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A Final Word on Drones and Reaper
Last week I distributed a five part series on drones, specifically the MQ-9 Reaper.  It was published at Time Magazine's Battleland blog.  This last message on the series distributes each of the five parts and the entire paper as originally written for any who might be looking for a missed part or to read the paper as one piece.  But also, I attempt here to raise some broader issues.

 

My paper addressed Reaper as a physical system, and I take a few shots at some of the more uninformed things that have been written about drones by some people who, had they looked more into the data, probably would have been a little less effusive about the "revolution in warfare" and expectation that drones should naturally replace manned aircraft for air combat roles in the foreseeable future. 

 

My paper only scratched the surface of the implications of the burgeoning love affair of the US defense community with drones.  Some of those issues have already been thoroughly discussed in the press: such as the use of unmanned systems to pursue air to ground combat roles in friendly, ambiguous and hostile countries as a "safe" way to pursue policy makers' objectives.  The endnotes in the first part of the series referenced several excellent articles on this issue, or you might want to read Andrew Cockburn's more recent essay in the London Review of Books at http://www.lrb.co.uk/v34/n05/andrew-cockburn/drones-baby-drones.

 

Instead, I wish to briefly address here how drones, and specifically Reaper, provide a good example of how our poor selection of modern weapons makes our defenses more expensive and less effective--and lead to further, deeper decay.  (Others and I have written about how more money has led to a shrinking, aging, less ready to fight American military.  If you want samples of those writings, just ask.)  

 

The counterintuitive trend (more money buys less defense) has frequently been explained by the ever growing price of weapons, mostly in terms of what is termed "cost growth" as measured by GAO.  It has also been explained by the above inflation growth in the cost of each member of the armed forces.  While many see DOD healthcare and military retirement as the problem, it has also, perhaps even mostly, occurred in indiscriminate pay raises, the top heavy nature of our armed forces, extraneous (but expensive) benefits like concurrent receipt and World War II survivors' benefits, and other costs.  There are yet to come huge cost increases for benefits for veterans of the recent and ongoing wars.

 

The Washington DC conventional wisdom seems to hold that just minor changes in DOD healthcare and convening a blue ribbon commission to tweak down military retirement will fix the overall DOD manpower cost problem. Of course, it will not.

 

The hardware end of today's conventional conventional wisdom seems to believe similarly that only minor pain is needed, such as the cancellation of a few secondary programs (like the block 30 version of Global Hawk) and some short-term delays in a few major programs (like the F-35 and submarine production).  But, surely no change in the fundamental course is necessary.  Indeed, new equipment will bring such dramatic improvements in performance that more capability can be had, even if the costs go up and the inventory goes down, or so the argument goes.  

 

The penultimate example is the F-22: while it's cost is truly extraordinary (over $400 million per airplane in 2011 dollars according to GAO), its widely accepted reputation is that it brings such vast capability that the purchase is not an act of self-destruction.  (The case that the F-22 is a huge mistake, even a step backward, has been made and will be made again.)

 

We heard the same case being made on drones: the costs are minor and even if they are more than we are initially told, they bring such dramatically increased capabilities that we can get more for less. Reaper , for example, was described almost universally as both cheap and a major step forward in capability, and it did so with only minor cost overruns, unlike the F-22.  The leap ahead in capability was so dramatic that the rhetoric surrounding it was even more "groundbreaking" than the descriptions of the F-22, where the claimed improvements were more evolutionary.  

 

Setting aside the F-22 for later analysis, the case for the MQ-9 has fallen flat on its face.  It is more, not less, expensive to own and operate than analogous aircraft, and its performance is actually quite pathetic compared to manned aircraft. On one measure, it could not even compete effectively with a rudimentary Cessna aircraft. 

 

In addition to exacerbating the more money buys less defense syndrome, the MQ-9 and drones like it introduce other forms of decay into our armed forces: pilots are drawn out of the manned aircraft force to fly drones where their manned aircraft skills are not only lost temporarily while the pilot is sidetracked but decay permanently--as any pilot will tell you.  Moreover, with a new career path opening up in the Air Force and Navy for "flying" drones, what will happen to the highly perishable skills of combat pilots--not just the ones who go fly drones but the ones who stay with aircraft but are no longer exercising what are perceived as the premier in-air skill?  Their training and readiness budget has been declining for years; it will decline more sharply now.  

 

If ever we are forced to fight an enemy whose skies are actually defended by working equipment with competent operators, what is going to happen to the American campaign after the skies are swept clean of hapless drones and the decayed skills of our available human operators, ignored for years, confronts American political and military commanders with some very ugly choices?

 

We are also growing an American political and military culture that sees warfare as a readily acceptable policy option that means no unforeseen consequences at home and nothing but mission success abroad.  The selection of incompetent, unprepared and/or unequipped enemies, unable to respond effectively, has enabled this thinking.  Now we believe we have the ultimate weapon that does not even risk our military personnel; we guarantee ourselves success--even if it is a little grisly on the receiving end--and we presume no threat we can't stop to the homeland.  Anything else would come to Americans as a gigantic surprise, especially given how policy makers and prognosticators have presented the options.

 

War rarely comes without surprises; we are setting ourselves up for a long series of unpleasant ones.

 

Considering these more important issues starts with a better understanding of the simplistic ones.  Start below with the simple question of the MQ-9 Reaper's physical performance.  Note the web of money and policy entanglements that are spun around it.  I urge you to then consider the deeper, longer range implications.  

 

The series at Battleland is immediately below; beneath the links, the entire text follows.

 

Find the experts' rhetoric and some preliminary data on Reaper at http://battleland.blogs.time.com/2012/02/27/1-the-reaper-revolution-revisited/;

 

Find a discussion of cost and some measures of performance at http://battleland.blogs.time.com/2012/02/28/2-the-mq-9s-cost-and-performance/;

 

Find a discussion of Reaper's key parameter (finding and identifying targets) at http://battleland.blogs.time.com/2012/02/29/3-finding-the-right-targets/, and 

 

Find a discussion of Reaper's stunning crash rate and non-availability for duty at http://battleland.blogs.time.com/2012/03/01/4-keeping-track-of-the-drones/.

 

Find a summary and conclusions at http://battleland.blogs.time.com/2012/03/02/5-revolutionary-or-routine/.

The complete text follows:

MQ-9 Reaper Drone: Not a Revolution in Warfare

Winslow T. Wheeler

 

In a surprise move this year, the Pentagon has reduced spending for two aerial drones.  A version of the RQ-4 Global Hawk will be relegated to storage to be superseded by more capable versions, and future production of the MQ-9 Reaper is to be reduced from 48 per year to 24.  The decisions were surprising.  Drones are widely touted as the future of warfare.  How can it be that the 40 year old, manned U-2 reconnaissance aircraft can do the mission better than even an early generation drone?  The Reaper decision was not attached to any admission of disappointment; it was just a matter of budget constraints and skilled manpower shortages.  The minor setback with Global Hawk notwithstanding, the aura of a leap ahead in war fighting technology is left intact, or so it is to be believed.

Much has been written about unmanned aerial drones. [1]  Some of it has questioned the morality of how they are being used, and in a few cases, some aspects of technical performance is questioned. [2]  Much more of the writing and the vast majority of expert opinion is that drones are cheaper to buy and operate than manned aircraft, can do things aircraft cannot do, and when they perform aircraft-type missions, they often do them at least as well, if not better-all without endangering an American pilot. Some even proclaim the F-35 Joint Strike Fighter to be the Air Force's last manned tactical aircraft, and the Air Force is seriously contemplating an "optionally manned" long range, nuclear bomber.

For example, Peter Singer of the Brookings Institution argues that "an amazing revolution is taking place on the battlefield;"[3] drones "will increasingly be available as autonomous force multipliers."[4]  Singer's colleague at Brookings, Michael O'Hanlon, argues that "The era of manned airplanes should be seen as over,"[5] and they both argue that those who persist in supporting manned systems are standing in the way of progress in defense technology, if not history.  Even some promoters of manned systems tend to agree for the long term; one advocate of all things Air Force, John A. Tirpak, executive editor of Air Force Magazine, favorably compares the Reaper drone to the F-16 as a bomber,[6] and retired Air Force General David Deptula, often quoted by the media on drone topics, has argued that the next step is to reduce, if not eliminate, the role of humans in operating drones, even from the ground.[7]   

The defense trade press assiduously reports advances in drone technology;[8] Congress has called for "one-third of the aircraft in the operational deep strike force aircraft fleet" to be unmanned,[9] and there is a bipartisan Unmanned Systems Caucus in Congress, co-chaired by the ubiquitous Chairman of the House Armed Services Committee, Cong. Buck McKeon (R-CA).[10]   

All of it gives the aura of inevitability to the future of drones and an impression of cutting edge insight to those who opine on what should seem obvious to thinking, informed analysts and commentators.  

The rhetoric harks back to the "revolution in military affairs" proclaimed shortly before the first Gulf War (Operation Desert Storm) in 1991, the "one bomb one target" precision affirmed after that war, and the "shock and awe" that experts predicted would implode Saddam Hussein's regime in a matter of hours at the start of the 2003 war.  

This author has some experience with such prognostications.  From 1992 to 1996, I worked with a team in the Government Accountability Office (GAO) to assess the effectiveness of the air war in Operation Desert Storm.  It was not "one bomb one target;" for bridges, for example, it was an average of eleven laser guided bombs to make any bridge un-useable; for other targets it was more.[11]  Other data show that "precision" attacks on Saddam Hussein's air defenses on the first night of Operation Desert Storm and on Saddam Hussein himself in Operation Iraqi Freedom in 2003 definitively failed to achieve the intended objectives and frequently missed their aim points. [12] 

Today's augury on drones makes the same facile predictions and uses the same rhetoric.  It has meant more money. In the twelve years before the 9/11 attacks (1988-2000), DOD spent just $3.9 billion for drones.  After 9/11, spending increased dramatically, from $667 million in 2001[13] to $5.1 billion in 2011[14] in known[15] drone costs, totaling $30 billion.  CBO estimates that spending will increase again in the next decade, to $37 billion.[16]  But even that estimate will probably turn out to be low, the new downturns announced for Global Hawk and Reaper notwithstanding.

Amidst the enthusiasm for drones and the increasing money, there has been little public diagnostic analysis of what a specific drone can and cannot do, how well or poorly, the cost, and how it all compares to relevant comparison manned aircraft.  A recent and very informative report from the Congressional Research Service (CRS) suggests at least three areas of comparison:  unmanned aerial systems "eliminate the risk to a pilot's life, and their aeronautical capabilities, such as endurance, are not bound by human limitations.. [They] may also be cheaper to procure and operate than manned aircraft."[17]  

 

Selection of Reaper; Basics

The Air Force's MQ-9 Reaper is selected for analysis.  In combat since October 2007, it has been employed long enough to have an operational record for a reality-based analysis, and as a successor to the earlier MQ-1B Predator (deployed in 2002 as the first U.S. armed aerial drone in the modern age[18]), it is not so new to be dismissed, or defended, as too embryonic for meaningful analysis.

Various websites provide a physical description of Reaper.  These include sites that convey some useful basic information but also tend to describe performance as uncompromised by limitations and planned upgrades as fully in hand; sometimes important data is completely missing. Such sites include those of the producer, General Atomics, GlobalSecurity.org, and the Air Force.[19]  The Wikipedia entry for Reaper provides more details and links, but it also gives the impression of being written by advocates.[20]  Others, such as the Government Accountability Office (GAO) and the Defense Department's Director of Operational Test and Evaluation (DOT&E), are more objective, but they are also cryptic.[21]  More complete descriptions and analysis are provided by the Congressional Research Service[22] and the Congressional Budget Office (CBO);[23] however, even the more informative of these (CRS's) only touches on issues that when scratched can be quite revealing.  

The first point that almost all descriptions make about Reaper is that it is not a stand-alone, pilot-less aircraft.  It is a system with elements that go beyond what piloted aircraft require.  A Reaper unit does not consist of one "aircraft;" it consists of four (more on why is so later), and it requires a manned ground control station (GCS) that is typically remotely located, often in the US.[24] It also requires a dedicated Primary Satellite Link (PSL)[25] and a local control unit for landings and take-offs where the air vehicles are based.  In comparing drones to manned aircraft, CRS points out, for example, it is necessary to include these components that are essential for flight.[26]

Unclassified DOD records show Reaper spending to have started in 2002.  Congress quickly became a major advocate and increased the purchase by 58 air vehicles.[27]  Production had been planned to terminate at the end of 2016 at 399 individual air vehicles, and total Reaper spending had been projected at $12.497 billion in nominal ("then year") dollars.[28]  The 2013 budget request included the reduction in Reaper's production rate from 48 to 24 per year for the years 2013-2017,[29] which would imply a reduction in the total buy by either 96 or 72 air vehicles.[30]  It is also not clear how much this change would reduce the cost of the total buy; unit costs will go up with the rate change, and one budget document addressed buying more ground control stations with the money that is saved from the reduced production.

In any case, the total amount for Reaper costs is not borne by the Reaper program alone: Reaper uses the same ground equipment as Predator B; there may be GCS and other ground equipment paid for by the Predator B program but employed by Reapers, and more than one DOD official informally speculated that other Reaper costs may be buried in other programs, such as Gorgon Stare. 

 

Distinguishing Reaper, Predator and Predator B

Important to appreciate about Reaper is that it is not a Predator, nor a minor modification of it as the producer's moniker, "Predator B,"[31] might lead one to believe.  The Air Force makes the distinction between them clear in its "factsheets."[32]  While they dissemble on issues like cost and performance, they can at least be taken at face value on some basics.  See the table below:

 

	Characteristic
	MQ-1B Predator
	MQ-9 Reaper

	Wingspan
	55 ft.
	66 ft. or 86 ft. 

	Empty Weight
	1,130 lbs.
	4,900 lbs. for 66 ft. wingspan variant

	Maximum Take Off Weight
	2,250 lbs. with up to 665 lbs. of fuel and 450 lbs. of weapons
	10,500 lbs. with up to 4,000 lbs. of fuel and up to 3,000 lbs. of external wing stores (fuel and/or weapons) and a 750 lb. internal sensor payload.  Any payload combination may not exceed 5,600 lbs.

	Sensor Package
	Multi-spectral Targeting System (MTS-A) with infrared sensor, daylight TV camera with image-intensifier & laser illuminator/designator
	MTS-B with basically same sensors, plus synthetic aperture radar (SAR) to enable GBU-38 JDAM targeting. (See SAR/JDAM discussion below.)

	Armament
	2 laser-guided AGM-114 Hellfire[33] missiles
	Hellfire and/or 500 lb. GBU-12 laser guided bombs up to a total of 3,000 lbs.[34]

	Speed (kt)
	70 (cruise/loiter); 118 (max.)[35]
	120 (cruise/loiter); 240 (max.)[36]

	Range
	Up to 770 miles
	Up to 1,150 miles

	Ceiling
	Up to 25,000 ft. depending on payload
	Up to 50,000 ft. depending on variant and payload

	Endurance
	Up to 40 hours; 14-16 hours with wing stores[37]
	Up to 24 to 30 hours with no external stores; 14 hours with typical munitions; up to 42 hours with 2 wing fuel tanks and 1,000 lbs. of weapons[38]

	Initially Deployed
	March 2005
	October 2007


Note that, despite some similarity in appearance, Reaper is an entirely different air vehicle from the MQ-1B Predator (or the original, unarmed RQ-1A Predator).  At 4,900 pounds, Reaper is four times the weight of Predator, and its wingspan is 20 to 56 percent wider.   Reaper is has loiter and maximum speeds that are roughly twice Predator's, but both are slow compared, for example, to modern combat aircraft.  (The slow speed is a real advantage for finding and identifying targets.)  Perhaps the most noticeable difference in the table above is the much larger payload of weapons that Reaper can carry, up to 3,000 pounds rather than Predator B's very modest 450 pounds.  

There are also important similarities.  Both can loiter above the battlefield searching for targets for long periods (up to 40 hours), much longer than manned aircraft-even when the latter can be refueled in the air.  Similarly, loiter endurance is significantly reduced depending on the weight and drag of munitions, down to 14-16 hours, perhaps less.  The two may differ little in their maximum ceiling with no or light payloads, but there is a high altitude, longer wingspan version of Reaper for as high as 50,000 feet claimed.  

 

Specific Issues

Cost: Because of Reaper's nature, unit cost estimates can be tricky.  Various media reports cite a per-unit cost from $4 to $5 million.  They are quite incorrect.  Because they are integral to Reaper's ability to operate, the ground components for it must be included, and a Combat Air Patrol, or "CAP" (i.e. the specified Reaper operating unit), consists of four air vehicles, not one.  Accordingly, the Air Force factsheet cites a unit cost not for one air vehicle but for a Reaper CAP ("four aircraft with sensors") at $53.5 million in FY 2006 dollars (which would be $60.3 million in 2012 dollars).[39]  

The Air Force fact sheet calculation is, however, incomplete; it does not include development and other costs that are included in DOD's summary Selected Acquisition Reports (SARs).  The latest SAR available (from December 2010) shows a cost of $11.3 billion (in 2008 dollars) for the then-planned total purchase of 399[40] individual Reaper air vehicles and associated ground equipment.[41]  In contemporary 2012 dollars that comes to $12.1 billion, which calculates to $30.2 million for each individual Reaper and its share of ground equipment, or $120.8 million for a complete, operable CAP of four.[42]  (Given the infrequency at which Reaper flies in comparison to typical combat aircraft, the four Reaper calculation is apt for comparing to manned aircraft.  This issue is discussed more below.)  The appropriate cost for a Reaper unit is $120.8 million in 2012 dollars.  Given the newly announced reduction in Reaper production rates and the statement that some additional ground control stations may be bought, the $120.8 million unit cost is an underestimate; however, the data are unavailable to know by how much.   

Reaper unit cost is well above that of the aircraft frequently compared to it: the F-16 and the A-10.  The Air Force's "factsheet" on the F-16C cites an $18.8 million unit cost in 1998 dollars (or $27.2 million in 2012 dollars);[43] GAO cites F-16C unit procurement cost, not including R&D which is not available for inclusion, at $55 million per copy.[44]  For the A-10, the Air Force factsheet cites no estimate for the unit cost,[45] but GAO cited a total program unit cost (including R&D) at $11.8 million in 1994 dollars (or $18.8 million in 2012 dollars).  There have been modifications to the A-10 since that GAO estimate, even if they were to double the cost of the aircraft, it would remain a fraction of the cost to buy a Reaper unit. 

Reaper is not cheaper to buy than aircraft it is compared to; it is multiples more expensive: from two to six times more expensive.[46]

Nor is Reaper cheaper to operate, despite initial appearances.  Air Force flying hour cost data shows Reaper to cost only $3,624 per hour to fly in 2011 for what the Air Force terms "operational" flying hour costs.[47]  That compares to the much higher hourly cost to fly A-10s or F-16s: $17,780 per hour for the newly modified A-10C and $20,809 for an F-16C.  However, because each Reaper flies a large number of hours in the air, the math suppresses the per-hour Reaper number.  If the calculation is for total maintenance costs over the course of a year for a Reaper unit, the relationship changes:  at a per year cost of $5.1 million, per individual Reaper, and at $20.4 million per CAP, the Reaper shows itself to be well above the cost to maintain and operate over a year for an individual A-10C (at $5.5 million) or an F-16C (at $4.8 million).[48]  Annual operating unit cost for a Reaper unit is about four times the annual cost to operate an F-16 or an A-10.  

 

Infrastructure: Much of those higher costs are driven by the infrastructure needed to operate Reaper, which has an extensive infrastructure on the ground: the GCS, satellite link, and the local control unit for take offs and landings.  Most of this support is not analogous to manned aircraft.  For example, without a control tower and its personnel, a manned aircraft remains capable of landing, and without centralized mission control, they are able to perform their missions quite effectively.  (Indeed, many argue convincingly that micro-management of manned aircraft by a central command seriously degrades effectiveness.)  

Reaper's infrastructure necessitates at least 171 personnel for each CAP: these include 43 mission control personnel, including seven pilots and seven sensor operators, 59 launch, recovery and maintenance personnel (including six more pilots and sensor operators), 66 Processing Exploitation Dissemination personnel for intelligence and its support (including 14 more maintenance personnel) and three "other equipment" personnel.[49]

As some say, drones like Reaper are not "unmanned;" hence the term "remotely piloted vehicle."

 

Endurance:  Reaper's ability to loiter over the battlefield for long periods (attempting to collect intelligence, find targets, and engage them) is much longer than manned combat aircraft; however, there are some limitations.  Reaper, like many aircraft, must trade off gas (and loiter time) for munitions and cannot take off with a full load of both.  General Atomics, and many media reports, assert day long endurance, even 30 hours,[50] but that is with no munitions adding weight and drag.  Others, such as DOT&E and Global Security note the trade-off between fuel and weapons and that actual endurance is "approximately" [51] 14 hours (or "up to" 14 hours[52]) for a Reaper carrying weapons.  Nonetheless, this lesser loiter time is a multiple of what manned aircraft perform, even with mid-mission aerial refueling.  An A-10 might have a prolonged mission of four hours, usually less. (CBO reports an Air Force assessment of a limit of 12 hours for the pilot of a single seat aircraft;[53] however, that is very uncommon and may only realistically pertain to U-2 reconnaissance aircraft.)

 

Survivability:  Reaper (like Predator) is fundamentally incapable of defending itself.  It lacks any ability to sense threats 360 degrees around itself; while it can "see" below and somewhat to the sides, it is through a "soda straw" (depending on the setting of the sensors).  If it does observe a threat, it is incapable of doing anything effective about it; not only is it quite slow, but with a high aspect ratio wing varying from 55 to 86 feet and a frail airframe unable to withstand more than a mild two "G" maneuver,[54] it is incapable of agile movement to get out of the way of immediate threats.  If it attempts high angle maneuvers, it may lose its link to satellite or ground control, which has in the past caused crashes.  It is also unarmored to survive a hit.  Reapers (and Predator) have been equipped with Stinger air to air missiles for a theoretical air-to-air capability, but with so little external awareness and no ability to maneuver, it is a meaningless "capability" adding little more than weight and drag.  (A Predator has been reported to have attempted, unsuccessfully, to engage an Iraqi aircraft in 2003 with a Stinger missile; the Predator was destroyed by the aircraft it attempted to engage.[55])  As analysts have commented, Reaper is survivable only in a "permissive" environment, which in truth means an absence of air defenses.  (This problem also explains why Reaper and Predator are reluctant to venture below 10,000 feet where they can become vulnerable to man portable guns and early vintage man portable air defense missiles.)

Reaper compares poorly to manned combat aircraft on survivability.  The A-10, for example, was thought by some to be vulnerable to modern air defenses of the sort above Iraq and Kosovo that it successfully engaged and survived.  In operation Desert Storm in 1991, A-10s were highly survivable, even in the presence of Iraq's densest and more effective defenses; there, the A-10 had an attrition rate of 0.5 aircraft for every 1,000 sorties,[56] a rate that GAO found to be a statistically insignificant difference from the higher survivability rate of the F-117 stealth attack bomber.[57]  In the Kosovo air war, the A-10 had a higher survivability rate than the F-117.  

 

Payload: One of the biggest improvements of Reaper over Predator is increased payload: 450 pounds for the Predator (specifically two Hellfire missiles), compared to an internal payload of 750 pounds (for sensors) and an external (wing mounted) payload of 3,000 pounds for Reaper (for weapons and/or fuel tanks).[58]  However, the weight carrying ability of the individual wing hard points limits what is in fact carried.[59]  While the Reaper is credited to be able to carry as many as 16 Hellfires[60] or four 500 pound laser guided bombs, CBO notes that a typical payload "varies up to" four Hellfire missiles and two 500 pound bombs.[61]  

Despite being credited by many as also employing 500 pound GPS guided Joint Direct Attack Munition (JDAM) bombs, DOT&E reports that "ongoing developmental challenges precluded operational testing and fielding" Reaper with JDAMs.[62]

Reaper's maximum payload is a fraction of what A-10s can and do carry.  Rather than the Reaper's maximum 3,000 pound payload (or a typical payload of two Hellfires and two 500 pound laser guided bombs), the A-10 has a maximum payload of 16,000 pounds and is credited with carrying up to eighteen 500 pound bombs (guided or unguided).[63]  F-16's, as bombers, typically carry two 2,000 pound bombs and additional fuel.[64]  (Some asses F-16's at four 2,000 pound bombs or eight 500 pound bombs.[65])  However, this crude analysis of simple weight does not adequately measure the difference between Reaper and an aircraft such as the A-10, or even lesser aircraft.  This analysis ignores other very important issues, such as the nature, variety and delivery methods the A-10 can employ.  And, it ignores what many credit at the A-10's most effective weapon, the GAU-8 cannon for which Reaper has no counterpart.  With its lesser weapons payload, Reaper is unable to loiter over the battlefield and employ weapons for more than a very limited number of targets.  

However, one must also consider the relative ability to collect intelligence and find a target (and to distinguish if it should be attacked).  This is an area where drone advocates assert real superiority over manned aircraft. 

 

Sensors/Ability to Find Targets: Many argue the most critical payload Reaper carries is sensors for finding targets and collecting information that is made available to operators on the ground.  The current version of the Reaper has a "Multi-Spectral Targeting System" that combines infrared and optical sensors and a laser designator/range finder to employ Hellfire missiles and laser guided bombs. 

The ability of these sensors to identify targets-to discern just what they are, based on the clarity and resolution of the imagery received on the ground-has serious limitations.  According to test reports, these sensors have had difficulty finding and tracking targets as large as "vehicles," and they have even more difficulty with "dismounts" (people).[66]  To improve the resolution of these sensors, Reaper operates at altitudes well below its nominal 25,000 to 50,000 foot ceiling; they typically operate at 10,000 to 15,000 feet[67] to enable better image resolution, and they may operate lower than that, if severe terrain and vulnerability to hand held air defenses is not a problem.   

Some Reaper and Predator imagery has appeared on the internet.  One should assume that the quality of these images is degraded by the reproduction on the internet; however, even assuming that as an analytical precaution, the quality of the imagery-specifically the ability to discern the nature of "dismounts" (people) and whether they are or are not legitimate targets-is very clearly very limited.[68]

The failure to be able to discriminate valid human targets was vividly and tragically displayed in a combat engagement in April 2011 involving Marines and the Taliban in Afghanistan.  A Predator was unable to discriminate the highly distinctive combat outline of friendly forces (Marines with full battle equipment) from the irregular enemy.  Based simply on detecting muzzle flashes and making a poorly informed assessment from their geographic location in the middle of a fluid firefight, a Predator with Hellfires killed two Marines, mistaking them for the enemy.[69]  As the internet video cited above makes abundantly clear, the quality of the imagery transmitted to screens on the ground from operational altitudes is so poor it cannot make critically important distinctions.

Reaper is commonly described to have a Synthetic Aperture Radar (SAR) for finding and identifying targets through weather (which the other sensors are unable to attempt).  However, according to DOD's Director of Operational Test and Evaluation (DOT&E), the SAR has been problematic,[70] in part due to power and payload limitations: Reaper "remains unable to execute all-weather Hunter-Killer operations.  The SAR is the only MQ-9 system capable of providing MQ-9 UAS with the capability to find, fix, track, and engage targets through the weather."[71]  If the SAR were to be available, several experts cautioned the author that it remains quite controversial whether SAR imagery would materially assist the ability to actually find and identify targets.

According to GAO, Reaper's Block 5 upgrade will attempt to address these and other deficiencies, by attempting to remediate poor performance in area surveillance and the ability to detect "dismounted soldiers."[72]   These improvements are not expected to be available until 2014 to 2015.[73]  The extent to which they will be effective is unknown, but it is notable that problems in Predator's (and by implication Reaper's) sensors have been an issue for a long time.  A report as early as 2001 from DOT&E noted them; [74] the problems are persistent, and assuming a new technological development will eliminate them has proven to be a false hope in the past. 

Reaper's sensors and endurance might seem tailor made for the task of border surveillance and assisting in the apprehension of illegal aliens and drug smugglers crossing the border.  The terrain in the US southwest would seem near-ideal for such operations-being relatively flat, barren and arid, especially compared to the extremely rugged terrain in much of Afghanistan.  And, there is no air defense to worry about or to limit low altitude searching.  Thus, one would expect Reaper and other drones to excel.  Indeed, drones were declared a "force multiplier" by Customs and Border Enforcement in the Department of Homeland Security (DHS).[75]  

Customs and Border Protection (CBP) in DHS has attempted to employ drones for border surveillance for several years.    The simpler and cheaper Hermes and Hunter drones were initially employed, and the experiment was assessed in a December 2005 report from DHS's Office of Inspections and Special Reviews.  The report found that those drones cost $1,351 and $923 per hour to operate (considerably less than Predator), but those costs were double the cost of manned aircraft to operate.  More importantly, those drones were found to be significantly less effective than manned aircraft in finding and helping to seize immigrants or marijuana crossing the border illegally.[76]  The report also found that when the drones did play a role in seizures, the role was secondary in that they simply assisted in the seizure of illegals already detected by other means.[77]  The drones' sensors were impeded by "weather" in the mild form of clouds and humidity, and finally the drone's high accident rate impeded operations.[78]

CBP subsequently purchased six Reapers[79] (reported as "Predator Bs") for southwest border enforcement.  As of June, 2011, they had flown 10,000 hours, which led to the apprehension of 4,865 undocumented aliens and 238 drug smugglers.[80]  This was 1.5 percent of the total reported number of 327,577 illegal immigrants caught in the same time frame, and based on an operating cost estimate of $3,600 per hour, Reaper's cost-effectiveness calculated to $7,054 for each illegal immigrant or drug smuggler caught.

In assessing these Reaper operations, GAO also considered a program dubbed "Big Miguel" that consisted of a manned Cessna aircraft with a forward looking infrared (FLIR) sensor acquired and operated for $1.2 million for a year-i.e. one quarter the cost of acquiring one Reaper air vehicle without its support infrastructure and without the cost of operations.  According to GAO, the Cessna/FLIR program found and assisted in the apprehension of 6,500 to 8,000 undocumented aliens and the seizure of $54 million in marijuana.[81]  Those numbers calculate to a cost per illegal alien for the Cessna at $230 per alien, or 3 percent of the Reaper's per alien cost.[82]

The manned Cessna was far cheaper to both buy and operate than the Reapers bought by CBP, and the Cessna was more effective.  The experience was summed up by an official of the Border Patrol Union:  "Unmanned aircraft .are not economical or efficient in civilian law enforcement applications..there are a number of other [manned] technologies that are capable of providing a greater level of usefulness at far lower cost.  It appears that the contractors have once again managed to sell a bill of goods to the politicians and bureaucrats who oversee the procurement of technology designed to secure our borders."[83]

These awkwardly costly and ineffective results notwithstanding, Congress has called for still more domestic drone use.  In February 2012, a new authorization statute for the Federal Aviation Administration called for "a comprehensive plan to safely accelerate the integration of civil unmanned aircraft systems into the national airspace system .. as soon as practicable, but not later than September 30, 2015."[84]

 

Numbers:  Predator purchases were terminated in 2009, a total of 248 being bought by the Air Force.[85] Reaper purchases started in 2002, rose from four per year in 2004 to 48 per year in 2011, making a total of 108 Reapers authorized to be bought by the end of 2010, with 48 more to be bought in both 2011 and 2012.[86]   

Previous plans for combined Predator and Reaper production had been to support 65 CAPs (four air vehicles each) by 2013.[87]  However, 2013 budget materials clarified that the 65 CAPs would not be complete until later, variously stated to be either 2014[88] or 2017.[89]  2013 Air Force budget documents assert that by the end of 2011 there were 60 Predator/Reaper CAPs,[90] implying a total count of Predators and Reapers of 240.

Assuming a two year delay between purchase authorization and delivery, a combined total of 248 Predators and 108 Reapers (356 of both) should be available at the start of 2012.[91]  (If one assumes a one year delivery delay, that number would be 404 in 2012.)  With almost all Predators and Reapers operationally deployed,[92]  there would seem an excess of up to 116 Predators and/or Reapers (or an excess of 164 if one assumes only a one year delivery delay.)[93]

There are two potential explanations: either there are significantly more than four air vehicles per CAP (to address the infrequency with which they fly, an issue addressed below) or there have been an extraordinary number of Predator and Reaper crashes.  The latter appears to be the more complete explanation.

 

Crashes:   While it is conventional wisdom that drones are prone to crashes, that wisdom seems to understate the dimension of the problem.  

As a gross indicator of the seriousness of the problem, DOD had expected the Reaper inventory to be 256 air vehicles in 2017, a year after the previously planned buy of 396 was to be complete.[94]  Assuming the last purchase is delivered within a year, losses as high as 140 air vehicles appear to have been anticipated.  If the delivery lag is two years, not one, 92 air vehicles would seem to have been anticipated as losses.

The Air Force claims that it has reduced the loss rate for Predator from 28 mishaps per 100,000 hours to 7.6 and that Reaper can or will share this reduction in losses by virtue of its triple redundant flight controls, back up communications and other characteristics.[95]  The available data do not appear to support this claim.  

While Air Force "mishap" reports[96] show only three Reaper crashes since 2006; that data base is incomplete.  A larger number has been publically reported, as well as an extremely high crash rate of 16.4 for every 100,000 flying hours. [97]  A different public data base, at Drone Wars UK, appears to be a little more complete.[98] It reported four Reaper crashes in 2011 and six more in the preceding three years.  While the data show some evidence of a declining crash rate per flying hour as operators become more familiar with the Reaper's characteristics, the data also show an increase in crashes, and the crash rate, from 2010 to 2011.  However, the Drone Wars UK data base, being reliant on public reports, asserts "This list is almost certainly not complete."  The data here is clearly an undercount of Reaper crashes; an audit of each Reaper produced and its status and history is clearly needed to resolve this critical, possibly crippling, issue.
A high Predator crash rate tends to validate these data. CRS reported 20 Predator mishaps for every 100,000 flying hours in 2005.[99]  The Air Force claims that contemporary mishap rates have fallen as the system matures.  Air Force class A mishap reports show 12 Predator MQ-1B crashes in 2011, and a calculation of the crash rate per flying hour does not support the Air Force contention of lowering rates.  Both the total number of Predator crashes and the rate per 100,000 hours of flying increased, for example, from 2010 to 2011.  The Predator crash data at the UK Drone Wars website also shows a continuing and severe Predator crash problem.[100]  And the gross numbers of Predators and Reapers produced compared to those operating in the inventory suggests that the number of Predator/Reaper crashes could be as many as 100 air vehicles, possibly more.  Clearly, a full and independent audit of the fate of each tail number is called for to measure-accurately-the precise dimension of this problem.

Operational Availability:  DOT&E found that Reaper has failed to meet its own criteria for system failures sufficiently seriously that it is not ready, several years after its operational deployment, for resumed operational testing. (The system continues to be deployed under an extended "Interim Authority to Operate.")[101]  The system's unreliability surely exacerbates the system's high crash rate, and it is one of several factors impacting the system's operational availability.

In 2011, the declared operational inventory of 69 Reaper air vehicles flew a total of 97,727 hours.  That calculates to 1,416 hours per air vehicle per year, or 118 hours per month, or 29.5 hours per week.[102]  For a Reaper that flies the maximum 42 hour sortie (using two wing fuel tanks and two munitions), the air vehicle gets into the air less than once a week.  If a Reaper flies what is described as a more typical 14 hour mission, it will be in the air twice a week, on average.  Thus, individual Reaper air vehicles fly from less than once a week to as much as twice a week.[103]

Some unofficial websites describe Predator and Reaper CAPs providing 24 hour per day seven days per week coverage of the battlefield.[104]  With four air vehicles, as defined by DOD, a Reaper CAP is incapable of providing that coverage: there are 168 hours in a week; any four Reapers flew, on average, 118 hours in any week in 2011.  A six Reaper "CAP" could provide the 168 hours needed per week, providing a slim additional margin of nine hours, but if two hours of flying are required for transit to the operational area and back for each sortie, seven Reaper air vehicles would be required for a 24/7 CAP.  

These sortie rates are a small fraction of what manned aircraft have flown in historically relevant combat.  In Operation Desert Storm in 1991, GAO found that throughout the course of the 41 day air war, F-16s flew more than one sortie per day, not two sorties, or less, per week.  The A-10 flew significantly more often than F-16s in Desert Storm.  The notoriously unreliable F-111Fs flew almost one sortie per day (0.9), and the even more difficult to support F-117 had a rate of .7 sorties per day.[105]  In 2011, the average Reaper air vehicle flew somewhere between 0.1 and 0.3 sorties per day, a rate that for a single manned aircraft in sustained combat would surely be deemed catastrophically low.  

An astute reader will observe that this analysis ignores Reaper's much longer endurance (from up to 14 hours to as long as 42 hours) which enables it to search for targets and intelligence.  To make the argument that Reaper's (and other drones') ability to loiter and search for and find targets proves superiority over manned aircraft in a critically important dimension assumes that the drones are effective at finding targets and collecting intelligence and at prosecuting the targets once detected and identified.  The available evidence, discussed above, shows that, as a practical matter, Reapers (and other drones) are less effective than simple, even primitive, manned Cessnas at finding and identifying targets.  

In sum, the proclamation of Reaper (and, by implication similar drones) as the future of warfare, a revolutionary transformation, would appear to be as empty a description as we have heard proclaimed in the past.  The data support no such thing in the case of Reaper.

 

Summary Findings

In acquisition since 2002 and in combat operations since 2007, the Reaper (MQ-9) is a prominent example of drone technology that can be assessed for cost effectiveness using publically available empirical data.  

Based on Defense Department data on the cost to acquire and operate, a Reaper unit costs at least $120.8 million to buy and $25.6 million per year to operate (in 2012 dollars).  As such, Reaper is more expensive to both acquire and operate than manned aircraft it is commonly compared to.  The margins are not close; Reaper is approximately twice the cost to acquire compared to a contemporary F-16 fighter bomber and up to six times the cost to acquire A-10 close support aircraft.  Reaper's annual operating costs are roughly four times the cost to operate an F-16 or an A-10.

A substantial part of the high cost to acquire and operate a Reaper "CAP" is the considerable material and human infrastructure it requires, including ground control stations, satellite links and at least 171 human operators and support personnel. 

While Reaper possesses the ability to loiter in the air far longer than manned aircraft on a typical mission, the ability of Reaper to find targets is limited and problematic.  Empirical comparisons to simple, even primitive, manned aircraft used in border surveillance with FLIR technology demonstrates that Reaper is, again, more expensive to operate and, importantly, less effective in finding and identifying targets.  The quality of the imagery received on the ground from drone sensors is too poor even to reliably make distinctions between friendly combat loaded Marines from irregulars with a quite different profile.  

Reaper's limited weapons payload, compared to manned combat aircraft, seriously restrict its ability to attack targets, when they are successfully located and identified.  

Defense Department usage data verify that individual Reaper air vehicles are not available for use more than once or twice a week: An operational availability rate that for a manned aircraft would be deemed unacceptable.

While many understand that drones, such as Reaper, have a high crash rate, the actual rate may be significantly higher than is commonly understood.  While public and DOD data are incomplete and an audit of each tail number produced is called for, the total number of Predator and Reaper crashes may already be as many as 100, possibly more.

Reaper is not survivable in the presence of even minimal air defenses; it is far less survivable than manned aircraft, such as the A-10 which has demonstrated high survivability in air combat since 1991.  In the presence of air defenses, Reaper would require manned escort aircraft, thereby removing the assumed advantage of being unmanned.

 

Conclusion

The wide and enthusiastic popularity for Reaper, and other drones, in the Defense Department, the Executive branch, Congress, the mainstream media and think tanks is not rationally explained by Reaper's poor to mediocre performance on the operating dimensions measured here. 

Instead, the drone's most unique characteristic, that it is manned from the ground not in the air, gives it an operating characteristic that seems to intrigue policy makers, giving them self-perceived license to employ the system over ambiguous or hostile territory (such as Pakistan and Iran) .  The consequences of that use, while not addressed here, appear highly significant and controversial.  Like much else with drones such as Reaper, an empirical study of the relevant data, including all classified data, is clearly in order. 

The unique unmanned nature of Reaper (and other drones) has also intrigued technology enthusiasts, who proclaim-not for the first time-a "revolution" in warfare that the actual data refute, rather than support. 

 

Winslow T. Wheeler is the Director of the Straus Military Reform Project of the Center for Defense Information in Washington.  He is also the editor of the anthology "The Pentagon Labyrinth: 10 Short Essays to Help You Through It," available at http://dnipogo.org/labyrinth/. 
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