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Developing Numerical C2 Models of Complex Operations: A Case Study of the 

Pearl Harbor Attack 

 

 

Abstract 

 

As technology has advanced and become more affordable, it is easier to model the complexity 

encountered in Command and Control (C2) operations.  Modeling technology can take advantage 

of widely available simulation and gaming software applications to provide a distinct benefit to C2 

analysis, and increase C2 agility.  As simulation technologies become more powerful, richer 

models can be developed and made available to support C2 analysis.   

 

In a team project for a graduate class at George Mason University, our team was tasked with 

modeling and providing a C2 analysis of a historical event.  We chose the 1941 attack at Pearl 

Harbor, due to the unique C2 situation it presented and the wealth of historic data.  Our goal was 

to determine if a C2 failure enabled the attack to proceed.  Using the data available, we were able 

to model the event and create a Monte Carlo simulation to run through the battle.  The simulation 

also enabled the analysis of Japanese actions to determine if they used the most efficient plan for 

the attack.  Different C2 decisions could have led to Pearl Harbor being at a different readiness 

level and allowed the fleet to mobilize into deep water. 

 

In this paper we will provide a detailed C2 case study of the Pearl Harbor attack based upon our 

class project.  We will also describe how the model developed can be generalized for a wide range 

of events (military and non-military) and implemented using low cost commercial tools.  We will 

show how this approach can also be used to model current complex operations. 
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1.  Introduction 

 

In the area of C2, models can be used to analyze past events and to predict the effects of future 

actions.  It is very interesting to people working in the field to look at historical events from the 

standpoint of what was done well, and what were the failures of C2.  Many lessons can be learned 

and perhaps the models applied to new situations.   

 

We look at C2 from both a traditional sense and a more modern aspect.  In the traditional view, C2 

is concerned with military or other forces where organizations coordinate and manage resources 

through space and time to achieve an objective (Hieb et al, 2014).  However, models can also help 

support future C2 decisions such as analyzing the path of a hurricane to determine what the most 

optimal actions are to prevent lose of life and property, or deciding when to evacuate. 

 

In this paper, we look at how to model both cases, traditional C2 and for decision support.  In the 

first, we take a very well known historical event in the US – the attack on Pearl Harbor, Hawaii, in 



 

 

1941 during World War 2 (Naval History and Heritage Command, 2016).  To many historians, this 

is a fascinating event, with many plots and themes.  Certainly, it can be analyzed from 1) an 

Intelligence point of view – what were the failures of Intelligence that led to the surprise attack, 

and 2) a Maneuver point of view – what were the military aspects that allowed the Japanese carrier 

group to carry out its attack. 

 

We modeled the Pearl Harbor attack to answer these two questions.  The model is a numerical 

Monte Carlo simulation that was relatively simple to design and implement.  We believe the 

methodology could be used to model other C2 historical events and would be useful for student 

projects.  Also, these models can be used as a decision support tool to show how different command 

decisions could affect the actions taken in response to a complex endeavor (Albert & Hayes, 2007). 

 

To test the methodology, we then applied the technique to a much more general problem, that of 

making decisions on when and where to evacuate individuals in the projected path of a hurricane.  

We present this analysis based on typical hurricane data for the state of Florida in the U.S. 

 

This paper is organized as follows.  First we give a historical context in Chapter 2.  In chapter 3 

we examine the general area of modeling C2, surveying related work and describing our 

approach to apply the general model to a historical event – Pearl Harbor.  We describe the model 

in detail and review results.  Section 4 looks at how our modeling technique can be used for other 

events.  Section 5 concludes with recommendations for future research and thoughts on how 

modeling could be used in C2 education from a student point of view. 

 

2.  Historical Context – Pearl Harbor Attack (1941) 
 

At 0755 hours, on December 7th 1941, the Empire of Japan attacked the U.S. naval base at Pearl 

Harbor in the territory of Hawaii.  Despite tensions with Japan at the time, the attack came as a 

complete surprise.  There were many factors that allowed the Imperial Japanese Navy to achieve 

a surprise attack, and later we analyze these factors using a numerical C2 model.  

Tensions between the U.S. and the Empire of Japan, which had been an ally in World War I, 

began to mount in the early 1930s.  In January of 1941, Japan began planning the attack on Pearl 

Harbor, with pilots beginning to train for the attack in the spring.  Due to the continued rising 

tensions, the U.S. halted its oil supply to Japan in July of 1941.  Final approval for the attack was 

granted in October 1941.  The historical reference for this section are at (Naval History and 

Heritage Command, 2016), 

Beginning in May of 1940, the entire Pacific Fleet operated out of Pearl Harbor.  In December of 

1940, Rear Admiral C.C. Bloch in command of the 14th Naval District communicated to 

Washington that they would be incapable of defending Pearl Harbor from a hostile attack.  

During negotiations with Japan, the Chief of Naval Operations and the Chief of Staff of the Army 

advised the President against issuing ultimatums to Japan due to the inferiority of the Pacific 

Fleet.  While Pearl Harbor was considered a possible target, a few factors led many to believe 

that other targets would be chosen first.  The depth of the harbor would have prevented torpedo 

attacks with the known technology of the day.  

In attacking Pearl Harbor, the Japanese had three main objectives.  The major objective was to 

destroy the Pacific Fleet.  The Japanese wanted to sink or damage the carriers as well as the battle 



 

 

ships.  They knew the carriers were not in harbor at the time, but chose to attack anyway.  Other, 

secondary objectives were to delay the U.S. entry in to the war and strike a morale blow to the 

U.S. by achieving a surprise attack.  

On the day of the attack at 0637 hours, the USS Ward sunk a Japanese midget sub.  This was 

communicated back to Fleet Command, but due to many false reports of subs, it was not viewed 

as indication of an imminent attack.  As the initial wave of the Japanese attack approached the 

island, it was detected by radar.  The inexperienced operators reported back to the officer in 

charge that they detected planes incoming.  The officer was expecting a flight of B-17s and the 

radar operators had just reported that something had shown up on radar, not that it was a large 

amount of planes.  The radar operators were not cleared to know about the B-17s so the officer 

did not inform them, and they in turn did not inform the officer that the radar signature was larger 

than a flight of B-17s.  At 0733 hours, Pearl Harbor received a coded message from Washington 

warning of imminent attack, but the message was not decoded until after the attack.  Finally at 

0755 hours the attack began, 408 Japanese attack aircraft attacked in two waves of 3 groups.  The 

attack was over by 1000 hours.  In the attack, 2,403 Americans died and 1,078 were wounded.  

10   ships were sunk, and 8 ships were damaged (though only 3 ships were a total loss) (see 

Figure 1). 

 

In later sections, we model Battle Damage as an output of our model – which includes personnel 

casualties, ships destroyed, airplanes destroyed, and infrastructure damage.  Different C2 

decisions could have led to Pearl Harbor being at a different readiness level.  Different 

interpretations of intelligence could have allowed for greater pre-knowledge of the attack, or even 

allowed the fleet to mobilize into deep water.  C2 decisions made prior to and during the attack 

on Pearl Harbor could have changed the outcome of the battle, and those outcomes can be 

examined through modeling. 
 

 

3.  Modeling C2 
 

In this section, we review some of the very general C2 process models that informed our project.  

Then we apply one of these models (Lawson, 1981) to the Pearl Harbor attack and show how this 

can be implemented using a Monte Carlo technique. 
 

3.1  Related Work 
 

When developing a numerical representation of a complex scenario, it is important to first 

conceive of a conceptual model to identify the key components.  A conceptual model helps to 

break down the scenario and to organize the components needed to make command decisions.  A 

simple conceptual model is the OODA (Observe, Orient, Decide, Act) loop.  The OODA loop 

was developed by John Boyd (1987) as a way to organize command decisions during dogfights.  

Boyd later further enhanced his loop in order to show feedback from each stage into the 

observation phase, and to also further expand the Decision stage as the hypothesis stage and the 

Act stage as the test phase.  This is a very well known and popular model, but is lacking in detail 

if used in analytical work.  Brehmer (2005) builds on the OODA loop to develop an elegant 

model.  Curts and Cambell (2006) have an excellent generic C2 model with more detail. 

 



 

 

 

Figure 1  -  Map of Pearl Harbor Attack (Leu, 2016) 

 

We choose to use Lawson’s model – shown in Figure 2 (Lawson, 1981).  Like the OODA loop, 

Lawson’s model is also somewhat sequential, but introduces the idea of a desired state the 

commander wishes to achieve (parameters for ordering an evacuation, achieving minimum battle 

damage, etc.).  The nodes in the Lawson Model represent the environment, the sense stage, the 

process stage, the compare stage, then the decide and act stages.  Included in the environment is 

a conceptual representation of “own forces” which will be able to act upon and change the 

environment.  The compare stage is compared to a hypothetical desired end state that represents 

command intent.  The sense and process stages can be viewed as a more detailed version of the 

Observe and Orient stages from the OODA loop.  

 

In the sense stage, data is extracted from the environment and then that data is processed in the 

next stage.  At this point the quality of the data sensed from the environment can be assessed, 

which is an important step in processing the data.  Poor quality and uncertain information should 

be used carefully in making a command decision, and can lead to failure in the entire C2 process.  

Once the data has been processed, an assessment of the current environment can be compared to 

the commander’s desired end state.  After this comparison is made, the model then proceeds to 



 

 

the command decision phase, much like the OODA loop.  Once a decision is made, and acted 

upon data flows to the conceptual “own forces”, which can then act to change the environment to 

get closer to or achieve the desired state.  The environment is then sensed and reassessed.  With 

the addition of the compare stage, the Lawson model acts much like control theory, as the 

comparison to the ideal state greatly affects the decide and act stage. 

 

 
Using the Lawson model as the basis, we developed a conceptual model (see Figure 3) based on 

our understanding of the flow of information and the decision making process adopted by the U.S. 

Navy and Army, during the events that preceded the attack.  Due to a constitutional requirement, 

in times of peace “no blow may be struck until after a hostile attack has been delivered,” which 

means the decisions being made by the commanders at that point were primarily choices about 

which level of readiness should be adopted, and how to allocate the available resources. 

 

In the "Sense" box of the Lawson model, the possible means that could be employed by the 

American intelligence were considered.  Those means were supposed to capture the status of the 

environment, including information such as the position of the Japanese fleet, the attitude of the 

Japanese towards the islands under the American influence in the Pacific, and so on.  Much of this 

information was sent to Hawaii via Washington, through reports that described what was supposed 

to be the next step of the Japanese in the war, more specifically regarding their most probable 

targets.  Not only what was being reported, but also the quality of those reports (which was not 

high, considering the development of the attack) was going to influence the processing of the 

information by the commanders. 

 

 
 

Figure 2 – Basic Lawson Model (Lawson 1981) 



 

 

 

Figure 3 – Pearl Harbor Conceptual C2 Model 

 

The information the commanders in Hawaii had to process came from the American intelligence 

means (enemy status) and also from their own forces (own forces status).  Reinforcing that the 

quality of the information that was received also played an important role in this process, the 

commanders would gather the available information and try to interpret it, to build their situational 

awareness.  At this stage of the process, the commander was supposed to check if the readiness 

level of the U.S. Forces in Pearl Harbor was appropriate for the current war scenario (according to 

the commander's situational awareness).  

 

Considering that the U.S. was not yet officially at war at the time, it is assumed that the desired 

state of the American troops in the Pacific was simply to have an adequate preparedness to react to 

a possible threat.  Thus, depending on the scenario, considering for example the position and the 

intention of the potential enemy fleet, different readiness levels should be adopted in order to 

achieve the desired preparedness for battle.  A second issue affecting the desired state was the  time 

to change the readiness level.  It means that a change in the readiness level was not only a reflection 

of the current situation, but that it was also supposed to account for imminent potential threats, and 

the time it would take to be properly prepared for those threats. 

 

After receiving all the gathered information, and comparing it to the desired state, the commander 

already had all the elements necessary to make his decisions.  The available alternatives were 

basically to keep the current readiness level or to update it, so it would be more appropriate for the 

situation.  After that, the necessary instructions would be given to the commanders in the next level 

of the hierarchy.  Many different tactical orders could be issued regarding each specific decision, 

such as increasing the number of men in the battle posts, repositioning the fleet, sending the ships 

to open sea, and so on, depending on the readiness level adopted.  These tactical orders were 

supposed to influence the state of the environment, which basically comprehends everything that 

could affect a potential battle.  In addition to the own forces and the enemy forces, other factors 

such as the weather and the potential for civilian casualties were relevant factors in the 

environment. 



 

 

 

The U.S. Fleet and Army were also considered part of the environment, consisting of the resources 

available to the commanders in Hawaii.  Finally, also as part of the environment, the Japanese 

Forces responsible for the attack to Pearl Harbor had to be considered as the most imminent threat 

at that time.  This is a unique enhancement to the basic Lawson model, which became a major 

feature in our more detailed conceptual model. 

 

 

3.2  Developing a Monte Carlo Numerical Model 

 

Using the conceptual Lawson model, we then created a numerical model – implemented using 

Excel and Visual Basic for Applications (VBA) scripting language to develop a Monte Carlo 

simulation.  A Monte Carlo method of simulation is a way to solve problems that rely on repeated 

random sampling to obtain results.  Effectively, Monte Carlo methods of simulation can be used to 

solve any problem that can be broken down into tables of probability.  The environment can be 

seen as a number of such probability tables, each corresponding to the scenarios we wished to play 

out via simulation.  A random variable and “if then” logic is used to select the scenario in the 

probability table, thus enabling simulation of the experimental questions we would like to answer.  

The numerical model is enhanced through the use of data tables of historical data on scenario 

outcomes.  Historical data is used for the case of past battles and engineering estimates can be used 

for future scenarios.  
 
Figure 4 shows the conceptual structure of our numerical model.  Random variables are used as 

input to certain tables to “drive” the propagation of data through the model.  Various Input tables 

contain the initial reports and intel of the event (Experimental Variables Table) as well as basic 

information such as own force data (Input Data Table).  The quality of information (Dependent 

Variable Table) is modeled using two states that the commander will interpret the intelligence 

source as "correct" or "incorrect", and then selected using the probability of the state and drawing 

a random variable.  This simulates “sense-making”, and their computed probabilities used in 

interpretation of the environment.  We also model the opposing forces, both the force structure and 

their capabilities (Opposing Forces Table).  The output of the these tables are then used as the input 

to mathematical equations (Case Dependent Algorithm) that are calculations specific to the 

scenario being simulated.  The result of the calculations is used to populate further data tables that 

can be used to refine the simulation.  The output of the simulation (Input Data Table) can then be 

tailored to answer different questions about the scenario.  This general model also allows for 

sensitivity analysis.  Sensitivity analysis is the study of how the uncertainty in the output of 

numerical models can be apportioned to different sources of uncertainty in input (Saltelli, 2002; 

Saltelli et al, 2008).  For historical scenarios this can be used to lock the environment to the known 

limitations and to test possible outcome changes by speculating on the opposing force data. 

 

The conceptual numerical model does not represent the compare, decide, or act stages of the 

Lawson model.  In the case of historical scenarios, the numerical model can be used as a tool to 

gauge the quality of C2, whether or not the outcomes would have come closer to the “desired state” 

of the basic Lawson’s Model if different command decision had been made.  These different 

command decisions can be added to the environmental probability tables.  In the case of future 

scenarios, command decisions can be hypothesized and then tested against probable opposing force 

data to better implement quality command. 



 

 

 
 

Figure 4 – Numerical C2 Model Implementation 

3.3  Modeling Pearl Harbor 
 

Figure 5 shows our detailed numerical model of the Pearl Harbor attack.  In this section we go 

through the model, explaining the key tables, to show how we have represented the main elements 

of the attack.  Please refer to Figure 5 for the following: 
 

Intelligence Source: 

This is the probability table of the environmental variables that can change the outcome of the 

battle.  In other words, as described in section 3.2, these correspond to the scenarios we wish to 

play out in simulation.  In this case, we want to see what effect various theoretical sources of 

intelligence would have on the environment.  These are real world examples of intelligence sources 

that could have caused the commander to elevate the readiness level.  That probability is used as 

an input to an equation to determine the number of planes launched.  The other inputs are based on 

the efficiency of sortie rates, and historical data regarding the planes available. 
 

Commander’s Interpretation: 

The Commander’s Interpretation allows us to simulate a decision on the quality of intelligence 

that is determined by the Intelligence Source tables.  Intelligence sources flow into the command 

chain, the commanders then have to interpret the intelligence and determine whether or not it is a 

relevant threat.  This model uses a binary approach with a random variable to determine whether 

the intelligence is correctly interpreted or whether it is incorrectly interpreted.  This then 

determines if the readiness level is changed, and the readiness level is an input into the table for 

plane launch efficiency.  The other inputs of course are the Intelligence source and the Day of the 

Attack.  The Day of the Attack is a probability table noting whether the attack would take place 

on a weekend or weekday.  This in turn effects staffing levels and thus would have an impact on 

the efficiency of launching planes 

 



 

 

 
 

 

Readiness Level: 

As noted above the readiness level is a probability table dependent upon the incoming intelligence 

source and the commander’s interpretation of that source.  The readiness level sets the force posture 

of the Army and Naval units.  Taken in conjunction with the advanced notice the intelligence source 

provides and the day of the attack, it establishes the resources available to the commander to defend 

the harbor.  Level 1 is essentially a war ready state where Level 3 is/was the standard readiness 

level.  It should be noted that this model does not use a readiness Level 1 with no advanced notice.  

This is because the readiness level at Pearl Harbor was at Level 3 for the months leading up to the 

attack.  

 

Army Air Force (AAF): 

The output of the simulation will be the battle damage tables; any battle damage estimation of the 

Pearl Harbor attack should probably start with measuring the harbor’s ability to ward off an attack.  

With the minimum advanced notice used in this model, the AAF was the harbor’s best defense.  

With advanced notice, the AAF could have engaged the attacking force off the island and dampen 

its effectiveness if not eliminate the threat entirely.  The effectiveness of the AAF to ward off an 

Figure 5 – Pearl Harbor Numerical C2 Model 



 

 

attack depends on the number of planes that can get into the air and the skills of the pilots flying 

them. 

 

To model the AAF’s ability to dampen the attack, this model considers historical data available.  It 

then considers which types of planes would have been capable of defending the harbor, e.g. not 

transport planes.  Then the day of the attack and readiness level establishes the personnel available 

to get the planes into the air.  Therefore an increase in the number of personnel correlates to more 

planes getting into the air.  The advanced notice determines what percentage of the AAF’s 

defensive force can get into the air before the battle.  As shown in the generic model, pertinent 

scenario dependant calculations are used to process the historical and probability data.   In this 

case, the model then uses an enemy kills / AAF deaths ratio to determine the effectiveness of the 

AAF’s defensive force or the skill of the pilots.  Then depending on the size of the AAF’s defensive 

force and the skill of the pilots, the defensive force can dampen or eliminate the attacking force.  

This model assumes the all the AAF pilots fight to the death and that the air-combat battle occurs 

before the attacking force can reach the harbor. 

 

Japanese Attack Force (JAF): 

To model the opposing forces (the JAF), the following information had to be obtained: the number 

and types of planes that were used, the type of ordinance used by each plane, and the planes 

assigned targets.  The JAF consisted of two waves.  Each wave was broken into three groups: 

torpedo bombers, dive-bombers, and fighters.  Two groups from each wave were assigned to strike 

ground targets, e.g. airfields.  Only one group from each wave was assigned to attack the fleet 

moored in the harbor.  The first wave carried the heaviest ordinance, which meant the planes were 

slower and more susceptible to being shot down.  To increase their effectiveness, these ordinances 

were used in the first wave to leverage any advantage that would be gained from being an 

unexpected or surprise attack. 

 

To model the JAF a decomposition of the number, aircraft type, ordinance type, and targets was 

conducted.  The effectiveness of the different ordinance types against Navy targets was calculated 

by comparing the number of each ordinance dropped to the number that hit the targets, e.g. 40 

torpedoes were dropped and 20 impacted ships.  The effectiveness of the JAF against ground targets 

is a ratio of the battle damage inflicted on the ground to the size of the JAF that attacked ground 

targets, e.g. 188 ground planes were destroyed when 175 JAF planes attacked ground targets. 

 

This model assumes the JAF attacks in one large wave and does not separate the JAF into two 

waves.  In order to model the JAF into two waves a higher fidelity decomposition of the damage 

inflicted by each wave would need to be conducted.  In addition, the harbor’s ability to defend itself 

from the second wave is significantly greater, e.g., only 9 JAF planes were shot down in the first 

wave and 20 were shot down in the second wave. 

 

This model also does not differentiate between the 800-kg and the 250-kg bombs used to attack the 

Navy.  The model aggregates the two types of bombs into one large category of bombs, e.g., all 

bombs are created equal.  To get any higher fidelity would require understanding the actual 

effectiveness of the different bomb types used in the attack. 

 



 

 

Battle Damage: 

To model the battle damage inflicted, the model considers the number of JAF planes that survive 

the AAF’s defensive force.  The model determines the number, aircraft type, ordinance type, and 

target of the surviving JAF.  Then using the percentage of original JAF by target type and the 

effectiveness of that force, the model can determine the battle damage / casualties inflicted by the 

surviving JAF.  The battle damage is broken into the following categories: AAF planes shot down, 

AAF planes destroyed on the ground, AAF planes damaged on the ground, Navy ships sank, Navy 

ships damaged, AAF casualties (same as planes shot down), and Navy casualties. 

 

 

3.4  Implementation 

 

The Pearl Harbor model was implemented using Excel and VBA scripting language.  A script uses 

a random variable to select an intelligence source that could have effected a change in readiness 

level, and then this probability is compounded by the probability that the commander would have 

viewed the source as correct.  This result is then used to determine which readiness level is 

achieved, which then selects from a data table regarding the number of personal on duty and 

number of ships in the harbour.  Affecting this selection is also the day of the week the attack takes 

place on, which is also chosen by random variable through VBA scripting.  Once all the data has 

been selected through the probability tables, it is used as one input into equations representing the 

outcome of Air to Air combat, attack on ground targets, and the attack on Naval targets.  The other 

inputs to these equations are the historical data regarding the Japanese imperial fleet.  The data is 

then output to tables representing total naval and army air force battle damage.  

 

If we wanted to change our focus to the efficiency of the Japanese fleet, we would first need to 

change the readiness level and day of attack as constants reflecting the historical record.  We would  

then use probability tables to select from the Japanese data via random variable.  One such question 

would be to determine the battle damage caused by a hypothetical third wave of Japanese attack. 

 

 

3.5  Analysis of Results  

 

In the next two sections we discuss our results from the model.  Since we had several analysis 

questions, we have both a general discussion and a presentation of our specific results. 

 

3.5.1  Formulation of Analysis Questions 

There are many variables that could have affected the results of the battle at Pearl Harbor, and it is 

virtually impossible to completely enumerate them.  But some of them are more critical to 

understanding the impacts of command and control, and were thereby inserted into the model that 

resulted from this analysis.  The most evident one is the timeliness of the attack.  Many facts known 

previous to the attack could have decreased the effect of surprise to the American troops, an effect 

that was undoubtedly the most important factor to the success of the Japanese operation.  All these 

facts relate to the timeliness of the information and the situational awareness, which could have 

made an enormous difference if the enemies' plans and movements were known in advance. 

 

For example, there was no confirmation from the U.S. Attaché in Tokyo that the Japanese fleet had 

sailed east (although there were some unofficial sources stating that), and obviously even less 



 

 

information about the size of this fleet, which would be a strong indicator that a large attack was 

imminent.  The timeliness of this information could have made a huge difference on how prepared 

the troops in Pearl Harbor would have been to respond to a threat.  If, for example, the U.S. Attaché 

had been allowed to observe, and properly inform Washington about the Japanese fleet leaving 

Tokyo Bay, the American troops could have been prepared for an attack two weeks in advance 

(Congress Of The United States, 1946). 

Another factor that could give some advantage to the American troops in Pearl Harbor was the 

availability of long-range reconnaissance aircraft.  The aircraft available at the time of the attack 

were inadequate for this type of mission (bombers, mainly), and there was not enough aircraft to 

perform the surveillance properly.  If things were different, there would be a higher probability that 

the Japanese fleet would be observed in advance, giving some valuable minutes, or even hours, to 

Pearl Harbor to be prepared for combat. 

Another well-known fact about the attack on Pearl Harbor was that the Japanese aircraft were 

detected by the radar in Oahu, but this detection was not properly interpreted, and consequently, 

not properly reported by the operators.  The radar systems were being implemented in Hawaii at 

the time of the attack, and all the operators were still being trained to perform that duty.  Although 

the detection of the Japanese aircraft occurred, no advantage was obtained due to observing them 

in advance.  Besides the communication of the radar detection to the officer in charge occurring in 

a flawed manner, the arrival of a squadron of B-17s, scheduled for the morning of the attack, made 

that same officer think that the aircraft being detected were the American B-17s.  Had the 

communication been properly established, the troops could have gained 30 to 45 minutes to be 

prepared for the battle. 

A second important variable in this situation is the readiness level of the American troops.  Both 

the Navy and the Army had established 3 levels of readiness for their troops.  Interestingly, the two 

scales ranged in opposite directions: level 1 was the maximum alert for the Navy, whereas it was 

the minimum readiness level for the Army.  The Navy definitions for each level were, as follows: 

in level 3, only a portion of the secondary and antiaircraft batteries had to be manned; during level 

2, half of the armament had to be ready to open fire immediately, considering the enemy was in 

the vicinity; level 1 determined that the entire crew had to be at the battle stations. 

When the attack occurred, both the Army and the Navy were in their minimum levels of readiness.  

However, considering how the attack happened, it can be assumed that this low level of readiness 

was beneficial in one aspect, the number of casualties.  Although the defenses were not properly 

prepared, the small number of personnel on the ships reduced the losses on the American side.  

Increasing the number of men at battle stations could have caused some problems for the enemy, 

but the most probable effect would be a significantly higher number of American casualties. 

A third variable considered in the model developed in this work regards the day of the week the 

attack occurred.  This variable refers again to the personnel on site at the moment of the attack.  

The Japanese conducted their operation on a Sunday, probably the day of the week in which there 

was the least number of people on the ships.  Although this could lead to a less protected force, it 

would also result in fewer casualties.  An attack executed during a regular weekday could have 

very different consequences, impacting directly on the metrics proposed for the model (the battle 

damage). 



 

 

One last factor that has to be considered in the model is the size of the Japanese Force that executed 

the attack.  The Japanese plans for the attack included a third wave of aircraft, which was not 

launched for varied reasons.  If this third wave was launched, the main target of the battle planes 

would be the infrastructure on the island.  According to analysts, if these facilities were damaged, 

the entry of the U.S. in the war could have been delayed by more than one year.  Thus, the size of 

the Japanese force plays a very important role in determining the final result of the operation. 

3.5.2  Results from the Model 

 

For this project we considered three cases, the actual attack with a kill/death ratio equal to one, the 

actual attack with a kill/death ratio equal to two, and a larger JAF with the kill/death ratio equal to 

one.  For each case we looked at the battle damage inflected by the attack.  The results for each of 

the cases is attached, however all three cases show the same trends.  Figures 6-8 all show results 

for a kill/death ratio equal to one. 

 

Figure 6 shows that the Army Air Force (AAF) casualties increase as the readiness levels and 

advance notice increase.  This is due to the AAF being able to launch more planes to counter the 

JAF.  These casualties result from the AAF planes being shot down.  Tightly coupled with the AAF 

casualties are the naval casualties shown in Figure 7.  The naval casualties decrease as readiness 

levels and advanced notice increase.  This is due to the AAF reducing the size of the JAF.  The 

smaller the JAF the less damage they can inflict. 

 

The battle damage of the AAF planes destroyed versus damaged have an inverse relationship.  As 

the readiness levels and advanced notice increase, more planes are launched to counter the JAF, 

and more planes are destroyed in the air, thus fewer planes are on the ground to be damaged.  

Similar to the naval casualties the navy ships sunk and damaged both decrease as readiness levels 

and advance notice increase.  This is due to the AAF countering the JAF and reducing the size of 

the attack. 

 

Aside from the trends above, there is one counter-intuitive result that is worth mentioning.  The 

naval casualties would have increased if readiness levels increased from Level 3 Weekend to Level 

3 Weekday, as shown in Figure 8.  This is due to the increased number of personnel present in the 

naval ships, but the AAF at this time is not able to efficiently launch enough planes to reduce the 

size of the JAF.  Therefore there are more casualties in these situations.  Once the AAF can launch 

a sufficient number of planes and reduce the JAF, the naval casualties balance between the 

readiness levels and advance notice.  As expected, this result is less noticeable as the kill/death 

ratio increases.  This is because the few planes the AAF is able to launch are more effective at 

reducing the size of the JAF. 



 

 

 

 
 

 

Figure 6 – Army Air Force Casualties by Readiness Level and Advanced Notice 

 
 

 

Figure 7 – Naval Casualties by Readiness Level and Advanced Notice 

 

 
 

 Figure 8 – Army Air Force Battle Damage by Advanced Notice and Time of Week 

 

Our interpretation of the modeling results indicates that advanced notice of the attack would have 

decreased damage and casualties, but that no level of advanced notice would result in 0 damage 

and casualties.  The Japanese could have increased the number of personnel casualties had they 

chosen to attack on a weekday instead of a weekend, and would have been able to inflict more 

battle damage had they decided to use a larger attack force (from utilizing a 3rd wave of attack).  



 

 

4.  Applying Command and Control Modeling Techniques in a New Domain 

Building on our work on the Pearl Harbor attack, we wanted to see if we could generalize our 

technique to apply to a different historical event or domain.  We 

chose a more general case – response to severe weather events.  

Specifically, in this Section we look at creating a decision 

support tool for deciding when to evacuate in the path of a 

hurricane for county officials.  The purpose was not to build a 

hurricane forecast model, which is a complex model all by itself.  

Such a model would require a physics-based model of the 

atmosphere with how properties such as atmospheric pressure, 

temperature, wind speed, forward speed, and humidity change 

as a function of time. 

 

However, the decision support tool does require a hurricane 

model that is representative of a typical hurricane.  To generate 

the hurricane in this model we looked at the historical data to 

derive probable outcomes in size, quantity and locations during 

the hurricane season.  

 

Hurricanes can occur at almost any time of the year.  However, most hurricanes will occur between 

June 1st and November 30th.  This is defined as the hurricane season.  This model uses the 

prevailing tracks and a probability of the hurricane to be on that track to control where the hurricane 

originates and which track the hurricane will follow.  The prevailing tracks of Atlantic hurricanes 

change over the course of the hurricane season.  In the beginning of the hurricane season, the 

prevailing tracks begin in the Caribbean Sea and go up through the Gulf of Mexico.  Towards the 

end of the hurricane season, the prevailing tracks begin in the Caribbean Sea and go up the Eastern 

seaboard into the Atlantic Ocean (as in Figure 9).  In any given month there can be numerous 

prevailing tracks, each with a different probability of having a hurricane.  

 

This model leverages historical data to determine the probability that a hurricane of a particular 

category would occur in a given month.  This ensures the frequency and category of the hurricanes 

is properly distributed throughout the hurricane season.  

 

Radial wind speed is a common means of categorizing a hurricane’s intensity.  Usually the 

hurricane’s sustained wind speed is recorded then the storm is categorized using the Saffir-Simpson 

hurricane wind scale.  In this model, we take the opposite approach; we use probabilities to 

determine the category of the hurricane and bound the maximum wind speed using the Saffir-

Simpson hurricane wind scale.  The forward speed of the hurricane is how fast the hurricane itself 

is moving from one point to another.  The forward speed is latitude dependent.  Hurricanes typically 

slow down as they move north above the equator.  Then, the hurricane’s forward speed begins to 

increase as it moves north past the Tropic of Cancer.  

 

Figure 9 - Hurricane Track 



 

 

 

Figure 10 - Hurricane Numerical C2 Model 

In order to determine the wind speed at a given distance from the hurricane, one must understand 

the structure of the hurricane.  Typical hurricanes have relatively calm winds near the center of the 

cyclone.  These winds then rapidly increase to the maximum wind speed within 20-50km from the 

center of the cyclone.  The wind speeds then rapidly decrease until they level off and continue for 

several hundred kilometers.  To model this effect, we modeled both a well-defined and poorly-

defined hurricane structure.  These structures were put into a canonical form to be referenced.  Then 

depending on the distance, maximum wind speed of the hurricane, and the hurricane structure we 

can determine the wind speed at any given distance from the center of the cyclone. 

 

This model uses geospatial and temporal reference data.  By breaking up the county’s storm surge 

impact, population density and property value into layered symmetric grid cells, it permits easy 

indexing and cross referencing between the cells.  Then as the hurricane passes over the county, 

we can see how the hurricane impacts each cell individually and collectively over time.  

 

 

 



 

 

We tested this model for 

Hillsborough County in Florida by 

using a prototypical example of a 

hurricane (see Figure 11).  We 

instantiated values for grid cells, 

grid cell resolution, storm surge 

impact, population density 

(time/day of week) and property 

value. 

 

This approach allows us to see how 

the hurricane is affecting each layer 

(storm surge, population, property 

value) of the grid cell over time.  

Since the results are time dependent 

it measures the effect of the 

hurricane not just due to its 

category, but also how long it 

persists over the cell.  For example, 

a Category 3 hurricane that last for 

6 hours over the county might have 

a greater impact than a Category 5 

hurricane that only last an hour (this 

depends how the hurricane 

approaches the county).  At the end of each run the layers can be combined to see the overall impact 

of the hurricane.  The model outputs total number of casualties and property damage as a function 

of the advanced notice/evacuation as seen in Figure 12. 

 

 

Figure 12 – Hurricane Casualties as a function of Advanced Warning/Evacuation 

Figure 11 - Evacuation Levels for Hillsborough County 



 

 

5.  Conclusions 

 

We have shown a general approach to modeling the C2 of an operational event and illustrated this 

approach by modeling a historical event (Pearl Harbor, 1941) and by modeling a C2 decision (when 

to evaluate for a hurricane).  We show how to construct the conceptual model and also how to 

implement this using a Monte Carlo technique.  We also show results of our case studies that were 

implemented using Microsoft Excel, with Visual Basic scripts. 

 

For the Pearl Harbor Case study, we were looking to see if better sense making and communication 

could have greatly changed the outcome of the battle.  We also wanted to see what would happen 

if different decisions had been made by the Japanese in the planning stages for the attack.  The 

communications from Washington meant that Pearl Harbor was preparing for war rather than 

imminent attack, so command at the naval station was trying to solve strategic C2 problems rather 

than tactical ones.  This is somewhat evident in the positions of the carriers at the time, which were 

moving resources in preparation for war.  There was no failure in C2 given the command structures 

in place at the time. 

 

In modeling the battle damage, we were able to see what would happen if some of the advance 

warning that was available from radar and other intelligence sources had been properly interpreted.  

Modeling battle damage at a peak readiness level (Naval Readiness level 1) allows us to examine 

better communications as it represents the naval station at Pearl Harbor being a definite target for 

the attack and thus being able to more adequately prepare.  Finally by modeling battle damage from 

attacks on different days of the week and a larger size Japanese attack force, we were able to 

analyze different Japanese decisions. 

 

For the Hurricane Evacuation case study, we show how to use our technique in a more general 

case, again starting with a conceptual model, that could be used to support decision making in 

current C2 operations. 

 

We found this project both very challenging and very interesting.  We recommend this modeling 

approach for future classes, especially as it is driven by a conceptual model and can be implemented 

in a number of ways.  The implementation we used with Excel and VBA is available to a very wide 

number of students and other C2 practitioners. 
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