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ABSTRACT 
 

What causes a combat pilot to misidentify and attack friendly forces on the modern 

battlefield? This study addresses this phenomenon of targeting error by analyzing the six most 

documented cases of air-to-ground and air-to-air fratricide (also known as “friendly fire” and 

“blue-on-blue”) in Operations Desert Storm, Provide Comfort, Enduring Freedom, and Iraqi 

Freedom. Each incident – as detailed in official government and military documentation – is 

weighed against three distinct groups of causal theories identified by the existing scholarly 

literature on friendly fire: technological, human, and organizational. This examination is made to 

determine which of these, if any, best explain targeting-error fratricide in modern airpower, and 

whether there are individual factors common to most or all of the six cases.  

This study concludes that, while each group of theories offers a valid perspective, one 

particular factor with technological, human, and organizational characteristics is common to each 

of the incidents. Specifically, dysfunctional interaction between pilots and airborne or ground-

based controllers was either a critical or abetting causal factor in each case, and is deserving of 

increased attention and mitigation efforts by the U.S. military. This study concludes with policy 

recommendations addressing this dynamic as a critical factor in targeting-error fratricide. 
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INTRODUCTION  

Serving in Operation Urgent Fury in Grenada in 1983, Lieutenant Scott Snook and fellow 

soldiers with the U.S. 82nd Airborne Division found themselves inadvertently on the receiving 

end of American airpower. 

Four Air Force A-7 Corsair aircraft screamed by our position… flying close air support… 
As we watched, the A-7s completed their first bombing run… and circled back around 
for a second pass. This time, as they made their final approach, one A-7 peeled off and 
strafed our position with 20mm cannon fire. Shrapnel from the six-inch-long bullets 
knocked many of us off the top of the hill… Incredibly, as the Air Force A-7s flew away, 
they were replaced by a flight of Navy A-6 intruders….The A-6 began its attack. I 
couldn’t move. I remember trying to bury my face under a tiny rock. I tried to make 
myself “small.” The jet pulled out of its dive. I was still alive. He hadn’t fired his guns. I 
looked up. There, falling toward the earth, were two bombs... I felt the heat blast as one 
exploded several hundred meters away. Friendly fire wounded seventeen; one later died.1 
 

Sadly, Lt. Snook’s experience as a victim of mistaken attack by friendly aircraft is not one that 

ended for the American military after Grenada. 

Fratricide, also known as “friendly fire,” “blue-on-blue” or “amicide,” is the infliction of 

casualties by military forces on their own forces or those of their allies, most often by accident.2 

Fratricide both on land and at sea has been a part of warfare since ancient times, a result of 

diverse causal factors including inaccurate weapons; indiscriminate use of force; poor situational 

                                                 
1 Scott A. Snook, Friendly Fire: The Accidental Shootdown of U.S. Black Hawks over Northern Iraq (Princeton, 
New Jersey: Princeton University Press, 2000), pp. 139-140. 
2 This is not to say that incidents of intentional friendly fire are not plentiful. One such story passed down in my own 
family offers a cynically humorous insight into such phenomena. My grandfather was a U.S. Army medic in the 
Pacific during the Second World War. While on Luzon his unit came under night attack by a “bed-check Charlie,” a 
Japanese fighter plane strafing and generally harassing the American positions at night so as to force the troops to 
assume alert positions and interrupt their already limited sleep. When a U.S. fighter plane finally intercepted and 
downed the intruder – and the Japanese pilot bailed out over his side of the lines – the Americans on the ground 
screamed at the American pilot to shoot him in his parachute lest he find another airplane and return the next night. 
Instead, the U.S. pilot dipped his wings in salute to the Japanese pilot and then flew back over the American lines to 
perform a victory roll. According to my grandfather, a significant portion of his unit opened fire on the plane as it 
flew by, cursing the pilot for having more in common with the Japanese pilot than his own comrades in arms. 
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awareness among forces engaged in combat; limited or nonexistent communication between 

friendly forces from different services or different international partners; individual human 

factors of stupidity, carelessness, honest error; and even sheer chance. 

Approximately 17% of all U.S. combat casualties in Operation Desert Storm were fratricides 

(107 out of 613), with 24% of American combat deaths (35 out of 146) having been a result of 

friendly fire. Roughly one-third of these blue-on-blue incidents involved air-to-ground attacks.3 

Fratricides also plagued U.S. forces and their allies in Operation Provide Comfort (OPC), 

Operation Enduring Freedom (OEF), and Operation Iraqi Freedom (OIF). One academic 

estimate made in December 2004 indicated that, as of that time, 7% of coalition casualties in 

OEF were the result of fratricide, the vast majority of these (94%) being the result of air-to-

ground attacks. The same study estimated that 18% of American forces and 15% of British 

forces killed in action in the first 20 months of OIF were the result of friendly fire. The majority 

of these figures were, again, a result of air-to-ground fratricides. 4 

While some of these tragedies can be attributed to weapons malfunctions and other explicitly 

technical issues, many are the result of targeting error. For reasons that are subject to debate and 

investigation, a pilot or pilots mistakenly engage friendly forces believing them to be hostile. In 

the interest of providing insight into the causes of such tragic incidents, this study examines the 

                                                 
3 U.S. Department of Defense (DOD), “Conduct of the Persian Gulf War, Final Report to the Congress” 
(Washington, DC: DOD Publication, April 1992), Appendix M, pp. 589-591. 
4 Major Sean Larkin (USAF), “Air-to-Ground Fratricide Reduction Technology: An Analysis” (Quantico, VA: 
Marine Corps Command and Staff College, Academic Year 2004-2005), p. 10, 14-15. Major Larkin derived these 
figures from analysis of both U.S. government investigations and media reporting. 
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following question: are there common causes for incidents of American fratricide when 

employing air power since 1991, and if so, what are they? 

Beyond the human cost, friendly fire incidents present a challenge to mutual trust among 

aviators, ground forces, and joint operations planners, including across service lines and among 

international coalition partners. Frayed trust can have detrimental effects on operations. In a 

discussion of joint air and ground operations in Desert Storm, military historian Robert Scales 

assesses that  

The long-term effect of the fratricide incidents would prove substantial. Once the ground 
war began, ground commanders would be very reluctant to call on the Air Force for close 
air support, particularly at night, in bad weather, or in the constant fluidity and confusion 
of mechanized close combat.5  
 

Commenting on his experience providing close air support during the 2003 invasion of Iraq, U.S. 

Air Force (USAF) Major Andrew Gebara noted that he was 

Struck by the way isolated instances of air-to-ground fratricide affect[ed] the relationship 
between air and land component forces. Although by any measure air-to-ground incidents 
are a small portion of overall fratricide events, there is something emotional about the air 
aspect of an already emotional event that drives a wedge between comrades in a way that 
ground-to-ground frats don’t.6 
 
Some airpower fratricide incidents are the product of weapons malfunctions when pilots 

correctly identify and fire on hostile forces but unintentionally inflict casualties on nearby 

friendly forces as a result of their weapon not operating properly.7 Others are the product of 

                                                 
5 Robert H. Scales, Jr., Firepower in Limited War (Novato, CA: Presido Press, 1995), p. 259 
6 Major Andrew J. Gebara (USAF), “Beyond the Wild Blue-On-Blue - Leveraging Counter-Fratricide Technologies 
for Operational Effects” (Quantico, VA: Marine Corps University, 2006). 
7 For example, one Desert Storm fratricide resulted from an air-launched, anti-radar missile which lost its lock on its 
intended target (an Iraqi air defense radar), acquired a lock on a nearby U.S. Marine ground surveillance radar, and 
destroyed it instead. One Marine was killed and another wounded; see Commander Danny L. Waterman (US Navy), 
“Fratricide: Incorporating Desert Storm Lessons Learned” (Newport, RI: Naval War College, 5 March 1997), p. 17. 



 

 
 
4 
 

excessive weapons effects when pilots correctly identify and fire on hostile forces engaged with 

friendly forces but inflict casualties on the nearby friendly forces as a result of the use of 

inappropriately large weapons, or engage enemy targets in close proximity to friendly vehicles or 

aircraft with less-than-precise means.8 While no less fatal than incidents resulting from targeting 

error, airpower fratricides caused by weapons malfunctions or excessive weapon yields – with 

concrete technical and physical explanations – are often easier to explain than cases of targeting 

error when pilots identify and fire on friendly forces they mistakenly believed to be hostile.  

Just as cases of commercial aviation accidents caused by technical malfunctions, while no 

less lethal, seem more understandable than the nebulous cause of “pilot error,” friendly fire 

caused by targeting error rather than weapon malfunctions is the more vexing problem for the 

prevention of airpower fratricide. This study considers whether certain causal factors have been 

common among instances of airpower targeting-error fratricide since 1991. If so, what are they, 

and how well are they represented in the current scholarly literature on the subject? 

LITERATURE REVIEW 

Multiple academic and professional articles have dealt with the issue of fratricide, from 

histories to causal examinations to discussions of fratricide’s impacts on military morale and 

coalition partnerships. Government research bureaus and military organizations in the U.S., 

                                                 
8 An example of aerial fratricide resulting from inaccurate fire occurred to one of the leading U.S. fighter aces of the 
Second World War, John T. Godfrey. Released from a POW camp eight months after his P-51B Mustang was shot 
down during a strafing run over a German airfield in August 1944, Godfrey returned to his unit to review the camera 
footage taken by his wingman of his last mission. “…Reliving the mission, Godfrey was fascinated to see his own 
plane start climbing out after completing the low-level flying pass. Then Godfrey’s jaw dropped. The film showed 
that his wingman kept firing as Godfrey climbed, the bullets slamming into Godfrey’s own fighter. The film was run 
through again, but there was no mistake: he had been shot down by his own wingman. Deflated, Godfrey walked out 
of the screening room and into the cold English spring.” (Herbert Molloy Mason, Jr., Duel for the Sky: Fighter 
Planes and Fighting Pilots of World War II (New York, NY: Grosset & Dunlap: 1970), p. 107. 
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Australia, Canada, the U.K., and elsewhere have examined the problem in official histories, 

background research papers for doctrinal development, and in papers published by officers at a 

variety of military postgraduate schools. Behavioral and cognitive scientists have also examined 

fratricide as a source of insight into human cognition and organizational behavior. Legal scholars 

have even addressed the issue, examining how violations of doctrine and other published 

guidance can contribute to fratricide. 

Charles Shrader, a U.S. Army officer, wrote the first widely published modern study of 

friendly fire – something he referred to as “amicide” – in 1982. Shrader made a comprehensive 

effort to catalogue fratricide incidents in the two World Wars, Korea, and Vietnam, with a focus 

on identifying four specific types of fratricide (artillery fratricide, air fratricide, antiaircraft 

fratricide, and ground fratricide), their individual characteristics, common causal factors, and 

changes in frequency and character through the 20th century.9 Shrader identified a litany of 

causal factors particular to each of the four types of fratricide, but concluded generally that direct 

human error was the most critical causal factor of fratricide writ large.  

British historians Richard Townshend Bickers and Geoffrey Regan both authored general 

histories of friendly fire since ancient times in the mid-1990s, in part due to the increased public 

interest in fratricide following several highly publicized blue-on-blue incidents in the Gulf 

War.10 These studies highlighted that the relative prevalence of certain causal factors has differed 

both over time and among the various theaters of war. The use of imprecise weapons in mass 

                                                 
9 Lieutenant Colonel Charles R. Shrader (US Army), Amicide: The Problem of Friendly Fire in Modern War (Ft 
Leavenworth, KS: U.S. Army Command and Staff College, 1982). 
10 Richard Townshend Bickers, Friendly Fire: Accidents in Battle from Ancient Greece to the Gulf War (London, 
UK: Leo Cooper, 1994). 
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formations such as volley fire from archers and canister shot from cannon, for example, was a 

serious cause of unintentional friendly casualties in ground and naval warfare prior to the 20th 

century. Yet the relevancy of this factor diminished as modern combat evolved towards the use 

of increasingly accurate, longer ranged weapons among more dispersed forces. Equally, the use 

of inaccurate slashing weapons (such as swords or entrenching tools) among massed formations 

is a factor applicable to ground combat but not war in the air. Both Bickers and Regan, however, 

consistently dealt with three major categories of causal factors that have played critical roles in 

fratricide throughout all of military history: technological, human, and organizational factors.11 

Technology is a factor cited with particular frequency with regard to airpower fratricide.  

Aerial combat, a phenomenon unique to the 20th and 21st centuries, is inherently technology 

intensive. Air-to-air and air-to-ground combat present greater risks of fratricide than ground 

combat since the players are usually moving at greater speeds and carrying more destructive 

ordnance than ground units do. Regan summarizes: 

Though recent in origin, it has not taken [aircraft] long to so revolutionize warfare to such 
an extent that command of the air has become a prerequisite of victory in modern battles. 
However, in terms of its threat to friendly as well as enemy troops, the aeroplane has 
introduced a new and terrible dimension to the concept of amicide… In terms of amicide, 
air warfare is the “growth area.”12 
 

Beyond speed and distance, technical factors related to airpower fratricide comprise elements 

such as malfunctioning communications equipment, faulty navigational software, and other 

                                                 
11 In this case, technological factors which cause or abet identification error rather than technical malfunctions which 
(as illustrated in the previously mentioned case of the errant anti-radar missile) result in a friendly fire incident in 
spite of proper identification of friend and foe. 
12 Geoffrey Regan, Backfire: A History of Friendly Fire from Ancient Warfare to the Present Day (London, UK: 
Robson Books, 2002), pp. 171-172. Originally published in the United States as Blue on Blue: A History of Friendly 
Fire (New York, NY: Avon Books, 1995). 
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components belonging either to the attacking aircraft or the victims which normally function but, 

in the event of the fratricide, did not. A separate technological factor is a technology that is not 

present (though most of the literature argues that it should be): “blue force tracking” devices.13 

Individual/human factors include carelessness or over-aggressiveness on the part of attacking 

pilots, failures to properly read, report, or identify geographic locations pertaining to the 

proximate location of forces, disregard for instructions and standing rules regulating combat use 

of force, and larger questions of whether human cognition in general has the ability to keep up 

with the speed of modern warfare. Many put it almost mathematically, concluding that the U.S. 

military’s capability to hit targets with great speed at great distances has simply exceeded human 

capability to positively identify those targets at the same distance with the same speed. 

Finally, organizational factors addressed by the existing literature include poor or nonexistent 

unit integration among (or within) branches of the armed services, insufficient interoperability 

among forces operating in an international coalition, and deficient doctrine or rules of 

engagement (ROE) related to fratricide prevention and the engagement of hostile forces in close 

proximity to friendly forces. These factors also include organizational policies that may 

encourage aggressiveness in combat at the unintended risk of fratricide. 

Much of the existing literature recognizes that more than one of these factors play roles in all 

incidents, and groups of factors often interact with one another to compound the likelihood of 

fratricide occurrence. Further, virtually all writing on the subject acknowledges the important 

                                                 
13 Blue force tracking (BFT) comprises systems of transponders which would mark positions of friendly forces 
(vehicles, aircraft, ships, and even dismounted infantry) by persistently emitting signals establishing their identity to 
all forces from the same nationality or coalition, who would be fitted with receivers to receive these signals. A lack 
of universal BFT technology is often cited as a passive cause of fratricide, a “fix” that has yet to be adopted. 
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role of a fourth unquantifiable and unavoidable cause: simple chance. No serious work on 

fratricide discounts the role that unavoidable accidents play in friendly fire or argues that 

fratricide can be completely eliminated even by fully addressing the influence of all three 

categories of causal factors. Many (if not most) studies focused on airpower fratricide, however, 

generally focus on one of the three aforementioned explanations. These various causal 

interpretations are neither strictly incorrect nor lacking in academic rigor or thorough research. 

Yet in emphasizing the relative importance of one category of analysis (technological, 

individual/human, organizational) over the others, many fail to pay due heed to the 

aforementioned complex, multifaceted nature of airpower targeting-error fratricide.  

At the other end of the spectrum it is possible to identify causes so vaguely as to merely 

describe the phenomenon, as the U.S. military does in its official doctrine on the causes of 

fratricide. According to Joint Publication 9-03, Joint Tactics, Techniques, and Procedures for 

Close Air Support, “fratricide has usually been the result of confusion on the battlefield. Causes 

include misidentification of targets, inaccurate target locations or descriptions, target locations 

incorrectly transmitted or received, and loss of situational awareness.”14 While indisputable, this 

causal analysis essentially states that friendly fire is: firing on friendly forces mistakenly 

believed to be hostile for a wide variety of reasons. 

Multiple academic works and journal articles provide similarly expansive sets of causal 

theories. For example, in perhaps the most comprehensive academic examination of air-to-

ground fratricide in the past 20 years, Major Enrique Cruz of the U.S. Marine Corps argues that 
                                                 
14 DOD, “Joint Publication 3-09.3: Joint Tactics, Techniques, and Procedures for Close Air Support” (Washington, 
DC: DOD Publication, September 2003), p. I-4. 
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“fratricide is a serious and persistent problem that is aggravated by the complexity of the modern 

combat environment and the increasing lethality of weapons.” He concludes that factors that 

contribute to the occurrence of air-land fratricide include “the loss of situational awareness and 

the lack of positive target identification,” “target acquisition and weapon system technologies 

[that] have outpaced target identification capabilities,” “[deficiencies in] effective air-land 

operations demanding teamwork and close integration between air and land forces,” “similarities 

between friendly and enemy combat systems,” and “human operators [who] are the weak link in 

the fratricide prevention chain.”15 A litany of other war college papers, command and staff 

college studies, and journal articles make similar diagnoses which are indisputable in their 

breadth but perhaps lacking in specificity.16 As with the official DOD definition, these accurate 

but broad identifications of possible causal factors come no closer to addressing critical root 

causes than a simple definition of the word itself. 

METHODOLOGY 

This study examines six cases of American air-to-air and air-to-ground fratricide that 

occurred in Operations Desert Storm (1991), Provide Comfort (1991-1996), Enduring Freedom 

                                                 
15 Major Enrique E. Cruz (USMC), “Fratricide in Air-Land Operations” (Monterrey, CA: Naval Postgraduate 
School, 1996), pp. 76-82. 
16 Examples include Colonel Gary J. Bundy (USAF), “Not So Friendly Fire: Considerations for Reducing the Risk 
of Fratricide” (Newport, RI: Naval War College, 18 June 1994); Commander Danny L. Waterman (USN), 
“Fratricide: Incorporating Desert Storm Lessons Learned” (Newport, RI: Naval War College, 5 March 1997); Major 
Douglas A. Wild (USA), “Fratricide and the Operational Commander: An Appraisal of Losses to Friendly Fire” 
(Newport, RI: Naval War College, 13 June 1997); Lieutenant Colonel Steven E. Armstrong (USAF), “Fratricide: 
Fact or Fiction?” (Newport, RI: Naval War College, 17 May 1999); Commander David G. Tyler (USN), “Blue-on-
Blue Fratricide,” Marine Corps Gazette, Vol. 86, No. 6, June 2002, pp. 50-52; Major Michael W. Binney (USMC), 
“Joint Close Air Support in the Low Intensity Conflict” (Monterrey, CA: Naval Postgraduate School, June 2003); 
and Charles A. Jones, “Put an End to Fratricide,” Proceedings, Vol. 130, No. 11, November 2004, pp. 38-41. 
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(2001-present), and Iraqi Freedom (2003-2010). These cases are examined to determine whether 

they share common causal factors and what those factors may be. The six cases are 

• An attack on U.S. Army vehicles in Iraq by an Apache helicopter (17 February 1991) 
 
• An attack by U.S. A-10 ground attack aircraft on British armored vehicles in Iraq 

(26 February 1991) 
 
• A shootdown of two American Black Hawk helicopters by two American F-15 fighter 

aircraft over northern Iraq (14 April 1994) 
 
• An attack by a U.S. F-16 which killed several Canadian soldiers in Afghanistan  

(18 April 2002) 
  
• An attack by American A-10s on U.S. Marine vehicles and personnel in southern Iraq 

(23 March 2003) 
 
• An attack by American A-10s on British vehicles and personnel in southern Iraq  

(28 March 2003) 
 
This study examines each case through primary source material (government and military 

investigations of each incident) as well as relevant secondary sources (military and academic 

analyses of the various incidents). 

Sadly, there have been many more such incidents than just these six over the past two 

decades. It would be possible to collect a much larger set of incidents and subject it to 

quantitative dissection. The details of most other incidents, however, have not been publically 

released beyond brief statements by military spokespeople and are thus unverifiable and subject 

to baseless conjecture. Studies leveraging these incidents for data are forced to rely on mass 

media summaries rather than hard investigative data. These six cases examined in this study, by 

contrast, represent a group of incidents for which the greatest amount of critical investigative 
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material and data is publically available. Each incident was the subject of official American or 

British government inquiry, and most also involved military boards of investigation, U.S. 

congressional oversight, and other boards of inquiry in Canada and Great Britain as well as 

journalistic accounts and academic discussion. 

As with any complicated human endeavor – modern warfare being one of the most 

complicated there is – unintended consequences most often result from multifaceted, interrelated 

groups of factors rather than simple one-off causes. Analyzing causes of these targeting-error 

fratricides, therefore, is best approached as a practice of bounding bodies of related factors rather 

than testing for a single hypothetical cause. If friendly fire from and in the air were a simple 

result of Factor X, then Factor X most likely would have been addressed and mitigated or 

eliminated long ago. This study approaches the problem in a holistic manner, examining the six 

cases as they occurred and then drawing inferential conclusions rather than testing the incidents 

for the presence of a particular cause or set of causes, as many studies already have done. 

SIX VARIED CASES: AN INDUCTIVE EXAMINATION 

The disparate characteristics of these incidents provide broad representation of the larger 

phenomenon of targeting-error fratricide, which increases the applicability of their lessons. 

These incidents occurred in a diverse spectrum of combat environments. Four occurred during 

high-tempo combat operations between mobile armies (Operations Desert Storm and Iraqi 

Freedom), while a fifth occurred during a peace enforcement operation (Provide Comfort) and a 

sixth occurred in what at the time was primarily a counterinsurgency campaign (Enduring 

Freedom). Five attacks were air-to-ground while one was air-to-air. Five were attacks by U.S. 
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Air Force fighter aircraft while one was a strike by a U.S. Army attack helicopter. Four cases 

involved air support in close proximity to friendly forces, while the other two involved aircraft 

engaging what were perceived to be hostile forces some distance from the nearest friendly unit. 

The victims of these different incidents were American, British, and Canadian military 

personnel; victims of the 1994 Black Hawk shootdown also included Kurdish civilians and 

international peacekeepers.  

These different facets allow the cases to speak to a wide spectrum of possible fratricide 

causes in various combat situations. Before examining the technological, human and 

organizational elements that might have caused these incidents, it is helpful to review the basic 

circumstances surrounding each case.  

17 FEBRUARY 1991: APACHE FRATRICIDE17 

Just after midnight on 17 February 1991 elements of the U.S. 1st Infantry Division (1st ID) 

inside southern Iraq observed movement to the north of their position and requested helicopter 

reconnaissance of the area. Though the ground phase of Operation Desert Storm was more than a 

week away, the 1st ID and other Coalition units were already staged just inside the Iraqi side of 

the Saudi border in anticipation of offensive operations. Three AH-64 Apache attack helicopters 

from the Division’s 4th Aviation Brigade were tasked to survey the area for possible Iraqi 

reconnaissance forces probing the forward lines of the American position. The mission was 

personally led by the Apache battalion commander, who chose to lead the mission despite 

                                                 
17 For a complete summary of the 17 February 1991 Apache/Bradley fratricide, see U.S. General Accounting Office 
(GAO) Office of Special Investigations (OSI), “Operation Desert Storm: Apache Helicopter Fratricide Incident” 
(Washington, DC: GAO, June 1993). A full narrative of the incident is available in Appendix II, pp. 30-42. 
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regulations against his personal participation. The Apaches were given the last sighted 

coordinates of the vehicles of interest north of the American lines, which were entered into their 

flight computers.  

On heading northeast towards the reported area of the suspect vehicles, strong winds out of 

the west pushed the Apaches generally eastwards across the line and resulting in their arrival 

behind the forward-most line of American armored vehicles rather than in front of them. Upon 

arrival over this area, the Apaches reported seeing two armored vehicles through their infrared 

sights. The lead AH-64 co-pilot/gunner (the Apache battalion commander) then reported their 

position to the ground controller.18 Unfortunately, the commander mistakenly reported the 

position of the vehicles as the coordinates of the initial sighting he had earlier recorded in his 

flight computer rather than the actual GPS-derived coordinates of the vehicles in his sights.  

Based on this information that erroneously confirmed the earlier reports of Iraqi vehicles – 

and despite hesitation expressed by one of the other Apache pilots who was concerned that the 

flight was not as far north as the commander reported – the ground controller authorized the 

Apaches to engage. The commander attempted to fire his cannon, which jammed. He then fired 

two Hellfire missiles which destroyed both vehicles. The other Apaches were then instructed to 

engage personnel seen emerging from the vehicles but were immediately called off when the 

ground controller received reporting that this was a blue-on-blue incident. The Apaches had 

                                                 
18 A “controller” – in this particular case a ground-based individual subordinate to the 1st ID – is an individual 
specifically tasked with providing reference information, guidance, and (depending on the situation) control and 
engagement authority to pilots in air-to-ground or air-to-air combat situations. Various forms include the forward air 
controller or “FAC,” based on the ground or in another aircraft and tasked with liaising between pilots and ground 
forces, and airborne controllers, such as those found aboard airborne warning and control system or “AWACS” 
aircraft, who monitor and control the airspace in a particular area of responsibility. 
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engaged two American vehicles – a Bradley infantry fighting vehicle and an M113 armored 

personnel carrier – in the northeastern section of the 1st ID screen line rather than Iraqi vehicles 

thought to be north of the line. Two vehicle crewmembers were killed and six were wounded. 

26 FEBRUARY 1991: A-10/ROYAL FUSILIERS FRATRICIDE19 

Desert Storm ground operations began on 25 February 1991, with Coalition forces breaching 

the defensive earthen berm along the Iraqi-Saudi border and moving into southern Iraq. On the 

afternoon of the 26th, British mechanized infantry with the Royal Regiment of Fusilier Battle 

Group (3RRF) moving north through the desert halted and dismounted their vehicles to disable 

some abandoned pieces of Iraqi artillery with demolition charges.  At the same time, two 

American A-10 attack aircraft were flying at 15,000 feet overhead, under tasking by a British 

ground controller to attack Iraqi armor observed 20 km east of the Fusilier elements.  

In the proceedings of subsequent U.S. and U.K. boards of inquiry, the British ground 

controller claimed to have provided the A-10s with a specific geographic grid location for the 

Iraqi vehicles, while both A-10 pilots denied ever having received such a grid reference. Instead, 

the pilots received a physical description of the target area from an F-16 pilot departing the area 

who had been engaged in the same close support mission. Based on a physical description of 

roads and desert features the A-10 pilots arrived over the Fusiliers, made passes at altitudes of 

15,000 feet and 8,000 feet, and erroneously identified the British Warrior armored personnel 

carriers as Iraqi T-54/55 tanks. The two A-10s each fired one Maverick air-to-surface missile at 

                                                 
19 For a complete summary of the 26 February 1991 A-10/Fusilier fratricide, see U.K. House of Commons, 
“Summary of Board of Inquiry, 3rd Battalion The Royal Regiment of Fusilier Battle Group Friendly Fire Incident,” 
July 1991. A partial copy can be found in Bickers, pp. 150-154. 
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the armored vehicles and reported the incident to the British controller as they departed the area. 

As their description of the number and disposition of the vehicles differed from earlier reports, 

the controller asked them to confirm the geographic coordinates of the attack, leading to his 

discovery that a fratricide had occurred. Nine British soldiers were killed and 11 wounded. 

14 APRIL 1994: F-15/BLACK HAWK FRATRICIDE20 

Following the end of Operation Desert Storm, Coalition elements operating out of Turkey 

maintained a presence in northern Iraq to provide a safe zone allowing parts of Iraq’s Kurdish 

population to avoid violent repression from Saddam Hussein’s government. Maintenance of this 

secure enclave was designated Operation Provide Comfort and involved American aircraft 

securing a no-fly-zone over northern Iraq so that the Iraqi regime could not use helicopters and 

fighter aircraft against the Kurdish population. Coalition personnel also provided humanitarian 

aid to the local population and conducted liaison visits with Kurdish regional government 

officials. On the morning of 14 April 1994 two U.S. F-15 fighter aircraft entered northern Iraqi 

airspace under the control of an E-3 airborne warning and control system (AWACS) aircraft as 

the first of several daily fighter sweeps to enforce the no-fly zone. At roughly the same time, 

unbeknownst to the F-15 pilots, two U.S. Army UH-60 Black Hawk transport helicopters also 

entered northern Iraqi airspace on a VIP liaison mission to conduct Coalition personnel and 

                                                 
20 For a complete summary of the 14 April 1994 Black Hawk fratricide, see U.S. Air Force (USAF) Aircraft 
Accident Investigation Board, “U.S. Army Black Hawk Helicopters 87-26000 and 88-26060: Volume 1, Executive 
Summary,” 14 April 1994; U.S. House of Representatives (104th Congress), and “Committee on National Security 
Hearing on Friendly Fire Shootdown of Army Helicopters over Northern Iraq,” 3 August 1995. The most 
authoritative examination is Scott Snook, Friendly Fire: The Accidental Shootdown of U.S. Black Hawks over 
Northern Iraq (Princeton, New Jersey: Princeton University Press, 2000). Another examination can be found in Peter 
Lindsay and Tony Cant (eds.), Proceedings of the Eighth Australian Workshop on Safety Critical Systems and 
Software (Canberra, Australia. CRPITACS, 2003): Peter Ladkin and Jörn Stuphorn, “Two Causal Analyses of the 
Black Hawk Shootdown during Operation Provide Comfort” pp. 3-23. 
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Kurdish officials to several meetings in the region. The AWACS crew made contact with both 

the F-15 and Black Hawk flights upon their respective entries into the area of operations but did 

not advise either of the presence of the other.  

After a brief stop in the northern Iraqi town of Zahku, the Black Hawks took off again and 

were identified by the F-15s on their radars. The AWACS crews, which had tracked the Black 

Hawks on their entrance into northern Iraq but had lost track of the helicopters after they 

descended into the mountains, confirmed the F-15s’ identification of the presence of unidentified 

aircraft. The F-15s attempted to electronically query the identity of the helicopters through their 

IFF equipment – “identification friend or foe,” a precursor system to blue force tracking devices 

comprising a radio transponder for aircraft which, when queried by an “interrogator” on another 

friendly aircraft, emits a friendly signal – but failed to receive satisfactory “friendly” responses 

from the transponders on the Black Hawks. The F-15s then made two passes in an attempt to 

visually identify the helicopters and the lead pilot identified them as two Mi-24 HIND, a Soviet-

made attack helicopter used by the Iraqi military. Having received no guidance to hold their fire 

from the AWACS crew or any cautioning that friendly helicopters were operating in the area, the 

F-15s fired two Sidewinder missiles at the helicopters, destroying both. It was not until their 

return to base in Turkey that the F-15 pilots discovered the engagement had been a fratricide. All 

26 passengers and crewmembers aboard the two Black Hawks – including U.S., U.K., and 

Turkish military personnel and Kurdish civilians – had been killed.  
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18 APRIL 2002: F-16/CANADIAN INFANTRY FRATRICIDE21 

Following the October 2001 American invasion of Afghanistan, Canadian military forces 

deployed to the country in early 2002 to support NATO operations against Islamist insurgents. In 

the predawn hours of 18 April 2002 a squad from Princess Patricia’s Light Infantry Brigade was 

conducting nighttime training with a variety of small arms at a former Al Qaeda location known 

as Tarnak Farm in the Kandahar area. At the same time, two American F-16 fighter aircraft 

nearing the end of a patrol flight were flying overhead. 

On seeing the ground fire from the Canadian unit training with machine guns and shoulder-

fired antitank rockets, the F-16s circled the area and requested permission from a ground 

controller to fire on what they perceived to be surface-to-air fire (SAFIRE) directed at them. 

Subsequent US-Canadian investigations cast doubt over the threatening appearance of the 

ground fire, which would have been fired in arcs roughly parallel to the ground rather than up 

into the air as SAFIRE would have been. Instructed to hold their fire pending further 

investigation by the ground controller as to the nature and location of the reported SAFIRE, the 

F-16s continued to circle over Tarnak Farm and descend in altitude. This violated the standing 

rules of engagement which dictated that pilots perceiving a surface-to-air threat from antiaircraft 

machine gun or artillery fire were to depart the area and not engage unless in clear self-defense. 

While still awaiting further information from the ground controller, the lead F-16 pilot declared 

                                                 
21 For the official US-Canadian coalition summary of the 18 April 2002 F-16/Canadian Infantry fratricide, see 
Coalition Investigation Board Report: Tarnak Farms, Afghanistan, “Summary of Facts: Tarnak Farms Friendly Fire 
Incident near Kandahar, Afghanistan, 17 April 2002,” 28 June 2002. The most comprehensive narrative of the 
incident and its subsequent investigations is Michael Friscolanti, Friendly Fire: The Untold Story of the U.S. 
Bombing that Killed Four Canadian Soldiers in Afghanistan (Ottawa: Tri-Graphic Printing, Ltd., 2006). 
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that he was engaging the point of origin of the ground fire in self-defense and dropped a 500-

pound bomb in the center of the Canadian squad. The F-16s were quickly ordered to cease fire 

by the controller. Four Canadian soldiers were killed and eight were wounded. 

23 MARCH 2003: A-10/USMC FRATRICIDE22 
 
During the March 2003 invasion of Iraq, U.S. Marine elements approaching the city of 

Nasiriyah in southeastern Iraq found themselves under heavy fire from opposing forces. Three 

units of the 1st Battalion, 2nd Marine Regiment proceeded into the city from the south: Bravo 

Company entered the city and fought its way to the eastern portion of the city, while Alpha 

Company maintained a defensive position astride the southern bridge leading into the city. 

Charlie Company, in the confusion of urban combat and under the mistaken impression that 

Bravo Company had already pushed through to a bridge north of the city, pushed through the 

downtown area and took up a position on the northern edge of the city along a canal. 

At this point, under fire, Bravo Company called for close air support from American A-10 

aircraft overhead. The Bravo Company forward air controller (FAC) erroneously identified the 

Bravo position in the eastern portion of the city as the furthest forward Marine position to the A-

10s and authorized the aircraft to engage any forces beyond the canal on the northern edge of the 

city. The A-10s made multiple attacks on the men and vehicles of Charlie Company with 

Maverick missiles and cannon fire before being called off. A total of 18 Marines were killed in 

Charlie Company during the engagement. As Charlie Company was also under heavy fire from 

                                                 
22 For the official U.S. Central Command (CENTCOM) investigation of the 23 March 2003 A-10/USMC fratricide, 
see U.S. CENTCOM, “Investigation of Suspected Friendly Fire Incident near An Nasiriyah, Iraq, 23 March 2003” 
(Tampa, FL: MacDill Air Force Base, 2004). 
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Iraqi forces at the time, it will likely never be known exactly how many Marines were killed by 

friendly fire in this incident. A Central Command Friendly Fire Investigation Board (FFIB) 

estimated that friendly fire most likely killed eight Marines and wounded two others, along with 

destroying at least one Marine amphibious assault vehicle (AAV). 

28 MARCH 2003: A-10/BLUES AND ROYALS FRATRICIDE23 
 
On 28 March 2003 British mechanized infantry of the Household Cavalry Regiment (the 

“Blues and Royals”) between the city of Basra and the town of Al Qurnah was operating in 

dispersed groups against Iraqi armored vehicles and artillery while pushing northeast through the 

Ad Dayr region of southern Iraq. A pair of American A-10s from the 190th Expeditionary Air 

Squadron (EAS) was among the aircraft providing the British forces with close air support. 

While under the guidance of an American ground controller who was subordinated to the British 

unit, one of the two A-10 pilots observed a group of vehicles north of their position and 

requested clearance from the controller to engage them. The other A-10 then observed a second 

group of vehicles adjacent to the first and noted that they appeared to be armored vehicles 

mounted with orange rocket launchers. The A-10s asked the controller whether there were 

friendlies in this area and were told “you are well clear of friendlies.”  

                                                 
23 For the official U.K. Ministry of Defence (MoD) investigation of the 28 March 2003 A-10/Blues and Royals 
Regiment fratricide incident, see U.K. MoD, "Board of Inquiry Report into the Death of the Late 25035018 Lance 
Corporal of Horse Matthew Richard Hull The Blues and Royals (Royal Horse Guards and 1st Dragoons) Household 
Cavalry Regiment,” 27 May 2004. For two thorough examinations of the incident based on audio and video footage 
from the A-10s released by the U.S. military see Alec McHoul, “‘Killers and Friendlies:’ Names Can Hurt Me,” 
Social Identities, Vol. 13, No. 4, July 2007, pp. 459-469; and Maurice Nevile, “‘You Are Well Clear of Friendlies’: 
Diagnostic Error and Cooperative Work in an Iraq War Friendly Fire Incident,” Computer Supported Cooperative 
Work, Vol. 18, No. 2-3, April 2009, pp. 147-173. 
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As the U.K. Ministry of Defence (MoD) investigation board later noted, at no time did either 

the pilots or the controller pass or request specific geographic coordinates from one another in 

reference to the target in question. Further, there was confusion as to which of the two groups of 

vehicles identified by the A-10s were the subject of discussion and, ultimately, attack. While the 

controller advised the A-10s they were clear of friendlies, at no time were they explicitly cleared 

to attack. Nevertheless, both aircraft engaged the armored vehicles topped with orange rectangles 

with cannon fire, destroying two. After a second pass, personnel on the ground signaled 

themselves as friendly with colored smoke and the controller advised the A-10s that this was a 

blue-on-blue situation. The armored vehicles had, in fact, been British Scimitar and Scorpion 

armored fighting vehicles fitted with Coalition-issue rectangular orange recognition panels. Two 

of the British vehicles were destroyed, one trooper was killed and four were wounded.  

HOW MUCH DO EXISTING CAUSAL THEORIES EXPLAIN? 
 

At the outset, it should be noted that all six of these incidents involved individuals, 

organizations, and pieces of technology being asked to perform at the peak of their abilities 

under challenging conditions. As the U.K. MoD board of inquiry noted in investigating the 28 

March 2003 Blues and Royals fratricide incident, “All those involved in this tragic incident 

appear to have been working to the very best of their abilities, under intense operational pressure, 

in order to achieve their objectives.”24  

While there is obviously a very specific individual or set of individuals in each case who 

undertook an action that directly resulted in the death of a colleague or ally (an A-10 pilot 
                                                 
24 U.K. MoD, “Board of Inquiry Report into the Death of the Late 25035018 Lance Corporal of Horse Matthew 
Richard Hull,” p. 8-1. 
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depressing the trigger of his 30-mm cannon or an F-15 pilot pushing the “pickle” button to fire a 

Sidewinder missile), the goal here is to work backwards from those moments of fatal finality to 

the earlier point at which a pilot or pilots decided that a target was definitely hostile when, in 

fact, it was friendly. The causal factors surrounding those pivotal moments can then be examined 

against the existing causal theories and a determination can be made as to whether the events of 

these six tragedies are accurately and adequately represented in the existing scholarly literature. 

TECHNOLOGICAL FACTORS 

 A two-pronged community of interest identifies technology as both the root cause of and (at 

least for part of the community) the potential cure for airpower targeting-error fratricide. As the 

argument goes, the speed and intensity of modern combat – jet aircraft targeting hostile ground 

forces on the move near friendly forces while under fire – has simply outpaced human capacity 

to reliably distinguish friend from foe on the battlefield.  Some say that while this can be 

addressed in part, accidents are ultimately inevitable. Others argue that the true solution to 

airpower targeting-error fratricide is an effective, reliable, blue force tracker (BFT) technology 

on all American and allied vehicles, aircraft, and even individual personnel.  

A 1996 U.S. Army Acquisition Quarterly Review article made a case for technology as the 

root cause of the problem of fratricide in the first Iraq War: 

Operation Desert Storm confirmed a gap in the application of technology to positively 
identify ground combat vehicles. The incidence of fratricide, unprecedented in 20th 
century warfare, confirmed the need for combat and materiel developers to carefully 
analyze the application of technology into our major weapons systems. Although we can 
acquire targets at previously unfathomable ranges, we cannot always confirm positive 



 

 
 

22 
 

combat identification. The identification of blind spots highlighted our inability to 
positively identify ground combat vehicles.25 
 

In a 2004 master’s thesis written at the U.S. Marine Corps (USMC) Command and Staff College, 

USAF Major Sean Larkin concurred. “The persistent air-to-ground fratricide trend of the last 

three wars,” he wrote, “can largely be attributed to the failure… to develop and field effective 

fratricide reduction technology.”26 USAF Lieutenant Colonel Steven Olive similarly posits that  

Technology, and more importantly the thoughtful integration of technology, has always 
held the promise of increased efficiency, decreased risk of fratricide, and enhanced 
effectiveness during conflict. Looking to the near future and beyond, we may be on the 
threshold of actually having this desire become reality. The introduction of systems 
capable of integrating real-time imagery while providing immediate target mensuration to 
within a few meters and incorporating friendly-force… promise to reduce the targeting 
cycle time and provide unprecedented precision. Now as never before, the tactical ground 
commander has access to Intelligence, Surveillance and Reconnaissance (ISR) and 
precision fires via small, portable datalink systems... He is now fully integrated into the 
local ISR system…27 
 
In direct contrast, retired U.S. Army General Wesley Clark argued in an April 2003 London 

Times article that  

For years aircraft have carried IFF… But sometimes they fail, or the technicians do not 
set the codes exactly right… air-to-ground fratricide is a much tougher problem. Aircraft 
are flying high enough to be above the enemy’s heavy-machinegun and cannon fire -
normally above 15,000 ft. Ground vehicles do not have an IFF device to alert aircraft that 
they are friendly. In this campaign there are probably more than 40,000 coalition military 
vehicles on the battlefield. Imagine the complexity of equipping each with another piece 
of electronics that would report itself as friendly. Would it always work in the heat, dust 
and mud, for example? And so, although some pilots have stabilised [sic] binoculars and 
other aircraft have thermal sighting systems, friendly vehicles and troops on the ground 
are still in danger… the reality is that modern weaponry is incredibly lethal. What can be 

                                                 
25 Larry Doton, “Integrating Technology to Reduce Fratricide,” Acquisition Quarterly Review, Vol 3, No. 1, Winter 
1996, p. 13. 
26 Larkin, p. 2. 
27 Lieutenant Colonel Steven G. Olive (USAF), “Abdicating Close Air Support - How Interservice Rivalry Affects 
Roles and Missions” (Carlisle, PA: Army War College, 30 March 2007), p. 19. 
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seen can be hit, and what is hit is killed. We continue to prefer and seek technical 
solutions to fratricide, but even with the best technology, the problems will remain with 
human error. Warfare is inherently dangerous, and more must be done to keep us safe 
from ourselves.28 

 
Certainly, technology failure played an active role in one of the incidents, the 14 April 1994 

Black Hawk shootdown, when the IFF transponders on the Black Hawk helicopters failed to 

properly broadcast a friendly signal. Yet this technological issue was not purely technical. The 

basic manner in which the helicopters’ IFF transponders were “squawking” was incompatible 

with the more updated IFF interrogators on the F-15s involved in the incident. Personnel within 

Operation Provide Comfort’s complicated joint operations structure had failed to note and 

address this discrepancy prior to the incident. There was a second, open channel through which 

the Black Hawks could be (and were) queried by the F-15s, and it was this backup system that 

appears to have suffered a technical failure. 

None of the other five cases were particularly technology intensive. Each involved a target of 

interest being visually acquired by either pilots or ground controllers and then erroneously 

identified as hostile as a result of either inaccurate or incomplete spatial awareness (all three A-

10 attacks), aggressiveness coupled with disregard for the rules of engagement (the 2002 Tarnak 

Farm incident), or simple human error compounded by a reinforcing communication chain (the 

1991 Apache fratricide). In each of these incidents, the only clear technological factor was a 

technology that wasn’t there: blue force tracking technology. Given the technological failure of 

the identification friend or foe (IFF) system in the Black Hawk shootdown, it is unclear that even 

                                                 
28 General Wesley Clark, “Technology Cannot Prevent Blue-On-Blue Deaths,” The Times (London), 7 April 2003, 
Overseas News, p. 4. 
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a universal BFT system would have prevented the other five cases, much less all targeting-error 

fratricide. Indeed the IFF system not only failed to warn the F-15 pilots of the Black Hawks’ 

identity, but the very existence of the system served to reinforce their conclusion that the 

helicopters were Iraqi, as any friendlies should have been broadcasting a “friendly” IFF signal. 

BFT could just as easily create an environment in which any vehicle not properly transmitting as 

“friendly” might automatically be assumed “hostile,” locational and visual cues to the contrary. 

A complimentary or abetting factor in several of these cases, technology is neither the 

ultimate culprit nor the ultimate solution to targeting-error fratricide. As behavioral scientists 

Frank Greitzer and Dee Andrews note in a study on human cognition in combat identification: 

Reliance on technology alone is a flawed strategy because technology is not infallible; 
technology may fail or be unavailable, and it may be undermined by technology 
developed by an adversary. Human [situational awareness] will always be part of the 
equation because, ultimately, the human gives the order and pulls the trigger.29 

 
INDIVIDUAL/HUMAN FACTORS 

A second school of thought regarding airpower targeting-error fratricide causality posits that, 

while abetted by technology, as in many other accidents the root cause is inherently human. In 

his discussion of amicide from the air Charles Shrader argued that the very nature of ground 

attack from the air, fostered in part by technological factors, guarantees periodic human error in 

simply exceeding the analytic capability of the human brain: 

Air amicide in the final analysis is usually the result of some human error… It is too 
much to hope that a pilot, diving at 600 mph through smoke while taking evasive action 
and attempting to deliver area-type ordnance accurately, could instantaneously and 

                                                 
29 Dee H. Andrews, Robert P. Herz, & Mark B. Wolf (eds), Human Factors Issues in Combat Identification (Surrey, 
UK: Ashgate Press, 2010), p. 174. 
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correctly identify camouflaged friendly ground troops making maximum use of available 
cover and concealment.30 

 
More fatalistically, Geoffrey Regan contends that 

 
The message of two thousand years of friendly fire is that in the final analysis it is men 
who make mistakes, through the stress that war imposes, and that this stress is 
fundamentally linked with fear on their part: fear of death and mutilation, and fear of 
failure and humiliation. When men are afraid they will always shoot first rather than 
identify a target, or drop bombs too early rather than risk the flak. Mistakes will be 
reduced when men have less to fear. But then that would not be war, and they would not 
be men.31 

 
Some are more pointed in their criticism of individual fratricide offenders, citing human errors of 

recklessness and stupidity as critical causal factors. Interviewed three days after the 28 March 

2003 A-10 fratricide, Lance Corporal of Horse Steven Gerrard, who had been the commander of 

the lead vehicle in the British formation which came under attack, said that the A-10 pilot “had 

absolutely no regard for human life... I believe he was a cowboy… he’d just gone out on a 

jolly.”32 The driver of the Scimitar in which the single British fatality occurred stated: 

I don’t suppose they have learned much from the first war. I can tell what an American 
tank looks like from every direction. It was the most irresponsible thing in the world. 
They didn’t know what was going on. We were just getting on with our mission and they 
were messing around in the skies and saw us and said ‘let’s get ourselves a couple of 
wagons, that’ll be one to tell the lads when we get back to the base’. How come 
somebody who is a top-notch Thunderbolt pilot can’t tell what a British tank looks like? I 
think someone in the Pentagon or somewhere needs to sort something out there.33 
 

                                                 
30Lieutenant Colonel Charles R. Shrader (USA), Amicide: The Problem of Friendly Fire in Modern War (Ft 
Leavenworth, KS: U.S. Army Command and Staff College, 1982), p. 30. 
31 Regan (2002), p. 267. 
32 Mark Sage & Jane Merrick, “Wounded British Soldiers Condemn U.S. ‘Cowboy’ Pilot,” The Guardian, 30 March 
2003, Home News Section.  
33 Ibid. 
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As with technological factors, there were explicitly human errors at work in several of the 

examined cases. The 1991 Apache fratricide hinged on the very human failure of the Apache 

battalion commander acting as the lead AH-64 co-pilot/gunner when he misread the coordinates 

on his flight computer. His erroneous reporting of the two Bradley armored fighting vehicles 

back to his ground controller as being in the location of a previously reported hostile sighting 

was the critical failure in this friendly fire incident. Following a formal investigation, the 

commander was relieved of his post and his personal participation in the attack was cited as a 

key causal factor as he “would have been better able to control the engagement had he stayed 

with his policy of supervision/synchronization as opposed to being the firing platform.”34 The 

2002 Tarnak Farm fratricide was the product of a pilot willfully violating the established rules of 

engagement, unnecessarily descending to a height where his aircraft theoretically could be 

engaged by a perceived surface-to-air threat, declaring self-defense, and bombing the 

unidentified ground target without waiting for clearance or confirmation from the ground 

controller. Following a joint U.S./Canadian investigation and U.S. Air Force Article 15 hearing, 

the pilot was discharged for dereliction of duty.35 

Human factors were also present in the other four cases. Pilots failed to visually identify 

American and British vehicles and equipment as friendlies. Yet these cognitive failures were 

dependent on other factors. In each of these four cases – the three A-10 incidents and the 1994 

Black Hawk shootdown – background information and external stimuli strongly influenced the 

pilot or pilots in their erroneous identification of their targets. 
                                                 
34 U.S. GAO OSI, “Apache Helicopter Fratricide Incident,” p. 42. 
35 CBC News Online, “U.S. Air Force Verdict,” www.cbc.ca, 6 July 2004. 
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ORGANIZATIONAL FACTORS 

A third category of fratricide causal analysis centers on organizational factors. Broadly, there 

are two major issues. The first is this: in maximizing combat power and aggressiveness in 

finding, fixing, and destroying the enemy, military organizations may make unspoken choices to 

run a greater risk of fratricide.36 In a paper written at the Naval War College in 1996 and bluntly 

titled “If It Flies, It Dies,” U.S. Navy Lieutenant Commander Vincent Bowhers posits that 

aviation fratricide is often the product of a high operational tempo, aircraft density over the 

battlespace, and operational overemphasis on aggressive achievement of total air superiority over 

maintaining a safe and effective operating environment. 

Aviation fratricide affects all levels of war, but operational level commanders control 
many of the contributing factors. Measures to prevent accidental shootdowns must not 
decrease integration or aggressiveness in combat, yet the current environment of casualty 
sensitivity and emphasis of joint and combined integration makes zero incidents the only 
acceptable goal. Operational leaders can only accomplish this if they reject the idea that 
aviation fratricide is inevitable and that technology alone is the solution. Increased 
awareness, through publications and improved documentation and reporting, is the first 
step of the process. The second step is for operational commanders to consider aviation 
fratricide contributing factors throughout the planning, preparation, and execution phases 
of combat.37 

 
While individual operational circumstances vary greatly, it is difficult to deny that densely 

crowded airspace over an active battlefield risks fratricide. With regard to the 1991 Royal 

Fusilier fratricide, Desert Storm A-10 pilot William Smallwood notes: 
                                                 
36 This can be manifested in a variety of organizational choices, including (but not limited to) maximizing the total 
number of combat aircraft operating in a particular area at the risk of over-saturating the airspace beyond the ability 
of controllers and pilots to effectively distinguish between friend and foe; loosening the restrictions on conducting 
air-to-air and air-to-ground engagements, sacrificing positive identification of friend/foe in exchange for speed of 
engagement; or sacrificing time spent training pilots in the visual identification of vehicles, equipment, and aircraft 
(especially U.S. and Coalition equipment) in favor of other organizational priorities. 
37 Lieutenant Commander Vincent C. Bowhers (USN), “If It Flies, It Dies” (Newport, RI: Naval War College, 
March 1996), p. ii.  
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It was a melee on the ground for the entire four days and all the A-10 pilots who were 
interviewed expressed relief that there weren’t some midair collisions because of the 
large number of aircraft providing [close air support] during the fray. In regard to their 
other worry – the inadvertent killing of friendlies – they were not so lucky. One of the A-
10s was called in on what he believed was an enemy [armored personnel carrier] by a 
ground [forward air controller]. Since the pilot did not see an orange panel or any other 
marking device that was supposed to be displayed on the top of all friendly vehicles, he 
fired on it with a Maverick [air-to-ground missile]. The result was tragic.38 
 
The second organizational issue is one of military (and national) culture: do schisms between 

the four branches of the American military, each with its own culture, technical jargon, and 

preferred way of doing things, increase the risk of internecine aviation fratricide? Does a lack of 

“jointness” increase the likelihood of friendly fire? In his study of fratricide, USAF Lieutenant 

Colonel Thomas Owskey argues that individual services fail to adequately accommodate one 

another when making efforts to reduce friendly fire: 

Air Force doctrine addresses air-to-ground fratricide reduction in detail at all levels, 
operational through tactical. The Army’s doctrinal concern for fratricide reduction is 
primarily centered around techniques, tactics, and procedures used at battalion level and 
below… As [standoff weapons] capabilities have evolved, there has been no 
corresponding adjustment in doctrine, therefore, a significant doctrine-capabilities gap 
now exists in both services… The key to reducing fratricide incidents lies with the 
commander fostering an environment where training is conducted to established 
standards without exception and all operations are conducted within established doctrine 
and approved ROE. Short of this, recklessness will result, and the price will be 
fratricide.39 
 

There have likely been changes to fratricide-related doctrine in the intervening 14 years since 

this was written. Nevertheless, there is clearly a link between effective, common doctrine and 

fratricide reduction. There is certainly a perception of an interoperability gap along interservice 

                                                 
38 William L. Smallwood, Warthog: Flying the A-10 in the Gulf War (Washington, DC: Potomac Books, 1993), p. 
200. 
39 Lieutenant Colonel Thomas C. Owskey (USAF), “Fratricide: The Result of Undisciplined Aggressiveness” 
(Carlisle, PA: U.S. Army War College, 10 April 1996), pp. 19-21 
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and international lines by some fratricide victims. Emphasizing that the perception of American 

fighter pilots as “cowboys out on a jolly” has traction beyond the Blues and Royals Regiment, 

one victim of the 28 March 2003 A-10 fratricide noted that “[b]lue-on-blue has always been one 

of my biggest fears. It is something that my friends and family joked about. ‘Don’t worry about 

the Iraqis, it’s the Americans you want to watch.’”40 

Technological, individual, and organizational causes have all played important roles in these 

six cases. Pilots did ultimately fail to accurately distinguish between friend and foe as a result of 

technology they could not keep up with, or identification technology they did not have. They 

were prone to human errors of confusion, short-sightedness, and over-aggression. They were also 

part of larger organizations that possibly set them up to fail, either by inadequately addressing 

issues of force density and integration of operations or by asking them to interact and operate 

across complicated lines of multiple services and multiple nationalities. Yet these varied and 

assorted factors do not adequately explain how these six incidents occurred. There is one factor, 

possessing technological, human, and organizational characteristics, which remains unaddressed. 

THE CROSS-CUT FACTOR: PILOT-CONTROLLER INTERACTION 

Analysis of these six cases shows that, while most causal factors already emphasized by the 

literature are relevant to airpower targeting-error fratricide to one degree or another, the 

interaction between pilots and airborne or ground-based controllers was common to each of the 

six incidents. The exchange of information between pilots and controllers was either important or 

critical in each of the six cases. Breakdowns ultimately leading to fratricide involved controllers 
                                                 
40 Patrick Barkham, “The Yank Opened Up. He Had Absolutely No Regard for Human Life. He was a Cowboy Out 
on a Jolly,” The Times Online (London), 31 March 2003.  
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providing ineffective or inaccurate guidance to pilots, pilots not adhering to the guidance of the 

controllers or deliberately obfuscating their instructions, or one or both parties failing to adhere 

to guidelines pertaining to engagement of hostile forces as they existed at the time of the 

incidents. This interactive factor, common to each case, is not neatly bounded by any one of the 

three bodies of causal explanations identified by the current literature. It represents, instead, a 

factor which cuts across all three: a vital cross-section of specific technological, human, and 

organizational issues focused on the point of interaction between pilots and controllers. 

Technology fosters an environment in modern warfare whereby pilots cannot by themselves 

simultaneously fly and navigate their aircraft, distinguish between friendly and hostile forces on 

the ground and in the air, and engage them with consistently successful results. IFF and BFT 

technology have not evolved to the point where they can independently provide pilots with 

sufficiently reliable and accurate locations of friendly and hostile forces. This environment 

mandates that ground and airborne controllers must play a critical role in air-to-air and air-to-

ground combat, providing pilots with adequate situational awareness, guidance, and (as is 

dictated by the very acronym AWACS) control when necessary in order to maximize efficiency 

and to avoid fratricide. 

Human-level factors also pertain to this relationship. A-10 pilots expecting to find a 

group of Iraqi tanks identified armored vehicles in an area they felt matched the physical 

description they had been given and engaged them. F-15 pilots visually identified two 

helicopters as HIND after having received no indication from preflight briefings or their 

AWACS controllers to expect to see Coalition helicopters, and after having interrogated the 
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helicopters for a friendly IFF signal and received none in reply. A-10s engaged armored 

vehicles and personnel in an area for which they had been cleared “hot” by a Marine ground 

controller on the scene. A-10s engaged British vehicles in an area they believed to have been 

characterized by their controller as “well clear of friendlies.” Each of these instances 

represents a cognitive human error – but one that was abetted by a flaw in the pilot-controller 

interaction. 

In the most comprehensive study undertaken of the 1994 Black Hawk shootdown, former 

82nd Airborne officer Scott Snook (now a Harvard professor with a Ph.D. in organizational 

behavior) characterized the F-15 pilots’ visual identification (VID) task on 14 April 1994: 

To gain a sense of how difficult a task this high-speed VID was… imagine trying to tell 
the difference between a Chrysler Caravan and a Ford Aerostar minivan as one of them 
passed by you going the other direction on an interstate highway, and each of you were 
driving in excess of 150 miles per hour, and your two lanes were separated by at least 
three football fields, and the only view you had of the vans was from above and behind, 
and the vans were painted with appropriate camouflage paint, and you suspected that the 
passengers in the seat might be armed with the intent of shooting at you after you passed 
by them, and you had a mountain staring you in the face…41 

 
Add to this minivan metaphor the condition that you regularly train to identify, engage, and 

destroy Chrysler Caravans (Mi-24 HIND), and that you would routinely expect that the presence 

of any friendly Ford Aerostars (UH-60 Black Hawks) on this highway to be mentioned to you 

while on the road. Like Sherlock Holmes’ famous dog that failed to bark, the IFF that failed to 

broadcast combined with a lack of any indication from the AWACS that Black Hawks were in 

the area to create an environment ripe for misidentification. These factors made it understandable 

and even likely that the F-15 pilots would misidentify the UH-60s as HIND.  
                                                 
41 Snook, p. 88 (footnote). Italics in original. 
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Frank Greitzer and Dee Andrews explain this failure in terms of cognitive psychology: 

We tend to see what we expect to see... The impact of cognitive biases on decision 
performance – particularly response selection – is to foster decisions by individuals and 
teams that are based on prejudices or expectations that they have gained from information 
learned before they are in the response situation. For example, if a combat pilot is told 
that only the enemy is on the north side of a river, the pilot may be biased to fire 
prematurely at the first potential target seen on the north side of the river.42 

 
The last sentence’s reference to the 23 March 2003 A-10 attack on Marines in Nasiriyah 

precedes the authors’ characterization of that incident as one where “expectancy and response 

bias appear to have played a major role.”43 

An organizational element in the pilot-controller relationship also facilitated these six 

incidents. It exists at the points of contact between organizations that cross over culture gaps, be 

they between different combat arms within a single service (i.e., the aviation and armor 

communities within the U.S. Army), different branches of service (the Air Force and Army, for 

example), or across nationalities in coalition operations. It is at these junctures that interaction 

between pilots and ground or airborne controllers was critical in pilots receiving incorrect or 

incomplete targeting data, pilots ignoring or circumventing controller instructions and rules of 

engagement, or controllers failing to notice and correct evidence of pilot error. 

In investigating the 1991 Royal Fusiliers fratricide, the U.K. MoD concluded that  

[T]here was a conflict of evidence between the statements of the witnesses from 
Headquarters 1st (British) Armoured [sic] Division and those of the A-10 pilots. The 
Assistant DALO stated that he passed the target grid reference but the A-10 pilots deny 
receiving this.44 

 

                                                 
42 Andrews, Herz & Wolf (eds), p. 180. 
43 Ibid. 
44 U.K. House of Commons, “Summary of Board of Inquiry…” as reported in Bickers, p 153. 
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Regardless of which party was correct, the nexus of failure in this incident was the pilot-

controller exchange. If the British controller did pass the target grid reference, then the A-10 

pilots failed to uphold their end of the two-part teamwork by instead attempting to find the target 

based on a physical description from another pilot. If the A-10 pilots were correct, and the target 

grid reference was never passed, then the British controller failed to fulfill his obligations as a 

member of the pilot-controller team. In either case, both parties should have worked with one 

another to ensure that a positive identification of a target area based on specific geographic 

coordinates was established prior to any engagement of ground targets, as the rules of 

engagement at the time dictated. 

In the official report on the 2003 Blues and Royals fratricide, the U.K. MoD board of inquiry 

found a number of deficiencies in U.S./U.K. liaison procedures which, while not direct casual 

factors, bore examination: 

There has been limited time to fully integrate and train with the 3rd ANGLICO [US Air 
Naval Gunfire Liaison Company, the embedded U.S. ground unit] and 16 Air Asslt Bde 
[the Blues and Royals’ parent brigade] had had very little, if any, experience of operating 
with a U.S. ANGLICO prior to this time… communications equipment issued to the U.K. 
Air Support Organisation [sic] was limited. This is unlikely to have altered the events 
immediately prior to the incident but did impose a restriction on the overall effectiveness 
of the liaison organization… In general ground commanders had only limited awareness 
of Close Air Support procedures and the implications of the different types. This resulted 
in reduced direction and guidance as to who within the U.K. chain of command could 
authorize [a particular type of] CAS.45 
 

Further, in his examination of the same 28 March 2003 fratricide, cognitive analyst Maurice 

Nevile focused on the communication between the A-10 pilots and the ground controller: 

                                                 
45 U.K. MoD, “Board of Inquiry Report into the Death of the Late 25035018 Lance Corporal of Horse Matthew 
Richard Hull,” pp. 5-4 – 5-5. 
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One aspect stands out for understanding the participants’ conduct in this incident… the 
pilots’ interaction over the radio with the remotely located groundbased [sic] battlefield 
controller, someone outside ‘the team’ (i.e. the pilots). Interaction with a physically 
remote participant creates particular challenges and vulnerabilities to work… Participants 
must orient to their differential access to the site of activity and its relevant phenomena 
and events. Here the pilots had to reconcile their own understanding, derived primarily 
from their direct and independent visual experience of the battlefield, with the 
controller’s overall understanding as a coordinator, derived primarily from his indirect 
and dependent access to the battlefield through plans, reports from others in the field, and 
representations such as maps and displays…To decide whether or not to fire on the 
vehicles below them, the pilots sought input from the controller, and ultimately allowed 
his claim that they were “well clear of friendlies” to overrule the perceptual evidence 
before them, the “something orange” that might be “orange panels” signaling the 
vehicles’ friendly status. The pilots resolved a local perceptual problem by accepting as 
authoritative the controller’s general knowledge. The controller acted as if entitled to 
respond and provide such knowledge…46 

 
The ineffective communication between the A-10 pilots and ground controller in this incident 

was also cited by the U.K. MoD Board of Inquiry, which noted that “there were a number of 

‘stepped-on’ or incomplete transmissions, non-standard terminology was used, important 

information was omitted, and net discipline was poor.”47 Through these explanations of one 

fratricide, and similar dynamics which played out in the other five incidents, it is clear that the 

dysfunctional interaction between pilots and controllers – a cross-cut factor with technological, 

individual/human, and organizational elements – played a role in all six cases. 

The role of pilot-controller interaction as a critical node in targeting-error fratricide from the 

air is an underrepresented rather than undiscovered concept. In his examination of the 1994 

Black Hawk shootdown, Scott Snook made explicit reference to this dynamic as a larger cause of 

the friendly fire incident. Snook examined the interaction between the F-15 pilots, the Black 

                                                 
46 Nevile, pp. 167-168. 
47 U.K. MoD, pp. 5-3. This conclusion was accompanied by a notation that the U.K. MoD Board’s “findings on the 
standard of communication closely matched that of the USFFIB [US Friendly Fire Investigation Board].” 
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Hawk task force, and the AWACS crewmembers whose combined interaction failed to prevent 

the fratricide. Snook took note of basic status distinctions between pilots and controllers (both on 

the ground or in the air, though Snook specifically addressed AWACS airborne controllers) that 

encouraged the groups to assume a superior/subordinate dynamic, with pilots enjoying a role of 

greater importance and assumed awareness and controllers often being relegated to a role of 

secondary importance: 

Given the nature and history of flying, perhaps we shouldn’t be all that surprised when 
conflicts over authority issues emerge in organizations with pilots at their center… 
studies of airline crews have uncovered three strong influences in the cockpits: FAA 
regulatory procedures, cockpit technology, and a factor [called] “the culture of flying”… 
In flying, this [highly individualistic] character reveals itself in a number of ways, such as 
the sanctity of “solo flights” and a deeply held respect for pilots that can “fly by the seat 
of their pants.” In organizations containing pilots, this strongly individualistic orientation 
raises some serious challenges, especially concerning issues of authority and control... 
According to the supervisor of all [Operation Provide Comfort airborne command 
elements]: “the squadrons wanted autonomy in the area of operation and they did not 
want the AWACS crews to be directly controlling them… They wanted, basically, to be 
left alone.” Apparently, the helicopters also wanted to be left alone. According to [the 
airborne command element in charge on 14 April 1994], “it’s kind of an autonomous 
operation is the way I’ve always viewed [the Black Hawk task force], above – below and 
separate of the OPC mission.” No one wanted to be told what to do – especially not a 
“top gun” fighter pilot by some non-rated “techno-geek.” This deep-rooted, highly 
individualistic culture of flying contributed significantly to the difficult control challenge 
experienced in the AWACS.48 
 
In his essay on fratricide reduction, Major Andrew Gebara illustrates the confidence gap 

between pilots and controllers. Gebara himself admits to having qualms over conducting 

controller-directed close air support strike during Operation Iraqi Freedom: 

I was directed in-flight to coordinate a multi-ship attack of 24-Joint Direct Attack 
Munitions (JDAMs) on targets in Baghdad… Although I received clearance to engage 
my strike package’s targets from the Air Support Operations Center, it felt horrible that I 

                                                 
48 Snook, pp. 133-134. 
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was forced to rely on someone else for deconfliction. My—any—pilot’s worst nightmare, 
the thought of accidentally killing friendlies, stuck with me the entire flight home. 
Although in my case the proper use of Joint Tactics, Techniques, and Procedures worked, 
and I killed enemy, not friendly forces…49 

 
This schism highlighted by Snook and Gebara exists within a single service branch – in this case, 

the Air Force – and has the potential to be increased in places where the gaps are broader and 

pilots and controllers come from different services, or even from different countries.  

Beyond questions of authority and mutual trust – which lead either to pilots 

ignoring/overruling controllers or controllers being over-deferential to pilots to the point of 

negligence – these six cases also highlight multiple situations in which pilots or controllers 

simply failed to establish sufficient, common positional information for an operation, the lack of 

which contributed to a friendly fire incident. These failures may result from the schism between 

rated pilots and non-rated50 (or, worse, non-USAF or even non-US) controllers, but they may 

also result from poor training or a poor understanding of mission requirements. 

While some incidents resulted from poor interaction, others clearly resulted from one half of 

the pilot-controller team failing to properly perform their duty as related to the other half. In the 

2003 A-10 attack on Marines in Nasiriyah, though the American pilots failed to recognize the 

Marine personnel and vehicles as friendly before making several attacks, a Marine ground 

controller was clearly the individual primarily responsible for instructing the A-10s that the area 

north of the canal was in enemy control, and distorting the pilots’ ultimate understanding of the 

                                                 
49 Gebara, p. iv. 
50 For clarification: “non-rated” is a term to describe personnel in the Air Force who are not pilots, copilots or 
navigators, which are job types directly involved with the flying of aircraft and therefore deemed to be “flight 
rated.” 
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situation. The CENTCOM investigation of the incident ultimately found that “disciplinary action 

may be appropriate concerning the ground forward air controller’s actions.”51 

The pilot half of the pilot-controller team failed in the 2002 Tarnak Farm fratricide. Despite 

engagement rules restricting the use of force in situations where hostile forces had not been 

positively identified, and despite being instructed by ground controllers to hold fire, an F-16 pilot 

chose to engage what he perceived to be a threat (a perception compounded by his decision to 

loiter over the area and drop altitude), disregarding the big picture information and guidance 

being provided him by the controllers and not allowing himself to be controlled, as he should 

have been according to the rules of engagement, by the controller. 

The pilot-controller dynamic’s role as a causal factor common among the examined incidents 

illustrates how modern air warfare is no longer the sole realm of pilots themselves, and has not 

been for decades. The speed and intensity of operations make it absolutely necessary that pilots 

trust controllers as vital third party observers and value their access to big picture information 

across the battlespace. Correspondingly, controllers must have confidence in whatever their 

particular authority over the combined operating picture at hand may be and translate this 

confidence into their authority to control pilots in the manner prescribed by joint air doctrine. 

This controller-pilot dynamic is not unheard of in the fratricide literature, but it is 

underrepresented. While many laud the virtues of IFF or BFT in their promise to minimize 

targeting-error fratricide, critique pilots’ ability to distinguish friendly vehicles from enemy 

equipment by sight, or chalk fratricide up to simple fate, the interaction between pilots and 
                                                 
51 U.S. CENTCOM, “Investigation of Suspected Friendly Fire Incident near An Nasiriyah, Iraq,” Attached 
Document, “Memorandum for Commander, U.S. Central Command,” dated 23 May 2003. 
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controllers is only seriously dealt with at length in Snook’s study of the 1994 Black Hawk 

shootdown as a fratricide causal factor meriting examination and redress. It is clear from an 

examination of that 1994 fratricide – and the other five– that further attention should be paid to 

this factor. The prevalence of this factor is all the more significant when considered against the 

diversity of the six cases addressed in this study. Problems with pilot-controller interactions 

caused or greatly abetted fratricides in these very diverse combat situations involving different 

aircraft, personnel from separate services and nations, and targets both on the ground and in the 

air. Indeed, the pilot-controller dynamic is a common thread which links the cases with one 

another more closely than any of their other defining characteristics, further highlighting its 

important role as a causal factor. 

POLICY RECOMMENDATIONS 

The redress of technology, individuals, or organizations as bodies of cause – or even 

checking off individual factors in each of the three – will be insufficient to minimize targeting-

error fratricide from the air unless the factor which cuts across all three causal bodies, pilot-

controller interaction, is improved. The interaction between pilots and controllers in combat is 

critical to success in modern air-to-ground and air-to-air combat. Pilots must be encouraged to 

value and seek out the perspective and information provided by airborne and ground-based 

controllers, and controllers must be properly trained in the manner and method by which pilots 

are to be guided and controlled. An aphorism widely attributed to Mark Twain notes that “it ain’t 

what you don’t know that gets you into trouble. It’s what you know for sure that just ain’t so.” 

None of the six cases suffered from an overabundance of accurate, relevant data. Rather, several 
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suffered from individuals making erroneous decisions based on incomplete data they did not 

believe to be incomplete.  

Just as pilots must be encouraged to value and seek guidance and information from 

controllers, controllers must be encouraged to provide this information and confirm its receipt by 

pilots. The 2003 Blues and Royals fratricide was abetted in part by a controller failing to confirm 

that pilots had positively identified targets of interest as hostile before engaging them. The 1994 

Black Hawk shootdown was partially facilitated by controllers failing, either through 

intimidation or incompetence, to provide pilots with critical situational information which could 

have correctly informed their decision-making – namely that Black Hawks were operating in the 

area of operations at the time the F-15 pilots identified two “Mi-24 HIND” and prepared to 

engage them. 

The importance of requesting, passing, and confirming transmittal of specific geographic 

coordinates for attacks cannot be overstated. The U.K. MoD investigation of the 2003 Blues and 

Royals fratricide drew a distinct parallel between that incident and the 1991 Royal Fusiliers 

fratricide, both of which involved an ineffective exchange of specific coordinates. 

In investigating the [28 March 2003] incident the board studies a strikingly similar case 
that occurred… in 1991. Here the Board found that a lack of situational awareness was 
again a major factor. At the time the U.K. Board commented that it found that the 
[official rules of engagement] should have been a sufficient medium to ensure the safe 
conduct of operations… Due to the very real danger of [close air support] to our own 
forces, the requirement to check and confirm targets… should remain a mandatory 
practise [sic] and any attempts to erode this must be resisted. In further corroboration of 
this the Board notes the Secretary of State’s letter to the relatives following the [1991 
Royal Fusiliers] fratricide in which he writes: ‘The Board has recommended that 
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procedures should be tightened up to ensure that the coordinates for a target are always 
given to and acknowledged by the aircraft pilot.’52 
 

Official guidance is clearly not the weak link in this chain: published joint doctrine already 

provides more-than-adequate guidance for pilots and controllers as to the proper nature of their 

relationship. In each of the six cases, there was a clear deviation from either published doctrine 

or official rules of engagement at some point during the fratricidal engagement. The problem, 

rather, lies in the actual execution of the doctrine and engagement guidelines.  

There is a gap between the pilot-controller relationship on paper and how it functions in 

actual combat operations. This has to be corrected by real, substantive changes in pilot and 

controller training and culture. All parties need to take a fresh look at joint pilot-controller 

training. Organizational penalties need to be increased and enforced for pilots and controllers 

who fail to adhere to doctrinal rules in both training and real-world operations. Other substantive 

changes might include an increase in joint training operations across the four U.S. military 

services with a focus on close air support operations.  

An increase in mandatory joint duty assignments in which U.S. Air Force and Navy pilots 

spend extended time serving as a ground or airborne controllers could also improve the dynamics 

of this relationship. In a 2010 essay titled “Team Coordination and Shared Situation Awareness 

in Combat Identification,” Cheryl A. Bolstad, Mica R. Endsley, and Haydee M. Cuevas note that  

[Situational awareness] mechanisms involve the degree to which team members possess 
internal mechanisms, such as shared mental models and shared experiences, which 
support their ability to interpret information in the same way and make accurate 
projections regarding each other’s actions… Research has shown that when team 

                                                 
52 U.K. MoD, “Board of Inquiry Report into the Death of the Late 25035018 Lance Corporal of Horse Matthew 
Richard Hull,” p. 7-1. Italics in original. 
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members possess similar mental models their team performance is enhanced. Conversely, 
when teams were not allowed to generate shared mental models, they perform 
significantly worse… One effective method for fostering shared mental models is cross-
training, that is, training each team member on the duties and tasks of the other team 
members. Several studies have shown that team members who are cross-trained 
outperform teams that are not.53 

 
Such joint training should also make an effort to introduce and maintain comfortable working 

relationships between pilots and controllers and to facilitate mutual respect between “top gun 

fighter pilots” and “non-rated techno-geeks.” Greitzer and Andrews recommend that “team 

training should focus on strategies for maintaining group cohesion and coordination, 

mitigating the tendency for team members to revert to an individual perspective and lose 

shared [situational awareness].”  

While the technological category of causal analysis does not provide the most compelling 

explanation of these six incidents, there is still a place for fratricide reduction technology. An 

effective, universal BFT system fielded with all coalition ground, air, and naval forces would go 

a long way towards minimizing the occurrence of airpower targeting-error fratricide. Such a 

system, however, must be complimented by doctrinal and educational measures to minimize 

short-sighted reliance on BFT as a magic solution to the problem of deficient situational 

awareness. As the essay on “Team Coordination and Situational Awareness” recommends, 

Future training and operations should include “contingency planning to address 
unforeseen risks to friendly units during combat operations (e.g. delay in update from 
BFT due to signal disruption). In addition, specific training on the limitations of BFT 
could be used to help calibrate warfighters’ trust in the information displayed, prompting 
verification and confirmation of potentially outdated data, as needed.54 
 

                                                 
53 Andrews, Herz & Wolf (eds), p. 155. 
54 Andrews, Herz & Wolf (eds), p. 157. 
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Correction of pilot-controller interaction is by no means a panacea for targeting-error 

fratricide from the air. The final DOD report to Congress on the conduct of the 1991 Gulf War 

echoed the majority of scholarly recommendations regarding fratricide when it concluded that 

“ultimately, the optimum solution must be an approach that addresses the contributions of 

doctrine and procedures, organization, training, advanced technology and hardware.”55 

Nevertheless, improvement of one specific cross-cut factor, the pilot-controller dynamic, can and 

should be pursued in order to minimize such friendly fire to the greatest possible extent.  

Dysfunctional pilot-controller interaction is a problem for both joint and combined 

operations. It stretches across different branches of the armed services and multiple allied 

nations. No one organization has the ability to independently effect this change. Nor does 

mitigation of this one problem offer a perfect solution to airpower targeting-error fratricide. BFT 

technology should be developed and utilized, pilots should continue to be trained on better 

individual combat recognition skills, and combat rules and regulations must continue to 

emphasize the importance of positive identification for air-to-air attacks and air-to-ground 

engagements close air support operations. These six case studies illustrate, however, that 

increased focus is merited for improving pilot-controller interactions during air-to-air and air-to-

ground combat. Thoughtful focus on this dynamic in both training and real-world operations 

across lines of service and coalition partnerships can help to reduce regrettable incidents of 

airpower targeting-error fratricide. 

 

                                                 
55 U.S. DOD, “Conduct of the Persian Gulf War, Final Report to the Congress,” Appendix M, p. 596. 
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APPENDIX: ABBREVIATIONS AND TERMS OF REFERENCE 
 
A-6    Type of U.S. Marine Corps and Navy attack aircraft (also “Intruder”) 
A-7   Type of U.S. Air Force and Navy attack aircraft (also “Corsair”) 
A-10   Type of U.S. Air Force attack aircraft (also “Warthog” and “Thunderbolt”) 
AAV   U.S. Marine Corps tracked amphibious assault vehicle 
AH-64   Type of U.S. Army attack helicopter (also “Apache”) 
AOR    Area of Responsibility 
AWACS   Airborne Warning and Control Systems 
BFT   Blue Fore Tracking 
BOI   Board of Inquiry 
Bradley   Type of U.S. armored vehicle 
CAS    Close Air Support 
CIB    Coalition Investigation Board 
DOD    Department of Defense (U.S.) 
E-3   Type of U.S. AWACS aircraft (modified Boeing 707) 
F-15   Type of U.S. fighter aircraft (also “Eagle”) 
F-16   Type of U.S. fighter aircraft (also “Falcon”) 
FAC    Forward Air Controller 
FFIB    Friendly Fire Investigation Board 
GAO    Government Accounting Office 
GPS    Global Positioning Satellite 
Hellfire   Type of U.S. guided air-to-ground missile 
IFF    Identification Friend or Foe 
IR   Infrared 
ISR   Intelligence, Surveillance, and Reconnaissance 
M113   Type of U.S. armored vehicle 
Maverick  Type of U.S. guided air-to-ground missile 
Mi-24   Type of Soviet-built attack helicopter, used by Iraqi military (also “HIND”) 
MoD   Ministry of Defence (U.K.) 
NFZ    No Fly Zone 
OEF    Operation Enduring Freedom (2001-present) 
OIF    Operation Iraqi Freedom (2003-2010) 
OPC   Operation Provide Comfort (1991-1996) 
ROE    Rules of Engagement 
SAFIRE   Surface to Air Fire 
Scimitar   Type of British armored vehicle 
Scorpion  Type of British armored vehicle 
T-54/55   Type of Soviet-built tank, used by Iraqi military 
TTP    Tactics, Techniques and procedures 
UH-60    Type of U.S. Army utility helicopter (also “Black Hawk”) 
USA   United States Army 
USAF    United States Air Force 
USMC   United States Marine Corps 
USN   United States Navy 
USCENTCOM   United States Central Command 
Warrior   Type of British armored vehicle 
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