecast 
The average deviation is calculated using the following formula: 

deviation = absolute value (forecast-realisation)/forecast* 100% 

The calculation of the average deviation of the examples is presented in table 2. The 'abs(real-fore)' 
column presents the absolute value of the difference between the realisation and the forecast. The 
percentage deviation is given in the '%deviation' column. The average of these deviations is 8.27%. 

Table 2: Calculation of the average deviation 

time frame real forecast abs(real-fore) %deviation 
8-4 18,247 21,838 3,591 16,44 
8-4 19,413 22,387 2,974 13,28 
8-4 23,334 21,453 1,881 8,77 
8-1 25,092 24,320 0,772 3,17 
8-1 23,843 25,252 1,409 5,58 
8-1 21,717 24,539 2,822 11,50 
2-1 21,717 24,773 3,056 12,34 
2-1 23,843 24,851 1,008 4,06 
2-1 25,092 24,829 0,263 1,06 
4-2 21,485 23,724 2,239 9,44 
4-2 25,509 24,273 1,236 5,09 
4-2 24,624 26,906 2,282 8,48 
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Robustness 
The robustness is calculated using the following formula: 

robustness = realised reliability/requested reliability 

The realised reliability is the percentage of the total number of forecasts of which the realisation has 
been in the forecasted range. The requested reliability is the theoretical probability that a forecast will 
be in the forecasted range. The requested reliability is entered by the user of the forecasting system. 
Ideally, the realised reliability equals to the requested reliability. The calculation of the robustness is 
presented in table 3. The column 'range' presents the forecasted range, based on a requested 
reliability of 90%. When a realisation is in the forecasted range, this is marked in the 'robust' column. 
The realised reliability is the ratio of the number of crosses and the total number of forecasts. The 
robustness is 1.11. 

Table 4: Robustness 

time frame real forecast stdev range 
8-4 18,247 21,838 4,636 14,212-29,464 
8-4 19,413 22,387 4,745 14,580-20,192 
8-4 23,334 21,453 4,950 13,311-29,595 
8-1 25,092 24,320 2,483 20,236-28,404 
8-1 23,843 25,252 2,436 21,245-29,259 
8-1 21,717 24,539 2,349 20,675-28,403 
2-1 21,717 24,773 2,349 20,909-28,637 
2-1 23,843 24,851 2,436 20,844-28,858 
2-1 25,092 24,829 2,553 20,630-29,028 
4-2 21,485 23,724 4,744 15,921-31,527 
4-2 25,509 24,273 4,950 16,131-32,415 
4-2 24,624 26,906 5,164 18,412-35,400 

Reduction of uncertainty 
The reduction of uncertainty is calculated using the following formula: 

reduction of uncertainty = (naive - seasonal)/naive * 100* 

with, 

naive= average deviation Naive Forecasting Model 
seasonal = average deviation Seasonal Forecasting Model 

robust 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

The average deviation of the Seasonal Forecasting Model is, as mentioned above, 8.27%. The average 
deviation of the Naive Forecasting Model is calculated in the same manner. The calculation is 
explained in table 4. The average deviation of the Naive Forecasting Model is 9.41 %. The reduction 
of uncertainty is only 12.1 %. 
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Table 4: Reduction of uncertainty 

time frame real naive abs(real-naive) %deviation 
8-4 18,247 22,153 3,906 17,63 
8-4 19,413 22,057 2,644 11,99 

. 8-4 23,334 22,153 1,181 5,33 
8-1 25,092 23,854 1,238 5,19 
8-1 23,843 24,934 1,091 4,38 
8-1 21,717 25,657 3,94 15,36 
2-1 21,717 25,657 3,94 15,36 
2-1 23,843 24,934 1,091 4,38 
2-1 25,092 23,854 1,238 5,19 
4-2 21,485 23,475 1,99 8,48 
4-2 25,509 22,548 2,961 13,13 
4-2 24,624 22,317 2,307 10,34 

Revenue and cost 
From a revenue point of view, the forecasted variation coefficient is the best performance indicator. 
The forecasted variation coefficient is the ratio of the forecasted standard deviation and the forecast. 
The forecasted variation coefficient has to be at most 0.30. The calculations are presented in table 5. 
The column 'varcoef presents the variation coefficient per example. The average variation coefficient 
is0.15. 

Table 5: Forecasted variation coefficient 

time frame forecast stdev varcoef 
8-4 21,838 4,636 0,21 
8-4 22,387 4,745 0,21 
8-4 21,453 4,950 0,23 
8-1 24,320 2,483 0,10 
8-1 25,252 2,436 0,10 
8-1 24,539 2,349 0,10 
2-1 24,773 2,349 0,09 
2-1 24,851 2,436 0,10 
2-1 24,829 2,553 0,10 
4-2 23,724 4,744 0,20 
4-2 24,273 4,950 0,20 
4-2 26,906 5,164 0,19 
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De bedoeling van deze brief is om de reden en de invulinstructies van en voor de enquete uit de 
doeken te doen. Ik hoop dat deze brief, samen met het voorgaande gesprek, genoeg duidelijkheid biedt 
om de enquete voor mijn project succesvol te laten verlopen. 

Het laatste onderdeel van mijn studie (Technische Bedrijfskunde) is een negen maanden durend 
afstudeerproject bij een instelling of onderneming. De in te vullen enquete is onderdeel van een 
dergelijk project waarmee ik 4,5 maand geleden bij KLM hen begonnen. 

In deze 4,5 maand is een systeem gemaakt waarmee vrachtboekingen voorspelt kunnen warden. 
Doe! van dit systeem is om Commerciele Reserveringen (SPUJR) ondersteuning te bieden bij het 
aannemen en afwijzen van boekingsaanvragen. Nu moet onderzocht warden of dit systeem oak een 
bijdrage kan leveren aan het verbeteren van de mankracht planning voor het opbouwproces. 

Allereerst is het de bedoeling dat per dienst vastgesteld wordt hoeveel mankracht aanwezig is 
geweest en hoeveel mankracht er had moeten zijn. Beide gegevens warden vervolgens gesplitst in 
mankracht nodig voor 'normale' en 'verstorings' activiteiten. Een verstoring is bijvoorbeeld een T
pallet die bij het laden geen T-pallet blijkt te zijn. Een ander voorbeeld is een plotselinge ziekte waar 
in de planning geen rekening mee is gehouden. 

Met behulp van deze mankracht gegevens en met gegevens over de gebouwde hoeveelheden 
vracht is het mogelijk factoren vast te stellen die van invloed zijn op de benodigde mankracht. 
Vervolgens kan onderzocht warden of deze factoren met het ontwikkelde systeem voorspeld kunnen 
warden. 

Dit is heel in het kart het doel van de enquete. De invulinstructie is als bijlage toegevoegd. Indien er 
onduidelijkheden zijn over de enquete, vragen over de opdracht, of eventuele andere op- en 
aanmerkingen, hoar ik die erg graag. 

Bedankt voor de medewerking! ! 

Gert-Jan Jansen 
tel 94871 



ENQUETE 
lngevuld door: 
Datum: 
Dienst: o Nacbtdienst 

o Dagdienst 
o A vonddienst 

1. Hoeveel uitzendkracbten zijn in dienst geweest: ... . 

2. Hoeveel KLM kracbten zijn in dienst geweest: ... . 

3. Zijn er 'verstoringen' opgetreden (zie instructie aan de ommezijde): 

4. Hoeveel manuren bebben deze verstoringen gekost: 

o Nee (Ga verder met 5) 
o Ja, namelijk: 

.... manuur uitzendkracbt 

. .. . manuur KLM kracbt 
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5. Hoe vindt u bet aantal bescbikbare mankracbten voor de af gel open dienst in relatie tot bet 
aangeboden werkpakket: 
o Vee! te weinig mankracht 
o W einig mankracbt 
o Genoeg mankracbt 
o Te veel mankracht 
o Vee! te veel mankracbt 

6. Hoeveel uitzend/KLM krachten had u de af gel open dienst moeten hebben: 
.... uitzendkrachten 
.... KLM kracbten 

7. Hoeveel uitzoekwerk schat u dat er geweest is tijdens de afgelopen dienst: 
o Zeer veel uitzoekwerk 
o Vee! uitzoekwerk 
o Niet veel, niet weinig uitzoekwerk 
o Weinig uitzoekwerk 
o Zeer weinig uitzoekwerk 



8. Hoeveel 'bigs' zijn er de afgelopen dienst gebouwd: 
0 0-3 
04-6 
0 7-9 
0 9-12 
0 12-

9. Hoe hoog was de moeilijkheidsgraad van de gebouwde vracht? Hiermee wordt de 
moeilijkheidsgraad bedoeld voor wat betreft de vorm en de typen van produkten. 
o Veel hoger dan normaal 
o Hoger dan normaal 
o Normaal 
o Lager dan normaal 
o V eel lager dan normaal 

Appendices 

10. Indien u '(veel) meer dan normaal' heeft geantwoord bij vraag 9, geef dan een of twee 
voorbeelden van zendingen die u als 'lastig' beschouwt. 

11. Wilt u nog iets kwijt over de af gel open dienst? o Nee 
o Ja, namelijk 

12. Hoeveel 'buitenom' pallets zijn de afgelopen dienst opgebouwd? 

Instructies enquete formulier. 

Vraag 3. 
Onder verstoringen worden verstaan: gebeurtenissen die tot gevolg hebben dat de geplande bouwuren 
niet volledig gebruikt kunnen worden voor bouw werkzaamheden. Voorbeelden van verstoringen zijn: 

• manuren die verloren zijn gegaan door een niet geplande ziekte; 
• manuren die nodig zijn geweest voor het vinden van een kwijt geraakte pallet; 
• manuren die nodig zijn geweest doordat werkzaamheden aan pallets bij de gate moesten worden 

verricht; 
• manuren die nodig zijn geweest voor het uitvoeren van freighter checks; 
• etcetera. 

Vraag 9. 
Met 'lastige produkten voor wat betreft vorm en type' bedoel ik bijvoorbeeld textiel. 
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Appendix 10: Manpower and Air Cargo 

This appendix presents the planned manpower, available manpower and required manpower per 
module per shift. The manpower lists are accompanied by the cargo which has been built. The 
abbreviations which are used in the following tables, are as follows. 

#ic 
#uld 
#Ide 
#pal 
#20ft 
wght 

#shpm 
#pare 
#kg 
#m3 
plan 
avail 
req 
dis 

= 
= 
= 
= 
= 
= 

= 
= 
= 
= 
= 
= 
= 
= 

number of ULDs which have been registered by the ULD warehouse 
number of ULDs 
number of lowerdeck containers 
number of maindeck pallets 
number of 20ft pallets 
weighted number of ULDs. Lowerdeck containers are weighted as 1, maindeck pallets are 
weighted as 2, 20ft pallets are weighed as 3. The weights are according to the effort which 
has to be put into building a certain type of ULD. 
number of shipments 
number of parcels 
number of kilograms 
number of cubic metres 
planned number of builders (including ad-hoes) 
available number of builders 
required number of builders 
reported process disturbances (in FrEs) 

The tables are printed on the following pages. 



, 
• 

, 

ICA-1 module 

Date Shift 
30-Jan day 

evening 
night 

31-Jan day 
evening 
night 

1-Feb day 
evening 
night 

2-Feb day 
evening 
night 

3-Feb day 
evening 
night 

4-Feb day 
evening 
night 

5-Feb day 
evenmg 
night 

6-Feb day 
evenmg 
night 

7-Feb day 
evening 
night 

8-Feb day 
evening 
night 

9-Feb day 
evening 
night 

10-Feb day 
evening 
night 

11-Feb day 
evening 
night 

12-Feb day 
evenmg 
night 

13-Feb day 
evening 
night 

14-Feb day 
evening 
night 

#ie #uld 
21 22 
34 36 
15 25 
25 33 
29 28 
33 15 
21 29 
35 41 
39 33 
17 26 
49 61 
31 24 
31 33 
46 51 
23 30 
26 37 
46 50 
18 23 
21 32 
45 46 
25 20 
17 22 
39 41 
28 29 
24 26 
30 35 
37 28 
10 15 
23 24 
23 39 
22 27 
46 47 
36 24 
24 26 
47 46 
26 38 
30 37 
54 58 
14 29 
25 29 
37 36 
30 20 
19 19 
51 53 
25 37 
15 28 
29 36 
28 24 

#Ide #pal #20ft wght 
6 16 0 38 

12 24 0 60 
10 15 0 40 
8 23 2 60 
2 26 0 54 
3 12 0 27 

13 16 0 45 
13 38 0 89 
11 21 1 56 
3 22 1 50 

22 39 0 100 
5 19 0 43 
9 23 1 58 
9 41 1 94 
4 26 0 56 
9 26 2 67 

14 32 0 78 
9 14 0 37 
9 21 2 57 
9 37 0 83 
1 19 0 39 
3 18 1 42 

15 26 0 67 
12 17 0 46 
4 20 2 50 
9 26 0 61 
7 21 0 49 
5 9 1 26 
7 17 0 41 

14 25 0 64 
7 20 0 47 

19 28 0 75 
8 16 0 40 
6 19 1 47 

14 32 0 78 
9 28 1 68 
8 27 2 68 

12 45 1 105 
9 19 1 50 
7 21 1 52 
7 29 0 65 
1 19 0 39 
5 14 0 33 

23 30 0 83 
16 21 0 58 
2 25 1 55 

12 24 0 60 
6 18 0 42 
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#shpm #pare #kg #mj plan avail req dis 
82 1005 36915 181 6 6 6 0 

217 1236 45226 222 7 7 7 0 
191 982 31768 146 8.5 7.5 7.5 0 
258 1216 53102 298 8 8 7 0 
231 1080 39835 211 10.75 10.75 10 0.5 
94 610 23058 125 7.5 7.5 7.5 0 

154 1164 40882 206 8 8 6 0 
250 1244 54976 260 9 9 9 0 
286 1668 53312 268 8.5 8.5 9.5 0 
242 1224 44406 214 7 7 7 0 
405 2704 77792 377 10 12 12 0 
268 1527 44336 220 7.5 7.5 10 0.25 
259 1234 57205 246 9 9 8 0 
380 1658 83144 389 12 12 12 0 
190 1472 55750 254 7 7 8 0 
260 1948 88521 350 9 9 8 0 
323 1994 73932 364 13 13 14 0.5 
227 795 35733 169 8 8 7 0 
305 1785 60534 271 7 7 7 0 
304 1991 68939 331 14 14 14 0 
115 1078 31695 143 6.75 6.75 6.75 0 
106 643 41655 181 7 7 7 0 
244 1416 57350 295 11.5 11.5 11.5 0.25 
128 1103 35139 169 10 10 10 0 
132 1298 58455 273 7 7 6 0 
225 1544 47826 243 9.5 9.5 10 0.25 
159 1119 50431 210 9 9 9 0 
123 920 29530 116 7 7 7 0 
179 884 41142 189 9 9 9 0 
296 2310 50159 257 12 12 10 0.25 
235 1031 37853 189 11 11 8 0 
399 1648 68304 298 11 9 11 0.25 
288 1002 35646 166 12 12 10 0 
177 1176 53493 235 11 11 11 0 
375 1577 71425 333 13 13 15 0 
336 1913 67883 316 11.5 11.5 10 0 
194 936 74166 330 12 12 11 0 
521 2115 111949 506 14.5 14.5 14 0.25 
297 1236 46483 240 8 8 8 0 
239 1616 62074 269 12 11 10 0 
287 1531 62900 294 14.5 14.5 14.5 0 
150 1013 37670 181 6 6 6 0 
72 751 30255 156 8 8 7 0 

280 730 68551 329 12.5 12.5 10 0 
279 1401 42755 239 8 8 8 0 
166 1081 60557 301 6.5 6.5 9 1 
226 1231 47922 217 9 10 10 0.5 
200 2039 50900 218 6.5 6.5 6.5 0 
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15-Feb day 16 19 1 17 1 38 120 914 35451 173 6 6 7 0.25 
evening 31 35 12 23 0 58 284 1362 47976 227 8.5 8.5 9.5 0 
night 27 31 12 19 0 50 204 1232 51172 228 9 9 9 0 

16-Feb day 29 36 13 21 2 61 290 1349 59915 282 8 8 8 0 
evening 41 43 14 29 0 72 446 2025 58378 287 12 12 11 0.25 
ni_ght 34 29 8 21 0 50 196 1517 41545 243 8.5 8.5 8.5 0 

17-Feb day 24 34 13 20 1 56 244 1287 55953 253 8 8 8 0 
evening 43 46 14 32 0 78 312 1903 72970 337 13.5 13.5 13.5 0.25 
ni_ght 24 38 10 28 0 66 303 1451 54301 276 12 12 10 0 

18-Feb day 30 35 8 25 2 64 221 1498 67957 281 9 9 9 0 
evening 40 44 11 33 0 77 398 1782 61454 342 15 15 15 0 
night 24 20 7 13 0 33 244 1037 31094 167 8 8 8 0 

19-Feb day 22 33 4 25 4 66 243 1706 73396 339 10 10 10 0 
evening 37 36 4 32 0 68 309 1965 61762 300 13.5 13.5 13.5 0 
ni_ght 35 20 6 14 0 34 152 631 29705 175 8.5 8.5 8.5 0 
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ICA-2 module 

Date Shift #ic #uld #Ide #pal #20ft wght #shprn #pare #kg #rnj plan avail req dis 
30-Jan day 25 23 1 22 0 45 145 1032 50838 277 10 11 11 0 , evening 43 43 14 29 0 72 288 1715 60207 300 9 11 11 0.25 

night 33 31 8 23 0 54 159 1376 55016 228 12 12 10 0 
31-Jan day 25 20 2 18 0 38 183 995 42249 181 9 9 8 0 

evening 51 52 14 36 2 92 305 2602 80317 475 10 10 10 0.5 
night 36 35 9 25 1 62 229 1699 58657 312 12 11 10 0 

1-Feb day 34 28 3 25 0 53 220 1188 53242 266 11 11 11 0 
evening 56 57 15 41 1 100 437 2389 90256 468 13 13 13 0 
night 26 37 10 27 0 64 270 2009 64376 316 9 9 9 0.25 

2-Feb day 22 22 3 18 1 42 148 1275 50443 244 2 8 6 0 
evening 43 47 17 30 0 77 384 2034 74756 363 10 10 8 0 
night 31 22 7 15 0 37 185 1067 38404 207 8.5 8.5 8.5 0 

3-Feb day 18 18 2 15 1 35 198 1109 38785 192 7 7 7 0 
evening 63 54 11 42 1 98 471 2234 98862 434 12.5 12.5 11.5 0 
night 24 31 6 25 0 56 294 1521 57306 292 9 9 9 0 

4-Feb day 31 26 2 23 1 51 338 1721 50508 265 8 8 8 0 
evening 54 47 18 28 1 77 358 1977 67008 307 14 14 13 0 
night 19 21 5 15 1 38 218 1146 49370 241 6.5 6.5 6.5 0 

5-Feb day 33 26 1 25 0 51 245 1633 54667 263 10 10 8 0 
evening 64 57 15 42 0 99 544 2783 96783 436 14.5 14.5 13.5 0 
night 31 20 5 15 0 35 175 922 39804 188 6.5 6.5 6.5 0 

6-Feb day 29 28 2 23 3 57 162 994 69222 309 10 10 11 0.5 
evening 40 37 9 28 0 65 226 1535 66675 293 11 11 9 0 
night 28 18 4 14 0 32 117 943 34656 189 10.5 10.5 9 0 

7-Feb day 21 22 4 16 2 42 199 1069 48128 219 10 10 9 0 
evenmg 42 42 17 25 0 67 291 1879 50911 279 8 8 8 0 
night 24 27 10 17 0 44 147 1315 33826 186 13 13 11 0 

8-Feb day 18 15 0 14 1 31 164 1203 36522 182 7 7 7 0 
evenmg 58 58 20 38 0 96 482 2503 89559 438 10 10 10 0.5 
night 32 22 3 19 0 41 190 858 38238 207 9 9 8 0.5 

9-Feb day 28 26 3 22 1 50 186 1350 46859 262 8 8 8 0 
evening 40 39 11 28 0 67 291 1848 68821 339 6 8 9 0 
night 37 36 5 31 0 67 305 1662 72743 363 11 11 13 0.5 

10-Feb day 26 25 7 18 0 43 274 1180 41160 208 8 8 8 0 
evening 45 43 8 34 1 79 427 2200 70277 362 11 11 12 0 
night 28 38 6 32 0 70 427 1941 76078 332 9 9 10 0 

11-Feb day 30 24 5 19 0 43 243 1260 40228 226 8 8 8 0 
evenmg 63 60 15 45 0 105 593 2819 99391 466 12 12 14 0.25 
night 40 27 4 23 0 50 211 1145 51937 291 6 6 8 0 

12-Feb day 39 35 5 30 0 65 280 1848 63692 296 8 9 8 0 
evening 60 52 16 34 2 90 409 2761 88189 472 12 12 13 0.5 
night 19 29 9 20 0 49 247 1157 55877 246 7 7 8 0 

13-Feb day 32 31 2 29 0 60 182 1077 67832 327 8 10 10 0 
evening 48 47 16 31 0 78 269 2539 63334 331 11 11 10 0 
night 39 31 6 25 0 56 143 1471 61466 304 10 10 10 0.25 

14-Feb day 44 35 6 29 0 64 218 1777 60872 334 7 10 10 0.5 
evening 36 35 3 32 0 67 287 1339 62844 314 10 10 11 1 
night 32 40 6 34 0 74 302 2695 78370 440 11 11 11 0 
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15-Feb day 25 26 3 23 0 49 181 1227 40562 208 8 8 8 0.25 
evenmg 50 47 8 39 0 86 496 2683 79000 396 12 12 11 0 
night 22 27 10 17 0 44 259 1280 45084 246 8 8 8 0 

16-Feb day 34 38 9 27 2 69 237 1864 61963 319 9 9 8 0 
evening 41 40 6 34 0 74 369 1882 65484 401 10 10 10 0.25 
night 38 21 2 19 0 40 132 1240 42304 222 9 9 9 0 

17-Feb day 44 32 5 27 0 59 315 2014 58362 293 11 11 10 0 
evening 47 45 8 37 0 82 440 2220 68952 365 12 12 12 0.5 
night 28 30 8 22 0 52 304 1417 51004 253 11 11 11 0.25 

18-Feb day 22 26 1 25 0 51 257 1183 57860 261 9 9 10 0 
evening 53 49 42 6 1 57 535 2506 101636 471 14 14 14 0 
night 28 29 2 27 0 56 254 1749 50672 253 8 8 9 0 

19-Feb day 35 31 10 21 0 52 255 1870 55668 263 8 8 9 0 
evening 44 43 12 31 0 74 364 2365 70283 313 16 16 15 0.5 
night 34 22 5 17 0 39 225 1052 42565 209 6 6 8 0.5 
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Appendix 11: Correlation Coefficient Matrix 

This appendix presents the correlation coefficients between various air cargo units and the planned 
manpower, available manpower and required manpower. The abbreviations which are used in the 
following tables, are explained in appendix 10. 

Correlation coefficient matrix ICA-1 module 

#uld #Ide #pal #20ft wght #shpm #pare #kg #m3 plan avail req 
#uld 1.00 
#Ide 0.76 1.00 
l#pal 0.90 0.43 1.00 
#20ft -0.01 -0.22 0.01 1.00 
wght 0.97 0.61 0.97 0.09 1.00 
#shpm 0.82 0.59 0.75 0.00 0.80 1.00 
l#parc 0.69 0.40 0.67 0.07 0.69 0.72 1.00 
#kg 0.83 0.41 0.83 0.38 0.87 0.70 0.68 1.00 
#m3 0.88 0.45 0.88 0.31 0.91 0.76 0.71 0.96 1.00 
plan 0.68 0.42 0.67 -0.14 0.66 0.67 0.47 0.58 0.63 1.00 
avail 0.71 0.43 0.70 -0.15 0.69 0.67 0.50 0.59 0.65 0.99 1.00 
req 0.71 0.38 0.74 -0.17 0.71 0.68 0.55 0.62 0.68 0.90 0.91 1.00 

Correlation coefficient matrix ICA-2 module 

#uld #Ide #pal #20ft wght #shpm #pare #kg #mj plan avail req 
#uld 1.00 
#Ide 0.72 1.00 
#pal 0.82 0.18 1.00 
#20ft 0.09 0.10 -0.04 1.00 
wght 0.97 0.52 0.93 0.11 1.00 
#shpm 0.85 0.63 0.68 0.01 0.81 1.00 
#pare 0.90 0.64 0.74 0.08 0.88 0.83 1.00 
#kg 0.91 0.63 0.75 0.19 0.89 0.83 0.83 1.00 
#m3 0.91 0.60 0.77 0.21 0.90 0.80 0.86 0.95 1.00 
plan 0.60 0.48 0.45 0.06 0.56 0.53 0.56 0.55 0.50 1.00 
avail 0.64 0.50 0.49 0.05 0.61 0.52 0.59 0.61 0.56 0.92 1.00 
req 0.69 0.50 0.56 0.06 0.67 0.63 0.62 0.71 0.67 0.84 0.88 1.00 




