
General rights 
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s) 
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open 
content license (like Creative Commons). 

Disclaimer/Complaints regulations 
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, 
please let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the 
material inaccessible and/or remove it from the website. Please contact the library: 
https://www.amsterdamuas.com/library/contact/questions, or send a letter to: University Library (Library of the 
University of Amsterdam and Amsterdam University of Applied Sciences), Secretariat, Singel 425, 1012 WP 
Amsterdam, The Netherlands. You will be contacted as soon as possible. 

Intelligent logistic concepts within network centric warfare

Author(s)
Ploos van Amstel, W.; Babiche, Loo

Publication date
2004
Document Version
Final published version
Published in
NL Arms 2002

Link to publication

Citation for published version (APA):
Ploos van Amstel, W., & Babiche, L. (2004). Intelligent logistic
concepts within network centric warfare. In W. Ploos van Amstel (Ed.),
NL Arms 2002 (Vol. 2004, pp. 77).

Download date:23 May 2023

https://research.hva.nl/en/publications/472ea10b-b564-489a-ac19-97f407e52bbc


NL-ARMS
Netherlands Annual Review of

Military Studies 
2004

Defense Logistics
Winning Supply Chain Networks

N. Faber
H. Kirkels

L. Mos
W. Ploos van Amstel

J. Soesbergen
E. de Waard

R. Westerman
(eds.)



Typography & Design: Eric Franken, AVC KMA
Printed and bound by: Febo Drukkerij, Enschede, NL

ISSN: 0166-9982

NL-Arms is published under the auspices of the Dean of the Royal Netherlands
Military Academy (RNLMA (KMA)). For more information about NL-ARMS and/or
additional copies contact the editors, or the Academy Research Centre of the RNLMA
(KMA), at adress below:

Royal Netherlands Military Academy (KMA)
Academy Research Centre
P.O. Box 90.002
4800 PA Breda
Phone: +31 76 527 3319
Fax: +31 76 527 3322

NL-ARMS
1997 The Bosnian Experience

J.L.M. Soeters, J.H. Rovers [eds.]

1998 The Commander’s Responsibility in Difficult Circumstances
A.L.W. Vogelaar, K.F. Muusse, J.H. Rovers [eds.]

1999 Information Operations
J.M.J. Bosch, H.A.M. Luiijf, A.R. Mollema [eds.]

2000 Information in Context
H.P.M. Jägers, H.F.M. Kirkels, M.V. Metselaar, G.C.A. Steenbakkers [eds.]

2001 Issued together with Volume 2000

2002 Civil-Military Cooperation: A Marriage of Reason
M.T.I. Bollen, R.V. Janssens, H.F.M. Kirkels, J.L.M. Soeters [eds.]

2003 Officer Education - The road to Athens!
H.F.M. Kirkels, W. Klinkert, R. Moelker [eds.]

2004 Defense Logistics - Winning Supply Chain Networks
H. Kirkels, W. Ploos van Amstel [eds.]



Contents

Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Nynke Faber, Harry Kirkels, Linda Mos, Wather Ploos van Amstel,

John Soesbergen, Erik de Waard, Ruud Westerman 

Networking into war? Part 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

Networking into war? Part II  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

F. Osinga   

New Royal Netherlands Army logistic concept  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Leo van Westerhoven, Gerard van Oostbree 

What is the right supply chain for warfare?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

Pauline Thoolen, Jos Vermunt 

Intelligent logistic concepts within network centric warfare  . . . . . . . . . . . . . . . . . . 77

Babiche van de Loo, Walther Ploos van Amstel

Aircraft maintenance in the Royal Netherlands Air Force  . . . . . . . . . . . . . . . . . . . . 97

Jaap Reijling

Walther Ploos van Amstel

Building a network organization in a military context  . . . . . . . . . . . . . . . . . . . . . . 109

Erik de Waard, Ard-Pieter de Man 

Asset Management Control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

John Stavenuiter  

RFID in logistics:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

Annelies van der Ham, Tim Vogten 

Warehouse Management Information systems in modern Defense logistics  . . . . 169

Nynke Faber 

Logistic research at TNO-FEL  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183

Siem van Merriënboer 

Logistics and the armed forces from antiquity to the future  . . . . . . . . . . . . . . . . . 203

Jos Vermunt, Gerard van der Laan 

About the authors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215



4



Introduction
Nynke Faber, Harry Kirkels, Linda Mos, Wather Ploos van Amstel,

John Soesbergen, Erik de Waard, Ruud Westerman

Logistics is concerned with designing, organizing and implementing physical, organi-

zational and information systems for the execution of processes directed at the flow of

goods and the related information and money flows. These processes cover the entire

range from development and purchase, via production and distribution to retailer, and

subsequently the return flows, if any, with a view to meeting customer demands, which

finds expression in agreed quality aspects such as time, place, quantity and quality, at

minimum costs and capital expenditure. Within the armed forces this takes the guise of

supply chain logistics, systems logistics, personnel logistics, military health care,

basic/peacetime logistics and operational logistics/combat service support.

Changing logistic requirements

As the nature of conflicts is becoming increasingly asymmetrical, a trend can be

observed in which logistics acquires a more and more central position as a means to

react responsively everywhere, in any circumstance. Apart from that, logistics is essen-

tial for the efficient and effective execution of Defense peacetime tasks. It is also pivotal

to the future officer's execution of his task with a view to ever-shrinking budgets.

The Defense organization is changing and with it the logistic requirements. The

Netherlands Defense policy stipulates that peace and security in the world are served

with a strengthening of international law and order through the United Nations and the

Security Council. Within the framework of NATO the Dutch government will work

towards the realization of an effective European security and defense policy. Besides, it

will also actively engage in a strengthening of the transatlantic relation. In the Integral

defense plan the role of the armed forces and the ensuing prioritization in changing

international circumstances is defined. This makes the armed forces operate in an ever-

decreasing world, e.g. participation in peace operations (e.g. ISAF and Enduring

Freedom in Afghanistan), often in multinational operational cooperation. The DART

(Disaster Assistance Response Team) emergency aid must be ready for shipment with-

in 24 hours. Only recently, the NATO Response Force (NRF) was established. This rapid

intervention force is deployable within five days in crisis areas all over the world, and as

a relatively small-scale, but well-trained and well-equipped group it must be able to hold

out for about thirty days. NRF combines NATO air, land and sea forces, presently com-

ing from 14 member states, among which the Netherlands. 

This smaller world implies operating in diverging circumstances in unfamiliar loca-
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tions, and, consequently, also solving the problems of transporting of materiel and per-

sonnel to those locations. These international operations require a protracted use of

means and the frequent missions in urban areas and the development of NCW pose

new challenges to logistics.

New Defense logistic concepts

Speed and combat power are important objectives in planning as well as executing oper-

ations (preparation, actual deployment, re-deployment), and all this has to take place

with reaction times of several days and minimum supplies.

In the Defense White Paper (2000) the development of a new logistic concept, pro-

viding a policy framework for the re-design of a logistic Defense organization along

more civilian lines, was announced. Military autonomy is pitched here against pursuit

of making the logistic organization more cost-effective and less bulky. The changing

environment is translated into the logistic principles within the Defense organization:

- An integral business-like tuning across all supply chains, oriented at the operational

process and a planning and control of the entire operational supply chain, based on

common frameworks for all participants in the supply chain. The objective is mini-

mal stocks and guaranteed supplies.

- Working from open networks, not only between Services (national and internation-

al), but also civilian-military cooperation (national, but also in situ, in case of expedi-

tionary operations).

- Transparency and connectable information networks along with the standardization

of procedures and data on products and weapon systems, ultimately resulting in a

connection with NCW.

- A clear ordering of logistics accountabilities. The operational logistic concept, for

instance, has central managers and controllers who are responsible for integral sup-

ply chain control, directing the logistic support and formulating and establishing

requirements and preconditions for logistic support and organization of the supply

chain.

Over the past few years, then, there have been regular discussions on rationalizing

the armed forces, by outsourcing of supplies and delivery of services by civilian compa-

nies. On the one hand, this is prompted by the need of lighter operational units that can

be deployed on short notice everywhere in the world, and on the other, the better capa-

bilities of civilian companies to timely provide supplementary means. In principle,

goods and services can be provided anywhere in the world, with the exception of areas

with an acute military threat. In that case the goods or services are delivered at the
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periphery of the conflict areas. This will be in or near the Port of Debarkation, which in

the case of a deployment will be established on the edge of the area of operations near

the larger sea or air ports. Subsequently, the armed forces should be able to conduct the

battle with the products or services supplied. They must be able to react flexibly to more

uncertainties, not only with regard to operational deployment or reaction times, but also

to the fact that, given the greater complexity of weapon systems, they become more and

more dependent on civilian companies for the supply of essential materiel and services.

The Defense White Paper indicates that an open logistic concept should be developed

in which any possible supply risks are covered by making arrangements with civilian

suppliers. ICT for logistic planning and execution must ensure the emergence of an

information network of Defense units and the civilian companies capable of providing

timely support from multiple sources to the military organization that operates from the

Ports of Debarkation in the direction of the battlefield. 

Scientific research

The Defense organization changes and so do the logistic requirements. This fact poses

questions for the Defense organizations (national as well as international), such as:

- How to realize effective and efficient combat service support in expeditionary deploy-

ment?

- How to realize the right basic logistic support from the Netherlands?

- What is the importance of NCW for logistic support?

- Which ICT support is required for the planning and execution of logistic processes?

- How to realize an effective and efficient military health care in expeditionary deploy-

ment?

- How to create a successful cooperation with the civilian sector?

- Where in the organization should the decision making take place: centralized or

decentralized?

With their scientific research program on logistics and the development of knowl-

edge, the higher Defense educational institutes attempt to make a contribution towards

answering the above questions. The program has the following sub-themes:

A. Winning logistic networks: the organization of logistic networks in expeditionary

deployment

Evolving towards logistic networks that are effective in situations of greater uncer-

tainty is a challenge for the Defense organization: Which logistic features of expedi-

tionary deployment lead to the successful execution of the Defense task in expedi-
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tionary deployment? What are the criteria that determine the design of a logistic net-

work in expeditionary deployment? How can these design criteria be applied to the

organization of a logistic network in expeditionary deployment? The overall objective

is the development of a model for designing and organizing logistic networks in expe-

ditionary deployment.

B. Weapon system management: dynamics in logistic support in systems logistics

The deployment profile of the armed forces is changing. Smaller, modular units are

committed more and more flexibly and with shorter reaction times in locations far

removed from the classic areas of operation. The maintenance logistic organization

tries to keep up with developments in this field in its support of operational units.

The objective is the development of applicable knowledge on the realization of a suc-

cessful Defense maintenance organization that anticipates in a dynamic way on the

changes in the use of technical systems. This knowledge is subsequently used to

improve the cost-effectiveness of technical systems throughout the entire organiza-

tion.

C. Open logistic networks: successful cooperation with the industry

An open logistic network is a challenge for the Defense organization: How to realize

successful alliances with civilian companies? How to successfully implement tech-

nological innovations (e.g. Multisatcom, the replacement of armored vehicles and

reconnaissance vehicles and the JSF project)? How to employ ICT in the planning

and control of the open logistic network? What are the organizational roles in the

open logistics network? And what does this mean for the competencies of the logis-

tic Defense personnel? The objective of this research is the development of practical

knowledge on the realization of successful alliances with the civilian sector.

D. Logistic of the military health care

From an operational perspective as well as that of a 'good employer' perspective there

must be a health care that is available in all circumstances that the soldier may find

himself in. To that end it is necessary to develop a basic knowledge that enables a

transfer from the current large-scale and semi-static health care system to an expedi-

tionary military medical care. The research program must lead to results that con-

tribute to the organization of such a 'portable' health care. This sub-theme fits in well

with a TNO developed research program which determines the limits and possibili-

ties of health care in the light of expeditionary armed forces. The emphasis lies on

flexibility and adaptivity instead of a ready-for-use, standardized large-scale approach

and facilities. 
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E. Distribution logistics: a framework for warehouse management systems

The adjustments in the logistic concept have led to the merging of many small dis-

tribution centers within the Dutch Defense organization into large-scale, central dis-

tribution centers (e.g LC-Klu inWoensdrecht, KL-AGB in Lettele and KM-Arsenaal in

Den Helder). These centers are expected to be efficient and effective in the changing

circumstances (expeditionary deployment, NRF, open logistic network and new

maintenance concepts). The research is directed at the development of a reference

model for the provision of information needed for planning and control of the flow

of goods in and by warehouses. 

F. Informatics and logistics

The organization of the information supply and ICT is one of the most important crit-

ical success factors for the ever-increasing cooperation within the armed forces and

between the Defense organization and military and civilian parties. In the operational

field this cooperation will mostly take place within logistics and operational com-

mand and control. The informatics and ICT research is directed at both areas.

G. Informatics and peacetime management

The increasingly higher demands made on the Defense organization to carry out the

business processes more efficiently are particularly relevant for the information sup-

ply. The impending budget cuts are heavily founded on an improved information

supply in relation to the new control concept. The introduction of an improved infor-

mation supply, e.g. ERP/SAPwill take place throughout the entire organization and

will involve high costs. It is clear that such an operation brings along many risks.

Research into these risks and how to manage them is necessary.

Apart from the scientific research themes the higher Defense educational institutes

cooperate with student researchers in topical themes in Defense logistics, such as

- The consequences of NCW for logistic support;

- Logistic support in deployment in urban areas;

- Inventory management within the Defense organization;

- The use of simulation and planning tools in the preparation of expeditionary deploy-

ment;

- Life cycle costing and life cycle management within a weapon system management

framework;

- Technological innovation in (means of) transport;

- Defense tracking and tracing and the use of RFID;

- Decentralizing or centralizing logistic decision making.
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NL ARMS

This edition of NL ARMS has come into being within the framework of the 'Learning

from Defense logistics' symposium that took place at the Royal Netherlands Military

Academy on Thursday 11 November 2004. The organization was in the hands of the

three Defense institutes of officer education, the Royal Netherlands Military Academy

(KMA) at Breda, the Royal Netherlands Naval Institute (KIM) at Den Helder and the

Higher Defense Institute (IDL) at Rijswijk. Previous experience shows that there is a

great mutual interest in each other's experiences from the civilian as well as the military

logistics worlds. Those worlds met on this day.

The present edition contains contributions on recent developments in Defense logis-

tics. The editors have not had the ambition to paint a comprehensive and coherent pic-

ture of Defense logistics. They have, however, attempted to present new insights, prac-

tical as well scientific in nature, originating from the Defense as well as civilian worlds.

The editors wish the reader may derive pleasure, but most of all inspiration, from

reading the various contributions.
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Networking into war?
Part 1: Network Centric warfare and the European military transformation 

Frans Osinga  

Network Centric Warfare explained

Why NCW?

Network Centric Warfare, NCW for short, stands for a new American way of waging

war. It  is a 'set of warfighting concepts designed to create and leverage information'.1

NCW 'seeks to address the total concept of warfare', according to one of the spiritual

fathers.2 The studies that deal with NCW and 'sell' it as a concept cover hundreds of

pages and discuss characteristics and key principles of NCW warfare, doctrinal conse-

quences, basic principles of warfare in the information age, consequences for invest-

ments and armed force structures and migration paths in order to come to NCW-

designed armed forces. So, it is more than just an idea, it is also a program to make it

happen. 

The establishment of the NATO Response Force, decided upon by the NATO mem-

ber states during the recent Prague summit, also introduces NCW to the European con-

tinent. If Europe wants to catch up with the United States in a military sense and retain

the capability to go into battle together, the European armed forces will have to undergo

drastic modernization and adopt the characteristics of the NCW doctrine. There has

been a lot of media attention for the 20,000-strong reaction force. What was not report-

ed is the fact that the European armed forces will have to undergo a similar transfor-

mation to that which the American forces have gone through since the 1991 Gulf War. 

Both Lord Robertson and SACEUR, General Ralston, mentioned this on various occa-

sions following the Warsaw meeting. The American transformation was speeded up

after Operation Enduring Freedom. An integral part of this transformation is NCW.

SACEUR as well as several other American experts refer to NCW in their discussions

on the interoperability problem that is momentarily affecting the military character of

NATO.3

Objective of NCW

In Europe NCW is a subject that has received little attention, and in view of the current

development it is time for a fundamental exploration of the NCW concept. 

The present article provides an insight into the characteristics, the advantages of

NCW and possible consequences for the design and operations of military units as
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described in the Pentagon studies. The following article will pay attention to the context

and conceptual roots of NCW. This will provide a deeper insight into the meaning of the

concept and its importance for the American armed forces. 

What is NCW?

Networks as a starting point

In order to quickly get a good idea of what NCW entails, the following American typifi-

cations of the vision on war in the 21st century may suffice:

The US is poised to harness key information technologies - micro-electronics, data  net-

working, and software programming - to create a networked force, using weapons  capa-

ble of pinpoint accuracy, launched from platforms beyond range of enemy 

weapons, utilizing the integrated data from all-seeing sensors, managed by intelligent 

command nodes. By distributing its forces, while still being able to concentrate fires, 

the US military is improving its mobility, speed, potency, and invulnerability to enemy

attack.4

This makes clear that NCW is a model that goes beyond innovation in weapons sys-

tems or tactics. It relates to the organizational forms of a joint force and joint doctrine.

It is a comprehensive concept with consequences not only for the way in which war is

waged, but also for the design of an armed force. This does not mean that it is imme-

diately clear what NCW means exactly. Below, the essentials will be presented.

The name NCW already indicates what the essence is of this concept, and what

makes it unique and specific: operating as a network and the vision that the network is

the center of military operations, and not platforms and specific systems or Services.5

Cebrowski states that 'its fundamental premise is interconnectivity'.6 Or as Cebrowski

and Gartska put it in a very revealing footnote: 'NCW derives its power from the strong

networking of a well-informed but geographically dispersed force'.7 The report to

Congress describes NCW as ' a useful shorthand for describing a broad class of

approaches to military operations that are enabled by the networking of the force'.8

The network approach does not only concern the physical network. Whereas 'inter-

connectivity' in particular seems to stress technical aspects, the opposite is true. NCW

encompasses much more than merely the technical dimension. Network operations

have organizational and doctrinal consequences: 

Networking is being used in its broadest sense to include the networking of 

information-related processes and all other forms of collaboration among a better 

informed set of participants (…) Networking the force entails much more than 
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providing connectivity among force components in the physical domain. It involves the 

development of doctrine and associated tactics, techniques, and procedures that 

enable a force to develop and leverage an information advantage to increase combat

power.9

Information dominance

Information is the second theme in NCW. Attaining information superiority is an ever-

recurrent topic in many studies on NCW. 'Information superiority' is 

a state of imbalance in one's favor in the information domain, or the ability to get the 

right information to the right people, at the right times, in the right forms, while 

denying an adversary the ability to do the same.10

So, it is not so much about more data, but rather better, more relevant information,

available before the enemy has it. Besides, it refers to a relational difference, determined

by the information need of a party. When an opponent has chosen an approach in which

he has little need for a constant flow of up-to-date information, then a quantitative

advantage in that field is also of little relevance. The importance of information domi-

nance is substantiated by direct references to the world of business: 'Competitive advan-

tages accrue to organizations that successfully master the art of creating and leveraging

an information advantage'.11

The extent to which this is attained depends on the ability to gather up-to-date infor-

mation, to analyze and disseminate it among all the commanders of 'space, air land, and

undersea forces while denying adversaries access to that information.'12 Information

'makes' the network and the network 'makes' information and, in doing so, achieves

decisive advantages. According to the official version: 

NCW allows the force to achieve an asymmetrical information advantage. 

NCW is predicated upon dramatically improved capabilities for information 

sharing13 NCW capabilities allow a force to attain an improved 

information position that can partially ‘lift the fog of war’ and enable 

commanders to improve their decision making and fight in ways that were not 

previously possible.

This involves leaps in information 'richness' (quantity of data, accurateness, timeli-

ness, relevance) and in information 'reach' (the number of persons it reaches and the

scope of battlespace about which information can be gathered). These leaps are made

possible because 'the explosion of information and communication technologies has

dramatically altered the economics of information'.14
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It is much simpler now to gather large quantities of information, to analyze and dis-

seminate it and to make it rapidly and easily accessible to many. Where in the past it was

only the top of an organization that had access to all the relevant information, it has now

become possible for every echelon in an organization: in fact, the available information

can even be too abundant for decision makers. That is why 'the organization of infor-

mation' is essential. And the network is the obvious form to benefit from this explosion: 

Networking enables a force to share information to a degree unprecedented in military

operations.15

Inspiration from the world of business

The inspiration for this idea comes from the world of business: 'Arising from funda-

mental changes in American society and business, military operations increasingly will

capitalize on the advances of information technology', the article that announced NCW

opened.16

In the world of economics a shift is discernible from a 'platform orientation' to a net-

work orientation as a result of fundamental changes in IT:

Information technology is undergoing a fundamental shift from platform-centric com-

puting to network computing. Platform centric computing emerged with the widespread

proliferation of personal computers in business and in the home. The significant invest-

ment the IT sector makes in R&D and product development has led to key technologies

that have created the conditions for the emergence of network-centric computing. This

shift is most obvious in the explosive growth of the internet, intranets, and extranets.

Information 'content' now can be created across extremely heterogeneous global comput-

ing environment.17

The world of business capitalized on this. Because of the increase in information the

potential market is not limited anymore by distance, whereas the former safe home

market is open to everyone. Apart from and because of that, time is increasingly becom-

ing a factor of importance, which manifests itself in a high speed production process,

the pace of product changes, the development of new products that match the market

better, or the ability to open up and dominate new markets. Product series become

smaller and have shorter lives. The chance to make a profit on a product becomes pro-

portionally smaller, which fuels the desire to be the first to enter a market with a prod-

uct, and, as in the case of Microsoft, to dominate a segment of the market by setting a

standard that makes it difficult for the competitors to enter the market and make a prof-

it. 

Time relates to the pace at which organizational change can take place. The capabili-
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ty to quickly adjust to the dynamics of the market increasingly determines the success

of a company. Good and fast information provision and a flexible organizational form

are essential for that. For this reason companies increasingly form internal and external

networks and participate in a deliberately chosen and designed learning eco-system.

Parts of the production process are outsourced, sometimes to other companies in a dif-

ferent continent. Products are developed by cooperating companies that each contribute

a specific expertise. IT  - the Internet - makes it possible for these companies to cooper-

ate real-time in the virtual environment, in spite of large physical distances. IT also

enables just-in-time delivery and lean-production, and allows companies to quickly meet

the specific demands of the customers.

Instead of a hierarchic top-down organization, there is a shift towards flat organiza-

tions, in which the various divisions get a lot of freedom. That is not a luxury, but a

necessity to be able to react quickly to a rapidly changing environment. The dynamics

of the market cause the network (or the various networks), in which a company, or its

divisions, is embedded to adjust, or, in the case of a company, to attempt to act within

new network alliances: 

Agile firms use superior awareness to gain competitive advantage and 

compress timelines linking suppliers and customers'. (…) 'The key to market 

dominance lies in making strategic choices appropriate to changing 

ecosystems.18

The network determines the success. It is a powerful, robust and flexible organiza-

tional form. It consists of nodes, linkages and interactions. Network Centric computing

derives its strength from Metcalf's Law, which says that 'the power of networks is pro-

portional to the square of the number of nodes in the network'. The more nodes, and

therefore linkages, a network has, the greater the information flow within it, the larger

the number of possible alliances and the higher the values of the network for a single

node. The theories of evolution and complexity, in addition, show that diversity and

redundancy in a network, enable this organizational form to absorb shocks in the sys-

tem and to adjust to changes in the environment.

Co-evolution is possible. The NCW Report to Congress quotes the findings of an emi-

nent writer in both disciplines: 'in a biological context, species within an ecosystem can

co-evolve with each other as a result of changes in the environment or in individual

changes at the species level'.19

Synergy of changes in three domains

Cebrowski and Gartska call these developments de-massification. Small, flexible organ-
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izations, short cycles, high capacity for reaction, networks are the characteristics of the

world of business in the information age. And they follow the Tofflers' adage 'you make

war the way you make wealth'.20 When such changes take place in society, how can the

armed forces not change? And in order to map the changes and effects for the armed

forces, and to express the added values and fundamental character of NCW, the atten-

tion is drawn to the interaction of simultaneous changes in three 'domains' as a result

of networks and the information revolution. They are the physical, information and cog-

nitive domains.21

The physical domain lies where the soldier tries to influence the situation. This is

where strike, protect and maneuver take place. It is also the place where physical plat-

forms and communication networks that link the platforms, can be found. In the infor-

mation domain information is created, processed and disseminated. It is the domain

'that facilitates the communication of information among warfighters. It is the domain

where command and control of modern military forces is communicated, where a com-

mander's intent is conveyed'.

The cognitive domain, finally, 'is in the minds of the participants'. This is the area of

'perceptions, awareness, understanding, beliefs, values, sensemaking and decisions'.

Here such intangible factors as leadership, morale, cohesion, experience, training and

situational awareness play a role; and the translation of the commander's intent and

doctrine. NCW intends, and is based on, attaining network effects in all three domains

and the synergetic effect deriving from it. 

When armed forces take the purport of NCW to its logical conclusion, they will have

the following positive characteristics that are in a causal relation to each other:22

Physical domain

- all elements of the force are robustly networked;

- achieving secure and seamless connectivity.

Information domain

- the force has the capability to collect, share, access, and protect information;

- the force has the capability to collaborate in the information domain, which enables

a force to improve its information position through processes of correlation, fusion

and analysis;

- a force can achieve information advantage over an adversary in the information

domain.
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Cognitive domain

- the force has the capability to develop and share high quality situational awareness;

- the force has the capability to develop a shared knowledge of commander's intent;

- the force has the capability to self-synchronize its operations.

NCW infrastructure: three 'grids'

In order to make all this work certain things are required. The key to NCW is the avail-

ability of a specific architecture to enable NCW; an architecture that consists of three

'grids' (or networks): a sensor grid, an information grid and a transaction (or shooter)

grid.23

Each grid lies like a blanket over the battle area and it can stretch as far as the home-

front. It consists of a number of 'nodes', 'links' and interactions and it interacts with

other grids. The extent and quality of the interactions is the essence of the total network,

so an unequalled sensor network is of little value if it is not in close connection with a

fitting 'shooter' and 'information' network of equal quality. 

The backbone of NCW, the 'entry fee', is a high-quality information network.24

Communication satellites, data-transmission lines, relay stations, computers and com-

mand centers make up this network. The information grid is used to disseminate

orders, intell data, sensor information, real-time information about ongoing operations,

logistic data etc: 'It provides the means to receive, process, store and protect information

for the joint and combined forces (…) it permits the "plug and play" of the sensors and

the shooters'. It is a permanently present grid. It must be capable of 'ensured high speed

access to the information required'.25

This 'infostructure' is the critical path for NCW. It must be 'secure, robustly net-

worked, seamless, and coherent', with sufficient bandwidth for radio frequencies and it

must be able not only to connect American units, but also units of coalition partners. 26

This is different for the sensor grid, which is determined and designed as required

for each mission, but it can also have a more permanent character. A sensor grid feeds

the information network and it can consist of a network of several sensors, such as dif-

ferent types of radar systems aboard specialized radar reconnaissance planes like

AWACS and JSTAR, but also of fighters, infrared detectors, SIGN-receiver, satellite

observation instruments, special ground units and conventional optical reconnaissance

instruments.

So, this sensor network can be composed of 'nodes' in space, in the air, on land and

at sea. It generates 'battlespace awareness'. Datafusion, dynamic sensor tasking and

effective information distribution are three functional requirements for an optimal

functioning of the sensor grid. The parameters determining size and composition of the
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sensor grid are mission, terrain, complexity, information requirement and dimensions

of the operational area.27 A sensor grid for a SEAD mission, for instance, is temporary

and mission specific, whereas the tracking down of Taliban fighters in Afghanistan led

to the formation of a permanent and growing network of sensors. 

The shooter grid, finally, can consist of all sorts of weapon systems from the various

Services. Fighters, sea-borne launching platforms, combat helicopters, tanks equipped

with data links, cruise missiles, laser-guided or GPS-guided precision weapons are avail-

able in principle, and depending on the situation, the target, the available information

or means of attack, a weapon system is selected. This makes it a part of the shooter grid.

It subsequently receives the latest target information and if necessary it is 're-tasked'.

This requires a high extent of 'jointness', in other words, 'integrated force management:

the ability to achieve dynamic synchronization of missions and resources from compo-

nents and coalitions'.28

The advantages

Information advantage

The advantages according to the authors of NCW are as great as they are predictable by

now. In brief, the Executive Summary states that, 'Network Centric Operations provide

a force with access to new, previously unreachable regions of the information domain.

The ability to operate in this region provides warfighters with a new type of information

advantage'.29

As a concept, NCW is a so-called 'force multiplier'. Or, as in one of the official stud-

ies that advertises it as a magic formula:

NCW concepts dramatically improve a force's ability to quickly, efficiently, 

and effectively bring to bear all of its available assets to accomplish assigned 

missions. These improved warfighting capabilities result in part from the 

ability of a force to achieve a high degree of integration across a number of 

dimensions, the ability to substitute information for mass, and the ability to 

move information instead of moving people, and material. Network Centric 

Warfare allows forces to adapt more quickly to a dynamic environment'.30

Several themes are interwoven, here, the first of which is an advantage in the pace of

decision making. A commentator explained the advantages by pointing at the fact that

the OODA-loop can be completed faster.31 The NCW Report to Congress supports this

vision:

Seizing and maintaining the offensive, which enables the force to dictate the terms of
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combat, is directly dependent on the ability to work inside (or faster than) an opponent's

decision cycle. This is supported by information superiority both through effective offen-

sive information operations (which disrupt and slow an adversary's decision making and

force decisions under greater uncertainty).32

Simultaneously, and integrally related to this, units need less information from high-

er HQs. The same holds good for the extent of management from above. As it is, the

network allows them to be remain in the picture as much as their commander about the

objectives (commander's intent), enemy movement and own positions.33 There is an

accurate and fully common operating picture (COP) that is accessible for everyone.

Units also get more freedom of action and need to send in fewer reports to the higher

echelons. Many actions are initiated and coordinated by the dispersed units themselves.

Nevertheless, the commander can be informed. These are important advantages and

effects, but at first sight they merely seem improvements of efficiency.

Effectiveness leap: increased combat power of small units

The second theme concerns a qualitative leap forward in effectiveness. The cumulative

effect of a series of smaller efficiency operations, yields a major leap in quality. It makes

it possible to wage war in an essentially different manner. With a relatively small num-

ber of units it is possible to achieve a much greater effect. Size and power have become

de-coupled, for where in the past units had to be concentrated to force a decision, it is

now feasible to do this by 'massing effects through the use of enriched sensor capabili-

ties and stand-off precision weapons'.34

The consequence is that a commander is able to carry out actions much faster in a

larger area and to dominate the course of events. Experiments seemed to have shown

that, 'shared situational awareness enabled digitized forces to fight successfully over a

much larger area with fewer forces, than non- digitized forces'.35 A commander can also

react quicker and better to situations: NCW 'provides commanders with the capability

to generate precise warfighting effects at an unprecedented operational tempo, creating

conditions for the rapid lock-out of adversary courses of action'.

As there is more and more information available, along with precision weapons,

NCW can enable a new sort of operations, in which destruction becomes less relevant

than the attainment of calculated effects. NCW goes hand in hand with effect based

operations, a concept that has been elevated by now to American joint targetting doc-

trine. 
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Synthesis

An article that specifically discusses this particular aspect of NCW lists these important

positive consequences:36

- NCW could permit a geographically dispersed force to operate as a system - in effect,

as a 'dispersed mass'. Such a force, though its elements might be spread over a large

area, should be able to concentrate precision weapons rapidly upon targets hundreds

of miles away. 

- Its units may be able to mass fires not only with decisive effect without the need to

maneuver – without having to get closer to targets, avoid geographical constraints, or

achieve some positional advantage. 

- NCW offers the flexibility, operational reach, and battlespace awareness needed to

operate on the strategic, operational, and tactical levels at once. Combat would no

longer have to proceed in the traditional step-by-step, or serial, manner. Combat

would instead be multidimensionally and comprehensively joined.

- Such parallel warfare can produce the systemic disruption of the enemy's operational

functions and lock out (preclude) options. 

- NCW, by making a force capable of concentrating fires precisely where desired, may

be able to influence enemy actions and perceptions of options in ways that once only

forces on the spot, and usually on the ground, could achieve. That is, the capabilities

offered by an NCW force should produce operational advantages and second-order

consequences that once required the tangible presence, and particular physical dis-

positions, of combat power.

All these thoughts lie hidden in the purport of NCW, of which it is expected that 'a

force with these attributes and capabilities will be able to increase combat power by

- better synchronizing effects in the battlespace;

- achieving greater speed of command;

- increasing lethality, survivability, and responsiveness'.37

Towards 'information age' armed forces

From platform to network orientation

While the possible advantages are evident, and attractive, it is still as yet unclear what

the armed forces have to do to wage war in the NCW vein. That there are consequences

is obvious, for according to the authors the insights of NCW and the societal develop-

ment pertaining to the 'information age', inevitably have an impact on the design of

armed forces. It is about nothing less than 'a new way of thinking about how we accom-
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plish our missions, how we organize and interrelate, and how we acquire and field the

systems that support us'.38

A primary and obvious requirement is to be able 'to plug in': 'connectivity', and tech-

nical interoperability are a minimum, for 'if you are not interoperable, you are not con-

tributing, you are not benefitting and you are not part of the information age',

Cebrowski warns.39

If one really wants to join in, a 'semantic interoperability' is a necessity as well, i.e. a

unit should not only be capable of receiving data, but also of interpreting the data in the

same way as others in the network.40

A British study proposes the terms co-operability and interoperability of the mind, to

indicate a 'shared understanding which only cognitive and doctrinal interoperability can

provide'.41 This, however, as yet only concerns technical and doctrinal adjustments.

According to NCW followers NCW has also more profound and far-reaching conse-

quences.

The priorities in investment have to shift. Systems will be assessed on the basis of the

extent to which they represent and add value to 'the network'. There will also be a re-ori-

entation of the procurement policy from 'platform centered' to 'network centered'.

Thinking in terms of added value

NCW focuses on the relative added value of systems, units and structures and it is based

on the premise that in the information age, analogous to the world of business, value

for the military world is created mainly by information: 

Redefining the basic sources of combat power, enhancing the value of some 

things, and devaluating others. Just as the dramatically changed relative 

values of land, labor and capital have affected business models and 

organizations and the value they place on various corporate capabilities, NCW 

is changing the values associated with DoD investments choices. These changes are all

about marginal returns on investment. What future investment strategy will result in the

greatest overall return? In the Information Age, the answer is increased investment in

information-related capabilities.42

Not surprisingly, the first consequence is a major upgrading of investments in com-

mand and control, communication, intelligence, surveillance and reconnaissance capa-

bilities (C4ISR), for without the 'information grid' and the 'sensor grid', the 'shooter

grid' is blind and deaf. They are investments in the capacity for collecting, processing,

displaying, or disseminating information. Investments in the provision of information

yields a high return on investment, for it allows the entire system to work more effec-
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tively and efficiently. It functions both as a force integrator and as a force multiplier.

This also applies to other elements. In the choice of weapon systems the extent to

which they can be linked in a network rather than the individual performance of a sys-

tem or unit, is important. This may lead to the introduction of a new assessment

methodology, in which scores for network characteristics are the determining factors:

the number of 'nodes' that an investment yields, the quality of each 'node' and the inter-

action possibilities that a system offers. 

Different investment alternatives result in different sorts of networks with different

capacities. Subsequently, the quality of a network can be determined per mission.

A network that contains howitzers and F-16s without data-link, with tactical UAVs, is

a different network, with a smaller reach and less flexibility with regard to the sort of

targets that can be covered, from a network in which MLRS, MLU F-16s, equipped with

data-link,  and Predator UAVs, JSTARS and various EW-systems are linked. The quality

of the network determines the value.

What is becoming less relevant, in contrast, are 'stand alone systems' and 'non-net-

worked, non-interoperable platforms, sensors, systems, command organizations, facili-

ties, personal assets that represent high value targets to an adversary, massive lift capa-

bilities, heavy units, traditional doctrines, exercises, traditional planning processes and

core competencies'.43

Systems must become net-ready, light, and stealthy. Every platform must be able to

download and send data at great speed. There is an emphasis on de-massification - the

reduction in unit size - as well as mobility enhancing investments. Units and systems

must be able to operate as a sort of swarm, which in its turn has consequences for avail-

able numbers and cost level. Preferably, the system is also a net-contributor of data to

the network.44

Joint approach, in times of war and peace 

The organization of information and the command and control doctrine will have to be

reviewed. NCW is of its nature 'joint'. Traditional Service-specific doctrine is becoming

less and less relevant when the awareness takes hold that the network and the capabili-

ty to quickly achieve 'effects' with attacks over a large area are central. In one of the first

non-American studies into the consequences of NCW for the design and operations of

armed forces, the Australian author states that:

Visualizing war as a clash of opposing systems each comprised of four grids over-

comes the boundaries imposed on concepts, operational deployment and force

structures by service-, or environment-centric views. Armies emerged in pre-his-

toric times, navies during feudal times and air forces during the industrial era,
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though the three services are being progressively integrated under the Joint

Service paradigm. The environmental framework is similarly becoming less use-

ful as all three services seek to achieve their missions by increased use of air

power.45

Organization of information

Another impulse to a closer cooperation and a decrease in the relevance of the Services

lies in the need to organize information in a different manner. With the help of new IT

'an enormous amount of near real-time information being potentially available to indi-

viduals anywhere, anytime'46, the provision of information must go according to the

pull-principle, rather than the age-old push-principle. This means that Service-specific

'data bases' and information flows – stove pipes – must be made accessible to all 'com-

ponents' and all echelons of a 'joint force'.

The ultimate objective is to get target information directly to the 'shooters' without

the time-consuming intervention of intelligence organizations or command centers, in

other words, 'decoupling the flow of information from the military hierarchy'.47 The

future of C4ISR lies in a greater degree of integration, enabling shorter reaction times

in decision making, logistics, and this is essential, a shortening of the sensor-to-shoot-

ing time. This requires 'integration across echelons, integration across function, inte-

gration over time, integration across geography'.48 It is explained as follows in the

Report to Congress:

Our ability to integrate across a number of dimensions will determine how successful we

are in bringing all of the available information and all of our available assets to bear in

any given situation or circumstance. These dimensions include time, echelons, functions,

geography, agencies, and coalitions. Temporal integration, such as getting the comman-

der's intent to all relevant subordinates at the same time, promises to result in less con-

fusion and to reduce the fog of war while at the same time enabling a greater degree of

simultaneity. The same Information Age technologies will also enable continuous C2

processes, to replace cyclical processes of the Industrial Age. Integration across echelon

and function can also reduce the fog of war and help ensure coordination of activities

such as logistics, operations, and intelligence. Integration across space or geography is the

key ability to mass effects without the need to mass forces. Finally, integration of coalition

operations and inter-agency efforts is essential to achieve a unified effort.

Command and control

This is closely linked to the command and control organization and leadership style:
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'Change in C2-organization is crucial to achieving the benefits in the Information Age'.
49 The traditional command and control style, in which detailed orders are issued and

in which there is constant control from above, must be transformed into a style in which

units are given much opportunity for self-initiative, and especially self-synchronization.

A shift can be discerned from the 'Industrial Age'-model, in which information was led

from the edges of an organization to its center, where it was collected and analyzed, to

an 'Information Age'-model, in which 'the edge is empowered to make decisions based

upon the high quality situational awareness'.

Authority of decision must lie at a lower level and must be more decentralized, if the

capacity for quick reaction, offered by modern IT, is to be exploited. At the same time,

the 'shared awareness' allows the commanders to remain informed of the events and to

interfere only when necessary. This does not mean that NCW tends fully towards a

decentralized C2. A better information supply also allows a more centralized set up. The

key is that IT enables a much more flexible C2-concept, according to the information

requirements, the quality of the available information structure, the expected degree of

uncertainty, the qualities of own and coalition units, etc.50

Consequently, NCW leads to a flexible C2-doctrine and culture which can fluctuate

between decentralized and centralized, between control free and highly centralized

cyclic approaches.51 In any case, continuous command and control processes, allowing

a continuous availability of information, thus giving the commander the opportunity to

interfere when the situation requires him to, become possible. 

At the same time it means that organizations can and must become 'flatter'.

Moreover, geographical dislocation could become an objective, making the setting up of

'high-value' HQs in the area of operations unnecessary. In 1998 American General

Zinni led operation Desert Fox in Iraq from Centcom in Florida, while 'component'-

commanders were spread out over the entire region. There was a virtual HQ52 Also, C2-

functions will be arranged along different lies, as is already the case in the world of busi-

ness:

Ultimately major changes (flattening of organizations, including removal of whole lev-

els of command, elimination of redundant functions, such as battle damage assessment

in a battlespace that is constantly monitored; use of collaboration to enable integration;

and automation of simple decisions) will occur.

This does not only have organizational consequences, but it also has an impact on

proficiency and interoperability. NCW-command and control according to the principles

of 'self-synchronization' and 'shared awareness', 'self-management', 'teamworking' and

'collaboration' presupposes a high level of training, knowledge of the doctrine, famil-

iarity with the ideas of the higher commander and much mutual trust on all levels.
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NCW literature stresses the need for extensive experimentation with NCW concepts.

Effects Based Operations

The advantages of NCW also generate a new offensive doctrine: Effects Based

Operations, EBO for short, which is the concept for the deployment of the USAF.53 The

dramatic increase in information and the capability for inflicting specific pre-deter-

mined damage extremely accurately, makes it possible to think more in terms of tacti-

cally and strategically direct and indirect 'effects' on the enemy system to be achieved in

an attack, rather than targets that have to be destroyed.

Effects manifest themselves in the conduct and functioning of enemy units, the infra-

structure, but they also have an impact on the political level. 'Effects', for instance, not

only concern a degraded operational effectiveness of the enemy forces, or a disruption

of the transport capabilities of a road network, but also a change in the perception of a

conflict that can be brought about within a political elite.54

It concerns a very subtle way of strategy development, campaign design and assess-

ment of effects of actions during an operation. The difference with this approach of

planning a military operation is illustrated by a much quoted example of taking out an

electricity plant. Where in the traditional thinking the objective was the destruction of

the plant, EBO starts by asking for how long the electricity supply must be cut off, and

subsequently considering the way in which this can be achieved with a minimum of

long-term damage and use of military resources.

This is not day-dreaming. By now, EBO has been elevated to American 'Joint Doctrine

for Targetting', and Ralston also proposes this approach for the NRF. He states:

We must think in terms of achieving desired effects. We must transition from attrition-

based force on force warfare to effects-based operations.55

Such an approach requires a thorough knowledge of the enemy 'system' prior to and

during an operation, as it must also be possible to assess to what extent the actual effects

correspond to the intended results - loss of electricity supply from predetermined instal-

lations. There is also a direct relation with NCW. The 'joint doctrine' publication that

gives direction to targetting problems, states:

It is pivotal to link servers, delivery systems and desired outcomes. The ability to rapidly

collect, share, access, and manipulate information is an enabler in achieving informa-

tion superiority over US adversaries. This is important for conducting effects based tar-

getting. Understanding the adversary's operational objectives, intentions and decision

cycle, expectations and needs through observations and analysis enable the use of varied

joint and multinational means to produce effects against the enemy's critical vulnerabil-

ities.56
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Great expectations

So, NCW is a comprehensive and extensively elaborated concept. It is more than a com-

mercial slogan, and there are great expectations. One analyst managed to produce the

following apt description of NCW as a mixture of doctrinal assertion and hope:

The battlefield of the 21st Century will be dominated, not by massed troops and armor,

but by long-range smart munitions able to strike with precision over great distances,

stealthy and unpiloted weapon platforms with stand-off capabilities; air and space-based

sensors that can effectively eliminate the 'fog and friction' of war and provide 'dominant

battlespace awareness'; and advanced battle management and communication systems

able to integrate, process and distribute information so that commanders can apply dom-

inant forces in just the right places and at just the right time.

[Instead of ] attrition and the conduct of set piece battles along a continuous front such

operations will give way to 'non-linear operations' (…) involving high-tempo attacks con-

ducted simultaneously against key tactical, operational and strategic targets throughout

the length, depth and breadth of the battlespace. Fighting will take place in disconnected

encounters all across the battle zone and in the airspace above it, and in the 'cyberspace'

of electronic warfare, high tech surveillance, and instantaneous communications'.57

With this a picture of 'Network Centric Warfare' has been created. In part II the con-

ceptual roots of NCW will be dealt with. Not only will the various characteristics of NCW

be discussed in some detail, which will further an insight into NCW, but a survey of the

American military developments in the 1990ties will show that NCW did not just

appear out of the blue and that it cannot be dismissed as an academic pastime.

Instead, it will become clear why NCW will be seen as a leitmotiv for the present-day

American armed forces.
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Networking into war?
Part II: Network Centric Warfare as a product of the revolution

Frans Osinga

The RMA completed

'Network Centric Warfare' can be seen and understood as a logical product of ideas that

were developed in the debate on the supposed Revolution in Military Affairs (RMA). It

can also be considered as the completion of this RMA, which has been raging since the

(first) Gulf War.1

This discussion took place in the realization that the Gulf War was a demonstration

of a new way of waging war, with an effectiveness hitherto unknown. Apparently a rev-

olution had taken place in the conduct of warfare, or it was imminent. One of the first

to use the term RMA was Andrew Marshall of the Office of Net Assessments of the

Pentagon. His definition of the RMA is still often quoted:

a revolution in military affairs occurs when technological change makes possible materi-

al, which, when combined with organizational and operational change, results in a

transformation in the conduct of warfare.2

Another, frequently used definition, comes from a much talked-about article by

Andrew Krepinevich, who states that the term revolution can be used when

the application of new technologies into a significant number of military systems com-

bines with innovative operational concepts and organizational adaptations in a way that

fundamentally alters the character and conduct of conflict.3

Academic debates

The realization that fundamental changes of a revolutionary nature were taking place

was intensely discussed before a broad audience in American periodicals. Krepinevich's

definition appeared in The National Interest. In 1996 Eliot Cohen published his much-

quoted article 'A Revolution in Warfare', in the leading American periodical Foreign

Affairs. 

He describes how this revolution is initiated and sustained by new technological pos-

sibilities, the forerunners of which could already be seen in operation Desert Storm. The

civilian information revolution finds its translation in precision weapons, stealth, sen-

sors, new means of communication and computers, the building blocks of RMA. 

The tenets of NCW seem to echo Cohen's predictions on the consequences for the conduct

of warfare and the organization of the armed forces:
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The platform has become less important; while the quality that it carries – sensors, muni-

tions, and electronics of all kinds – has become critical.4 The new military will be an

increasingly joint force – or perhaps, one might say, less and less a traditional, service ori-

ented force (…) the traditional division into armies, navies, and air forces has begun to

break down. Not only have air operations become inseparable from almost any action on

the ground, but naval forces increasingly deliver fire against a wide range of ground tar-

gets.5

In another article Cohen states that the nature of this revolution lies mainly in the

fact that military strength is increasingly projected over large distances through the air.

Operation Desert Storm exemplifies 'the mystique of air power'6, and just as with NCW

he maintains that the hierarchical structures of army corps, divisions and brigades, still

resembling those of General Motors in the 1950s, will have to be replaced by flatter

structures such as those of Motorola and Microsoft. 'The age of the mass army is draw-

ing to a close', he writes.7

The large-scale mechanized operations of the industrial era have become obsolete in

a time when 'what can be seen by high-tech sensors can be hit, and what can be hit will

be  destroyed'.8 So, 'the colossal maneuvers of the coalition armies in the desert of

Kuwait and Iraq in 1991 may in retrospect appear, like the final charges of cavalry in the

nineteenth century, an anomaly in the face of firepower'.9 And these developments

must be welcomed, in spite of the fact that they will be seen as dangerous for certain

institutions, for they will increase the military might of the USA in particular: 'the rev-

olution offers opportunities to both small and great, but to the US most of all'.10

Cohen ends his account with: 'A revolution in military affairs is under way. It will

require changes of a magnitude that people still do not completely grasp'.11 What these

consequences were, was mapped out by profound scientific research. But it did not stop

with academic debates and studies; on the contrary.

Experiments in the USA

An integral part of these debates was formed by various experiments in the many 'bat-

tle labs' that the American forces can boast. There was a symbiotic relation between

visions, studies and experiments. And also in these experiments the roots of NCW can

be discerned. Moreover, the ideas and results of the experiments have been translated

into a vision of the future on how the Pentagon will wage war and what the future

American military will look like. A belief was transformed into military doctrine. A fur-

ther investigation of this fertile basis will enlighten the concept of NCW. Apart from that

it will become clear how strong this movement manifests itself. 
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The conceptual roots of NCW

As was seen above, the RMA debate was inspired by the realization that an information

revolution was taking place that influenced the precision of weapons systems, the qual-

ity of sensors, the capacity of communication systems and the provision of information

of the command centers.12

While the improvements per system were considerable in themselves, they were in

fact mere efficiency gains. The cumulative effect of them all would truly be revolution-

ary, promising a transition to 'knowledge intensive warfare'.13 The enormous successes

of the Gulf War

established the superiority of this new mode of warfare by demonstrating convincingly

that information-based Western armies can quickly and decisively defeat the industrial

armies of rogue states, even when the latter had ample time to prepare their defenses.14

Information War

Consequently, after the Gulf War the concept of 'Information War' was launched and

worked out in a veritable deluge of publications.  As said, 'I-War' proponents saw a shift

from 'Industrial Age Warfare' to 'Information Age Warfare'15, a transformation in the

conduct of warfare that coincides with the changes in the economy and other societal

sectors as a result of the information revolution.

The 'Third Wave Economy‘ begets 'Third Wave Warfare'.16 This fundamental change

finds expression amongst other things in a replacement of 'mass destruction' by 'preci-

sion warfare', and the debate produced the insight that 'information was becoming the

driving factor in warfare'.17

This immediately reveals the birth ground of NCW. According to the authors it is the

'emerging theory of war in the information age', a 'paradigm shift'18, 'the military

embodiment of Information Age concepts and technologies'.19 NCW follows the infor-

mation revolution with respect to the consequences for organizational form, command

and control and information flows within it, and the possibilities for deployment.

The arguments and claims embodied in NCW narrowly relate to the arguments

brought forward in the debates on Information Warfare over the past decade. A brief ret-

rospect of the literature on Information Warfare is rewarding, as several of its  charac-

teristics can be found in the studies on NCW.

Cyberwar

It is not necessary to peruse much literature on I-War to find clear parallels with NCW.
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As early as in 1993, John Arquilla and David Ronfeldt, two prominent writers in this

field, and the founders of I-War, argued in a much quoted article with the resounding

title 'Cyberwar is coming' that

the information revolution reflects the advance of computerized information and com-

munications technologies and related innovations in organization and management the-

ory. The changes are occurring in how information is collected, stored, processed, com-

municated, and presented and in how organizations are designed to take advantage of

increased information.20

This has unavoidable consequences for war and warfare:

the information revolution will cause shifts, both in how societies may come into conflict

and how their armed forces may wage war.21

The contours of war in the information age were sketched as well:

warfare is no longer primarily a function of who puts the most capital, and technology

on the battlefield, but of who has the best information about the battlefield. What dis-

tinguishes the victors is their grasp of information, not only from the mundane stand-

point of knowing to find the enemy while keeping it in the dark, but also in doctrinal and

organizational terms […]

Information is becoming a strategic resource that may prove as valuable and influential

in the post-industrial era as capital and labor have been in the industrial age.22

The authors maintain that war in the future must be waged according to 'informa-

tion related principles'. This does not only apply to large-scale conflict, but also to 'low-

intensity conflict, in conventional and non-conventional environments and for defen-

sive of offensive purposes'.23 In the future, more than ever, the emphasis must lie on

disrupting, if not destroying information and communication systems on which the

adversary relies in order to know itself: who it is, where it is, what it can do when, why it

is fighting, which threats to counter first, etc. It means trying to know everything about

an adversary while keeping the adversary from knowing much about oneself. It means

turning the balance of information and knowledge in one's favor (…) It means using

knowledge so that less capital and labor may have to be expended.24

Organizational consequences

The organizational consequences of the information age, too, were investigated, for

Cyberwar' is not simply a set of measures based on technology'. The information revo-

lution
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disrupts and erodes the hierarchies around which institutions are normally designed. It

diffuses and redistributes power, often to the benefit of what may be considered weaker,

smaller actors. It crosses borders, and redraws the boundaries of offices and responsibili-

ties. It expands the spatial and temporal horizons that actors should take into account.
25

In a following section Arquilla and Ronfeldt, their ideas drawing from the world of

business, seem to state the organizational principles of NCW 'avant la lettre':

The responsive, capable institutions will adapt their structures and processes to the infor-

mation age. Many will evolve from traditional hierarchical forms to new, flexible, net-

work-like models of organization. Success will depend on learning to interlace hierarchi-

cal and network principles. The very changes that trouble institutions, such as erosion of

hierarchy favor the rise of multi-organizational networks […]

Multi-organizational networks consist of (often small) organizations or parts of institu-

tions that have linked together to act jointly. Indeed, the information revolution favors

the growth of such networks by making it possible for diverse, dispersed actors to com-

municate, consult, coordinate, and operate together across greater distances, and on the

basis of more and better information than ever before.26

This is not academic, for case studies (and 9/11 has since been added by the authors)

were to show that 'institutions can be defeated by networks and it may take networks to

counter networks'.27 Elsewhere, the authors argue that the future style of warfare

may require major innovations in organizational design, in particular a shift from hier-

archies to networks. The traditional reliance on hierarchical designs may have to be

adapted to network-oriented models to allow greater flexibility, lethal connectivity, and

teamwork across institutional boundaries. The traditional emphasis on command and

control may have to give way to an emphasis on consultation and coordination, the cru-

cial building blocks of network designs.28

Consequences for command and control

The principles underlying command and control would also have to undergo drastic

changes:

Moving to networked structures may require some decentralization of command and

control. But decentralization is only one part of the picture: the new technology may also

provide greater 'topsight', a central understanding of the big picture that enhances the

management of complexity. The pairing of decentralization with topsight brings the real

gains.29
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Operating like a swarm ('Swarming')

Several years after the article on Cyberwar, Arquilla and Ronfeldt described the

'Swarming concept', which builds on it, and which casts its shadows on NCW and oper-

ation Enduring Freedom in Afghanistan. In the future wars will mainly be waged by net-

works. 

The central idea of 'Swarming' is the IT-enhanced possibility for dispersing small,

relatively autonomous units, linked like an 'amorphous but coordinated' pulsating

swarm that presses and besets an opponent from various sides. The lack of organic fire-

power of these small units is amply compensated for by the fact that they are linked in

a communication network with combat planes and artillery systems.30

'Swarming' is seen as the successor to the maneuver-style warfare and there are two

requirements to make it work. First, in order to be able to attack an opponent from var-

ious sides, the formation must consist of a large number of small, mobile units that are

'tightly internetted', i.e. 'that can communicate and coordinate with each other at will

and are expected to do so'.31 This looks very much like the idea of 'self-synchronization'. 

The second requirement reveals the close relation between the swarming concept

and the essence of NCW:

a ‘swarm force’ must not only engage in strike operations, but also form part of a "sen-

sory organization", providing the surveillance and synoptic-level observations necessary

to the creation and maintenance of ‘topsight’.32

And to put it sharply once more, they sum up their theme in the deliciously bom-

bastic and much quoted warning that, 'The future may belong to whoever masters the

network form'.33 This is not too far removed from some statements the Pentagon pre-

sented to Congress: 'in the future, the network will be the single most important con-

tribution to combat power'.34

Laboratories for tomorrow's battles

A breeding ground for the RMA discussion was the experiments within the American

military. Since the Gulf War the Americans have carried out deliberate experiments and

developed operational concepts intended at integrating combat systems and support

systems of the various Services into a seamless system.

An integral part of these experiments was the search for suitable command and con-

trol doctrines, in order to achieve an optimal effect with limited means.35 These delib-

erate and controlled 'Concept Development & Experimentation' efforts were the result

of the successes as well as frustrations during the Gulf War. One the one hand, there

was the staggering success of the air operation preceding the ground operations. Not
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only was it possible to achieve air superiority in the entire theatre early on and was the

capacity to strike with unheard of precision demonstrated, largely crippling the Iraqi

forces, but the American air forces (composed of USAF, Special Forces Command, US

Army, US Marines and US Navy) were also able to stop a large-scale ground offensive

near Al Khafji and to take out Iraqi divisions mainly from the air. The new JSTARS Air

Ground Surveillance system had proved its value.

In contrast to these successes, however, there was the tactical failure of the 'Scud

Hunt'. Whereas satellites not infrequently registered launches, it sometimes took up to

14 hours for the data on the launching location to reach the combat units. By that time

it was of course completely outdated.36

After Desert Storm Operations Northern and Southern Watch followed, during

which American and British combat planes patrolled above Iraqi territory 24/7. The

mobile air defense systems and the threat of weapons of mass destruction inspired the

USAF to energetically tackling the problems of reaction time and data supply.

In several 'battle labs' concepts were thought out and tested to make the battlefield

'more transparent'; to improve 'situational awareness' at all levels; to get relevant target

information timely to those that needed it; and to determine how to still lead effectively

in such high-speed operations and fast information flows.

The over-all aim was to shorten the 'sensor-to-shooter time', thus increasing the

quickness of response. In short, it was intended to achieve military effectiveness on

three different axes: 'lethality, visibility and agility'.37

Technological developments

The experiments elaborated on developments in precision weapons, sensor and stealth

technologies. The precision of 'smart munitions' had already improved before the Gulf

War, and this was continued energetically during the 1990s to such an extent that at the

time of operation Allied Force a precision of three to ten meters was achieved by satel-

lite-guided weapons.

Stealth capacity yielded a reduced chance of detection. On the enemy radar the F-117,

that earned its spurs over Baghdad, generated only an object the size of a golf ball. The

B-2, F-22 and JSF even reduce this to an object the size of an insect. This gives the capa-

bility to patrol unseen and unhindered over enemy territory and to strike from a 'sanc-

tuary'.

These, and more traditional planes, such as the F-16, F-15, and even B-52, were

equipped with data links, allowing them to be linked to command and control centers

and, more importantly, directly to a new generation of observation platforms, such as

the Predator and Global Hawk UAVs, and already existing AWACS and JSTARS radar

planes.
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Greater responsiveness

This network linking made it possible to send accurate target information, also of

mobile and suddenly appearing targets (so-called 'emerging targets'), extremely fast to

planes on their way to the area of operations, and to re-direct missions on their way to

a certain target to a target only just discovered with a higher priority (this is also known

as 'flex targetting'). 

This increased not only the effectiveness of fighting mobile targets such as Scud

launchers and air defense systems, but also, and more importantly, response capability.

An improvement in the precision of an attack and the availability of more, more timely

and better target information meant an increase of the effectiveness per mission.

Increased effectiveness

Where in the past it took several planes to eliminate a target with absolute certainty, it

now became possible to destroy multiple targets with one plane. Finally, it meant that

the military headquarters and political leaders were better informed and could react

faster on new developments.

And whereas this could be a reason for bookkeepers and economizing politicians to

reduce the number of systems, the USA rather translated this in the capability to

increase the intensity of a campaign, to achieve specific effects instead of large-scale

destruction and to attain decisive results quicker, while maintaining the numerical

strength of a 'task force'. The new capabilities were seen as a way to wage war in an

essentially different – more effective – manner.

Visions and plans for the future

Therefore, 'Global Reach-Global Power' was the vision of the USAF in the nineties. The

combination of the new capabilities offered by 'air power' and the new strategic con-

cepts, were considered the symbol of RMA and of American military might.

Various American studies shed light on the importance of 'air power' for the

'American way of war'38 for these new capabilities allow

to seize and maintain the initiative, to dominate the course of hostilities, to deny the

adversary the ability to force an alteration in US strategy and to foreclose its pursuit of

strategic alternatives, and the capacity to defeat adversary forces in the field.39

Significantly, modern US airpower capabilities can save lives, not only the lives of own

troops, but also those of non-combatants.40

In the American Navy similar ideas were tested with the 'Cooperative Engagement
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Concept' (CEC), which built on the 'system of systems'-concept formulated by the then

Chief of Naval Operations, Admiral Owens.

According to the author, the system of systems (SoS) concept was the emblem of a

maturing new form of American warfare. This concept, too, was very much grafted onto

the Gulf War. The idea was to link sensor and communication systems, making the

information available for multiple platforms, also for those that do not have advanced

sensors. The prospect was 'to lift the fog of war' in an operational area of 200x200 nau-

tical miles.41 In practice CEC realized this idea by bringing together in a network the

observation means of all ships in a 'carrier battle group' along with sensors and com-

munication systems aboard planes and satellites systems. This enabled a great increase

in 'situational awareness' and 'engagement capability' in every ship without a physical

extension of the equipment on board. 

The US army, finally, experimented with digitalization and reorganization of a num-

ber of brigades in the so-called Force XXI initiative. This was followed by the 'Army after

Next' program and other modernization initiatives, all with the intent 'to unleash the

full destructive potential of the new knowledge intensive military technologies'.42

New military-strategic concepts

Not only technological developments fed this idea. Simultaneously, the question of how

to beat a rogue state or how it could be made to change its policies was addressed.

Operation Desert Storm still concerned a simple and traditional scenario, directed at

achieving military victory.

New ideas on how to achieve a systematic crippling of the entire enemy system by

simultaneous intensive attacks on the political leadership, military-strategic headquar-

ters, and essential military infrastructure were given a prominent place in the doctrine

that had hitherto dictated that (air) raids should mainly and almost exclusively be direct-

ed at enemy ground forces.43

Coercive diplomacy

Because of the strategic dilemmas in the former Yugoslavia new concepts were devel-

oped. It was remarkable that although the strategic questions about operations in the

former Yugoslavia were also of interest to the European countries, if only because of the

fact that European planes took part in coercive operations over Yugoslavia, it was almost

exclusively an American debate.

What was at stake in the Balkans was not so much military victory, or the liberation

of a country, as forcing a regime to change its course. The military instrument was used
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as part of 'coercive diplomacy'. The central question in the doctrinal debates was about

the categories of targets to be attacked, and the intensity with which pressure could be

exerted on the 'strategic calculus'  - the cost-benefit analysis and estimate of chances of

success - of the unwilling regime. Precision weapons made it possible to attack targets

without too much collateral damage. This resulted in being able to consider a broad

range of 'targetting'options, such as 'decapitation' (direct attacks on the political and

military leadership), 'paralysis' (crippling of the enemy systems by attacking all centers

of gravity simultaneously), 'punishment' (increasing the costs of a particular policy

choice, with the prospect of more damage as a threat), 'denial' (taking out the forces, so

that chance of attaining a strategic objective becomes zero), 'endangerment' (the threat-

ening with military means of other - higher -  interests than those of the actual conflict),

or 'hybrid' (a combination of 'targetting' strategies linked in time).44

Gradual build-up of intensity

With regard to intensity there was a school that advocated a gradual build-up - a slowly

increasing intensity in the attacks, with a pause from time to time. This strategy, in

which the signal function of an attack was more important than the actual damage, had

already been proposed by one of the founders of the thinking on 'coercion', Thomas

Schelling, in the sixties.45 The advantage of a gradual build-up is that the adversary has

the opportunity to react with diplomatic means. 

The other school was inspired by the successes of the intensive air raids on Iraq dur-

ing Desert Storm. Intensive attacks boost the credibility of threats and make it all the

more urgent for an adversary to quickly give in to the demands. At the same time it was

believed that intensive attacks, amongst others on valuable targets in the hands of the

governing elite of a country and on the means of communication of the regime, would

put pressure on the decision-making process. The objective of this intensive strategy –

known as 'parallel warfare', 'hyperwar', or 'decisive force' – was

to impose an overwhelming level of shock and awe against an adversary on an 

immediate or sufficiently timely basis to paralyze its will to carry on.46

An intensive attack, consistently carried out against targets important in the strategic

assessment of a governing elite that had to be put under pressure, was supposed to  con-

vincingly demonstrate that resistance was impossible and the damage would quickly

increase. With reference to the bad experiences in the Vietnam war, interruptions of the

air raids for diplomacy were rejected as this would signify hesitation in the eyes of an

adversary. Diplomatic overtures might be abused to lengthen the pauses, and the time

gained could be used to take counter measures. Besides, in a coalition operation the

pause could lead to a loss of will to resume the offensive.47
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From debate to doctrine: the 'American Way of War'

The preceding has once more shed light on NCW 'avant la lettre' and provided the his-

torical context in which the concept could emerge. Keeping the 'tenets of NCW' in

mind, the extent of what NCW owes to the thinking and experiments of the nineties and

the degree to which it makes use of the conceptual building bricks of the strategic dis-

cussion on the RMA has become clear. 

In such a seedbed of debate and experiment a concept like NCW could quickly take

root, the more so as many of these ideas had been tested in experiments and found their

way to the doctrine and investment plans. 

Although the subject of many sharp debates and criticisms, such concepts and exper-

iments resulted in the USA being able to bring to bear unsurpassed new military capa-

bilities:48 'In any case, there is something clearly revolutionary about recent changes in

the ideas, instruments and institutions of warfare', one analyst wrote.49

And the conviction, the belief, that the information revolution would have major con-

sequences for the military was not limited to civilian research institutions, studies and

experiments in and by military 'battle-labs'. Traditionally the American strategic think-

ing is steeped in a belief in technology.50 It is not surprising, therefore, that the then

American Chief of the Army Staff, General Sullivan, predicted in an elaborate article in

1994:

The dawning of the information age will fundamentally change the conduct of warfare -

just as the industrial age did a century ago.51

The strategic discussion and the practical experiences gained in experiments were

translated into a doctrine, policy and vision for the future that would become the guide-

line for defense planning in the Pentagon in the second half of the nineties. What also

played a role in this was that the advantages of new ways of warfare that had become

possible met the increased requirements with regard to military operations in the

nineties. In an era in which the military instrument was mainly used for so-called non-

vital interests, the preparedness to accept many casualties was low.

High expectations with regard to the ability to cause no or extraordinarily little collat-

eral damage, exceptional attention for civilian casualties, the supposed CNN effect and

risk minimalization of own troops are key words that characterized military operations

in the Clinton era since 1992.52

After the Mogadishu debacle of 1993, when eighteen American soldiers lost their

lives, the wish was translated into doctrine. An RMA-based way of warfare offered the

attractive advantage of deploying units which, according to Lawrence Freedman, were

deemed capable
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of such sharp and efficient direction that it might mitigate war's terrors and bring hos-

tilities to swift and relative clean conclusions, before too much damage has been done […]

the technologies of the information age should allow military power to be employed to its

maximum efficiency with speed, precision and minimum cost. There is no need to target

civilians intentionally, nor even to hit them inadvertently.53

In 1997 the then Secretary of Defense, William Cohen, therefore stated that

the information revolution is creating a Revolution in Military Affairs that will funda-

mentally change the way US forces fight. We must exploit these and other technologies

to dominate in battle. Our template for seizing on these technologies and ensuring dom-

inance is Joint Vision 2010, the plan set forth by the Chairman of the Joint Chiefs of Staff

for military operations in the future.54

Joint Vision 2010

And Joint Vision 2010, which described the Pentagon's vision for the future, succinctly

summed up the characteristics of 'information age warfare' and presented them as aspi-

rations:

By 2010, we should be able to change how we conduct the most intense operations.

Instead of relying on massed forces and sequential operations, we will achieve massed

effects in other ways. Information superiority and advances in technology will enable us

to achieve the desired effects through the tailored application of joint combat power.

Higher lethality weapons will allow us to conduct attacks currently that formerly required

massed assets applied in a sequential manner. With precision targetting and longer range

systems commanders can achieve the necessary destruction or suppression of enemy forces

with fewer systems, thereby reducing the need for time consuming and risky massing of

people and equipment. Improved command and control, based on fused, all-source real-

time intelligence will reduce the need to assemble maneuver formations days and hours

in advance of attacks. Providing improved targetting information directly to the most

effective weapon system will potentially reduce the traditional force requirements at the

point of main effort.

All of this suggests that we will be increasingly able to accomplish the effects of mass -

the necessary concentration of combat power at the decisive time and place - with less

need to mass forces physically than in the past.55

Joint Vision 2020 closely followed in the footsteps of Joint Vision 2010, with the

objectives that 'US forces will achieve full spectrum dominance, which will enable US

forces to defeat an adversary and control any situation across the full range of military
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operations'.

Four operational concepts should make this possible: 'dominant maneuver, precision

engagement, focused logistics, and full dimensional protection'.56

NCW as a synthesis and coherent program

NCW closely links up with this. The NCW 'Report to Congress' mentions the close rela-

tion between JV2010/2020 and NCW. When the American forces are organized accord-

ing to the tenets of NCW, the ambitions of these visions for the future will be realized:

'NCW moves the Department to the next level of Jointness as envisioned in Joint Vision

2020'.57 The NCW Report to Congress devotes an entire chapter to the relation between

NCW and JV2020, and the importance of NCW for JV2020.

Technological possibilities, military-operational requirements, political and societal

prerequisites with regard to damage, casualties and risk together gave an impulse to the

creation of a new – American – model of warfare. It was fed by the successes of the

ongoing operations in Iraq, and the relatively brief but successful air campaigns in

Yugoslavia in 1995 (Deliberate Force) and 1999 (Allied Force).

Some see the contours of this model already in operation Desert Storm, others in the

NATO operation in Kosovo.58 Kosovo 'helped crystallize a fundamentally new

"American Way of War"', one analyst commented.59 And it is nothing less than a

new war fighting paradigm that is premised on the assumption that the ability to collect,

analyze, disseminate and act on battlefield information has become the dominant factor

on the battlefield, displacing shock action and massive firepower from their position of

pre-eminence.60

And NCW links up with this and can be seen as a symbol of this 'American Way of

War'. It does not come out of the blue, and it is less of a novelty than the 'hype' suggests.

NCW floats on the waves of RMA. Simultaneously, this implies that NCW builds on

ongoing developments and that as an 'umbrella concept' it brings together and links up

several independent developments within a coherent framework.

Instead of criticism on NCW, this form of 'plagiarism' should be seen as a basis for

the importance of NCW for the American transformation.
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New Royal Netherlands Army logistic concept 1
Leo van Westerhoven

Gerard van Oostbree

A new operational supply concept for land operations, Physical Distribution concept

(FD), will be introduced for the RNLA as well as other Services taking part in land oper-

ations. This turns the present transport and distribution system completely upside

down. Armex interviewed the Head of the FD Project Bureau Colonel Rob Kablau, one

of the founding fathers and responsible for its introduction, on this topic.

Solution

'In 1996 a rough profile was drawn which became the foundation of the new ground-

bound FD concept', Rob Kablau begins. 'It was clear at the time that a large part of the

truck pool, in particular the four and ten-ton generation, would be up for replacement

in mid 2004. At the same time there was the wish to no longer pin down the cargo to

be transported to a particular vehicle. Instead, the cargo had to be flexibly deployable,

independent of the vehicle. Soon, it appeared that palletized systems, containers, fla-

tracks, etc., based on the international 20ft ISO container, would be the solution. The

system is as closely linked to the civilian standards as possible and the strict regulations

for environment, transport and storage of (amongst others) hazardous materials, food

and medical goods are taken into account. If necessary, standard containers will be hired

by the hundreds, if not thousands, for a small amount per day. However, some 300 spe-

cial containers, in seven different versions, will be purchased by the RNLA itself.'

Deployment

What is characteristic for the FD concept is that a unit of the Netherlands armed forces

will receive logistic support, as 'deeply' as requested or possible, by means of direct sup-

ply by units of the RNLA. According to Kablau, this implies 'that the "supply center dis-

tribution" of the customer changes into a "unit distribution" of the logistic serviced

provider, and that is new. The days that the units had to collect their supplies themselves

at the various supply locations are over with this system. The logistic branch of the army

will soon take the management in its own hands; including such processes as invento-

ry management, storage, dispatching and transport. We then have one service provider

on the centralized level, with a decentralized execution. The new FD organization will

be able to support the deployment of a (reinforced) brigade task group, or a comparable

"joint" task force during an NRF (NATO Response Force) operation high in the spec-
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trum of violence, for the duration of one year.  Simultaneously, the structural deploy-

ment of a battalion-size unit of the RNLA, or any other Service, low in the spectrum of

violence will have to be supported. This, however, implies that if both deployment

options do occur simultaneously, there will not be any FD capacity left in the

Netherlands. When it's gone, it's gone!'

Stripping

In order to realize this ambition, both mechanized brigades (mechbrig) are stripped of

all of their Class I (water and food), Class III (fuel), and Class V (ammunition) supply

and distribution means. The repair companies will lose their stocks, while their materi-

al supply company will also disappear. Besides, the two supply companies will be incor-

porated into 100 and 200 Supply and Transport Battalion, which will be located centrally

in Garderen. In the Mechbrig locations and in 't Harde a decentralized FD platoon will

be stationed. This is done to cater for the local education, training and transport needs.

So, there is a shift within internal logistics from execution to coordination and planning.

From A to Z

The deployment of a unit goes through a number of phases, such as the preparation

phase, in which decision making, formation, training and readiness take place. This

phase also includes the strategic movement and the build-up operation in which sup-

plies are built up in the area of deployment. Then there is the deployment phase (static,

dynamic and post-conflict) and the re-deployment phase, in which units and supplies

are returned to the Netherlands. The FD function per link in the operational FD chain

is directed at being able to function in all phases as they occur. The chain goes through

depots and groupage points (GP) - of all Services in the Netherlands - to a Point of

Embarkation (POE). Kablau says, 'On this route the tuning and linkage with the FD

chain in the operational area in particular are of the essence. Thus, supplies have already

been stored as much as possible in the basic packages the customer wants. Such a pack-

age is a collection of goods, geared to the more or less standard use of the unit and it

can already be composed in the depot. The packages can contain, amongst others,

artillery and mortar ammunition, engineer mines and fortification materials. They lend

themselves extremely well for placing on a CROP (Container Roll-In/Out Platform),

also called "internal flatrack", because it fits into a container. They limit the transfer

activities at the stock points (VCs) in the deployment area to a large extent, which allows

a lean organization from a personnel point of view. The transfer and other activities in

the GP and POE is a DVVO (Defense Transport and Traffic Organization) task, and the
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safeguarding is done by the Operational Command. Subsequently, in a Point of

Debarkation (POD) - close to the theatre of operations - the transfer of goods to the FD

unit on the spot takes place. From this point onwards the NSE (National Support

Element) is responsible for the FD chain. More PODs can be used simultaneously, for

instance, sea, rail (goods) and air (personnel and goods). Especially in the building up

phase the PODs play a crucial role; after all, in a very short time all supplies and units

(including organizational equipment) have to be transported via the PODs to their final

destinations. And also to the stock point (VC), which is the spider in the web of the FD

organization in the deployment area. The size of an area can be as big as 100 square

kilometers. In it the NSE supplies for all users of all the Services are stored centrally. In

this location also the container and trailer route ends, further transport takes place in a

customer-specific manner on flatracks. Two directions can be distinguished from the

VC - one goes to the POD and the other to the customer, both with an outgoing as well

as incoming flow of goods. The VC functions as a customer order de-linkage point and

so it delivers goods via supply points to the battle, battle support, logistic and command

and control units. Supply points are established when it is foreseen that it will not be

possible to deliver goods in time from the VC.  Apart from that there are also other fac-

tors of influence such as the operations of the enemy, the user type and considerations

of a signal communication-technological nature. It goes without saying that parallel

planning with the maneuver units is necessary in order to be able to prepare in as early

a stage as possible. After all, the maneuver determines the way in which the support

from supply points is necessary or desired. Determining the location, and the assort-

ment, the order of battle, primary goods, etc., are important aspects in this. The maneu-

ver units have a working stock that consists of their own stocks of the systems they use,

possibly supplemented with extra system stocks. On top of that extra working stocks can

be allocated when a particular unit has to execute a certain assignment in which logis-

tic support cannot be guaranteed. Transport and distribution of goods within the

maneuver, however, is and will remain the responsibility of that unit. There is an A to Z

administration of the goods through a bar code and/or electronic RFID tag reader.'

Anomaly

Exceptions prove the rule and this also holds good for 11 Air Maneuver Brigade (AMB).

Their operations are so specific that the processes can only be carried out by the brigade

itself. This also implies that they need a separate supply. For instance, in deep X-FLOT

operations, the Tactical Helicopter Group (THGKLU) with its transport helicopters takes

over a number of tasks. Besides, the composition and 'rigging' of 'underslungloads' and

the supply of Class IIIa and Class Va is an exclusive practice within 11 AMB. The result
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of this is that red-bereted logistic units remain a part of 11 AMB. It is for this reason, too,

that Air Force personnel has been incorporated in the FD organization to carry out and

manage these sub-processes. The reason is that storage in the SC and the transport up

to the logistic squadron unit is realized with the means of the RNLA FD unit. The RNLA

FD organization is also capable of supporting the internal logistics of the THGKLU with

storage of Class IIIa and the execution of transports to a possible Forward Operating

Base.

New materiel

In order to realize all this the logistics branch may look forward to lots of new materiel

in the coming years: the 533 Scania 165kN/WLS trucks - with a net payload of 15 tons -

for workhorses and 98 trailers to match. The RNLA has also ordered 102 articulated lor-

ries (TROPCOs), based on the DAF 95 XF, for heavy transport duties and 10 separate

6x6 trucks. This order comprises 63 DAF 400 kN (483 hp) combinations with 4-axle

trailers for the transport of diverse loads of up to 40 tons, such as the future infantry

vehicle. Apart from that 39 DAF 650kN (530 hp) combinations with 7-axle trailers will

be delivered, with a payload of up to 65 tons, intended for the transport of the Leopard

2A6 and the PzH-2000 of the field artillery. On top of that this combination is also suit-

able for the transport of several 20ft containers. In the RNLA transport concept these

new TROPCOs play an important role in the movement of (heavy) equipment over large

distances. In particular armored tracked vehicles are in principle transported by TROP-

CO. However, they are also needed for the transport of heavy organic materiel, allocat-

ed to the units, and the removal of broken down materiel. Needless to say, these vehi-

cles are characterized by all sorts of special equipment. Thus, they are all equipped with

such conveniences as air conditioning, sleeping bunks, GPS navigation, etc. But as FD

units in future will find themselves much more often in the frontlines, the vehicles will

have to be equipped with a system for 'situational awareness', as yet to be determined.

In order to guarantee the safety of the driver and passengers in the cabin in such a sit-

uation a large number of ballistic protection kits have been ordered for the TROPCOs

and WLSs. There is also a steady flow at the moment of the new MHE (Material

Handling Equipment) transfer means, such as specialized far-reaching cranes and con-

tainer fork-lift trucks. On top of that some 900 flatracks in various versions have been

ordered. A flatrack is a flat loading space, based on the size of an ISO container. They

are intended for transport of box pallets with goods, such as ammunition, fortification

materials and large equipment, but also (in a tanker version) for fuel.
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ERP

This new FD system is characterized by flexibility, responsiveness and an efficient use

of supplies, vehicles, personnel, etc. This means that the organization must have a good

idea of where all the means and people are in the chain. 'This is why', says Kablau,

'these characteristics can only be shown to their advantage when the FD system also has

a suitable management and control system and the information provision to go with it.

To this end, probably, the Enterprise Resource Planning (ERP) software package, devel-

oped by SAP, will be introduced. This ERP package makes the current, independently

working and old-fashioned information systems obsolete. ERP is a standard software

package with a strongly integrated functionality in many areas; it can support the entire

management from A to Z. The introduction of ERP in the Command & Control work-

station - next to or integrated into ISIS - is one step towards a coherent and integrated

information system, with an efficiency profit on the side, in particular because less per-

sonnel is needed to manage and control the flow of information. Besides, the new pack-

age links financial and materiel-logistic data, which makes it possible to see them in

context. The introduction of ERP simultaneously improves the logistic support of

("joint") operations, because the Services all have the same software package. Now that

the choice for the software package has been made, several follow-up projects make up

part of the ERP introduction. Some examples are: Ondersteuning Operationeel

Optreden - Operational Deployment Support (O3), including Tracking and Tracing.

Once it has been installed the cargo can be monitored throughout the entire chain.'

Interesting choice

FD is primarily directed at providing the right goods to the customer in the right place

at the right time. In fact, it is a comprehensive system, covering such divergent aspects

as transport and the provision of e.g. showers. The new kitchen concept, health care and

transport of POWs  - as there are connections with the FD process (in particular, trans-

port) - are logistic tasks. The great variation within large parts of the FD organization

may make logistics a more interesting alternative to potential recruits. As the FD almost

reaches as far as the foxhole, the somewhat pale image of logistics ("slop jockeys popu-

lating the rear") can be brushed up a little. The new FD concept, which has to be fully

operational in the beginning of 2007, introduced in two phases as of the beginning of

2005, gives substance to a modern logistic system, based on interoperability and coop-

eration with international allies and civilian parties. A system with which the RNLA can

proudly present itself at home and abroad.
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Note

1. This article was previously published in Armex
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What is the right supply chain for warfare?
Learning from the success of Aldi, Dell and Zara

Pauline Thoolen

Jos Vermunt

Introduction

When the rules of the game change, how should business change? In the armed forces

there are many developments leading to questions on how they should change. They

come from inside as well as outside the military organization and they change the rules

of the game. To mention just a few: (1) the development and implementation of power-

ful and affordable ICT, which can be used for controlling logistics; (2) the decreasing

defense budgets, necessitating efficiency improvements; (3) the changing enemy char-

acteristics and conflict situations, which decrease certainty about the enemy; (4) the

emergence of a rising number of terrorist conflicts, which increases complexity and,

finally, (5) Network Centric Warfare (NCW). The central idea of NCW can be described

in terms efficient application of combat power (Faber, Jansen and Thoolen, 2003).

The developments in the armed forces prompt a great many research questions relat-

ing to enhancing operational success; for example: How to determine and ensure suc-

cessful operations in circumstances of war? How should armed forces deal with the

increasing trend of global terrorism, which decreases demand certainty? What are the

consequences of NCW for operating in circumstances of war? How to respond to the

changing enemy characteristics and conflict situations? 

Just like the armed forces civil businesses are confronted with many internal and

external developments, which change the rules of the game. Increasing prosperity,

mass-customization, individualization, globalization, core business initiatives and avail-

able ICT technology (Vermunt and Binnekade, 2000) are a just few of them. Companies

like Aldi, Dell and Zara are remarkably successful in their market environments despite

all developments, as their large and solid market position and high profits show.

Research has shown that the starting point of their success lies in determining the

optimal business positioning, based on choosing the right supply chain and logistic per-

formance criteria, e.g. reliability, responsiveness and agility, based on internal and exter-

nal business characteristics (Accenture, Stanford and INSEAD, 2003). 

The relevance of this article lies in its analysis of successful companies in different

market environments, and the lessons the armed forces can draw from their success

stories. By being able to determine the optimal business positioning and thereby the

right supply chain, they should understand how to improve their performance in war-

fare. 
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First, the business characteristics of Aldi, Dell and Zara are described and analyzed

to determine the secret of their success. Secondly, the business characteristics of war-

fare (symmetric conflict, third party involvement and asymmetric conflict) will be

described to identify any similarities and differences between armed forces and civil

businesses. The final section of this contribution discusses the manner in which armed

forces can learn from the success of Aldi, Dell and Zara in determining the optimal

business positioning and therefore the right supply chain for warfare. 

Business characteristics Aldi, Dell and Zara

In the following section business cases of Aldi, Dell and Zara are presented. They are

used to define the main business characteristics for each company and clearly distin-

guish between them. Based on theories of Christopher (Aitken, Christopher and Towill

2002), Fisher (Fisher, 1997 and 1999) and Sheffi (Sheffi, 2001) seven business charac-

teristics can be distinguished (see table 1): 

- the market

- the marketing

- the products offering

- the product life cycle 

- the demand certainty 

- the relation focus

- the logistic performance criteria 

Business characteristics Aldi

Aldi keeps it cheap so shoppers can too. So how has discount food retailer ALDI

Group become one of the world's biggest grocery chains, running 6,600 - plus

stores worldwide? By offering deeply discounted prices on about 700 popular food

items (a typical grocery store has 25,000). No frills ALDI (short for 'Albrecht

Discounts') buys cheap land mostly on city outskirts, builds cheap warehouses,

keeps a tiny staff, and carries mostly private-label items, displaying them on pal-

lets rather than shelves. ALDI has more than 700 stores in 26 US states, but

Germany (where ALDI has 40% share of the grocery market) accounts for about

two-third of sales. 

Source: www.hoovers.com/tree/co/factsheet.xhtml?COID=54910
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Aldi is a discount food retailer which distinguishes itself mainly by focussing the

logistic performance criteria purely on reliability (see table 4) in combination with a

product-driven marketing; in other words the price/quality-driven marketing (Bolwijn

and Kumpe, 1990) (see table 1).

Table 1: Business characteristics Aldi

Ultimately this leads to the lowest discounted prices and that is what Aldi's cus-

tomers, who  primarily focus on product price instead of product name branding, come

for. Aldi is the brand name and it stands for quality. That is why Aldi can offer private-

label products in pallets or sometimes on shelves.

The small assortments of products Aldi offers to customer have long product life

cycles, high demand certainty, high throughput and they are produced in mass-stan-

dardization methods. This implies that Aldi's products can be bought relatively easily

and cheaply by many suppliers. The time-to-market is therefore long but acceptable.

Another business characteristic is the low level of collaboration Aldi initiates. It focuses

its relations on individual actors (see table 5) instead of collaboration in chains or net-

works (Vermunt and Binnekade, 2000). This is because in the market in which they

perform the need for strong partnerships is relatively low because of the high demand

certainty and the mass-standardized products offering with long product life cycles. 

Business characteristics Dell

Dell

Business to Consumer (B2C)

Corporate innovators typically design supply chains that anticipate and respond to

the changing demands of their customers; their supply chain strategies are tightly

linked to their account and channel strategies. Customers get exactly what they
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want, with no more cost or complexity added to the seller's operations. This is

mass customization combined with mass-market simplicity. 

Technology greatly enables mass customization. For example, Dell has completely

automated its ability to take thousands of orders, translate them into millions of

component requirements, and work directly with its suppliers to build and deliver

products to meet individual customer requirements. In fact, more than 90 percent

of Dell's component purchases now are handled online: Suppliers use an Internet

portal to view Dell's requirements and changes to forecasts based on marketplace

activity, and to confirm their ability to meet Dell's delivery requirements. Then, as

Dell factories receive orders and schedule assemblies, a "pull" signal to the sup-

plier triggers the shipment of only the materials required to build current orders.

Dell also provides its customers with accurate delivery dates by using available-to-

promise technologies. 

Source: New business models for supply chain excellence, 5/16/2002, Ascet Volume 4, Narendra Mulani and Hau

Lee, Stanford University

Dell

Business to Business (B2B)

Following Dell's lead, almost every major IT vendor has changed its strategy to

accommodate the move toward industry-standard technology. Dell has built its

strategy around standardization in the data center from day one, and is poised to

deliver the best value in a post-inflection point world by realizing its vision of scal-

able enterprise computing.

Scalable enterprise computing represents a transparent array of standards-based

systems - servers, switches, storage networks, etc. - that are tied together and serve

as a true dynamic resource.

Dell is committed to advancing standards-based computing and driving down the

cost of enterprise technology. Compelling performance, lower costs and more

open computing environments enable enterprises to grow confidently without

limiting their options or compromising mission-critical applications.

Source: IDC's Worldwide Quarterly Server Tracker, Q2 2003, September 2003. 

Dell is one of the world's leading direct computer systems companies in the Business

to Consumer (B2C) and a major supplier of technology for the internet infrastructure in

the Business to Business (B2B) (see table 2). 
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Table 2: Business characteristics Dell

Characteristic for Dell is its widely known efficient build-to-order business model:

mass-customization combined with mass-market simplicity in the B2C market. This

mass-customization leads to a segment-driven marketing (Bolwijn and Kumpe, 1990),

in other words the product/market-driven marketing based on target groups. The cus-

tomer in the B2C market is offered a great variety of components, which can be built-

to-order (customized) in short time-to-market. The responsiveness, based on mass-cus-

tomization, is segmented (see table 4). The demand certainty of the customized product

can be called medium because the great variety of components is relatively certain.

However, the demand certainty of the unlimited possibilities of the specific end prod-

ucts is relatively low. To deal with this medium demand certainty, Dell collaborates in

Demand supply chains (see table 5), which are rather static (Jansen, Faber and Thoolen,

2003) but applicable to the mass-customization focus in Dell's B2C case because of the

medium demand certainty of the components. 

In the B2B market, Dell's marketing is individualized-driven because the individual

customer's requirements are taken into account. Dell uses mass-individualization prod-

uct offering methods to decrease costs by offering the customer an individualized prod-

uct based on standard processes. The product life cycle in the B2B markets is low and

characterized by low demand certainty. To deal with this low demand certainty, Dell col-

laborates in demand networks (see table 5) and focuses on individualized responsive-

ness (see table 4). 
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Business characteristics Zara

Zara's marketing strategy focuses on product variety, speed-to-market, and store

location. It is also notable for what it excludes.  Zara does not advertise in the tra-

ditional sense. If you want to find out what's currently available at the Zara stores

you have two options: go to the web site or go to the store. Zara puts 10,000 dif-

ferent items on the store selves in a single year. It can take a new style from con-

cept to store shelf in 10-14 days in an industry where nine months is the norm. In

its primary European markets, Zara locates its stores close together. 

Zara's Toronto store is located just north of the center of downtown in a major

shopping district dense with malls and lined with stand-alone stores and giant

office buildings. The potential for intense competition is clear. 

"These office buildings are full of the people we want as customers. We want them

to stop in at lunch or after work. Because the stock changes often, with most items

staying on the shelf for only a month, customer often finds something new and

appealing. 

"We receive shipments on Tuesday and Saturday, which means that we have dif-

ferent items in the store at least twice a week. While each shipment replenishes

items that sell well, each also includes new items. That's why our customers come

in often" the Toronto store manager said. "We might get ten of one item and five

of another. We're constantly testing."

Zara manufactures 80% of its clothing in Europe, while most of the remaining

20% is sourced in Mexico.

Source: CLM, CLM Tool Box, 2002, p. 46-47

Zara distinguishes itself in the fashion industry by a minimal time-to-market (see

table 3). In 10 to 14 days a new style can be on the store shelf, whereas the competition

takes 20 times longer to introduce a new style on the store shelf. 
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Table 3: Business characteristics Zara

Apart from that, every 6 weeks there is always a new fashion collection available in

all stores, based on the latest fashion trends. There are 315 stores (519 Zara) in 40 coun-

tries. Zara's marketing is innovation-driven (Bolwijn and Kumpe, 1990) to have trendy

fashion in the stores with a very short time-to-market. The short time-to-market indi-

cates time compression, which is the heart of agile (see table 4) strategies (Christopher,

2004). The short product life-cycle of the fashion characterized by an uncertain demand

increases the need for agility (Aitken, Christopher and Towill, 2002). Agile networks

(see table 5) create high measures of resilience, by selecting partners based on their

process functionalities, to create velocity and visibility. Zara can be agile by selecting

manufacturers and designers based on their process functionalities (the manufacturing

asset capabilities). 

Zara's marketing is innovation driven and because the trendy fashion is designed for

a number of customers instead of an individualized customer, Zara's products are called

mass-innovation.

Analyzing business characteristics of Aldi, Dell and Zara in relation to their success

After determining the business characteristics of Aldi, Dell and Zara, it is interesting to

know why they make these companies successful in their markets. In order to do so, the

business characteristics are related to the business positioning. The optimal business

positioning is determined by choosing the right supply chain and logistic performance

criteria, e.g. reliability, responsiveness and agility, based on internal and external busi-

ness characteristics (see figure 1). If the business positioning is 'optimal' there is a

match (Fisher, 1997), if it is not optimal, there is a mismatch, which implies inefficien-

cy and ineffectiveness (Waddington, Childerhouse and Towill, 2002). There are four

optimal business positionings: Mass-standardization, Mass-customization, Mass-indi-

vidualization and Mass-innovation (see table 6).
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Figure 1: Optimal business positioning 

For the internal business characteristic the logistic performance criteria are chosen,

and they describe the internal focus based on the product life cycle and the demand cer-

tainty of the market. This can vary from reliability, segmented responsiveness, and indi-

vidualized responsiveness to agility (see table 4), based on an increasing need for indi-

vidual customer service. 
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Table 4: Definitions Logistic performance criteria

For the external business characteristic the 'relation focus' is chosen. Relations are

determined by the logistic design, the measure of collaboration, integration and infor-

mation sharing in the business. The relation focuses are: Individual actor, Demand sup-

ply chain, Demand network and Agile network (see table 5). 

Table 5: Definitions relation focus

The combination of the internal and external business characteristics, the logistic



performance criteria and the relation focus, indicates a match or a mismatch. A match

implies the optimal business positioning, the starting point for success, because of the

absence of inefficiency and ineffectiveness. Based on the theory of Van Asseldonk

(2000) and Bolwijn & Kumpe (1990)  four matches or optimal business positionings

are distinguished: Mass-standardization, Mass-customization, Mass-individualization

and Mass-innovation (see table 6).

Table 6: Definitions optimal business positioning

If the optimal business positioning is the starting point for success, it is interesting

to see how Aldi, Dell and Zara businesses are positioned. When the business charac-

teristics of Aldi, Dell and Zara (see table 1, 2 and 3) are projected into the business posi-

tioning (see figure 1), the following results become visible (see figure 2): 
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Figure 2: Business positioning of Aldi, Dell and Zara.

Aldi focuses on mass-standardization, Dell's - B2C on mass-customization, Dell's -

B2B on mass-individualization and Zara on mass-innovation, based on the data in table

1, 2 and 3. In conclusion it can be said that all three companies match an optimal busi-

ness positioning, which indicates an absence of inefficiency and ineffectiveness.

Realizing the optimal business positioning, according to the internal and external busi-

ness characteristics, can be assumed to be the secret of their success. 

If the armed forces or other civil businesses want to learn from Aldi's, Dell's and

Zara's success, the advice is to consider their specific business positioning and deter-

mine whether this is a match (optimal) or a mismatch. If it is found to be the latter, the

company should determine in what direction to go to in order to realize a match. It is

possible to accept a mismatch but the company has to realize why it does so. For exam-

ple, a company, which has just started in a new market, can accept inefficiency (mis-

match) caused mainly by the low demand certainty of the market environment and the

early product life cycle stage, in order to create higher customer service levels than nec-

essary to ensure a market for the product. In time the company has to realize when to

focus on a match or why they refrain from doing so. In the following section the armed

forces are positioned in figure 1 to determine their business positioning and the ensu-

ing right supply chain and logistic criteria in warfare.  
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Business characteristics military forces in warfare

Armed forces have to deal with internal and external developments that bring along

many challenges for the operational logistics and the home base logistics. Home base

logistics mainly focuses on production, purchasing, keeping stock and maintenance.

Operational logistics, on the contrary, mainly focuses on the combat service support in

war operations. For the operational logistics the increase in global terrorism brings

along problems such as: What is the right supply chain and what are the logistic crite-

ria in warfare, depending on whether the enemy uncertainty is or low or high?

It is important to understand that armed forces have to realize a high measure of

readiness at all times, to deploy troops and deliver combat power in warfare based on

different enemy characteristics (see figure 3). 

Figure 3: Warfare characteristics of symmetric and asymmetric conflicts and third party involvement (Based on

Faber, Jansen and Thoolen, 2003)

The Royal Netherlands Army defined three types of warfare (Royal Netherlands

Army, 1999):

1. Symmetric conflict

Symmetric conflicts are based on warfare of one regular modern army and anoth-

er regular modern, well-trained and mechanized, army, e.g. WW I & II.

2. Third-party involvement

Third-party involvement is based on deployment of multinational troops in a role

of an interposition force or in situations where parties are more or less operating
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next to each other. Third-party involvement starts with mutual agreement of the

different parties in the area. Peace enforcing is therefore not the main task in

Third-party involvement. In situations where peace enforcing becomes the main

task Third-party involvement develops into symmetric or asymmetric conflict,

depending on the characteristics, e.g. SFOR 14 in Bosnia.

3. Asymmetric conflict

Asymmetric conflicts are based on warfare of one modern army against a techno-

logically obsolete army with fewer reserves, or warfare against an organization

which does not represent any nation, or is not structured like most western

armies, e.g. the Vietnam War.

The three types of warfare are distinguished on the basis of enemy characteristics and

the relation focus (see table 7). The enemy characteristics are based on demand certain-

ty, indicating the necessary logistic performance criteria, such as reliability, segmented

responsiveness, individualized responsiveness, and agility.

Table 7: Military characteristics of the three types of warfare 

Symmetric conflict

In symmetric conflicts the enemy makes concentrated attacks based on a relatively high

demand certainty (in time, place and intensity), which makes it possible to design the

relations based on demand supply chains. In these demand supply chains, which are

rather static, the armed forces collaborate with fixed partners to ensure segmented

responsiveness. This concept indicates responding based on standard modules, adjust-

ed to target groups. This adjusting to target groups is possible because of the high

demand certainty. Target group services are taken into account here.

Third-party involvement 

In third-party involvement the relations focus lies with demand networks. They realize
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the necessary measure of flexibility to ensure the individualized task in low demand cer-

tainty situations. To respond to low demand certainty, individualized responsiveness is

necessary because there are no target groups to focus on and therefore focussing on the

individual customer requirements is necessary. Individualized responsiveness indicates

therefore responding based on standard procedures, to create logistic synergy, but the

individual customer requirements are taken into account, for example, in the finishing

touch. Flexibility and individual customer service are taken into account here.

Asymmetric conflict

In asymmetric conflicts the enemy makes spread out attacks based on total demand

uncertainty. Demand networks are not flexible enough to respond to the changes in

asymmetric conflicts. Because agility promotes adaptability, flexibility, and the ability to

react quickly to changes in the market (Grabowski and Roberts, 1999), logistic support

should focus on agile networks instead of demand networks. Just like demand net-

works, agile networks can consist of permanent or ad hoc collaboration possibilities:

Joint, Combined or Civil Military Co-operations (CIMIC), which can help mitigate risk

in the network (Christopher, 2004). 

Optimal business positioning in warfare

The business positioning of armed forces at war has similarities to and differences with

civil businesses. The main similarity is the fact that they both want to focus on an opti-

mal business positioning to maximize the ratio between effectiveness and efficiency.

However, in war operations  effectiveness has priority over efficiency when a disruption

(e.g. terrorist attack) takes place (Sheffi, Rice, Fleck and Caniato, 2003). In case of such

a disruption the optimal business positioning will no longer be leading in war opera-

tions. 

In figure 4 the optimal business positioning for operating in circumstances of war is

determined, based on the contents of table 6. Added to this figure are the home base

logistic operations to indicate the difference with the war operations. Home base oper-

ations primarily focus on reliability, based on a very high demand certainty, and their

relations are individual companies. This is in fact the internal integration of the

Netherlands armed forces. 
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Figure 4: Optimal home base and operational business positioning in warfare.

This results in the following optimal business positioning: 

- In home base operations the optimal business positioning is: mass-standardization, 

- In symmetric conflicts the optimal business positioning is: mass-customization, 

- In third-party involvement the optimal business positioning is: mass-individualiza-

tion 

- In asymmetric conflicts the optimal business positioning is: mass-innovation.

All three conflicts can be positioned in an optimal business positioning, indicating

that the most successful operating method, based on having no inefficiency and inef-

fectiveness, is different for each type of warfare. Still, it remains to be seen whether or

how armed forces differentiate their policy according to the type of war operation.

The success of Aldi, Dell and Zara is based on the fact that the company policy strict-

ly focuses on the only optimal business positioning. If the armed forces' policy deviates

in war operations from the optimal business positioning, to increase the effectiveness

in case of a disruption, this policy brings along many questions, such as:

- How much effectiveness should be realized in what type of warfare? 

- How should the norm of effectiveness for operating in circumstances of war be

defined?

- What is the priority in case of a disruption in home base operations: optimal business

positioning, effectiveness or efficiency?
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Fisher (Fisher, 1997) determined that a company can have more than one relation

focus (collaboration level). Keeping this in mind, together with the optimal business

positioning, it can be concluded that military forces should also focus on more than one

business position, if one or more war operations are assigned to them apart from the

always existing home base operations. So how does military policy make possible more

than one business positioning?

Many questions arise when armed forces want to learn form successful civil compa-

nies. The indication of the business positioning of military policy nowadays (see figure

5) is mainly a mismatch. 

Figure 5: Military policy versus war operations.

Agility promotes adaptability, flexibility, and creates the ability to react quickly to an

enemy attack in warfare. In asymmetric conflicts this is the right starting point, howev-

er for highly certain war operations this increases inefficiency. 

It is relevant to understand why military policy sometimes deviates from the optimal

business positioning. Policy makers should have the capability to determine the right

supply chain match (relation focus), so future improvements can be initiated. Without

understanding what the consequences of a mismatch are, business positioning

improvements are far away.
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Lesson learned 

In this study we developed a new theoretical framework, that explains the success of

companies like Aldi, Dell and Zara, based on four types of optimal business positioning

(see Figure 1): (1) mass-standardization, (2) mass-customization, (3) mass-individualiza-

tion, and (4) mass-innovation. These four have their 'right supply chain' which match-

es 'the logistic performance criteria', indicating minimal inefficiency and ineffective-

ness.  This is why some businesses perform successfully in their markets!

Similarly, armed forces see such a match in warfare as a sign of minimized ineffi-

ciency – an important requirement in times of decreasing military budgets and the

increased pressure from the government's audit office, which may point at the organi-

zation's inefficiency –, and ineffectiveness - because of the increasing need for respon-

siveness and agility. This match should be developed in a military-oriented theoretical

framework for the three types of warfare: (1) the symmetric conflict, (2) the third party

involvement, and (4) the asymmetric conflict, to create a military-oriented theoretical

framework. From studying the civil business successes the following military oriented

framework was developed: 

(1) symmetric conflicts matches mass-customization,  

(2) third party involvement matches mass-individualization, and 

(3) asymmetric conflicts matched mass-innovation.

Current projects of the Royal Netherlands Army, such as Physical Distribution 2006

(FD 2006) and the Operational Logistic Concept 2006 (OLC 2006), initiate an increas-

ing level of awareness to improve efficiency, based on an increasing level of collabora-

tion. Although this project is an improvement, all these projects are based on one type

of supply chain, which should be adjusted to the specific war type. If armed forces

remain focussed on only one supply chain, they can only create a match in symmetric

conflicts. In third-party involvement and asymmetric conflicts, the measure of flexibili-

ty, responsiveness and agility will always be insufficient because of the mismatch, and

therefore create ineffectiveness and inefficiency.
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Intelligent logistic concepts within network centric warfare
The control of ILC: centralized or decentralized?

Babiche van de Loo

Walther Ploos van Amstel

Logistic concepts are increasingly becoming smarter. With the advent of Network

Centric Warfare in the defense organization new logistic concepts have begun to

emerge, based on the advanced possibilities of distributed ICT. There is a lot of experi-

ence with this in the civilian sector. Thus, Xerox designed printers, linked to the Internet

through a modem, that call in to a service point without human intervention when

maintenance or new toner is required. This enhances a quick handling of maintenance

and supply, but at the same time it implies that the complete logistic process behind

maintenance and supply, and the planning thereof, must be geared to this quick han-

dling. The introduction of such intelligent logistic concepts does not stand on its own,

and, as a consequence, also requires an adjustment of the business processes. (note 1)

Apart from the problem of arranging the logistic network, there are a number of

questions regarding the control of ILC, the employment of ICT and the division of tasks

and responsibilities within the supply chain. In particular the last question is interest-

ing; who is going to take the decisions on the ILC? This contribution deals with this

organizational question: centralized or decentralized? First, the background of ILC is

discussed, after which the possible choice between a centralized or decentralized logis-

tics organization is worked out. Initially, this will be done from the perspective of indi-

vidual organizations, and subsequently, from the cross-company ILC perspective.

Examples from the civilian as well as the defense organization will be presented.

Better logistic performance requires cooperation

Good logistics is a basic condition for successful operations. This is as true for the

defense organization as it is for civilian companies. Environment factors that keep

changing make new demands. When the management does not make timely adjust-

ments in its logistics, the result may be an increase in the cost of logistics or a failure to

get the products to the clients in time and the organization falling short of its targets.

That is why logistic professionals always react actively on changes in their environment.

Relevant trends for logistics and supply chain management are:

- The dematerialization of products; the secretarial department does not purchase a

copier, but a hitchfree flow of documents; the army does not buy a tank, but combat

power; the family does not buy a TV set, but home entertainment. Products thus

become services. When acquiring the Scania container loading systems there were
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specific investigations to see whether the commercial market could deliver the full

transport capacity, regarding materiel as well as personnel, in the deployment area.

The traditional flow of goods is only one of many elements in this. There is a require-

ment for coordination of an increasing number of processes.

- The increasing responsiveness of the supply chain: shortening of lead-times, rapid

introduction of new products, introduction of innovations in new distribution chan-

nels (e-commerce). The DART  (Disaster Assistance Response Team) emergency aid

has to be shipped within 24 hours. Recently, the NATO Response Force (NRF) was

established, a rapid response force that can be deployed in crisis areas all over the

world within five days, intended to be able to hold out for thirty days as a relatively

small, but well-trained and well-equipped group.

- Meeting the individual needs of clients, which in case of the defense organization are

the operational units, and realizing increasingly higher logistic performances: speed,

reliability, packaging, reverse logistics.

- Reduction of the cost and working capital in the supply chain and the actual realiza-

tion of a synergy in collaboration. The NRF combines the land, air and sea forces of

fourteen NATO countries, including the Netherlands. Experiences with the Laurus

merger show that this is no easy matter in the civilian sector, either.

- Generating higher profits by an intelligent use of logistic supply chain management.

Civilian companies such as Cisco, Office Depot, Dell and Wall Mart owe their success

largely to supply chain management. But also the experiences of the American forces

in Iraq, for instance, are an example of the successful application of new logistic con-

cepts. 

- A requirement of logistic solutions to simultaneously meet durability criteria.

Environment tax and quality of life are important criteria in logistic solutions such as

city distribution, reverse logistics and modal shift.

The Council of Logistics Management (CLM) regularly investigates the consequences

of changing environmental factors for logistics and supply management. The '21st

Century Logistics' research indicates how the focus of attention of logistics has changed

over the past few decades. First, it changed from efficiency and cost to the quality of

logistics (customer service). Subsequently, there was a shift towards more integral

approaches, integrating degree of service and financial targets. Still later, the attention

moved away from internal logistics to an external orientation through partnerships with

customers and suppliers, external integration and supply chain management.
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CLM (1999) states that logistics integration requires integration on six levels:

1. Customer integration encompasses the identification of long-term needs and prefer-

ences of present and potential customers. Only on the basis of this insight can the

organization increase its value for a customer.

2. Internal integration requires an integration of all functional activities within an

organization in order to realize high external logistic performances against acceptable

internal logistic efforts.

3. Supplier integration is aimed at a perfectly organized supply of services, raw materi-

als, auxiliary materials and semi-finished products, as well as the exchange of infor-

mation. Only then is there a real integral process.

4. Technology and planning integration concerns the building and maintaining of

information and communication technology (ICT). This makes it possible for clients

to be really connected to suppliers. Where hitherto the management has always been

involved in the internal flow of goods, it is now required to also establish that coor-

dination with suppliers and clients.

5. Measurements integration is intended to enable the performances of all supply chain

parties. Organizations must have unambiguous performance indicators for the sup-

ply chain in order to be able to interfere in case of abnormalities in the agreed per-

formances by one or more parties.

6. Relationship integration should result in a common vision of clients and suppliers

about the targets to be attained through cooperation. All efforts must be directed at

delivering the best value for the client.

Integration and coordination

The coordination within the organization, but also increasingly within the entire supply

chain, has to be more and more precise. The margin that was there in the past in, for

instance, waiting times and supplies has disappeared. Processes in the supply chain are

directly linked and the management of those processes knows no borders. So, logistics

has acquired a new dimension; the collaboration in supply chains and networks. Under

the catchword of supply chain management the logistics profession has developed many

new concepts to support this collaboration and integration. (Van Goor, et al., 2003).

Without any pretence at completeness, here is a selection: Collaborative Planning,

Efficient Consumer Response (ECR), Continuous Replenishment, Vendor Managed

Inventory (VMI), Collaborative Planning Forecasting and Replenishment (CPFR),

Synchronized Production, Supply Chain Planning, Advanced Planning Systems (APS),

Supply Chain Execution softwares, e-procurement and B2B market places. One of the

latest shoots to the logistics tree is ILC, in which often several of these supply chain con-

cepts are combined. An example of VMI will be presented below.
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Akzo Nobel Case

Akzo Nobel are a world leader in coatings. They produce paint, varnishes and stains for

industrial use, the transport sector, yacht and shipbuilding, the DIY sector and house

painters. At the same time Akzo Nobel distribute paint to professional house painters

through wholesalers, usually owned by the company itself. The wholesalers keep their

own stock; they determine its volume and moment of replenishment. There are ideas to

centralize this by means of Vendor Managed Inventory (VMI). To this end all whole-

salers have introduced one and the same ERP, enabling a smooth transition to VMI. The

system allows the central control of ordering and production at Akzo Nobel.

Intelligent logistics concepts

It is in particular the emergence of an advanced ICT that enhances a more efficient and

effective mode of operating and offers possibilities for improving the management.

ILCs are innovative high-value concepts, whose increased transparency in the supply

chain creates opportunities for improvement of efficiency and effectiveness of cross-

company logistic processes. An ILC meets the following criteria:

Cross-company

There is an exchange of information between several parties that make up at least two

successive links in the supply chain.

Innovative 

There should be innovation. Existing and postponed functionalities are introduced in

new company environments and/or new facilities for improving the connectivity and

logistic coordination are developed.

IT-component

The employment of ICT plays a key role in the cross-company logistic coordination. The

central issue in ILC is how to link up existing systems with IT applications in other

organizations in such a way as to support the desired logistic coordination between

those organizations. There is an important common ground here with network centric

warfare, in which the use of sensor technology is combined with more and more pow-

erful ways of processing information. (Smith, 2004, Albert et al., 1999).
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Transparent

Transparency represents the actual mutual exchange of information between parties in

the supply chain. The information exchange leads to a strengthening of the supply chain

control. Transparency is a characteristic of network centric warfare.

Effective and efficient

An improved connectivity and/or electrification of information flows alone is not suffi-

cient. There has to be a clear improvement of the logistic performances through an

adjustment of the physical processes supported by an improved availability of informa-

tion.                                                                    

ILC can be seen as a philosophy propagating that there is still a lot to be gained in the

broad field of adjustment and planning in the supply chain. Apart from that, ILC has

two emphases. First, the philosophy clearly distinguishes the elements that are neces-

sary to come to a chain-wide coordination: network design, connectivity, transparency

(through collaboration) and control and planning. Which form of control and planning

are required and possible and what is adjusted will differ per situation and supply chain

and the decisions will be based on the above-mentioned supply chain concepts.

Secondly, the philosophy recognizes the supply chain design aspect. The supply chain

is not an invariable. Depending on the dynamics of the market it will have to be

rearranged and redesigned, and again require subsequent coordination and planning.

Intelligent logistic concepts aim to improve efficiency and effectiveness of the supply

chain by improving the coordination and planning of activities throughout the entire

chain. As an example the Bloemenveiling (Flower Auction) Holland may serve.

Subsequently, the elements of an ILC and the role of the logistic organization in it will

be discussed.

Bloemenveiling Holland Case

The Bloemenveiling Holland daily gets large quantities of flowers and plants from grow-

ers. These products are destined for several dealers and the auction sorts them per deal-

er by means of a cross-dock system. Up to now the auction has hardly received any infor-

mation from the growers, transport companies or dealers about which sorts and quan-

tities are supplied and at which times. The consequence is that the auction has no infor-

mation for the planning of the unloading and the internal logistics. The transport com-

panies do not know exactly in advance what quantities they will pick up at the grower's

and at which times they can deliver them at the auction. The result is waiting times at

the loading and unloading docks.
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Within the framework of ILC a logistic 'datahub', an information collection and dis-

tribution point, is set up for the supply side of the auction. There the growers inform

the dealers in what quantities and for whom they will supply their products. With the

help of these data the transport companies can plan their pick-up rides and the

Bloemenveiling Holland can plan the internal logistic processes and dock transactions,

with a possibility to fine-tune between the transport companies and the auction.

Thus, the transparency realized through the datahub offers possibilities for each of

the parties in the supply side not only to improve their own planning, but also to fine-

tune between the planning of the parties. 

The logistic concept behind ILC

For the benefit of a logistic policy a design model was worked out (Van Goor, 1992), a

so-called integral logistic concept. It comes into play when interrelated decisions are

taken with regard to the strategy of the supply chain, the logistic targets, the logistic net-

work and the processes within it, the logistic control, the logistic ICT and the logistic

organization. The same concept also forms the basis for the OLC 2006. The way the

logistic concept is realized ultimately determines logistic performance. Therefore, the

concept is complemented with performance indicators. At all times these elements

should be related. Below, the elements of the integral logistic concept, which can also be

employed when developing an ILC, will be discussed. 

Figure 1: Integral logistic concept (after Van Goor, 1992)
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Supply chain and logistic targets

Logistic targets are the outcome of the strategy adopted by the parties in the supply

chain. Fisher (1997) makes a valuable distinction between 'physically efficient' supply

chains and 'market-responsive' supply chains. The Dutch transport concept for inland

navigation Distrivaart is geared to the efficient transport of paletized products with a low

value density, and it is therefore mainly physically efficient. The design of the basic

logistics of the Netherlands defense organization is also directed at a physically efficient

supply chain.

Responsiveness is sought in the complementing road transport. The datahub at the

Bloemenveiling Holland, too, is directed at improving efficiency. There is certainly a

necessity for responsiveness in expeditionary deployment. The American army uses the

ILC JTAV which has all the features of a 'market-responsive' supply chain (Van

Merriënboer et al., 2002, http://www.dla.mil). This case will be discussed below.

Joint Total Asset Visibility (JTAV) Case

In every deployment in the 20th century, the U.S. military was plagued by not having

visibility of its assets as they flow from their origins, through a long pipeline to the

warfighter. The problems during Desert Storm affected the operational effectiveness of

the units, that had no visibility of the status of their orders; it was not clear whether a

particular item had been ordered or not. Besides they did not know where and when the

goods would be delivered, and where they were in the supply chain at a certain time. The

consequence was that the logistic system was taxed more than necessary, because items

were ordered twice or they arrived in places where they were not needed. During

Operations Desert Shield and Desert Storm approximately 40,000 containers of

materiel were shipped to the Middle East. Because personnel in theater did not know

the contents or final destination of the containers, 20,000 had to be opened, invento-

ried, resealed and reinserted into the transportation system. Additionally, over 60% of

all patients being evacuated from the theater ended up at the wrong destination. DoD

has estimated that over $2 billion could have been saved during Desert Shield and

Desert Storm if the military could only have 'seen' its assets. 

The American armed forces want to be able to deliver 'rapid crisis response'. One of

the ways to achieve this is to support their combat personnel better by increasing

responsiveness, transparency and accessibility of logistic assets. They call this approach

'Focused Logistics'. The JTAV Program mission is to develop a capability which provides

users with timely and accurate data on the location, movement, status and identity of

units, personnel, equipment and supplies. 
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JTAV is implemented in a two-tier system. The first phase involves the linking of

existing information systems ('legacy systems') to a central database, in which all the rel-

evant data is stored; it is subsequently made available to the users via the Internet. The

extent to which the information is correct and up-to-date depends on the correctness of

the data that are fed to the database and the frequency with which they are updated. In

the second phase there is a transfer to a system that filters the information from the

existing information systems on the basis of the needs of a client (who requests specif-

ic information). The most important difference between the two approaches is that in

the second phase the data are no longer recorded centrally, but a so-called 'IT-backbone'

allows the downloading of direct information from the linked information systems. This

involves 'intelligent' software that searches for the right information from all sorts of

data systems and makes it available to the inquirer in a language he can understand.

The intelligent software acts as a sort of translator between several information systems.

The big advantage is that the information that is produced is always up-to-date, provid-

ed the intelligent software is faster than the time that elapses between updating of the

data sources. 

Johnson Nancy Johnson, JTAV Office director and personal adviser to the Director

Defense Logistics Agency pointed out that visibility of data, in and of itself, won't accom-

plish, 'Given today's technology,' she added, 'we have an opportunity to achieve a "leap-

ahead" in logistics management. Instead of using the JTAV capability to manage the

logistics 'iron mountain', we can use it to significantly reduce or eliminate it. Inventory

reduction happens to be a major goal of DoD's Logistics Strategic plan.' JTAV is viewed

from two customer perspectives. On the 'factory' end of the 'pipeline' are DoD corpo-

rate users, wholesale business managers and personnel/item managers who need JTAV

to manage the business processes more effectively. Beneficial outcomes include limit-

ing unnecessary buys, redistributing assets, reducing inventory and managing the

pipeline more efficiently. On the 'foxhole' end of the pipeline are commanders, J1s/J4s

and warfighters who are concerned about contingency planning, readiness and timely

operational/mission support. The JTAV 'To be' architecture is recognized as the corner-

stone of the Global Combat Support System data access strategy and will be completely

synchronized with the Defense Information Systems Agency and other key players to

support development of the Common Operating Picture. The objective is to have an 'any

user, any box, anywhere' environment.

ILC network and processes

Hoekstra and Romme (1991) describe the logistic network as a model that represents

the flow of goods with the following elements: the primary processes of buying up to
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including after sales service, the location of the stock points in the flow of goods and the

goods movements between the processes and stock points. For instance, in Distrivaart

a central position is taken up by the intermodal network in which the pallets coming

from the producer go from the road to the ship and from the ship via the road to the

Distribution Center of the retailer. The de-coupling point is in the ship, where anony-

mous supply can be allocated to concrete client orders.

In the 2006 operational logistic concept (OLC 2006) a distinction is made between

several supply chains for user goods, materiel and military health care. Goods come

from a supplier and are temporarily stored in a (military or civilian) warehouse in the

Netherlands. The goods leave the Netherlands via the Point of Embarkation (POE) and

reach the country of their destination via the Point of Debarkation (POD). The goods are

again temporarily stored ('Logistic Base') and from there they are shipped to the opera-

tional area. The control of the flow of goods takes place on the basis of the demand from

the operational area. When the stocks fall below a certain point, goods are requested

from the Logistic Base. When the levels drop below a certain level there, orders are

placed in the warehouses in the Netherlands. When stocks are too low, orders are placed

with the suppliers. Apart from the various links figure 2 also represents the maximum

distances between them.

Figure 2: The physical distribution chain
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The logistic control model

The basic logistics network determines the way in which the flow of goods can find its

way in line with the logistic targets. Logistic control encompasses the organization, plan-

ning and management of the flow of goods from design, procurement, via production

and distribution to the final customer, with the intent to satisfy the needs of the cus-

tomer at the lowest cost and a controlled use of capital. Logistic control has three sub-

targets: satisfying as much as possible the needs of the customer with regard to delivery

times, product specifications, installations, after sales service, provision of information

and flexibility; using the available capacities in the network of production operations,

distribution and transport network and after sales, in order to keep the logistic efforts

(costs and working capital) as low as possible; and, finally, ensuring the fastest and most

reliable flow of materiel, raw and auxiliary materials, semi-manufactured and final prod-

ucts through the supply chain.

The distinction in three levels of decisions made by Bertrand (1990) offers a good

basis for designing the logistic control in ILC:

1. The strategic/supply chain level

This involves determining the basic rules and targets of the logistics policy. As exam-

ples may serve the desired capacity load, the required lead-times, the levels of safety

stocks in the network, delivery times and required delivery reliability. These elements

determine the pre-requisites the orders have to meet, if the agreed quality, price and

delivery arrangements are to be observed, and the margin of individual parties in the

logistic control.

2. The tactical/flow of goods level

Here, the future flow of work orders for the parties in the supply chain is geared to

the available capacities in the network. Examples are: stock levels and locations, pro-

duction planning, determining the distribution capacity of the network, and making

the timetables at Distrivaart.

3. The operational/executive level

Given the volume of flows of goods agreed on at the tactical level and the specified

basic rules, the operational, executive departments are responsible for the acceptation

and registration of the generated work orders. This involves the daily scheduling of

orders, prioritization of client orders, the planning of distribution facilities, deter-

mining the routes and suggesting a delivery time.

The logistic ICT

As stated above, the use of ICT is a key factor in ILC for the realization of cross-compa-

ny logistic coordination. Logistic ICT supports ILC processes and their control. Many
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companies have already integrated ERP systems and complementary transport man-

agement (TMS) and warehouse management (WMS) applications. Connectivity repre-

sents the necessary ICT-infrastructure to exchange electronic data between the existing

systems. ERP systems will remain central to the ICT infrastructure, in particular for reg-

istering purposes, as the core backbone. This will allow a seamless integration of all

information flows. The ERP systems will be complemented with applications for the

execution of various processes (WMS, TMS, scheduling software) and advanced appli-

cations for planning and day-to-day optimization of the supply chain. The cases of Akzo

Nobel, JTAV and Bloemenveiling Holland, described above, show that ICT forms a crit-

ical factor.

The logistic organization

The logistic organization is directed at identifying which roles and responsibilities there

are and the persons that go with them. It is all about laying down the tasks and respon-

sibilities. In the Akzo Nobel case the operational responsibilities for the stocks at the

wholesalers and the production control are centralized. Often coordination is slow to get

started. The logistic performance is influenced by decisions of employees with conflict-

ing interests. This implies a constant necessity of fine-tuning. As said above, when the

demands from the environment increase, the need for coordination becomes more

pressing. At moments like these there are companies that decide for a centralized organ-

ization of their logistic control in a single logistic department. There are also organiza-

tions that decentralize their logistic control in functional departments. The organiza-

tional structure determines the extent of the integratedness in the perception of logis-

tics of the employees who take those logistic decisions and the emphases and priorities

in their actions. (Ploos van Amstel, 2002) The logistic organization is therefore consid-

ered a key factor for the realization of good logistic performance. The Outokumpu case

is included here as an example of a centralized logistic control, in particular on the tac-

tical level.

Outokumpu Case

Outokumpu, Finland, is a large steel multinational operating on a global scale. Their

focus lies on basic metals, stainless steel, copper and metallurgic technology. In 2001

Outukumpu took over Norzink AS, whose factory in Odda has a yearly output of

150,000 tons of zinc. It is one of the most profitable and efficient producers in the

world. Outokumpu took over Norzink to be able to realize economics of scale: lower

costs, better use of capacity but also a better allocation of customers to a production loca-
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tion, which led to a lowering of transport costs. The reduction of costs, customer allo-

cation to production location and a better use of capacity  is only possible if these loca-

tions are centrally managed. This is done by means of an Internet application in the

head office in Rotterdam which determines centrally what is produced where, in what

quantity, and for which customers.

Achieving integration

In the past there was usually little need to coordinate activities in the supply chain. The

trends described above have also forced the defense organization to speed up the sup-

ply chain, especially in expeditionary operations. Activities have to succeed each other

accurately, take place simultaneously or even fully integrated. This implies they have to

fit seamlessly. In realizing coordination and the ensuing fitting coordination facilities, it

is of importance to have an idea of how activities in organizational units interdepend

and relate. Galbraith (1983) states that the best way of organizing depends on the uncer-

tainty in and the diversity of the work. It involves the reduction of the need of coordi-

nation, by creating a margin or autonomous logistic units in the organization, or the

improvement of the coordination capacity, by investing in integral information and

communication or establishing horizontal and lateral relations through an adaptation of

the organizational structure.

Creating a margin is achieved by reducing the performance level. It diminishes the

quantity of data that need to be processed during the execution of the task and prevents

over-taxation of hierarchical channels.

By establishing autonomous logistic units in the organization (e.g. product divisions

or creating shared service facilities) every organizational unit has the necessary means,

expertise and authority. These units accept work orders independently and execute them

within the agreed pre-requisites for capacity load, costs, lead-times and quality. From a

commercial, economic and technical viewpoint, however, there are limits to the process

of autonomous organizational units. In view of an effective logistic control, creating

small product divisions cannot go unpunished, so other solutions are required to real-

ize better coordination. Carrying autonomous organizational units too far may limit any

advantages of scale, synergetic effects can get lost and the cohesion between the units

can even completely disappear.

Investing in integral ICT allows a better coordination by enabling the sending of

more and better information through the organization, which is the core of network

centric warfare. The ideal in such logistic ICT is to come to a fully on-line real-time sys-

tem such as ERP or APS, Internet applications or agents based applications.

On the one hand, there are coordinating and support roles, on the other more active
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directive roles in which the logistics manager himself determines the logistic decision

process (see figure 3). The introduction of vertical, horizontal and lateral relations

involves investments. Heavier burdens are laid on the organization and the costs rise.

At the same time non-essential, but excessive, built-in facilities are seen as disruptive.

The use of a multitude of coordination facilities can in some cases have a dysfunction-

al effect because of the many rules, procedures and forms of consultation and constant

territorial claims of the logistic employees. This in its turn can lead to additional orga-

nizational measures that bring along their own problems of coordination. A well-con-

sidered choice of coordination facilities is therefore required. 

Figure 3: Horizontal and lateral relations

In ILC the question whether the supply chain should be organized in a centralized or

decentralized manner keeps coming up. Centralization is the most stringent method of

coordinating the decision making (Ploos van Amstel, 2002). A central organization has

certain advantages. The control is well-organized, allowing a better use of capacity of the

resources of multiple parties in the supply chain, which saves costs. There is also the

advantage of the knowledge and experience being managed centrally, which allows mul-

tiple parties to benefit from them. Of course, it is possible to opt for a decentralized

organization. One advantage there is flexibility, which allows a smooth adjustment to a

changing environment. This reduces the complexity and employees are empowered to

take their own decisions and be responsible for them. The decision making goes faster

which makes for a more efficient and effective organization. Not all the consequences

of decisions can be overseen by one person in one center and in the case of decentral-

ization there is the possibility to react quickly on circumstances on the spot.
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Nevertheless, a loss of transparency and overview, making it difficult to oversee where

resources are available, must be taken into account (Mintzberg, 1993). This is why

Outokumu has opted for a centralized logistic control on a tactical level.

A decentralized organization; where and when?

Empirical research has shown that it is not a matter of either decentralized or central-

ized, but that the situational factors determine the choice for one form of logistic orga-

nizational structure or another. 

The logistic complexity and logistic predictability determine the logistic organization.

Where it concerns a low complexity and high predictability coordination can be realized

within an existing structure; the decentralized logistic organization, supported by rules

and procedures. Low complexity and low predictability requires frequent interventions

in order to keep the flow of goods on the right track. Coordination is immediate. As

complexity is low the consequences of decisions can be overseen at a glance: so, a decen-

tralized logistic organization. When complexity is high and predictability low, the coor-

dination can no longer be realized exclusively through an existing structure. The need

for a centralized logistic organization with an integrator manager emerges. When com-

plexity and predictability are both high, there is a need for a centralized logistic organi-

zation.

Practical experiences

There has been research into the central logistic organization. A decentralized logistic

organization is suitable in situations with low complexity and high predictability, with

persistently good performance. If in a situation of high logistic complexity and pre-

dictability an organization has a decentralized logistic organization, logistic perform-

ance is poor. This fact prompts the question whether a centralized logistic organization

is suitable in a situation of high logistic complexity and low predictability. Practice

shows that this is not necessarily the case. Organizations that opted for a centralized

organization of the logistic control initially did well, but after some time performance

deteriorated. Therefore, the answer to the question whether a centralized organization

is suitable in a situation of high logistic complexity and low predictability cannot be

unreservedly positive.

Logistic organization in ILC

Now that it is clear how the organization of logistic control is viewed from within the
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walls of organizations, it is time to discuss how logistic organizations should be con-

sidered when they go beyond the boundaries of organizations, as is the case in ILC.

Here, there are also certain organizational problems. Take, for instance, Distrivaart. On

the strategic level: who determines the establishment of the distribution network? Who

determines the investments in ships and shore-to-ship interfaces? Who determines the

division of the operational costs over the parties? On the tactical level: who determines

the parties for the road transport? Who determines the schedules? How is the capacity

divided over the parties? On the operational level: which stock is allocated to which cus-

tomer? Which products will be unloaded first and delivered to the retailer's DC? How

much stock will be kept in which ship? This is just a selection from the multitude of

logistic decisions to be taken. Comparable questions will come up in future NRF-oper-

ations.

ILCs can often be found in logistically complex and unpredictable environments. At

first sight a centralized logistic organization seems to be the right way to gain control

and attain more transparency. Enter the famous 'orchestrator'. However, this is a sensi-

tive point in the implementation of an ILC. The organizational question also leads to the

question who holds the power in or over the chain (and thus determines customer sat-

isfaction). A centralized control of the supply chain has a great capacity for coordination,

leads to better use of capacity and saves costs. But what about the operational level? Here

it is all about making choices as to which customer is served first, which ship is to be

unloaded first. These choices have a direct bearing on the logistic performance of the

shipper. That is why it is so important to approach the organizational question with

much subtlety. There are quite a few snags attached to a centralized logistic control;

within the organization itself, but most certainly in cross-company coordination.

Therefore, it is an open question whether the fully centralized operational stock control

at Akzo Nobel is not a bridge too far. 

Logistic control is a key factor in the success of ILC. Many decisions are taken at sev-

eral levels (strategic, tactical and operational). On the first two levels a collective plan-

ning from a collaborative perspective is very well possible; or in logistic organizational

terms, collective central planning.

Operational coordination should preferably take place as low as possible in the organ-

ization; decentralized execution. The above-mentioned advantages of a decentralized

organization are of the utmost importance. The decision making is faster, which makes

the organization more efficient and effective. In decentralized organizations it is possi-

ble to react quickly on circumstances on the spot. And this is precisely the great logistic

challenge in network centric warfare (Smith, 2004). It implies, however, first and fore-

most an improvement of predictability and a decrease in complexity through good col-

lective strategic and tactical planning by the parties in the supply chain. Otherwise a cen-
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tralized logistic organization of the supply chain, also for operational decisions,

becomes inevitable; with all the possible problems that may ensue from it.

The clout is in the operational level. There are, however, several points of attention in

a decentralized organization. A continuous improvisation may lead to a decrease of

responsiveness and reliability and an increase in costs. This will again increase the ten-

dency to centralize. Supply chain performance must be transparent. It is all about learn-

ing from improvisation, as this will decrease complexity and increase predictability. The

capacity for learning must be developed on the strategic and tactical levels: Plan Do

Check Act (PDCA). On the operational level the organization must always be decentral-

ized, but it should be clear who is allowed to talk about what; who is allowed to take

which decisions; who is responsible for tracking and tracing; who is responsible for the

right data, etc. Or in terms of the five Ps: perfect preparation prevents poor perform-

ance. NATO initiatives such as TOPFAS (Tool for Operational Planning, Force

Activation and Simulation) can support this.

The logistics manager and the organization

What does all this mean for the traditional logistics manager who is often seen in organ-

izations - a manager with a strong focus on centralization, who will have to function in

ILCs in the future? What is required is a transfer from internal to external logistics. A

successful supply chain demands a perfectly tuned internal logistics involving all the

parties. In boundaryless organizations operational employees take most decisions, man-

agers share information about strategy and performance of the organization, employees

are encouraged and managers ensure that everyone pursues the same targets. In order

to break down the external boundaries managers of a boundaryless organization aim at

maximizing  the value for the eventual customer of the supply chain, they look for col-

laboration and trust-based partnership, they spend most of their time with customers,

suppliers and other parties in the supply chain. (Ashkenas et al., 1996)

Summary and conclusion

Within the framework of NCW,  ILC has a future in the defense organization; a better

responsiveness against an optimum effort in the supply chain through collaboration,

transparency and a maximum use of information. Logistics control plays a determining

role in the success of ILC. However beautifully the logistic network may have been

designed, however advanced the ICT, the planning and control in the end determine the

efficiency and effectiveness. The logistic organizational question may not be evaded.

Often the first instinct is to organize in a centralized manner. The present article argues
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that much more subtlety is needed. The centralized logistic organization within ILC has

even more snags to it than the centralized logistic organization in a closed organization.

Decentralization is the preferred option, as that determines the clout. But this presup-

poses a collective effort of all parties in the supply chain to improve the logistic com-

plexity and predictability at the strategic and tactical levels. If the operational day-to-day

complexity is high and the predictability low, a centralized organization seems

inevitable, with all the risks attached to it. In short, the organizational perspective is rel-

evant in the evaluation of success or failure of ILC.
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Aircraft maintenance in the Royal Netherlands Air Force
Working in an open logistics network

Jaap Reijling

Walther Ploos van Amstel

Logistics ensures action; that good logistics can make the difference between victory and

defeat is clear. Logistic support enables the employability of equipment and air power.

Recent experiences during missions abroad underline this importance of logistics.

Changing operational circumstances require an adjustment of the logistics concept, and

speed and efficiency are at its core. This contribution deals with aircraft maintenance

and materiel logistics in the RNLAF. It begins with a description of the RNLAF and

recent developments in logistics. There is special attention for the strategic reserve for

the maintenance of materiel and the supply of spare parts in support of a more inten-

sive employment in peace-keeping operations. The contribution focuses on the question

of where the limits lie to quality and size of the defense maintenance organization and

the chances this offers to civilian companies.

The Royal Netherlands Air Force

The RNLAF employs 11,500 military and 1,700 civilian personnel.  Air power, the use of

military means in the air, is an indispensable part of modern armed forces. It can be

deployed in a flexible manner, whether it concerns air defense, the execution of strate-

gic bombing campaigns, support to ground or naval units, logistic support, flying in of

personnel, materiel or humanitarian aid goods or search and rescue of missing air

crews. The air force can adapt very quickly to changing circumstances, with reaction

time, reach, speed and mobility being its prime characteristics. This makes the air com-

ponent extremely suitable for deployment in crisis control or peace-keeping operations

and humanitarian aid missions. The flexibility manifests itself in the various capabili-

ties of the weapon systems that together constitute the RNLAF. From their air defense

task the fighter jets can seamlessly switch to an offensive or reconnaissance task.

Transport and combat helicopters can react quickly to fly in ground troops or give air

support. Moreover, the combat helicopters possess the flexibility to carry out offensive,

defensive and reconnaissance tasks. The various means of transport allow a quick

response to crisis or emergency situations, if need be, at great distance from the home

base. As examples may serve the deployment of F-16s and helicopters in the former

Yugoslavia, the stationing of Patriot systems in Turkey and Israel, transport capability in

Cambodia, the execution of many humanitarian transports all over the world and the

transport of the sick and wounded of the West Friesian islands in the North of the
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Netherlands.

For the execution of its tasks the RNLAF has at its disposal a great number of state-

of-the-art flying systems: it can boast 137 F-16s, fighter bombers, capable of offensive

actions against ground targets as well as air defense, due for replacement by the Joint

Strike Fighter as of approximately 2010. Furthermore, there is an extensive helicopter

fleet, consisting of 30 AH-64D Apache combat helicopters, 13 CH-47D Chinook heavy

transport helicopters and 17 Cougar MKII medium transport helicopters. The fixed

wing transport fleet consists of a further 2 KDC -10 tanker planes, 2 C-130 Hercules

transport aircraft, 6 Fokker-50/60 and 1 Gulfstream for transatlantic VIP passenger

flights. In addition, the RNLAF has three AB 412 SP Agusta rescue helicopters and 13

Pilatus PC-7 training aircraft, that operate from Leeuwarden and Woensdrecht air base,

respectively. Finally, the RNLAF has its own Patriot Guided Weapons systems, capable

of taking out ballistic missiles.

Armed forces are very much dependent on logistic support for their operations, and

this is true as well for the air force. The amount of money involved is extensive and the

range of equipment enormous. Thus, air force logistics distinguishes 5.7 million NATO

stock numbers. Apart from materiel, there is a great demand for manpower in mainte-

nance. For every F-16 flying hour there are several dozens of hours of logistic support.

Even in the operational units half of the personnel is involved in logistics. Some char-

acteristics of materiel logistics within the air force are:

1. The resources are highly technological, expensive and long-service. This implies that

materiel logistics concerns the total life span of the materiel: procurement, mainte-

nance, modifications and mid-life upgrades and eventual removal or replacement.

Maintenance and repair are therefore information-rich processes. There are great dif-

ferences, however, between the weapons systems in terms of the importance of main-

tenance and the complexity of the materiel.

2. Great efforts are made with regard to operational readiness and mid-life upgrades.

The recent modernization of the F-16s concerned more than 13,000 parts, 5,000

man hours and euro 6M for a ten-year life span extension.

3. There are several levels at which the maintenance operations take place and where

the supplies are stocked in the supply chain: the operational unit, the forward main-

tenance (at base level) and at the depot level.

4. An international technical standardization and interchangeability must increasingly

be taken into account.

Changing logistic demands

The defense organization changes and so do materiel logistic demands. In the Defense
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White Paper 2000 the development of a new logistics concept was announced. This

concept provides guidelines for a restructuring of a materiel logistics organization with-

in the armed forces on a more civilian basis. Military autonomy is opposed here to the

ambition to make the logistic organization less expensive and bulky. The changing envi-

ronment is clearly recognizable in the principles for the defense logistics:

1. An integral managerial fine-tuning over and above all supply chains: it is geared

towards the operational process and planning and control relate to the logistic supply

chain as a whole, with common terms for all participants in the supply chain. This is

supposed to lead to minimal stocks and a guaranteed supply.

2. Civil-military cooperation: on a national as well as a local basis.

3. A transparent and connectable network; standardization of procedures, product data

and ICT.

4. A clear hierarchy of the logistic responsibilities. The operational logistic concept, for

example, has central managers and controllers who are responsible for integral sup-

ply chain control, managing the logistic support and the designing and laying down

of requirements and pre-conditions for logistic support and the design of the logistic

supply chain.

For the logistics concept a generic logistics model, applicable to all the Services, was

developed, for the systems maintenance as well as supply of goods (Figure 1). It also

encompasses a standard process model of an operational unit with regard to the various

logistics functions. The logistics basic functions distinguished in it will always have to

be executed at the operational unit level, as without them the unit is incapable of gen-

erating any combat force. As this capacity is not infinite, supply and reinforcements are

necessary, through shipment of ready - for - use systems or maintenance capacity as well

as supply goods.
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Figure 1:

In principle three suppliers or logistics supply chains can be distinguished for the

supply of the required goods or services.

1. Direct supply from civilian companies.

2. Supply from a defense organization, either international (e.g., NATO Maintenance

and Supply Agency – NAMSA or USAF) or national, from the various depots.

3. Supply from a temporary installation that is specifically established for support of

operations abroad. This can be necessary in order to reduce shipping times to the

operational unit to acceptable limits. Often such a temporary installation is estab-

lished in the vicinity of a Port of Debarkation (POD). For the support of naval vessels

the term Forward Logistic Sites is used. Depending on the intensity of the operations

in a certain area these logistics bases will assume a semi-permanent character. The

defense organization must have enough capacity to establish this type of temporary

basis or facility.

There has been much discussion in the past few years on a rationalization of the

armed forces through outsourcing to civilian companies. This is prompted, on the one

hand, by the need for lighter operational units that can react on short notice all over the

world, and, on the other, by the improved capabilities of civilian companies to supply the
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necessary additional resources. In principle goods and services can be supplied any-

where in the world, with an exception for areas with an immediate military threat, when

the goods and services are shipped to the periphery of the area of operations. This is in

or near a Port of Debarkation, which in case of a mission abroad is established near the

larger seaports (SPOD) or airports (APOD). The armed forces should be able to conduct

the battle with the supplied products and services. They will have to react flexibly on

other contingencies, with regard to operational deployment and reaction times, but also

on the fact that, given a greater complexity of weapon systems, they have become more

dependent on civilian companies for their supply of essential materiel and services. 

The Defense White Paper stipulates that an open logistics concept be developed, in

which any supply risks that may occur are covered as much as possible by making agree-

ments with civilian suppliers. Information and communication technology must facili-

tate the emergence of an information network between the defense units and civilian

companies capable of supplying timely support from multiple sources to the military

organization that operates from the Ports of Debarkation towards the battlefield.

DIY or contracting out

Defense logistics will work on the principle of an open logistics network. Materiel pro-

curement is more and more losing its purely national character: the organization will

make  well-considered choices about producing itself or contracting out, joint and com-

bined operations with other Services (Navy, Army, Air Force) and other armed forces, an

increased use of civilian capabilities (nationally or locally in the deployment area with

an independent procurement) and capabilities in, for example, NAMSA (NATO main-

tenance and supply agency), and joining the multilateral materiel agency OCCAR for

procurement, supply, maintenance and technical training of personnel.

The Netherlands armed forces, therefore, will have to be able to work within multi-

national structures that have their own command structures, which has consequences

for standardization and interchangeability. There is much pressure on efficiency and

simultaneously there is a wish for demand driven supply (the operational unit increas-

ingly determining what is needed). For logistics this implies finding the right balance

between what is promised the customers within the organization and the efforts need-

ed to realize this.  Demand-driven supply and so-called rapid crisis response are realized

with the use of an advanced ICT, network centric warfare concepts and mobile commu-

nication, which can lead to fundamentally different relations with other operational

units in the field.

With regard to supplies, maintenance and distribution a more business-like approach

is necessary, and the recent developments in ICT have created new possibilities to real-
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ize it. Stock holding and distribution become more flexible, which allows a more effec-

tive handling of an ever-changing demand for goods and the uncertainty about their des-

tinations; after all, the armed forces can be deployed in various places in the world. As

much as possible civilian stock and distribution strategies will become leading, facili-

tating the use of civilian capabilities. As for stock holding, an effort is made to minimize

stocks. Together with suppliers the possibilities to leave the stock holding and stock con-

trol to them will be investigated, whether or not on payment on basis of use. For all cat-

egories of goods in the defense organization the possibilities will be looked into.

Defense in competition

Bearing in mind the concept of an open network, the question now arises what the lim-

its are to the maintenance of RNLAF aircraft and of complex weapons systems in a more

general sense. The Defense own companies are allocated a capacity that is directly relat-

ed to the support of operations during peace-time and which cannot be provided timely

or cost effectively by civilian companies. 

It is important to come to a good delineation between the defense organization and

civilian companies. Within the context of  'Defense in competition' a review framework

is provided which allows a comparison of the provision of services by defense organiza-

tions and civilian companies. Its key principle is competitive provision of services,

which encompasses a competition under equal conditions with business companies. It

is especially interesting for civilian companies when a sufficiently large work package

can be offered for a sufficiently long period. For the defense organization the important

criteria are: retaining a guaranteed provision, 'smart buyer' and 'maintainer'. The

defense organization will always have to be able to act as customer when contracting out

work or supply of goods. This requires a special expertise. Moreover, an adequate sup-

port of the readiness of aircraft in the operational area requires a specific know-how

(e.g., the diagnostics of complaints) which will always have to be secured within the

RNLAF. Careful contracting will have to guarantee that the civilian supplier will not

adopt a monopolistic position. Apart from that, it is of importance that operational fluc-

tuations within the framework of international crisis control are met and that priorities

can be set. A regeneration of one's own defense capacities is very expensive and often

impossible in the short term, so any possible budgetary advantages have to be long-

term. The policy is partly directed at the contribution to the sustainability and bolster-

ing of the national defense-technological and industrial basis. The Dutch industry is

involved as much as possible in defense orders.
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The organization of aircraft maintenance

The aircraft maintenance supply chain consists of various levels: the operational,  inter-

mediate maintenance and the depot level maintenance. They will be discussed below.

Operational level

The operational unit is responsible for building up and sustaining the desired level of

training of the unit and the capability to operate from bases abroad (out-of-area loca-

tions). To this end a particular flight (training) program is executed, and to realize it the

unit has to have a number of operational aircraft at its disposal. The capacity of the oper-

ational unit is minimally based on the capacity required to make aircraft ready for the

flight program and regarding maintenance carry out the prescribed corrective and pre-

ventive maintenance. An important condition here is that this maintenance can also be

carried out in out-of-area locations. This, in its turn, has consequences for the mobility

of testing equipment and facilities, and so on, and it will also limit the capacity of the

operational unit. As a consequence, long-term maintenance that also requires this spe-

cial equipment must be allocated to another link in the supply chain. 

Forward maintenance

The defense organization must be able to sustain its operations during a peace-keeping

mission up to a minimum of a year without any rotation. In order to reduce delivery

times of aircraft and spare parts to acceptable levels, this maintenance must take place

near the area of operation. The most far-reaching prescribed preventive maintenance in

this context is the so-called phase inspections that take part periodically for every aircraft

in a standard training routine. In principle this capacity is provided within the defense

organization for the support of the operation deployments.

The location of this forward maintenance facility is dependent on the out-of-area site

chosen. For aircraft the term forward maintenance is rather flexible, as F-16s, for

instance, can fly in over large distances in a short time. For helicopters this applies to a

lesser extent. In choosing the forward maintenance location, therefore, the MOB in the

Netherlands or the home base of the units deployed abroad plays a great role.

At the moment the required maintenance capacity for maintenance at operational

and intermediate level of F-16s and helis in the regular peace-time management is allo-

cated to the operational air bases. For efficiency reasons it is possible to centralize the

execution of this maintenance in order to gain advantages of scale. In that case this

capacity could be allocated to the defense maintenance organizations, on condition that

mission readiness can be guaranteed. A greater efficiency here must be traded off
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against a lesser autonomy of the operational units to carry out their training programs.

With regard to helicopter maintenance it can be said that all types operate from a single

air base only, so concentration of maintenance is not expected to yield greater efficien-

cy. F-16s are now maintained in several locations, and here a concentration of mainte-

nance is an option. The principle here is that the allocation of capacity for the mainte-

nance of operational units and advanced support units is limited by the required capac-

ity for carrying out aircraft readiness and the maintenance in preparation of the opera-

tional effort determined.

Defense maintenance organization

In case of an actual mission abroad an extra support is necessary in order to allow a 24-

hour deployment of a unit. Thus, in the KOSOVO operation Allied Force there was a

requirement of aircraft deployment in a three-month period comparable to the regular

deployment in a standard one-year flight program of a squadron. For a short period the

operational F-16 units, with their capacity for advanced maintenance, proved capable of

generating the extra capacity needed by increasing working hours. Such an adjustment

of management cannot be kept up in the long run. It proved impossible to make a

demand on civilian capacity for the F-16s and helicopters within the required reaction

time. As a result of this and the limited number of deployable helicopters the opera-

tional pace in the Netherlands had to be reduced. This, however, jeopardized a good

preparation of the relief detachment.

The deployment in Kosovo has shown that additional maintenance capacity in the Air

Force is a necessity in order to secure an adequate sustainability of the aircraft.

Allocation of this additional capacity to the units involved would lead to a fragmentation

of capacity, especially when at a certain moment in time there is no need to support a

foreign mission. Outsourcing or subcontracting of this required capacity is not feasible

or desirable, as it is not always available in the civilian market. Besides, this tasking may

be less appealing for civilian companies, in view of its incidental character: it does not

offer any long-term perspective. A concentration of this capacity within the defense

companies has the advantage that it can benefit the entire RNLAF. It is in effect an oper-

ational/strategic reserve. Within the Netherlands the depot level maintenance is organ-

ized in a logistics center at Woensdrecht Air Base. The purpose of the center is the

streamlining of the maintenance, supply, the spare part cycle and the technical man-

agement. The logistics center consists of three departments: the weapon system support

division and the logistics division both at Rhenen (DELM) and the logistics division at

Woensdrecht (DMVS). The largest sections of the weapons systems support division,

aircraft and helicopters, are accommodated at Woensdrecht Air Base, and the smaller
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ones, such as ground, air and guided weapons and radar systems at Rhenen. More than

75% of the work is subcontracted to civilian companies. The RNLAF has only the dis-

posal of the strictly minimal maintenance capacity, depending on who does the job the

cheapest. The Defense materiel staff in The Hague determines the policy with regard to

materiel procurement, maintenance and modifications. Control and execution always

take place in direct contact between operational units and the logistics center.

The necessary depot capacity is derived from operational tasking of the RNLAF.

When it is not fully used, for instance, when no mission abroad has to be supported,

there are alternative ways of using it. During the sustainability phase it is necessary to

carry out modifications to aircraft in order to correct operational or technical failures.

Thus, recently the modification Mid-Life Upgrade program of the F-16, directed at

improving operational qualities, was completed, and the RNLAF has begun a new pro-

gram for increasing the technical life span. It is to be expected that for the helicopters,

too, there will be a need for such a modification program. The extent of a modification

program in most cases exceeds the operational reserve capacity described above. So,

there is always a need for involving civilian companies. 

The conclusion is that the capacity for the sustainability of complex weapon systems

within the defense organization must be geared to the required readiness and mainte-

nance effort related to the deployment in peace-keeping operations. This will result in a

higher maintenance capacity with the defense companies. Nevertheless, in most cases

also an appeal on a greater maintenance capacity with civilian companies must be made

in order to carry out the more extensive modification programs.

The organization of spare parts

There are various sorts of goods that have to be supplied: materiel for the establishment

and sustainability of the platform or logistics base, materiel for the readiness and

deployment of weapon systems (ammunition, fuel, etc.) and spare parts for the mainte-

nance of the weapon systems. This section focuses exclusively on the supply of spare

parts.

Spare parts can be distinguished into repairable and non-repairable spare parts. The

non-repairable spare parts have to be supplied by a civilian supplier. Depending on the

use of these spare parts, stock holding within the defense organization becomes neces-

sary if the goods are required directly in the execution of the maintenance of the opera-

tional units or when there is a supply risk. It is assumed that in case of a mission abroad

the direct supply by civilian companies cannot be secured up to the operational base in

the area of operations.

Repairable spare parts have to be repaired and stored for future use. During repair
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sufficient usable stocks must be guaranteed in order to secure the deployment of the

systems. During the regular use of the systems an insight into the use patterns is

gained, and on this basis the supplies can be built up so that an independent deploy-

ment can be guaranteed for a certain period.

During the Kosovo operations there emerged a need for extra spare parts, in particu-

lar for those sub-systems that are intensively used during actual operations, such as

radar, avionics and fire control systems. The use of components kept pace with it. In

order to cope with this peak it was necessary to find alternative repair sources or supply

companies as quickly as possible. Such a peak does not lend itself for contracting out to

civilian companies. An MoD investigation shows that operational fluctuations in the

context of crisis control operations will have to be met and that priorities will have to be

set. For mission critical spare parts stocks and/or repair capacity must be built up in

order to meet fluctuations.

The question that arises now is where this spare part repair capacity must be built up.

The actual maintenance does not have to take place in the operational location, provid-

ed there are sufficient usable components in that location to make the weapon system

deployable by repair-by-replacement. The repair of aircraft components usually requires

a special expertise and unique very expensive peripheral and test equipment. A concen-

tration of capacity on a central level, therefore, is the most logical answer. Moreover, in

this way it is easier to cope with fluctuations in the demand for spare parts from the

operational units. However, a central facility for the repairs will lead to extra transport

costs. 

The jet engine is a very special aircraft component that requires separate considera-

tion, given its complex structure. Its very purchasing cost make large numbers of spare

engines unfeasible, so in this case an establishment of repair capacity within the organ-

ization is most opportune. Allocation to the operational unit is not an option, as the

required peripheral equipment makes such a capacity unfit for an out-of-area mission.

In peacetime circumstances it would be possible to allocate the capacity to forward units

in the Netherlands. After the engine components have been replaced an elaborate test

program must be carried out in an engine test facility. Moving this facility in case of a

mission is impossible, so in principle centralization is the preferred option. When the

F-16 was introduced, there were also discussions on the desirability of a centralization

of engine maintenance. It was decided to purchase engine test facilities for all F-16

bases, and to centralize the repair of engine components/modules at the Depot. At the

time this fitted in better with the general defense task, in which the units were supposed

to function from their home bases without external support for some time. In the light

of the new logistics concept this should be reconsidered, given the fact that the neces-

sary repair facilities will not be deployed to an out-of-area location or Point of

Debarkation.
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In short, the organization of the provision of spare parts is largely a supply problem

in which considerations of cost-effectiveness are central. Supply by civilian companies

will be the preferred way, provided it is cost-effective. The capacity for repair of mission-

critical spare parts, including the jet engine, can be allocated centrally to the defense

organizations. Frequent maintenance of spare parts which does not require special

skills or equipment can be allocated to the operational units.

Opportunities for civilian companies

The guiding principle of the Defense White Paper is to subcontract the supply of serv-

ices and materiel to civilian companies as much as possible. The defense organization

will keep on making use of resources in its own administration when the use of civilian

resources is more expensive or not feasible. In general, when there is a situation of a

high level in the spectrum of violence certain services or products cannot be deployed

further than the periphery of an operational area. The defense organization itself will

have to be equipped to be able to generate and sustain operational capability and it can

do so by establishing the forward maintenance and supply organization and the direct

logistic support of the operational units. If there is a limited risk situation, a further

intensification of civilian support can be considered. The American armed forces, in

particular, have much experience with this. It is important that the defense organization

retains enough flexibility to support a more intensive operational deployment.

Outsourcing must not lead to a lesser operational flexibility. For the rest, considerations

of efficiency in particular play a part, whereby the defense organization is brought into

competition with suppliers. On the basis of the principles of 'Defense in competition',

in particular the larger work packages, offered over longer periods of time, are interest-

ing for the civilian companies. For the defense organization there are the important cri-

teria of retaining guaranteed supplies, 'smart buyership' and 'maintainership'. Careful

contracting must guarantee that the civilian supplier cannot become a monopolist. 

Special attention is given to the necessary strategic reserve capacity within the

defense organization in order to support a more frequent deployment in peace-keeping

operations and to cope with the fluctuations in the demand for spare parts to come with

actual deployment. This entails having a higher maintenance capacity in the defense

companies. In addition, in many cases an appeal must be made on civilian companies

for carrying out the larger modification programs. In other words, there is a limit for

complex weapon systems, which must be respected by the defense organization and

civilian companies. This limit may shift towards the civilian companies to the extent that

the defense organization is making use of market conform equipment and joining the

expanding service networks of globally active companies.
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Experiences of subcontracting internationally

Within the defense organization (especially higher maintenance, transport, guarding

and security and the Ministry itself) the logistics division employs more than 7,000 full-

time equivalents and has a budget of M 400 euro. In other defense organizations, com-

petitive service allowed savings to a maximum of 30%, with some activities being con-

tracted out and other retained within the defense organization. As examples of compet-

itive service projects abroad may serve the following (Defense in competition):

1. Support activities on an air base: subcontracting, savings 49%

2. Calibration of the HAWK-system: internal, savings 30%

3. New tanker plane: private purchase, rented to the defense organization

4. Full supply chain up to the risk area: probably contracted out, expected savings 20 to

30%

In addition savings were realized in the higher maintenance of aircraft and tanks,

automation activities, salary systems, procurement and running of simulators, pilot

training, etc. Because of the different standards between the companies abroad and in

the Netherlands these economy percentages cannot be extrapolated one-on-one to the

Dutch defense organization.

Challenges of an open logistics network

An open logistics network poses several challenges to defense logistics:

1. How can the alliances with civilian companies be realized successfully?

2. How can technological innovations be introduced successfully? Examples are defense

projects such as Multisatcom, the replacement of the armored and reconnaissance

vehicles in the RNLA, and of course the JSF-project in the RNLAF.

3. How can ICT be employed in the planning and control of the open logistics network?

4. How are the organizational roles to be divided in the open logistics network? And

what does this mean for the competencies of the employees in defense logistics?

Time will tell how these challenges are met within the defense organization, but cer-

tainly also the civilian companies. That concerted approach will in the end determine

the outcome.
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Building a network organization in a military context
Erik de Waard

Ard-Pieter de Man

Lessons from the JSF-program

This article focuses on the increasing importance of networks in military contexts. First

the backgrounds of this development are described, after which a framework for the

analysis of networks is discussed. Subsequently, this framework is applied to the Dutch

network of organizations that are involved in the development of the Joint Strike

Fighter, the intended successor to the F-16. On the basis of this analysis several lessons

for the management of networks are drawn.  

Networks in a military context

Networks are groups of autonomous organizations that are directly or indirectly related

through strategic alliances. They can be directed at a large number of different objec-

tives: R&D, cost reduction, the setting of a standard, the delivery of a product or service.

Under the influence of several factors, such as an increasing competition, rapid tech-

nological developments, higher demands from customers and internationalization, net-

works have become more and more popular in the world of business.1

This trend can also be discerned in the defense sector. The most important reason for

this is the fact that (inter)national cooperation offers the best possibilities to realize the

present political security ambitions in spite of drastic reductions in size and an

increased task variation. Institutions such as NATO, EU and the UN have increasingly

begun to organize their deployments around multinational (combined) and multiser-

vice (joint) ad hoc coalitions in order to meet the security risks. The combined units of

several countries ensure an extended military potential to draw from and, dependent on

the task, those units are selected specifically for the purpose. The effectiveness of these

modularly built forces can only be guaranteed by an adequate mutual adjustment

between the various participating units, with a key role for standardization. The NATO

definition of standardization is as follows:

The development and introduction of concepts, doctrines, procedures and designs

in order to achieve and retain the desired levels of compatibility, interchangeabili-

ty and commonality in the field of operational, procedural, material, technical and

administrative capacities in the context of the pursuit of interoperability.

Compatibility is defined as the usefulness of products, processes or services for

common use in specific circumstances in order to meet relevant needs without
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causing any unacceptable interactions. Interchangeability is defined as the capa-

bility of a product, process or service to be used instead of another in order to meet

the same need(s). Commonality is defined as the situation that has been achieved

when the same doctrine, procedures or equipment are used.2

This definition stresses compatibility of technology and unity of material and the rea-

son for this is not only the increased importance of international cooperation, but cer-

tainly also the new way of warfare that begins to become prominent in the current

Western world. The concept of Network Centric Warfare (NCW) is the military response

of the United States to the opportunities offered by the information area. Alberts, Gastka

and Stein (1999) describe NCW as follows:

NCW focuses on reaping the potential benefits of linking together  - or network-

ing - battlespace entities; that is, allowing them to work in concert to achieve syn-

ergistic effects. NCW is built around the concept of sharing information and

assets. Networking enables this. A network consists of nodes (entities) and links

among them. Nodes to things (sense, decide, act) and information, both as inputs

to decisions and in the form of decisions themselves, is passed over links from one

battlespace entity, or node, to another. Linking battlespace entities together will

greatly increase productivity by allowing us to get more use of our battlespace enti-

ties.3

With the establishment of the NATO Response Force (NRF), NCW is also acquiring

a more prominent place in European security and military deployment thinking. The

NRF, a combined international force of about 20,000 men, must be deployable at very

short notice in crisis control operations. In the most extreme case this force must be

able to conduct a battle independently for a minimum of a month in enemy territory.

For Europe this implies a drastic improvement of its military technological possibilities.

Strategic bombers, multi-role fighters, military transport planes, tanker planes, preci-

sion ammunition, cruise missiles, satellites and reconnaissance and communication

assets are capacities that Europe is still rather short of, but which are essential for mod-

ern operations based on exploiting the information advantage. The European defense

industry, however, is too fragmented, resulting in a great diversity of technologies,

weapons and weapon systems and consequently a lack of compatibility. It is not sur-

prising that certain countries prefer to follow the leading technology of the United

States; after all, as the pioneer of expeditionary deployment and NCW the US creates as

it were the standard for modern military deployment. This view is in accordance with a

phenomenon that is also known from the world of business: it offers more advantages

to be linked to a larger network than a smaller. This view stimulates a positive feedback
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movement, reinforcing the stronger and weakening the weaker.4 A good example of this

is the emergence of the Windows operating system, without which society would be

unthinkable nowadays. 

Apart from that there are more and more calls for strengthening the European

defense industry. 'If Europe does not begin to cooperate much more intensively within

the coming ten to fifteen years, we will incur an enormous technological backlog and

cease to play any significant role in the world', according to Frans Timmermans, PvdA

(a Dutch Labor Party) – MP and a member of the defense work group of the European

Convention.5 Bringing the cooperation up to a higher level will not only narrow the

technological gap with the USA, but it will also make Europe less dependent on the USA

in determining its own security policy. This trend is also known in the business world.

Doz and Hamel (1998) speak of building up a critical mass, or the establishment of

alliances to provide enough counterbalance towards new powerful competitors and at

the same time secure one's own autonomy and create chances for oneself.6

The procurement of a new Dutch fighter plane is set against this background and

politicians have been faced with the same choices as the business world has. Below, the

network that emerged in the Netherlands around the Joint Strike Fighter (JSF) is dis-

cussed. First, a theoretical framework for mapping networks is presented.

Subsequently, the JSF-case is described, comparing theory and practice. The central

question is whether the JSF-case provides insights that are also relevant for other net-

works. 

A framework for network analysis

In order to be able to answer the central question, a framework was developed for the

analysis of networks. Three elements are relevant for the organization of effective net-

works (figure 1): the structure of the network, the relation between the partners and the

capability of the partners in managing the networks. As networks do not come into

being in isolation but are embedded in a particular environment, the context of net-

works also influences their success to a certain extent. A specific element in the case of

the Joint Strike Fighter is the fact that it concerns a public-private cooperation. The three

elements structure, relation and capability are discussed below with specific attention

for the context of public-private cooperation. 
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Structure

Structural aspects of networks refer to the objective of the network, its composition and

the coordination between the parties. First of all, it should be clear what the objective of

the network is; after all, partners in a network should focus on realizing that goal.

Networks with unclear or contradictory purposes are usually unsuccessful. This is often

the case with public-private cooperation as these alliances sometimes have to reconcile

contradictory political objectives.

A second element is the composition of the network. This refers to the number and

characteristics of the partners. In networks with a limited numbers of partners intensive

cooperation is much easier to realize than in networks with large numbers of partners.

On the other hand, networks involving many partners have more market power and

knowledge. In general it can be said that the larger the network, the more important it

becomes that there is a leading partner. Large numbers brings along the risk of a 'dead-

lock' in the decision making. A central partner can get a stagnating decision making

going again in such cases. The second element of network composition is the charac-

teristics of the partners. The various competencies the partners contribute are of impor-

tance here. In networks partners can join or leave. In private networks the competen-

cies of the partners have taken up an increasingly central position. Only companies

whose competencies have a high quality will be incorporated into the network. In pub-
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lic-private networks, however, there is often a forced choice of partners. Companies are

obliged to work together with a particular organization, either because there is a state

monopoly in a certain area, or because there are political reasons for working with some

partners. Whether such a partner is sufficiently competent is regarded of secondary

importance. Thus, the EU often lays down as a condition for acquiring a subsidy for an

R&D consortium that a partner from one of the new member states join the consortium.

Such a partner, however, rarely has the required capabilities to operate fully in a net-

work. 

Coordination in networks is the third structural element. It can be shaped in various

ways. There may be a 'lead partner' who dictates the network. The other extreme is

democratic decision making. A network can be organized tightly with a great number of

rules the partners have to stick to, or it can be organized more loosely, with only agree-

ments on the main lines; all variants in between are thinkable. Especially when there is

a large number of partners, the structure of the network will be tiered. The major part-

ners determine the rules of the game, technical specifications and market approach. To

the extent to which partners are farther removed from the center of the network, they

will have less access to the decision making, knowledge and financial resources. They

may be forced to work in a model that was imposed on them. The extent to which part-

ners are forced to work according to a fixed pattern, is one of the determining factors for

the innovativeness of the network. The more rigid the pattern, the less room for exper-

iment and innovation. Guaranteeing a continuous innovation in a network demands a

lot of energy. It requires a continuous transfer of knowledge between the partners,

which is organized by a lead partner.7 In the long run this is worth the investment.

Learning and innovating networks usually perform better on the long term than net-

works whose partners are rewarded on the basis of a fixed ratio between cost and qual-

ity, as a comparison between Toyota and the three major American car manufacturers

shows.8 Within six years Toyota's learning network achieved a substantially smaller

number of deficient products, a higher productivity and a lower inventory than the

American networks, that mainly worked with a fixed price-quality ratio that suppliers

had to meet. The nature of the contracts and the agreement between the parties, there-

fore, determines the price-quality ration of a product in the long run. 

Relation

The structural aspects of networks often so get much attention. Nevertheless, networks

are mainly human constructions, which means that the relational aspect of networks

can influence their success or failure. Cultural differences between countries and organ-

izations can be a source of misunderstandings and irritation. In a public-private context
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there are often considerable differences in time horizon and decision making proce-

dures between public and private parties. The former have elaborate decision making

processes and a long time horizon, whereas private parties have much shorter lines and

consider a 4-year period already very long-term. This can lead to conflicts between the

different organizations. It is necessary, therefore, to make clear agreements at the begin-

ning of a cooperation about the way in which the cooperation will be realized and cul-

tural differences managed.

Furthermore, trust between partners is an important element that can make cooper-

ation more efficient. Trust can grow between persons, but it can also be based on good

contracts. The existence of trust is not a necessary condition for networks, but it makes

cooperation easier and more effective. When there is a high level of trust, elaborate

checking mechanisms are often unnecessary. When trust is broken, it damages the rep-

utation of a partner. As a damaged reputation can be very costly, every partner has an

incentive not to behave opportunistically. Therefore partners are obliged to show stable

conduct, and this is often difficult in public-private cooperation. Especially as a result of

political changes the role of a public organization can change suddenly. The resulting

adjustment of political priorities puts pressure on private partners and it can give the

impression that the public partner is unreliable. This also often implies adjustments in

a network that are unnecessary from a technical or commercial point of view and can

therefore count on little support from private parties. 

The prominent role of good personal relations in networks can also work in a nega-

tive way, in that informal rules may develop that make the network less transparent.

This in turn can lead to the network being focused internally, conservatism or ignoring

problems inside the network. Especially in so-called closed networks, where there is not

a regular entry of new partners, this can happen. Also when the pressure from the envi-

ronment to continually improve itself is absent, it is possible that a culture of conser-

vatism begins to develop that hinders innovation.

Capability

Unlike the first two, the third element of successful networks does not pertain to the

relation between the partners, but to the partners themselves. This is the element of

alliance capability.9 Organizations differ strongly with regard to their knowledge and

experience in managing networks. Some have geared their management to functioning

in networks by developing management techniques and processes specifically directed

at alliances, by sending their personnel to alliance training sessions and by continuous-

ly learning from their alliances.

The more organizations in a network are alliance capable, the higher the chance of
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success in the network.

Some research has been carried out into the alliance capability of private companies.

For public companies that is a different matter. It is largely unknown whether public

companies are geared towards functioning in networks. It seems probable that there are

differences, but whether they affect the success of the network is not known.

The impact of alliance capability on the success of the network is substantial.

Organizations with limited knowledge and experience in the area of cooperation per-

form considerably worse than those who see the management of alliances as a separate

discipline and invest in it. 

The arrows between the balloons in Figure 1 indicate that the three elements do not

stand in isolation. A bad contract (structure) with unclear agreements, for instance, can

lead to a deterioration of the relation. Another example is that the party that has a great

capability in managing alliances recognizes problems in the structure of a network

sooner and can offer solutions for them. Therefore, the various elements are linked

together. Below, a description of how they are filled in the JSF-network will follow.

The JSF-program

The F-16, the current fighter plane of the Dutch armed forces, will reach the end of its

technical, operational and economic life span in the middle of 2010. Since 1999 the

Dutch government has been actively engaged in selecting a replacement for the F-16.

The first step consisted of presenting a so-called A-letter - a letter specifying the require-

ment - to the Second Chamber of the Dutch Parliament, in which the considerations for

the replacement of the F-16 were placed in a longer-term perspective by the Minister of

Defense. The next step was placing a Request for Information (RFI) with several man-

ufacturers. The manufacturers of the 'advanced F-16', the Eurofighter 'tranche 3', the

F/A-18 F/E Super Hornet, the JSF, the Rafale F4 and the Saab JAS-39 Gripen were all

given the opportunity to provide information on the capabilities of their product. Apart

from the purchase of a new plane, the option was also taken into consideration to keep

on the present F-16s for a longer period by means of an 'endlife-update' (ELU).

Subsequently, a candidate evaluation took place, consisting of a multicriteria-analysis, a

scenario-analysis and a life span cost analysis. The three most important conclusions

from the multicriteria-analysis were that keeping on the F-16 with or without ELU is not

an option, the JSF and the Rafale came out on top, followed at some distance by the

Eurofighter, and that the Saab Gripen fell short on the 'payload-range' requirement. The

scenario-analysis showed that planes equipped with 'stealth' technology will always have

the advantage, because it will make them less vulnerable, which implies less back-up

and a broader deployability. The life span cost analysis showed that the JSF has the low-

109



est unit price and the lowest life span cost. When after an analysis of the participation

proposals it became clear that participation in the JSF program would also offer the best

opportunities to Dutch businesses, the government decided to take part in the System

Development and Demonstration-phase (SDD), i.e. the development of the Joint Strike

Fighter. It is to be expected that this participation will eventually lead to a definite choice

of the JSF as the successor to the F-16. Secretary of Defense, H.E. Van der Knaap

summed it up as follows:10

The choice for participation in that development has been taken in the first place

for  political-economic reasons, in order to preserve for the Netherlands the tech-

nologically  high-quality aeronautical sector with its know-how and experience. Of

course the Ministry of Defense has first investigated whether the JSF was the best

choice. From a military-operational point of view the advantages of co-participation

were not purely decisive. After all, buying off the shelf is always possible.

The SDD phase is structured around various levels of participation for the interested

countries (level I, II, and III). Beside Italy, the Netherlands participates for an amount

of $800m as a 'level II'  partner. Level II participation has two advantages. On the one

hand, the Royal Netherlands Air Force can make a direct contribution to the develop-

ment of the JSF itself, in that there is an opportunity to incorporate Dutch points of view

into the development process.11 On the other hand, participation is very lucrative as the

Netherlands gets a proportional share of the proceeds of the sales of JSF fighters to third

parties.12 Furthermore, Dutch industry hopes that a contribution in the SDD phase will

eventually lead to considerable orders in the production and maintenance phase of the

JSF. The emphasis here lies on 'hope', because the JSF program, unlike other large-

scale projects, does not offer any fixed compensation orders, but uses the principle of

'best value'. In this principle it is not the lowest price that is central, but specifically the

relation between the price and added value provided. Other relevant elements are, for

instance, a solid management approach, risk-reduction measures, a proven track record

and a way of incorporating future technological innovations. Figure 2 gives a schemat-

ic representation of the 'best value' principle.

Tom Burbage, Lockheed Martin's general manager for the JSF program comments as

follows:

We offer a guaranteed opportunity for the industries of a partner country to com-

pete their way into the program, but we don't want to pay premiums for lesser

quality work. Partners have to qualify to participate. Participation is based on pro-

viding the best value to the entire program.
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Figure 2: The elements of the 'best value' principle 13

That is not an easy task for Dutch businesses in a market that is dominated by the

United States. Of the top 100 aeraonautical companies, 47 are American. Because of

this Americans can profit much more easily from the advantages of scale and the frag-

mented European companies are forced to focus on niche markets and to position

themselves as 'centers of excellence'.14

When zooming in specifically on the aeronautical industry it appears to consist of a

market that is dominated by so-called Original Equipment Manufacturers (OEMs), with

several tiers of suppliers below them. The OEMs are the actual manufacturers of planes

and engines, e.g. Lockheed Martin, Boeing and BAE Systems for planes, and Rolls-

Royce and Pratt &Whitney for engines. Below the OEMs there are three tiers of suppli-

ers, the first two of which, the so-called 'component suppliers', supply sub-systems.

These companies offer a complete package of services, ranging from designing, 'proto-

typing' , testing and manufacturing to the 'aftersales' service.15 The difference between

the two tiers is that the first usually consists of suppliers of big components, such as

tails and doors, whereas the second focuses on smaller components and parts. In prac-

tice this means that the first tier of suppliers runs a bigger financial risk than the sec-

ond tier. The third tier consists of general aeronautical suppliers. The companies in this

tier differ from those in the first two in that they manufacture and supply products on

the basis of imposed specifications. Apart from the three tiers there is also a special cat-

egory consisting of general suppliers. This category cooperates with the OEMs as well

as with three tiers. They are e.g. producers of artificial fibres, special coatings and tools.

The aeronautical industry can be characterized as a complex sector. Planes are 'high-
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tech' products of high value but their sales volume is limited. Innovation is the basis of

competitive capability and it is vital, therefore, to keep on investing in know-how and

technology. But the costs involved in these R&D activities are high and the financial

risks are considerable. In addition, the development paths are long. Risk-sharing

through international cooperation is becoming more and more important as a means of

keeping one's head above water in this 'high tech' world. OEMs reduce their risk by

transferring the design and development of key technologies and processes to the sup-

pliers of the first and second tiers. At the same time the number of suppliers dealt with

is drastically cut back and those that remain increasingly fulfil the role of sub-system

integrator or mini-OEM. This changes the traditional producer-supplier relation slowly

but surely into a strategic alliance with a long-term perspective, directed at sharing risks,

technology, capital and, of course, profit.

The aeronautical industry in the Netherlands mainly consists of suppliers in the first

and second tiers, with a number of other companies operating as general suppliers.

Furthermore, the Netherlands can boast very specific aeronautical knowledge. Centers

like Delft Technical University, TNO and the NLR have a strong international reputa-

tion, but also the Fokker heritage plays an important role in this. The most important

competencies of the Dutch aeronautical sector lie in maintenance systems (prognostic

health monitoring), the development of innovative materials and the conversion of

those materials into usable components. Besides, the sector is very active in the inno-

vation of engine parts directed at sound reduction and safety. A major drawback of the

Dutch aeronautical sector is that the various Dutch companies are very competitive

towards each other. At the same time communication between the knowledge institu-

tions and the world of business is poor. With regard to the global trend in the aeronau-

tical industry, where a reduction of suppliers and a clustering of competencies have to

lead to innovative, strategic partnerships with OEMs, this is a bad starting point.

Therefore, RAND states in a report that 'combining strengths by clustering and associ-

ations' is a challenge the Dutch aeronautical industry faces.16 It sees the JSF-program

as an opportunity to realize this. But perhaps it is better to speak of a necessity than an

opportunity. After all, with Lockheed Martin's 'best value' principle in mind, there is a

big chance that the fragmented Dutch business world will miss out if they do not join

forces. The structure sketched above is represented in Figure 3, and it includes a num-

ber of Dutch parties and their most important foreign partners.

The Dutch JSF network

This section describes the way in which the Dutch JSF network operates. The three basic

elements for the organization of effective networks, viz. structure, relation and capabil-

ity, form the framework of this description.



Figure 3: The Dutch JSF network in outline

Structure

As was already indicated above, the structural aspects primarily relate to the objective of

the network. With regard to the Dutch JSF network it can be said that the objective of

all the players in the network is crystal clear. It is to participate in as cost-effective a man-

ner as possible in the development and subsequent production of the Joint Strike

Fighter. The ambition is to achieve a good order volume, good technological content of

the projects and a broad involvement of the small and medium-sized businesses in the

JSF project. The key players of the network are indicated in the inner circle: they are the

OEMs -  Lockheed Martin, Pratt&Whitney and GE/Rolls Royce (see figure 3). The Dutch

companies are situated in the first to the third tier. In total there are about 60 compa-

nies in the Netherlands that can have some relevance for the JSF. Approximately 20 had

actually landed any orders in the middle of 2004. 

In the first tier of suppliers the major Dutch players can be found. There are four sub-

clusters in the Dutch JSF network:

- Pratt&Whitney does business with Sulzer Eldim, who in their turn have involved 

players such as Stork, NCLR and the NLR in the development of the standard JSF

engine.

- Philips cooperates with General Electric and Rolls Royce in the design of the spare
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engine for the JSF.

- NLR is the main player in a cluster of Dutch companies, including such companies

as Stork, Philips and Urenco, that supply advanced materials to Lockheed Martin.

- DPCC is an alliance of, amongst others, NLR, Perot Systems, Sun Test Systems and

TNO, directed at Prognostic Health Management.

The sub-clusters around Philips and DPCC emerged under the influence of the JSF

program, whereas the other clusters had already been around for some time. The coop-

eration in the new clusters takes place on a voluntary basis. The second and third-tier

suppliers play an important role in the network, although the farther parties are

removed from the kernel, the more they act as sub-contractors and the less as actual,

risk-sharing partners. 

Apart from these four sub-clusters there is a number of parties that supply directly to

Lockheed, e.g. SP Aerospace, that delivers the arresting hook, and Dap Design, that pro-

duces high-quality test equipment. Incidentally, SP Aerospace is a good example of the

application by Lockheed of the 'best value' principle. More than for cost considerations,

SP was selected for its long-term innovative capability.

Access to the network is to an important degree determined by the technological

necessity to cooperate. In comparable projects alliances were often entered upon for

political reasons. Besides, in the past it was customary to work on a purchase basis, in

which a product to be delivered had to meet certain narrowly prescribed specifications.

This limited the possibilities for introducing innovative ideas. Around the JSF, howev-

er, the 'best value' concept is used. Although this does not totally exclude selection for

political reasons, no alliances are imposed and there is room for innovative contribu-

tions. This creates voluntary alliances and the creativity of each of the partners is stim-

ulated. The drawback is that no one is certain of participation in this project, so there is

a real competition for orders. Everyone has to be on their toes, as technological-eco-

nomic motives are more important for the composition of the network than political-

strategic motives.

Typical for the second structural feature - composition of the network - is first of all

the size of the Dutch JSF network. Well over sixty Dutch companies make it an exten-

sive alliance. In spite of this size the network has proved to be governable due to the role

of NIFARP. The Netherlands Industrial Fighter Aircraft Replacement Platform

(NIFARP) is a platform at which the Dutch aeronautical industry is associated and that

acts as a representative body for the sector that is involved in the replacement of the F-

16. Even if NIFARP does not fulfil a leading role in the network and communication

with the partners takes place on the basis of equality, this construction prevents to a

large extent the risk of 'deadlock' in the decision making.

114



Furthermore, the fact that the partners' capabilities are complementary is a strong

point of the network. The combination of complementary capacities ensures that the

Dutch business world has a better chance of meeting the 'best value' criteria. Thus, in

spite of the fact that the Netherlands has no national aeronautical development pro-

gram, it is possible to keep serial production cost low enough to be competitive and to

secure the necessary innovative capability.

The third structural element, coordination, is largely determined by the principle that

acquisition is a responsibility of the network partners themselves. Therefore the finan-

cial and technological 'incentives' determine to a large extent the coordination in the

network. 

Apart from this form of coordination there is also an overall tuning between compa-

nies, research institutes and government, in the Netherlands as well as abroad. To this

end the Dutch Ministry of Economic Affairs set up a project organization, which broad-

ly consists of three key elements: an Interdepartmental Coordination Group (ICG), an

Interdepartmental Working Group (IWG) and the JSF Industrial Support Team (JIST).

ICG monitors the developments, enhances national and international exchange of

information between the departments involved and representatives of the world of busi-

ness, fine-tunes necessary activities and gives advice to members of the government.17

The Director-General Entrepreneurial Climate of the Ministry of Economic Affairs acts

as the chairperson of ICG. Others participating in this group are the General Manager

Materiel of the Ministry of Defense, the Commissioner Military Production of the

Ministry of Economic Affairs, the Inspector General of the Ministry of Financial Affairs

for Defense and Economic Affairs, the General Manager of the Netherlands Defense

Manufacturers Association (Du: NIID), the Chairman of NIFARP and the Chairman of

the Netherlands Agency for Aerospace Programs (Du: NIVR). ICG can be seen as the

political-strategic level of the network. 

JIST, on the other hand, acts as the operational organ of the project organization and

its primary task is optimizing the involvement of the Dutch industry in the JSF pro-

gram. Because of the 'best value' principle the Dutch business world is not certain of

orders, so that a continuous attention for selling Dutch products is necessary.  JIST

serves this common interest of the Dutch players.

IWG, which consists of the same bodies as ICG, acts as the 'linking pin' between the

strategic and operational levels. In practice this structure appears to be working well.

The lines are short and the range of strategy to execution is well covered. Practical prob-

lems that JIST faces can quickly and easily be passed on to the strategic level via IWG.

Subsequently, members of government or senior civil servants can bring the bottlenecks

to the attention of the main players of the JSF program in the United States or in other

partner countries by undertaking trade missions or exerting political pressure. Of
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course, this mechanism works both ways.

The structure of the network and the consultation that takes place result in the gov-

ernment and the business world being able to cooperate in making the JSF project a suc-

cess for the Netherlands. In comparison to the cooperation with the American partners

the Dutch JSF network is fairly participation minded and flexible. With regard to the

procedures for tendering and program management the OEMs Lockheed Martin, GE,

Roll Royce and Pratt&Whitney are the players that dictate most, and consequently they

fulfil the principal coordinating roles in the network. There is, however, room for dia-

logue with regard to technological content. So, it cannot be said that they make too nar-

rowly formulated demands (see, e.g. the choice of SP Aerospace, discussed above). The

process, however, has to be adhered to according to their rules. 

Relational aspects

An important element of the JSF network is that the companies have drafted a 'code of

content', which specifies in general terms how the companies treat each other. An

important element is that there is an agreement on how to communicate with the world

outside the network. Speaking one language is of importance in avoiding misunder-

standings that can put the relations in the network under pressure.

As the incentives for the government and the business world are fairly similar and as

the companies in the aeronautical sector are used to working with governments (and

vice versa), there are relatively fewer problems in this relation than in other public-pri-

vate alliances. As it is, there is a considerable measure of trust between the partners.

Companies have doubts, though, about the existence of a Joint Financing Agreement

(Du: MFO), which requires companies to pay for the development of the JSF. In most

countries they receive subsidies instead. Nevertheless, this agreement has led to a more

business-like relation in the network and because of that the government feels the pres-

sure to help the businesses acquire orders, as is shown by its active involvement in JIST.

Within the JSF network the importance of personal relations is also felt, and it can

have a positive as well as negative effect. Persons who function well in the network are

committed to realizing the common goal, whereas others find it more difficult to deal

with the responsibility they bear in the network. 

In an international context there is the additional problem that American companies

are much less internationally oriented than their Dutch partners. Often Dutch compa-

nies are unknown to them and that makes them unloved. These cultural differences

make it harder for Dutch companies to position themselves well in the JSF program.

NIFARP and JIST are necessary specifically to break through the American attitude.

Apart from that American companies are more directed at protecting knowledge in
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comparison to their Dutch counterparts. In this field, too, there is an important differ-

ence, which necessitates special attention for relational issues.

Alliance capability of the partners

The capability of the parties to cooperate differs. The government, through an increas-

ing number of public-private alliances, has undergone a learning curve by now, which

has improved its alliance capability. Private companies have gone through a similar

development. Although there is always something to learn, the most basic mistakes are

not made anymore. The explicit attention for clear targets, agreements and relational

aspects indicates that some fail factors of networks have been avoided. This shows that

that the companies involved have built up knowledge on how to set up networks.

Nevertheless, not every company has an adequate internal organization geared to the

network. In particular the smaller companies could get more out of the network, if they

cooperated in a smarter manner. The fact, too, that the small and medium-sized busi-

nesses as a rule have not appointed a fixed contact point for the JSF project, makes coop-

eration harder. In particular when there are these fixed contact points, a relation can be

built up and the agreements made in the network can be embedded unequivocally in

each of the organizations involved. When there is no unequivocal responsibility, the

relational build-up will suffer, which eventually leads to the small and medium-sized

businesses missing out on useful infomation or opportunities in the market. 

Conclusion

As was indicated in the beginning of this article, autonomous organizations can decide

to start up a cooperation with each other on various grounds. Of all the candidates the

Joint Strike Fighter is the only plane that is really in development. It is supposed to be

the plane of the 21st century, incorporating not only past experience but also the future

digitalization of the battlefield. In contrast, there are the European candidates, the pro-

totypes of which by 2010 will have made their first flight already a quarter of a century

before. The Dutch security policy, combined with the innovative aspect of the Joint

Strike Fighter, have made the Netherlands Armed Forces decide to express their prefer-

ence for the JSF as the successor of the F-16. With its choice to participate in the devel-

opment program of the JSF the Dutch government has joined a group of nations that

follows the American Network Centric Warfare standard, directed at creating a 'global

infosphere'. This is a choice that for the time being is at the expense of the building up

of a critical mass within the European defense industry. For the time being, as experi-

ence has shown that in the world of public-private cooperation holding a steady course
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is often difficult. Adjustments of political priorities, as an outcome of elections, can

potentially always lead to a  withdrawal from the JSF program or the purchase of a

European plane. 

Apart from political considerations also national economic reasons have been crucial

in the choice for participation in the program. The Dutch business world was a strong

advocate from the beginning, as active participation in the development of a plane offers

the Dutch aeronautical industry the possibility to make a great leap forward. After all,

from the moment the Netherlands could no longer boast its own national aeronautical

development program the evolutionary growth of the past has been replaced by a peri-

odic revolutionary one. This means that Dutch businesses, in order to remain competi-

tive in the complex, 'high tech' global aeronautical industry, have to join major interna-

tional projects. Only by doing this are they able to market their own innovative tech-

nologies or products adequately and to follow other international technological develop-

ments. Buying off the shelf with counter orders for compensation, on the contrary,

yields less innovative effect in comparison to active joint development. 

Zooming in on the Dutch JSF network, it can be concluded that a few frequently

occurring errors of networks in a political-military context have been avoided. The 'best

value' principle, for instance, has prevented alliances from being enforced too much by

politics. Instead, companies have been much more able to choose their partners in the

market themselves. This principle prevents the network from becoming too internally

oriented or lazy. An additional advantage is that in this way a practical realization of

'combining strengths by clustering and associations', deemed necessary by RAND, can

be achieved. Thus, the complementary cooperation within the Dutch network has led to

competitive and innovative products in several areas. 

Some improvement is possible in the alliance capability of the smaller companies. In

particular in this network environment it is necessary to play the network game well.

The smaller companies, however, still have a limited know-how on cooperation, and

they probably do not use all the opportunities the JSF network offers. Support of the

small and medium-sized businesses, for instance, by JIST, helps to compensate some-

what for this weakness. Another point for improvement lies in the relational sphere and

in particular the cooperation with the Americans. This is a crucial factor for the entire

Dutch JSF network. The establishment of JIST in part meets the differences in culture

and mode of operating between Dutch and American companies. Managing the cultur-

al component, however, keeps on demanding attention. 

A comparison between the JSF network and the framework in figure 1, yields a num-

ber of specific 'lessons learned' that may also be interesting for other networks. They are

insights that can contribute to increasing the effectiveness of networks in general:

118



- The clearer the objective and interests of the partners in the network, the better it

functions. Build in incentives to make people look the same way.

- Set up a structure, leaving each organization responsible for its own field, and only

discuss the common interest. The tension created by this mutual dependency pre-

vents the network from becoming too internally oriented or lazy.

- Complementary consultative bodies simplify the governance of the network. A small-

scale 'linking pin' function between the operational and the strategic level prevents

the top management from becoming overtaxed with details and the companies

involved from feeling powerless in the power play that takes place on the strategic

level.

- A choice of partners on the 'best value' principle yields a better and more innovative

cooperation than when it is based on the 'low cost' principle. Avoid  the 'forced col-

laboration' as much as possible. When partners in an existing network begin to spe-

cialize in certain competencies, the distribution of these competencies must be on

the basis of an open competition, directed at giving the responsibility for a particular

competency to the best partner.

- Each of the organizations must also have a good internal organization in order to

function effectively in the network. If necessary help partners with this.

- Differences in culture must be recognized and conscious efforts must be made to

bridge them. Do not underestimate the impact of culture.
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Asset Management Control
A new concept for those who depend on capital assets

John Stavenuiter 

How to get the best value for money? 

This is a question that has been on practically every person's mind at one time or anoth-

er, but finding the answer is not so simple for large technical systems, and it is becom-

ing increasingly difficult as the technical complexity of such systems increases. The pur-

chase price of a frigate, an aircraft, or railway line is more or less known, but what is the

price of capital assets like these during their lifecycle, and to what extent will they satis-

fy the requirements of the purchaser?

The new concept 'Asset Management Control' provides an answer to these increas-

ingly pressing questions by modeling the whole system in a so-called Asset

Management Information & Communication tool, for short 'AMICO'. AMICO is a com-

puter application which enables the management to communicate all relevant informa-

tion to all actors involved throughout the lifetime of the asset. The AMICO tool was test-

ed on the real-life experiences of HNLMS Rotterdam, a troopship of the RNLN. It

appears to be the first time that an integral modeling tool could handle Life Cycle

Management (LCM). AMICO can be used to 'supervise' ships, trains, and infrastruc-

tures, but also other complex systems, such as wind farms and highway systems

[Schrauwers, 2003].

How to control the Total Cost of Ownership?

Large enterprises such as oil companies, with vast capital-intensive installations, find it

very difficult to determine the cost-effectiveness of their equipment. Government organ-

izations like the RNLN also feel the need for an instrument that can show the financial
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Figure 1: HNLM Rotterdam, the Royal

Netherlands Navy's troopship. The ship's sensor,

weapon, and communication system (SEWA-

CO) served as model for the first test with

AMICO, a management system for capital-

intensive assets. The lifecycle costs of the ship

have been estimated at approximately 300 mil-

lion euro.



pros and cons of different investments since the taxpayer's money can only be spent

once. A number of models are available to establish the effectiveness of expenditure, the

most popular of which is American Joseph M. Juran's. His model divides a system's

effectiveness into the parameters of availability, dependability, and capability, each of

which is then further subdivided. In this case, the expenses have been specified per cost

type.

Figure 2: The cost-effectiveness diagram of Juran [1999].

Which system of cost-effectiveness is really needed?

Over the past years, there has been much heated discussion on the proposed purchase

of a successor to the Royal Netherlands Air Force's F-16 jet fighters. Finally, the

American aircraft-to-be, the Joint Strike Fighter, won the fight. What its initial cost will

ultimately prove to be remains unclear, and that is without taking into account the addi-

tional costs involved in keeping the aircraft operational during its lifecycle. The amount

of money that is going to take will be even harder to define. Lifecycle costs cannot be dis-

regarded, far from it; they can easily amount to several times the purchase price.

The Dutch department of public works builds lots of roads, bridges and tunnels. A

budget is made available for the construction of each road, but strangely enough, the

department cannot tell offhand how much a certain road has cost. The figures can be

supplied, but unearthing them from the sea of data would take a team of employees sev-

eral days. Small wonder one is all too easily persuaded to think that budget overruns for
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large investments are the rule rather than the exception (not to mention the subject of

fraud, which is probably made easy partly by this lack of budgetary control) [Schrouwers,

2003].

How to improve performances and/or reduce cost?

Suppose the Royal Netherlands Navy wants to invest in an aircraft carrier. In public serv-

ice terms the question would be how to get the best possible return from such a huge

investment, taking into account the operational requirements?

The current practice in the RNLN, as elsewhere, is that the Admiralty have a certain

need and operational requirements, so they go to the government to try to get the fund-

ing, or more funding. The image of engineers is that they tend to regard the question of

funding as no more than an obstacle preventing them from fully realizing their brilliant

plans. It is important to explain to the people involved that even engineers will have fun

trying to maximize the return on a certain investment, especially when it concerns high-

tech systems.

The AMC system approach aims to stimulate all logistic actors to fulfil their part in

the most cost-effective way by telling them what the result should be and to show them

the impact of their contribution to the whole system. The Logistic Process Cycle is used

to establish a relationship between costs and system effectiveness. The material logistic

process has been subdivided into eight process steps. Each step has to be in balance with

the preceding and subsequent steps in the cycle, all related to the ILS/LCM analysis.

Figure 3: The Logistic Process Cycle.

123



124

To be able to manage the asset throughout its lifecycle, the process cycle must be kept

in constant balance. For a ship, the circle starts at the design office, and ends at the

breaker's yard. As a prerequisite, the process steps must be continuously adapted to the

ship's lifecycle (about 30 years).

For the material logistic system four sub-systems are distinguished. They are the

operational system (which includes the owner and user), the management system (run

by the LCM-team), the logistic system (which consists of operational processes) and the

technical system (the ship itself). 

Figure 4: The AMC system approach.

The management system plays a crucial role in the model, since it converts the

requirements into directives, and controls the results. Based on these results, the

responsibility is transferred to the requirement source (the customer or user). To enable

the management to purchase (or build) the right equipment at the lowest cost, and to

control its performance and cost during use, the following are essential: a logistics pro-

gram based on an ILS/LSA analysis, in which all the functions, installations, as well as

the actions needed to acquire and maintain them, have been specified; technical staff

and expert managers who can be held responsible for obtaining the right results; ade-

quate analysis and control tools to report the results and if necessary, take corrective

action; sufficient information processing capacity in the shape of computer power; open

and direct communication facilities in the form of an intranet or the secured Internet

[Stavenuiter, 2002].



How to get and hold a grip? 

AMICO was able to give a lot of clarity in this kind of situations. Looking at the model

of HNLM Rotterdam, which resembles somewhat a flow diagram, the relationships

between various parts, as well as the current status of any part of Rotterdam's invento-

ry, which includes two very expensive Goalkeeper guns (installed at a cost of more than

40 million euros) gives a clear insight into the ship system. By clicking on a symbol for

one of the aerials, a window pops up showing, among other data, the cost, both esti-

mated and actual, of the aerial, together with a comment field. 

You can see a ship's number of operational days, and how they relate to the planned

revision date, as well as what an extension of the maintenance period will mean to the

system's operational availability, and which know-how - and consequently, which train-

ing - is required. A short demonstration should be enough to make clear that AMICO

does not miss a beat where the ship is concerned. Besides this, it is possible to list

reports on many different queries to show expenses, complaints, actions, planned or

not, etc..

The system model is composed of three types of diagrams:

- Function Diagrams;

- Installation Diagrams; 

- Activity Diagrams.

Figure 5: Function Diagram

The Function Diagram is based on a number of predefined steps. To begin with, the

operational functions are defined. These are functions the principal/user wishes to pay
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for, e.g. transport and safety. These functions are then logically subdivided until the final
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Figure 6: Function Diagram

Figure 7: Activity Diagram



so-called technical base functions, are reached. These are the functions that have an

unambiguous relationship with one or more installations. 

The Installation Diagram provides an insight into the relationships between installa-

tions and their order of precedence. A functional block diagram is prepared for each

base function. This is used, in combination with the Function Diagram, to enter the

entire capital asset into a model, which can then be used to perform calculations that

will provide an insight into the effects of insufficiently reliable installations at a higher

level, both performance-wise and cost-wise. 

The activity diagram shows the logistic processes/actor chains per installation. For

example, the HNLM Rotterdam carries 2 automatic rapid-firing guns that provide a last-

ditch defense against incoming missiles. The requirements regarding the performance,

reliability, and operational availability of these guns are extreme. In addition, they are

among the ship's most expensive pieces of equipment. The Navy, and the ship's com-

plement in particular, have a need to know at any time who does what when, and why.

The Activity Diagram fills this need by modeling the required operational processes for

each installation and for each period. Even more important is the need for communi-

cating this information to all those involved in order to be able to pinpoint the source of

the problem in the event of a malfunction and to decide which of the parties involved

(workshop, maintenance engineer, configuration manager, magazine) may require addi-

tional support to solve the problem in the shortest possible time.

Since the entire system modeler is digital in nature, and easily accessible though the

Internet or an intranet, the model can be browsed at system level (e.g. a ship's com-

manding officer, or a general manager) down to activity level (first-line management, i.e.

the production manager) to display essential information to the parties involved using

data windows.

Finally, the Logistics  Program is constructed by linking together the various models

for each phase of the lifecycle. This effectively creates a filing cabinet in which every

period of the lifecycle is defined, including design, construction, commissioning, oper-

ational period, support, maintenance, and finally, at the end of the lifecycle, decommis-

sioning. For the future these are plans, for the past they are reports in which the current

results are compared with the planned results. It is a bit like comparing a company's

annual reports. 

How to control?

The basis for a system model like this is a regular update of all data needed. A link has

been created to the RNLN data collection system, which continuously refreshes the data.

For land use, the system runs on servers that provide the parties involved and other
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Figure 8: The Logistic Program illustrated as an imaginary card-tray.

Figure 9: The System Portal home page of the RNLN Multi Purpose Frigate. 



users access through an intranet or the Internet. Depending on authorization, a user

can then enter or change data, or simply browse the available information. With the ship

is at sea, the data should be loaded into an onboard server. This means they cannot be

kept fully up-to-date, but even that can be accomplished using an Internet link via satel-

lite. 

Web technology is widely used to keep the mass of information as manageable as

possible. This concept provides each capital asset (ship) with its own web site (the sys-

tem portal) that links to all the relevant information, as illustrated in figure 9.

To manage the plethora of all the technical web sites and also to keep the underlying

data up to date, the AMICO system modeller uses portals with index pages linked to the

installations, which in turn are linked to the specific technical web sites able collect data

from a specified logistic database on the network. The objective of this approach is to

ensure that data management can be unambiguous and consistent at minimal cost.

Workshop sessions conducted by the Royal Netherlands Navy have demonstrated that

bad or incomplete information results in frustrating communication, which in its turns

hampers collaboration. The consistent use of web-based PDM ensures from the source

up that all the available information can be accessed by the parties involved.
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Figure 10: The System Portal web architecture of the RNLN. 



Who is running the show?

In the AMC concept an LCM-team is introduced to keep AMICO up and running. In

the beginning the model is built-up with so called 'base-line' data. When actors are get-

ting involved and are delivering their products & services, also 'actual' data will be avail-

able as input for AMICO. Collecting the actual data is probably going to take most of the

effort. By comparing baseline and actual data AMICO will highlights the bottlenecks, so

the System Manager and all other actors involved can see at a glance where the prob-

lems are to tackle them.
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RFID in logistics:
Technology, application and future within the defense organizations

Annelies van der Ham

Tim Vogten

Introduction

'Just-in-time', destination Baghdad

Smart containers remain visible in the fog of war.

The speedy advance of the American army on Baghdad was, amongst others,

enabled by the use of advanced RFID (radio-frequency identification) in the supply

lines. With the help of 'total asset visibility' the generals know at all times where on

land, at sea or in the air the bomb, fuel and baked beans containers are. This technol-

ogy is currently being tested to protect the container transport between Rotterdam and

the USA from Osama and his cohorts. 

In a modern army, for every front soldier there are at least nine soldiers involved in

the supply lines from the hinterland to the battlefield. After all, without ammunition,

fuel and food not a single shot will be fired. Since the plundering of the local popula-

tion has become a thing of the past, the success of a military operation depends entire-

ly on well-functioning supply lines. A famous example in history is the Red Ball

Express, the column of trucks that followed General Patton during his lightning

advance through France in WWII. During the First Gulf War in 1991 the supply lines

of the American army still worked according to the ancient 'you never know' (or 'just-

in-case') principle, an idea that was already familiar to the Carthaginian general

Hannibal when he made the famous crossing of the Alps with his elephants. Officers

in the USA made an estimate of what they thought the army would need in terms of

ammunition, food and spare parts, and subsequently they pushed these supplies into

the pipeline. Of course, extra supplies were sent in case a mistake had been made.

Officers in the Middle East ordered spare parts and when they did not arrive after a few

days, they would order the same goods once more, just in case.

'Container diving'

Operation Desert Storm was a strategic success, but a logistic nightmare. More than

half of the 80,000 containers shipped from the USA to the Middle East had to be

opened – often more than once – to see what was in them. As this 'container diving'
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was not always done very thoroughly, some soldiers had breakfast three times a day,

whereas others enjoyed three lunches. The same happened with ammunition con-

tainers that had to be opened to see what type of bullets or bombs were actually in

there. Tens of thousands of containers were sent back to the States, unopened. 

Because of the long supply lines Operation Iraqi Freedom was even more complex

than the previous Gulf War. According to unofficial figures, per day 60 million liters

of diesel oil, one million liters of water, four thousand tons of ammunition and

330,000 meals are pumped from Kuwait to Baghdad along the pipeline. In spite of the

long supply lines it seems that the supply of the troops in Iraq is a success. Of course,

some reservation is required here: the stories about what went wrong during a war like

this usually pop up much later. 

The big difference between Desert Storm and Iraqi Freedom is that the American

army moved over from the 'just-in-case' to the 'just-in-time' principle for all its logis-

tic operations in the intervening years. In order to attain 'total transparency' in the

supply chain, the American Defense Department introduced an RFID (radio-frequen-

cy identification) - based system. This allows army personnel with the right access

rights to consult a Sybase databank, which tells them where in the world all 270,000

army containers are and what their contents are.

In January 2003 General Paul Kern, commander of Army Materiel Command,

ordered his logistic troops to provide all pallets for air transport and all containers with

supplies for military operations with electronic labels (RFID tags) that indicate location

and contents. Kern wrote, 'While many civilian companies are still undecided about

whether RFID can be used for streamlining the supply chain, the American army top

has already entirely been won over.'

After: Computable

The above article indicates that Radio Frequency Identification (RFID) is used in the

American army to get a good grasp of the supply chain, to increase the effectiveness of

the army and to operate in a more efficient manner. RFID is a veritable hype, in the civil-

ian as well as the military world. The American army, as so often a pioneer in the field

of logistic innovation, uses RFID in the war in Iraq, for communication purposes with

the troops, as well as with goods. Large retailers, such as Wal Mart and Metro are exper-

imenting widely with RFID, in cooperation with major suppliers. The many publica-

tions in which RFID is called one of the most important innovations in logistics, too,

make clear why RFID deserves attention. And that is striking, what with the fact that

RFID is not new. It has been in use for decades now, as a protection against theft of

clothes or CDs, for instance. Over the past few years, however, the RFID tags and the

supporting ICT applications have become so cheap that they have become lucrative for
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logistics. Wal Mart tries to stimulate the price decrease even more by announcing that

as per January 2005 all pallets and boxes have to be equipped with RFID tags. This

means that Wal Mart's top 100 suppliers will have to begin to 'tag' their supplies, which

has opened up an enormous demand for RFID, as it involves millions of objects. With

this, the advance of and interest for RFID has got an enormous boost.

The advance is accompanied with numerous promises of the benefits of RFID for the

logistic world. The 'inventors' of RFID at the Auto ID center foresee a range of logistic

innovations made possible by RFID: no more stocks, 'smart shelving', and demand-driv-

en chains are among the most heard slogans. Nevertheless, the first critics are begin-

ning to make themselves heard: Gartner CEO Jeff Woods, sees RFID as a hype sur-

rounded by a misplaced 'sense of urgency'. (Morphy, 2003). According to them, RFID

will in the longer run offer an opportunity for an improved information supply, but

logistic control and organization remain the determining factors for an optimization of

stocks and customer service (Helders and Vethman, 2003). Others consider RFID too

expensive and have doubts whether it will ever become cost-effective as an application

on the product level. So, it is time to make up the balance: will the Netherlands armed

forces benefit by the introduction of an RFID system, given the fact that they are increas-

ingly faced with operational deployments outside the familiar theaters. The changing

tasking of the armed forces also entails an overhaul of the physical distribution concept.

There is no pre-determined operational theater any more and troops can be deployed

anywhere in the world to carry out widely divergent tasks, in a broad range of the spec-

trum of violence, varying in character between crisis control and peace enforcement.

Dutch units will have to deploy fast in the deployment areas, which also means an

adjustment of the peace organization. Expeditionary deployment, network centric war-

fare, urban warfare, and the participation in the NRF are telling examples of this. The

supply chain must be designed in such a way that logistics is capable of supporting this

way of deployment: faster, more accurate, transparent, traceable and joint. Is the intro-

duction of RFID a first step, for instance, towards Total Asset Visibility (see the contri-

bution on intelligent logistic concepts elsewhere in this edition)? Does RFID offer some-

thing new, and if so, what is it? Or is it just more of the same?

The present contribution attempts to weigh up the matter by providing the answers

to the following questions:

- What is RFID?

- What should an organization take into account when introducing an RFID system?

- What RFID applications in logistics are there at the moment?

- What opportunities are there to optimize logistics with the help of RFID?

In this contribution first a brief description is given of the RFID system. The follow-
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ing section presents and inventory of all the determining factors in the design and

organization of an RFID system. Subsequently, a discussion of a number of cases will

give an insight into the practical applications in the world of transport and logistics that

already exist. Finally, a number of visions on innovation options, supported by RFID, are

presented.

The RFID system

RFID is a technology to scan, identify and track products and packaging in companies

and supply chains fast, wireless and without making physical contact. In its most basic

form an RFID system consists of a tag (transponder) and a reader (communicator or

interrogator). This makes it possible to read information stored on a tag from a distance

by means of radio frequency communication. A hand-held device or computer is used

to read the information. Tags are not more or less than small transmitters that can be

activated as soon as they come within reach of a communicator by means of radio sig-

nals transmitted by its antenna or scanner. As soon as a tag is activated, it sends its infor-

mation to the communicator that demodulates, decodes and amplifies it to pass on to

the main computer. There are several types of tags, as the overview in table 1 shows.
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Figure 1: RFID tag (ECR, 2003), a schematic representation of an RFID system

An RFID tag has a 'mounting', an integrated circuit (IC), an antenna and, sometimes,

a battery. The reader consists of an antenna and a controller, which takes care of the data

communication, and if necessary, activates tags. In this case the tag is a passive one, in

contrast with active tags that have their own energy source. 

Apart from that, a system to record and process the data read by the reader is

required. This 'host system' forms a part of the user system, e.g. a warehouse manage-

ment system. (EAN-UCC, 2002). All these elements taken together make up a system

as presented in figure 2.

Figure 2: An example of an RFID system in the world of transport



To sum up, the tag contains information that is read by the reader when the tag

comes within its reach. In this way, the tag closely resembles the barcode. RFID, how-

ever, has a number of important advantages over bar-coding:

- RFID tags do not need to be brought within direct sight of the reader to be read. This

makes it possible to scan them automatically instead of by hand.

- The speed with which the tags are read is many times higher than with barcodes,

which allows the scanning of an entire trolley at one go, as it were.

- RFID tags are not only readable, but also writable. 

- An RFID tag can contain more information than a bar code and in fact becomes a

movable database.

- RFID tags are better applicable in difficult circumstances, such as a dirty or moist

environment. They can, for instance, be used on products that are painted during the

production process or exposed to extreme temperatures.

For these reasons RFID is first and foremost an improved form of 'data capturing'. It

can speed up the data collection enormously and make it more reliable. However, it is

important not to consider RFID as a univocal system, but to distinguish between the

various RFID systems. One system is not the same as the other, and for different uses

there are different RFID solutions. As it is, the components of an RFID system have

strongly diverging characteristics. The design, therefore, of the right RFID solution is a

complex affair. The next section will give an inventory of the factors that need to be taken

into account when designing the right RFID solution.

The design of an RFID system

When a company is looking for an RFID solution, it is important to select a suitable one.

In order to do that the functional characteristics of the individual RFID components,

which are determined by their technical characteristics, will have to be considered. In

the figure below, all the technical and functional characteristics are related to each other.

The dark gray cells contain the technical and the light gray ones the functional charac-

teristics. Besides, price is a determining factor for the feasibility of an RFID solution.

This section will first discuss the technical characteristics of RFID that have to be

taken into account when designing the right RFID solution. Secondly, the most impor-

tant functional characteristics, that eventually determine whether and how RFID can

adequately support a logistic process, will be described.
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Technical characteristics

The most important technical characteristics of RFID components are:

- Tag energy source

- Communication frequency

- Physical design

- Reader and tag power

- Type of memory

- Tag data length 

- Data capacity

- Communication protocol

Each of the above characteristics will be discussed below.

Energy source

Active tags have their own batteries. Tags that do not have them are called passive; when

they are read, energy is generated from the electromagnetic field of the reader. Active

tags can communicate with readers from a greater distance than passive ones. Besides,

active tags are more immune to interference and they can generate higher data trans-

mission speeds. On top of that, more data can be stored in active tags. (AIM, 2001)
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Communication frequency

Frequency is a second, rather determining factor for the functioning of an RFID system.

In general, an RFID system (the combination of tag and reader) uses low (LF), high

(HF), ultra high (UHF) and microwave (µW) frequencies ranging between 9 KHz and

several GHz. The integrated circuit (IC) of the tag transmits information via the ampli-

tude (AM), frequency (FM) of phase (PM) mode. The reader receives these signals and

transforms them into binary data (1 0r 0). This happens in the same manner when the

reader sends data to the tag, in which case the IC of the tag transforms the signals into

digital information (EAN-UCC, 2002).

According to hardware supplier SamSys (www.samsys.com) every frequency band

has a number of characteristics that determine the performance of the RFID system.

Another supplier, Trolleyscan, give the following reading distances for the various fre-

quencies (www.trolleyscan.co.za):

- 850-930 MHz: 4 to 6 meters

- 400-450 MHz: 6-10 meters

- 1600 MHz: 2 meters

- 13 MHz: 0.5 meters

- 125 KHz: 0.1 meters

Apart from technical requirements, there are also legal ones that determine the fre-

quency that can be used. Several countries apply different standards with regard to the

frequencies, used for certain applications. Overall, there are three regions with their

own frequency policy (EAN-UCC, 2002):

Region 1, Europe, Africa, North East Asia

European Telecommunications Standards Institute (ETSI) specifies technical stan-

dards. The European Conference of Postal and Telecommunications Administrations

(CEPT) advises its 47 CEPT on the use of bandwidths;

Region 2: North and South America

The Federal Communications Commissions fulfils a similar role to CEPT;

Region 3: South East Asia and Australia

The Asia Pacific Communications influences the frequency use in this region.

Physical design

RFID tags come in all sorts and sizes. Generally speaking, large tags can be read from

a larger distance. An active tag is usually larger and heavier than a passive one, because

it contains a battery. The shape of the antenna also determines the performance (Coyle,

2003).
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Conversely, the application can also determine the design of the tag. Animal tags can

be as small as a pencil point, but when a tag is integrated in a pass, it can have the size

of a credit card. 

Reader and tag power

The power to be used is a complex matter, because in the various frequencys areas and

different types of tags different powers are used. Each of the systems has its own spe-

cific characteristics and, consequently, powers. Besides, there are limits to the power,

because it may affect other systems or systems in the same bandwidth. 

Reader power is usually higher than tag power. As with frequencies, power is regu-

lated. Usually RFID systems require between 100 and 500 mW, but this is not permit-

ted in every country.

Type of memory

Dependent on the type of memory that is used in the tag, it can be read-only, write once

read many (WORM), or read/write. Read-only tags are usually tags with a low capacity

that have already been programmed during production with an identification number.

WORM tags are programmable by the user, be it only once. Read-write tags can also be

programmed by the user, who can change data, too (AIM, 2001).

Data length

The data length of a tag determines the number of tags that can be read simultaneous-

ly by one reader. Trolleyponder has a data length that can have 1022 different values. 

Data capacity

The number of data that can be stored on a tag varies between one byte to several kilo-

bytes. One-byte tags have been used for many years now to secure clothes, for instance. 

A 128-byte capacity is enough to store a serial or identification number. 512-byte tags

can be programmed with other data, such as package contents, instructions for han-

dling or the results of past read-write actions. 64-kilobyte tags are considered mobile

databases, such as data in cells (Excel sheet) or several pages (AIM, 2001). 

The costs of a tag rise with a higher data capacity, while reading distance becomes

smaller. 
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Communication protocol

There are broadly two ways to read data from tags. The Command Response Protocol

reads tags and subsequently determines whether a particular tag was already read

before. If not, the tag is instructed to stop the transmission of the signal. This is also

called 'Hands Down Polling'. In the case of 'Hands Up Polling', the reader looks for tags

with a specific identity and as soon as they are found, they are read. In general, this is a

slower process, but it is considered safer way of reading (AIM, 2001). Besides, 'Hands

Up Polling' is handy when only certain tags need to be read, for instance in cross-dock-

ing (all packages that need to go in a certain truck) (Intermec, 2003).

Functional characteristics of RFID systems

The above has already shown that the technical characteristics determine certain func-

tional characteristics. In choosing the right RFID system the following factors must be

taken into account:

1. Reading distance: The distance between the reader and the tag necessary to read or

write data.

The reading distance is mainly determined by the type of tag

(active or passive), the frequency used and the capacity of the

reader and tag. Apart from that environmental factors (mois-

ture, metal) are determinants.

2. Data capacity: The volume of data that can be recorded on a tag.

In principle there is no limit to data capacity. RFID can record

several megabytes of information; the cost of tags do rise in case

of a higher data capacity, while the reading distance becomes

smaller.

3. Reading speed: Reading speed can refer to the speed with which the data of a tag

can be read and subsequently transmitted to the system.

Apart from that reading speed can refer to the number of tags

that can be read per second. This latter point will be elaborated

in the distinguishing capacity. Reading speed of the data on the

tag is mainly determined by the frequency used. A rule of

thumb here is that bandwidth has to be at least twice the byte

rate of the application (AIM, 2001). For instance, when the 2.4-

2.5 GHz bandwidth is used, 2 megabytes per second is possible.

4. Distinguishing capacity:

The extent to which it is possible to communicate 'simultane-

ously' with several tags, without interference of the signals.
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Distinguishing capacity may also be classified as an element of

robustness.

Sometimes readers have already been equipped with an 'anti-

collision algorithm', that ensures the reading of multiple tags in

the magnetic field of the reader. Data speed decreases drastical-

ly when readers do not have a good 'anti-collision algorithm'.

Next to the reader as a determining factor it is also important

whether the tags are closely packed together (on a pallet full of

packages). When tags are in very close proximity of each other

they may interfere. (Coyle, 2003)

Trolleyscan, supplier of tags, offer a system that can handle

about 1,000 tags at the same time (www.trolleyscan.co.za).At the

moment RFID scans have reading speeds of between 20 and

100 tags per second (Coyle, 2003).

5. Robustness: The extent to which the signal is recognizable. 

RFID tags do not have to be placed at the exterior of a pallet,

which makes them less vulnerable. They are not affected by dirt.

RFID is less robust in a metal or moist (liquid) environment:

these substances cause interference. 

Equipment, such as a computer screen, operating at the same

frequency as the RFID system, too, can interfere with the signal. 

6. Durability: The technical life span of a tag.

In theory a tag can be read an infinite number of times. When

it works on a battery, it will last about 10 years (AIM, 2001). 

Passive tags have a virtually unlimited life span.

7. Read-write: The possibility of recording data on a tag.

The advantages are that the information on the tag can be

changed and that data do not have to be retrieved from a central

database, preventing data redundancy. Apart from that, these

tags are re-usable, which makes them economically attractive

(Intermec, 2003).

8. Temperature: The ambient temperature to which the RFID system is exposed.

Active tags function between -50 C and +70 C.

9. Orientation: The requirements for the position of the tag to make it legible

by a reader.

In general, passive tags require a more precise orientation than

active tags. It is expected that multi-reader systems (multiple

readers positioned in different ways to guarantee legibility) will
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be able to solve this problem. Protocols will be needed to coor-

dinate these readers (Want, 2003).

10. Price: The price of a tag is influenced by complexity of the IC, its con-

struction, memory capacity, wrapping/protection.

Usually, low-frequency tags are cheaper than high-frequency

tags, and passive tags are cheaper than active ones. 

The price of passive tags has decreased strongly over the past

few years. At the moment a passive tag costs between 0.25 and

0.70 Euros. The price for active tags is still considerably higher;

ranging between a few and dozens of Euros. 

Apart from the advantages that RFID systems offer with regard to the transparency

of the supply chains, there are also disadvantages. One of the stumbling blocks at the

moment is the high cost connected with the production of tags (especially the raw mate-

rials). Future developments will probably make it possible to produce tags on the basis

of polymer. These are chips made of synthetic material, functioning as (semi-)conduc-

tor. At present chips are made on the basis of silicon. The burden on the environment

caused by the dumping of silicon-based chips is also a point of attention. 

Another problem is caused by the fact that RFID tags are difficult to process into

packaging. The reason for this is the vulnerable connection between antenna and chip.

One solution is to use so-called plug cards. In future the reading distance must be

increased as it is still rather small with a maximum of 1.2 meters, which is too limited

for many logistic applications. 

RFID has most certainly not been fully developed yet. There is intense cooperation

between research centers and the world of business to solve the problems, a fine exam-

ple of which is the development of the polymer tag, mentioned above.

Types of RFID systems

The individual components of an RFID system determine the performance of the sys-

tem as a whole. Broadly speaking, there are four types of RFID system (AIM, 2001):

- Electronic Article Surveillance System (EAS)

- Portable Data Capturing Systems

- Networked systems

- Positioning systems

EAS systems have been used in shops for years now to prevent shoplifting; usually a

1-byte tag is used to determine presence of absence or an object. In Portable Data

Capturing systems hand-held terminals are used that contain an RFID reader. When,
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for instance, in a warehouse goods are identified, those data are read with the hand-held

terminal and may or may not be transmitted to a central system. Networked systems are

characterized by fixed readers that identify people or objects with a tag. Finally, posi-

tioning systems are mainly used in vehicles to position them automatically or to support

them in navigation. This can be done outside, in a public road, but also inside a factory

where dollies have to find their way through the production process.

RFID visionaries expect that Networked Systems and a combination of Portable and

Networked systems, in particular, will come to play an important role in the future. In

the former case mutually linked readers in a fixed location will read tags that are also in

a fixed place. A good example is a bridge with built-in tags; readers will indicate changes

in the structure or detect pressure on certain parts. Another possibility is intelligent

wireless network systems, in which the RFID tags are integrated with intelligent sensor

systems. In an ad hoc, robust and flexible manner these networks can combine infor-

mation from environmental parameters with data on tags, thus optimizing a logistic (or

other) process. 

In the latter type of system the readers and tags are sometimes fixed, sometimes not.

The result is an ad hoc wireless network, which, dependent on the application, enables

the monitoring of various processes.

In summary

It is clear that the frequency and active/passive quality of a tag are the most determin-

ing factors for the performance of an RFID system. Up to the present moment espe-

cially tags are used that function up to 13.56 MHz. Their reading distance, therefore, is

limited, which may mean restrictions for certain applications. This also holds good for

the distinguishing capacity, which may be insufficient in some cases (Want, 2003). The

logistic applications that enjoy much attention at the moment, combine relatively cheap

passive tags and UHF frequencies for communication. The potential lies mainly in the

microwave RFID systems, but here there are serious challenges with regard to metal

and moist environments. This aspect will be dealt with in greater detail in the next sec-

tion.

RFID in logistic applications

At the moment the expanding use of passive tags draws most attention, as they have

decreased considerably in price over the past few years. Wal Mart's requirement to sup-

pliers is primarily intended to lower these prices even further (Quinn, 2004). The func-

tionality of this tag is very similar to that of the barcode, although speed and accuracy of
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the data collection is higher. The applications that are in the picture at the moment are

mainly directed at improving existing processes and procedures. Figure 4 presents a

number of examples of this.

In this section several current typical RFID uses are presented, illustrated by means

of a number of concrete applications.

Figure 4: Examples of RFID-supported applications 

Counting inventory

First of all, counting the available stock is a labor-intensive activity. An IBM estimate is

that 40-70% of personnel costs of distribution centers are made keeping track of stocks

(Rossi, 2003). Secondly, it is not always done accurately in practice, which makes it dif-

ficult to get a good idea of the stocks. 

Marks and Spencer's have provided their clothes with RFID tags containing a unique

identification number. With the help of tags it becomes easier to check what is in store

in a warehouse. The aim is to reduce safety stock by a higher degree of stock accuracy.

In shops stock inaccuracy is caused by wrong deliveries and damage or customers

returning the clothes on the wrong racks. This problem is now solved by a manual count

(Montgomery, 2003).

Faster and better product identification

Reading an RFID tag goes much faster than a barcode and it can be done automatical-

ly. This makes it possible to quickly identify large numbers of objects. 

The KPU (Kleding en Persoonsgebonden Uitrusting – Clothing and Personal

Equipment) department of the MoD/RNLA is responsible for the development, pur-

chase and distribution of clothes and equipment for the entire armed forces. At the

moment the Defense organization is (still) making use of bar-coding for the identifica-

145



tion of clothing and equipment, however, in practice this technology is still too erratic to

be called a success. The problems that occur are, for instance, damaged barcodes, bad

legibility (due to creases or damage) of barcodes and the manual reading of barcodes.

Sometimes, too, a barcode cannot very well be attached to certain articles (where RFID

is possible) because of the form or size of the barcode.  A new  RFID technology pro-

vides a solution for these problems.

Van Halteren Metaal Ltd. Have developed an M109 Howitzer simulator that is used

by RNLA units for training purposes. These simulators have been equipped with an

Ammunition Registration System (ARES), developed in cooperation with TNO. With

the help of RFID the system allows automatic identification of the dummy ammunition

used (such as dummy fuses, shells and charges). The data of the simulator are trans-

mitted to the instructor panel of the simulator, so that the instructor can closely moni-

tor the actions of his pupils and/or record them for evaluation purposes. Besides, the

data from the ARES system are used to adjust the simulator to the ammunition used.

By now, the system has been introduced by the armed forces of eight different countries

besides the Netherlands, such as Great Britain, Switzerland, Belgium, Thailand and

Singapore.

Metro, a large German retailer have conducted an experiment in one branch, the

'Metro Future Store', by equipping it with RFID. Individual products have been tagged

for several purposes: theft prevention, stock taking, generating sales dates and work

environments or scanning large product volumes. In the latter case the tags produce

enormous cost efficiencies due to a smaller requirement of personnel to collect data and

fewer inaccuracies. But the logistic innovation promised by the RFID gurus (SCM

Review, 2003), has not materialized yet.

Dell have attached tags on computer components so that, once a computer has been

assembled, a label containing product information can be quickly printed and stuck

onto the box (www.semiconductors.philips.com).

Tracking

Tracking products or other objects can already be done with barcodes, provided they are

scanned. RFID tagged products that can be read at more than a few meters' distance can

be tracked more easily, without aimed scanning. RFID applications are particularly

interesting for pallets, trolleys and other load carriers that often get lost in the supply

chain and are relatively expensive.

The US Army is currently testing an RFID system that monitors the ambient tem-

perature of goods that are stored or transported. Its purpose is to ensure that food to be

used by the troops in the field is consumed before it has passed its expiry date. That this
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is necessary has been borne out by the fact that the extreme heat in Iraq over the past

year or so caused 'shelf life' of products to fall from 36 months to 1 month (Brewin,

2003).

Scottish & Newcastle Breweries have implemented RFID to track beer barrels. The

company equipped 1.9 million barrels with read/write tags. The tags also contain such

data as filling and delivery dates. Annually, the company lost 4% of their barrels, worth

about $20m. That loss has now been reduced by half (Davis, 2003). 

J. Sainsbury's, one of UK's largest retailers experimented with tagging crates of fresh

products that were transported from a DC to the various supermarkets. The logistic

department of the DC subsequently tracked each crate through the regional distribution

chain to see whether the products got to the shops fast and efficiently (www.semicon-

ductor.philips.com).

Tracing

Apart from tracking a product it is also possible to record its history (tracing). The ori-

gin of the product can be traced back, but also the processes it has undergone in the sup-

ply chain. This can be done by recording supply chain information on a read/write tag.

The information can be as varied as temperature patterns, expiry and maintenance or

purchasing date.

Metro indicated in the beginning of 2004 that the earlier RFID experiments will be

followed up, by equipping 10 DCs, 250 shops and 100 suppliers in Germany with RFID

technology. The intention is to trace pallets and crates from supplier to the shops

(www.semiconductors.philips.com).

Svenska Retursystem (SRS) distributes more than a million pallets within Sweden. It

had problems with damaged pallets returned by customers. Each pallet was equipped

with a read/write tag on which the pallet history can be recorded, not only with SRS

itself, but also with the supermarket. In case of any damage on return, the tag will reveal

the customer who caused it and he can be charged with the costs.

In summary

RFID innovations are mainly realized in the area of data collection. RFID is usually

introduced because it works better than bar-coding, especially in dirty environments and

with large volumes. In the latter case tags realize an enormous economy due to lower

staff numbers to collect the data and fewer inaccuracies. But the logistic innovations

promised by RFID visionaries (SCM Review, 2003) have not become reality yet. In the

following section RFID-supported logistic innovation will be discussed.
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The promise of the future?

RFID technology is more than an advanced bar-coding. It has the potential to change

and optimize the logistic management and organization of a supply chain. At the

moment, however, there are still few concrete examples and much is still unclear. That

is not surprising, given the fact that the technology itself has not been fully developed

yet (Romanow, 2003), lacks standards (Baker, 2004) and is expensive (Roberti, 2003).

The efforts of Wal Mart and Metro are mainly directed at learning as fast as possible

from RFID applications and to discover what can be done with RFID generated data

(www.cioinsight.com).

Where RFID is now mainly employed to simplify identification processes, the real

logistic innovation will be realized by using the RFID-generated information to design

new control mechanisms and facilitate forms of cooperation inside the supply chain. In

general, there are two things that are expected of RFID:

- Improved transparency in the supply chain leads to less uncertainty, as a result of

which smaller buffers (stocks) become possible, stock management will be easier and

products will never be sold out any more.;

- Tags as mobile databases allow decentralized control in the supply chain.

Transparency in the supply chain

For some time now transparency and cooperation in supply chains has been considered

a precondition for being successful in terms of efficiency and customer service.

Information technology can support this cooperation in the field of data exchange (con-

nectivity), information provision (transparency) or control (collaborative planning).

RFID systems can make a difference on each of the levels mentioned above.

Connectivity in an RFID system above all means that each link in the supply chain is

capable of reading (and writing, if need be) tags. Another name for this is 'product cen-

tric' information provision (Kärkkäinen, 2003); the product itself informs the truck driv-

er or warehouse employee. The advantage of this is that central systems that emerge

with difficulty in the dynamic and complex logistic networks, have become obsolete, as

the following examples (Kärkkäinen, 2003) will make clear.

Customers are increasingly requiring after the whereabouts of their goods to the

logistic service provider. Especially in building projects, where one missing part can

delay the entire building process, tracking is essential. Currently, within the Defense

organization, too, the need is felt for tracking and tracing of ammunition (see also

Figure 5). People want to know where which ammunition is located and what its histo-

ry is. Ammunition can be re-used in several missions. In the long run aging effects may
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appear as the expiry date approaches. Therefore it can be of importance to indicate when

the maximum life span is reached. Such information can be stored on an RFID tag.

Apart from that there is a need to acquire a better insight into the expenditure and

life span of certain types of ammunition, with a view to greater efficiency. Trends (for

instance, a particular type of ammunition failing in certain situations), and the circum-

stances in which they occur may become clear.

Existing tracking systems have the disadvantage that they only work in closed supply

chains and that keeping track of the current status of a shipment is often a labor-inten-

sive job. Helsinki University has developed a forwarding agent-independent system for

a manufacturer of heavy machines. Shipments were tagged and read at two checkpoints:

the packaging department of the manufacturer and the assembly location. In this case

this information was transmitted to the manufacturer's system that managed the deliv-

ery process. The information flows are completely de-linked from the forwarding agent. 

In cross-docking or merge-in-transit, where shipments, as it were, are consolidated

'on the way', an effective information system that has been integrated over various loca-

tions is essential. For this, EDI is often used, which is expensive, on the one hand, and

requires one-on-one linkage, on the other. There are also often problems with synchro-

nizing the physical flow of goods and the information flows. Therefore, EDI is not real-

ly a suitable option for large-scale logistic networks. In a product-centric information
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system the shipment itself informs the links in the supply chain (or their warehouse

management system) about its identity, manner of handling and the other shipment

with which it must be consolidated.

As a result, connectivity between individual managerial systems becomes connectiv-

ity of managerial systems equipped with RFID systems. It is therefore important that

RFID systems are standardized, so that every link uses readers that can read any tag that

comes by.

Incidentally, links that are not physically dealing with goods still require a 'tradition-

al' connection with a system; the customs or a logistic service provider will still have to

get information independent of the flow of goods. But it can also turn out differently:

the added value of a logistic service provider as a central (information) hub in the sup-

ply chain can disappear as a result of product-centric management. 

The examples also show that RFID may improve transparency. What goes on in sup-

ply chains, is often guesswork and factual information about stocks or lead times can

change the picture of what goes on in the supply chain completely. Nevertheless, RFID

is in itself not a guarantee for supply chain transparency. Mutual agreements by parties

are crucial. When manufacturer X tags all his products and gives retailer Y access to his

stock information, while he has already sold part of this stock to retailer Z, unawares to

retailer Y, then there is not really any transparency. Or, when retailer Y decides to launch

a promotion campaign, without conferring with manufacturer X, RFID will not be able

to guarantee that the shelves will not be empty. Once parties have decided to cooperate

closely, RFID does offer the possibility to record other information, such as sales data

on that particular product.

Apart from good arrangements, also control protocols are needed to determine what

to do with the information generated by RFID. This does not only hold good for coop-

eration between links, but also within a single company: the rules (of thumb) for stock

management will have to be re-defined. The promise that the customer demand can be

predicted better by means of RFID may serve as an illustration for this. It is not realis-

tic to suppose that it is RFID alone that makes this possible. It can improve the insight

into what was purchased at what time, but the current POS systems, that can also do

this to a large extent, show that more is needed for that. Trends, marketing activities and

the economic climate are factors that also influence consumer behavior and recogniz-

ing purchase patterns is more complex than simply analyzing past sales numbers.

Decentralized control of the supply chain

In principle, so much can be stored in a tag that a package becomes intelligent, as it

were, and controls itself. In production environments RFID tags are already used for
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decentralized control of processes.

Toyota have equipped its 700 dollies with passive read-write tags. Car parts ('bodies')

that need to be painted are placed on a dolly. As soon as the part lies there, the neces-

sary specifications and paint instructions are transmitted to the tag on the dolly. In this

way the dolly finds its way through the process and routing information is constantly

added. When a part is inspected prior to moving on to another phase of the production

process, the information is readily available and new routing information can be added.

When it is ready for assembly, the dolly tag is erased and it can be used again for a new

part (www.semiconductor.philips.com).

Old Dominion Shipment Company fit out trucks with tags. When a truck arrives at

one of the 117 service centers, it is automatically identified by an RFID reader. This infor-

mation is sent by wire technology to a management application which reads the ship-

ment information and determines how to handle the shipment. These instructions are

sent directly, electronically via wireless communication to the handlers. In the old sys-

tem this process was not started until the truck driver had reported at the reception desk,

and the handlers had to wait for instructions. The result is that there are more handler

movements per hour. 

Nestlé use trays filled with sweets that go through the production and packaging

process. These trays have to be cleaned on a regular basis. Sometimes they are over-

loaded or they miss their regular cleaning. By equipping them with RFID read-write tags

a signal can be transmitted when they are overloaded or when they are temporarily out

of use. As the personnel are informed by the trays, they can react more directly to any

bottlenecks. (www.semiconductors.philips.com)

Laying down control rules in a production environment is simpler than in a supply

chain. In principle, it is an internal concern of the company and company interest is rel-

atively evident. Incidentally, marketing, logistics and sales can still throw a spanner in

the works, as their activities conflict with the control rules for production. Another

advantage is that RFID in a  company-internal use, be it production or warehousing,

involves few privacy issue. Cancelled RFID experiments in companies such as Gillette

(www.cacheop.com) (Caspian, 2003) and Benetton, show that consumer anxieties must

be taken seriously. 

Apart from that, in supply chains the interests are often more conflicting and not

always clear. So, it remains to be seen how RFID tags are going to control the entire

chain. In any case, it is unlikely that read-only tags are suitable for use in supply chains.

The programming of the tags at the source will make it impossible to predict all activi-

ties further in the supply chain. During the supply chain process data will be added or

changed.
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Conclusion

A stronger focus on expeditionary deployment requires new logistic principles: from

national, single-Service to joint and shared and even civilian operated activities, from

long preparation time to rapid reaction (only 5 days in NRF context), from predictable

flows of goods to less predictable ones, from classic tactics to those based on NCW-prin-

ciples (faster, more dynamic, movable) and a focus on effectiveness as well as costs and

an adequate financial accountability afterwards. RFID must be considered first and fore-

most as a major 'enabler' of logistic innovation in this context. Organizations and sup-

ply chains will have to change their processes and way of doing business drastically, for

RFID to really have any added value for logistic innovation (Helders and Vethman,

2003). Besides, RFID is most lucrative when it is used in supply chain solutions

(Kärkkäinen, 2003).

The question which RFID technology must be used to support the Defense supply

chain, cannot be answered yet at this moment; which tags, hardware, processes, control

systems, standards, etc… (Berger and Poeisz, 2004). Nevertheless, it is possible to indi-

cate some points of attention.

The right tag in the right place

In order to realize total asset visibility all goods must be equipped with tags, but this

brings along enormous investments. An alternative for tagging the single product is tag-

ging the packaging or containers. It may be possible to choose a system in which essen-

tial goods are individually tagged, and others at the level of the packaging or even not at

all. An alternative for tagging all products with active tags is a so-called tiered system.

Up to the level of packaging (crates and pallets) passive tags are used, whereas active

tags are used for containers, making it possible to read them from a larger distance and

to change the information.

Communicating data

To monitor supplies, not only tags are needed, but also transponders. The supply chain

can be divided into two parts (see Figure 6). The first part goes as far as the point of

embarkation. It concerns Dutch territory and a number of fixed and relatively luxurious

locations are used, e.g. static stock points and certain pre-determined transshipment

locations, such as the port of Vlissingen and Eemshaven. Here, the facilities can be used

in relative safety. This is different from the point of debarkation onwards. In many cases

the location for storage and transshipment are primitive and temporary and there is no

host nation support. There is a higher threat here and a need for flexibility; besides,
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diverging climatic circumstances must be taken into account. 

In order to achieve total asset visibility the transponders, too, have to work adequate-

ly throughout the entire supply chain. It happens that tags are read incorrectly or not at

all because the transponders interfere with the computer screens. One solution for this

is to use multi-reader systems. The major bottlenecks, therefore, are not found in the

first part of the supply chain (which can be optimized, because the same locations are

often used), but in the second. Because of the primitive and temporary nature of these

locations it is important to have an adequate and manageable system, that can be

installed, used and (if necessary) moved relatively easily. As the situation in which  the

system is going to be used is not known, it must be flexible and robust. So, it must be

possible to install it anywhere, but it must also be weather, wind and dust proof. Apart

from the fact that this brings along higher costs, the manageability of the system will

decrease. In primitive circumstances, in particular, it is important to have a manageable

and flexible system, as in general the work must be done in difficult circumstances. 

Transponders can be used in two ways. One version collects data and after linking it

to the system the data are read, which does not produce real-life total asset visibility. The

other version directly provides the system with the latest information. It will be clear

that the latter version is more expensive and requires extra parts, such as cables for con-

nectivity or larger transponders for wireless communication. The choice must be made,

then, between constant real-time information or cheaper and slower transponders.

The right hardware and software

Apart from the hardware needed to actually read the information (tag and transponder),

there also needs to be an operating system to make this information available for the
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various elements in the supply chain. This system requires its own hardware and soft-

ware. The hardware will mainly consist of units (computers) in the various locations in

the supply chain to process the flow of information and elements to link up these units

to the total system. In this field, too, there is a division in the first and second parts of

the supply chain. Where in the first part there are relatively luxurious circumstances,

such as a telephone network, well-protected infrastructure (buildings), this need not

necessarily be the case in the second part of the supply chain. Here, too, the hardware

has to be robust and capable of functioning in all climatic circumstances. Again, the

choice must be made between user-friendliness and a total guarantee of a working sys-

tem. Besides, the primitive circumstances necessitate the consideration of alternative

forms of communication. In quite a few instances the telephone network is not avail-

able, and satellite link-ups must be used instead. Achieving total asset visibility requires

a system providing guaranteed reliable multiple link-ups.  As the use of these alterna-

tives has to be taken into account, extra elements are required, which in their turn make

the system less manageable and increase the chance of lower performance. 

Apart from the hardware, the software also plays a major role. It is important to see

whether the system can be integrated within the existing Defense systems, or that

adjustments are necessary. In connection with this it is relevant to see whether com-

puters can be driven by multiple systems, or whether separate computers are required.

Moreover, the complexity of the software is a major factor of influence. In case of break-

downs it must be possible to rely on a helpdesk, or to solve the problems without it. The

system must be designed in such a way that no specialist is needed to solve local prob-

lems. This implies a system with a large independent problem-solving capacity (good

back-up and help function) or a system in which the specialists can solve problems any

time from a distance.

A fitting organization

The question is whether the control should be centralized or de-centralized; will there

be a separate organization for centralized control or is accountability transferred to the

lower level and is the personnel there held responsible? The advantage of centralized

control is that there is one standard and one organization that is specifically concerned

with the system, there are specialists and the chance of control errors decreases. The

advantage of a de-centralized control is that there will be more commitment at a lower

level and a more serious handling of aspects related to it. Apart from that, de-centralized

control implies a greater situational awareness in persons responsible for the various

elements of control and faster decision making, due to the shorter lines. 

A second important control aspect refers to the feeding and changing of data in the
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system. If this is left to a central fixed group, the chance of making mistakes will

decrease, but it will take longer to provide the system with the right information. Here,

too, extra functions will have to be created to work in this manner. When the links in

the supply chain can make their own change there will be true real-time total asset vis-

ibility. By designing the system in such a way that it can be provided with information

merely by means of tag and transponder, the margin for mistakes will be decreased.

Thus, the introduction of an RFID system also has consequences for personnel, in con-

trol as well as in operations.

Much research is being done in the field of supply chain control: collaborative plan-

ning/CPFR, Defense tracking & tracing (DT&T), the development of supply chain

information systems, models that map the consequences of collaboration for the supply

chain in its entirety, and the initiatives to come to joint total asset visibility (JTVA). Over

the past years experience has been gained in various sectors and this has generated

knowledge that can also be applied to solve control problems entailed by RFID. The

important question that remains is whether the benefits weigh up against the costs and

investments.

References

GTAGTM,  EAN-UCC White Paper on Radio Frequency Identification, EAN International

and Uniform Code Council, June 2002

Radio Frequency Identification RFID- A basic primer, The Association of the Automatic

Identification and Data Capture Industry AIM, August 2001

The Write Stuff: understanding the value of read/write RFID functionality, White Paper

Intermec, July 2003

Roberti, M. (2003), Case Study: Wal Mart's race for RFID, www.cioinsight.com,

September

Roberti, M. (2003), RFID: the cost of being smart, www.eweek.com, September

Mulder, H., Culler, D.E. (2004) – Smart Sensors to Network the World, Scientific

American, June

Montgomery, N. (2003), Marks and Spencer Takes RFID a Step Forward With Lessons

for Others That Follow, AMR Research, October

Brewin, B. (2003), Army to test passive RFID tags on food shipments, Computerworld,

December

RFID-optimising the value chain, Management Information Efficient Consumer

Response, May 2003.

Ready for the Auto-ID Revolution: an interview with Kevin Ashton, Supply Chain

Management Review, May 2003.

155



Rossi, S. (2003), Embracing the RFID Vision, Computerworld, December

Morphy, E. (2003), Busting Myths about RFID Technology, NewsFactor Network,

December

Baker, P. (2004), RFID: this year, next year or some time never?,

www.cranfieldsom.info, February

Romanow, K. (2003), Dispelling the RFID Myths, AMR Research Content, October

Want, R. (2003), RFID - A Key to Automating Everything, Scientific American

Caspian launches worldwide Gillette boycott, www.indymedia.org.uk, August 2003.

Gillette pulls RFID trials after protests, www.cacheop.com, August 2003.

Helders, B. (2003), Vethman, A.J., Beyond 2005: How RFID Will Change the Global

Supply Chain, Chain Store Age, December

Kärkkäinen, M., Ala-Risku, T., Främling, K. (2003) , The product centric approach: a

solution to supply network information management problems?, Computers in

Industry 52 pp.147-159

Kärkkäinen, M. (2003), Increasing efficiency in the supply chain for short shelf life

goods using RFID tagging, International Journal of Retail & Distribution Management,

Volume 31, Number 10, pp. 529-536

Quinn, J.P. (2004), Retailers face the question: is the future in RFID?, Supply Chain

Management Review, Jan/Feb

Davis, K. (2003), Track Star, RFID is racing to the market, Consumer Goods Technology,

June

Berger, M., E. Poeisz (2004), RFID voor de beheersing van de logistieke keten binnen

Defensie [RFID for the control of the supply chain within the Defense organziation], afs-

tudeerscriptie KMA Breda augustus

Websites

www.samsys.com

www.trolleyscan.co.za

www.aimglobal.org

www.semiconductors.philips.com

www.aim-ned.nl

www.ean.nl

www.ienl.nl

www.computerworld.com

www.manufacturing.net

www.amrresearch.com

156



Warehouse Management Information systems in modern
Defense logistics

Nynke Faber

The military Medical Logistic Center (MGLC) at Heerenveen at 17.00 hours:

serenely quiet and nobody around. All medical goods that had to be delivered that

day, were palletized and shipped in trucks to the distribution center two hours

before. From here the goods go on transport to one of the 9,000 operational units

of the Navy, Army or Air Force in the country or on a peace mission anywhere in

the world. It is a rhythm that repeats itself at Heerenveen day after day: all delivery

orders that are received in the morning have been processed with the WMS by

15.00 hours and the work is finished by 17.00 hours. This was impossible before

the introduction of the WMS. Then, the rule was that orders received before 17.00

hours would be processed the following day. The most important efficiency gain of

the system is that now the work can be done by 14 employees instead of the 25 in

the old system; with the WMS the MGLC can work more efficiently up to 50%.

Inkoop & Logistiek, September 2001

Introduction

Warehousing nowadays differs fundamentally from warehousing in the recent past,

when warehouses were seen as unavoidable cost centers. This also applies to the ware-

houses in modern Defense organizations. Because military forces nowadays operate

more globally and in closer cooperation with partners (military and civil) and because

the number of asymmetrical conflicts in the world increases (ORAKL, 1999; Layton,

1999), the rules of the game change. Supply chain concepts, including a focus on inte-

gral inventory control, used by civil companies working in turbulent markets, are adopt-

ed in the Defense organization. Warehousing, therefore, has become a critical activity in

the defense supply chain to attain required service levels and lead times at the right cost.

Many small, decentralized warehouses within the Dutch Defense organization are

replaced by large centralized warehouses (e.g. LC-KLu at Woensdrecht and KM Arsenaal

at Den Helder). 

Increased requirements and a larger scale of operations require improved manage-

ment of the warehouse operations. Timely and accurate information about products,

resources and processes are essential to operationalize a planning and control structure

that effectively and efficiently achieves the high performance of warehousing operations

required today. A warehouse management information system (WMS) provides, stores,
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and reports the information necessary to efficiently manage the flow of products within

a warehouse, from time of receipt to time of shipping. Some of the benefits that a WMS

can provide include increased productivity, reduction of inventories, better space uti-

lization, reduced errors, increased integrity of stock value, support of vendor and cus-

tomer EDI requirements, and value added logistics compliance programs. Not surpris-

ingly, the Gartner Group (1997) stressed that a warehouse without a WMS puts itself at

a competitive disadvantage.

Up to ten to fifteen years ago, nearly all WMSs in use were tailor-made. With the

changing role of warehouses, more and more standard WMSs are becoming available:

in the USA, there are at least 100 different WMSs (Randall, 1999), and in the Benelux,

where 55 per cent of all Japanese and US owned centralised European distribution cen-

tres are located, at least 50 (Dusseldorp, 1996).

Furthermore, the number of implementations of standard WMSs and the offered

functionality is growing fast; the number of implementations grew by 30 per cent in

1998, and this growth rate is expected to continue (Dohmen, 1998).

The Gartner Group pointed out that standard WMSs offer many advantages over tai-

lor-made systems: they are less costly to acquire, implement and maintain, have short-

er implementation times, and are (more) proven software solutions. As always, standard

software has its limitations; whichever WMS is selected to achieve the best possible fit

with the warehousing processes, a WMS imposes its own logic on a warehouse's oper-

ations and organizations. Implementing a standard WMS, therefore, remains largely

making compromises between the way a warehouse wants to work and the way the sys-

tem allows it to work. In many instances, these compromises are minor and have no or

only little negative effect on the performance of the warehouse. In some, however, these

compromises would lead to a significant degradation of warehouse performance, and in

those situations it seems better to acquire a customized WMS, tailored after the opera-

tional and organizational needs of the warehouse. The wrong choice of WMS, whether

standard or tailor-made, may therefore lead to a competitive or cost disadvantage. The

key question, consequently, is of course, whether any given warehouse should imple-

ment and adopt a tailor-made or standard WMS, and it is this practical question that is

the main motivation for this article.

To answer the question, it is necessary to understand the relationship between the

warehouse planning and control structure, embedded in the WMS, and warehouse

complexity. Since virtually nothing was known about this relationship, an exploratory

field study was carried out to collect data and information about warehouse complexity

and the planning and control structure in different types of warehouses. The next sec-

tion discusses WMSs in more detail to get a clear picture of the role of WMSs in ware-

houses. After that the research methodology of the exploratory field study is described.
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The subsequent section constitutes the heart of the article, in which the theory about the

relationship between warehouse complexity and warehouse planning and control struc-

ture is formulated. Finally there is a conclusion.   

WMSs

The scope of WMSs

A warehouse management system provides the information necessary to manage and

control the flow of products in a warehouse, from receiving to shipping. Since a ware-

house is a node in the flow of products serving or steered by other business functions,

like purchasing and sales, a WMS must communicate with other management infor-

mation systems, about order acceptance, procurement, production and/or maintenance

control, finance, transportation, etc. Note that more and more of these systems are inte-

grated in a single comprehensive so-called enterprise resource planning (ERP) system

like SAP. To control material handling and moving within a facility, a WMS also has to

communicate with technical systems, such as AS/RS control, PLC and radio frequency

systems. Figure 1 shows the interactions between a WMS and its environment. 
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There is a clear difference in functionality and scope between a WMS and an ERP sys-

tem. The latter focuses on planning over a horizon of several weeks and covers virtual-

ly all functionalities in the organization, including warehousing. A WMS is a short-term

planning, shop-floor control system for warehousing and cross-docking (sometimes

transport) activities only. The similarity in information, planning and control require-

ments between so many warehouses triggered and stimulated the development of stan-

dard WMSs. Many standard WMSs have grown out of a custom-made system for one

specific warehouse to which more and more features and functionalities have been

added to meet the needs of other warehouses over time. The market of standard WMSs

is still young and immature. Research carried out by the Warehousing Research and

Education Council (WERC) among 200 warehouse and IT managers in the USA

showed that no standard WMS has a market share of more than 10 per cent and that the

top eight have a total market share of less than 40 per cent (McGovern, 1999; Gurin,

1999). In the Benelux a standard WMS has generally less than 40 customers (v. d. Berg,

2002). These WMS-software companies are small, usually less than 40 full time equiv-

alents (v. d. Berg, 2002). Not surprisingly, the after-sales service is often quite meagre,

leaving room for improvement.

In contrast to a standard WMS, a tailor-made WMS is tailored after the specific

requirements and problems of a specific warehouse. The development of such systems

is usually outsourced but sometimes carried out by the organisation's own information

technology (IT) department, possibly in co-operation with a software developer. 

Classification of WMSs

Following Dusseldorp (1996), three types of WMSs can be distinguished:

(1) Basic WMSs. A basic WMS supports stock and location control only. The goods can

be identified by using scanning systems. Furthermore, the system determines the

location to store the received goods and registers this information. Storing and pick-

ing instructions are generated by the system and possibly displayed on RF-termi-

nals. The warehouse management information is simple and focuses on through-

put mainly.

(2) Advanced WMSs. In addition to the functionality offered by a basic WMS, an

advanced WMS is able to plan resources and activities to synchronize the flow of

goods in the warehouse. The WMS focuses on throughput, stock and capacity analy-

sis.

(3) Complex WMSs. With a complex WMS the warehouse or group of warehouses can

be optimized. Information is available about where each product is (tracking and
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tracing), where it is going to and why (planning, execution and control). To optimize

the warehouse, different complex storage strategies, replenishment strategies, cycle

counting strategies and picking strategies are used. A complex WMS is able to inter-

face with all kinds of different technical systems (AS/RS, sorter, AGV, RF, robots

and data collection systems). Furthermore, a complex system offers additional func-

tionality, such as transportation planning, dock door planning, value added logistics

planning and sometimes simulation to optimize the parameter setting of the sys-

tem and the warehouse operations as a whole.

Research methodology

The sampling procedure

In the period of 1997-1999, the implementation, adoption, use and maintenance of

implemented WMSs of 20 different warehouses in the Benelux were analysed. All

WMSs had been implemented between 1992 and 1999. Tailor-made WMSs were used

by eight of them, whereas the remaining 12 warehouses used eight different standard

WMSs. A second much larger sample was taken a few years later (2001–2002).

Although this sample was intentionally used for a different study, the data necessary to

compare both samples was still available. Therefore, in this paper the second sample

will be used to validate the conclusions and prognostications of the first sample, pub-

lished in an earlier paper (Faber et al., 2002). The second sample consists of 91 differ-

ent warehouses in the Benelux. Tailor-made WMSs were used by 27 of them, 34 ware-

houses used together at least 10 different standard WMSs and 30 warehouses used ERP

(Enterprise Resource Planning)-software to plan and control their warehouse processes.

The warehouses of both samples were selected so as to get a broad range, including mail

order warehouses, manufacturing warehouses, end product (both consumer and indus-

trial products) wholesalers, food retailers, and logistic service providers (both with pub-

lic and dedicated warehouses).

Information and data collection approach

The data and information of the warehouses of the first sample were obtained from

three sources: interviews with the logistics or operations managers; an interview with

the WMS vendor or developer; and case study descriptions in trade journals, if available.

The different information sources enabled some form of triangulation to cross-validate

the results.

For the 2001–2002 sample an extended questionnaire was used. The logistic or oper-

ations managers of the warehouses were approached by telephone and asked to collab-



orate in the research. They either answered all the questions on the phone or filled in

the questionnaire and sent it back by mail. The Internet sites of the warehouse compa-

nies were used to cross-validate some of the answers.

The collected data and information

The warehouse planning and control structure refers to the management functions that

plan, direct, coordinate and control the flow of goods through the warehouse. The plan-

ning and control structure is embedded in the WMS. With respect to warehouse plan-

ning and control four aspects were distinguished for the 1997–1999 sample:

(1) The type of WMS. Is it tailor-made or largely standard? How is it interfaced with

other information systems? 

(2) The implementation of the WMS. Information was gathered about the year of

implementation, implementation methodology, if any, the implementation lead

time, and the level of satisfaction.

(3) Daily use of the system. Here, the focus was primarily on the fit between the WMS

and the warehouse processes.

(4) Maintenance and after-sales service. Maintenance and after-sales service concerns

the quality of the vendor's or developer's helpdesk support; the warranty agree-

ments; the documentation; and the implementation of new releases and upgrades.

For the 2001–2002 sample just two aspects were distinguished with respect to the

planning and control structure in use in a warehouse:

(1) The type of WMS. Is it tailor-made or largely standard? How is it interfaced with

other information systems? 

(2) The implementation of the WMS. Information was gathered about the year of

implementation and the vendor of the standard software package. 

The planning and control structure in a warehouse is affected by the complexity of

the warehouse, which cannot be observed directly. It refers to the number and variety of

items to be handled in a warehouse, the degree of their interactions, and the number,

nature, and variety of processes. It affects the planning and control structure through

the comprehensiveness of the work to be done. In highly complex warehouses, feeding

organizational actors with the right type of information and knowledge at the right time

is difficult. Nonetheless, a complex warehouse requires a control structure that has a

great deal of information, data and knowledge about products, processes, customers,

and resources readily available.

The number of orderlines processed per day and the number of SKUs are both meas-
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urable aspects of warehouse complexity. The number of SKUs is both an explicit and an

implicit warehouse complexity measure. Implicit, because it largely determines the vari-

ety in storage and handling technologies and processes; the higher the number of dif-

ferent SKUs stored, the more variation in physical storage and handling systems will be

needed (think of different systems for fast and slow moving items, or for large and small

items), also leading to a greater variation in handling processes and storage and han-

dling technologies. The number of orderlines is related to the number of customer

orders, and if the number of orderlines increases, it is very likely that the different cus-

tomer orders will show greater variety in areas where the corresponding items have to

be picked and, in ways the items have to be handled, packed or shipped. Hence, a

greater variety in processes and technologies.

With respect to warehouse complexity, the following aspects were distinguished for

both samples:

- The type of warehouse. Is it a production or distribution warehouse? Is it a privately

owned, public or dedicated warehouse?

- The warehouse (hardware) systems. The focus here is on equipment and systems for

moving, handling, storing, and retrieving goods, such as robots, automatic storage

and retrieval systems, palletizers, conveyors, overhead conveyors, order picking

trucks, RF systems, pallet racks, shelf racks, flow racks, block stack and carousels. 

- The product-market combinations. This concerns the types of products processed by

the warehouse, the number of stock-keeping units (SKUs), the characteristics of the

markets serviced by the warehouse, the maximum and average number of daily

orders and orderlines.

- Processes. This information is about the nature as well as the size of the processes:

the storage strategy; the order batching and picking strategy (if any); special process-

es, such as cross-docking, value-added logistics, customs clearance, and the handling

of returned products.

Results

In this section the analysis of the empirical data obtained from the warehouses involved

in this study are reported. It sums up the most notable and striking empirical findings

concerning the use of WMSs based on the 1997-1999 sample. These findings are for-

mulated as generalizations and they are not directly related to theories to explain them.

For this reason, they go without much discussion. The 2001-2002 sample is not incor-

porated because data about the use of WMSs was not collected. 

Subsequently, the theory is presented that links the warehouse complexity to the



warehouse planning and control structure. This theory is formulated, based on the

1997-1999 sample and published earlier (Faber et al., 2002). Finally, the 2001–2002

sample is used to validate and update this theory. 

Empirical generalizations

The main empirical findings concerning the use of WMSs are:

- The WMS market is quite immature. It appeared that the number of implementa-

tions of any WMS is quite limited.

- The quality of after-sales service is poor. Many warehouse managers complained

about the reachability and quality of the helpdesk; for instance, the business hours of

one warehouse had no overlap with the opening hours of the WMS helpdesk in the

USA. New releases were a source of big and unexpected problems, too. They often

contain (too) many bugs and even miss crucial functionality or features that were

available in the previous versions. Finally, there are often disagreements about the

warranty agreements and service contracts. Of course, these problems have every-

thing to do with the relative immaturity of the WMS market.

- The implementation of a tailor-made WMS is longer, more problematic, and more

costly than that of a standard WMS. Although the implementation of standard WMSs

may take up to six months (Cooke, 1997), tailor-made WMSs take even longer.

- The use of both standard and tailor-made WMSs is in general successful. Only two

warehouses reported the failing of their WMSs. This is in line with the above-men-

tioned WERC research, where 10 per cent of the respondents indicated that their

WMS was a failure.

Warehouse complexity versus warehouse planning and control structure

Figure 2 presents a diagram that shows the position of each warehouse of the 1997-

1999 sample on the basis of the number of SKUs and the number of order lines.

Warehouses with a standard WMS are numbered S1 through S12; the warehouses with

a tailor-made WMS are numbered T1 through T8. 

Product diversity, in terms of size, weight, storage conditions, packaging, slow/fast

movers, expiry date, together with the number of SKUs increase along the supply chain;

manufacturing warehouses usually hold a few hundred to a thousand products, while

distribution centers (end products warehouses) may hold tens of thousands and more.

The same holds for the daily number of orderlines that have to be picked and shipped

from the warehouse. Not surprisingly, distribution centers are usually more complex

than manufacturing warehouses.
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All warehouses below the slanted line in Figure 2 are using a standard WMS, except

T1. The warehouses in this area are relatively simple. It appeared that nearly all these

warehouses are quite content with their WMS. T1 uses a standard WMS for product

receipt and storage and tailor-made software for interfacing to the manufacturing con-

trol system and for the highly mechanized order picking process. A similar statement

goes for S5 that uses a standard package, but only for a few functions. All planning func-

tions, including transport, are tailor-made.

The warehouses above the slanted line in Figure 2 mainly use tailor-made WMSs. S2,

S5 and S12 are exceptions. For S2, the European distribution center of a US mail-order

company of collector's items, only a fraction of its 10,000 products are active. It oper-

ates in a niche market, with no direct competition. The storage and handling systems

involve no automation at all; only pallet racks and ordinary warehouse trucks are used.

For these reasons, a standard WMS would suffice. Warehouse S12 is the most recent

one and was at that time in the start-up phase. 

The relationship suggested by figure 2 and the explanation for its existence, together

with the discussion of the exceptions lead to the proposition that the more complex a

warehouse is, the more specific the planning and control structure will be and it will

therefore be supported by a tailor-made WMS. On the other hand, a simple warehouse

can enjoy the advantages of a standard WMS, including a shorter implementation time

and less cost. This suggests the second proposition: the simpler a warehouse is, the

more standardized the planning and control structure. 

Figure 2: Positions of warehouses on the basis of SKUs and order lines
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Implementing a standard WMS in an existing warehouse will always lead to redesign

or adaptation of some warehouse processes, or to a less efficient planning and control

structure. The empirical data of the 1997-1999 sample suggested that the warehouses

that were designed in close concert with the possibilities and limitations of an already

selected standard WMS had a better performance (in terms of shorter implementation

lead times, less tuning and less infancy problems) than warehouses for which the plan-

ning and control structure was designed in a later stadium. When a standard WMS is

selected after the design of the new-to-build warehouse, then there is the high risk that

the warehousing work is molded around the standard WMS, and hence that warehouse

performance is hampered by it.

Progressive insights

The propositions presented above are useful for answering the question whether a given

warehouse should implement and adopt a standard or tailor-made WMS. Based on

Figure 2 the answer to this question is: warehouses with more than 10,000 SKUs or

more than 10,000 orderlines processed per day require a tailor-made WMS. But the

world of warehousing is changing rapidly under the increased pressure to improve over-

all supply chain performance and it is to be expected that standard WMSs will evolve

rapidly and getting more and more powerful. This means that the slanted line in Figure

2 will shift to the right. 

In Figure 3 the same type of diagram as Figure 2 is presented for the 2001-2002

sample. The figure shows, as prognosticated, that standard WMSs have shifted to the

right over time and are supporting more complex warehouses with a more specific plan-

ning and control structure. This finding is also endorsed by Cap Gemini (2002).

In the complex quadrants of Figure 3, i.e. more than 40,000 SKUs or more than

5,000 order lines per day, the use of standard and tailor-made WMSs is now balanced.

It is expected this trend will continue in the near future, but standard WMSs will not

take over the tailor-made WMS market completely. The sample showed that new or

revised tailor-made WMSs were still implemented in 2001 and 2002. 

Figure 3 also shows the rise of ERP-WMS-software to support warehouse manage-

ment. But the complexity of these warehouses is limited compared to the group of  ware-

houses only using standard or tailor-made WMSs. Figure 3 suggests that warehouses

with more than 40,000 SKUs or more than 5,000 order lines processed per day require

a standard or tailor-made WMS.

Both figure 2 and 3 show that most warehouses are located along the line Y = c*X,

where Y is the number of SKUs, and X the number of order lines per day and c is a

parameter reflecting the angle of the line. A striking feature of the Defense warehouses
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is that all have large numbers of SKUs especially compared to the number of order lines

per day. Two out of three even have more than 80,000 SKUs. It is expected that the

number of order lines per day of these warehouses will increase dramatically in times

of deployment. In the sample only the number of peacetime order lines per day is reg-

istered because it differs per crisis and is hard to forecast. 

Mirrored on the Y = c*X line of the Defense warehouses there is another homoge-

neous group: the food retailers. Food retailers typically have limited SKUs (between

2,000 and 10,000 SKUs) compared to their number of order lines processed per day

(between 20,000 and 300,000 order lines per day). These are typically flow-through

warehouses with a high throughput rate and high productivity. 

There is a difference in the focus of WMSs assumed on the left and right sides of fi-

gure 3. It is expected that if the number of SKUs increases in a warehouse, more admin-

istration will be needed to control it. The first standard WMSs supported the adminis-

trative functions, which resulted in reliable and easily retrievable information about the

stock. Similarly, it is expected that if the number of order lines per day increases, the

dynamics in the operations of the warehouse will increase, too. To help control the oper-
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ations the WMS must also offer other functionalities apart from administrative ones,

such as planning resources and activities to synchronize the flow of goods, strategies to

optimize storage and replenishment and picking, interfacing with different technical

systems, etc. The advanced and especially the complex types of WMS, mentioned above

are suitable for dynamic types of warehouses, i.e. warehouses dealing with a high num-

ber of order lines per day. 

Based on these assumptions it is possible to state that Defense warehouses are

administratively intensive warehouses and food retailers are typically dynamic ware-

houses which are strongly focused on controlling their operations.

Conclusions

The world of warehousing is changing rapidly under the increased pressure to improve

overall supply chain performance. Increased requirements and larger scale of opera-

tions require improved management of warehouse operations. This applies as much to

civil warehouses as to Defense warehouses. As a result, it is recognized that a WMS

plays a crucial role in the planning and control structure to achieve the desired high

warehouse performance. 

The main result of this empirical study is the relationship between warehouse com-

plexity, measured by the number of SKUs and the number of order lines per day, and

the warehouse planning and control structure, embedded in the WMS, that are applica-

ble in practice. The theory presented is useful for answering the question whether a

given warehouse should implement and adopt an ERP or a standard or tailor-made

WMS. At the end of the 20th century warehouses with more than 10,000 SKUs or more

than 10,000 order lines per day required a tailor-made WMS to remain competitive.

Standard WMSs could at that time only support simpler warehouses. But at the begin-

ning of the 21st century standard WMSs have evolved rapidly and are as much capable

of supporting complex warehouses as are tailor-made WMSs. In the meantime, ware-

houses have also started to use ERP-WMS-software to plan and control warehouse

processes. This study showed that ERP-WMS-software supports simple warehouses,

that is warehouses with less than 40,000 SKUs and 5,000 order lines per day. It is not

expected this will change in the near future, because the focus of ERP-software compa-

nies is on integrating business functions and not on evolving warehouse management.

Three Defense warehouses were involved in this study. They typically store many dif-

ferent types of products especially compared to the number of order lines processed per

day. Based on these figures an ERP-WMS would probably be sufficient to support ware-

house management. It is expected that in times of crisis and war the number of order

lines will increase and as a result the Defense warehouses will shift to the right in fig-
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ure 3. If this is the case ERP-WMSs are perhaps not the best solution and a standard or

tailor-made WMS is more obvious to support Defense warehouse management.

Because the policy of the Ministry of Defence concerning the procurement of informa-

tion systems is commercial off-the-shelf (COTS), standard WMSs are recommended. 

Despite the obvious differences between Defence and civil warehouses, the fact that

they are similar in both being highly critical activities in their respective supply chains

now and in the future, combined with the expanding use of COTS information systems,

makes an exchange of knowledge on warehousing with civilian companies and univer-

sities an absolute necessity. 

So far WMSs have evolved from improving the administration to optimising ware-

house operations within a warehouse. It is expected that the next generation of WMSs

will shift further in optimising the role of warehouses in the supply chain. 
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Logistic research at TNO-FEL
Siem van Merriënboer

Introduction

Annually, TNO-Defensieonderzoek (TNO Defense Research) carries out much research

for the Netherlands Defense organization. The coordination of this research from the

side of the Defense organization is in the hands of the Directeur Wetenschappelijk

Onderzoek en Ontwikkeling -Director Scientific Research and Development (DWOO) at

the DGM (Directorate General Materiel) and the Hoofden Wetenschappelijk Onderzoek

- Heads of Scientific Research (HWO) of the Services. For TNO this is done by the TNO

Defensie Onderzoek Bureau -TNO Defense Research Bureau (DO-bureau), and the

Account coordinators of the Services. The practical execution of the assignments takes

place within the several research groups of the three laboratories, where a project leader

and his/her team forms the point of contact for the project monitor of a particular

Service.

For units or institutions within the armed forces it is possible to initiate specific

research projects by TNO. In these situations the HWO of a particular Service is the

most appropriate partner to establish whether the wish for research is within the budg-

et and targets of Defense research by TNO. In the present article, the method of com-

missioning an assignment will not be considered. The research carried out over the past

few years, the current assignments and future expectations, however, will be central

here. This article will zoom in on the activities of the Operationele Research en

Bedrijfsvoering division - Operational Research and Management division of TNO-FEL

Within this division the logistics research field holds pride of place. The other fields

of research of the division are directed at operational effectiveness, battle simulation and

management. The mutual cooperation and exchange of research results allows a(n)

(more or less) integral approach of requests from the Royal Netherlands Army. This

makes it possible to consider a new logistic concept in its coherence with the operations

of units on the brigade or division level, for instance. Apart from research for the RNLA,

the division also carries out logistic research for the other Services and the Central

Organization, which enables the retention of knowledge of (logistic) developments with-

in the armed forces in a simple manner.

The present article focuses on the logistic research for the RNLA from the perspec-

tive of policy and decision making support. The logistic research field will be discussed

by means of several examples. The article closes with a brief preview at the (logistic)

future, as it seems to take shape on the basis of, for instance, NATO studies.
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Support in logistic policy studies of the RNLA

Partly as a consequence of the Defense White Paper and the Priority Paper, TNO has

made several contributions to policy studies in the logistic field. As logistics in the

RNLA often seems to be more easily measurable than the primary output of battle

strength, it will not surprise the reader that efficiency dividends are sought within the

logistic units. Last January's Outline Memorandum seems to follow this approach, too.

It is because of this reason that it is important to consider the foundation of the volume

of logistic resources and organization in the right perspective: directly related to

deployment and operations of the other RNLA units. An integral approach is required,

but it produces an aggregate which resists easy comprehension. 

Reference scenarios

In order to be able to formulate a consistent, coherent policy on such a long term, pre-

conditions and principles must be brought to bear that are applicable to all policy areas

of the RNLA, including that of logistics. This is realized by laying down pre-conditions

and principles in a set of scenarios used for policy development. TNO supports the

Defense Staff (LAS/BO/OB&T) in the development of this set of reference scenarios. 

A scenario should be designed in such a way that the interdependency between the

various policy areas, amongst other logistics, is presented in an unambiguous and com-

prehensible manner. This implies the following requirements for the scenarios:

- all deployment options of the RNLA must be covered;

- the scenarios must enjoy a broad acceptance within the RNLA;

- the scenarios must be suitable for research questions on all functions of military

operations, including service support;

- the scenarios must be kept up-to-date

- the scenarios must be used throughout the RNLA.

In 1999 a pilot project was held during which a first scenario was developed by

means of war gaming, supported by the training and education tool Kiwobi. The estab-

lished scenarios are transferred to LAS/BO/WO, which cluster will act as administrator

of the scenarios and will function as an intermediary between the prospective RNLA

institutions with research queries and TNO. 

Physical distribution concept

The manner of deployment and actual organization of the RNLA have undergone dras-

tic changes over the past ten years. What is striking in this is that essential adjustments
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in the relation between the tasks to be carried out and the means to be employed (at least

in the logistic field) have hardly been implemented. Indeed, the supply point and trans-

port battalions have been integrated into two Supply-Transport battalions and several

minor changes have been implemented in the organization of the supply companies,

but an essentially different logistic concept has not been introduced as yet. 

This does not mean that in the past few years the need for such drastic adjustments

has not been investigated and recognized. Partly as a consequence of the continuous

pursuit of improved effectiveness and efficiency, it has been decided to replace the pres-

ent wheeled trucks for physical distribution by the so-called palletized system. This

encompasses the use of container transport based on the Onafhankelijk Lastdrager

Concept -(Self-contained Load Carrier Concept (OLC )1, which enables a more effective

supply system with fewer vehicles (and therefore, personnel). The possibilities these

new means can offer have also been considered for possible adjustments in the existing

logistic concept. That research (carried out by LAS-LOG, PT-IFDCC and TNO-FEL)

showed that a new Physical Distribution Concept was needed that would make optimal

use of the new means available. The introduction of modern technologies to monitor

vehicles and containers/flatracks throughout the entire chain, at the same time allows

integral chain control.

Figure 1: An example of a palletized system with a hooded flatrack

In the Physical Distribution Concept study the basic patterns that go with the new

logistic concept are elaborated and explained. One of the findings is that as a result of
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the introduction of the new concept and the new vehicles and related means, many

changes in the organization as well as the manner of execution, control and manage-

ment of the physical distribution, become necessary. That is to say, when it is assumed

that the RNLA wants to make optimal use of the possibilities offered by the new means. 

Apart from the above-mentioned container transport, the new integral physical dis-

tribution concept is founded on a supply system based on 'direct supply' of actual use

by the customer. This means that the logistic service provider brings the goods (close)

to the customer. The latter does not have to go and collect his goods at a supply point.

He is a user of goods at platoon or company level (deeper into the logistic chain than in

the present sytem). There is only one logistic service provider, integrally responsible for

all flows of goods and employing available transport capacity on the basis of need. This

flexibility is reinforced by the independent load carrier concept, in which a vehicle can

transport any possible goods. 

Besides, the new physical distribution concept starts from the principle of a flexibly

designed logistic chain, based on the deployment option that needs to be supported.

This design takes place with the help of some ten newly developed 'basic patterns' or

basic structures that link up well with the above-mentioned principles. Thus, a basic pat-

tern determines whether goods are delivered from stock or are supplied from the hin-

terland, how many and what steps there are in the logistic chain and sometimes also

what delivery time requirements apply for the various steps in the logistic chain. These

basic patterns are applied to the supply of specific groups of goods for specific cus-

tomers (platoons or companies) and are especially geared to the user characteristics of

the goods by the customers concerned (demand pattern and customer requirements).

The development of these basic patterns has taken place in collaboration with

LAS/BO/LOG and Pt Implementatie Fysieke Distributie NL-Corps - Pt Implementation

Physical Distribution NL-Corps.

Prior to the (simultaneous, if possible) introduction of the new means and the new

logistic concept, there are, however, still a number of matters that need to be investigat-

ed and ascertained  in greater detail. This does not only concern a further quantification

of the means to be allocated, but also the way in which the modular design of logistic

units must be given shape, the adjustments to be made in the customer units, the way

in which the logistic control and management must be set up and the consequences for

training brought along by all this.

Of course, the introduction of a new Physical Distribution Concept is also closely

related to other developments within the RNLA, such as the future management policy

(BBD 2000), the introduction of ERP2, the available C-2 systems and their accessibility

for the logistic service provider.

In the civilian sector the use of a certain intelligence (smart bar coding, chip or RF
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tag) in/on the load carriers (containers or flatracks) is seen in particular as an ideal pos-

sibility to monitor goods throughout the entire chain (tracking & tracing). As this also

makes 'visible' the contents of the container in the entire chain, it becomes possible to

manage as well as control the flow of goods. This does not only apply to the delivery to

one or more customers, but also to the control of the return flows (the containers/fla-

tracks themselves, but also the packaging and return goods, if any). When this infor-

mation is linked to the insight into the customer's demands, correction can take place

up to a very late point in the process. This limits the 'logistic ballast' for the user unit to

a minimum and the logistic service provider can arrange the deployment of his means

in an effective and efficient manner. For the users, too, an insight into 'where the goods

are we ordered' and 'when can we expect them' can lead to an improvement in effec-

tiveness in the operational process! Besides, there is the possibility to exchange infor-

mation with third parties, which can be a great advantage with regard to allies as well as

civilian partners. In this manner the American concept of Joint Total Asset Visibility

comes, for instance, within reach. 

At the moment, however, there is a great number of ICT developments going on

within the RNLA  (or for that matter, within the armed forces as a whole) that have a

strong influence on the way in which the logistic information system can and must be

designed. Thus, for peace management purposes, the possible role of commercial ERP

packages is studied; it is expected that the Central Organization will strive for the intro-

duction of such packages for the entire organization. It must be said, though, that com-

mercially available ERP packages are not (yet) ready to provide the required real-time

information for the user unit as well as the logistic service provider. Linking up with

these systems (if they are indeed introduced) will, however, be necessary if redundancy

and unnecessary costs are to be avoided.

A lot of work is also done to introduce information systems  (C3I-systems) for the

purpose of managing the primary processes of the RNLA in operational circumstances.

Within this context the activities regarding ISIS/ATCCIS are of importance for the real-

ization of the logistic information supply system. After all, the logistic service provider

can in principle deduce relevant information on the position and situation of the user

unit from this system. This, however, implies the availability of logistic planning facili-

ties for G4/S4 on the division or brigade level.

The necessary investments in specific means for logistic information supply and the

operating costs of such a move will not be small. However, the nature of the goods in

the chain and the importance of these goods for maintenance and retention justify

them. Careful adjustment with the other ICT activities can even reduce the costs con-

siderably.

Somewhat further in the future, the ideal C3I system would contain all the elements

175



necessary for the logistic information system, whereby the C3I system can also be used

as an ERP system, in the optimum meaning of the concept: company-wide, transparent,

consistent and accessible information, not only relating to the current (and if need be,

historical) situation, but also providing the possibility for planning.

Prior to an actual introduction of the new logistic concepts and the new means, elab-

orate tests/experiments will be necessary. On the one hand, they will serve to ascertain

whether a 'paper design' (even if it is partly composed of existing systems) does actual-

ly meet the requirements formulated beforehand. On the other, it is necessary to see

whether the entirety of the system works, as so many sub-systems and interactions

between them will begin to play a role. Besides, these tests /experiments will give the

'people in the field' enough confidence in the future. Prior research, with the help of

dynamic simulation models within approved scenarios, can ensure that the 'field tests'

yield a good idea of the actual possibilities and bottlenecks that come with the intro-

duction of the new concept and new means.

The RNLA is ready to introduce a drastic change in its logistic support. If the actual

introduction of the new means as well as the concept is carefully prepared and moni-

tored, it will be able to support the deployment of units in a flexible manner. The ensu-

ing responsibility of the logistic service provider will ensure an exciting period full of

challenges for the logistic service.

Computer models to support logistic planning and policy making

Over the past few years there has been a lot of attention for the development of logistic

planning models that, on the one hand, are intended as a tool for logistic functionaries

on the brigade and division level, and a tool for policy making on the longer term, on

the other.

Planning tools in this context are computer systems that support the logistic plan-

ning an/or information supply in order to execute the logistic activities and the decision

making that goes with them as efficiently as possible. Such a system can be a quantita-

tive or an optimalization model. The former will only calculate the consequences of cer-

tain choices, whereas the latter type gives an advice about which choice yields the best

efficiency. 

Logistic planning tools: OTAS (TOE - Table of Organization and Equipment) quantita-

tive model, IVOOR, Planningstool Logistiek and Database Logistiek

The above-mentioned planning tools in fact constitute a database containing logistic

basic data and some three computer models for specific logistic planning problems. The

Army Staff, Policy Support section, Logistics Cluster, is the department which functions
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as the central client within the RNLA for the logistic planning tools. With the client a

three-year maintenance contract has been agreed, which provides:

- maintenance of know-how,

- user support,

- correction of software errors and small alterations,

- a data update of the logistic database three time per year.

Context

How did it begin? From various sides within the RNLA TNO-FEL was approached at the

time to investigate whether it was possible to design a little 'computer model' for the cal-

culation of logistic capacities, but with a lightly different character of the query each

time. When making an inventory of the required logistic basic data it soon appeared

that:

- norms had been neglected (e.g. there were transport data about the old '3-ton truck',

but not of the new 190KN);

- norms were too rough (e.g at battalion level);

- norms had only been laid down on paper (VS2-1391 and the informal update

Voorschrift Stafgegevens IDL - Staff Data Regulation IDL3;

- and most worrying of all, several sources were contradictory.

It soon became clear that there was a potential problem here: a lack of unity in logis-

tic planning norms (assumptions and principles). In the first instance, TNO-FEL

focussed on laying down unequivocal logistic planning norms in a database.

Subsequently, specific planning tools were developed that use the logistic data from this

database. This resulted in the Database Logistiek – Logistics Database (DBLOG), com-

plemented with a number of specific  quantitative models for specific logistic planning

problems. On top of that, an information system was built to present the data from the

database and to quickly search for specific data.
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Figure 2: A survey of the interdependencies between the various models

A brief description of the logistic planning tools follows below.

DBLOG a data base which contains and manages the logistic basic

data of the RNLA;

DBLOG viewer a tool to search and present logistic data from the database;

OTAS quantative model a planning tool to determine the composition and size of

logistic units in a deployment, to be used prior to the intend-

ed deployment;

IVOOR planning tool to determine the initial supplies for a unit, to

be used prior to the intended deployment;

Planningtool  logistics planning tool to determine the logistic bottlenecks during a

deployment, to weigh up alternatives and calculating logistic

capacities, to be used during operations, (after deployment).
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Logistics Database

In the Logistics Database the following basic data are recorded and managed:

- Logistic basic data

- Unit composition

- Building blocks

- Items of equipment

- Personnel functions

- Expendable items (Class I,III,V,II/IV)

- Joint cargoing  

- Logistic planning standards

- User norms

- Yield and output standards

- Maintenance standards

- Break-down and loss standards

- Supply standards

- Technical specifications

The digitalized recording and management of logistic basic data through DBLOG

makes it possible to:

- guarantee consistency and unity of data;

- work with approved and up-to-date information;

- establish responsibility for specific logistic basic data;

- evaluate and maintain information.

In short, through BDLOG a management structure was created for logistic basic data.

As an example of this structure may serve the management of the Class V user norms:

LAS/BO/OB&T has been given the task to establish these norms. It has the sole author-

ity to attribute the 'approved' or 'provisional' status to each individual Class V user

norm. It is also responsible for checking the norms in DBLOG for correctness and to

initiate and monitor research into new norms.

In order not to allocate all the operational work to LAS/BO/OB&T there was also

appointed a controller for the Class V norms, LBBKL. Its task is to carry out activities

related to the user norms by order of LAS/BO/OB&T. Apart from that, LBBKL, in its

capacity as controller, is the contact point for remarks on the norms by the users of

DBLOG. In consultation with LAS/BO/OB&T, which establishes the norms, any pro-

posals for change are sent to the client of DBLOG, LAS/BO/LOG, which ensures they

are incorporated into DBLOG.
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OTAS quantitative model

Prior to the planning order within the RNLA the political decision making takes place

by means of a 14-point 'framework for review'. Subsequently, the Operational Staff of

the CinC of the Land Forces is given the planning order to determine size and compo-

sition of the units that are going to be sent out. The determination of the units that are

going to be deployed operationally (almost always tailor-made) can be supported by

DBLOG viewer, which can browse through the hierarchy of RNLA units and screen

units for personnel strength (war or peace strength) and material composition. This is

how the composition of a unit that is going to be deployed operationally can be realized.

When the units have been determined, the Staff Support Command of the 1st

Division (incorporated by now into the Division Support Command) will be tasked to

ascertain what logistic means are required to provide daily external logistic support of

supplies, medical care and maintenance and repair of materiel. 

Figure 3: Logistic chain from POD to the Brigade Supply and Maintenance Area

For this the Staff Support Command has at its disposal the OTAS quantitative model.

Starting from logistic basic data derived from DBLOG, complemented with assump-

tions and principles specific to the deployment option on hand, logistic experts from the

Staff Support Command make choices with regard to materiel and personnel functions,

responsibilities and locations for carrying out logistic tasks, such as:

- Transport of Class III diesel oil via route SptCmd - BDEspt area => SptCmd conveys

BTM 21,000 liters by means of trailer

- Medical evacuation via route BDEspt area -Hospital 1 =>Hospital picks up 20 KN

with ambulance

- 2nd and 3rd echelon DS/GS (Direct Support/General Support corrective mainte-

nance of LEOP-2A4

The OTAS quantitative model generates the alternatives, calculates the eventual need
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of logistic capacity (numbers of material and personnel means) and ensures all the rel-

evant decisions are taken. Based on this calculated need of logistic capacity, the logistic

experts can then compose tailor-made logistic units from the building blocks of the

existing logistic RNLA units (source: DBLOG). The result is a draft OTAS of the logistic

units, on the basis of which there is a comparison between the logistic principles and

the ensuing need of logistic means, on the one hand, and the available capacity of logis-

tic means within the RNLA, on the other. 

Apart from gains in planning time the OTAS ensures continuity in the entire plan-

ning structure and it offers the possibility to work out and compare all sorts of planning

alternatives relatively simply. 

IVOOR

When the units to be deployed have been determined, LBBKL is tasked to make a sup-

ply plan for them. LBBKL uses the IVOOR quantitative model, which enables an auto-

mated calculation of the initial supplies in the logistic chain.

IVOOR makes use of the following data from DBLOG:

- unit composition in terms of materiel and personnel;

- assortment classification of expendable items;

- logistic supply relations between units;

- system-bound user standards;

- unit-bound expenditure standards

- unit-bound supply standards;

- self-sufficiencies and intensity factors.

IVOOR produces authorization lists with numbers of articles to which deployed units

have a right, down to the single unit and individual article code.
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Figure 4: IVOOR quantitative scheme

Logistic Planning Tool

Once the deployment option has been chosen and the various units have been deployed,

the Division and Brigade staffs are continually looking ahead at the changes that can be

expected in the present situation (or anticipating unexpected changes). For this the

logistic planners of the Division staff and Brigade staffs (G4 and S4, respectively) have

the logistic planning tool. With the help of this quantitative model and a geographical

map of the deployment area for background, the logistic bottlenecks of the present sit-

uation can be analyzed and the consequences of alternative planning options deter-

mined and compared. Thus, questions such as the following can be answered:

- Is the reach of the Brigade Supply Company (the logistic jumping pole in available

supplies and means of transport) with regard to the units to be supported adequate?

In case of a shortage of means of transport for supplies it can be considered to

request extra means, to impose a supply center distribution on certain units, or to re-

locate so that they do come within reach of the Brigade Supply Company (of course

when operationally feasible!).

- Are the units capable of evacuating 2-hour and 6-hour casualties to a hospital or

clearing station within the time bracket allowed?
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Figure 5: Survey of the user interfaces of the Logistic Planning Tool

The product of the Logistic Planning Tool is an insight into the alternative planning

options, including their logistic and operational consequences. On the basis of these

elaborate planning options operational decisions can be taken which can solve present

or expected bottlenecks.

Relation with the NATO-designed planning tool (ADAMS)

Apart from the TNO-FEL-designed planning tools, the RNLA also uses one developed by

NATO, which can support the transportation of personnel and means of all participat-

ing NATO member states to the deployment area. This tool, called ADAMS, is used

intensively by all member states.
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Figure 6: Planning tools in operational logistics

ADAMS, an acronym of Allied Deployment And Movement System, is an automated

deployment and movement system. It was developed by order of SHAPE by NC3A, with

the intent of minimalizing the time needed for the deployment of NATO forces, and

exchanging information and optimizing the coordination between the member states

and the NATO commanders. ADAMS makes it possible to plan movements extremely

fast and to generate up-to-date information on the movements in order to monitor

them.

Planning tool to support policy making: Physical Distribution quantitative model

Within the framework of the use of planning tools to support logistic policy making the

Physical Distribution quantitative model will be described in greater detail below. This

model was developed by TNO-FEL in the context of the above-mentioned 'Physical

Distribution Concept' study into a new integral supply concept. The model calculates

the required numbers of means of transport (palletized systems and flatracks) for a spe-

cific scenario (worst-case deployment option) on the basis of this new physical distribu-

tion concept and it serves as a quantitative foundation of the concept. 

In order to simulate the physical distribution in a dynamic battlefield  (the opera-

tional context of a deployment) it was decided to further develop the physical distribu-

tion quantitative model into a logistic simulation environment that can be linked to an
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existing battle simulation environment. Such a link allows the simulation of the influ-

ence of the dynamics of battle on the physical distribution of (re-) supply goods, on the

one hand, and the influence of the physical distribution system on the course of the bat-

tle, on the other. 

For the specific scenario-bound elements of a deployment (in a logistic as well as

operational sense) the results of the 'Scenario development' project form the starting

point. 

The difference in use of operational planning tools and planning tools to support pol-

icy decisions becomes clear in the figure presented below.

Figure 7: Tool in support of logistic policy

Relation with NATO-designed tools (ACROSS)

ACROSS (ACE Resource Optimization Software System) is an optimization model to

determine war ammunition stores and it was developed by order of NATO by NC3A.

ACROSS uses the same database (DBMS: DataBase Management System) as the above-

mentioned ADAMS, and its purpose is to coordinate the war ammunition stores with-

in the NATO community. This means that every NATO member must at least keep the

stores indicated by ACROSS.

Apart from that it is possible to use ACROSS for national purposes, whereby every

country is free to link all input data to national views. It is for this application in partic-
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ular that the RNLA asked TNO-FEL's support.

ACROSS encompasses three modules:

1. ADMEM: Air Defense Munitions Expenditure Module

2. AGMEM: Air to Ground Munitions Expenditure Module

3. LEMEM: Landforce Equipment and Munitions Expenditure Module

In these modules a scenario in the guise of a target list is taken as a starting point.

This list contains a number of targets of various types that actually have to be destroyed

in order to take away the enemy's will to fight on. The priorities of the various target

types are taken into account in the model by giving each of the types a different neu-

tralization value. The principle is the same for all three modules.

The TNO-FEL research is at this moment almost exclusively directed at LEMEM. It is

an optmization model that, within certain restrictions, calculates weapon-ammunition-

target combinations, taking care to neutralize as many valuable targets from the sce-

nario against as little cost as possible (see figure 8 for the parameters that are involved

in the optimization).

As an output LEMEM specifies the required minimum ammunition stores that have

to be available at the outbreak of the conflict. The quantities needed will have to be pur-

chased in the period (of approximately 5 years) prior to the outbreak of the conflict. 

In fact, on the basis of the current weapon systems the ammunition needed for a

certain threat (worst-case scenario) is determined. When this ammunition is continual-

ly kept in stock, there will be enough ammunition to carry out any possible deployment.

After all, a worst-case scenario was used.

Figure 8: Survey of the parameters in LEMEM leading to the required war ammunition stocks
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Future logistic developments

The recent attention for the logistic aspects of RNLA operations has been translated into

many changes in the logistic organization and means. In the coming years this atten-

tion will not wane. More reorganizations, supplementary means, partial expansion of

the operational logistic capacity and the pursuit of improved logistic information supply

are good cases in point. 

An important reason for giving attention to new developments in the field of logis-

tics is the necessary flexible deployment of means (as a result of the changed deploy-

ment options and the frequency of deployments) with the catchword 'More with less'

(with respect to personnel and financial means, in particular).

In a NATO context, too, it becomes emphatically clear that the area of logistics

requires further investments. Partially as a result of the increasing interest in Combined

and Joint operations, the frequent deployment of units in Operations Other Than War

and peace operations at large distances from the home country and the increasing pres-

sure on the defense budgets, there are several motives to give attention to the logistic

profession. 

Phenomena such as standardization and interoperability play a major role in this;

having access to an up-to-date overview of the available logistic means (like in the

American Joint Total Asset Visibility) is an example of this.

The recently concluded NATO Land Operations 2020 study clearly underlines the

importance of logistics. In order to make modern technology applicable within NATO,

the necessity of an increased interoperability is obvious. The individual countries will

find it almost impossible to make large investments in new materiel on their own. Apart

from task specialization, cooperation in the development of new systems will provide an

adequate solution for this situation. In this NATO study particularly innovative ideas

have been brought forward with respect to the use of technological developments in the

logistic playing field. Thus, in brainstorm sessions, the concept of the so-called

autonomous warehouses, simply put, mobile stocks (for instance, in containers) that on

their own, depending on the actual situation, determine their position with regard to the

customers, was considered. Also self-learning diagnostic equipment for the mainte-

nance of the major weapon systems belongs to the technological solutions that in the

views of this NATO working group will become possible in 2020. In the area of medical

care, it is even considered to use a diagnostic chip for the individual soldier that con-

stantly monitors his health, and makes suggestions about whether he can be deployed

any further. 

Such developments may well be possible in the future, but they do not (as yet) form

part of the regular research. For the time being, improved logistic planning, new basic
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patterns for logistic chains, maintenance management and improvements in the logis-

tic information supply will be central in the research.

Conclusion

It is hoped that this brief view of the logistic research within TNO-FEL will give the read-

er somewhat more insight and background to a number of things that will be intro-

duced into the Defense organization. Good and timely research can contribute to an

effective design of the logistic organization within the armed forces. A broad involve-

ment in the research (apart from an excellent tuning with the project monitors) is nec-

essary and desirable for that.

Notes

1 In this concept the means of transport and the load carrier are separated.

2 ERP - Enterprise Resource Planning

3 Staff Data Regulation IDL, December 1999, STG-CONFIDENTIEEL

Sources

TNO report 'Physical Distribution Concept', part 1 and 2, FEL-00-A163 and FEL-99-

A311, TNO-FEL, The Hague, September 2000

Monograph 'Physical Distribution', Landmachtstaf Cluster Logistiek, May 1996

Draft report 'Physical distribution within NL-part (GE/NL) Corps', OCLOG external

plans, Bussum, March 1998
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Logistics and the armed forces from antiquity to the future
Jos Vermunt

Gerard van der Laan

Logistics and the armed forces have always been related, and this relation sometimes

follows, sometimes determines the developments in the civilian world. This contribu-

tion is an abstract from a published book 'Van Marketenster tot logistiek systeem'

('From camp follower to network logistics')1, which discusses the development of logis-

tic thinking throughout the ages. 

Introduction

Frequently in historical dissertations there is a search for factors that have caused water-

sheds in gradual developments. Likewise, the present article sets out to identify these

watersheds in the relation between logistics and the armed forces, from antiquity to the

future. There are two angles from which this can be done. On the one hand, there is the

perspective of certain factors that cause conflicts, and on the other there is that of inno-

vative developments in knowledge or learning.

The causes for conflicts can be divided into social factors, which find their origin in

differences in ideology, culture, religion or other aspects of life. Another category is

more related to political or economic power, such as scarcity of money, raw materials or

energy.

Good examples of innovative developments in knowledge or learning are orientation

at sea by means of the sextant, the ability to calculate a bullet's trajectory and its destruc-

tive power, matters Simon Stevin occupied himself with. But of course there are also

such areas as planning and simulation in logistics or the invention of gunpowder, the

breech loader and the bomb.

According to Thorpe, apart from strategy and tactics logistics is particularly relevant

for victory or defeat in conflict. Beside the materiel component logistics also has a sup-

ply chain component. In materiel logistics it is all about the differentiation in technical

means; in the supply chain it is the differentiation in the availability at the right

moment, the right quantity and quality and place. In his strategic positioning Porter dis-

tinguishes cost leader or differentiation strategy, on the one axis, and in-focus or scale

strategy, on the other. For logistics in the armed forces this distinction can also be made.

Either the organization goes for cost leadership, so economical and intelligent handling

of scarce means, based on the existing school of thought, or it follows the differentiation

strategy, which is directed at innovative, creative thinking and acting. This innovation

can be directed at weapon systems (materiel logistics) or supply chain networks.
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This contribution presents a concise description of logistics, combat service support,

from ancient history until recent history, followed by a number of conclusions.

Logistics from antiquity until 1550

The Greek philosopher Socrates stated that the general is responsible for the supply of

food, the provision of his men and for all other matters needed to wage war. Add to this

the words of Vegetius that more people have died from lack of food than by the sword

and it becomes clear that in antiquity, with the increase in size of armies, the food prob-

lem became one of the most important factors in the preparation for war. When, sub-

sequently, it is borne in mind that transport over land in those days was many times

more difficult than over water, it is clear that control of the waters yielded an important

advantage in the choice of the most suitable place and time for engaging in battle. As in

this time the soldiers lived mainly off the land they moved through, it is plausible that

the opponent would use 'scorched earth' tactics. This was the reason why the soldiers

often had to carry their own food supplies with them, sometimes even for up to twenty

days! Already in early antiquity merchants and craftsmen could be found in the army

train. Attacks on separate food convoys necessitated the protection by armed soldiers.

The use of protected places and forts for food storage already indicated that the alloca-

tion of supplies had the full attention of the army leaders at the time. 

It is not surprising that the Romans attributed an equal importance to supplying the

soldier in the form of food, drink and fodder for the animals. For a large part the food

was transported on foot, not only because of the fact that the men carried most of it

themselves, but also because cattle herds were in the train, together with the draught

animals and beasts of burden. What is also remarkable was the need for wood, espe-

cially firewood for the kitchens.

The Romans' pursuit of perfection is striking, e.g. the precise calculation of supplies

to be taken along on the basis of an organic division into contuberia (groups of eight sol-

diers). The formula gave one modius of 8.37 litres of grain every day per contubernium.

The beasts of burden were allocated per contubernium.

With the Romans, too, there were merchants that moved along with the legions.

Living off the land was bound by strict rules, and this also applied to the setting up and

breaking down of the army camps. Incidentally, the use of the word 'administration' in

Anglo-Saxon countries for logistics until the 20th century may be related to the fact that

in the Roman era there was already an elaborate administration. It is fitting to conclude

this brief survey by mentioning the enormous effort the Romans put into realizing a

good infrastructure, an elaborate system of roads and waterways, which is often still in

use nowadays. An infrastructure is of great importance for a human being's mobility, in
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this case armies and their logistic support. It is this infrastructure, in particular, that

made it possible for such a large empire as the Roman to last for so long. 

Logistics from 1550 to 1870

This period is known as the age of siege warfare. The 16th century is regarded as the

New Era, during which the role of the mounted arm par excellence, the cavalry, was

pushed more and more to the background. The discovery of gunpowder as a propellant

for projectiles (guns, muskets, pistols and mines) made its presence felt in the con-

struction of reinforcements and the art of warfare. Transport of ammunition (still rela-

tively modest in volume) and towed artillery began to gain ground. The influence of ter-

rain and weather on the conduct of warfare remained dominant, which lent added

importance to natural passages in the terrain. This is the reason why these  locations,

castles and walled settlements, later known as fortresses, were picked as the centers of

protection against possible invasions,. Moreover, natural barriers, for instance in the

form of inundations were widely used. This approach to safeguarding one's possessions

determined military operations in the period up to 1870, and it gave form and substance

to the organization of the logistic function. The Eighty Years War showed a concentra-

tion of the battle around fortified cities, functioning as war munitions depots, all pre-

pared for lengthy sieges. Almost without exception these fortresses were situated on

crossroads, usually on or near big rivers. Transport by water was of eminent importance

in this. The river cities formed the basis of a network of waterways for Maurice and

William Louis for the transportation of guns, ammunition, materiel and food. This

implied that their Spanish adversaries were forced more and more to make use of trans-

port over land, with all the disadvantages attached to it. Their responsiveness was dras-

tically decreased because of the long, slow supply lines. In general the basins of the big

rivers were preferred as routes of advance, because of the great advantage they offered

with respect to the transport of munitions of war. An added advantage was the much

larger loading capacity of ships compared to wagons. The total length of the required

army train was sometimes up to 20 kilometers! This is where Stevin comes in with his

mathematical calculations for transports over land and water. In particular the transport

of artillery over land required many horses, reserve horses and also their fodder. Barren

regions were avoided or traversed as quickly as possible. Supply sometimes took place

from faraway supply points, with all the ensuing dangers of raids on these (logistic)

transports. This is in fact one of the reasons why the barren Kempen region hindered

an expansion of the Republic to the South. 

In the second half of the 17th century the aspirations of Louis XIV led to the intro-

duction of a logistic system that built on a method that had already been in use on a lim-
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ited scale. This so-called warehouse system comprised a number of pre-established

warehouses in the hinterland. From here the troops could be supplied on a regular

basis, using a fleet of wagons (équipage de vivres) that had been incorporated into the

army train. Later this system was expanded into fixed warehouses, with the required

quantities of food, ammunition and materiel for a campaign calculated beforehand.

Here, too, use was made of cattle (that transports itself) in order to provide for the need

of meat. In 1672 this system was used to supply the large armies on the march. Once

again, the long supply lines proved to be the weak points. They invited an adversary to

attack the logistic installations, which was a tactic used frequently by William II. This

sort of operations was to be elevated into official strategy in the later wars against

France. Nevertheless, the French logistic system was adopted by other European coun-

tries. 

In the second half of the 18th century the French military thinker Comte de Guibert

argued for an increased influence of the army leadership on logistics. He wanted to put

an end to a strategy in which the routes of advance were chosen along a series of exist-

ing warehouses. In his view logistics should follow the strategy, and not the other way

round! These views would later be implemented by Napoleon in his campaigns. In

transports the rivers played a less prominent role than during the Eighty Years War,

whereas roads began to assume a certain prominence, and the role of fortresses seemed

to be over. In the Napoleonic era that followed conquering territory became the para-

mount objective, together with the destruction of enemy units. 

Transport went by road, but whenever possible also by water. The supply lines were

divided into 'étapes', daily stages between the stopping places. Napoleon's major con-

tribution to the development of logistics was the relatively controlled way in which the

living off the land, as an addition to the warehouse system, without resorting to going

on a foray or looting, enhanced his operational mobility.

Logistics from 1870 up to 1945

The invention of the steam engine and the use of electricity constituted the technologi-

cal push behind the strategic views on land and sea warfare. Taken together, the intro-

duction of the railway and the steam ship as means of transport for personnel as well as

materiel, raw materials and goods; telegraphy and cable for the transmission of electric

signals and aerial balloons for observations to be transmitted by cable, can be seen as a

watershed in the development of (military) logistics. The greatly increased independ-

ence of terrain, climate (weather and wind) and the improved information supply

enhanced the flexibility of military operations to a large extent. 

Add to this the strongly improved weapon systems, brought about by the replacement
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of muzzle loaders by breech loaders (gun, rifle and machine gun) and the introduction

of the high explosive trench and armor piercing shell, and it is evident that combat

power of armies had increased enormously. The technological influences did not fail to

have an effect on command and control, the operations themselves and the logistic sup-

port. A clear example of this is the first use of the (steam) train in military operations in

the Franco-Prussian war of 1870-71. In the period leading up to WWI the Netherlands

retained its neutrality, renovating its outdated fortress system, improved its mobility and

increased the size of the field army, which was allocated the area outside 'Fortress

Holland' for its area of operations. The transport of troops by railway was pre-planned,

as well as the supply of the troops in the field and in the fortifications/fortresses.

In the German mobilization for WWI the railways played an important role. They

were used to move troops, ammunition, and other goods and materiel, on the outbreak

of hostilities, from the rear to the collection points. The goods were collected by the

army corps to be subsequently distributed among the regiments (indirect supply). Apart

from the railways the horse and wagon remained the most important means of trans-

port. During the initially rapid advance of the German armies it appeared that the

French had also prepared their mobilization well, in an operational as well as logistic

sense. The method used did not essentially differ from that of the German units.

Railways, motorized transport and horse traction played an important role here. A typi-

cal difference, perhaps, was the fact that the French means of transport were comman-

deered, and because of a mixed bag of brands and state of maintenance showed a low

reliability. In 1914 the war of movement came to a standstill when the German advance

bogged down on a front from the Swiss border to Nieuwpoort. In particular because of

the good organization of the French railway net for military use and partially because of

the lack of ammunition of the Germans, the latter could not exploit their advantage of

better and heavier artillery in the Battle of the Marne. Not until the autumn of 1918

would the front begin to move again. The superiority on the side of the allies forced the

Germans to surrender.

A new phenomenon in this war was the introduction of maintenance and repair of

weapon systems and vehicles; for the first time tanks were used by the allies. The

increasing complexity of the weapons brought about the introduction of repair units and

the supply of spare parts. A reconsideration of a structured adoption of logistics in com-

mand and control seemed called for most urgently; most certainly so in relation to the

national industries. The involvement of the state in the production of munitions and

their transport to the battlefield was not just a military concern. 

Immediately after WWI there was little interest in developing military doctrines and

logistic concepts. With hardly any attention for logistic preparation, Hitler attacked

France, Belgium and the Netherlands on 10 May 1940. Although the combined armies
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of these countries were not inferior to the Germans, Hitler gained great advantage from

the unity of command and a combat power generated from a concentrated deployment

of fast-operating armored units, supported from the air. Where the French organized

their logistics in detail, the Germans used the 'Auftragstaktiek', with great flexibility and

a high degree of improvisation. On 14 May after the bombing of Rotterdam, the

Netherlands capitulated, on 28 May Belgium followed. The German armies made quick

progress. The re-supply (fuel and ammunition) and the necessity to secure the open

flanks forced a slowing down of the advance through France. On 22 June 1940 the

armistice was signed.

German expectations at the beginning of the battle against the Russian Bear, in mid

1940, were so high that the war industry was scaled down in volume; once again, a fail-

ure to appreciate the necessary basis for a ready, well equipped logistic supply in a cam-

paign that had also proven to be fateful for Napoleon so many years ago. In addition, the

poor infrastructure of road and rail made the movement of personnel, materiel and

goods an unexpected effort. The Russian scorched earth tactics, helped by weather and

climate, to a large extent reduced the possibilities of living off the land and using possi-

ble spoils of war. The Russian advantageously traded off space against time. The morale

of the German home front was seriously affected, but the industrial production capaci-

ty remained in tact. After the surrender of the German Sixth Army the East Front all but

collapsed. Hitler's strategy in 1942 and his logistics incompetence to a large extent con-

tributed to the disastrous course of the operation in Russia. 

On 6 June 1944 the largest amphibious operation so far unfolded on the five most

important beaches in Normandy. After a slow advance along a number of marching

routes, the borders of the German Reich (Siegfried Line) were reached at the end of

September 1944. The logistics, especially the supply of fuel and ammunition, was high-

ly stretched. Initially, the use of artificial harbors ensured an almost continuous supply.

The Allies had counted on a quick occupation of the harbors in Normandy, Brittany and

the Channel Coast. This optimism proved to unfounded and the Americans suffered

most for it, because of the Easterly direction of their advance. Brest and Le Havre were

soon too far away from the front. The poor structure of the logistic function quickly

became evident when the advance, difficult at first, gained momentum. Especially after

crossing the River Seine the logistics difficulties became enormous, due to lack of

means of transport, which hindered the exploitation of the success. There was only a

limited number of trains available because of damage due to the bombardments. Lack

of fuel became the order of the day.

The use of ammunition remained below estimate because the German units got lit-

tle opportunity to re-group and fight. Where the organization of logistics had insuffi-

cient flexibility to support the operations adequately, an ad hoc supply line, the 'Red Ball
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Express' provided the daily re-supply of fuel and ammunition. The coat was cut accord-

ing to the cloth; for weeks on end emergency rations (compact and requiring little space)

provided the necessary food, as well as captured German supplies. In August 1944

American and French units landed on the Côte d'Azur, supported by airborne units.

Their main objective was the port of Marseilles (for supply purposes) and the protection

of Eisenhower's South flank in his advance on the Rhine. By the end of August the River

Seine was crossed and Paris fell. The importance of aerial transport for supplies

required the capturing, repair or construction of air fields. Sometimes planes were with-

drawn from operational deployment and used for supply purposes. The battles of Zuid-

Beveland and Walcheren were fought for logistic reasons: the Allies wanted an unop-

posed passage through the River Schelde to Antwerp.

A lack of fuel finally stopped the advance at the Siegfried Line (Rhine). After the

Rhine, Weser and Elbe had been crossed the German Reich capitulated in the night of

8 and 9 May 1945.

Logistics during the Cold War from 1945-1990

After the surrender of the German Reich the Netherlands armed forces slowly took form

by establishing naval, ground and air forces, whereas logistics was composed of trans-

port, supply and repair units. The defense of the Netherlands was undertaken accord-

ing to pre-1940 views - on the rivers Yssel and Meuse. This structure was the basis for

the allocation of supplies, i.e. the warehouses. The volume of the stores was a direct

result of the views on the possible duration of a future war, bearing in mind the time-

consuming re-supply from overseas, from England and France. As a direct result of the

experiences gained in WWII the value of a well-equipped and trained air force was

deemed high.

The strategic concepts were: the defence on the Yssel ('50-'58), the Weser ('58-'63), the

defense of the Northern flank on the Elbe ('63-'69), and the delaying battle on the

North-German plain (69-'90). They all had the primary objective of building up of the

defense, including the necessary re-supply from the US. The above-mentioned concepts

required a certain logistic independence of the units involved on the various organiza-

tional levels and the allocation of supplies in depots and warehouses. 

Changes in the organization of the logistic function often originated from changing

operational concepts and problems in the systems logistics, e.g. keeping maintenance-

sensitive, mobile weapon systems, such as the tank in a state of readiness. As a conse-

quence the organizational changes also concerned the automated support of stock con-

trol, the physical supply of spare parts and maintenance planning. The 'logistic tripar-

tite' - provide, maintain and dump - introduced by the Working Group Material Logistic
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Concepts in the 1980s is one of the causes of this. 

This was in fact a customer-unfriendly, materiel-oriented approach based on the life

cycle of the materiel. The political wish, a high availability of materiel, lay (too) much

emphasis on the integral quality of the armed forces. Only in the 1990s did supply chain

management receive scientific attention (DMKL/KMA/TNO) as well as practical appli-

cation in, for instance, the monograph 'Physical Distribution'. From an operational as

well as a logistic perspective, operations at a large distance from home are only possible

due to excellent air and sea transport systems, with governments/countries that give

facilities for the operational and logistic support with a high degree of short-term avail-

ability. Well-structured lines of communications and an adequate information supply

are minimum requirements for a ready control of the supply chain.

Logistics from 1990 to 2000

The end of the Cold War was characterized by the fall of the Berlin Wall, the dissolution

of the Warsaw pact, the re-unification of Europe and Germany and the ensuing strong

decline of the East-West opposition. It marked the beginning of a political, military and

also logistic revaluation. Conscription was phased out and the 'outlook on the East' was

broadened, in a political sense, to global proportions. It was directed at peace operations,

in principle everywhere in the world, with various deployment options in an interna-

tional context. 

The modes of operating, on the one hand, distinguish themselves by the nature of the

means employed, and the nature of the operation of the warring parties, the method of

fighting, on the other. The means of fighting may be WMDs of conventional weapons,

the methods may vary from regular to irregular. In regular operations both sides deploy

organized units, massive, coordinated and on the basis of a certain doctrine. Irregular

operations usually involve smaller units, often acting with surprise and with locally high

violence intensity. The British terminology defines as 'unconventional operations' irreg-

ular operations, such as guerilla warfare and terrorism. The logistic achievements and

the necessity to control the entire supply chain from the home base to the area of oper-

ations are of enormous importance. The application of advanced, automated tools

(tracking and tracing) and satellite communication in mobile applications appears to be

essential for a tailored logistic support. A seamless fine-tuning between the three

Services, whether or not in an international context, is a conditio sine qua non.

Changing paradigms

In logistics everything turns around Reliability, Responsiveness (the extent to which it
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is possible to react to the changing circumstances) and Resourcefulness (the innovative,

improvising self-learning capacity). Retention (the ability to carry on), established in the

logistic basic pattern and Relations, fixed internally in an organization and externally

dependent on the power or dependency relations, are leading. Together they are known

as the five Rs.

Watersheds

The watersheds that are taken as starting points, in particular from the interaction

between logistics and the armed forces, result in five distinct periods, the first of which

runs from antiquity until about 1500 AD. The objectives of the powers that be in this

period were primarily directed at maximizing self-benefit, the preservation of one's own

group and the delineation of one's own territory. These objectives evolved more and

more from a defensive to an offensive perspective. The guiding principle for acquiring

the necessary means was living off the land, which developed from local use to appro-

priating someone else's possessions. Movement was preferably done by water transport

in coastal waters. If it was necessary to go by land, there was the choice of carriers,

beasts of burden, such as donkeys or draught animals, such as oxen. The latter ham-

pered the progress of an army, and with it flexible movement, but they did give the pos-

sibility for large-scale transport. The armies put great pressure on the capacity to adjust

to local circumstances, in other words the Resourcefulness of  the learning organization.

Prince Maurice and Simon Stevin's school can be seen as a clear watershed in the

relation between logistics and the armed forces. They were the first to store the goods

they needed. The importance of reliability was recognized and the goods were stored in

warehouses, preferably near crossroads. In Maurice' case these were usually waterways,

which allowed him to generate an enormous capacity for movement, as opposed to the

Spaniards who were more bound to movement by land. The emphasis clearly lay on the

storage of food and fodder. The battle was waged in spring and summer, whereas the

autumn and winter served as preparation periods. As a mathematician Stevin made

valuable contributions to the successes of Maurice and his successors. In the days of

Louis XIV storage was perfected in the so-called warehouse system, in which goods

were geographically spread out and stored with a view to strategic objectives. Napoleon

introduced the so-called stage system, in which goods were stored along the march

routes. The storage point lay at fixed distances from each other, which made re-supply

possible during and after the advance. The introduction of these logistic basic patterns

enabled the military to guarantee a greater Retention.

The Franco-Prussian war can be seen as the beginning of a new phase. The Industrial

Revolution and the introduction of the railways as a means of transport allowed the
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transport of enormous quantities of industrially produced goods from the hinterland to

the front. The introduction of the military service that went along with it, made a true

increase in scale possible. In this war logistics principles were used for the first time.

Whereas in Napoleon's stage system, as described by Jomini, there were junctions with

identical transfer and storage functionalities along the route, in the supply chain there

was a so-called hierarchy of mutually dependent points. First, the supplies were trans-

ported to the final railway station and subsequently distributed from there to local col-

lection points. In the flow of goods, fuel became increasingly important alongside

ammunition. In WWI the offensive bogged down because the generals expected a short

war. Retention became all important. The industry had to be reformed into a war indus-

try before the stalemate could be broken. The supply to the final stations at the front still

had to be done by horsepower as motorized transport had not really made the break-

through. During the Blitzkrieg in WWII the situation repeated itself, the advance

bogged down once more. The transport to the collection points, however, had by that

time been replaced by the lorry; the principle remained the same, though.

After WWII a new period began with the advent of the Cold War. The danger came

from the East and the defense supply chain was based on a predictable, as it were, con-

flict with its own desired retention: for a battalion, 1 week; a brigade, 2, a division 4

weeks, an army corps 2 months and a national supply several years. Even water wells in

the North German plane were allocated and the transport of fuel was organized in a sub-

terranean pipeline system. In the basic pattern there was a certain built-in responsive-

ness.

When the Berlin Wall fell, the predictability thinking went with it, and this event can

be seen as the start of entirely new period. Traditional logistics thinking should be

replaced by the so-called responsive network thinking (see the contribution of Pauline

Thoolen in this NL Arms edition). The reasons for this lay in the nature of conflict. It

could be stated that in the period leading up to 1990 the type of conflict was more sym-

metrical. The warring parties fought with the same means on the battlefield. As such,

the Gulf War can perhaps be considered the last of the symmetrical conflicts. What fol-

lowed is the era of asymmetrical wars and the attack on the World Trade Center on 9/11

will have convinced the last sceptic of that. In an asymmetric conflict there is always a

sort of 'underground' network, which makes use of the geographical situation; in

Vietnam it was the jungles, in the Balkans the mountains, and in Afghanistan the desert

and the mountains. These underground networks operate in cells which repeatedly

carry out harassing attacks. Pirates, centuries ago even supported by Dutch safe havens,

can be seen as precursors of the present-day terrorist groups. The hunt for Bin Laden

even starts from the premise of a 'global' underground movement rather than a nation-

ally based group. In these conflicts, then, the emphasis lies on Retention, in all possible
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situations. Reliability and responsiveness in operations, everywhere, always and in every

possible manner is a precondition.

Probably, successful commanders will re-discover the ancient value of

Resourcefulness. In an extremely unpredictable asymmetrical conflict the local com-

mander will have to be able to use the improvising, innovative and therefore self-learn-

ing capacities of his men. Transparency in the availability of all means is a precondition

for this. That is why the American armed forces have begun to actively develop systems

based on internet technology that are expected to provide this transparency e.g. JTAV. 

Logistics will have to organize itself differently in these conflicts. Network thinking,

in particular transparent, responsive networks, will begin to replace the predictable

world of the supply chains. This offers great challenges to military leaders to develop the

right supply chain for future combat service support.

Note

1 Roos, H. e.a. red. (2002), Van marketenster tot logistiek systeem [From camp fol-

lower to network logistics], uitgeverij Boom
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