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Abstract

This paper defines and describes the primitive “effect” and several conceptual definitions: direct, indirect, complex, cumulative and cascading effects, mechanisms, actions, indicators and objects. It provides an analysis of the use of effects and effects-based operations found in Joint and US Air Force doctrine and key vision documents such as Joint Vision 2020 and the Air Force Vision 2020. This analysis finds that while doctrine, especially USAF doctrine, is attempting to deal with these definitional issues, some key concepts need further clarification. It also finds that effects-based thinking permeates Joint and USAF vision documents though without the definitional underpinnings, these documents can be to justify everything from status quo endeavors to the wildest imaginable warfighting concepts. While this paper does not outline a precise effects-based approach to planning, executing, and assessing operations, its claim is that the theory herein is a necessary step in producing and implementing such an approach.
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To invent without scruple a new principle to every new phenomena, instead of adapting it to the old; to overload our hypotheses with a new variety of this kind; are certain proofs, that none of these principles is the just one, and that we only desire, by a number of falsehoods, to cover our ignorance of the truth. David Hume, A Treatise of Human Nature, 2.1.3.7

Effects-based operations seem to be on everyone's lips these days. The authors of Joint Vision 2020 and Air Force Vision 2020 speak often of "effects" though neither offers a definition. The USAF took a stab at defining and describing effects (and, by extension, effects-based operations) in Air Force Doctrine Documents (AFDD) 2, Organization and Employment of Aerospace Power, and 2-1, Air Warfare. For the reasons stated below, both these efforts fall short. If effects-based operations is truly to give commander's another, legitimate tool to use, the primitive term effect and its various modified terms such as direct effect or indirect, complex, cumulative or cascading effect must be further defined, explained, and expanded. This essay attempts those tasks. My main caveat is that an effects-based approach is exceedingly difficult, not so much in the definitional task, but in the application. That the history of warfare is overwhelmingly one of direct, physical effects generated by one military force bashing another is not solely due to intellectual shortcomings on the part of commanders or theorists. Just as importantly was the realization, perhaps not well or widely articulated, that any other approach was difficult to plan and problematic in its execution. And forget about assessing anything beyond the results from military actions that you can directly see! My point is that just more precisely defining and explaining effects-based approaches does not make implementing them any easier. If that caution serves to mute some of the hyperbole, then that is an added benefit.

I will start by examining AFDD 2 and 2-1's discussion on effects and where and why I think they fall short. The section after that defines and describes the primitive effect and four of its indispensable modifiers: direct, indirect, complex, cumulative and cascading. In the third section, I take these terms of reference and apply them to the ideas found in Joint Vision 2020 and the Air Force's complement to it.
 This part will necessarily be inferential since neither document went much into elaboration (on this point or any other for that matter). What I find is that these terms, in the richer form advanced here, adds much to the spirit I found expressed in these vision statements, particularly Joint Vision 2020. I place a deeper examination of theories related to effects and place them in the Appendix. Because an effects-based approach requires employing systems and temporal approaches to analysis, the idea of state becomes central. Further, since this essay is premised upon the existence of a human actor and human receptor, game theory is an appropriate analytical tool. Finally, since effects theory is by nature predictive, uncertainty is an unpleasant but ubiquitous fact. Therefore, the Appendix lays out a brief exposition on state-contingent and game-theoretic explanations of effects and effects-based operations and closes with a framework for assessing uncertainty.

I discuss the characteristics of effects-based operations in the fourth section and concentrate on the likeness and differences to traditional target-based approaches or more recently of objectives-based approaches. This section is tangential to the essay's main purpose but I feel it is necessary to any understanding of effects-based approaches because it answers two charges generally made about effects-based operations (EBO). The first is that EBO is just a buzz phrase without any real substance. The second objection is that effects-based approaches are just old wine in new bottles; that, at least as far as airpower theory
 goes, this has been around since the very beginning, or at least since the 1930's with the industrial web theory.

Well, yes and no to both criticisms. Yes EBO is often used as a catchphrase and yes it holds many of the same characteristics as airpower theories from the past; but no in the fact that effects-based approaches can hold real substance (as I hope this entire essay will show) and in that this approach is a further logical and empirical extension to classic and modern airpower theories. Indeed an airpower theory such as strategic paralysis requires an effects-based approach.
 The final section summarizes the main points and closes with my answer to "So what?" Planning, conducting and then assessing operations based on desired effects offers an economy of force means of achieving strategic objectives. For that reason alone, it seems worthwhile to understand effects-based approaches to military operations.

Words or phrases in Bold type indicate places I am offering a primitive or conceptual definition.

Where AFDD 2 and 2-1 come up short. 

First the good news. Air Force doctrine writers do attempt to define and describe effects. Indeed early on, they recognized this need. This stands in contrast with earlier failures to precisely define such basic terms as airpower and strategic bombardment.
 A direct effect is defined in Air Force doctrine as: "Result of actions with no intervening effect or mechanism between act and outcome. Direct effects are usually immediate and easily recognizable."
 An indirect effect is defined as: "Result created through an intermediate effect or mechanism to produce the final outcome, which may be physical or psychological in nature. Indirect effects tend to be delayed and may be difficult to recognize."
 As I show below, this formulation, while correct in its intent, must be incorrect in its particular. There cannot be a direct linkage between action and result without a cause whose explanation I will call a mechanism. There can be, however, an intervening effect that causes an indirect effect. AFDD 2, furthermore, makes some effort to describe the connections between desired effects and the various levels of war. "Effects at the strategic level of war include destruction or disruption of the enemy’s center(s) of gravity (COGs) or other vital target sets, including command elements, war-production assets, and key supporting infrastructure that impairs the enemy’s ability or will to wage war or carry out aggressive activity."
 "Operational effects such as theater air superiority, command and control (C2) decapitation, and battlefield isolation are the tools with which the operational air commander supports the overall strategy."
 

Now the (more) bad news. First, the primitive effect is defined only by implication. In both definitions above, effect equates to result. As stated in the next section, I agree with that part of the formulation. A more serious shortcoming is melding effect with action without any further elaboration. An example is disruption (see below). It is listed as an action and an effect on the very same page.
 As I hope to make clear, there is a time when that is correct and a time when it is not.
 Understanding effects-based approaches crucially depends upon making clear these distinctions. Likewise, Air Force doctrine makes no distinction whatsoever between effect and objective at any level of abstraction. (See, for example, AFDD 2-1 Chapter 2.) This fault lies at the root of the claim there is no difference between effects-based approaches and objectives-based approaches such as strategy-to-task. I show in the next two sections why that mindset limits the power of an effects-based approach. Next, these documents contain scant discussion on how effects combine but say they do. "The effects of dislocation, destruction, and diversion create delays."
 "Today, precision engagement and increased intelligence capabilities allow simultaneous and rapid attack on key nodes and forces, producing a cumulative effect that overwhelms the enemy’s capacity to recover."
 This failure really shortchanges not only the idea of effects but also effects-based approaches. In fact, it is tracing and understanding the interplay between direct and indirect effects (what I will more elaborately define as complex or cumulative effects) and how that interplay in turn leads to other effects of much greater magnitude (again in more detail below but what I define as cascading effects) that is the unique contribution of effects-based operations to the body of military theory. Another criticism is the doctrine writers use mechanism in a curious manner. In one sense, it might appear effect and mechanism is identical (“no intervening effect or mechanism”). In another sense, it might seem effect, as result, is different from mechanism. The third sense might be that mechanism and effect are different but both can be intervening variables. Again, these distinctions are essential to any understanding or application of effects-based approaches.
 Lastly, these doctrine documents separate effects from their objects. This is misleading at best and confusing at worst. Effects are always tied to an object.

An object is the focus of attention; the purpose, aim or goal of a specific action. For example, a desired effect of “isolate the battlefield” has “isolation” as the effect and “battlefield” as the object. Objects always lie within the context. By specifying the object, planners also provide the boundary between phenomena. This is essential, especially in other than trivial circumstances, because otherwise the problem space can become huge and intractable. Indeed, “isolating the battlefield” in a context such as the Gulf War would be daunting. Better to seek “isolation of the KTO” or “isolate the Republican Guards from their means of supply.”
Defining and describing effects.

In this section--the heart of this essay's task--I build definitions from the bottom up starting with the primitive
 effect then move on to more intricate terms by way of four basic modifiers: direct, indirect, complex, cumulative and cascading. I next describe a set of effects (illustrative and in no way definitive) using a top down method. This is important. Some might argue that "moving a tank battalion" or "pressing a key on a computer keyboard" could create an effect. Undoubtedly true. But what seems more useful from a commander's point of view is "what set of actions must I put in motion to achieve such-and-such an effect?" "Moving…" and "pressing…" are actions, not effects. "Moved" or "Pressed" can be effects. The distinction is not trivial because the effect relies very much on being able to explain the cause.
 Furthermore, executing actions then determining what effects they achieved seems backwards.
 Finally, along the way I point out related terms such as objective, end-states, strategic aim, conditions, events, strategy, ends, ways, means, risk, concept of operations (CONOPS), and course-of-action (COA).

AFDD 2-1 is right in saying that an effect is the result of some action. In other words, actions cause effects.
 Now the action can be direct or indirect. This presents a “foot stompin’” point: whether an effect is a direct effect or an indirect effect depends generally upon point-of-view.
 An effect is a direct effect if it directly results from a direct action. It is an indirect effect if it results from the effect of some previous action or set of actions. I say “generally” due only to the differences in visibility that arise when viewing from different vantages.
 For example, seeing the direct effect of a bridge span dropping into a gorge seems rather simple compared to "seeing" how a disrupted transportation system affects the morale of frontline troops.
 "Ultimately it is very difficult to measure the extent to which the relationships under consideration have caused desired, or altered undesired, preferences in the absence of overt [action]."
 By way of example, if I can say, “If I take this action, then this result will occur.” I have made a statement of a direct effect. If I can say “If I take this action, then this result will occur and the impact of that result will, in turn, cause some second result.” I have made a statement about a direct effect and it’s causing an indirect effect.

An effect is not an objective. An objective, goal, or aim (these are interchangeable) exists only as a state. It exists regardless of action. For example, “regional stability” is a desired state or objective often seen in the US national security strategy. By itself, it is not a desired effect. An effect is a result.  It requires the presence (at least) of some previous action. Given an action, though, an effect can exists as a state. The linkage between action and effect is mechanism.

A mechanism is the explanation on how an action causes an effect. Mechanism explains cause. As used here, mechanism is adapted from natural philosophy: the doctrine that all phenomena are explicable by causes and principles. The adaptation is necessary because natural philosophy limits this doctrine to natural phenomena explained by material causes and mechanical principles.
 This wider definition is grounded in behavioral sciences such as psychology and especially, as used here, political economy.
 However, the distinctions made in natural philosophy can be useful. For instance, one can call “natural mechanisms” those that explain physical results predominately by reference to material causes and mechanical principles. I would hesitate, however, to call results not mainly explicable by material causes and mechanical principles “unnatural mechanisms.”

Continuing the example from above, if I can say, “If I take this action, then some result will occur because of one thing and/or another.” I have made a statement about a direct effect and its mechanism (“one thing”) or mechanisms (“one thing and/or another”). This understanding should come easy to those familiar with general systems theory.
 Those conversant in cognitive theory, however, will quickly spot the shortcomings. Centrally, most results (effects) are over determined
 or underdetermined.
 This is especially true for behavioral effects. "One and the same spatio-temporal sequence admits to many different descriptions," writes Robert E. Goodin, "Presumably different explanations will have to be given for--and hence different reasons will have to be appealed to, in order to justify--one and the same performance, depending upon whether we consider the action under one description rather than another."
 Goodin makes two further points. First, that general rules "offer more numerous and precise reasons for being followed." Doctrine and standard operating procedures (SOP) are examples of general rules. While perhaps a good starting point in determining why an adversary reacted as they did, such guidelines may not be precisely right in the precise circumstance at hand.
 Hence, the mechanism (again, the explanation of the causal chain between action and effect/result) based upon our understanding of enemy doctrine or SOP will likely be wrong.

Goodin's second point is that "most actions are complexes or sequences across a protracted period of time; and at different moments different ones of an agent's multiple, converging reasons for actions will weigh more heavily…" This implies three things. One is that even if a given mechanism rightly explained the action-result outcome in one instance that is no guarantee it will be right in another instance exactly like the first. Two, Goodin's last point reminds me that even an adversary is unlikely to know precisely why he reacted as he did.
 How much more difficult, then, is it for us to understand? The third implication, while perhaps the most obvious, is the most ominous. There can be many mechanisms at work. For over determined results, this might be less a problem since each cause is sufficient. For underdetermined, or Clausewitzian results,
 the case is more muddled. While not denying the presence of chance, knowing the result is underdetermined may also imply an omitted variable. This is likely to be more a problem with "higher order"
 effects and with behavioral effects but this could also be present with first order physical effects. The Thanh Hoa Bridge is a good example of the "omitted variable" problem that explained the result of (ultimately) fruitless attacks against it.

Mechanism should not be confused with the dependencies or linkages found, for example, between centers-of-gravity (COG) or target systems. While indeed these may be similar (or identical) elements, their purposes remain distinctly separate. Mechanism explains the causal connection between an action (taken either directly or which is a result from a previous action) and the result (or effect). Linkages explain the connections between elements within a COG or target system. These linkages exist regardless of the action taken by a third-party agent.
 That electrical power (a target system) has an important connection to an electric rail network is highly likely. It is also highly likely that this connection exists regardless of whether I (the nefarious agent) act against it, or for it (for instance, protecting a friendly target system). This (again) emphasizes the fact that effects are point-of-view dependent.

One way to illustrate mechanism is to look at some classic theorists to see how their theory explained mechanism.

· Karl von Clausewitz: if you defeat an enemy’s fielded forces then a rational leadership will accede to your demands because with their fielded forces their country is undefended.

· Guilio Douhet: if you terrorize the population through aerial attack then a rational leadership will accede to your demands because if they do not, then the population will rise up in rebellion.

· R.A.F. Air Marshall Sir John Slessor: if you interdict the infrastructure of the supplies to the fielded forces then a rational leadership will accede to your demands because their fielded forces will more likely be defeated by your forces due to a weakening in their combat power.

· Thomas C. Schelling: if you threaten things leadership values (like their fielded forces), then they will accede to your demands if the cost of losing those things they value exceeds the cost of acceding to your demands.

· Col (ret.) John A. Warden, III USAF: if you isolate leadership then they will be prevented from doing something that would thwart our will. They submit because the imposed paralysis prevents them from doing anything else.

One further point needs to be made regarding the primitive effect. Just as in systems theory, a result can be viewed as an output or an outcome and further the output/outcome in turn can be the input (that is, an "action") into another sub-system. The difference between output and outcome is the presence of intervening variables. In this discussion, those intervening variables are other direct/indirect effects that combine with the "original" effect (recalling, this is point-of-view dependent) to form what I call a complex effect.

Complex effects. The writers of Air Force doctrine probably had this concept in mind when they wrote of cumulative effects. Sometimes this is referred to as “synergistic effects.” Why not just use one term or the other? The reason is that each term aptly expresses a particularly useful idea and the term "synergistic, complex and cumulative" is unwieldy. From complex comes the idea that effects play off and interact with one another. From cumulative comes the temporal aspect of effects--that they have persistence and therefore accumulate over time.
 Thus, this essay's position is that complex effects describe the intertwining of effects at an instance of time. Back to our example, recall that if I can say, “If I take this action, then this result will occur and the impact of that result will, in turn, cause this second result.” I made a statement about an indirect effect resulting from a direct effect. If I combine a statement about a direct effect and another direct effect or an indirect effect, I have a statement of a complex effect. To clarify, I introduce capital letters for actions and effects and numerals for mechanisms.

“If I do A then B will result.” is a statement of direct effect.

“If I do C then D will result” is also a statement of direct effect.

“If I do A then B will result and the effect of B will, in turn, lead to E.” is a statement of direct effect (B) and indirect effect (E).

“The impact of B plus the impact of D will lead to F.” is a statement of complex effect; two direct effects (B and D) combined.

“The impact of B plus the impact of E will lead to G.” is also a statement of complex effect; this time a direct effect (B) plus an indirect effect (E).

Adding “…because of 1, 2, and 3.” to any of those statements adds mechanisms: “If I do A then B will result because of 1, 2, and 3.”; “The impact of B plus the impact of E will lead to G because of 4, 5, or 6.”

A cumulative effect refers to the phenomena of complex effects over some period.
 “The impact of B plus the impact of D will lead to F over the next four days because of 7, 8, and 9.” is a statement of a cumulative effect and its mechanism. It is important to note that the temporal aspect of an effect applies to each primitive. A direct effect can be “delayed” in the sense that it is not instantaneous just as indirect and cumulative effects are delayed by definition. This is another example of the point made often: effects are point-of-view dependent.  

Another reason I prefer the term complex effects is that complexity theory offers useful tools in describing and analyzing complex effects. Complex adaptive systems (cas) exhibit coherence (or order) under change through conditional action and adaptation without requiring central direction. As becoming almost commonplace now, warfare is a highly nonlinear phenomenon. No complex, nonlinear system can be adequately described by dividing it up into subsystems, analyzing those (in even the most detail possible), and then "re-assembling" the system. The whole really is greater than the sum of its parts. In studying a complex system one must follow the information: how internal models are constructed and used; how the elements within the system perceive their environment; then how those agents adapt to changes both due to inputs to themselves and changes the agents perceive in their environment.

What does this have to do with effects? Foremost, to understand effects requires adopting a systems perspective.
 Behaviors (recall these are generally the results of second, third or higher level indirect actions) of cas depend more on the interactions between the agents as they adapt to their environment and one another than the actions of any given agent or set of agents. Understanding and tracing effects as they ripple throughout a system is one of the toughest requirements in adopting an effects-based approach. Finally the "whole is greater than the sum of its parts" leads to the concept of emergence or the systemic behavior not identifiable from studying the behavior of the parts. This, of course, is well known in group theory where the interactions (e.g., bargaining) between members in a group result in positions not necessarily predictable from analyzing the preferences of each individual member of the group.
 In effects theory it accounts for cascading effects.

One of the best case studies of complex and cumulative effects is the Luftwaffe experience in 1944. Between direct actions against production facilities, aircraft on the ground and in the air, and petroleum, and the indirect effects arising from ground operations on all three major fronts, the German Air Force grew taunt then snapped.
 This case is also a classic example of a cascading effect.

Cascading effects. Key to understanding cascading effects is knowing that an overall "system" such as an adversary might present is in reality a system of systems where each sub-system has its own effectiveness and efficiency measures. Furthermore, in anything but a trivial system, the interactions between sub-systems result in the whole being more than the sum of its parts. Cascading effects are defined as those direct, indirect or complex effects’ trace to their impact at the systemic level when viewed from that perspective. Complex adaptive systems theory speaks of phase transition points where some small level of effort (for example, the same level of activity), while previously bringing an elastic set of effects, all of a sudden generates much greater results for the effort expended. At this level only, cascading effects then resemble Poor Richard's Almanac: the attacks on German oil production reduced the available flying time for German student pilots which meant they were less prepared to stop Allied attacks on oil facilities which lead to further reductions in flying time which…

Physical and behavioral effects. At the next level of abstraction, though, the comparison with Ben Franklin's cute saying breaks down. That level is where physical effects merge with behavioral effects.
 This is not just the behavioral impacts of the fog, friction, fear and frustration of warfare though it does clearly include these. Rather this deals too with how the effects (or results) of physical actions influence the behavior (as well as the psychology) of an adversary.
 An example comes from the Bosnian operation DENY FLIGHT in the summer of 1995. Following the loss of a US F-16 aircraft, the air patrols that kept watch on the Yugoslavian air force were pulled "feet wet"
 to prevent another shoot down. This reduced those patrols reaction time if the Yugoslavians decided to defy the restrictions and fly their fighters.
 The British strategic bombing campaign against Germany in World War II was built precisely on this idea of physical effects and their behavioral impacts or indirect effects. How successful the RAF Bomber Command was ultimately is an on-going and ultimately unsolvable debate.

Destruction as an effect. There are eleven effects variously described in Air Force doctrine. This essay examines three. Destruction is perhaps closest to a "pure" physical effect. Disruption, which can be mainly a physical effect, mainly a behavioral effect or some combination, is included to provide an illustration on how an effect can be broken down, e.g., for planning purposes. Finally, isolation illustrates the crossover from physical to behavioral effects. 

"Aerospace power’s most obvious wartime force application is the destruction of targets. Its objective is to create maximum, long-term damage the enemy cannot recover from in the immediate future or for the duration of the conflict…. Destruction of critical targets can also lead to several other effects such as disruption, diversion, or delay of enemy forces."
 Note two things. One is the missing link between action ("force application") and result (or effect).
 As described above, this is the causal model so critical to an effects-based approach. Secondly, note the reference to indirect effects, though there is not any specificity of whether "disruption, diversion, or delay” is further physical effects or some combination of physical and behavioral effect. Nor, as noted earlier, is there any discussion on how these effects (of whatever kind) combine such as "Through the combination of destruction, disruption, diversion, delay, and deception, aerospace power is capable of denying an enemy the ability to offensively employ his forces."

Though an almost pure physical effect, destruction can be derived as a necessary or even a sufficient effect using a top down effects-based methodology. Indeed it is my contention that effects-based operations (EBO) must encompass target-based approaches and one effect classically associated with targets is destruction. In the 1991 Gulf War, Joint Task Force PROVEN FORCE, stationed primarily out of Incirlik Air Base, Turkey, was given the mission, or desired effect, of denying sanctuary to the Iraqi air force.
 The thought was that, due to the heavily attacks against the IAF on the fields in southern Iraq and occupied Kuwait, they might choose to relocate their forces at night at their northern air bases to offer them some protection. Using the limited assets of PROVEN FORCE, planners sought to destroy command and control facilities throughout northern Iraq and support capabilities at key northern Iraq airfields. An indicator of how successful those plans were came with the exodus of Iraqi planes and pilots to Iran. Though the bulk fled from southern Iraqi bases, significant numbers sought refuge too from northern Iraqi bases. This is by no means a definitive example. It does point out, however, that desired behavioral effects can be accomplished through actions designed to achieve specific physical effects like destruction.

Disruption. During Operation ALLIED FORCE, the campaign against Serbia in 1999, an explicit mission was to disrupt Serbian military and paramilitary forces, especially those in and around Kosovo, so as to keep them from killing and harassing the Albanian Kosovors. Imagine for the moment that planners sought to attain this goal using an effects-based approach.
 How might they go about it? The caveat is that what follows is pure illustration. It no way presents a definitive view on what constitutes “disruption” or how commanders should go about their business.
 As always, we start with a working definition:

Disruption means that an entity or object (for example, the Serbian forces) cannot operate as normally or as they may wish.

Then we look for reasons this might occur. These, of course, are mechanisms. One approach is to use a model, originally developed by USAF Col John A. Warden, III, that is now found (in two varieties) in AFDD 2-1. Here are some examples:

The object of our desired effect cannot operate as normal because of a lack of coherence. This can arise from:

· A reduction or elimination of direction (a command and control or leadership function).

· A reduction or elimination of necessary capabilities the object requires to operate normally (a system essential like power or, in this case, supplies like ammunition or petroleum products).

· A reduction or elimination of connectivity, either physical or electronic, needed to operate normally (infrastructure like communications or needed road networks).

· A reduction or elimination of the people required to operate the system.

· A reduction or elimination of the forces required to protect the object (fielded forces such as air defense systems, for instance).
Note several things in this example. The first is that disruption can be a matter of degree (“reduction or elimination”). Second, analysis is necessary to make these causal connections. While generic models (like Warden’s) are useful, only until context is added can they produce the kind of information planners require. On the other hand, such models are very useful to organize thought and organize search for the required information. In a world of an increasingly amount of data, knowing what you are looking for can be a crucial first step in finding it. Another point is these mechanisms can have indicators that can be observed such as a road network or even people, like a repair crew, needed to maintain the road network. Finally, the causal connection between, for instance, a lack of fuel and incoherence, can be tested either a priori (say, in a wargame) or during operations. This is essential to establish an assessment on how an effects-oriented operation is progressing. Most importantly, this methodology points up the point-of-view and contextual relationships that are crucial to delineate. How tightly couple the adversary system is will dictate how much coherency not only exists in the system, but is required of the system. For example, cooperation is the loosest bonding between military forces of two (or more) nation-states in the planning, execution and assessment of operations. It may or may not involve efforts towards a similar end or use of similar means. Coordination, on the other hand, does require some conscious desire towards a common end or use of a common means. But it does not require any formal support/supporting arrangement. Synchronization is the next step towards combining efforts and does require specification of which military force will be supported by another in particular circumstances. However, military forces retain their individual identity. To be integrated at some level
 forces must be mixed and matched towards not only a common goal, but use common means and lose their individual identity.

The next step is viewing the connections between these mechanisms in order to find the trace that might lead to the highest payoff. This process will not be elaborated here.
 Next, a set of actions is developed that achieve the various mechanisms. These actions become tasks that executing units perform based, generally, upon some set of targeting and weaponeering data matched against the threat and forces available (or required) to execute. The results of those actions are assessed with an eye towards whether they attained (or are attaining) the commander’s intent.

Another point worth highlighting here is the implied presence of direct, indirect, complex, cumulative or cascading effects. These implications come from viewing, in this case, the enemy as a system (or, if you prefer, a system of systems). Electrical power, for example, is a target system associated with many capabilities: command (viewed, by Warden, as part of the leadership COG; viewed by others as a COG in its own right) generally requires power to operate the radios, telephones, switching networks, (increasingly) computers, and so forth that enable control. Command without control is a meaningless concept. Electrical power (EP) might also be crucial to an electrical rail system part of the infrastructure COG (again using Warden’s scheme). At the same time, most adversary leaders can be expected to understand this crucial role of electrical power and take steps to defend their systems. Hence, the linkages and dependencies between fielded forces and EP.

Thus by taking direct action say against a generator plant, I indirectly affect leadership, infrastructure, and fielded forces. If current events in California (February 2001) are any indication, loss of EP greatly affects population. If, while I am effecting EP, I also take actions that effect the fielded forces’ supplies, then the combination of those effects may have significantly more effect on the forces’ ability to operate normally then if those effects were attempted in isolation. This, of course, is an example of a complex or cumulative effect (viewed as either a snapshot in time, or over time respectively). Finally as these and other effects (such as a direct action taken against the fielded forces) accumulate over time, the likelihood increases that the inability of those forces to operate normally (again, recall that is my working definition of disruption) increases perhaps eventually to the point they are no longer combat effective. This was the story of the Iraqi frontline forces in the Kuwaiti theater of operations after the air campaign waged against them before the start of the ground offensive in late February 1991 (most accurately known as “the victory verification operation”).
Isolation as an effect. This problem of specificity becomes more apparent when one considers the discussion in Air Force doctrine on the effect of isolation. First of all it is not listed specifically as an example of a deterrent, contingency or war-winning action (recall the discussion above on the Air Force doctrine conflating "action" and "effect") but is directly mentioned under the action "air siege" and indirectly under the war-winning action of "halt." The most complete discussion is found in AFDD 2-1.3, Counterland (highlights added): 

A direct attack strategy tends to produce intense localized results with fewer disruptive effects across the entire enemy army. Psychologically disruptive effects, however, may prove to be an added benefit… A key part of the interdiction planner’s task is to analyze the enemy army for key vulnerabilities that, if attacked, will have a disruptive effect across significant portions of the enemy force. The presence of such targets, and our ability to attack them, will often determine whether disruption or destruction will be the primary effect mechanism planned for the air interdiction effort.
 

What is noteworthy here is the top down approach taken by the writer. Given the topic of AFDD 2-1.3, it is not surprising it focuses almost exclusively on force-on-force considerations. But even here, the approach is to start from the army level down, not from individual targets (such as a tank) up. Note also the explicit tie between physical and behavioral effects and the tie of both with strategy.
 This supports the argument that indirect and complex effects are present even in force-on-force approaches and by understanding them better planners can be more confident that those impacts will be beneficial (from the planner's point of view) rather than not. Note too the acknowledgement of the importance of center-of-gravity (COG) analysis (called there "key vulnerabilities"
). This analysis is central to effects-based approaches (but outside this essay's scope
) because it is through that work
 that effects, of all stripes, are traced and understood. One final primitive must be defined and explained before we leave this section. 

An indicator of an effect is not an effect; it is defined as an observable or unobservable manifestation of action, cause or result. They “are data items evidencing the phenomenon of concern.”
 It indicates the existence of the effect (action, cause) but is not the effect (action, cause) itself. While it might seem useless to speak of "unobservables" this is not so. One danger would be to forego an action, for example, because it or the anticipated, resulting effect was unobservable. "Not visible," does not mean "not there." Indeed inferential methodologies are widely employed that offer means of deriving missing information.
 Indicator also needs to be distinguished from metrics. One way is to consider standards and conditions. Standards consist of measures and criterion. According to definitions found in both the Joint Universal Joint Task List (UJTL) and the Air Force's Task List (AFTL) a "measure provides the basis for describing varying levels of…task performance. A measure is directly related to a task." The same sources define a criterion as "acceptable levels of performance. It is often expressed as a minimum acceptable level of performance." A function is an assigned duty or task. “Conditions are variables of the environment that affect the performance of tasks.”
 Tasks are work to be done. They consist of a related set of actions done for some purpose.
Having built up effect from its basic definition through a discussion on complex, cumulative and cascading effects and looked at two examples from Air Force doctrine, the next section returns to the opening where effects-based approaches were found in Joint and USAF vision documents. But before leaving this section, I would like to return to a point made by Goodin above. Effects-based approaches rely heavily on some complicated analytical reasoning. It is much simpler to reason about how a destroyed or stopped tank column will upset the enemy commander's invasion timetable than it is to figure out the maze of direct, indirect, complex, cumulative and cascading effects that go (we think) from those destroyed and halted tanks up to the thinking of the national military and political leadership on whether the game is worth the candle. It is for this reason, of course, why the long history of war concentrates so heavily on simple mechanisms of defeat: destroy the enemy's armed forces and they'll quit; if they don't, occupy their country, capture their leaders and impose defeat.
 

On the other hand, the past does offer some examples where desired effects did ripple (cascade) throughout an enemy state and contribute to final attainment of our strategic aim. The strategic bombardment of Germany in World War II
 and the attacks against Bosnian Serb locations in 1995 are but two examples.
 While it is true no one can precisely trace each thread of an effect through those campaigns, it is not my intention, at least, to argue that such capability is required before an effects-based approach should be tried. Rather, such a "crude look at the whole" enemy-as-a-system--and targeting based upon such a look--might still offer advantages over past approaches which, while perhaps more certain, were unarguably more bloody. Indeed one cannot help but feel when reading Joint Vision (JV) 2020 and the USAF's Vision 2020 that those authors hold much the same opinion.
JV 2020 and Global Vigilance, Reach & Power. 

As mentioned in the opening, both vision documents are replete with references to effects.
 There is a marked difference, though. In JV 2020, "effects" can be found in the phrases "mass forces or effects" or "mass forces and the effects of [fires, dispersed forces]."
 That usage is never found in the Air Force's vision document. Since these references are a small minority in the Joint document perhaps not too much should be made of this.
 On the other hand, the phrasing might indicate an awareness (not, again, found in the Air Force document) of the distinction between the action (or at least the implementers of action--forces) and the result of action, that is, the effect. Previously I mentioned the conflating of action and effect in Air Force doctrine. Unfortunately, I have yet to find any sustained discussion on effects (as the word is used in both vision documents and Air Force doctrine) in Joint doctrine, even the most recent works.

Besides this perhaps trivial point, both vision documents, while not taking the time to expand on the precise definitions and nuances of effects, do portray a somewhat different environment than previous works. The Air Force document in particular makes several important points. First is the explicit recognition that the Air Force's mission is no longer simply to "fly and fight" but rather to "operate aircraft and spacecraft" to "produce the exact effects the nation needs." In other words, they have added why the Air Force flies and fights. The reason for being is not to fly or fight, but rather to “produce the exact effects the nation needs.” Second, Global Vigilance, Reach & Power rightly points out that this is first accomplished by developing "commanders who think in terms of exploiting the whole aerospace continuum--leaders able to employ forces that produce the desired effects…" Unfortunately, old habits die hard. Under "The Method," the Air Force vision statement reverts to the past practice of equating effectiveness with targets serviced ("some 200 targets per day"), rather than effects achieved.
 This habit is not found in JV 2020.

Indeed the Joint document comes closest of the two in elaborating indirect and cascading effects. "In a conflict, for example, the presence or anticipated presence of a decisive force might well cause an enemy to surrender after minimal resistance. During a peacekeeping mission, it may provide motivation for good-faith negotiations or prevent the instigation of civil disturbances."
 Like the Air Force vision, JV 2020 emphasizes the crucial role the commander plays in an effects-based approach to warfare, the wide types of force that can trigger the action-cause-result chain, and the importance of assessment to EBO: "The concept of precision engagement extends beyond precisely striking a target with explosive ordnance. Information superiority will enhance the capability of the joint force commander to understand the situation, determine the effects desired, select a course of action and the forces to execute it, accurately assess the effects of that action, and reengage as necessary while minimizing collateral damage."
 Before too heavily criticizing the Air Force vision document and praising the Joint one, it is necessary to make clear the distinctions and connections between effects-based approaches, target-based approaches, and even objectives-based approaches.

Characteristics of Effects-based Operations

Taking a "top down" approach starting from a theater commander and ending at the executing elements, an effects-based approach is synonymous with an objectives-based approach at the top (assuming the theater commander is concerned with strategic objectives, goals, or aims) and synonymous with a targets-based approach at the bottom. There is no meaningful distinction that I can find between an objective and a desired effect. There is a world of difference between the approaches of planning, conducting and assessing a campaign or major operation (that is, the operational level of warfare) using an objectives-based methodology (as I understand it) and using an effects-based one.
 There is also a difference between a desired effect and a target. There might not be any difference between a desired effect and the results one wishes to achieve by attacking a target, but there clearly is a difference between the physical object of our attention and the effect (result) we wish from our actions. I will now go on to prove these two assertions.


First is the difference in approaches. As I understand strategies-to-task (STT, or what Glen Kent prefers to be called "objectives-based"), there is a hierarchy that moves from the strategic national (SN to use the terminology of the Universal Joint Task List) through the strategic theater (ST) to the operational (OP) to the tactical.
 This hierarchy is connected by the scheme where the strategy used at the higher level (simply defined for our purposes as the ways the ends will be attained
) becomes the objective sought at the next lower level. Taking our discussion above on the primitive effect and recalling one definition of strategy is "a plan of actions," we can see that STT is complete except for mechanism.
 But we also showed above the criticality of specifying mechanisms because of the over determination problem discussed by Goodin. Another addition EBO makes to STT is the specification of indirect, complex, cumulative and cascading effects. I will not say STT advocates do not appreciate the existence or importance of those concepts. I will claim, however, that the extant STT literature is silent on them.


The differences between effects and targets should be clear by now. I will add just one point. Effects theory rests on three important ideas. The first is taking a system approach to understanding the entity of concern. The second is modeling both the direct elements in the system of interest and the interactions between those elements. Finally, effects theory considers how a system might react to force put against one (or more) of those elements. Clausewitz taught that the difference between real war and war on paper is that real war is fought against a human intelligence that reacts. This ties in also to Goodin's points about both the spatio-temporal dimension and protractedness of actions and results. Effects have persistence and hence accumulate. Given that, and the commonsense notion that "when struck, a being that can react will," one can see the essential dynamism of an effects-based approach. Static approaches will not work. What constitutes "cyberwar" or whether it even exists is beyond the scope of this essay, but with just a little analysis, conflict over the past century can at least be characterized as increasing in tempo.

Summary & So What? 

The main task of this essay was to elaborate the definitions, descriptions, and explanations of terms associated with effects-based operations (EBO). It is my contention that in order to make the EBO concept at all useful in any real sense (as opposed to, for instance, a marketing sense), this definitional exercise has to take place. And it is an exercise. This essay is in no way the definitive, comprehensive, and unassailable final answer. I hope, though, it is more than just the beginning. A secondary goal was to eliminate some misconceptions about effects. These arise, I believe, largely due to the lack of precision in terms. My final goal is to show why an effects-based approach is something worthwhile to consider, indeed to undertake. Part of my task is done: both JV 2020 and Global Vigilance, Reach & Power advocate such an approach. Who am I to argue with such authorities! But some of the task remains. In this closing I show that an effects-based approach to achieving strategic aims is not only an effective way but also a more efficient way, in most all contexts, than more traditional approaches to planning, executing, and assessing military operations.

The first part of this argument is almost self-evident: since EBO only adds to STT approaches, it can not be any less effective than STT unless it can be shown that an EBO-STT meshing would detract from the overall effectiveness of STT in some way. No claim to that effect (excuse the pun) has been put forth to my knowledge. The more important part of this argument, though, is demonstrating how EBO is more efficient than approaches such as attrition or annihilation, however arrived at.
 This argument rests on economy of force considerations. First of all, my use here of economy of force must be somewhat separated from that used in Joint doctrine as an approved principle of war. There it means the allocation of the minimum necessary resources to secondary tasks so as to achieve mass at the decisive point.
 My use must be separable from this definition because, again, I am about the results or effects of the use of forces, not merely interested in those forces' actions.
 Hence, my economy of force is the use of the minimum amount of force to achieve the desired effect. "Piling on" may be the informal term for strategy but piling on doesn't play well on CNN these days. And it is generally an unavailable strategy when working with a coalition on a peace making operation.

An effects-based approach achieves my definition of economy of force from three of its attributes. First is the attempt to more fully understand all the ramifications of actions--both direct effects and indirect effects--and how those ramifications combine from a system perspective (that is, complex effects). Next, an effects-based approach tries to determine how these ramifications (now direct, indirect and complex) ripple or cascade throughout the enemy-as-a-system. The upshot of this provides the second and third attributes. The second is that by tracing and understanding effects as they ripple and intertwine, we had better understand where the greater payoffs might lie in our contemplated plan of action (i.e., strategy). The third attribute is that understanding helps identify pitfalls, the need for branches, and opportunities as they arise during the course of executing our plan. These last, of course, arise and are attributable to the intrinsically dynamic nature of effects-based operations. It should also be noted that identifying the highest payoffs throughout the enemy-as-a-system is a necessary condition for newer strategic approaches such as parallel attack and strategic paralysis.

It is easy to be carried too far in these claims and I may have overstepped the bounds already. Suffice it to close with this. By adding more precision to the language of effects it is my hope that an effects-based approach to warfare may become a more viable option for commanders than it is at present. If that is so, and if an effects-based approach offers some advantage over traditional approaches that focus only on targets or that fail to fully appreciate the ripple effect of actions taken, then this effort may be of some worth. 

Appendix

This section starts by describing state theory and game theory as they relate to effects-based approaches to planning, executing, and assessing military operations. It ends by outlining a framework for evaluating uncertainty, a ubiquitous element in warfare. The goal is not a complete elaboration of these topics. This section is motivated by three claims. The first is that effects-based operations require a systems approach of analysis. This becomes doubly important when you consider effect as both result (as with a direct effect) and as action (as in indirect effect) and triply important when you seek to trace direct and indirect effects as they ripple through an adversary whether at the tactical level of battle (the loss of Gustavus Adolphus at Lützen comes to mind
) or the strategic level (the loss of support from Slobodan Milosevic must have hit Bosnian Serb leader Radovan Karadzic like a ton of bricks
). The second is that Clausewitzian notion that real war is different from war on paper in that real war is fought between intelligent beings that react. Thus for every move, one anticipates their adversary to make a countermove. For every action there will be a reaction.
 The last motivation, again following Der Grosse Karl, is the fact that warfare is the realm of fog, friction, fear, frustration, and chance. Rolling these disparate concepts together is chancy at best (excuse the pun), but at a minimum they constitute uncertainty. F4C=U.

The state space of the game is a collection of all arrangements of the game that are allowed under the rules.
 The state of the game is a description of all the moves to the present. A move occurs when elements are re-arranged under the rules. A tree of moves consist of the root (the game's initial state), the branches are the various states that can be attained by moves allowed under the rules, with the branches on those branches describing states possible after two moves, etc. until leaves are arrived at with describe the ending states. The trees really are more like bushes because the number of leaves grows very rapidly even when the branching process is simple. A strategy is a prescription that tells what moves to make as the game unfolds. As such, it specifies a sequence of decisions. That sequence traces a path through the game tree. A complete strategy prescribes a branch (move) for each state (arrangement) that can be encountered. In other words, a complete strategy tells what to do in any possible situation. In Gell-Mann's words, each branch of the tree represents alternative coarse-grained histories with their conditional probabilities.
 

Realistically, a strategy cannot be defined as prescribing all the possible moves so rules are used.
 Such rules pick out the features that occur frequently and are relevant to decisions at various points in the game. Thus they group states into clusters, where the states in a given cluster have a feature that suggests similar moves or decisions. Repeated plays of the game reveal rules-of-thumbs, or features, that are the building blocks used to construct a feasible strategy. Opponents in games learn. All players are simultaneously trying to build models of what the other players are doing.
 They are adapting, through learning, to one another. Hence emergence and perpetual novelty are ever present in adversarial games. 

Though prediction is difficult, it is not hopeless: everything depends on the level of detail required of the prediction or the level of unexplained variance that is acceptable. The key to deeper understanding is to determine the level of detail and the relevant mechanisms. Using mechanisms as building blocks allows construction of models that exhibit emergent phenomena in much the same way that interacting strategies in a game produce patterns of interactions not easily anticipated from inspection of the game's rules. Even with the right level of detail and the relevant building blocks, perpetual novelty is still typical. 

The state space for models of complex adaptive systems (cas)
 is very large. The model rarely or ever returns to states already visited. Still, by attending to selected details, recurring patterns can be extracted. When those recurring patterns are regularly associated with events of interest, they are called emergent properties. Stage-setting is the very essence of winning games. It identifies configurations (states) and moves that set the stage for later clearly advantageous moves. Look ahead (prediction) is one means of uncovering stage-setting moves. Postulate the desired outcome, then work the decision tree backward to find the highest probable sequence of moves (strategy) that yields the desired outcome. Always assume "good moves" on the part of the opponent. To model the adversary's "good moves," assume the opponent has the same knowledge about advantageous moves as you. The desirable outcome may occur because of good play on your part but it can also occur because of poor play by your opponent. If the latter case, then it is unwise to make any adjustments in the weights. That is, the V weights are only revised when V(s) >> V(s').
 Another, more involved means is feed forward. Here instead of leaving until the strategy is complete before ascertaining the correctness of V(s), it is continually assessed by matching present patterns to stored templates.

Networks are layered with an input layer, n internal layers (templates) and an output layer. Loops between the connections between the layers provide memory to the network ("cycles"). Formally, this is an EXCLUSIVE OR network (e.g., if and only if there is one pulse from one input and not another pulse from a second input; if either or both, then it would be an INCLUSIVE OR network). These loops, however, must be dampened to avoid an "epileptic fit" (reverberatory firing patterns that interfere with the network's information processing) as pulse rates build up to very high levels in the network. This is done by time-varying pulses.

Here is one application of this to effects-based approaches to planning. Instead of building detailed models, concentrate on building strategies. One approach starts by constructing building blocks that describe relevant features associated with good play. One thing is clear from the history of warfare in the 20th century, those who lose air superiority have a difficult time. Planning a strategy (set of actions) to gain and maintain air superiority is relatively straightforward though by no means easy. Second, provide ways of weighing those building blocks in context (state-spaces). Third, combine those building blocks to define strategies. Then fourth, use experience (learning) to modify and improve both the building blocks and the strategies. Learning is: a) uncovering principles and rules-of-thumb; b) exploring options (look ahead, prediction); c) using subgoals; d) exploring the actions of other players; and e) learning in the absence of reinforcement or even advice.
 This last is done by predicting the consequences of an action or strategy--move sequence--then revising that action (strategy) if the prediction is not verified after the action is taken or strategy completed. This revision can be based upon analysis that yields revised principles, not "frozen accidents." In other words, what lies within the chosen probability distribution and what lies without.
 Or simply the revision could mean less weighting to the features (or building blocks) that led to the prediction. Weights increase as the probability of the feature's (building block) occurrence in the state-space increases or the importance of the feature increases (for example, in defining a stage-setting move). When a prediction fails, it will be the features with large weighted values that have contributed most to the sum, so they will be most responsible for the failure. Since V(s) is an estimation, Holland recommends the technique that weights change when a prediction fails by an amount that moves V(s) somewhat closer to V(s') but not to V(s').
 

Weight changing is the heart of a player's emergent ability because: a) it gives subtle direction when there is no clear path (i.e., supports subgoals); b) provides a guide to the opponent's likely responses; c) indirectly minimizes the maximum damage the opponent can inflict; d) the player can improve their performance by playing against themselves; and e) supports look ahead. The whole object of learning is to improve the prediction, and the associated strategy, as experience accumulates. The major difficulty, of course, is that the future is fraught with uncertainty. A somewhat famous criticism of early airpower theorists is they thought in engineering terms: find all the variables, assigned their values, and work out the solution.

There is a general framework for studying the effects of uncertainty both on the aggregate (effect) and individual (action) level and its implication for the speed and sequencing of actions taken to change the status quo.
 Here, like in the body of the essay, the set of actions, in aggregate, is called strategy. The two strategies considered are strategic paralysis (SP) where all the actions take place at once, and gradualism (G) where actions take place sequentially. For simplicity, it assumed there are only two actions, 1 and 2. The basic model is a Barro infinite-horizon, discrete-time model with a representative individual with a discount factor of β < 1. The outcomes are J for 1 and K for 2. The net present discounted value of utility (the desired effect of the representative individual) associated with implementing both 1 and 2 is Vjk if states j and k have been realized (assuming no path dependency). The net present discounted value of utility of implementing one strategy is Oj(1) and Ok(2).
 These values can be positive or negative in a given state while the value of the status quo is normalized to zero. The cost of reversing a strategy is Ci for each individually and C for both. C1 + C2 greater than or equal to C which is greater than max(C1, C2) > 0 so that reversing one strategy is less costly than reversing two. The outcome must be observed for one period before a strategy can be reversed. Observing the outcome from one strategy is assumed to give information on the value of possible outcomes of both strategies. The expectation (E Ω) of Vjk conditional on having observed the outcome of 1 (E1(Vjk | j)) differs from the unconditional expectation Ej,k(Vjk).
 Signals of states can be ranked, for example j” > j’ → E2(Vjk | j”) ≥ E2(Vjk | j’). Therefore, the cost of G (gradualism) is the current-period loss from implementation only G rather than G+SP. The gain from G comes from the possibility of learning about bad expected outcomes of implementing both strategies and hence being able to reverse course at lower cost.
 The probability of reversal is the probability that observing the outcome from one strategy is informative.

Complementariness of SP and G is necessary for G to be optimal if aggregate uncertainty is the only constraint. Since strategies can be assessed independently and there is no technical “budget constraint” on the number of strategies that can be implemented, nor any political constraint, each set of actions will be tried immediately (for example, if Ej(Oj(1)) > 0) or never (if Ej(Oj(1)) < 0). But once individual heterogeneity is considered (hence political constraints enter), complementariness plays a major role.
 Actions with higher expected outcomes should be implemented first, as long as β < 1. This reflects the role of time preference. Abstracting from risk aversion and given identical expected outcomes and reversal costs, it is better to start with riskier actions. This increases the option value of reversibility and hence the expected outcome. Following Frank H. Knight, risk can refer to situations where individuals can assign probabilities to outcomes and uncertainty can refer to situations where individuals cannot assign probabilities to outcomes.







� Where are the other Services? Both the US Army and Navy produced vision pieces similar to JV 2020 or Air Force Vision 2020. In the US Army document, effects are not mentioned at all. The major themes seem to be dominant and decisive. The Navy work mentions effects-based operations briefly but its major theme is projecting power and influence from the sea. Each of these other Service's themes are worthy in their own right but since the raison d'être of this essay is on effects, I will stick with the vision statements that deal most with the topic.


� Not aerospace? I learned it as airpower and airpower it stays for this essay. Besides, I'm not sure the Air Force is of one mind on this yet. It is still called the US Air Force. The Deputy Chief of Staff in the Pentagon is for Air & Space Operations. While AFDD 2 deals with Aerospace, AFDD 2-1 deals with Air Warfare.


� Air Force doctrine speaks of conducting parallel operations (actions) to achieve strategic paralysis (effect) by simultaneously attacking key nodes and forces (causes). Strategic paralysis, it is contended, causes fear and hopelessness in the enemy leadership (primarily through loss of ability and secondarily through loss of will according to Col John Warden) that, in turn, causes them to accede to our demands (that is, the desired effect). See AFDD 2, 7-9 and Col John A. Warden, III, "Air Theory for the Twenty-first Century," in Karl P. Magyar, ed., Challenge and Response: Anticipating US Military Security Concerns (Maxwell AFB, AL: Air University Press, 1994).


� A note about "Jointness." First I note that Joint is often misused when "multi-Service" or even "another Service" is intended. If the USAF advocates a position another Service disagrees with it is wrong to say the USAF is not being "Joint." Second, effects-based approaches are generally agnostic to where the effect comes from in terms of weapon systems. It is my belief, however, that due to the nature of airpower it is well suited to effects-based approaches more so than surface-based military instruments of power. This is only my contention; it is not a point I will further argue in this essay.


� See David MacIsaac, “Voices from the Central Blue: The Air Power Theorists,” in Peter Paret, ed., The Makers of Modern Strategy: from Machiavelli to the Nuclear Age (Princeton, NJ: Princeton University Press, 1986) and Harold R. Winton, “A Black Hole in the Wild Blue Yonder: The Need for a Comprehensive Theory of Air Power,” Air Power History, vol. 39, nos. 4, Winter 1992, 32-42.


� AFDD 2-1, 106.


� Id, 107.


� AFDD 2, 2.


� Id, 3.


� Id, 20.


� This is not a plea for a "new" word. Even though "effect as action" or "effect as result" are cumbersome phrases, they are much more descriptive than any possible new words I can come up with. Indeed I'd prefer action for a direct, physical instigator, trigger for an indirect instigator, mechanism or cause as the mediating explanation and effect or result as the outcome. Alas, some things are just not meant to be.


� Id, 22. Emphasis added. This same section presents dislocation, destruction, and diversion as effects (and sadly without differentiation, also as actions).


� Id, 8. Emphasis added. Neither AFDD 2 nor 2-1 lists cumulative effect in their Definitions section.


� From my point of view (excuse the pun), explicating mechanism is the heart and soul of the strategist’s art when attempting an effects-based approach to planning, conducting, or assessing military operations. As Francis Bacon taught, “ignorance of cause frustrates effect.” (The New Organon, Book I, Aphorism III) As further evidence of the confusion found in AFDD 2-1, consider Fig. G2 where mechanism is explicitly placed between objective and strategy. Since the doctrine’s text uses effect and objective interchangeably, and with one definition of strategy being a set of actions that achieve the objective, the doctrine writers, at least in that Appendix, follow the approach advocated here. They just do not do so in the body of the text.


� A primitive is a concept term that cannot be defined by other concepts. There is supposed to be a consensus on their meaning. I have no illusion that this essay will result in complete consensus on the definition of effect. Conceptual definitions, such as indirect effect, consist of primitive terms and derived terms. “Derived terms are those that can be defined by the use of primitive terms.” Chava Frankfort-Nacmias and David Nacmias, Research Methods in the Social Sciences, 4th ed., (New York: St. Martin’s Press, 1992), 30.


� Few would claim, for example, that "Supported" and "Supporting" are trivial distinctions when it comes to explaining command relationships. Furthermore, mechanism, as used in this essay, is the explanation of cause. It answers the question of “how such-and-such action caused the effect observed.” It is not, however, the sole definition that might be applied to mechanism. Too often correlation is taken as causality. To say ice cream sales in Seattle rise at the same time murders in Miami is not to say one causes the other. To say that increased temperature leads to increased ice cream sales and more violence is to say one things causes another. In that explanation lies much of the power and utility of effects-based operations. It is also one key difference I have found between an effects-based approach and an objectives-based approach such as strategies-to-task


� This should not be seen, however, as dismissing adductive reasoning that starts with "This is what has been done," then asks, "what was achieved?" Rather it is based on the assumption that a military commander won't just "do something" then sit back and see what happens. But as events unfold, based upon some aforethought, commanders indeed wish to know "What has been achieved?" This whole notion of assessment is critically important and won't be addressed here. For those interested, see my "Explaining Assessment."


� Formally, this is an axiom in that no further proof will be offered to support this claim. This claim, though, is not uncontested. See, e.g James G. March with Chip Heath, A Primer on Decision Making; How Decisions Happen (New York: The Free Press, 1994).


� Who’s point-of-view? Good question. Actions are associated with agents and times. Unless otherwise noted, for the purpose of the essay the point-of-view is the agent’s. Furthermore, the assumption here is that an agent’s behavior equals an agent’s actions, not their motivations. Intentions, however, can be inferred from those actions.


� One of those vantages, of course, is time. This is especially true of indirect effects. Formally, they are lagged variables. As one moves from physical, direct effects to behaviorally oriented indirect effects these delays become more indeterminate yet nonetheless real.


� Indeed the "actual" (from some objective point of view) result may be the opposite of what was "seen" in both cases. Military history is full of examples where something was "definitely destroyed" only to rise and fight again (the US carrier Yorktown in World War II is one example). On the other hand, even with little awareness of "effects" and even less fighting, coalition ground forces moving through the frontline Iraqi forces in February 1991 knew a defeated and demoralized foe when they saw one.


� Jonathan Kirshner, Currency and Coercion: The Political Economy of International Currency Power (Princeton, NJ: Princeton University Press, 1995), 117 fn. 5.


� The American Heritage College Dictionary, 3rd Ed.


� For those not, in simple terms an input, acted upon (for example, by a process), produces some output. More to the point, the difference between an output and an outcome can be ascribed to the presence of intervening variables (called here, other direct, indirect effects or complex effects). There is a feedback system which I call combat and campaign (or operational) assessment.


� Formally, this means that each action, taken independently of others, was sufficient to determine the result.


� Formally, this means that some further agent, usually called Chance, providing some "action," was required to produce the result.


� Utilitarianism as a Public Philosophy (New York: Cambridge University Press, 1995), 50.


� Intentional obfuscation by an agent to make inference of the agent’s true preferences more difficult, that is, prevent learning by an exogenous agent, gives the obscurer more control, that is, a wider range of options, over their own behavior. Bad guys don’t want the good guys to know what effect the good guys’ actions are having. This obfuscation is just as likely to be driven by internal (e.g., regime) considerations as external ones.


� General or default rules are quite interesting. In one sense they are easier to discover and test thus they get used more frequently hence more often refined, etc. In another sense, though, they are generally always wrong in at least some specific aspect hence requiring some adaptation to be used. See John H. Holland, Emergence: From Chaos to Order (Cambridge, Mass.: Perseus, 1998), 189-201.


� It is for these reasons that techniques of assessing effects-based strategies should be probability based. For these reasons also, planning effects-based operations should specify every likely mechanism with some sense of their probabilities. Where do these come from? Clausewitz taught they come from our own, reflected experience; the experience of others (or history); and thirdly, logic. See the Appendix for further elaboration. For our example, it would become “If I do this action, then this result is likely to occur.” “Likely” implies probability.


� One of the great Prussian's greatest contributions to military theory is reminding everyone that war is not an engineering problem. It is the realm of fog, friction, fear, frustration, chance and uncertainty. To their credit, the writers of Joint Vision 2020, like its predecessor work, continue to emphasize this point: warriors from the highest levels of command to the rawest recruit live daily in a world of uncertainty, ambiguity and violence. As this is being written (October 2000), the tragedy of the USS Cole once again reminds us of this truth.


� Higher not in importance but denoting further along the causal chain. Direct effects are often referred to as first-order effects and the first indirect effect in the chain is called a second-order effect whereas the next indirect effect is called a third-order effect and so on.


� Colonel Delbert Corum et al., The Tale of Two Bridges (Washington: Office of Air Force History, 1985 [1976]). The authors would undoubtedly object to my characterization of “fruitless.” From 3 April 1965 through 28 January 1968 this bridge was attacked repeatedly and while severely damaged, did not fall. It took precision-guided munitions and the resumption of bombing in spring 1972 to accomplish that. But by then it didn’t matter. The omitted variable? Construction. Reflecting perhaps a rudimentary engineering, that bridge was considerably stouter than it needed to be for its intended usage. Well, at least until the Americans tried to destroy it with bombs.


� Note that first and second-party agents are members of the system connecting and being connected respectively.


� One further problem, not elaborated here, is the principal-agent problem. This is where two actors--the agent who acts for the principal and the principal for whom the action is taken--have more or less differing preference sets and incomplete information not only of their environment but also of what each other knows. Competence of principal can be inferred from the principal’s ability to achieve goals in a given environment. The difficulty is parsing out the uncertain environment. Perhaps the wise reader by now has abandoned any thought of gaining utility from an effects-based approach.


� Some might argue there is a distinctive category called “transient effect.” I disagree. Persistency is an attribute of all effects, not a definitional issue.


� This also fits nicely with a theory of campaign planning where strategic aims are broken down into end-states, defined by sets of conditions achievable by a set of events, whose attainment achieve the strategic aims. For more detail, see my "Campaign Planning."


� For those interested, see Thomas J. Czerwinski, Coping with the bounds: speculations on nonlinearity in military affairs (Washington: National Defense University Press, 1998), John H. Holland, Hidden Order: How Adaptation Builds Complexity (Reading, Mass.: Perseus, 1995) and Stuart Kauffman, At Home in the Universe: The Search for Laws of Self-Organization and Complexity (New York: Oxford University Press, 1995).


� Following common usage, I define a system as a "group of interacting, interrelated, or interdependent elements forming a complex whole." The American Heritage College Dictionary, 3rd ed. (Boston: Houghton Mifflin Company, 1997).


� Fred Feldman wrote “I can see no straightforward way to connect the normative status of a group action with that of each of its components.” See “The Principle of Moral Harmony,” in Feldman, Utilitarianism, Hedonism, and Desert: Essays in Moral Philosophy (New York: Cambridge University Press, 1997), 57. It might seem odd to include reference to moral philosophy in a work that supports methods that might ultimately “break things and kill people” but that is not so. From Augustine through Thomas Aquinas to Hugo Grotius, philosophers dealt with moral (or value) judgments and warfare. More to the point here is that utilitarianism, as an axiological theory, is enlightening when understanding behavioral effects. For an interesting take on the connection between axiological theory and warfare, see Lt Col Peter W.W. Wijninga and Richard Szafranski, “Beyond Utility Targeting, Toward Axiological Air Operations,” Aerospace Power Journal, winter 2000, 45-59.


� See Richard J. Overy, “World War II: The Bombing of Germany,” in Alan Stephens, ed., The War in the Air 1914-1994 (Fairbairn, Australia: RAAF Air Power Studies Centre, 1994), Williamson Murray, Strategy for Defeat: The Luftwaffe 1933-1945 (Maxwell AFB, Ala.: Air University Press, 1983) and Richard G. Davis, Carl A. Spaatz and the Air War in Europe (Washington: Center for Air Force History, 1993).


� Physical effects arise from actions taken against tangible elements in a physically delineated context. Behavioral effects arise from actions (recall, these can be direct actions or “effects as actions”) taken against intangible elements in a behaviorally delineated context. The problem really arises at the operational level. At the tactical level, in a conventional military context, bombs and bullets are the common currency that results in relatively well-defined (and physically identifiable) effects. At the strategic level of leadership, policies resulting from behaviorally described actions, have little “physical” content to them. While not welcomed, for assessment purposes, it is expected. At the operational level, however, physical and behavioral effects merge in ways that do not allow precise separation of one from the other.


� There is a problem here noted by coercion theory. Absent observable actions leading to observable effects, can one ascribe "non-effects" to those actions? One can gather circumstantial evidence and produce models to show what should have occurred but didn't (or did, depending again on point-of-view), but when one has a negative aim (e.g., deterrence), the issue becomes one of the "dog that didn't bark." To make matters worse, as mentioned above, intentional obfuscation by an agent to make inference of the agent’s true preferences more difficult, that is, prevent learning by an exogenous agent, gives the obscurer more control, that is, a wider range of options, over their own behavior.


� Moved from over land to over the Adriatic.


� Col Robert C. Owen, ed., DELIBERATE FORCE: A Case Study in Effective Air Campaigning (Maxwell AFB, Al.: Air University Press, 2000).


� But that hasn’t stopped folks from trying. See Tami Davis Biddle, “British and American Approaches to Strategic Bombing,” in John Gooch, ed., Airpower: Theory and Practice (London: Frank Cass & Co., 1995), Denis Richards, The Hardest Victory: RAF Bomber Command in the Second World War (New York: W.W. Norton & Co., 1994), Robert A. Pape, Bombing to Win: Air Power and Coercion in War (Ithaca, NY: Cornell University Press, 1996), and Michael S. Sherry, The Rise of American Air Power: The Creation of Armageddon (New Haven, Conn.: Yale University Press, 1987).


� AFDD 2, 20.


� There is one glaring exception to this claim: the connection between air superiority and other uses of airpower. Perhaps due to the long-standing recognition that gaining freedom from attack and freedom to attack (as AFDD 1, Air Force Basic Doctrine so eloquently puts it) is the first priority, airpower theory is most extensive on this subject.


� AFDD 2, 22.


� If PROVEN FORCE was the only game in town, the mission could be viewed as the same as the objective, goal, strategic aim or end-state. These terms tend to be interchangeable. My preference is for end-state or ends: the set military conditions that achieve the strategic objective. See JP 3-0, Doctrine for Joint Operations. Then the results (effects) achieved would be the conditions achieved.


� I am not saying they didn’t take an effects-based approach. I have no knowledge either way. The official DoD after-action report is silent on the strategic and operational planning process in this regard.


� For some detailed approaches to this methodology, see Colonel David A. Deptula, “Firing for Effect: Change in the Nature of Warfare,” (Washington, DC: Aerospace Education Foundation, 1995), Major Jay M. Kreighbaum, “Force Application Planning: A Systems and Effects-based Approach,” (master’s thesis, School of Advanced Airpower Studies, Maxwell AFB, Ala., 1998), Colonel Phillip S. Meilinger, “Air Strategy: Targeting for Effect,” Aerospace Power Journal, (Winter 1999), 48-61, and Major T.W. Beagle, “Effects-based Targeting: Another Empty Promise?” (master’s thesis, School of Advanced Airpower Studies, Maxwell AFB, Ala., 2000).


� Obviously, “at some level” is wide open to interpretation. For example, does the fact that forces retain their own squadron identification and fly in their own leader-follower formations mean air forces are not integrated despite having those formations form an integral part of a larger force package? This essay would maintain the forces are, in this example, integrated at the mission and engagement level, but not at the force element level. There they are synchronized. Since the focus in this essay is the operational level of conflict, whether an operation is cooperative, coordinated, synchronized or integrated is from the point of view of that level.


� Two interesting approaches can be found in Major Jon Huss, “Exploiting the Psychological Effects of Airpower,” Aerospace Power Journal (Winter 1999), 23-33, and Major Steven M. Rinaldi, “Targeting Modern Economies: Economic Synergies and Nodal Analyses,” draft, unpublished paper, in Czerwinski 1998, 129-137.


� Again, interested readers are directed to my “Campaign Planning” and “Explaining Assessment” essays.


� AFDD 2-1.3, 25. Emphasis omitted. Again, from my perspective it would be better to say “mechanism of effect” rather than “effect mechanism.” So too it would be better not to conflate the action from the effect or the mechanism. As shown, “disruption” or “destruction” is more properly viewed as effects (either direct or indirect) rather than as mechanisms.


� JP 1-02, Dictionary of Military Terms, defines strategy as the art and science of employing armed forces…to secure the objectives of national policy by the application of force or the threat of force. AFDD 2-1 defines strategy as the means to accomplish an end. RADM J.C. Wylie has my favorite: a plan of action designed in order to achieve some end; a purpose together with a system of measures for its accomplishment. See his Military Strategy: A General Theory of Power Control (Annapolis, Md.: Naval Institute Press, 1989 [1967]), 14.


� Brigadier General William “Billy” Mitchell called these vital centers. I’m partial to that phrase but am resigned to the less theatrical COG.


� For those interested, see a more complete discussion on the relationship between EBO and COG analysis in my Effects-Based Operations Concept of Operations.


� COG analysis is here used as shorthand for the complete analytic effort from COG through target systems through target sets and targets down to desired mean point of impact.


� Randy Whitaker, Addressing Information Operations from a Cognitive Engineering Perspective, (Wright-Patterson AFB, OH: AFRL/HECA, 2001 [Draft]), 163.


� Besides standard statistical methods, a new and promising one can be found in econometrics among other places. Joseph P. Kalt explains: 


""Boolean analysis" relies on logic of the following form to reach conclusions regarding the explanatory role of alternative postulated factors [i.e., direct, indirect and complex effects]: suppose two causes [actions], A and B, are postulated as explanations of event [effect, result] Y. A and B occur in various combinations of "presence" and/or "absence," and sometimes Y occurs. In an other wise well-specified model of causation that identifies A and B as possible causes [that is, mechanisms], if A is always present when Y occurs, but Y occurs with B present and with B absent, B can logically be eliminated as a necessary ingredient in the causation of Y. If the researcher can specify explanatory factors and determine their presence or absence across multiple instances of Y and not-Y, scientific information is gained through Boolean (presence/absence) logic of this form."  "Precedent and Legal Argument: Do They Matter to the Lumber Dispute" in Anne O. Kreuger, ed., The Political Economy of American Trade Policy, (Chicago: The University of Chicago Press, 1996), 261-290. Quote on p. 276.


� All quotations from the Universal Joint Task List, 1998.


� Note that can be an extraordinarily bloody proposition. I refer the reader to the Battle for Berlin between Soviet and German forces in early 1945.


� Overy, op cit., and his Why the Allies Won (New York: W.W. Norton & Co., 1996).


� Owen, 498-499.


� There are sixteen separate instances in JV 2020 (a 37 page document) and six in the USAF's eight page Vision 2020.


� JV 2020, 20.


� Then again, maybe a lot should be made of this. John T. Correll notes that JV 2020 differs from its predecessor in that the emphasis in the earlier work on "massing effects" has become "massing forces and effects" in the later document. Correll seems to see sinister, "vested interests" afoot in this change. See his "Visions" in Air Force Magazine, September 2000, Vol. 83. No. 9, 35-39. As this essay argues, I see an awareness here that forces--as implementers of actions--are different from effects--the results of actions.


� See, for example, Joint Pub 3-51, Joint Doctrine for Electronic Warfare dated 7 April 2000. While there are many references to "effects" found, each uses the term in its dictionary sense only (that is, "something brought about by a cause or an agent; a result" American Heritage College Dictionary, 3rd edition, 437) which is the same as used here for the primitive term. There is no usage to indicate the more elaborate terms of direct, indirect, complex, cumulative or cascading. I am somewhat surprised at this given the subject matter of the publication. Electronic warfare (EW), of all the traditional kinds of warfare, is the most apparently mediated between action and result if for no other reason than it employs the electromagnetic spectrum (and the non-visible portion at that) rather than chemically produced--and visible--energy such as explosives. Thus as far as indicators of effects go, EW is more like indirect than direct effects. As directed energy weapons arrive (part of EW), this will change significantly the traditional reliance on directly observable direct physical effects.


� All quotations from America's Air Force Vision 2020: Global Vigilance, Reach & Power. Unfortunately the document, downloaded from http:\\www.af.mil\vision, does not have page numbers or a date. According to Correll, it was issued June 19, 2000.


� JV 2020, 21. Correll makes much of this quotation arguing it is reminiscent of the silly notion put forth by some senior US Army officers that the presence of Task Force Hawk, not the air campaign, caused Milosevic to accede to NATO demands. This essay does not argue that point. Rather the use of this quotation is as an example of an indirect effect, no matter how foolish the example is in substance. In the spirit of balance, however, it should be noted that is wasn't too many years ago when the Air Force was arguing the presence of a B-2 on the ramp at Whiteman Air Force Base, Missouri could deter an adversary from some course of action. Indeed both these arguments rest on deterrence theory. It is outside the scope of this essay to argue whether conventional deterrence works or not.


� Id, 22. A course-of-action (COA) is defined in the Joint dictionary as a plan that would accomplish a mission. It includes the commander’s concept of operations (defined as a verbal or graphic of commander’s intent—the end-state, purpose, method and acceptable risk). Using RADM Wylie’s definition, one can see that COA and strategy are the same.


� My understanding comes from the series of RAND monographs published in the late 1980's and 1990's.


� Perhaps surprisingly, the literature on “strategies-to-task” is not extensive. For a seminal discussion, see David E. Thaler, Strategies to Tasks: A Framework for Linking Means and Ends (Santa Monica, Calif.: RAND, 1993).


� This is consistent with Joint doctrine. See JP 3-0, Doctrine for Joint Operations, 1 February 1995, II-3.


� This, of course, is remedied in AFDD 2-1, Appendix G.


� Except AFDD 2-1 Appendix G. Indeed this is a source of many useful concept-based planning tools. What is missing is an explicit acknowledgement of enemy reactions to our actions (and the effects they achieve) as well as, as outlined in the essay, a more complete elaboration on complex, cumulative and cascading effects.


� The contextual caveat is only important as a defense against “excluding-oriented” mindsets. It is my contention that the explicit inclusion of one idea does not necessarily imply the implicit exclusion of another. Those who read, “airpower is…” as meaning “land power isn’t…” (or vice versa) are examples of “excluding-oriented” mindsets because they view all things not explicitly included as explicitly (though not so stated) excluded. I think this tells much more about the receiver’s mindset than the sender’s.


� This can be somewhat confusing because an effects-based approach can be both a strategy (which we have defined here, in one form, as a way to an end) as well as a methodology of arriving at a strategy. Thus it is perfectly legitimate to use an effects-based approach to develop a strategy of attrition. There is just a single effect (normally) desired--destruction of enemy forces.


� See JP 3-0, Appendix A.


� While not going into this point in depth, I do agree with those who claim that modern airpower has placed a whole new dimension to the concept of mass. See especially Lt Col Ed Mann, "One Target, One Bomb: Is the Principle of Mass Dead?" Air Power Journal, Spring 1993.


� For a thorough—and colorful—examination of the impact the death of Gustavus II, King of Sweden, had on the outcome of the battle (the Swede’s won) and the campaign (they lost), see Russell F. Weigley, The Age of Battles: The Quest for Decisive Warfare from Breitenfeld to Waterloo (Blooming, Ind.: Indiana University Press, 1991).


� In his closing analysis of the Balkans air campaign, DELIBERATE FORCE, Colonel Robert C. Owen discusses the impact the aerial bombing had on Milosevic and distinctly implies that it was a significant, though by no means only, cause leading to Milosevic’s pressuring Karadzic to negotiate. See “Summary” in Owen, ed.


� Formally, a reaction function is the rule that applies to a decision maker’s choice of an expected action.


� The literature on these topics is vast, often conflicting, and occasionally quite technical. Some of the more accessible and useful works are: Robert M. Axelrod, The Complexity of Cooperation: Agent-based Models of Competition and Collaboration, Princeton, NJ: Princeton University Press, 1997; David S. Alberts and Thomas J. Czerwinski, eds., Complexity, Global Politics, and National Security, Washington, DC: National Defense University Press, 1997; Thomas J. Czerwinski, Coping with the Bounds: Speculations on Nonlinearity in Military Affairs, Washington, DC: National Defense University Press, 1998; Murray Gell-Mann, The Quark and the Jaguar: Adventures in the Simple and the Complex, New York: W.H. Freeman and Company, 1994; John H. Holland, Hidden Order: How Adaptation Builds Complexity, Reading, MA: Perseus Books, 1995; and Emergence: From Chaos to Order, Cambridge, MA: Perseus Books, 1998; Andrew Ilachinski, Land Warfare and Complexity, Alexandria, VA: Center for Naval Analysis, 1996; and Stuart Kauffman, At Home in the Universe: The Search for Laws of Self-Organization and Complexity, New York: Oxford University Press, 1995. I especially rely on Holland’s work.


� Gell-Mann, 368.


� It is commonly stated that warfare knows few rules. As used here, rules are statements of causality. “IF some action (say, x) happens, THEN some result (y) occurs” is an example. Mechanism explains cause. For instance, if the causes are labeled a, b, c…, it is possible to write a rule: IF x, THEN y BECAUSE of a, b, c,… Because of the more technical nature (and anticipated audience) of this Appendix, standard notation is used vice the notation used in the body of the essay. I apologize in advance if this creates confusion.


� State-contingent policies are those announced or inferred in one period, to be applied in some future period, but whose application requires the existence of some preannounce state. Therefore, purely stating that players are adapting through learning understates the reality. Actors—leaders—do have a priori preferences that color their learning.


� Again, cas exhibit coherence (order) under change, via conditional action and adaptation, without central direction. They are noted by their diversity of agents and not solely by the number of agents but a substantial part of the complexity in most agent-based models stems from the sheer number of agents involved. Holland 1998: 118. The interactions between agents are governed by anticipation engendered by learning and long-term adaptation. Agents form complex hierarchical structures, which is a pervasive feature of all cas.


� V(s)=∑iwivi(s) where V(s) is the valuation function, wi is the weight of the ith feature and vi is the ith feature. V(s') is the predicted value of some future state, s'. The goal, then is V(s) = V(s') at s'. Note V(s) is an internal model of the opponent: in a zero-sum game a loss to you is a gain to your opponent. Hence turning V on its head models the opponent's strategy. A prediction fails when V(s) ≠ V(s'). Warfare is generally, though not always, a zero-sum game. In that, it differs from economics.


� (Another) point of caution: pre-existing distortion arises when the natural state is considered sub-optimal. Arguably, the very existence of conflict proves the natural state is sub-optimal. This is why B.H. Liddell Hart argued the object in war is a better state of peace, not peace as some objective state. Op. cit., 338.


� Dynamic or time inconsistencies arise when actions or intentions, announced or inferred in one period, turn out differently in a subsequent period not due to obfuscation by the agent, nor the incorrectness of the inference or changes in context. They arise due to a conflict on interests. These conflicts arise due to the heterogeneity of interests among agents. Warfare—like life in general—is messy. Thus, while an excellent technique, time varying inputs is no panacea.


� Contingency theory requires a robust explanation of the optimal learning process and a good specification of the mechanisms of rational expectations. See footnote below.


� Purist hate it when non-specialists (like the author) equate probabilities to weights. Probabilities give the likelihood some future event or result will occur. Further, these future events can be conditional on the occurrence of some other event or action. Back to our example of causes a, b, c,… one could say the probability (p) of a equals 1 in 2 (1/2 or 0.5) and the probability of b given a is 3 in 4 (3/4 or 0.75). In notation p(a) = 0.5 and p(b|a) = 0.75. One of the more understandable works on probability theory is Peter L. Bernstein, Against the Gods: The Remarkable Story of Risk, New York: John Wiley & Sons, 1996. Unfortunately, real life is never really a simple matter of coming up with probability numbers. As Clausewitz accurately stated, there is that very real, yet intangible, quality he called genius or “inner eye.” The great Prussian also said that the more experience the commander had, and reflected upon, the clearer his or her “inner eye.” Somehow putting probabilities together with these intangibles allows a commander to come up with a weight.


� Holland 1998: 67. Note Holland uses estimate and prediction interchangeably. There is another thought that separates the two. Estimation assumes the real world can be described as a population; prediction assumes the real world is described as a sample. Conversely, prediction for structural models can be built on some knowledge of causal properties. See William C. Cave, Prediction Theory: A Framework for Modeling (Spring Lake, NJ: Prediction Systems Inc., 1999).


� Lt Col Barry D. Watts, USAF, The Foundations of US Air Doctrine: The Problem of Friction in War (Maxwell AFB, Ala.: Air University Press, 1984).


� Taken from Allan Drazen, Political Economy in Macroeconomics, (Princeton, NJ: Princeton University Press, 2000), 626-632.


� An inferential problem under conditions of imperfect information? A rational agent can be defined as one who forecasts unobserved variables as a projection of past-observed variables. Calculating the ω is the trick. Charles F. Kindleberger, a noted economist and a member of the Economic Objectives Unit that helped plan the US strategic air campaign against Germany in World War II, said that warfare is a simple problem of economics: commanders must allocate scarce resources among conflicting, almost insatiable demands, in order to achieve objectives under conditions of imperfect information. I agree.


� Better these should be considered adaptive expectations. Adaptive expectations are means by which rational agents, facing an uncertain future, modify their a priori expectations to account for the uncertainty.


� E(Ω G) – E(Ω SP) = (1-β)(Ej(Oj(1)) – E(Ω SP)) + β Pr(j < ĵ)(-R2(j | j<ĵ)-C1). R2 is the expected return from continuing with action 2, given action 1 has been implemented, conditional on observation j’. R2(j’) = (1-β)Ek(Vjk | j’) + βEk(max{-C, Vjk | j’}). ĵ is defined as j ≥ ĵ iff R2(j) ≥ -C1, meaning action one is revered only for signals (observations) below ĵ. Recall E(Ω G) is the ex-ante expected payoff of starting with action 1 then following with action 2 whereas E(Ω SP) is the ex-ante expected payoff of implementing actions 1 and 2 simultaneously. 


� This should not be read as advocating gradualism over parallel attack (to use the AFDD 1 term for strategic paralysis). Rather it is an argument against any per se rules one way or the other. For example, a more nuance expected payoff (EΩ) would include ε defined as the psychological shock associated with any action or combination of actions (whether sequential or simultaneous). This could be negative (for example, stiffening the spine of the opposition) or positive (for example, depressing morale). It could be endogenous or exogenous to either actor. Indeed, it could be endogenous to the principal in one entity but be exogenous to the principal’s agent. Once uncertain (see footnote below), imperfect, or asymmetric information is added (possibly as weights, say ω, to j), the expected payoff calculation, while much more informative, is so much the more complicated. These conditions exist in almost any situation, but become most complicated in situations dealing with coalitions. Depending upon members’ expected payoff structures, gradualism may be required (for example, to build consensus) or be detrimental given heterogeneity of payoff structures (exacerbated, perhaps, by asymmetric information).


� Risk, Uncertainty and Profit, Boston: Houghton Mifflin, 1921. The terminology here can be quite confusing. Following James G. March (A Primer on Decision Making, New York: The Free Press, 1994), risk would equal uncertainty while ambiguity is reserved for those situations Knight refers to as uncertain. This essay follows Marsh’s convention. Basically, uncertainty is unknown but knowable states. Ambiguity is unknowable states. This allows probabilities to be assigned to both.
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