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ABSTRACT

The Anglo-American bombing campaigns against Germany during the world wars
relied on air intelligence for targeting information and bomb damage assessment (BDA)
reports. These gave airmen key insights on the effectiveness of aerial bombardment. Air
intelligence emerged as a new specialty during the Great War. By 1918, an intellectual
infrastructure with organizational and technological components had developed in the
British and American air arms. The organizational elements included air staffs with
intelligence specialists assigned to provide BDA reports to senior airmen, and unit-level
intelligence sections to assess the effects of individual bombing raids. The technologies
included reconnaissance aircraft and cameras to collect BDA photographs on the effects
of bombing raids. Although bombing and BDA capabilities remained rudimentary during
the Great War, they set a precedent for World War II.

During the interwar period, despite organizational retrenchment, technological
advances, especially cameras, made rapid advances. In addition, the emergence of a
bombing doctrine and a four-engine bomber, the B-17, in the United States, heralded the
arrival of a mature bombing capability. In Great Britain, the threat of war prompted
senior leaders to begin building a new intellectual infrastructure.

Although early British bombing operations were ineffective, they allowed BDA

experts at the Central Interpretation Unit, Ministry of Economic Warfare, and Research
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and Experiments Division—key BDA producers—to learn their trade. The combination
of this organizational infrastructure with new technologies, including reconnaissance
Spitfire and Mosquito aircraft with advanced cameras, resulted in superb BDA
capabilities. Once American personnel and reconnaissance aircraft began arriving in
1942, an Anglo-American intellectual infrastructure emerged.

After the Allies gained air supremacy, bombers engaged in three campaigns of
decisive importance for Allied victory, first against French and Belgian railroads to
isolate Normandy from German reinforcements and re-supply, then against Germany’s
oil industry, and finally against Germany’s railroads and inland waterways. Air
intelligence officers played a crucial role by giving airmen accurate insights on the
effectiveness of these campaigns. The first played a vital role in the collapse of German
resistance in Normandy and the Allied breakout. The second had disastrous effects on
fuel production and thus on the combat power of the German military from July 1944 to
VE Day. The third undermined Germany’s war economy. In each campaign, BDA
experts gave targeting committees the insights required to recommend the best targets for
attack. The results were cataclysmic for Germany’s war effort. By approaching these
campaigns from an air intelligence perspective, rather than a purely operational one, this

fact becomes clear.
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CHAPTER 1

BOMB DAMAGE ASSESSMENT IN ITS HISTORICAL CONTEXT

In essence, air power is targeting, targeting is intelligence,
and intelligence is analyzing the effects of air operations."
- Colonel Phillip S. Meilinger, USAF, Retired

1.1 Allied Aerial Bombardment in World War II: Contrasting Views

The Anglo-American aerial bombardment of Germany formed one of the major
strategic and operational chapters of the Second World War. The question of its
effectiveness in supporting Allied military strategy was surrounded by controversy during
the war and in the postwar period, although the majority of historians and other scholars
of World War II now recognize that the Allied air forces played an important role, in

conjunction with land and naval forces, in the defeat of the Axis powers.> However, not

! Colonel Phillip S. Meilinger, USAF, 10 Propositions Regarding Air Power (Washington D.C.: Air Force
History and Museums Program, 1995), 20.

2 Richard Overy, for instance, has argued quite convincingly that “For all the arguments over the morality
or operational effectiveness of the bombing campaigns, the air offensive was one of the decisive elements
in Allied victory.” He also emphasized that “There has always seemed to be something fundamentally
implausible about the contention of bombing’s critics that dropping almost 2.5 million tons of bombs on
tautly-stretched industrial systems and war-weary urban populations would not seriously weaken them.”
(Richard Overy, Why the Allies Won, New York: W. W. Norton & Company, 1995), 133). Overy’s
chapter on strategic bombing reminds us not only about the level of effort the Allies put into strategic
bombing, but also that the employment of heavy bombers became increasingly effective as the Allies
uncovered serious German vulnerabilities, including tenuous oil supplies and an overburdened railroad
network. Williamson Murray and Allan Millett have also noted that “Strategic bombing was crucial to the
Allied victory...The Combined Bomber Offensive contributed to victory because it supported, and was
supported by, the efforts of Allied ground and naval forces...It was not elegant, it was not humane, but it
was effective.” (Williamson Murray and Allan R. Millett, 4 War to Be Won (Cambridge, MA: Belknap
Press of Harvard University, 2000, 334-335). Finally, Alfred Alfred Mierzejewski and Gerhard Weinberg
both emphasized the decisive importance of bombing in the destruction of the German railway network,
which in turn caused the collapse of the German war economy. See Alfred C. Mierzejewski, The Collapse
of the German War Economy: Allied Air Power and the German National Railway (Chapel Hill, NC: The
University of North Carolina Press, 1988), 183-187; and Gerhard L. Weinberg, 4 World at Arms: A Global
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all scholars have been willing to recognize that aerial bombardment had decisive effects
on the Axis war machine in general, and on the German war effort in particular. This
hesitation on the part of some scholars to ascribe any sort of decisiveness to Allied
bombing has its roots in four broad causes.

The first has been a tendency in recent years to move away from a focus on bombing,
and of questions surrounding its efficacy, to an examination of the ethical issues
surrounding a bombing effort that was at times brutal in its application, but also one that
occurred within the context of a global war set into motion by Adolf Hitler and carried on
with incredible brutality by his German followers and their Japanese allies. Despite the
fact that Allied leaders viewed bombing as an essential aspect of their effort to ensure the
survival of the Western democracies by defeating the Axis powers, and therefore
accepted prima facie the ethical implications of bombing, several recent works have

engaged more heavily with the moral question than with the practical one.>

History of World War II (Cambridge: Cambridge University Press, 1994), 580. These eminent scholars
have arrived at the same essential conclusion: bombing played a decisive role in the Allied victory because
it was effectively integrated into grand and military strategy and therefore acted in concert with land and
sea power. There is very clear evidence that the symbiosis between the different arms proved vital to the
Allied cause. It also forced the Germans to divert scarce resources, including 70 percent of their fighter
aircraft, to the air defense of the Reich, which cost them air superiority on the fighting fronts.

3 Michael Sherry led the field in attacking American strategic bombardment as an evil activity that
effectively put the Allies and the Axis at the same level of brutality in waging the war. The crux of his
argument was that, “At bottom, technological fanaticism was the product of two distinct but related
phenomena: one—the will to destroy-—ancient and recurrent; the other—the technical means of
destruction—modern. Their convergence resulted in the evil of American bombing.” Unfortunately,
Sherry’s grasp of the very real strategic and operational advantages derived from Allied bombing as a
means for shortening the war and saving the lives of Allied soldiers, airmen, and sailors, was almost
entirely lacking. He failed, for instance, to mention the severe and unrelenting fuel crisis brought on by the
Allied air offensive against German oil production, which played a key role in shortening the war—and
therefore the casualty lists. His key argument is at Michael S. Sherry, The Rise of American Air Power:
The Creation of Armageddon (New Haven, CT: Yale University Press, 1987), 254. Ronald Schaffer
provided a more effective discussion of the ethical issues surrounding Allied aerial bombardment by
placing Allied decisions about bombing firmly within the context of the larger war they were fighting
against a brutal enemy. American civilian and military leaders in particular expressed different reasons for
allowing the precision bombardment effort to slip gradually and steadily towards one in which blind-
bombing tactics (bombing through cloud cover with the first operational radar sets, which was inaccurate
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The second factor has its roots in a tendency—which, happily, has become less

prevalent over time—to evaluate the effects and effectiveness of bombing strictly on their
own merits, rather than as part of a global war in which Allied air, ground, and naval
operations were closely intertwined and symbiotic. Any evaluation of the efficacy of
aerial bombardment must be placed in this larger combined-arms and combined-
operations context. Recent scholarship has made great strides in this direction,
particularly with respect to the role of the Combined Bomber Offensive (CBO) in
destroying the German Air Force and giving Allied air forces a clear and ultimately
overwhelming superiority on every fighting front. In addition, a few books have
appeared that look at the disastrous effects of Allied bombing on the German war
economy. Nonetheless, these books represent only a start in the right direction, and they
fall short in their treatment of the role of Allied air intelligence, particularly bomb

damage assessment (BDA), in the defeat of Germany.*

and caused additional German civilian casualties, yet still put enough bombs on target to achieve
objectives) became prevalent in the winter of 1944-45. However, all agreed that Germany had to be
defeated as quickly and decisively as possible, and that bombing was one means for accomplishing that
end. See Ronald Schaffer, Wings of Judgment: American Bombing in World War II (Oxford: Oxford
University Press, 1985), 103-106. Conrad Crane agreed with Schaffer’s view that, despite American
airmen’s reluctance to move from precision bombing towards area bombing, they did so nonetheless for
both pragmatic and psychological reasons, arguing that if blind-bombing tactics were the only option
during the winter of 1944-45, they were therefore appropriate given their ability to assist in shortening both
the duration of the war and Allied casualty lists. His argument is in Conrad C. Crane, Bombs, Cities, and
Civilians (Lawrence, KS: University of Kansas Press, 1993), 115-118. Finally, Stephen Garrett addressed
the moral issues surrounding the British area city bombing campaign, noting that it failed the test of ethics
and morality, particularly late in the war, when British survival was no longer threatened and the Allied
victory imminent. See Stephen A. Garrett, Ethics and Airpower in World War II: The British Bombing of
German Cities (New York: St. Martin’s Press, 1993), xi-xvi, 180-181.

* General Omar N. Bradley recognized the symbiosis between air, land, and naval forces, and also made
clear his view—which was shared by the vast majority of Allied ground, air, and naval commanders—that
airpower was not decisive in its own right, when he stated that “It is considered most significant for the
course of the war that American military authorities consistently held the opinion that air attack was not of
itself sufficient [to defeat Germany], and that air forces were only part of a rounded team.” This is an
important point to keep in mind while reading this and indeed any other scholarly work on Allied air
operations during the Second World War. See RG243, E36, B191, General Omar N. Bradley and Air
Effects Committee, 12 Army Group, Effect of Air Power on Military Operations: Western Europe, 15 July

3



A brief mention of one vital but largely overlooked symbiosis between air and
ground forces demonstrates how far we have to go, as a scholarly community, in drawing
these connections more clearly. The oil offensive waged by Allied bombers against
Ploesti, German synthetic oil plants, and the German crude oil industry from April 1944
until VE Day starved the Germans of fuel not only on the Western Front, but even more
so on the crucial Eastern Front. This vital contribution has gone largely unmentioned in
earlier scholarship. The point here is not that bombing somehow accomplished this
single-handedly, or that every German tank and truck came to a complete standstill as a
result of the oil offensive. It would have been a physical impossibility to achieve suph
effects, and we know from the many works of history written about the ground war that
until 1945 the Germans usually came up with enough gas to meet their immediate needs.
But they did not do so every time, especially in the East. Indeed, if we view the results of
the oil offensive in conjunction with the nearly unbroken string of Russian offensives
from June 1944 to VE Day, which gave the Germans no respite and forced them into
huge battles of maneuver that consumed prodigious quantities of fuel, we begin to see
more clearly how one influenced the other. This topic will receive detailed attention
later, but the important thing to recognize here is that air intelligence personnel and their
commanders understood what an offensive against oil might accomplish, not just in the

service of the Allied air effort, or of the Western Allies’ larger war effort, but rather in

1945, 1. Air Chief Marshal Lord Tedder echoed Bradley in his assertion that “In my view, air power...is
interlocked with sea and land power, and all three are interdependent.” See Lord Tedder, Air Power in War
(London: Hodder and Stoughton, 1948), 29-32. We have already seen that Overy, and Millett and Murray,
hold the same view.




terms of its overall impact on the Allied—including the Russian—and German war

efforts, and how it might in this sense contribute to a quicker and less costly victory.>
The third factor clouding the issue of bombing’s effects and effectiveness has been
the tendency among scholars to lump all Allied bombing together under the rubric of the
CBO. However, as John Guilmartin notes, there were in fact several campaigns These
included Bomber Command’s area bombing of German cities; the USAAF’s Unescorted
Daylight Strategic Bombardment Campaign of 1943; Operation ARGUMENT, the
USAAF effort in February 1944 that compelled the Luftwaffe fighter force to accept
battle and, ultimately, defeat; the three transportation offensives from 1943 to 1945
against Axis railroad and inland waterway traffic, first in Italy, then in France and
Belgium, and finally in Germany itself, and the oil offensive of 1944-45. Even more

important is the fact that there were several British bombing campaigns early in the war,

3 To provide just one example of many to follow in later chapters, General Carl Spaatz, Commander of
United States Strategic Air Forces in Europe (USSTAF), pushed hard for an oil offensive because, as he put
it, “Qil attacks will weaken German Army and GAF on all fronts simultaneously, including the all-
important Eastern front.” His comments are in AIR 37/1125, HQ USSTAF, Proposal to Supreme
Headquarters Allied Expeditionary Force (SHAEF), “Employment of Strategic Air Forces in the Support of
Overlord,” 3. Of equal significance was the great importance the Russians placed on attacks against oil
targets. Major General John R. Deane, head of the U.S. Military Mission in Moscow, told Spaatz that, “In
pressing the Russians to find out what targets they would like to have hit, they have indicated that they
would like a continuance against Bucharest [and] Ploesti...In our conversation the fact was brought out that
the Russians considered the oil in Ploesti as being a primary objective.” The Russians clearly knew that
over half of the gasoline produced at the Ploesti refineries was going directly to the Eastern Front, and they
sought Allied assistance in reducing or stopping those deliveries. These comments are in MS 16, S3, B4,
F1, Cable, Deane to Spaatz, 10 May 1944. Similarly, during a visit to Russia by a delegation of USSTAF
senior officers, General Vladimir Grendal, chief of Red Army intelligence, emphasized that oil was the
most important target system for Allied heavy bombers to attack. See Spaatz Box 17, “Report on Visit to
Russia by Mission of USSTAF Officers, Appendix B, Conference with Gen Grendal, 13 May 1944, 21
May 1944, Allied air leaders understood the importance of such attacks and made them an integral part of
their air strategy. Once the oil offensive began, Allied air commanders clearly understood, from BDA
reports, that bombing was causing huge reductions in German oil production, and that as such the oil
offensive was creating increasingly severe and widespread oil shortages in the German military, which in
turn was having a disastrous impact on the Luftwaffe’s ability to operate and on the German army’s ability
to engage in the huge battles of maneuver that began in June 1944 and continued almost without letup until
V-E Day. See MS16, S5, B8, F7, “Joint Oil Target Committee, Working Committee, Weekly Bulletin No.
15,” 10 Oct 1944, 1, which assessed German production of finished petroleum, oil, and lubricants (POL)
products——correctly as German records later confirmed—to be 23.5% of the pre-attack total.
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including Bomber Command’s anti-invasion campaign of 1940-41 against German-
controlled port facilities and barges along the English Channel, an abortive oil offensive
against German synthetic oil plants and crude oil refineries in western Germany during
the same period, which failed for lack of bombers, navigational skills, and accurate
bombsights and bombing techniques, and early British night bombing in 1941-42.°

The crucial link between these disparate air campaigns, from the standpoint of
targeting and BDA, was the iterative learning process that occurred as air intelligence
personnel recommended targets to their commanders and then assessed the effectiveness
of bombing raids against them. In the process, they honed their analytical skills while
providing increasingly accurate BDA to senior air commanders, who in turn employed it
to steer their ever-larger bomber forces against the most lucrative German target sets.
This process was gradual and involved many errors in target selection, BDA analysis, and
judgments about the effects and effectiveness of bombing raids and campaigns, which in
turn resulted in operational errors as bombers either attacked target sets that were not
particularly lucrative, attacked too many different kinds of targets simultaneously with
inadequate forces, or failed, as in the case of attacks on German ball bearing production,
to attack lucrative target sets often enough. Despite these errors, Allied air intelligence
personnel got steadily better at their jobs as the war progressed. By the spring of 1944,
their experience and hard work resulted in the emergence of superb Anglo-American

targeting and BDA capabilities. These allowed air intelligence officers to recommend the

¢ John F. Guilmartin, Jr., unpublished manuscript, “The Aircraft that Decided World War II: Aeronautical
Engineering and Grand Strategy, 1933-1945, The American Dimension,” expanded version, USAF Academy 2001,
Harmon Memorial Lecture, 2-3.
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most lucrative target sets, including oil and transportation, to senior airmen, and then to
track, with great precision, the effects of Allied bombing raids on those target sets.

The fourth factor that has made scholars shy away from engaging in any serious
attempt to assess the decisiveness of Allied bombing has to do with the fact that the
overwhelming majority of books and scholarly articles written about the CBO have come
at the problem from an operator’s perspective. Many of the books in this sub-genre are
outstanding, but they tend not to grapple sufficiently with the larger question of assessing
the effectiveness of Allied bombing. They also ignore the huge planning and intelligence
efforts that went into directing their operational employment.

1.2 The Role of Air Intelligence in the Planning and Direction of Allied Bombing
The last of these other key functions—directing the bombing effort—is a primary
concern of this work. The analytical tools that allowed Allied air commanders to provide
this direction, including targeting, BDA, and munitions effectiveness assessment (MEA),

are at the center of the narrative. So are the hundreds of men and women who brought
these skills to a peak of effectiveness not since equaled even in the age of jet aircraft,
reconnaissance satellites, cruise missiles, and “smart” bombs.” These largely overlooked
air intelligence personnel, who assessed the effects of bombing on the Nazi war machine
and, based on those assessments, advised their commanders on the most effective use of
heavy bombers, played a vital role in speeding the victory over Germany. This story is in
large part theirs, and we owe them a debt of gratitude not yet paid in existing studies of

the Allied bombing effort. In fact, only three chapters in a single book have even begun

7 Although this work focuses predominantly on BDA, it is impossible to do so without also discussing
targeting and Munitions Effectiveness Assessment (MEA) in some detail. Analysis of the effects and
effectiveness of Allied bombing campaigns will therefore begin with an overview of the targeting rationale
and methodology for each campaign and will include MEA data.
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to weave together the ways in which BDA experts employed their sources and methdds,
comprised largely but not entirely of reconnaissance photos, to advise commanders on
the optimum employment of bombers. Only a handful of other books discuss this effort
in more than a cursory fashion, and none of them makes clear the close ties between air
intelligence personnel and the commanders who directed the bombing effort. This
represents a key oversight on the part of scholars, which this work seeks to correct.®

The importance of recognizing these contributions of air intelligence personnel to the
Allied victory by making clear the value of the BDA work they did, and by examining
the advice they gave their commanders about the employment of bomber forces, is great
because these individuals are largely absent from the historical record, and because the
BDA effort they orchestrated played a central role in the air war by enabling commanders
to steer their bombers to the most lucrative target sets. Of these, the two most important
were German transportation assets in occupied Europe and the Reich itself—including
railroads, inland waterways, and motor transport—and oil assets, which included both
crude oil refineries and more importantly the huge synthetic oil and fuel production

plants built in Germany during the 1930s and early 1940s. From the spring of 1944 to

8 See Chapters 2-4 in John F. Kreis, General Editor, Piercing the Fog: Intelligence and Army Air Forces
Operations in World War II (Washington D.C.: Air Force History and Museums Program, 1996), 57-246.
F. H. Hinsley et al, British Intelligence in the Second World War (London: Her Majesty’s Stationery
Office, five volumes, 1979-1990), provides a very detailed look at British intelligence efforts, including a
reasonable amount of information on air intelligence activities. Constance Babington Smith’s classic work,
Evidence in Camera: The Story of Photographic Intelligence in the Second World War (Phoenix Mill,
U.K.: Sutton Publishing Limited, 2004), tells the story of British photointerpreters at the Central
Interpretation Unit (Allied Central Interpretation Unit once the Americans arrived) and their vital role in the
Allied victory. A less well-known but equally good book on the same subject is Ursula Powys-Lybbe, The
Eye of Intelligence (London: William Kimber, 1983). Roy M. Stanley’s World War II Photographic
Intelligence (New York: Charles Scribner’s Sons, 1981) is the best single work on this important BDA-
related subject. Roy Conyers Nesbit’s Eyes of the RAF: A History of Photo-Reconnaissance (Phoenix Mill,
UK: Alan Sutton Publishing Ltd., 1996) provides a useful overview of RAF photoreconnaissance from
World War I to the present. Several other books in this genre will appear as footnotes later in the text and
in the bibliography.



VE Day, air intelligence experts convinced their commanders to stay focused on these
target sets. The results were decisive when viewed in combination with the Allied
ground effort, which profited greatly from these bombing efforts. The transportation and
oil campaigns not only starved the Germans of fuel, ammunition, and other supplies, but
also made it impossible for them to mass, maneuver, and counterattack on a large scale.

The first of three major transportation offensives focused on the Italian railroad
network in an effort to hamper the movement and re-supply of German ground forces.
Because Italy is a relatively narrow peninsula bisected by mountains, and because the
German effort there was almost entirely defensive, this campaign was not highly
successful, but it did place a significant strain on German military operations in Italy.
The second transportation offensive, against railroad marshalling yards in France and
Belgium, resulted in the near-complete collapse of German operational and tactical
mobility in the West, and of the Wehrmacht’s ability to provide adequate logistical
support to the troops at the front. At the same time, the oil offensive, carried out with a
single-minded focus and sense of purpose that are palpable even today in the primary
sources, gradually starved the German Army of fuel and therefore of operational and
tactical mobility everywhere, but above all on the Eastern Front. It also had an
immediate and catastrophic effect on Luftwaffe operations and pilot training. Finally, the
third transportation offensive, against the railroads and inland waterways of the Reich,
caused the collapse of the German war economy in the early spring of 1945, and worked
in combination with the oil offensive to starve German troops at the fighting fronts of

fuel along with ammunition, spare parts, and virtually every other necessity of war.




To say that the BDA effort carried on by air intelligence personnel played a central
role in these successes is no exaggeration. By 1944, and to a lesser extent as early as
1942, the Allies had a highly capable and integrated network of intelligence organizations
in place to advise commanders on target selection and give them accurate appraisals of
the effectiveness of bombing raids against those targets. Their commanders listened to
them and, with very few exceptions, put their recommendations into practice in the guise
of the various campaigns that came under the larger umbrella of the CBO. In fact, it was
no accident that a highly effective air intelligence function, based largely on the superb
reconnaissance and photointerpretation capabilities pioneered by the British between
1939 and 1942, allowed an expert BDA capability to emerge over two years before RAF
Bomber Command and the United States Strategic Air Forces in Europe (USSTAF) had
enough bombers to do really serious and lasting damage to the German war effort. By
the time they did, in the spring of 1944, the targeting and BDA capabilities were in place
to allow air commanders to steer their bombers to vital transportation and oil targets, the
destruction of which shortened the war by at least several months and shortened Allied
casualty lists—especially those of the Russians—considerably.

The military and civilian air intelligence organizations that supplied the BDA at the
root of these operational and strategic successes had a remarkable dualism in the sense
that they were in many ways ad hoc structures, created shortly before or during the war
and often under the most trying circumstances, to fulfill specific functions, but also
benefited immensely from a unique Anglo-American capability to organize the war effort
for maximum efficiency and effectiveness. This ability to organize for war was deeply

rooted in the rationalist, scientific, and bureaucratic-administrative traditions of the West.
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Even a cursory look at Allied aif intelligence in the Second World War reminds us
that the Anglo-Saxon democracies were particularly adept at organizing their war effort.
They sought to maximize organizational efficiencies in order to increase their military
effectiveness. This was absolutely the case for Allied air intelligence organizations,
including those responsible for targeting and BDA. This organizational efficiency was
built on an intellectual infrastructure that included highly trained intelligence
professionals; the world’s best reconnaissance technologies, including specially-modified
Spitfire and Mosquito aircraft, advanced cameras, and precision photointerpretation
instruments; and above all experience and an ability to make the right bombing
recommendations, which came from an increasingly deep knowledge of the Axis foe. It
gave intelligence personnel the tools and analytical insights necessary to pick target sets
most likely to cause maximum damage and disorganization to the German war effort.
Even more important, it allowed them to monitor, with almost machine-like precision, the
effects of strategic bombing on key target sets such as oil and transportation, and then to
recommend changes in targeting priorities based on meticulous BDA reports. In the
process, they helped to ensure that Allied bombing would do grievous damage to the
German war effort. Air intelligence bodies such as the Combined Strategic Targets
Committee allowed commanders to wage the oil and transportation offensives against the
Reich on a one-week cycle that anyone familiar with the American-NATO Air Tasking
Order (ATO) process would recognize immediately.

1.3 Western Rationalism, the Scientific Method, Air Intelligence, and BDA
The BDA experts at the center of this story, men and women alike (nearly half of the

British photointerpreters were in the Women’s Auxiliary Air Force), and the commanders
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they supported, were the product of more than two centuries of intellectual, academic,
and scientific development unique to the West, and more particularly to Great Britain and
the United States. They were educated in the rationalist and scientific tradition that had
its origins in the writings of such great thinkers as Isaac Newton, John Locke, and Adam
Smith, and that tradition, however consciously or unconsciously, guided the manner in
which they produced the air intelligence that proved vital to winning the war.’ Indeed,
one can detect the Scientific Method at work in virtually every aspect of the Allied war
effort, and this is nowhere truer than in the case of targeting and BDA efforts. General
Carl Spaatz, Commander of United States Strategic Air Forces in Europe, wrote a memo
at the end of the war in Europe commending the efforts of the Combined Strategic
Targets Committee (CSTC). He closed with the assertion that “The brilliant work and
infinite pains which these organizations [the CSTC and its four working groups, which
focused on oil, transportation, the Luftwaffe, and armored fighting vehicles] have shown
in piecing together the multiplicity of intelligence information, have raised the selection
of strategic targets to the stature of a science.”’® Air Commodore Sydney Bufton and
Brigadier General Alfred (“Fred”’) Maxwell, Co-Chairmen of the CSTC, echoed Spaatz

when they said at the CSTC’s final meeting that “it was not too much to say that the

® William McNeill has traced these developments skillfully in The Pursuit of Power: T echnology, Armed
Force, and Society since A.D. 1000 (Chicago, IL: University of Chicago Press, 1982). In The Cultural
Meaning of the Scientific Revolution (New York: Alfred A. Knopf, Inc., 1988), Margaret Jacob traced the
development of Western science and rationalism, making the crucial point that a combination of Cartesian
and Newtonian reasoning, religious tolerance, and early capitalist economic developments in England
between 1700 and 1750, created a unique environment in which rationalism and science advanced hand-in-
hand. In The Rise of the Western World: A New Economic History (Cambridge: Cambridge University
Press, 1973), Douglass C. North and Robert Paul Thomas emphasize the vital role of economic efficiency
in propelling the West to unrivalled wealth and power. In this sense, their work builds on insights put forth
by Adam Smith in The Wealth of Nations. These books, when read together, provide an excellent overview
of the major contextual factors—rationalism, science, efficiency, and effectiveness—at the heart of the
Allied war effort writ large, including the development of BDA capabilities.

19 AIR 2/8011, Memo, Spaatz to CSTC, May 1945 (no specific date on memo, but probably 8-10 May).

12




Working Committee had taken the whole question of target selection for the Allied

Strategic Air Forces from the stage of guesswork to that of Scientific Method.”"!

Both the British and the Americans employed large Operational Research Sections,
and these organizations provided a great deal of valuable statistical information on the
effects of Allied bombing. The fact that senior airmen acted on nearly all of their
recommendations to increase the effectiveness of the bombing effort only underscores the
degree to which Western rationality guided the various bombing campaigns.'?

It will become clear in this work that such views were fundamental to the way in
which the Allies organized their entire war effort, whether on the battlefield or in the
offices of the intelligence organizations. A number of prominent scholars have noted this
fact, including Richard Overy, who was the first to point out how effectively the Allied
air effort leveraged human talent, organizational innovation, engineering prowess, and
technological development, bringing airmen and their civilian counterparts together in
what proved to be a highly efficient, effective, and harmonious relationship—one that
was just as clearly lacking in the Axis air effort, as Overy, Williamson Murray, and

David Kahn have made abundantly clear in several of their works.">

1 AIR 2/8011, “Combined Strategic Targets Committee, Minutes of the 28 Meeting, Held in Air Ministry,
Whitehall, on Wednesday, 2™ May, 1945,” Appendix C, “Appreciation of the Joint Chairmen of the
C.S.T.C. of the Work of the Members of the C.S.T. Committee,” 11 May 1945.

12 See Air Ministry, Operational Research in the RAF (London: Her Majesty’s Stationery Office, 1963) and
Charles W. McArthur, Operations Analysis in the U.S. Army Eighth Air Force in World War II, History of
Mathematics Series, Vol. 4, (Providence, RI: American Mathematical Society and London Mathematical
Society, 1990). Additional references to these books, addressing OR/OA studies carried out in support of
Allied bombing, appear in subsequent chapters.

13 Richard Overy was the first to address this issue with respect to Allied air operations in The Air War:
1939-1945 (Briarcliff Manor, NY: Stein and Day, 1981), 191-260, which is still the best general work
available on the air war. See Chapter 7, “The Aircraft Economies,” and Chapter 8, “Science, Research and
Intelligence.” In the former, Overy noted that much more efficient and effective Allied production
techniques, employment of skilled labor, and organization of the aircraft factory system; more rapid
introduction of new generations of improved combat aircraft; and better research, development, testing, and
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This Allied advantage was nowhere clearer than in the intelligence effort. In fact, the
agencies responsible for producing BDA reports took full advantage of the best human
talent and employed it in ways that were highly efficient and effective. Once again, the
Allied advantage in this arena was substantial and proved vital to the success of the
Allied war effort, just as poor German intelligence capabilities—and indeed the shocking
lack of interest most German commanders showed in operational and strategic
intelligence—helped to undermine the Axis war effort. German air intelligence failures,
of which there were many, stand in stark contrast to Allied successes, which are finally
receiving attention in a growing body of scholarship.

The British and their American allies employed their intelligence talents—born of

their deep immersion in the rationalism and science of the West—in ways both vital and

evaluation (RDT&E) techniques all benefited the Allies tremendously. The Axis effort, by contrast, lacked
clear or centralized direction and involved a multiplicity of competing weapons-development programs that
came in and out of favor, sometimes several times, depending on the Fiihrer’s proclivities, which became
more erratic and changeable as the war progressed. In the latter, he demonstrated how much more
effectively the Allies harnessed scientific talent, the most efficient research processes, and superb scientific,
technical, and operational intelligence to their larger war effort as well as the air war. Williamson Murray
illustrates that the opposite was true of the Luftwaffe from its inception to its defeat in the skies over the
Reich. In Strategy for Defeat: The Luftwaffe 1933-1945 (Maxwell AFB, AL: Air University Press, 1983),
12-14 and 96-99, he noted that the Germans failed to design and produce new generations of aircraft and
had a hopelessly chaotic design and production process in which the Germans failed to make good use of
their human—and particularly organizational and scientific—talents. In Hitler's Spies: German Military
Intelligence in World War II (New York: Da Capo Press, 1978), 524-541, David Kahn argued cogently that
several factors rendered the German intelligence effort largely ineffective, including an unjustified
arrogance in the early years of the war that made the Germans unwilling—and perhaps psychologically
unable—to develop an effective intelligence capability. He also noted that for a variety of reasons, most
German senior officers were hostile towards intelligence officers and tended to assign intelligence duties to
their least capable subordinates. Finally, he stated that the authoritarian structure of the Nazi state (and,
similarly, the ways in which its systems of authority were structured) seriously impaired its ability to
collect, analyze, and disseminate intelligence in an effective fashion. The unrelieved series of disastrous
failures in German intelligence, beginning with the Battle of Britain, continuing with the Russian
campaign, and culminating in the utter inability to determine where and when the main Allied landings in
France would occur, bear out Kahn’s arguments. Kahn also emphasized that the Fiihrer himself was
increasingly unwilling to accept any intelligence containing bad news. The Allied ability to read Enigma
messages also proved crucial to the BDA effort because these intercepts provided a wealth of near-real-
time insights on the effects of Allied bombing. The best sources for this process include Ronald Lewin,
Ultra Goes to War (New York: McGraw Hill, 1978) and Kreis, General Editor, Piercing the Fog.
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fundamental to Allied victory. Although Carl von Clausewitz warns us that war is
neither science nor art, Allied air intelligence personnel brought an abundance of both to
the war effort, melding them together in what can only be termed the greatest intelligence
effort, and the greatest intelligence success, in the history of warfare. This ability to meld
the qualities of rationality and the Scientific Revolution gave air intelligence specialists a
unique mindset that allowed them to wage war with a high degree of efficiency and
operational effectiveness. When this was combined with the unparalleled Allied ability
to wage total and industrialized war on a global scale—to conduct “machine war,” as a
number of scholars have called it—the result was an air effort and a series of bombing
campaigns that were effective, focused, and above all relentless in their character. John
Keegan, in discussing the American air effort in the Second World War, said
There is an American mystery, the nature of which I can only begin to perceive...If ]
were obliged to define it, I would say it is the ethos—masculine, pervasive,
unrelenting—of work as an end in itself. War is a form of work, and Americans
make war, however reluctantly, however unwillingly, in a particularly workmanlike
way. '
This workmanlike way of war involved leveraging the rationalist, scientific, and
managerial talents developed in the West from the end of the seventeenth century to the
middle of the twentieth. Indeed, Keegan’s comments about American warmaking apply
with equal force to the British air intelligence effort in World War II, which was utterly
rationalist and highly effective. Indeed, in this arena, it was the British who were the
teachers, the Americans their pupils. The work of British intelligence specialists in the

Air Ministry; Central Interpretation Unit (renamed the Allied Central Interpretation Unit

once large numbers of Americans began arriving in 1943); Research and Experiments

14 John Keegan, “The View from Kitty Hawk,” Military History Quarterly, VIIL:3, 13.
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Department Eight (initially under the Ministry of Home Security and later the Air
Ministry); Ministry of Economic Warfare; Railway Research Service; and a host of other
agencies made this clear. They did so not only with their very accurate BDA, but also as
they taught the Americans how to do their jobs most effectively by bringing together and
leveraging the skills and deep knowledge of all the BDA experts involved in this effort.
1.4 Key Attributes and Results of Allied BDA

The vital attribute that Allied BDA brought to bear was an ability to make reasoned
and accurate judgments about airpower’s effectiveness in hampering the German war
effort. This ability increased as the war continued, driven by a closer and more effective
cooperation between British and American air intelligence organizations. Viewed in the
deeper historical context of Western rationalism, science, and creative thought, the BDA
effort for Allied bombing proved remarkably effective. It was not perfect by any means,
and was sometimes hampered by errors in analysis and judgment, but it succeeded. The
great strength of the Allied air intelligence community was its ability to bring together
and orchestrate all aspects of BDA within an intellectual infrastructure of the highest
order—one that drew on the inherent organizational, technological, and human strengths
of the Western democracies. This intellectual infrastructure proved able to gauge, with
great precision, the accuracy of bombing, its effects on Germany’s war effort, and its

effectiveness in helping the Allies to achieve their war objectives.'®

13 These are the three fundamental attributes of BDA. Accuracy relates to how close to a target an aircraft
places its weapons, effects are the various kinds of damage done to the target, and effectiveness—by far the
most important of the three—is the degree to which a given bombing raid or campaign contributes to the
attacker’s military strategy and hampers that of the enemy. BDA was and still is closely associated with
Munitions Effectiveness Assessment (MEA), which assesses how effectively a given weapon functioned
against a particular target. The RAF’s Operational Research and USAAF’s Operations Analysis efforts
were focused in part on this question of maximizing weapons effects. American doctrine currently places
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Perhaps the thing that Allied BDA made most clear about the series of heavy-bomber
campaigns known collectively as the Combined Bomber Offensive (CBO) was the
steadily increasing and ultimately pervasive friction, in the Clausewitzian sense of the
word, which it created in the German war effort. By the spring of 1944 this friction was
everywhere in evidence. From the increasingly severe fuel shortages in both the
Luftwaffe and the German army; to the constant delays, equipment losses, and casualties
German troops experienced in conducting tactical maneuvers as well as movements to or
between the various fighting fronts; to the ammunition shortages of the war’s final
months; and in a myriad of other ways, Allied airpower, including heavy bombers,
proved to be the creator of friction in the Nazi war machine par excellence. It was
everywhere at work, making even simple tasks difficult or impossible. Clausewitz’s
description of friction is particularly well suited to describing the effects of air attack on
the Wehrmacht. In war, Clausewitz said, “Friction is the only concept that more or less
corresponds to the factors that distinguish real war from war on paper...Action in war is
like movement in a resistant element. Just as the simplest and most natural of
movements, walking, cannot easily be performed in water, so in war it is difficult for
normal efforts to achieve even moderate results.”'® For the Germans after the spring of

1944, the resistant element was increasingly like molasses rather than water."’

these two activities, BDA and MEA, together under the larger category of Combat Assessment, but they
will appear in their World War II format—BDA and MEA—in this work.

16 Carl von Clausewitz, On War, edited and translated by Michael Howard and Peter Paret (Princeton, NJ:
Princeton University Press, 1989), 119-120.

171t is important to note that Allied senior airmen’s perceptions of the friction caused by bombing, which
were strikingly Clausewitzian, probably did not come from a deep knowledge of Clausewitz’s writings.
There were a few lectures at the Air Corps Tactical School during the 1930s in which Clausewitz’s ideas
appeared very briefly, and he was known to British senior officers as well, but it appears as though the
effects of Allied bombing on the German war effort, though Clausewitzian in practice and intended to be
so, were probably not inspired by a deep knowledge of Clausewitz’s statements about friction in On War.
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The Germans, despite their extraordinary repair efforts, fell further and further

behind in the desperate and ultimately hopeless race to counter the disastrous effects of
the friction caused by air operations in virtually every facet of their war effort. Tactical
movements that took a few days while the Germans owned the skies over Europe, often
took two weeks or more to complete once the railroads, marshalling yards, inland
waterways, and road and railroad bridges of western and central Europe came under
concerted air attack. As they arrived at the fighting fronts, German troops often
discovered that Allied bombing had created serious fuel shortages, making the
Kampfgruppe-level tactical maneuvers at which they excelled impossible. The civilian
managers of the Reichsbahn and their counterparts who ran Germany’s synthetic oil
plants worked under increasingly nightmarish conditions, trying to carry out basic
functions—moving soldiers, ammunition, and coal by rail on the one hand, and
producing aviation and motor fuel on the other—while at the same time having to devote
huge numbers of workers and resources to repair the increasingly severe damage caused
by Allied bombers. Albert Speer noted after the war that between 200,000 and 300,000
laborers were engaged full time in the effort to repair synthetic oil plants, and even this
huge level of effort proved inadequate.'® The Germans were resourceful adversaries, but
in the end they could not keep up with the increasing tempo of Allied bombing and the
friction it created, which inexorably overwhelmed German efforts at the fighting fronts,
in the railway centers, at the oil plants, and virtually everywhere else. And throughout

this process, which gained momentum and matured during the spring and summer of

18 ATR 20/8779, Supreme Headquarters Allied Expeditionary Force, Office of Assistant Chief of Staff,
Intelligence (SHAEF G-2), “Interrogation of Albert Speer, former Reich Minister of Armaments and War
Production, 6% Session, 1500-1700 hrs., 30™ May 1945,” 3.
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1944, Anglo-American air intelligence organizations provided the BDA that allowed
senior airmen to steer bombers to the most lucrative targets skillfully and to great effect.
1.5 Allied Bombing, BDA, and Combined Operations

The friction caused by Allied strategic bombing played a decisive role in the Allied
victory, but it is important to emphasize that it did not do so alone. Strategic bombing
never became the war-winning instrument envisioned in the writings of Douhet,
Trenchard, and Mitchell or in the initial bombing policies of General Ira Eaker and Air
Chief Marshal Arthur Harris. It helped to win the war in combination with soldiers on
the ground, whose role was in many ways the most fundamental in the Allied victory, and
also with the sailors and merchant mariners who braved the perils of the Atlantic Ocean
to keep the supply and replacement pipelines open from the United States to Great Britain
and the Soviet Union. In fact, it was the growing Allied expertise in planning and
executing combined operations during the last two years of the war that allowed heavy
bombers to play an increasingly vital role not only at the military-strategic level, but also
in operational and tactical engagements by starving the Germans of fuel, transport, and
ammunition, and by providing direct support to ground forces, particularly in the opening
stages of major Allied breakthroughs in Normandy and western Germany.

Russell Hart and Christopher Duffy have coined similar phrases to describe what
happened to the German Army on the Western and Eastern Fronts as a result of the
9

pervasive fuel shortages brought on by bombing: demotorization and demechanization.’

In short,\ the Germans were forced to send the trucks assigned to Panzer and Panzer

' Russell A. Hart, “Feeding Mars: The Role of Logistics in the German Defeat in Normandy, 1944,” War
in History 1996 3 (4), 418-435; Christopher Duffy, Red Storm on the Reich: the Battle before Berlin
(London: Routledge, 1991), 48-50.
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Grenadier divisions, which were supposed to move German soldiers quickly from one
spot to the next, to forage for fuel and ammunition instead, often at night and over great
distances, in order to provide German armored and motorized vehicles and German
artillery with at least the bare minimum of tactical maneuver and firepower capabilities.
The bare minimum was in most cases all they received, with predictable results: an
inability to engage in maneuver warfare over any significant distance. This problem, as
disastrous as it was on the Western Front, proved cataclysmic in the East, particularly
once the Red Army perfected its deep penetrations and encirclements of German units,
which often lacked the fuel to counterattack vigorously or even to regroup. Allied BDA
specialists played a vital role in these developments because they very quickly saw the
major consequences to the Germans of the Allied bombing effort against German oil and
fuel production and supplies, resulting in a high priority for oil targets—and increasingly
severe fuel shortages for the Germans—from May 1944 until the end of the war.?’
There is also some evidence to indicate that the German military, unlike German
civilians, proved unwilling and unable to adjust effectively to the increasingly heavy
Allied bombing effort. While Reichsbahn officials and synthetic o0il plant managers

proved adept at repairing damage caused by bombing, the German Army held doggedly

to its doctrinal and ideological assumptions about how the war should be fought at the

2 Allied air intelligence organizations had known all along about the tenuous German fuel position, but
operational commanders had too few heavy bombers and lacked air superiority over the Reich until spring
1944. Once the oil offensive started, Ultra intercepts quickly confirmed that the Germans, already short of
fuel, regarded the attacks with alarm. Within three weeks the Luftwaffe was already imposing severe
restrictions on training flights and all other non-combat sorties. On 5 June 1944, Goring sent a message to
all Luftwaffe senior officers directing that “extreme measures on economy” be taken regarding all non-
combat flying, including pilot training, and ordering his subordinates to be “absolutely ruthless” in their
application. Aerial photographs and Ultra also corroborated one another very effectively, making clear the
looming German fuel catastrophe. See AIR 40/2073, AI3(e), “M.S.S. References to Oil Shortages and
Restrictions since May 1944,” 30 December 1944, and Chapter 10 for a detailed discussion of these issues.

20




tactical level. As a result, they failed to decentralize their fuel and ammunition depots

until late in the war—and never to any appreciable degree on the Eastern Front—and
even then kept them far too distant from the front lines, a problem that proved
particularly disastrous in the East. This in turn forced the Germans to demotorize their
divisions by sending the vast majority of their trucks to locate and bring back fuel,
assuming they could find any at all, which had obvious and negative tactical implications
for German armored and mechanized formations. There is no indication the Germans
ever made any sustained efforts to address these serious problems. The consequences, in
innumerable tactical engagements, were severe fuel shortages resulting in inferior
mobility and, once any kind of major retreat began, the unnecessary loss of vehicles and
guns on a massive scale as German military formations ran out of gas and were forced to
abandon or destroy their vehicles. Hitler’s no-retreat orders, also driven by ideological
concerns (the “I will not leave the Volga!” syndrome, to paraphrase one of his most
impassioned declarations to his military staff in November 1942), made fuel shortages on
the vital Eastern Front even more serious because they forced German armored units to
fight much further forward than made sense. This proved disastrous given the Soviet
tendency to make deep and relatively narrow penetrations into the German rear areas,
which made it difficult or impossible for German armored formations, still fighting on the
front lines by order of the Fiihrer and cut off from their fuel depots, to replenish their fuel
supplies. Assuming that German units survived at all, they did so in most cases with very
little heavy equipment, much of which was immobilized by lack of fuel. This doctrinal
and command inflexibility interacted with the expert maneuver warfare practiced by the

Red Army during the last two years of the war, which often allowed Soviet armored
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spearheads to overrun German fuel depots rapidly once they achieved a breakthrough,

and with the Allied oil offensive, which by fall 1944 had reduced fuel deliveries to
forward fuel depots, and from there to the front lines, to a trickle. This meant that even in
the relatively rare instances where German heavy divisions on the Eastern Front (and to a
slightly lesser degree on the Western Front) were in a position to replenish their fuel
stocks, there was often no fuel available where and when they needed it.2!

In addition, as Alfred Mierzejewski has demonstrated, bombers assisted the ground
and naval efforts by causing the collapse of the German rail and canal networks, and thus
the German war economy, from fall 1944 to spring 1945. This translated into fewer and

fewer weapons and, most serious of all, less and less fuel and ammunition at the front.*

2! For instance, RG243, E36, B187, CSDIC(UK), “A Survey of the Supply System of the German Army
1939-45,” 25 Aug 1945, 6-7, notes that the German military supply system had no centralized control until
December 1944, far too late to address the problem. Large fuel and ammunition depots resided at the field
army level, which meant these supplies were 60 miles behind the front—too far back to provide rapid re-
supply during sustained periods of large-scale maneuver warfare. Divisions were only allowed as many
supplies as their assigned trucks and other vehicles could carry with them, which meant in practice that
front-line units often had only one or two fuel increments with them at the front. A fuel increment was the
amount of fuel needed to move a division-sized unit 100 kilometers (62 miles), but the calculation was
based on movement over dry roads of good quality. Of course, no such roads existed in the East and were
also somewhat scarce in Normandy, so in practice German units could travel about 60 miles over open and
dry terrain. However, muddy roads and terrain tripled fuel use in armored vehicles and perhaps doubled it
for trucks. In such conditions, a fuel increment could move a heavy division perhaps 25 miles. This meant
most units in the summer and fall of 1944 had very limited mobility even in dry conditions, which meant
that fighting as far forward as the Fiihrer demanded made it unlikely that German heavy units could reach
the army-level depots 60 miles distant, assuming the depots had not already been overrun by the Red
Army’s armored spearheads. Although the Germans decentralized their fuel depots in the West in response
to the threat posed by Allied aircraft, they never did so in the East, and that proved disastrous. This disaster
assumed the proportions of a cataclysm when the oil offensive began to make gasoline scarce even at the
army-level depots, and when the Russians surprised the Germans by launching a major offensive in January
1945, hard on the heels of their summer and fall 1944 successes. In combination with the severe shortages
brought on by the oil offensive, this unpleasant surprise caught German heavy divisions with two fuel
increments at the very most, and more often with one. The road and countryside also happened to be very
muddy in early 1945, which again tripled German fuel consumption. The result was a disaster of
monumental proportions as most German heavy divisions promptly ran out of gas and lost, according to
various estimates, between 1,200 and 1,500 tanks. See Chapter 11 for additional details.

2 Mierzejewski, Collapse of the German War Economy, 167-168. Mierzejewski points out that the Allies
didn’t recognize what a lucrative target the German railroad network was until January 1945, when Ultra
intercepts made clear the chaotic state of the Reichsbahn by this point. He ascribes this to the failure of
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Finally, the decisive role of the CBO in breaking the back of the Lufiwaffe—by killing its
best pilots, starving it for fuel, and forcing it to withdraw the vast majority of its fighters
from the fighting fronts—also paid large dividends by reducing casualties among both air
and ground forces and shortening the war.”? Behind these successes stood air intelligence
officers gauging, for the most part correctly, the effects and effectiveness of bombing.
1.6 The Unique Difficulties of Air Intelligence and BDA

The Allied air intelligence effort played a crucial role in the success of the major bombing
campaigns of 1944-45, but it did so under conditions uniquely difficult among the wartime
intelligence services. As John Guilmartin has noted, air intelligence is the most elusive and
uncertain of the intelligence disciplines precisely because measuring the effects and effectiveness
of air operations is so problematic. “A key problem,” he stated, “is that we approach strategic
bombing with the implicit assumption that air campaigns and battles can be judged using the
vocabulary, criteria for success or failure, and analytical framework used to evaluate warfare on
land and at sea. I contend that the appropriate criteria for judging strategic air campaigns, at
least, are quite different and that in consequence the results of the debate [over the value of
strategic bombardment in World War I1] so far are of dubious validity. As evidence of our
incomplete understanding of the nature of aerial warfare, consider the general lack of

consensus—or even awareness—of what constitutes an air campaign.”* Guilmartin’s insights

Allied air intelligence organizations to recognize earlier what was happening, an issue that will receive

further attention in Chapter 11.

2 The best single volume work on the huge air battle of attrition that resulted first in Allied air superiority,

and later air supremacy, over the Reich, is Stephen L. McFarland and Wesley Phillips Newton, To

Command the Sky: The Battle for Air Superiority over Germany, 1942-1944 (Washington D.C.,

Smithsonian Institution Press, 1991).

24 John F. Guilmartin, Jr., unpublished manuscript, “The Aircraft that Decided World War II: Aeronautical
Engineering and Grand Strategy, 1933-1945, The American Dimension,” expanded version, USAF Academy 2001,
Harmon Memorial Lecture, 2-3.
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apply with particular force to the issue of air intelligence in view of its functions as a vehicle for
determining enemy vulnerabilities, which during the Second World War revolved around key
target sets such as the German aircraft industry, ball-bearings, transportation networks, and oil,
and for determining the effects and effectiveness of attacks on those target sets. With these facts
in mind, it becomes evident that air intelligence organizations were in the unenviable position of
doing the two most difficult things required in air-campaign planning: recommending target sets
and, by extension, giving their commanders insights required to develop effective air campaigns.
The trouble with air campaigns, of course, is that their effectiveness tends to be directly
proportional to the efficacy of the target-selection process. The selection of specific targets that
can realistically be destroyed and also hold clear promise for helping to achieve a larger
military strategy is vital. In other words, the objective, scope, and duration of air campaigns
must be clear, achievable, and bounded by realistic target selection and an intellectually honest
conclusion that attacking the selected targets will lead to achievement of the stated objective.
This was a serious problem with Air Chief Marshal Arthur Harris’s approach to bombing. His
objective to destroy Germany’s 60 largest cities was daunting in and of itself, but measuring the
effectiveness of these attacks was all but impossible because the air intelligence agencies making
these assessments had only questionable criteria to employ—the number of destroyed houses and
industrial buildings, the number of persons made homeless, and the number killed or wounded—
criteria which, ironically, BDA experts assessed with great detail and from which they derived
accurate damage estimates. The measurements were precise, but they yielded only uncertainty

and growing frustration because this air offensive, which involved several discrete air campaigns
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(the Ruhr in 1943-1944 and again in 1944-1945, and the Battle of Berlin, among others), was too
unrealistic in its objective, which was to defeat Nazi Germany from the air.”’

The consequences of these errors in judgment were injurious both to the proper employment
of heavy bombers and the conduct of the air war. The ultimate example of this flawed approach
to air campaigning was the Battle of Berlin, a huge, seven-month, night air campaign that was
designed to destroy Berlin and knock Germany out of the war. Instead, it nearly destroyed
Bomber Command’s operational integrity and killed many of its best aircrews. It was, in short, a
disastrous defeat for Great Britain, and Germany’s last major victory. Much ink has been spilled
over Harris and his area city-bombing campaigns, and there is consensus among scholars that his
approach to air warfare, and to the air campaigns he directed within the larger context of his
offensive against Germany’s 60 largest cities, was neither realistic nor achievable. Had Harris
listened to the growing chorus of air intelligence officers and senior airmen who assessed his
objective (defeat of Nazi Germany from the air) unachievable and his air campaigns of uncertain
utility to Allied military strategy, things might have gone very differently with the air war. But
he did not listen, and his superiors were unwilling to fire him. Consequently, Bomber
Command’s failure to knock Germany out of the war stands as testimony that Harris’s air
campaigns were much less effective than they could have been had he allowed his intelligence
staff to choose different targets that were more realistic and in line with the predominant view
among Allied military leaders that air power could not defeat Germany on its own.

Portal did eventually lose patience with Harris and demanded that he send Bomber

Command’s aircraft against oil targets in late 1944 and early 1945. Ironically, these night

2 Harris alluded to a 60-city target list in a memo to Portal, in which he noted that, “In the past 18 months
Bomber Command has virtually destroyed 45 out of the leading 60 German cities...” See AIR 8/1745,
Memo, Harris to Portal, 1 November 1944.
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precision attacks were exceptionally effective and knocked out four of Germany’s largest

synthetic oil plants for the duration of the war. Harris’s bomber crews contributed significantly
to the oil offensive by striking the synthetic oil plants, crude oil refineries, and benzol plants in
the Ruhr and other areas of western Germany, but they did so in part during the course of area
attacks on the cities in which those installations were located, and not by design. In the
relatively few instances where Bomber Command aircraft carried out precision raids on oil
plants and refineries, Portal had to apply pressure on Harris almost unceasingly to get him to
order these attacks. Given Harris’s consistent reluctance to attack “panacea targets,” including
oil plants and refineries, we can only wonder how much more Bomber Command’s aircrews
might have achieved had they been loosed upon German oil plants and refineries several months
earlier and in a concerted fashion as an integrated part of the oil offensive.?

To this most glaring problem with air intelligence, namely, that some commanders—Harris
foremost among them—simply would not listen to their intelligence staffs in matters of air-
campaign planning, target selection, and BDA, we must add another: the inherent difficulty of
gauging the effects and effectiveness of air operations. Unlike ground and naval campaigns,
where the parties involved generally know whether the battle was a victory, a draw, or a defeat,
air campaigns are prone to uncertainty, and victory or defeat may become evident only gradually,
as occurred in the Battle of Berlin. This is due in part to the fact that aircraft must return to base

after their missions, leaving the areas attacked in control of the enemy. Consequently, there is

only one way to determine whether anything approaching “victory” has been achieved: by

26 The attacks were against Leuna (6-7 December 1944 and 14-15 January 1945), Pslitz (13-14 January
1945 and 8-9 Feb 1945), Briix (16-17 January 1945), and Zeitz (16-17 January 1945). See Martin
Middlebrook and Chris Everitt, The Bomber Command War Diaries: An Operational Reference Book
1939-1945 (Leicester, UK: Midland Publishing, 1996), pp. 628, 652-653, 661, for details. These raids
receive further attention in Chapter 11.
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deploying air intelligence assets to collect BDA data. During the bombing campaigns against

Germany, most of these assets were reconnaissance aircraft, although ULTRA, lower;grade
cipher intercepts, and ground sources were also useful, particularly when used to corroborate
~ photointelligence. The problem, of course, was that the photographs, signals intercepts, and
ground sources never told the full story but only parts of it, and it was up to air intelligence
personnel to construct the rest of the story based on their expertise, experience, and intuition.

Once again, Clausewitz proved uncannily ahead of his time when he referred to
intelligence as an occupation particularly prone to uncertainty and inaccuracy. As he
noted, “Many intelligence reports in war are contradictory; even more are false, and most
are uncertain...This difficulty of accurate recognition constitutes one of the most serious
sources of friction in war, by making things appear entirely different than what one had
expected.”?’ When viewed in this light, air intelligence and BDA specialists labored
under a double burden. First, they sought to make the best use of available intelligence to
maximize the friction inflicted on the German war effort. They did so by giving
commanders the insights necessary to send bombers after the most lucrative targets.
Second, they sought to minimize the many uncertainties surrounding the efficacy of
bombing and hence the friction inherent on the Allied side of such an effort. They
succeeded remarkably well in both cases.
1.7 Allied BDA: Strategy, Synergy, and Serendipity

It was here, in the effort to increase friction throughout the enemy’s war effort while
reducing it for their own, that the large air intelligence organizations built first by the

British and later, with much British assistance, by the Americans, paid their greatest

2 Clausewitz, On War, 117.
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dividends. To a degree unimaginable even a year or two before the start of the Second
World War, British and American air intelligence specialists were able to build a
capability that, while far from omniscient, was quite capable of determining the accuracy,
effects, and effectiveness of Allied bombing. This was a skill that increased rapidly and
steadily as a result of the growing ranks of experienced and skilled air intelligence
personnel, the improved analytical and cognitive tools they brought to bear in judging the
efficacy of bomber operations, and the rapid growth in the number of reconnaissance
aircraft available to the Allies. By the spring of 1944, these improvements resulted in an
ability to determine with surprising accuracy and consistency what Allied bombing was
doing to the German war effort, and how the Allies could in turn obtain maximum
leverage from those effects. The effort was not perfect by any means, but very few things
in war, the most unpredictable of human activities, ever come close to achieving
perfection. To say that the Allied BDA effort approached perfection more closely than
many other aspects of the Allied war effort is an assertion that may invite rejoinders, but
one that will nonetheless become increasingly clear in the following chapters.

One of the most striking things about the development of British air intelligence
capabilities in particular, and to a lesser degree those of the Americans, is that they were
essentially mature and highly capable over two years before the Allies had enough heavy
bombers to engage in a major air offensive that could take full advantage of those new
capabilities. The reasons for this are complex and will become clear during the course of
this work, but for now it is important only to note that both British and American political
and military leaders took as an article of faith that they would eventually have enough

bombers to attack the German war effort heavily, systematically, and with great effect.
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This, along with an effort in both Great Britain and the United States to develop a

daylight precision bombing capability in the decade leading up to World War II, helps to
explain the heavy and long-term emphasis the British in particular put on the
development of first-rate air intelligence and BDA capabilities. This is somewhat easier
to understand when we remember that the British planned to use strategic bombing as an
economic weapon which, along with naval blockade, was intended to bring Germany to
her knees or at least to the negotiating table. However, the intensive British effort to
develop an air intelligence capability indicates that they were thinking beyond the idea of
bombers as instruments of economic warfare. In fact, they clearly recognized that the air
weapon might also strike a heavy military blow while simultaneously creating profound
morale problems among the German people. In any case, the British faith that their air
intelligence capability would someday have a matching bomber capability paid off when
American bombers began arriving in large numbers in 1943. At one point early in the
war, Air Chief Marshal Charles Portal, the British Chief of Air Staff, told Prime Minister
Winston Churchill that it would take 4,000 bombers six months to destroy the German
war economy and undermine her people’s morale. If he erred in believing that a collapse
of German morale might end the war, his estimate that 4,000 bombers could do grievous
harm to the Third Reich’s war effort proved to be almost exactly on the mark.?®

Allied bombing did in fact get into high gear once 4,000 operational bombers were
on hand in the spring of 1944. The BDA capabilities required to steer this massive aerial
armada were also in place by then in the form of several key organizations and hundreds

of personnel dedicated to discerning the effects and effectiveness of bombing. They did

28 AIR 8/440, Minute, Portal to Churchill, 25 September 1941.
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this by giving commanders the BDA they needed to make proper decisions about where

to commit their bombers, and about how best to adjust target priorities during the course
each bombing campaign in order to have the maximum effect on the German war effort.
Air intelligence and BDA efforts did this by focusing on three major target sets from the
late winter and early spring of 1944 to VE Day: the Luftwaffe, oil, and transportation
(referred to at the time as communications targets). They added a fourth—armored
fighting vehicle (AFV) production—in early 1945. The accuracy and swiftness with
which the various committees and organizations involved in these targeting and BDA
efforts discerned the effects and effectiveness of bombing were in most cases very good.
There were failures, but from spring 1944 to VE Day, the BDA effort was effective.?
This effectiveness revolved around one of the great and little-recognized truths of the
air war: the British, who developed an air intelligence structure capable of discerning,
targeting, and conducting detailed BDA for specific target sets vital to the German war
effort, were in fact ideally structured to provide BDA and other types of air intelligence
for the American high-altitude, precision, daylight bombardment effort. They were, of

course, also quite capable of assessing the results of Bomber Command’s city raids, but

% The least effective BDA effort was the one for transportation targets in the Reich. As Mierzejewski
demonstrates expertly in The Destruction of the German War Economy, 165-168, only SHAEF G-2
(Intelligence Directorate) recognized clearly the disastrous effects a heavy bombing of German marshalling
yards would have on the movement of coal, the lifeblood of the German economy. The Combined
Strategic Targets Committee (CSTC) Working Committee for transportation targets was less sanguine
about the possibilities involved, incorrectly as it turned out. However, Mierzejewski does not provide the
larger context within which these issues were discussed, namely, that the majority of the CSTC’s efforts
were focused on the oil offensive, which was already having dramatic effects on German air and ground
forces. If the CSTC failed immediately to appreciate the potentially decisive economic impacts of attacks
on German marshalling yards, they saw with absolute clarity the decisive military effects of the oil
offensive and the earlier transportation offensive against French and Belgian railroad networks. Equally
important is the fact that Group Captain Morley, SHAEF’s representative on the CSTC, was in fact just
that: a full-time and fully accredited member of the CSTC, and it was due in part to his efforts that the
campaign against German marshalling yards became a reality. In other words, the CSTC machinery
worked, imperfectly to be sure, but effectively over time. This issue receives a closer look in Chapter 11.
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there was a unique fit between what we might call British precision BDA and American
precision bombing. As the USAAF air intelligence effort got into high gear, a number of
American officers commented on how effectively the British supported American BDA
requirements. Indeed, by late 1944 USAAF commanders had grown concerned with
what they viewed as excessive American reliance on British air intelligence.*
1.8 Scope of the Study and Varieties of BDA

Although the majority of this work deals with BDA produced to assess the effects
and effectiveness of Allied heavy bomber campaigns during the Second World War, it
also addresses the beginnings of BDA during the First World War, when a rudimentary
but surprisingly large intellectual infrastructure, including aerial reconnaissance
capabilities, air intelligence organizations, and formal BDA reports—many of them quite
accurate—emerged in both the British and American air arms by early 1918. To provide
a sense of continuity and assess the effectiveness of the BDA effort during World War I,
it also assesses, in a cursory fashion, BDA developments during the postwar period.

In attempting to gauge the efficacy of BDA efforts in these various armed conflicts,

it is important first to recognize that there were in essence three kinds of BDA (and

30 Brigadier General Alfred Maxwell, the American Co-Chairman of the CSTC, expressed these sentiments
in a letter to the British CSTC Co-Chairman, Air Commodore Sidney Bufton, when he said, “My
organization owes a debt of gratitude to the RAF, which has both housed us and taught us the way toward
improved intelligence.” See AIR 2/8011, Memo, Maxwell to Bufton, 8 May 1945. As for American
concerns about their dependence on British air intelligence, Major General Fred Anderson, USSTAF
Deputy Commanding General for Operations, told Brigadier General George C. McDonald, the USSTAF
A-2 (Director of Intelligence) that USSTAF was far too dependent upon British intelligence, as had been
made clear many times. He noted that “We have built up here the only really competent Intelligence
service that exists or has existed in the Air Forces of the United States.” Nonetheless, he continued, “If it
would become necessary for us to break off from British sources of Intelligence at short notice we would
be lost.” Anderson noted that it would take a major expansion to collect, analyze, and disseminate
intelligence at the same level as did the British—an expansion impossible over the short term given training
and manpower limitations. See Spaatz Collection, Box 297, “Conference held in the Office of the Deputy
Commander, Operations, USSTAF, 9 October 1944; Subject: The formation of an Intelligence organization
to supply overall requirements of Air Forces in this Theater as divorced from British Intelligence sources.”
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MEA) performed during one or more of them. The first involved making assessments
about the accuracy, effects, and effectiveness of airpower during the course of the
conflict, and when there was no ground access to targets other than that gained
infrequently by agents, whose reports were often inaccurate. In this instance, knowledge
was most incomplete and the conclusions drawn about BDA and MEA most subject to
error. Even the highly developed Allied photoreconnaissance and photointerpretation
capabilities developed by the last two years of World War II provided incomplete
knowledge of the effects and effectiveness of bombing raids, as do the excellent but
nonetheless exaggerated capabilities provided by satellites and unmanned aerial vehicles
(UAVs) today. Put simply, lack of direct ground access to targets has always placed
limitations on what BDA experts can piece together from available sources.

The second variety of BDA, which occurred only during the Second World War, was
the combination of traditional BDA (in other words, that conducted without the benefit of
ground access to the targets being assessed) with a direct knowledge of targets gained
during and after a successful military campaign or operation in which Allied ground
forces overran key bombing targets and BDA ground survey teams gained direct access
to them. Every bit as important as direct access to these targets was the ability to
interrogate the enemy civilian and military personnel who kept meticulous records of the
damage done by each raid, the level of success achieved by repair crews, the effects of
the bombing on the functioning of each target, and in certain cases the wider effects on
Germany’s war effort. This ex post facto BDA, conducted continuously throughout the
course of the war, began in the North African campaign, continued with the first

transportation offensive in Italy and the second transportation offensive in France and the
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Low Countries, and culminated with the oil offensive and the third transportation
offensive against Germany. Each of these discrete air campaigns provided numerous
lessons, which Allied air intelligence personnel applied from one to the next. A similar
dynamic has been at work in the U.S. Air Force since 1990, as BDA lessons-learned have
been discussed and applied—if only erratically—to the air campaigns of the 1990s and
the first decade of the 21* century. However, the learning that has occurred during this
later period has been far less systematic and productive than the learning that went on
during the successive Allied air campaigns against Nazi Germany.

The crucial benefit derived from this ongoing BDA effort during the Second World
War was an iterative learning process in which Allied BDA and MEA experts were able
to draw important lessons from the bombing effort, many of them gleaned from their
direct access to the targets, enemy personnel associated with those targets, and the
records they kept, as it was in progress and then apply them to subsequent bombing
campaigns and raids. Consequently, the effects and effectiveness of Allied bombing
increased during each of these heavy-bomber campaigns as air intelligence personnel
brought new tools and insights to bear.

The third kind of BDA was that conducted after the end of hostilities, when Allied
troops occupied western Germany, giving ground survey teams direct access to all targets
of interest as well as the ability to interview civilian and military officials affiliated with
the operation and repair of facilities bombed by the Allies. In both 1918-19 and 1945-46,
British and American ground survey teams collected an incredible quantity of data,
particularly in the case of the United States Strategic Bombing Survey (USSBS), which

totaled over 200 bound volumes, describing the effects and effectiveness of the bombing
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of virtually every kind of industrial and military target set attacked by Allied bombers
during the Second World War. A similar process occurred after the first Gulf War,
resulting in the publication of the Gulf War Air Power Survey (GWAPS), but there has
been no such systematic effort in the air campaigns of the past decade.

Because Allied air intelligence personnel during the First World War had access only
to the first and third of these types of BDA and MEA, lacked anything like the
photoreconnaissance and photointelligence capabilities available to their successors in
World War 11, and had to grapple with what was then a brand-new kind of warfare, their
assessments tended to be shallow and often incorrect. Yet at times they were also
sophisticated and more accurate than one might have thought possible given the
embryonic and uncertain nature of BDA and MEA at that time.

During the Second World War, the intellectual infrastructure required to perform
BDA, which had as its predecessor a rudimentary version in World War I, came of age.
It included a closely interwoven collection of air intelligence agencies and organizations,
and photoreconnaissance units, which, collectively, gave Allied political leaders and
military commanders a very good understanding of the German war effort and the ways
in which bombing could degrade it; the world’s best photoreconnaissance aircraft as well
as the cameras and advanced films and techniques required to provide high-resolution
and very high-quality prints of virtually every German structure and activity of note;
signals intelligence capabilities; and above all the highly skilled and experienced
photointerpreters and other air intelligence personnel required to make sense of the data
collected. The vast differences in BDA expertise between the two wars began to become

clear, in the case of the British, during the last years of the interwar period. By 1943
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there was no mistaking the huge advances in this arena. Of paramount importance in the
success of BDA and MEA efforts in the 1939-45 conflict was the fact that air intelligence
personnel had direct access to targets that had been attacked, and the enemy officials
associated with them, once they were captured by Allied armies. As noted earlier, this
ability to implement an iterative learning process—which the British and Americans did
exceptionally well—proved pivotal in the rapid development of BDA capabilities and
their employment in support of the CBO and the larger Allied war effort. It was precisely
the length, breadth, and fluidity of the Second World War, particularly once the tide had
turned and the Allies were advancing on all fronts, that allowed for this iterative process,
which was notably absent in the First World War and could not in any case have been
turned to anything approaching the advantage to which it was turned in World War IL.
1.9 Organization of This Work

This introductory chapter has set forth the basic arguments and terms of reference
relating to the practice of BDA. Chapter 2 addresses early BDA developments during the
First World War, including the emergence of a rudimentary but recognizable intellectual
infrastructure that included new organizations, air intelligence specialists, and advanced
technologies that came together for the first time to allow British and American senior
airmen to gauge the effects and effectiveness of their bombing operations. Chapter 3
focuses specifically on the British and American bombing surveys completed in the
months following the end of hostilities in November 1918. Chapter 4 looks at BDA-
related retrenchment in the early interwar period (1919-1932), during which the
intellectual infrastructure that emerged in World War I largely vanished, and also at the

surprising degree of continuity and advance of certain facets of the old intellectual
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infrastructure, most notably developments in aerial photography. Chapter 5 addresses
BDA developments during the late interwar period (1933-1939 for the British; 1933-1941
for the Americans), when the threat posed by Nazi Germany became significant.

From there, Chapter 6 addresses the reemergence of an intellectual infrastructure in
the first two years of World War I1, during which three new British BDA-producing
organizations—the Ministry of Economic Warfare (MEW), Research and Experiments
Department 8 (RE8), and the Central Interpretation Unit—emerged and began a rapid
development process that included increasingly close ties between these three key
organizations and the Air Ministry Intelligence Section. At the same time, a
revolutionary new photoreconnaissance aircraft, the Spitfire PR1, made possible the rapid
collection of photographic cover for every major German city, industrial concern, and
military installation. The chapter also traces how the misfortunes of Bomber Command
in the war’s first two years interacted with the development of British BDA capabilities.

Chapter 7 assesses the increasingly rapid BDA-related developments of 1941 and
1942, a crucial period during which the British intellectual infrastructure reached
maturity and was tested by two major developments: the start of RAF Bomber
Command’s major night area bombing campaigns against German cities, and the arrival
of the first American air intelligence officers in the European Theater of Operations
(ETO). These Americans went to work alongside their British counterparts at the Air
Ministry, RE8, and the CIU, learning from them and in the process providing a nucleus of
trained officers to serve on American headquarters staffs, including Eighth Air Force, and
with the first American photoreconnaissance squadrons to arrive in the ETO. This

chapter will also address how the development of BDA capabilities in the Sicilian and
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Italian campaigns (where the first of three transportation offensives began in the summer
of 1943) influenced, and was in turn influenced by, BDA developments in the UK,
particularly at the DIU, RAF Bomber Command, and Eighth Air Force. Finally, the
chapter will look in some detail at the serendipitous relationship that developed between
British “precision” BDA and American “precision” bombing, a relationship that
flourished beginning in summer 1942 and continuing until the end of the war.

Chapter 8 addresses the emergence of a mature BDA intellectual infrastructure in
1943 and early 1944, which allowed the Allies to make accurate judgments about the
effects and effectiveness of bomber operations against transportation, oil, and other target
sets. The ACIU and the Joint Photographic Reconnaissance Committee (JPRC) take
center stage here, as the former became a combined Anglo-American photointerpretation
capability and the latter provided a highly effective requirements-management function
facilitating the rapid and effective collection, processing, and dissemination of BDA
reports and photographs. Also central to this maturation process was the development of
close ties and clearly-defined working relationships between the ACIU, MEW, RES, the
Railway Research Service, and several other key air and economic intelligence agencies.

Chapter 9 focuses on the first major transportation campaign in northwestern Europe:
the pre-invasion attack on railroads and canals in France and Belgium. This was the first
campaign in which the iterative learning process discussed earlier had an opportunity to
take full effect. Despite disagreements between British and American air intelligence
personnel and operational commanders about the proper targets for this air offensive (the
British pushed for concerted attacks on major marshalling yards; the Americans for

attacks on bridges and oil targets), an abundance of heavy and medium bombers allowed
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the Allies to go after all three, another serendipitous development in which the synergistic
effects produced by simultaneous attacks on all three target sets resulted in a dramatically
effective Allied air effort and a series of unmitigated military disasters for the Germans.
The focus in Chapter 10 shifts to the oil offensive, which had its genesis in General
Spaatz’s recommendation that oil, and not transportation, be the focus of pre-invasion
heavy bomber attacks. General Eisenhower opted instead for the transportation plan put
forth by Air Chief Marshal Tedder (Eisenhower’s Deputy Supreme Allied Commander)
and his chief scientific advisor, Solly Zuckerman, but he nonetheless quietly gave Spaatz
the authority to launch a major series of raids on German synthetic oil plants on 12 May
1944. The BDA reports for these first raids, comprised of photoreconnaissance cover
corroborated by Ultra intercepts (referred to from this point forward as PR cover), made
it abundantly clear that the Allies had found a—perhaps the—key German vulnerability.
From this point forward, oil became the number one target set, with the transportation
campaign in France and the Low Countries, followed by the third and last major
transportation campaign, this one against the Reich itself, assuming second priority on the
recommendation of nearly all the major air intelligence agencies and officers in the ETO.
As Allied BDA reports demonstrated from the outset, the oil offensive had an
increasingly disastrous effect on German military operations, beginning almost
immediately with a severe aviation fuel shortage that kept the majority of the Luftwaffe
grounded for the rest of the war, and continuing with a severe gasoline shortage among
German units on the Western Front, which was the result of synergy between the
transportation and oil offensives. This gasoline shortage ultimately undermined the

Ardennes offensive and, after that, resulted in a cataclysm on Eastern Front in January
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and February 1945, during which the Germans lost thousands of tanks, halftracks, trucks,
and artillery pieces as a result of catastrophic gasoline shortages brought on by Allied
bombing and by Hitler’s gamble in the Ardennes, which consumed Aalf of the remaining
fuel production for the months of November and December 1944, which left far too little
fuel to replenish fuel stocks on the Eastern Front. The cataclysm occurred when an
unexpected Red Army winter offensive caught the Germans without adequate fuel to
conduct a battle of maneuver. A crucial aspect of these developments was the fact that
Allied BDA experts and commanders anticipated them and recommended a continued
all-out effort against oil targets with the explicit purpose of creating the conditions for the
disaster that overtook German armies between December 1944 and February 1945.

In Chapter 11, the focus on oil continues, but in conjunétion with the transportation
offensive against the Third Reich itself and the synergy between these two efforts. Aside
from causing the collapse of the German war economy, attacks on German railroads and
canals interacted with the continuing oil offensive to create a situation in which the
German army’s last stand on the borders of the Reich, which might have lasted far longer
than it did and exacted a much higher toll from Allied armies in the absence of the oil and
transportation offensives, instead collapsed within a matter of weeks in the late winter
and spring of 1945. The transportation offensive against Germany was the most
contentious air campaign from a BDA perspective because the CSTC’s Transportation
Working Committee had internal disagreements about how best to proceed. In fact, it
took a good bit of pressure from SHAEF G-2, which recognized that concerted attacks on
German marshalling yards and inland waterways might precipitate a major economic and

military crisis in the Reich, to get the CSTC and other targeting and BDA organizations
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to march in step. Once they did, however, the results were immediate and profoundly
negative for the Germans, whose railroad network and inland waterways were rendered
almost entirely inoperative, stopping coal deliveries to German war industries, which in
turn brought war production, if not entirely to a halt, then nearly so. This third and
largest of the transportation offensives also resulted in a distribution crisis of epic
proportions. German industry, which had dispersed in response to increasingly heavy
Bomber Command and USAAPF raids, relied on the Reichsbahn for the movement of
components for various weapon systems to the locations at which final assembly took
place. The Allied air attacks undermined this process and also played havoc with the
movement of finished weapons, ammunition, and fuel to the fighting fronts. Once the
German railways collapsed, Germany’s final defeat was not far behind.

Chapter 12 provides a retrospective on the role of air intelligence, and in particular
BDA, in the Allied victory. Employing both wartime BDA and the ex post facto BDA
collected by the United States Strategic Bombing Survey and the British Bombing Survey
Unit in the months after VE Day, this chapter examines the ways in which BDA helped
Allied operational commanders to steer their heavy bombers to the most lucrative target
sets. It also discusses some of the missed opportunities, from a targeting and BDA
standpoint, including the failure to attack power plants and tetraethyl lead production
facilities, the first of which could have paralyzed German industry, and the second of
which would have made it impossible for the Germans to produce the additives required
for the manufacture of high-octane aviation fuel.

In Chapter 13, the focus shifts to American BDA in the postwar period, beginning
with the Korean War and culminating with a discussion of BDA in the second Gulf War.
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The emphasis here will be on assessing the degree to which the BDA process in World
War II has been applicable to these more recent armed conflicts, and, if applicable, the
degree to which American air intelligence officers and opera;cional commanders have
learned from the BDA experiences of 1941-45. Although, as Michael Howard has noted,
trying to draw lessons from history is a perilous business, there are clearly a number of
“approximate precedents,” as Andrew Gordon called them, to which the current
generation of officers can refer in planning air campaigns and providing effective BDA
capabilities to determine their effectiveness.®’ It is in this intersection of past, present,
and future, that the “approximate precedents” to be drawn from Allied BDA efforts in

World War II will be of the greatest use to today’s and tomorrow’s military officers.

3! Andrew Gordon, The Rules of the Game: Jutland and British Naval Command (Annapolis, MD: Naval
Institute Press, 1996), 578-601. Gordon’s “approximate precedents” (which he derived from what he
referred to as “syndromes” in British naval command culture before and during World War I) represent one
of the very few efforts on the part of a historian to discuss how the present generation of officers might
learn from the mistakes—and the successes—of past military campaigns and command cultures. In this
sense, Gordon’s effort acts as a model for this work’s final chapter.
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CHAPTER 2
THE GREAT WAR AND THE BEGINNINGS OF BDA

2.1 Bombing and BDA: Rudimentary but Evolving Capabilities

The air weapon evolved quickly during the First World War. From its humble
beginnings as a reconnaissance and observation platform, the airplane soon demonstrated
its value as a means of conducting reconnaissance, spotting and correcting fire for
artillery, gaining and maintaining air superiority over specific areas, and bombing. In the
latter role, aircraft served both tactical and strategic purposes. The belligerents on the
Western Front viewed bombers as flying artillery platforms with greater range and
mobility than conventional artillery and, later, as independent bombing machines capable
of influencing the enemy’s will and ability to continue the war by attacking his war
industry, his morale, or both. However, with a few notable exceptions, there was
relatively little effort during World War I to employ the bomber as a weapon to be used
independently of ground forces for strategic purposes such as destroying enemy war
industry or undermining a civilian population’s morale.! In fact, bombers were for the
most part viewed as flying artillery to be used within or outside the range of conventional

artillery, but as artillery nonetheless. Even the employment of Allied bombers in large

! These exceptions include the German Naval Air Service Zeppelin campaign 1915-18, a minor French
effort against industrial targets in Alsace-Lorraine in 1915, German Gotha and Giant heavy bomber raids
on London in the summer and fall of 1917, and the Italian bombing campaign against Vienna. The RAF
Independent Force (IF) operations in 1918 were also, in theory, designed to achieve strategic effects by
attacking German nitrogen-fixation plants to undermine the production of explosives and ammunition, an
effort that never occurred because the bombers were diverted to other uses. Details follow in this chapter.
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formations during the St. Mihiel and Meuse-Argonne offensives, as important as it was

for the development of bomb damage assessment (BDA) techniques, represented a
tactical and operational employment of bombers in direct support of ground forces, rather
than for separate strategic purposes.

Consequently, efforts to develop BDA capabilities during the war relied heavily on
tools and techniques already in use to determine the effects and effectiveness of artillery
barrages. Only late in the war, as more capable bombers with larger bombs and longer
ranges emerged, did BDA become a distinct field of air intelligence expertise focused
specifically on the results of aerial bombardment, with the intellectual, organizational,
technological, and training innovations this involved.> By extension, efforts to conduct
BDA involved an evolutionary process that had its roots in artillery employment as well
as nascent air doctrine. The essence of BDA came to involve understanding the effects of
an attack as well as its effectiveness. The former involved determining physical and
morale effects, while the latter sought to understand how a particular bombing raid
contributed to achieving military and policy objectives at the tactical, operational, and
strategic levels. To determine effects and effectiveness, intelligence officers had to learn
specific skills that comprised the two halves of what came to be known during World
War II as BDA: bomb damage assessment (BDA) and munitions effectiveness assessment

(MEA). The first involved determining the damage bombs had done to a target, while the

21t is worth noting that bombers, which did not even exist as a distinct class of aircraft in 1914, were
becoming quite capable by the end of the war. The Handley Page V/1500, of which three were in service
when the Armistice was signed, had a range of 1,300 miles and a maximum bomb load of 7,500 pounds. A
bomber with these capabilities was clearly capable of conducting strategic bombardment campaigns, which
had obvious implications for associated BDA capabilities, including intelligence and aerial reconnaissance.
See C. H. Barnes, Handley Page Aircraft since 1907 (London: Putnam, 1976), 47.
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second looked at how well specific munitions worked against that target. Both skills

were evolving rapidly by the end of World War I, but neither was close to maturity.

However, to say that BDA was not a mature process by the end of World War I is not
to say it received no attention at all. In fact, airmen—flyers and intelligence officers—
were heavily involved in developing the technologies, training, organizations, and the
intellectual infrastructure, or overall framework, that came to characterize the mature
BDA process during World War II. British and American airmen who planned and
executed bombing missions and conducted post-strike assessments came to understand
that both halves of the equation—BDA and MEA—-were central to the question of
bombing effects and effectiveness. Although both activities evolved rapidly during the
last year of the war, they fell into obscurity again during the interwar period, only to
reemerge with astonishing speed and vigor during World War 1.3

Of the crucial elements comprising a mature BDA capability—technology,
technicians, training, organization, and intellectual infrastructure—the latter is the most
difficult to develop and keep in place over the long term because it involves the
integration, synchronization, and direction of the other four elements. The first of these,
technology, included reconnaissance and bombing aircraft large enough to carry cameras;
cameras, plates, and film; stereoscopic viewing devices; and photographic development
equipment that allowed for rapid exposure of prints. All became better as the war

continued and were adequate for gathering the photographs required for BDA. These

3 The United States Air Force currently uses the term “combat assessment” to encompass both bomb
damage assessment and munitions effectiveness assessment. However, during World War 11, the term
“bomb damage assessment” (or “BDA” for short) actually encompassed both. There was no clear or
consistent terminology in use during the First World War, so the terms “bomb damage assessment” and
“BDA” are used here both as a matter of simplicity and to provide consistency in the narrative.
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technologies evolved further during the interwar years, as private industries worked with
air officers in Britain and the United States to give them a crucial boost towards maturity.

The emergence of technicians, including photographic and intelligence officers, and
training programs for them, also accelerated as the war continued. Improvements here
were twofold. First, photographic personnel learned to mount cameras on aircraft,
maintaining them between missions, removing the plates or film without causing damage,
and developing photographs in the darkroom. Second, and crucial for the purpose of
conducting BDA, was the emergence of a new kind of specialist: the branch intelligence
officer. These officers, who emerged in Briﬁsh and American air units in late 1917, were
generalists trained to understand and employ all available intelligence sources. They
were not trained specifically as photointerpreters but did have a basic understanding of
photointelligence and its value to the BDA process. Branch intelligence officers
developed a symbiotic relationship with photographic officers, but there was friction
between them, including an unclear division of labor and, consequently, duplication of
effort. These problems were not solved until the early years of World War II.

This friction between intelligence and photographic officers was one aspect of the
organizational challenges brought on by the emerging requirement for BDA. In the case
of the RAF’s newly-created Air Ministry, these included convoluted reporting chains,
competition between various offices in the ministry, and other problems that impeded the
evolution and the effectiveness of BDA-related organizations at all echelons. On the
American side, flaws in the tasking process for reconnaissance aircraft as well as unclear

lines of authority between intelligence and operations hampered BDA development.
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The key factor in the development of BDA procedures, however, was the emergence
of an intellectual infrastructure. This involved not only the sum total of the technology,
technicians, training, and organization, but two other crucial elements: experience and
guidance. With one exception—DBritish Royal Naval Air Service (RNAS) bomber raids
against German U-boat bases along the Belgian coast and Zeppelin factories in western
Germany—little experience existed until 1917-18. Bombers and bombing were too new,
the technologies involved too rudimentary, and nobody had ever before practiced BDA as
a distinct analytical skill. Artillery dafnage assessments provided a start, but BDA, as it
was practiced by1918, and as it reached maturity in World War II, was a distinct skill
requiring unique tools and insights. Clear guidance was also absent until late 1917.
Airmen recognized that BDA was something new, but they did not fully understand until
World War II which functions BDA and MEA should perform in a bombing campaign,
and how best to structure and task the units and agencies engaged in the BDA process.

Despite rapid development during the First World War, aircraft were still fragile,
dangerous, and ineffective bombing platforms until the closing months of the conflict.
This impeded the development of bombing and BDA even as it spurred debate among
military officers about the uses of bombing and the tools required to measure its effects
and effectiveness. Although these tools remained rudimentary during the war, they
demonstrate that British and American officers thought seriously about how best to
employ bombing to maximize damage and how to structure the damage assessment
process. This link between targeting, bombing operations, and BDA is crucial. As one

scholar has emphasized, “in essence, air power is targeting, targeting is intelligence, and
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intelligence is analyzing the effects of air operations.” In this sense, BDA had its origins
in the development of strategic bombing theory and practice during the Great War.’

The Great Powers were all thinking about the employment of bombers for strategic
purposes in the years leading up to the war. H. G. Wells’ War in the Air posited a long
and indecisive “universal guerrilla war” in the air featuring long-range bombers, the
destruction of cities, famine, and mass death, firing popular imagination and fears.® The
emergence of the Zeppelin fleet in Germany seemed to confirm that the bomber, at least a
lighter-than-air version, would soon be able to inflict the horrors envisioned by Wells.’
At the same time, the French, British, and Germans began testing aircraft, bombs, and
bombsights to determine the bomber’s potential utility. Although these first steps yielded
few results, they marked the start of a huge research, development, testing, and
evaluation (RDTE) process for bombing that matured during World War IL®
2.2 Bombing as Artillery: The Effects on BDA Development

During the first year of World War I, bombing operations consisted largely of
haphazard, uncoordinated, and opportunistic attacks by aircrews flying reconnaissance

missions in support of ground forces. These sporadic and uncoordinated attacks

* Meilinger, 10 Propositions Regarding Air Power, 20.

5 The theoretical and practical differences between “strategic” bombing on the one hand, and “tactical”
bombing on the other, are worth defining. Strategic bombing, as it was practiced in embryonic form in
World War I and then more fully in World War II, sought to weaken or undermine the enemy’s war effort
by degrading his war industry, undermining his morale, or both. “Tactical” bombing included attacks on
targets both in and beyond the range of friendly artillery fire. The former is now known as close air support
(air attacks in direct support of friendly ground forces), while the latter is now referred to as battle area
interdiction, which includes attacks on enemy lines of communication, marshalling yards, supply depots,
and even industrial targets, but in support of friendly ground forces during a specific military campaign or
engagement, rather than for independent strategic aims. American and Allied bombing during the St.
Mihiel and Meuse-Argonne offensives fit in the “tactical” category.

SH. G. Wells, The War in the Air (London: Grosset and Dunlap, 1907), 253, 352.

" Lee Kennett, 4 History of Strategic Bombing (New York: Free Press, 1982), 17.

® Ibid., 45. The best account of the development of bombsights is Stephen L. McFarland, America’s
Pursuit of Precision Bombing, 1910-1945 (Washington D.C.: Smithsonian Institution Press, 1995). A
monograph on the development of aerial munitions has yet to be written.
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consisted of lobbing a grenade or a slightly modified artillery projectile over the side of

the aircraft in the hope that it might hit something and cause damage. By November,
reconnaissance aircraft carried one or more small bombs to take advantage of targets of
opportunity.” At year’s end, however, the target-rich environment was replaced by one in
which trenches and dugouts yielded very few opportunities for these amateur “bomber
crews” to practice their new additional duty.

The absence of purpose-built bombers, aircrew navigational skills, effective
bombsights, and reliable munitions, and the lack of an intellectual infrastructure upon
which to base bombing operations, meant that bombing evolved initially through a series
of ad hoc expedients, without any BDA capability beyond what the pilot or observer
managed to see over his shoulder. Only in November 1917 did British bomb squadrons
begin receiving cameras for recording bomb damage, photographic sections for
developing imagery, and intelligence sections to interpret strike photographs as they
sought to assess the effects and effectiveness of bombing raids.”® Even the German
Zeppelin raids on Great Britain and RNAS retaliatory strikes against airship pens,
factories, and repair facilities were carried out with rudimentary tools and an almost
complete lack of any damage-assessment process beyond what the airship and aircraft
crews could actually see while the raids were in progress.'’ In fact, Peter Strasser,
commander of the German Naval Airship Division, recognized the futility of doing

serious material damage, betting instead on causing panic among British civilians, who,

% Lee Kennett, The First Air War, 1914-1918 (New York: Free Press, 1991), 47.

1 George K. Williams, Biplanes and Bombsights: British Bombing in World War I (Maxwell AFB, AL: Air
University Press, 1999), 81-82.

' See AFHRA 512.041-26, Air Ministry, Air Historical Branch 1, The RAF in the Bombing Offensive
against Germany, Vol. 1, Prewar Evolution of Bomber Command, 1917-1939, 1945, 5-8, for a succinct
look at the lack of formal BDA during the first three years of the war.
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he believed, would demand that their government capitulate. This fixation on morale
bombing, which emerged later in Britain, had serious implications for the development of
BDA, including the notion that rigorous damage assessments were unnecessary because
bombs would have serious morale effects wherever they fell and could, on this basis
alone, be expected to compel an enemy to capitulate.'?

However, to say that no true intellectual infrastructure for BDA existed before 1917
is not to say that nothing happened prior to that. The first serious effort to produce
damage assessments occurred in the RNAS during the last three months of 1914. Raids
on the Zeppelin Factory at Friedrichshafen, on Zeppelin sheds at Diisseldorf and
Cologne, and against German naval bases in Belgium made clear the necessity for
developing some means for assessing the effects of these early raids. The RNAS
attempted to address this requirement with the development of a small intelligence
section responsible for producing BDA reports on individual raids and cumulative results
for periods ranging from one to eight months. These assessments relied almost entirely
on aircrew reports, agent reports, and German as well as neutral country newspaper
articles. There were no cameras aboard the aircraft at this stage, nor were their dedicated
reconnaissance sorties for these raids, so neither strike photographs nor reconnaissance
cover existed. For the most part, available sources were sketchy and inaccurate, but there
were notable exceptions, such as the destruction of a Zeppelin and its shed at Diisseldorf

on 8 October 1914, after which the pilot’s report that flames 300 feet high shot up the

2D. H. Robinson, The Zeppelin in Combat: A History of the German Naval Airship Division (Sun Valley,
CA: John W. Caler Publications, 1971), 17, 50. See also AIR 2/123, the report produced as a result of the
interrogation of the crew of Zeppelin L.33. Lt. Ernst W. Schirlitz, second in command of the airship,
admitted that he dropped bombs without consulting a map and without any clear idea about where he was
when he dropped them.
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entire length of the shed was corroborated by reliable agent reports. In another case,

Allied agents intercepted a letter sent from Belgium to Amsterdam in which an individual
with firsthand knowledge of damage to Zeppelin sheds in Belgium described the effects
of RNAS bombing. Nonetheless, dramatic and obvious cases of success, as in the raid
on Diisseldorf, and reliable letters such as the one just described, were exceptions to the
rule during the period prior to 1917. For the most part, the sources RNAS officers relied
upon for BDA inputs were either unreliable or provided limited insights. Truly effective
BDA reports would await the arrival of bombers equipped with cameras for strike
photography, and reconnaissance aircraft to ascertain the results of raids after the fact.!?
RNAS raids continued unabated in 1915, with attacks on the German naval base at
Zeebrugge taking precedence. One of the most striking things about these raids was the
small size of bombs employed, most of which were 20-1b. HE and fragmentation bombs.
The fragile bombing platforms available at the time were incapable of carrying more than
three 100-1b. bombs, which were in any case still uncommon at this point, and in general
carried only three or four 20-Ib. bombs. For the 35 sorties against German naval targets
at Zeebrugge and other bases on 11 and 12 February 1915, RNAS airmen dropped only

3,100 Ibs. of bombs—just over a ton and a half—comprised of thirteen 100-1b. weapons

13 See, for instance, AIR 1/2099/207/20/1, Royal Naval Air Service, “Reports on the Air Attacks on
Diisseldorf and Cologne,” 1¥ September to 31% October, 1914,” 6 November 1914, 15, 31-32. These
reports, which comprised the first formal BDA effort in the history of air warfare, relied entirely on
aircrew and agent reports along with newspaper clippings from German and neutral newspapers. It is also
worth a brief reminder about the fragility of aircraft involved in these early bomber raids. Both of the
RNAS aircraft sent out on the 8 October 1914 mission crashed, but their pilots were uninjured and made it
back to base on foot and by car. The text of the intercepted letter is in ATIR 1/2099/207/20/1, Royal Naval
Air Service, “Report of Damage Done to the Enemy during Operations of the Royal Naval Air Service,
October 1914 to June 1915,” July 1915, 16. It read in part that “...the first bombs dropped on the Evere
[Zeppelin] shed [in Belgium], where two new Zeppelins were destroyed...” A source in Belgium
corroborated this letter in part, claiming that only one Zeppelin L.38 was destroyed, 10 men killed, 15
wounded, and 17 small bombs set on fire. The sources estimated total damage at 5 million Marks.
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and 107 of the 20-Ib. variety. This presented a double problem for RNAS intelligence
officers trying to gauge the effects of these attacks. They had to obtain reliable
information, which was scarce, and then try to determine weapons effects. Nonetheless,
RNAS intelligence officers gradually came to realize that 20-1b. bombs did no damage
worthy of the name, while the 100-Ib. variety, though much more destructive, had clear
limitations when dropped on hardened targets such as U-boat anchorages.™

As the RNAS bombing offensive developed in 1915, the French air service and the
British Army’s Royal Flying Corps (RFC, which did not become the independent RAF
until 1 April 1918) developéd formal bombing directives. These, however, were short on
details about navigating to the target, weapons delivery, or damage assessment. The
British directive, for instance, simply recommended that aircrews release their bombs at
500 feet or less of altitude, which would help them place their bombs within 50 yards of
the target. The French version emphasized practice with dummy bombs and promised an
effective bombsight would soon be available. Both documents recommended several
targets suitable for aerial bombardment, most of which were beyond the range of friendly
artillery. The most prominent included artillery batteries, airfields, road and rail lines of
communication, trains, barracks, supply depots, and, later in the war, enemy industry."®

The Battle of Loos in September 1915 marked the first point at which purpose-built

British bombers with specially-designed bombsights and munitions, under centralized

" For details on the raids of 11-12 February 1915, see AIR 1/2099/207/20/1, Royal Naval Air Service,
“Reports of Air Attacks on Zeebrugge-Ostend District, 11%, 12%, and 16" February, 1915,” May 1915, 3-5.
15 Instruction sur ’organisation et I’emploi des groupes des bombardement, Feb. 1, 1915, referenced in
Kennett, The First Air War, 48; “Bomb Dropping Attacks,” Feb. 1915, referenced in Richard J. Overy,
“Strategic Bombardment before 1939: Doctrine, Planning, and Operations,” in R. Cargill Hall, ed., Case
Studies in Strategic Bombardment (Washington D.C.: Air Force History and Museums Programs, 1998),
14,
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control, attacked German targets beyond the range of artillery. However, the first formal

RFC BDA report on record, comprised entirely of pilots’ reports, recorded the results of
seven sorties flown in May 1915—four months earlier. Despite the poor bombing results
recorded in this report, the RFC was now in the BDA business and developed
increasingly sophisticated damage assessments between 1915 and 1917.® However,
bombers continued to receive lower priority than fighters until the end of the war. In
November 1918, of the 1,659 British aircraft on the Western Front, only 401, or 24
percent, were bombers. Of these, 371 were single-engine models with limited range and
small bomb loads, making them inadequate for long-range bombing " Bomb tonnage
dropped by British bombers reflected this minor effort, with 5.5 tons dropped during the
Battle of Loos, compared to 420 tons in March 1918, and 948 tons in August 191 8.18

The fact that targets listed in British (and later American) directives were mostly
beyond the range of artillery but directly related to the ground war provides a crucial
reminder that senior officers viewed bombers as extensions of artillery. This would have
major ramifications for bombing and BDA, which evolved from the assessment tools
developed by and for artillerymen to determine damage done to enemy positions.
Consequently, to understand the evolution of BDA World War I, we must look first at the

role of artillery and its interaction with observation and spotting aircraft.

16 Sir W. Raleigh and H. A. Jones, The War in the Air, (London, 1922-1937),Vol. 2, 117-118, 131-134,
The BDA report, at AIR 1/2266/209/70/18, is entitled “Report on bomb dropping carried out by the Royal
Flying Corps between 4 a.m. and 5 a.m. today,” Royal Flying Corps, 9 May 1915. None of the seven
sorties scored direct hits, but according to the pilots, two were near misses. Given the propensity among
aircrews, who were passing over the target quickly and often in the midst of an adrenaline rush as enemy
antiaircraft artillery (AAA) and machine guns sought to bring them down, to exaggerate their bombing
{)erformance, it appears as though all seven missions failed to do any serious damage.

7 Raleigh and Jones, The War in the Air, Vol. 4, Appendix XXVI; Vol. 2, 181-183 and Appendix VI.

18 1bid., Vol. 2, 133 and Vol. 4, 491. The greatest bomb weight dropped in a 24-hour period was 50 tons.
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There is abundant evidence to suggest that senior officers viewed bombers as
extensions of field artillery and looked askance at suggestions that they be employed in
independent bombing campaigns. By mid-1915, despite the emergence of the first
bombing directives, the British Army’s official position on bombers was that “aerial

»1% The French arrived at similar

attack has not proved to be a serious operation of war.
conclusions. Consequently, Allied commanders, “disenchanted with bombing attacks far
from the front line, gave priority to direct support on the Western Front.”* In November
1916, Sir Douglas Haig, the senior British commander, told the War Office, “Long-range
bombing as a means of defeating the enemy is entirely secondary... its results are
comparatively unimportant.”* Yet in the years prior to these developments, bombers had
already become an extension of artillery, striking tactical targets both within and beyond
the range of friendly artillery, and it was here that the BDA process had its birth.”

The idea of bombers as extensions of field artillery was well developed by the
~ summer of 1917 and continued to exert a major influence on air operations for the rest of

the war. Even with the renewed interest in bombers after the German bombing raids,

strategic operations took a back seat to more traditional uses. The RFC statement of

1 Raleigh and Jones, The War in the Air, Vol. 2, 426-451.

20 Overy, “Strategic Bombardment,” 15.

2l Gen Sir Douglas Haig to War Office, Nov 1, 1916, Documents Relating to the Naval Air Service, 2 vols.
(London: 1969), Vol. 1, 405-407. Cited in Overy, “Strategic Bombardment,” Pages 336-337 of the same
report recorded Lord Derby’s hostile view of bombing in comments to the Joint Air War Committee on
March 31, 1916: “Opinion has been misled by the air raids against towns, munitions factories, aerodromes,
etc., which are really secondary operations...” Strategic bombardment was later “rescued” from decline
after the German summer 1917 bombing offensive, which led directly to the Smuts Report, an independent
RAF, and a quasi-strategic bombing campaign by the British Independent Force (IF), commanded by
Major-General Hugh Trenchard. Details follow later in this chapter.

2 One of the conundrums raised by the employment of bombers as long-range artillery platforms was their
much-inferior accuracy when compared to artillery. Bombers carried increasingly large bombs, which in
part made up for this disparity, but it was only with the development of crude but effective bombsights after
1917 that aircraft became a potent bombardment threat beyond the range of friendly artillery.

53




duties for bombing squadrons included a requirement “to undertake long range offensive

operations against Military or National objectives,” but this was at the bottom of the list
after “fighting in the air,” “reconnaissance,” and “bombing in connection with military
operations.”23 This decision to give bombing in support of ground forces priority over
strategic bombing reflects the overriding focus on the ground war, technological
limitations that made strategic bombing appear ineffective and wasteful of scarce
resources, and a predisposition throughout the war to treat bombers as mobile artillery.
American senior officers adopted the British view of bombers as extensions of field
artillery. In his post-Armistice final report, Brigadier General Benjamin Foulois
characterized Day Bombardment squadrons as “tactical aviation” assets, explicitly
“leaving the strategical Air Service units until such time as the personnel and materiel
become available.” In fact, Fulois went so far as to change the name of Lt Col Edgar S.
Gorrell’s embryonic “Strategical Section” to “GHQ Air Service Reserve”l in the summer
of 1918 to drive home the point that all air units, including bomb squadrons, would be
“synchronized and coordinated with the missions of the entire AEF.” In other words,
aerial bombardment’s first purpose was support of the ground war, not a strategic
campaign against German industry.?* Consequently, even in the Meuse-Argonne
offensive, the beginning of the last great Allied push in October 1918, bombers were
viewed as highly mobile artillery, and the BDA techniques used to judge effectiveness

came directly from the process for determining the effectiveness of artillery barrages.

2 Neville Jones, The Origins of Strategic Bombing (London: William Kimber, 1973), 94.
2 George K. Williams, “’The Shank of the Drill’: Americans and Strategical Aviation in the Great War,”
The Journal of Strategic Studies, 19:3 (Sept. 1996), 409.
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The evidence for this close tie between artillery barrages, aerial bombardment, and
BDA is abundant. It appears as though employment of bombers as long-range artillery in
the American Air Service came from observing the British and French experience as well
as from a French bombing document, which AEF staff officers had copied.”” The “Final
Report of Chief of Air Service” notes that deep reconnaissance missions were first and
foremost designed to collect information on the effects of friendly artillery fire.?® In
September 1917, Major Edgar S. Gorrell, who at the time was Chief, Strategical
[Bombing] Section, Zone of the Advance, produced a staff paper focused on munitions
for bombers. Significantly, he dwelt almost entirely on smaller bombs (20-50 pounds)
for use against ground forces and field emplacements. The fact that the chief of the
strategic aviation effort was spending his time writing staff papers about munitions used
for tactical bombing of enemy ground forces is highly significant and indicative of the
American and Allied focus on aircraft as artillery platforms.?’

The Americans learned their artillery damage assessment techniques from the British
and French, both of whom honed these skills in preceding years. For the St. Mihiel
offensive, the primary mission of bombers was “to destroy and harass the rear areas of
the battlefield, and to attack military and industrial objectives beyond the range of

artillery.”*®

The emphasis was clearly on aircraft as tactical bombardment platforms and
extensions of the American artillery barrage. A May 1918 GHQ Instruction on aerial

observation for artillery noted that “among the duties assigned to observation squadrons

2 Ibid., 412-413.

26 “Final Report of Chief of Air Service, A.E.F.,” in Maurer Maurer, ed. (referred to after this as MM), The
U.S. Air Service in World War I (Washington D.C.: Office of Air Force History, 1978), Vol. 1, 41.

27 AFHRA 248.222-100, Major Edgar S. Gorrell, “General Remarks on Bombing,” 27 September 1917, 1.
28 HQ Chief of Air Service, 1% Army, Circular No. 1, “Day Bombardment,” 19 August 1918, in MM, Vol.
3, 44.

55



are the observation of precision fire for effect and...at the same time, reconnaissance and

photography, to determine the effect produced.”” The instruction continued with a
reminder that “all aerial observers...cooperate in obtaining information. This
information is collected in each air unit by the intelligence officer attached, who
communicates it at once to the Intelligence Section and the artillery information

30 The Air Service report on the Meuse-Argonne offensive also said “the

officer.
artillery objectives for the first part of the offensive...were...photographed both before
and after firing,” indicating the importance of obtaining useful photointelligence for
construction of artillery and bomb damage assessments.>! This photointelligence gave
branch intelligence officers the data they needed to assess damage done to enemy units.
Once they had produced damage assessments for their squadrons’ sectors, they sent
copies to the group and wing levels, where additional intelligence was added and the
report forwarded to G-2 (Intelligence Directorate) at GHQ AEF.

The second purpose of this intelligence, once in the hands of the branch intelligence
officer, was the provision of rapid (later known as first-phase) and fused intelligence
reports containing photointelligence, sketches, and POW reports, to the artillery

information officer and to higher echelons of command. The artillery officer used these

reports to coordinate artillery and air attacks with specific field artillery units and bomb

% Because aircraft assigned to observation squadrons flew both observation and reconnaissance missions, a
brief word is in order to differentiate the two. Observation missions generally involved observing the
effects of friendly artillery fire and spotting (providing corrections) for it. Reconnaissance involved flying
over the trenches or behind the lines to detect enemy troop movements and building or digging activities.
Because observation aircraft were perennially in short supply, ground commanders very rarely allowed
them to conduct post-strike reconnaissance for bombing missions, which they generally viewed as a waste
of effort. References in this study to observation units will always use the term “observation” rather than
“reconnaissance” since the latter was used to describe a mission or activity rather than a flying unit.

** GHQ AEF, “Aerial Observation for Artillery,” May 1918, in MM, Vol. 2, 181, 183.

31 «“A Tactical History of the Air Service AEF,” in MM, Vol. 1, 275.
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squadrons. These reports became “the basis for rough sketches in the air unit, provisional
interpretation in the army corps, and subsequent incorporation in the battle maps. The
destruction maps are also made up from them.”*?

These references to battle maps and destruction maps are crucial because they
indicate a direct tie between artillery damage assessments and BDA and indeed a fusion
of artillery and bomb damage reporting into common intelligence products. Battle maps,
produced at corps and army headquarters, provided a graphic representation of the front,
including enemy trenches and artillery positions. The destruction maps, crucial for their
relationship to BDA, were compilations of the effects of artillery and air attacks on
enemy units and emplacements, with special attention given to the destruction of enemy
artillery positions. To use a term that came into use in World War II, the destruction
maps were the artillery version of “bomb plots” used by photointerpreters to assess bomb
damage. A postwar Army report summed up this relationship between intelligence and
artillery: “The artillery information service and G-2 have always cooperated and, as
experience was gained, this cooperation became increasingly beneficial.”*

The development of ideas and doctrine for bombing in 1914-18 represented what
might be described as a nonlinear evolution. Initially, bombers evolved as long-range,
highly-mobile artillery, a function they have retained in the close-air-support and battle-

area interdiction roles. This changed in 1917-18, as the Germans and British bombed

each other’s cities, and as the British and Americans began employing bombers against

32 GHQ AEF, “Aerial Observation for Artillery,” May 1918, in MM, Vol. 2, 182.

3% Historical Division, Department of the Army, Washington D.C., 1948, The United States Army in the
World War 1917-1919, Reports of the Commander-in-Chief, A.E.F., Staff Sections and Services, Part II
(Vol. 13): (Brigadier General D. E. Nolan, G-2, G.S.), 11.
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“deep” targets such as marshalling yards, airdromes, supply depots, and factories. These

new forms of bombing were forerunners of what came to be called strategic bombing
during World War II. They required new technicians, analytical tools, and techniques to
determine bombing’s effects and effectiveness. The key result of this development was
the birth of BDA as a systematic and distinct intelligence discipline.
2.3 BDA and the First British Strategic Bombing Campaign

The first bombing campaign that can be considered strategic in its aims occurred in
1916, when the RNAS and French Army bomber squadrons engaged in a minor effort to
impede the German war effort by attacking industrial targets and drawing fighters from
the front lines to protect German industry. This air offensive was hampered by a severe
shortage of pilots and machines, and by the continued absence of onboard cameras for
strike photos.** The only bright spot was the attention the French air staff gave to target
selection and BDA. French staff planners, in conjunction with their British counterparts,
developed a list of targets, including steel furnaces and arms plants, according to their
importance in supporting the German war effort. They then ascertained whether each
objective was in range and vulnerable to air attack. Finally, they assigned an order of
priority based on the feasibility of damaging or destroying each target.*> However, this

first effort at systematic targeting for a bombing campaign is a key reminder that target

* See AIR 1/2266/209/70/18, Admiralty, M.O.1.c, “Notes on Report of Bombing Operations of No. 3
Wing R.N.A.S. in France during Winter 1916/1917,” 15 October 1917, 1-2. At the height of this air
offensive, No. 3 Wing, RNAS (also referred to as the “Luxeuil Wing” in reference to the location of its
home airfield), had on average only 43 pilots each month to fly 74 available aircraft.

35 AIR 1/508/16/3/52, “Report of Aviation Conference,” 4 July 1916. This priority-ordered target list
stands in stark contrast to British target lists late in the war, when Trenchard commanded the RAF’s
Independent Force (IF). His target lists were not priority-ordered, nor were they based on any systematic
methodology or target-systems approach. Trenchard’s preoccupation with morale effects was at the heart
of this problem.
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selection is only half of the equation; the other half is being able to judge bombing effects
and effectiveness. The British and French were not prepared to do this in 1916.

The campaign began in summer 1916 and deteriorated rapidly due to high losses,
aircraft shortages, and bad weather.*® One of the biggest problems was the inability to
get reliable damage reports. When bombers attacked enemy troop concentrations or
artillery near the front, they usually did so in conjunction with friendly artillery barrages,
and the results showed up on reconnaissance photos taken of the effects of artillery on the
enemy’s positions, even if the craters made by bombs were difficult to distinguish from
those made by artillery. However, once the Allies began bombing targets beyond the
range of artillery, as during this effort, they had to rely on aircrew observations since
ground commanders, who at this point had tasking authority over observation squadrons,
very rarely allocated their scarce reconnaissance assets to independent bombing missions,
which most of them considered a waste of effort. The results for BDA were predictable:
Intelligence officers relied on aircrew reports until November 1917, when one British
bomber per squadron began carrying a camera to record bombing results.?’

A British raid by No. 3 Wing of the RNAS on the Mauser arms factory at Oberndorf
on 12 October 1916 was typical of BDA shortfalls during this bombing campaign.

Aircrews briefed “unreported results” after the mission, British and German

3 AIR 1/2266/209/70/18, Admiralty, M.O.1.c, “Notes on Report of Bombing Operations of No. 3 Wing
R.N.A.S. in France during Winter 1916/1917,” 15 October 1917, 1-2. No. 3 Squadron carried out only 13
raids from July 1916 to April 1917, with an average of 1.8 effective flights per aircraft during the entire
campaign. Aircrews dropped a total of 14.5 tons of bombs, with the average aircraft dropping 236 pounds
of bombs during the entire campaign. These figures demonstrate how difficult it was for the rudimentary
bombers employed in this campaign to operate effectively in view of weather, maintenance problems, and
the severe pilot shortage mentioned in note 34.

'BDA reports from Lieutenant Colonel C. L. N. Newall, Commander, 41* Wing, RFC, are the first to note
specifically that aircraft participating in the raids had cameras aboard for obtaining strike photographs.
See, for instance, AIR 1/2266/209/70/18, “Detailed Report on Bomb Raid Carried Out during the Day—6™
December 1917,” which notes that “A total of 38 plates were exposed, the results of which are good.”
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communiqués and press reports were at odds with one another with regard to damage
done to the target, and no post-strike aerial reconnaissance was ordered as a result of
bombing’s low priority. The only bright spot in this particular case was a report provided
by an escaped French prisoner of war who was working at the plant during the British
raid, in which he stated that damage to the factory was “much more considerable than
first reported, [and] the new Works which prisoners were building suffering severely.”
On the down side, he noted that several of the bombers involved in the raid missed the
plant altogether, dropping their bombs on factories in adjacent towns.*® Aircrews also
claimed “direct hits on the blast furnaces” during a raid on the Thyssen steel works at
Hagendingen during the same month, a claim corroborated by French intelligence
sources. In fact, three of the five blast furnaces had been destroyed in this unusually
effective raid.*® On November 10 and 11, bombers attacked the iron works at Vlkingen,
again claiming direct hits. Once again, French intelligence sources claimed that serious
damage was done by the raids, but the absence of post-strike photography and trained
photointerpreters to determine the extent of the damage meant BDA was essentially
inspired guesswork based on often-exaggerated aircrew and agent reports.*® This
tendency to overstate results had its genesis in three problems alluded to earlier: a lack of
cameras on bombers to collect strike photos, a lack of reconnaissance aircraft to collect

post-strike BDA, and the small and ineffective bombs then available. It was only after

38 These reports are all in AIR 1/111/15/39/1 and were produced between 12 and 21 October 1916. The
French PW’s report is in AIR 1/2266/209/70/18, “Summary of Raids Carried Out by No. 3 Wing,
R.N.A.S., between 30" July 1916 and 14® April 1917,” Summary No. 2.

% Ibid., reports produced between 23 October and 6 December 1916. The French intelligence report, which
was probably based on information from an agent, is in AIR 1/2266/209/70/18, “Summary of Raids Carried
Out by No. 3 Wing, RN.A.S., between 30" July 1916 and 14 April 1917,” Summary No. 3.

40 The French intelligence report is in AIR 1/2266/209/70/18, “Summary of Raids Carried Out by No. 3
Wing, R.N.A.S., between 30” July 1916 and 14™ April 1917,” Summaries No. 4 and 5.
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the war, as a result of data gathered by British and American postwar bombing surveys,
that it became clear how badly most wartime BDA reports overstated damage.

For instance, although the postwar surveys indicate that British bombing caused a
shortfall in steel production of 1,714 tons at Volkingen in November 1916, and damages
totaling 42,000 marks, the effect on the plant’s war production was minor, and the impact
on the German war economy negligible. In addition, it only became clear after the war
that the Germans had built concrete walls between each piece of equipment in the factory
and a concrete false ceiling over the main building. Bombs had to get through the false
ceiling without exploding prematurely—which most did not—and even then were able to
destroy only a single piece of machinery even with a direct hit, due to the small size of
bombs and excellent German protective measures. These would have been spotted by
British photointerpreters during World War II but were impossible to find in 1916 due to
the lack of cameras on bombers, a scarcity of reconnaissance assets, and the poor quality
of cameras and photographic paper in 1916.*! Consequently, as one scholar has noted,

the means for estimating material damage and morale effect during hostilities were

necessarily fragmentary and often contradictory. The indicators needed to evaluate
the campaign’s effectiveness were largely unavailable to the Allied air staffs.

Without the required indicators, such as post-strike photographs and access to enemy

industrial records, British and French planners had to rely upon available indicators

(aircrew observations, captured letters, agents’ reports, and articles/editorials in

German periodicals) to judge the results of bombing. ..**

Of course, aircrew reports tended to be inflated and fragmentary, while captured

letters, agents’ reports, and articles from German periodicals provided only occasional

' American postwar bombing survey, in MM, Vol. 4, 441-444. The quality of aerial photographs was a
crucial factor in limiting BDA effectiveness during World War I because the granularity of existing
photographic paper was too large until nearly the end of the war. The development of silver-mercury-based
paper by the Kodak Company allowed for much-improved aerial photographs.

2 Williams, Biplanes and Bombsights, 15-16.
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(and often purpqsely misleading) insights. Although strike photos of bombing raids
became more widely available once the British and Americans began putting cameras on
their bombers in the fall of 1917, a scarcity of reconnaissance aircraft for post-strike
missions persisted until the end of the war. This first strategic bombing effort did not
have the desired effects of reducing German war production appreciably and forcing the
Germans to redeploy large numbers of fighters, nor would the British have been able to
make an educated assessment either way given the shortage of BDA assets.*

The poor results of this effort, combined with a dramatic series of changes in the air
situation that included the arrival of new German fighters and the British loss of air
superiority along most of the front, led British policymakers and military leaders to call it
off at the end of March 1917. No. 3 Wing was then disbanded in May. Field Marshal Sir
Douglas Haig played a crucial role in this process, and among the after-action reports
produced for this air offensive was the conclusion that “long-distance bombing as a
means of defeating the enemy is entirely secondary to...[Army] requirements: its success
is far more doubtful and, even when successful, both theory and practice go to show that

" This state of affairs might have

usually its results are comparatively unimportant
persisted until the end of the war had the Germans not engaged in their own bombing
campaign against Britain, creating popular demand for a renewed bombing of Germany.
2.4 German Bombing, the Smuts Report, and the Creation of the RAF and IF

The British bombing effort, well on its way to oblivion in the summer of 1917,

received a new lease on life when German Gotha and Giant bomber raids on England

# AIR 2/123, memo, Lord George Nathaniel Curzon [in his capacity as chairman of the Air Board] to War
Committee, 9 November 1916.
“ Raleigh and Jones, The War in the Air, Vol. 6, 122.
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drove the British public to demand reprisal bombing of Germany. As one author notes,
“the raids had an impact disproportionate to the bomb load they carried,” which totaled
7.5 tons.* There was no panic, but there was anger, and Parliament sought to address the
public’s grievances. The German raids sparked a renewed interest in bombing as a
retaliatory and strategic weapon. Lord George Curzon, head of the British Air Board
established in the wake of the German attacks, told the War Cabinet that “we do not
recede from the view that a long-range offensive is in itself a most desirable thing and
should be systematically pursued when the force is available for the purpose.”46 The
results of German bombing, based on recommendations in the Smuts Report, included
significant changes in air organization and the birth of the RAF on 1 April 1918.%

The Smuts Report called for the creation of a bombing wing, under independent field
command, to carry out reprisal and strategic attacks. Although strategic attacks proved to
be the exception rather than the rule, the Independent Force (IF) and its predecessors, the
41* Wing and 8™ Brigade, began bombing raids against German industrial and urban
targets in October 1917. From its moribund state after the failure of the combined
RNAS-French bombing campaign in 1916-17, strategic bombing as a concept and an
operational reality rose like a phoenix from its own ashes to play a modest but increasing
role in the war’s final campaigns. Despite its billing as a “strategic” bombing campaign,

the effort was largely tactical in nature, due to the fact that Major-General Trenchard,

* Tami Davis Biddle, Rhetoric and Reality in Air Warfare: The Evolution of British and American Ideas
About Strategic Bombing, 1914-1945 (Princeton, NJ: Princeton University Press, 2002), 30.

4 Memo, Lord Curzon for the War Committee, “Long-range Bombing Operations by Aircraft,” November
9, 1916, Documents Relating to the Naval Air Service, 2 vols. (London: 1969), Vol. 1, 420.

41 Biddle, Rhetoric and Reality, 30-32. The Smuts Report was named for Jan Smuts, South African soldier
and statesman, who chaired the board, convened in response to the German bombing, which called for
creation of the RAF.
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General Officer Commanding, IF, focused on airdromes and marshalling yards, which he

saw as more valuable targets than German industry. Given the limited capabilities of
bombers at the time, Trenchard may have been right. Unfortunately, he also showed a
disregard for BDA, choosing to focus on morale effects. His assertion, that “the moral

17 simply

effect of bombing stands undoubtedly to the material in proportion of 20 to
had no basis in fact. It was a myth the Air Ministry perpetuated after the war, with
serious consequences for the subsequent development of bombing doctrine and BDA.
British bombing began again with deployment of 41 Wing in October 1917 and
continued after the unit was renamed the 8" Brigade in February 1918 and then
subsumed within the IF in June 1918. The purpose was twofold: reprisals for German
bombing of Britain and a vaguely-defined “strategic” air campaign to undermine German
workers’ morale and thereby cause a collapse in the German war effort. Brigadier
General Cyril Newall, the 41* Wing commander, proposed attacking vital industries
systematically as more bombers became available, and the Air Ministry agreed.” As will
become clear later, however, Trenchard had other ideas about proper employment of the
IF. In any case, the reemergence of British bombing drove the development of a
rudimentary intellectual infrastructure for BDA by the closing months of 1917.
2.5 The Development of an Intellectual Infrastructure for BDA

The most important results of the “Gotha Summer” for the development of BDA

have to do with the realization that a sustained bombing campaign, regardless of its focus,

8 AIR 6/19, Major General Hugh M. Trenchard, Dispatch, Dec. 12, 1918; and Dispatch, Jan. 1, 1919,
reprinted in Aeroplane, 8 January 1919, 129-131.

* AIR 1/460/15/312/101, “The Scientific and Methodical Attack of Vital Industries,” 27 May 1918, 5;
Williams, Biplanes and Bombsights, 35. Newall’s plan was based on an earlier one developed by Major
Lord Tiverton, which receives detailed attention later in this chapter and in the next chapter.
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would require at least a basic ability to assess its effects and effectiveness over time.
Consequently, the British established intelligence and photographic sections in their
bomber units in the autumn of 1917, an effort the Americans copied. These capabilities
interacted with the formation of British and American air staffs, training for intelligence
and photographic officers, and new technologies to produce a nascent BDA intellectual
infrastructure by 1918. The technological aspects of this process were already evolving.
2.51 Technological Advances

The key technologies included reconnaissance aircraft, cameras, and facilities for the
rapid development of photographs; and optical devices for viewing the photos. They
were put to use by a new breed of airmen, including photographic and air intelligence
officers to develop and interpret photos, fuse the insights thus gleaned with intelligence
from other sources, and produce “raid reports” for aircrews and senior officers who
required them to plan, execute, and assess bombing raids. By the fall of 1917, the major
belligerents on the Western Front were taking over 8,000 pictures daily, many of which
were used to conduct artillery damage assessment and BDA. As better pursuit aircraft
drove reconnaissance aircraft to higher altitudes, a reciprocal process developed in which
higher operational altitudes forced the development of improved cameras, better film, and
bromide photographic paper with superior granularity (smaller grains allowed for higher-
resolution photographs). Frigid temperatures also drove development of electric and
engine-exhaust heating systems to keep cameras, plates, and film from freezing.*®

Cameras, though increasingly capable as the war continued, remained large,

cumbersome, and labor-intensive. Camera lenses ranged in size from 8.5 to 40 inches of

%0 Stanley, World War II Photo Intelligence, 26.
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focal length, with the 20-inch lens becoming most popular by 1916. British and French
cameras produced negatives of 4-by-5 inches and 7x9.5 inches, used plates rather than
film (a drawback in terms of numbers of exposures per mission and weight of the camera,
but advantageous for yielding more detailed images), required manual operation (unlike
German cameras after 1916, which were automatic and used film), and were either hand-
held or attached to the side of the aircraft. The heavier and more labor-intensive Allied
cameras also required bigger aircraft with two-man crews.>!

The fact that the bombers themselves lacked cameras to record the results of
missions in progress also indicated the minor emphasis on BDA until the British began
equipping a small percentage of their bombers with cameras in November 1917 to record
mission results during bombing raids.’> As late as September 1918, an American
Expeditionary Forces (AEF) telegram reminded the Army’s assistant chief of supply that
all observation aircraft should be equipped with cameras for vertical and oblique
photography, and radios for tactical communications.> Days later another plaintive
telegram said, “it is absolutely necessary that fifteen percent of all observation planes and
five percent of all bombing planes delivered to the ZOA [zone of operations] should be
equipped for photography,” a clear indication of aerial photography’s importance and the
scarcity of aircrafti—especially bombers—equipped with cameras.>*

By late 1917 the American photographic effort, modeled on the British, was well

advanced. Photographic matters came under the purview of the Photographic Section of

*1 Ibid., 26-29.

52 AIR 1/2266/209/70/18, Capt Elder; AIR 1/2104/207/36, “Results of Air Raids on Germany Carried Out
by the 8" Brigade and the Independent Force, RAF, January 1-November 11, 1918.”

5> AFHRA 167.403-183, Cable, Foulois to Asst. Chief of Supply Section, 13 September 1918.

% AFHRA 167.403-214, Cable, Foulois to Asst. Chief of Supply Section, 19 September 1918.
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the Air Service. The attention given to aerial photography had its genesis in
Congressional hearings on military funds in January 1917, during which an Air Service
officer emphasized that cameras were of crucial importance to flying operations and
should be standard equipment iﬁ all aircraft groups and squadrons, noting in particular
their roles in reconnaissance and fire control. Despite the high priority it received, the
Photographic Section faced many challenges, including too few trained officers and low-
quality bromide paper and plates. The paper problem was particularly serious because
supplies available in Europe were of low quality and produced very granular
photographs. American ingenuity came to the rescue, however, when the Eastman
Kodak Company opened a bromide paper factory in Paris in late 1917. As a result, the
quality of photographs showed “an improvement of at least 50 percent.””’

In April 1918, the Photographic Section also developed a standardized equipment list
for all photographic sections assigned to headquarters and flying units. This allowed for
rapid supply and re-supply of cameras and photographic materials. It also facilitated the
purchase of improved equipment, including the French-built De Ram automatic plate
camera, which went into service with U.S. forces in August 1917. It allowed for a great
increase in the number of usable images taken during a single mission because its 50
plates moved automatically each time the camera’s automatic shutter snapped a picture.
This allowed observers to look for landmarks and enemy aircraft rather than changing
each plate manually. The creation of an inter-Allied board for photographic matters

helped the Americans to overcome equipment shortages by late 1917. A key example

55 “Final Report of the Chief of Air Service, AFE,” in MM, Vol. 1, 59, 63, 151; “Funds for Fiscal Year
1918,” in MM, Vol. 2, 97-99,

67




was the board’s request that the French Service Geographique produce enough camera

lenses for French and American units, a request the office honored.*®

As photographic equipment improved, so did bombs, which by definition played a
central role in BDA and MEA. In fact, bombs, cameras, and the other technologies
related to the BDA process became integral parts of a self-reinforcing targeting-bombing-
assessment feedback loop in which intelligence officers and aircrews incorporated
lessons learned in previous missions, and also from the RDTE process for bombs and
related hardware, into BDA for recent missions. Consequently, it is impossible to discuss
the evolution of BDA without looking at the other key components of the BDA process:
bombs, fuses, bomb release mechanisms, and borﬂbsights.

Initially, state arsenals had no purpose-built bombs, but they did have huge numbers
of artillery shells in the 75 to 120 mm range, many of which they turned into ad hoc
aerial munitions by adding tail fins. Private manufacturers actually took the lead,
designing and producing the first purpose-built bombs just before the war began.’’ Most
early bombs were small, weighing between 20 and 110 pounds, and had primitive fuses
prone to malfunction. The results, as early MEA efforts confirmed in 1915-16, were
inadequate destructive power, poor ballistic qualities (hence poor accuracy), and high
malfunction rates. Even direct hits, when they did occur, tended to do little damage,
especially to large buildings made of brick or concrete.

British efforts to determine munitions effectiveness received their greatest impetus

from German bombing raids against Britain in 1917, which spurred British intelligence

56 “Final Report of the Chief of Air Service, AFE,” in MM, Vol. 1, 151-154.
57 Kennett, The First Air War, 47.
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and ordnance officers to look at the effects of German bombs for the purpose of

improving their own munitions. The largest German high-explosive bomb, which
weighed 300 kg. (660 Ibs.), did severe damage to concrete and brick structures. One of
these weapons destroyed a two-storey shop and four houses, blew in the front walls and
tore the roofs off of five houses across the street, and caused severe damage to the roofs
and glass of all structures within 150 yards. Another penetrated the roof of a four-storey
building, detonated at ground level, and destroyed it entirely. These large bombs
produced craters 30 feet in diameter and 15 feet in depth.”®

The report also noted the inferior results produced by 100-kg. (220-1b.) high-
explosive bombs dropped during the same series of raids. One such bomb fell directly
adjacent to a railway line built on brick arches and blew out 42 feet of the retaining wall
next to the arches but failed to do any damage to the arches or the tracks. Two‘ other
bombs fell on row houses and destroyed only the houses they hit and those immediately
adjacent. The effect on multistory buildings was also noticeably less: a bomb dropped on
a six-storey building destroyed the top two floors and damaged the third, but the bottom
half of the building was untouched.”® The lessons of this MEA were clear: For attacks on
industrial or urban targets, larger bombs caused much greater damage. In fact, the
damage was well out of proportion to the size differential. %

The British postwar bombing survey substantiated these insights. Records of an
attack on the Thyssen steel furnaces demonstrate how post-strike assessments, based on

aircrew reports, differed from German damage reports on the same targets. German

8 AFHRA 248.6282-7A, “Report on Bombs Dropped in the Metropolitan Area,” no author listed, 1 June
1918, 1.

* Ibid., 2.

80 In other words, the larger bombs were more effective pound for pound than smaller munitions.
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reports showed accurate bombing in this case but also emphasized the minor damage

caused by the 30-kg. (66-1b.) bombs the British dropped on the facility. In fact, the
German reports note how ineffective small bombs (60-kg. [112-1b.] or smaller) were
against heavy machinery. Even if they penetrated the ceiling and scored a direct hit on
machinery, they damaged it only slightly. The Germans also observed that 25 percent of
bombs dropped on this target were duds, about the average for this period.61

By the autumn of 1917, British and American airmen were calling for larger bombs.
In fact, RNAS Raid Summaries indicate that airmen were already making the move to
larger weapons between the fall of 1916 and the summer of 1917. RNAS bombers
dropped 700 bombs between 10 and 28 November 1916. Of these, 503 were either 22-1b.
or 16-1b. weapons, which in most cases did little or no appreciable damage. Of the
remainder, 172 were 65-1b. bombs and another 24 were 100-1b. weapons. Only one 520-
1b. bomb was dropped during this period. This contrasted markedly with the 244 bombs
dropped between 13 and 22 July 1917, which included one 550-1b. and two 520-Ib.
bombs. Another 141 were 112-1b. weapons, and 53 were of the 65-1b. variety. Only 12
16-1b. bombs were dropped, and no 22-1b. weapons at all. The shift to larger bombs was
rapid after the summer of 1916, in the RNAS and RFC/RAF, as a four-way interaction
developed between Allied aircrews, who sought larger weapons as the ineffectiveness of
small ones became evident; the Germans, who built increasingly hardened installations as
the war progressed; aircraft and bomb manufacturers, who sought to provide aircraft with

larger payloads and bigger bombs to attack these installations; and the Air Board, the

¢! American postwar bombing survey, in MM, Vol. 4, 386-387; AIR 1/111/15/39/1, Official Raid Reports;
AIR 1/1998/204/273/266, Major H. Paul, RAF in the field, to Air Ministry, “Reports as to the Effect of
Various Types of Bombs on Buildings, Streets, etc., and General Conclusions,” 26 February 1919.
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Bombing Committee, the Admiralty, and (after 1 April 1918) the Air Ministry, all of
which recognized the need for bigger bombs, better fuses, and bomb-dropping
mechanisms to handle larger weapons.62

In response to entreaties from airmen, the Bombing Committee, responsible for
development of improved munitions, sought a doubling in the production of 230-1b.
bombs because the new Handley Page 0/400 bomber was able to carry eight of them. For
comparative purposes, the DH-9 bomber, the mainstay of the force in the fall of 1917,
carried only two. The committee also called for an increase in the production of 112-Ib.
bombs from 10,000 to 12,000 per week. A few weeks later, the committee asked the Air
Board to purchase 1,000 each of the experimental 1,650-1b. and 700-1b. bombs, both of
which were designed to knock out hardened structures such as factories and U-boat
berths. A bomber pilot who dropped one of the first 700-1b. bombs was awed by its
destructive power, saying it had caused four- and five-storey houses “to disappear
entirely.” Topping off this interest in larger bombs was an initiative to introduce long-
delay fuses, which allowed bombs to explode anywhere from several hours to several
days after they were dropped, to interfere with German debris-clearance and repairs.®

Similarly, the officers and men of the Bomb Unit, Engineering Branch, U.S. Army

Ordnance Department, were responsible for turning such requirements into improved

62 AIR 1/271/15/226/118, RNAS Raid Summaries for 10-28 November 1916 and 13-22 July 1917,

AIR 1/343/15/226/282, “Report of the Effect of Bombing by the Late Royal Naval Air Service and 5%
Group Units with Relation to Enemy Submarine Activity on the Belgian Coast,” Appendix 1, November
1918, makes clear the interaction between German efforts to improve their U-boat shelters at Bruges and
Zeebrugge and the RNAS shift to larger bombs. This interaction intensified after 1916.

8 AIR 1/460/15/312/101, Air Board, proposal to order additional bombs, 30 November 1917; Air Board,
“Proposal to order 1000 — 1650 Ib. bombs,” December 1917; Air Board, “Long Delay Action Fuse,”
November 1917. For aircraft bomb loads, see Air Power: A Modern Illustrated History (New York: Exeter
Books, 1979), 215 and 223, for bomb loads and other information on these bombers,
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munitions for American bomb squadrons.** This organization produced several technical

reports that trace the development of MEA-related capabilities in three important ways.
First, they recorded a demand for larger bombs. Second, they demonstrated the
increasing sophistication of bomb manufacture, including bomb casings, fuses, explosive
materials, and fins. Third, they illustrated the problems involved in the development of
incendiary bombs, which caused much aggravation and never evolved into reliable
weapons until the Second World War.

The increasing size of American munitions in 1917 paralleled the trend in British
bombs and marked a basic point of de