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TRANSFORMATION: MILITARY AND SCIENCE 

Klaus NIEMEYER 

Abstract: Military and science have been complementary throughout history. 
Military capability has always been built on the advances in science and technology 
and at the same time it has provided motivation and goals for new technologies and 
applied science. If technologies and scientific approaches advance the military op-
tions, strategies and tactics need to adjust and transform accordingly. In this sense 
transformation of military is triggered by the advances in science and technology. 
At the same time, specific scientific disciplines, such as operations analysis, pro-
vides the techniques and tools for a pragmatic and effective transformation of mili-
tary affairs. 
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The transformation of the security system originated from the need to adjust to fun-
damental changes in the objectives of the security sector and to major developments 
in information and sensor technologies. The objectives changed from the rather fixed 
and stable situation of massive balance of power and deterrence in the Cold War pe-
riod to missions in different locations all over the world for peace support, humani-
tarian aid and protection of human rights. In addition, the fight against terror became 
a major motivation. At the same time, the technology of information systems, in par-
ticular the world wide net of computers and advanced sensors, opens completely new 
approaches and options for the strategy, structure and operation of military forces. 

As a consequence and based on the first steps in a new direction of some nations, in 
particular the US, NATO decided to adjust its structures and objectives to the new 
conditions. The two supreme commands of NATO, SACLANT and SHAPE, re-
formed into ACT, Allied Command Transformation, and ACO, Allied Command Op-
eration. The very fact of this fundamental and high level change in the command 
structure indicates the high importance of the need for transformation within all 
NATO nations. 
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Transformation 

Transformation means instead of only re-shaping something existing (just moderni-
zation and reform) the establishment of a permanent and future-oriented process of 
change and adaptation to new challenges. The goal is the creation of something new 
as well as the increase of effectiveness of military forces. Transformation has many 
dimensions: 

• The security policy dimension is related to the wide scope of many possible 
scenarios although with high uncertainty and low predictability, which re-
quires robust solutions in terms of force structures and strategies.  

• The societal dimension needs to consider training and education for the use 
of high technology and the integration and status of military forces within 
the overall society of a nation.  

• The technological and scientific dimension is the utilization of the new ad-
vances for the increase of military effectiveness.  

• The innovative dimension requires a permanent search for and creation of 
new options in strategies, operations and tactics in order to reduce the risk of 
ignoring and omitting the most promising and powerful solutions.  

• The mental dimension incorporates the permanent need for questioning the 
own position and the scientific approach for reproducibility, transparency, 
and falsification of wrong and bad solutions. 

In NATO, transformation is seen as an effects-based approach. Capable future forces 
are built on the transformation goals of achieving coherent effects, decision superior-
ity, and joint deployment and sustainability. These goals are conditional on each other 
and cannot be seen in isolation. They are determined commonly based on classical 
defense planning, as well as on the new approach of concept development and ex-
perimentation. More specifically, the transformation objectives are: 

• Effective engagements, joint maneuvers and enhanced civil-military 
cooperation for the achievement of coherent effects;  

• Information superiority and network-enabled capability for the achievement 
of decision superiority; and  

• Expeditionary operations and integrated logistics for the achievement of 
joint deployment and sustainability. 

Military and Science 

Military and science have a long historical relation to each other. The oldest known 
and recorded war philosopher Sun Tzu wrote approximately 2300-2500 years ago in 
The Art of War: 
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“The rules of the military are five: measurement, assessment, calculation, compari-
son, and victory. The ground gives rise to measurements, measurements give rise to 
assessments, assessments give rise to calculations, calculations give rise to compari-
sons, and comparisons give rise to victories.”1  

or 

“Measurement owes its existence to Earth; Estimation of quantity to Measurement; 
Calculation to Estimation of quantity; Balancing of chances to Calculation; and 
Victory to Balancing of chances.”2  

Today our interpretation of this statement can read as follows. Based on the percep-
tion of reality the disciplines of natural sciences as mathematics or physics are devel-
oped; with the methodologies of science, models are constructed; the application of 
models results in simulations; simulations are important foundations of operations 
analysis; and operations analysis is required for success. In this context, many nations 
and their military organizations have created and maintained military-scientific insti-
tutions to perform operations analysis. 

Operations Analysis or Operations Research was defined as a scientific discipline 
among researchers of the Alliance during the Second World War in support of the 
armed forces. This definition reads as: 

“Operations research is a scientific method of providing executive departments with 
a quantitative basis for decisions regarding the operations under their control.”3 

Although the techniques and methods of operations research have earlier been used in 
industrial, governmental, and military activities—sometimes under different names— 

 

Figure 1: Sun Tzu and Scientific Support. 
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its systematic application have been predominantly military. However, the techniques 
and methodologies of operations analysis and simulation can be of help in arriving at 
executive decisions concerning operations in any field—industrial, governmental, 
commercial, ecological, environmental—as well as in military. 

In NATO, the problem areas supported by operations analysis approaches have been 
focused on the following two basic questions:  

• For given resources, budget and political guidance what is the best composi-
tion or structure of military forces? 

• For given military forces and mission what is the best employment in order 
to optimize the available resources, e.g. minimize the own losses?  

The first question is very closely related to long-term defense planning, while the 
second question considers short-term operational planning of given forces.  

In defense planning, the objectives are the creation of forces that are able to provide 
the capability to handle a multitude of possible or likely, though uncertain, scenarios 
or planning situations and that are robust in their structure for successful operations 
under many conditions. Important constraints have to be considered, such as available 
economic budgets, demographic developments, social national conditions, technology 
and scientific advances, industrial and logistical base, and last but not least the overall 
political guidance.  

In operational planning, the objectives are best employment of forces, which are able 
to accomplish a well-defined military mission with minimum losses. Important con-
straints are the geographic and environmental conditions, the opponent and his op-
tions, strength of own forces, reserves, etc. 

Planning Situations 

Planning is closely linked with the definition of situations that can serve as basis for 
testing the effectiveness of structures, systems, plans, concepts of operation, etc. If 
such situations cover a set of future most likely possibilities, it is safe to assume that 
structures and concepts based on these situations provide robust solutions. From an 
analysis perspective, given or planned solutions should be tested against these plan-
ning situations seen as benchmarks.  

Considering the analysis of crises, a number of common factors, which are relevant to 
generic planning situations, emerge. These basic components of military planning 
identify the common issues confronting planners in each situation. From these com-
mon factors detailed checklists of generic planning tasks can be identified that also 
reflect the guidance on generic planning. 
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Figure 2: Uncertainty of Scenarios. 

The challenge that planners face nowadays is the uncertainty of potential scenarios on 
the background of the new space of missions. The number of scenarios, which has to 
be considered, increases with the time horizon for planning. At any given time, only 
one or two real-life operations are important. For short-term planning, the given 
forces have to be employed most effectively. For long-term planning, many planning 
situations with increasing uncertainties have to be analyzed. For long-term planning, 
the structure should be as robust as possible in order to be able to cover worst-case 
scenarios. In general, the set of scenarios should be as consistent as possible. 

Defense Planning 

The main element considered in a deduction process for generation of force require-
ments is the transparency of the process. Everyone involved, including the political 
leadership, the democratic control, and the military should be able to understand the 
deduction in principle. This leads to scientific approaches of reproducibility of re-
sults, rigor in methodology and logical reasoning. The task is to determine military 
requirements from analysis of military missions, taking into account the political 
guidance for defense planning, the predicted security environment and any lessons 
learned from operational planning or real-world experience. 
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Figure 3: Defense Planning. 

The requirements are expressed in terms of force levels, force structures, force capa-
bilities, force readiness and strategic capabilities. The latter are military capabilities, 
not directly referable to a single service, that enable military commands to effectively 
deploy and employ assigned forces and that are essential to ensuring successful mis-
sion accomplishment. 

In NATO, the results of this Defense Requirements Review (DRR) process form the 
major input to the NATO Biennial Force Planning process and the generation of 
Force Proposals for each NATO nation. These proposals are then discussed with the 
nations concerned and agreed Force Goals for each nation are established – this is a 
commitment by the nation to deliver capability. The main purpose of the DRR is thus 
to give a sound military rationale for the military requirements and capabilities in or-
der to provide a solid basis for negotiations for the agreement of Force Goals and in-
put to other defense planning developments. 

The requirements for each planning situation are established using analysis ap-
proaches at different levels of complexity. All planning situations are initially ana-
lyzed using relatively simple static analysis methods. Static analysis methods are used 
to cover the wide range of variations that have to be considered. It should be kept in 
mind that DRR is concerned with possible future planning situations and certainly 
there are many uncertainties associated with these situations. The static methods are 
used to arrive at an initial view on robust defense requirements. Robust in the sense 
that the forces proposed are required to be capable of dealing with a wide range of 
circumstances. In certain cases, these requirements are then  refined using more  com- 
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Figure 4: Wide Scope of Processes. 

plex methods based on more sophisticated and detailed simulations. The basic re-
quirements for each situation are expressed in terms of required force levels and the 
force build-up required in the geographic area concerned.  
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Intelligence in the military sense is concerned with identifying threats and stimulating 
political decision-making processes. In peacetime, generic plans are made to ensure 
readiness for operational planning if a crisis situation arises. Outcomes of operational 
planning form inputs for political decision-making and govern military deployment to 
crisis areas. Deployment of well-trained forces and subsequent preparation for their 
possible future employment may deter a potential aggressor. If deterrence works, no 
further employment of forces may be required. Re-deployment of forces may subse-
quently be possible. 

Operations Analysis and simulation can be used with regard to any of these processes, 
to arrive at optimal solutions. Use of simulation is especially valuable in deriving 
such solutions in the face of frequently changing circumstances. The marked areas in 
the diagram presented in Figure 4 show successful application of the Operations 
Analysis methodology in real operational planning. 

During real operations many direct and indirect supporting activities for the deployed 
headquarters have been accomplished, e.g. scientists deployed as part of the assess-
ment cells of the headquarters. Some experience for the use of Operations Analysis 
has been summarized and the following observations during these deployments have 
been made: 

• An important area of work is the collection of data, lessons learned and 
material, which could later serve as a ground for analysis and model build-
ing. Here major contributions are possible in the areas of Force Generation, 
Deployment, Logistics, and Command and Control. 

• Lessons learned activities need to be extensively organized, controlled and 
analyzed. 

• Data collection, archiving and data management are key tasks requiring bet-
ter planning and coordination; a data collection plan should be integrated 
into the staff planning process. 

• The Operations Analysis scientists have provided contributions of high value 
to the deployed headquarters. Experience reaffirms that Operations Analysis 
has a place as an integral part of military decision-making. It is necessary for 
the Operations Analysis teams to train and exercise together with the mili-
tary staff. 

• Integration of the military staff work and the scientific support is very 
important in order to react in a timely manner, to understand the problems 
and to define the option, which has to be analyzed. 

• Operations Analysis teams in military headquarters should be small, of 
mixed disciplines, with a broad range of experience. They should be headed 
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by independent civilian scientists reporting to senior level. Members of the 
team should possess good information technology skills. 

• Simple, transparent and easy to use tools and models are needed since the 
time for analysis is often limited. 

• A good and direct link and network to scientists and organizations at home 
locations is essential for back-up support, rotation of personnel, retrieval of 
data and methodology, etc. This network should be established in advance. 

• Measures of effectiveness are required to provide commanders and staff 
with a measure of mission success, which is difficult for peace support op-
erations as they need to be developed before the operation. 

A typical cycle of actions takes place in the command and control process. This so 
called decision cycle is established more or less on all levels and within all forces and 
headquarters.  

In general, the procedural elements of this classical decision process are: 
• Situation Assessment; 
• Objectives; 
• Strategies/ Options for Actions/ Decisions; 
• Detailed Planning; 
• Implementation. 

Any military staff or crisis management team carries out the five elements of this 
process repeatedly during its activities. Situation assessment encompasses all activi-
ties related to finding out and describing what is going on, understanding the motiva-
tion of the principal actors, establishing the basic causes of events and the relevant 
drivers of processes, updating the assessments, disseminating the assessments to oth-
ers as required, etc. 

The process begins with definition of the desired objective. The status of own and 
opposing forces and the environmental circumstances in which they will eventually 
have to operate need to be established. The potential of forces can be compared using 
simulations. Environmental conditions, scenarios and planning situations can be 
changed in the simulations. Operational options can be developed from the results of 
comparisons. The likely effects of the adoption of options can be assessed using 
simulations. The best option can be selected as a basis for decision-making and fur-
ther planning. Again, the marked areas in the diagram in Figure 5 show successful 
application of Operations Analysis methodology in real operational decision cycles. 
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Figure 5: Decision Cycle. 
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Figure 6: Joint Analysis. 

operations, it is possible to develop a set of planning and simulation models. The in-
teraction of these models with each other, using a common database, is the essence of 
the first demonstrated prototypes of model confederates, which can be used in games 
involving planners from the military, in experimental settings. 

Planners who use models in operational environments require training. Model-as-
sisted exercises need to be organized for this purpose and finally models can be used 
in connection with real-life operations.  

All such uses of the methodology have resulted in fresh insights and identification of 
possible areas of improvement. These led to new versions of models and simulations.  

The development and evolution should be handled by a single team consisting of 
military professionals and scientists, using basic Operations Analysis techniques. This 
has been important in providing the continuity needed to ensure progress. The most 
important conclusion to be drawn from this experience is that collaboration between 
military personnel and scientists is vital for the successful application of any model. 
Collaboration is most efficient when it takes place in the context of an interactive 
feedback loop that supports decision-making. 

Transformation: A Vision 

Many successful Operations Analysis tools and their application provide evidence 
that the rational, logical, quantitative consideration of facts results in better under-
standing of the phenomena of war and in improved operations and strategies. 
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Figure 7: Deterrence-Persuasion. 
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In any case, these effects should be of interest for future defense planning and de-
tailed quantitative analysis utilizing operations analysis methodology, modeling and 
simulation. 

The increased emphasis on strategies, which deal with greater uncertainty of the fu-
ture, as well as the need for projecting military potential leads to concepts, which 
could be characterized as virtual deployment of forces. The virtual deployment can be 
perceived by potential adversaries as capability long time before any actual deploy-
ment is taking place. It could include various stages of development, demonstration, 
prototyping and limited production. In the future, military competitions may be char-
acterized more by development and by maintenance of such virtual deployed options 
than by deployed real systems. The virtual deployment in close relation to the grow-
ing gap between civil technology and deployed military technology will magnify an 
already existing trend, the reliance on and need for artificial experience, modeling 
and simulation. 

Increased environmental concerns, smaller budgets and resource constraints have al-
ready motivated great interest in simulation techniques and capabilities. The interac-
tions of new technologies embedded in future forces and of their counter- and 
counter-counter-measures, will not be well understood. Virtually deployments cannot 
be actually tested on the field. High fidelity simulation and training techniques used 
not only for deployed systems but to assess the interoperability of potential develop-
ments and virtual deployments, will increasingly be the tools of military planning and 
education. 

In summary and quoting the war philosopher Sun Tzu: 

“To win without fighting is best.” 

 
 
 
 
 
 
 

Notes:  

                                   

1 Sun Tzu, The Art of War, Translation and Interpretation by Thomas Cleary (Boston: Shamb-
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