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Total and Marginal Returnsto Strategic Bombing: Germany, 1939-1945
Introduction

Major war — the second world war, the second Indochinawar, the Persian Gulf war, the Kosovo war
— regularly renews the debate over the aims and results of strategic bombing.* If bombing be
compared to milking a cow, then tactical bombing repeatedly upends the pail of milk asit is being
refilled. Strategic bombing aims to kill the cow.

This paper makes a number of contributions: (a) it assesses the total and incremental effects of
the strategic bombing of Germany; (b) it shows that after the “victory threshold” was crossed, the
total effect of bombing is associated with arapid decline of German war-making capabilities; (C) it
shows that the marginal effects of this post-threshold bombing exhibit highly unusua features; and
(d) it arguesthat the bombing of Germany was hardly “strategic” in astrict military sense. Whilethis
implies zero total and marginal returns, | suggest other ways to think about the marginal effects of
bombing.

What is strategic bombing?

What is strategic bombing? In the memorable language of the United States Strategic Bombing
Survey (USSBS),

... Strategic bombing bears the same rel ationship to tactical bombing as does the cow to the pail of milk. To deny
immediate aid and comfort to the enemy, tactical considerations dictate upsetting the bucket. To ensure eventual
starvation, the strategic move is to kill the cow (USSBS, 1947, p. 5).

Less originaly, consider the following two definitions:

Strategic bombing ... isaimed at the systematic destruction of those resources which will most weaken the enemy
by denying him the materials or weapons he needs to prosecute the war (USSBS, Jan. 1947, p. 2, pt. 2).

Strategic bombing is best defined as the use of air power to strike at the very foundation of an enemy’swar effort
—the production of war material, the economy as a whole, or the morale of the civilian population — rather than
asadirect attack on the enemy’sarmy or navy. A strategic air campaign almost always requires the defeat of the
enemy’sair force, but not asan end in itself. While tactical air power uses aircraft to aid the advance of forces on
the ground or on the surface of the ocean, usually in cooperation with those forces, strategic air power usually
works in relative independence of armies and navies ... (Levine, 1992, p. 1).

In the hope that military efforts will be starved, strategic bombing, the first definition suggests, is
about bombing of non-military assets. One shoots at the economic cow that (re)fillsthemilitary’ spail.
The focus on the ultimate objective — the opponent’ s ability to prosecute the war —is operationally
vague and isat any rate restricted to the physical inputsto war-making, neglecting human capital and
institutional aspects. The definition also lacks operational clarity. The second definition helps to
separate out strategic from tactical bombing and identifies three operational objectives. (@) the
opponent’ s actual arms production; (b) the enemy’ s potential to produce civilian and military goods;
and (c) the morale of the adversary’s civilian population. The definition also suggests that strategic
bombing is to achieve certain war outcomes by itself, to avert the need for aland-based invasion of
the opponent’ s territory, the capture of its capital, and the deposing of its leaders.



J. Brauer, Total and Marginal Returns to Srategic Bombing: Germany, 1939-1945 page 2

Aswe shall see, the strategic bombing of Germany during the second world war was not pure,
and many claim that strategic bombing was never meant to achieve victory al by itself (e.g., Levine,
1992, p. 192). But this line of argument is suspect: if strategic bombing is not meant to achieve
victory — by attacking the enemy’ s war production, its economy, and the morale of its people—then
what is it to achieve and exactly what is its contribution to the overall war effort? For the case of
Germany the evidence suggests that the contribution of strategic bombing was slight; indeed its
primary contribution was made in support of tactical operations, namely preparing for D-Day and for
the invasion of Germany.

Data and findings

Bombing data are available from December 1939 (12/39) to May 1945 (5/45). The datais classified
by tonnage dropped, by country/region on which the bombs were dropped (Germany, France, Italy
and Sicily, Austria, Hungary, and the Balkans, and “all other countries’), by who dropped the bombs
(the RAF or the USAAF), and by target class. The ten target classes were: (1) aircraft factories; (2)
airfields/aerodromes; (3) oil, rubber, chemicals, and explosives (OCRE); (4) land transportation
(mainly rolling stock, railroad yards, and bridges); (5) V-weapon launching sites; (6) naval and water
transportation (e.g., canas, river bridges); (7) miscellaneous manufacturing (armaments, tanks, motor
vehicles, machinery and equipment, bearings, electrical products, optical and precision instruments,
stedl, light metals, radio and radar, and “manufacturing not identified”); (8) industrial areas (i.e.,
towns and cities); (9) military targets; and (10) and all other targets.? The data used in this paper are
taken from the statistical appendix to the overall report on the European war produced by the United
States Strategic Bombing Survey (USSBS, February 1947).3

This paper provides empirica evidence that the total effect of bombing on German weapons
production was minimal until the third quarter of 1944 (111/44), that the total effect on the German
civilian economy likewise was minimal, and that the impact of bombing on German morale was
relatively small. After 111/44, strategic bombing, strictly defined, did not take place since Eisenhower
had assumed command over all allied strategic air forces for tactical operations in support of the
invasion of Germany. By definition, therefore, “strategic” bombing after 111/44 shows zero total and
marginal effects, even though the effect of the tactical bombing was devastating. If one regardsthis
as a“dight-of-hand” argument and nonethel ess wishes to examine the marginal effect of bombing —
strategic or otherwise —it turns out that, with the exception of morale bombing, it isvery difficult to
establish these effects for reasons that will become clear shortly.

A production function for strategic bombing: the problem of inputs

Macabre though it may be, in principle the effect of bombing is amenable to economic anaysis. One
need merely relate a set of inputs to some defined output. For example, one may write

(1) Yi =f (Xas Xp; 2)

wherey, denotes the destruction of the defender’ s assets (i.e., destruction of enemy assetsis viewed
asapositive outcome), X, isavector describing the attacker’ sinput variables, with expected positive
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coefficients, xp is a vector describing the defender’s input variables, with expected negative
coefficients, and z is a vector that captures imponderables, such as prevailing weather conditions.*

The list of inputs is potentially huge. Obvious inputs include the number of sorties flown, the
number of bomber aircraft available, thefuel range of the bombers, the bomb |oad each bomber could
carry, the type of bomb carried, and the explosive or incendiary charge of each bomb. Less obvious
are the accuracy of the navigation system, the accuracy of the bomb-sighting equipment, the
availability and range of escort fighters, and the flight training and experience of pilots, navigators,
bombardiers, and gunners. As mentioned, improvement in these inputs would be expected to result
inapositive coefficient if the production function were econometrically estimated. Improvementsin
German air defenses — such as search lights, flak, interceptor aircraft, air defense strategies—would
be expected to yield negative coefficients.

Although these data are in fact available in astonishing detail, | have not endeavored to actually
put adata set together beyond the descriptive dataset of monthly tonnage by country, bombing force,
and target class. The reason is that the input variables changed so rapidly during the war that
practically every mission consists of aunique set of input values, making it econometric impossible
to estimate reliable and meaningful coefficients. For example, of the 66 monthsin the data set (12/39
to 5/45), there are 23 months during which the United States Army Air Force (USAAF) bombed
aircraft factoriesin Germany. But, statistically, the available degrees of freedom rapidly approaches
zero when one now controls for a very large number of potential shift factors. These include,
remember, German defensive efforts as well as evasive and substitution efforts. For example, the
Germanswere later discovered to have dispersed aircraft production around the country so that even
if particular assembly sites were hit, the effect on aircraft production was minimal.

The output of strategic bombing

A further problemisthat it isnot clear exactly how to define, for purposes of econometric estimation,
the output of strategic bombing. Clearly, the allies thought that bombing of towns and cities might
reduce the morale of German workers, induce absenteeism and thereby sufficiently disrupt civilian
and war-production to coerce surrender. Aswe will see momentarily, thisdid not happen. Moreover,
Nazi Germany made ample use of foreign and slave labor who could not be more demoralized than
they aready must have been. Although some have disputed the point (e.g., Overy, 1994; Cox, 1998;
Abelshauser, 1998), research suggested — at |east to the allies— that German civilian production was
not much affected by strategic bombing (USSBS, October 31, 1945).° But evenif it did, it isnot clear
how this would necessarily have undermined Germany’ s war-making capability. And if, finally, the
output of bombing was thought to consist of the reduction of Germany’s weapons production then
the alies were rightly shocked to discover that German arms production rose more than threefold
between early 1942 and 111/44 and, even at the end of the war, contained ample inventories of
weaponry. Both inthecivilian and in the military sphere, Nazi Germany found many alternative ways
of securing supplies and getting things done (see any of the sourcesin the list of references; thereis
no disagreement among sources on the point).

Ultimately, Germany faltered because it could not match weapons to soldiers; it failed because
its economic infrastructure collapsed as the strategic forces — commandeered by Eisenhower —
targeted fuel supplies and land transportation systems in conjunction with the crossing of the Rhine
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and the march on Berlin (Levine, 1992; Pape, 1996; BBSU, 1998; USSBS, September 30, 1945).
What wasit that allowed Eisenhower to cross the channel, invade Normandy, cross the Rhineriver,
invade Germany, and engage in devastating bombing? What happened around 6 June 1944 that had
not happened before? The answer, the narrative record of military history suggests, isthat the allied
forces won the air war against the German Air Force in early 1944. (Again, all sources appear to
agree on this point; | have not found any dissenting voice.) But winning the air war in aeria combat
is tactical, not strategic, warfare. Thus, lacking success in the air war, strategic bombing was
unsuccessful; but with success in the air war, bombing was not strategic bombing in the strict sense
of the definition anymore since the war at that point had been won. The best one can say isthat after
D-Day strategic bombing was an empty formalism: it conformed to the targets (war-related
production, civilian economy, morale bombing) but not to the original goal. This kind of bombing
probably shortened the war, but did not win it independent of land forces. Strategic bombing is not
asubstitute for, but a complement of, land forces — an important point illustrated in the Persian Gulf
war of 1991 but not remembered in the Kosovo war of 1999.

Bomb tonnage, distribution, and targets

The total tonnage dropped on
- the European landscape was
T nearly 2.8 million tons (see
200000 o N figure 1). USforcesjoined the
1 Il ik Royal Air Force (RAF) in late
150000 T 1942, seeing increasing action
during 1943. But the lack of
| escort fighters led to huge
50000 ’d alied loses, culminating in a

1 m | m particularly disastrousUSAAF

0 v LT bombing misson on bal-

12/39 12/41 12/42 12/44 beari ng factories in

6/40 6/41 6/43 6/44 Schweinfurt on 14 October
1943. At the end of the day 62
aircraft had been lost, and a
further 138 damaged, for a
total of 200 aircraft out of the 228 that flew that day (Daniels, 1981, p. xviii). The notion of daytime
precision bombing missions deep into the German heartland was abandoned — a notion the British
had given up much earlier —and area bombing became the default option until new technologies, such
aslong-range fighters escorting the bomber fleets, could be devel oped. For the time being, the notion
of strategic bombing had been given up.® The USSBS, and others, would later argue that a
theoretically pure form of strategic bombing either had not been intended all along, or had simply
been impractical in light of other war contingencies.’

In early 1944, bombing increased massively in preparation for D-Day, dropped off in the second
half of 1944, and saw its gruesome peak in April 1945. The nearly 250,000 tons dropped in that
month alone are almost equal to the total tonnage dropped in the three-and-a-half years from 12/39
to 6/43. Asregards Germany, table 1 shows that by the end of January 1944, only 20 percent of the

100000 1 MHIH

Figure 1: Bomb tonnage by month, European war, 12/39 to 5/45
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RAF/USAAF European Bombing
12/39-5/45 non-German countries
250000

RAF/USAAF European Bombing
12/39-5/45 Germany

Table 1: Percentage
of entire bomb
tonnage dropped on
Germany by allied
forces by end of
given month/year

Mth/Yr Percentage

6/43 10.42
1/44 20.42
6/44 30.39
9/44  41.63
10/44 49.46
11/44 57.24
12/44 65.25
1/45 70.98
2/45 79.95
3/45 93.52
4/45 99.98
5/45 100.00
Source: calculated
from USSBS
(February 1947),

chart 6, pp. 49-91
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150000 150000
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.............. — ||
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Figure 2 Figure 3

tonnage to be dropped on Germany had been expended. Even after D-Day,
70 percent of the total tonnage had yet to be dropped on Germany. If
strategic bombing was meant to be decisive for the war effort, 30 percent of
the total tonnage eventually dropped seems to have sufficed.

Of the total tonnage of about 2.8 million tons, dlightly less than half was
dropped on Germany, theremainder on theterritoriesit occupied at onetime
or another (see figures 2 and 3). The figures reveal the concentrated allied
bombing effort in preparation for the invasion of Normandy and the
subsequent shift in the bombing effort, after June 1944, toward targets
located in Germany. Detailed figures are available on the author’ s web site,
showing monthly tonnage by country (non-Germany and Germany) by target
class® Drawn to the same tonnage and time scales, these show for non-
German targets prominent spikes on land transportation and military targets
around June 1944 with run-ups to smaller spikes on airfields, ORCE, and
towns, also around June 1944. For targets in Germany, the pattern shiftsto
post-June 1944 bombing. ORCE targetsreceive nearly constant bombing of
around 12,000 tons per month. Land transportation targets are heavily
bombed, on an increasing trend line, as from September 1944. But the most
noticeable target is the euphemistically called “industrial areas,” i.e., towns
and cities which received an average of 52,000 tons of bombing per month
between July 1944 and April 1945. The prevalence of city-bombing (also
shownintable 2) stemmed particularly from RAF frustration with ineffective
strategic bombing so that area bombing became at default option, and
increasingly, an obsession by its commander, the aptly named “Bomber

Harris” In later phases of the war, the Americans had great difficulty getting Harris' cooperation to
bomb non-civilian targets.
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Table 2: Percentage of total
bombing tonnage per month
dropped on “land transportation”
and “industrial areas’ targets,
June 1944 - May 1945

Percentage of those surveyed

Mth/Yr Land Industrial | . . .
transportation  areas 1 2 3 4
1=unbombed; 2=light; 3=medium; 4=heavy
6/44 9.43 14.26
7144 7.47 45.02 -©- Not showing high morale
8/44 478 29.25 .
044  28.15 26.44 -8- Not trusting leaders
10/44 23.07 46.58 -m- Willing to surrender
11/44  21.67 36.51 . e . . .
12/44 5496 1924 (F;| egrLrJ]: :n 4;.)5)' F;Pé I’]SI Slr:]g% reeturns of allied strategic bombing on
1/45 5455 21.57 .
2/45 4420 28.93 Source: constructed from USSBS (Sept. 1945), p. 96
3/45 32.22 2542
4/45 34.65 19.33
5/45 6.10 81.36 The effect on German morale
Source: calculated from USSBS The United States Strategic Bombing Survey (USSBYS)

(February 1947), chart 6, pp. 49-91 concluded that while the total effect of strategic bombing

“appreciably affected the Germanwill toresist” (USSBS, Sept.

1945, p. 95), it “soon led to diminishing returns in morae
effects ... [so that the morale of those living in] ... towns subjected to the heaviest bombing was no
worse than in towns of the same size receiving much lighter bomb loads’ (USSBS, 1945, p. 96).
Figure 4, constructed from data in USSBS, shows this diminishing effect. The percentages on the
vertical axisare stated in terms of the allies' desired outcome: the percentage of people not showing
high morale, of people not trusting leaders, and of people willing to surrender. All three variables
show diminishing returns as a function of increasing amounts of bombing. Note that even in the
absence of bombing, forty to fifty percent of the German population was demoralized. Bombing
brought that percentage more surely to the fifty percent mark but not much beyond that (this point
is also made by Pape, 1996, p. 272, fn 48). And the British wrote: “In so far as the offensive against
German townswas designed to break the morale of the German civilian population, it clearly failed.”
(BBSU, 1998, p. 79).

The effect on German war production and its civilian economy

Thealliesunderestimated theresilience of the attacked country. Indeed, thealliesfailed to realizethat
Germany had not fully mobilized at al when thewar started in 1939 and therefore had plenty of spare
industrial capacity to gear up war production as from 1942. This corresponds to the allies own
assessment, as given in their respective bombing surveys. For example, the British write

... the most careful study has failed to provide any evidence to support the major economic inferences derived
during the war from the physical picture of destruction. Paradoxically, ... war production, far from falling as a
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result of the levelling of the German cities, continued to mount until the second half of 1944, and its subsequent
fall had little to do with the continued bombing of centres of population. It wasin the military, not the economic
spheres that our attacks had their major strategic effects ... (BBSU, 1998, p. 69).

And the Americans write;

... For [the early war] years the conclusion is inescapable that Germany’ s war production was not limited by its
war potential — by theresources at its disposal —but by demand; in other words, by the notions of the German war
leaders of what was required to win (USSBS, Sept. 30, 1945, p. 31).

An index of actual German armament
production (figure 5) set to 100 for Jan./Feb.

200000 ] 7338 1942 rose continuoudly to alevel of 308 for the
150000 | " 30 3 quarter of 1944 (111/44) before falling off, in

° 1300 1V/44, to 270 and then continuously declining
g 1250 3 until the end of the war (BBSU, 1998, table 25,
g 100000 ¢ 200 2 p. 91). What the bombing may have achieved, in
- 1150 the view of both surveys authors and later
50000 N 1100 andysts, was to hinder Germany from fulfilling
I e S its arms production potential which reached a

O ams a5 ° high-level mark of 406 in the 1% quarter of 1945
7142743 7/44 when the index for actua production had

-~ Arms Potential a ready fallento 182.

Arms Index - Tonnage ) . .
If this assessment is correct, two questions

Figure 5: Monthly index of actual and potential Germary - aF 9
arms production, and tonnage of bombs dropped by arise: (&) why had Germany not fully mobilized,

combined strategic forces, 1942-1945 and (b) where did it find the spare capacity to

Sources: USSBS, February 1947, p. 13 (tonnage), p. 113 P0OSt arms  production “when our current
(armsindex), and BBSU, 1998, p. 91 (arms potential) information was that her production facilities

were aready strained to the upmost” (BBSU,
1998, p. 79)? The undisputed, answer to the first question is that the German military had long
planned for successful series of short wars (the “Blitzkrieg” doctrine) and that the civilian and war-
making sectors of the economy were balanced accordingly. Only when the war took longer than
Germany had planned, did the need for increased armament production arise (e.g., in BBSU, 1998,
pp. 70, 84, 86, 101, and virtually every other source we consulted).
The answer to the second question —where did the spare capacity to produce arms emerge from?
— begins with an apparent paradox. Far from diminishing returns to increases in tonnage of bombing
there appeared to result negative returns! That is, the higher the level of bombing, the higher
Germany’s arms production index rose, at least until June 1944 (figure 5). One explanation is that
strategic bombing aimed at the wrong targets, another that the number of groups of targets was too
diffuse (0il and fuels, docks and ports, rail and rolling stock, aircraft factories and airfields, genera
industry and cities, etc.), thinning the relatively small number of bombers over too many target
groups. Further, not that the number of targeted groups was large but that a strategically important
group, say fuel, had been correctly targeted but itself waswidely dispersed throughout Germany and
thereby more difficult to attack. Moreover, that bombing accuracy was low, that bad weather
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prevailed, that long-range bomberswere only slowly becoming available (but not alwayswith fighter
escorts), that bomb loads were small, that the bombs themselves were too small to produce much
damage, and that the strategic forces were diverted to other theaters of war (e.g, North Africa) or
to tactical missions (e.g., D-Day). And that Germany increased arms production, quite unrelated to
the strategic bombing effort, ssimply as a demand-driven response to other aspects of the war.
Virtualy all sources adduce these and other reasons at one point or another.

Note in figure 4 that German arms production increased rapidly until just after D-Day when the
land invasion of Germany began, and that its potentia to produce arms grew right to the end of the
war. The area bombing of industrial towns and cities in particular was thought not only to diminish
production capacity but to demoralizethe population, killing many, and making homelessmany more.
But production rose, and morale was not significantly affected as we have seen earlier. In astriking
passage the BBSU report states:

However totalitarian may have been the political and military aspects of German life, the fact isthat the German
war economy and the organisation of production in Germany, were less totalitarian than either their British or
American counterparts. Indeed, thefailure of the Germansto exploit their potential industrial resourcesisto many
the most surprising fact that has come to light since the end of the European war. Almost to the end ... German
war production still possessed great reserves of capacity” (BBSU, 1998, p. 67).°

Whence, then, this productive capacity and why was it not used? Even though war mobilization
reached 13 million people, the total German civilian labor force fell by only 3.5 million, from 39.4 to
35.9 million. Correspondingly, the greatest decline occurred inthe malecivilianlabor forcewhich fell
from 24.5 to 13.5 million. This decline of 9 million was nearly made up by 7.5 million foreigners and
prisoners of war. The average work week changed hardly at all (from 47.8 to 48.3 hours/week
between September 1939 and March 1944). Women's labor force participation changed negligibly
from 14.6 to 14.9 million. Asregards capital, Germany had a comparatively high capital/labor ratio
and the vast mgjority of industrial work was carried out in single shifts. Even of the crucial arms
production facilities, only onefifth to one quarter worked asecond shift. Strategic bombing damaged
or destroyed amere 6.5 percent of installed German machine tools. Thiswas easily replaced. Given
Germany’s “Blitzkrieg” planning, raw materials were a'so ample — at least for about six months or
so after the start of the war. Thereafter, in addition to materials recycling and product redesign,
successful campaigns replenished supplies such as* chromium from Bulgariaand Greece, nickel and
molybdenum from Finland and Norway, copper from Jugosavia, Norway and Finland, manganese
from Russia, mercury from Italy and Spain, and bauxitefrom Hungary, France, Y ugoslaviaand Italy”
(USSBS, Oct. 31, 1945, p. 10).* It was not until mid to late 1944 that raw material shortages began
to affect civilian and armament production.

In addition, Germany had large inventories of required materials, so that temporary setbacksin
raw material production did not noticeably affect production of finished civilian and war goods.
Moreover, German industry was geographically widely dispersed and further dispersed its critical
industries that were too concentrated in too few locations. At best, the strategic air war appeared to
secure modest delays in further increases in German production, rather than securing decreases. A
well-thought through set of calculations shows that Germany’s overall war production potential
diminished, on account of strategic bombing, by a mere 2 percent or so, with the high point of a3.8
percent reduction occurring in the second half of 1943, well before D-Day (BBSU, 1998, table 27,
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p. 96).

Why did Germany not make use of its increasing arms production potential? And why did its
actual arms production fall asfrom 111/44? The answer isthat the allied forces used 11/44 to achieve
air superiority over France to prepare for D-Day, 6 June 1944 (the invasion of the German-held
Normandy beaches in France). It isin 11/44 that allied bombing of Germany falls drastically from
35,000 to 21,000 tons and that Germany sees the largest increase in its index of actual arms
production (figure 4). In July 1944, the index reached its apex at 322, arms production at a rate of
more than thrice that of Jan./Feb. 1942. In August and September the index falls to 297 and 301,
respectively, about even each month, and then declines precipitoudly. Once the dam was breached in
theland war, German arms production held out for only one more month (July), struggled for August
and September, and then collapsed.

Only at this point, when Germany’s military had been broken, when its forces had been driven
back to its own western borders by late August 1944, when it had lost the production facilitiesit had
set up, and the raw material suppliesit had secured, in the occupied territories, did bombing increase
dramatically (seetable 1 and figure 3). During preparationsfor D-Day, tonnage dropped on Germany
declined by one-third from 35,000 tonsin March 1944 to 21,000 tonsin June 1944, and then jumped
by more than twice to 49,000 tons in July and to more than twice that amount again by December
1944, finaly increasing to nearly 200,000 tonsin March 1945.

Why did Germany lose the war ?

These dataraise at least two questions: (8) what accounts for the decisive military break-through if
not the preponderance of strategic bombing, and (b) if the purpose of strategic bombing isto achieve
military objectives then what was the purpose of the remaining 60 percent (after 11/44) or 70 percent
(after 111/44) of bomb tonnage still to be dropped on the country? Addressing (b) first, “strategic’
bombing metamorphosed into tactical and punitive bombing in the last nine months of thewar. This
judgment is, at first sight, softened by the datain table 2. There | record, by month, the percentage
of tons of bombs dropped on Germany and directed against “land transportation” targets and against
“industrial areas’ (i.e., towns and cities) targets. In June 1944, of the total tonnage directed against
al targetsin Germany, lessthan 10 percent was directed against land transportation and less than 15
percent against cities, i.e., altogether less than 25 percent of the total tonnage that month. In July,
nearly half of the total tonnage was directed against cities. In August and September, about 25
percent each month.

The pattern of table 2 is that from September 1944 to April 1945 from 20 to 50 percent of the
total monthly tonnage was directed against land transportation (primarily the railroad system). This
was done to undermine German war production but, more often, had the effect of disabling
Germany’ s capacity to deliver weaponsto troops. However, “[t]heimportant point isthat operations
were interdicted mainly by tactical air attacks and these effects would have occurred even if the
strategic offensive had not taken place” (Pape, 1996, p. 279). It was, in other words, not strategic
but tactical support bombing. Indeed, the allies strategic bombing forces were under Eisenhower’s
tactica command since April 1944 (Levine, 1992, p. 161). “ Supporting Eisenhower’ s forces [was|
the paramount consideration” (Levine, 1992, p. 165). This does not mean that Eisenhower made use
of 100 percent of the allies strategic bombing force, but he made use of what he wanted to use. For
example, during January 1945, three-fourths of the strategic air force efforts “went to tactical
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missions in support of the land armies’ (Levine, 1992, p. 176).

Tonnage dropped on cities also ranged from 20 to 50 percent of the total, and, as we already
noted, did not reduce arms production, nor reduce morale. Strategic bombing had become tactical
and punitive bombing. The objective was not military anymore, but political. Since Germany failed
to surrender, the objective of strategic bombing changed “from coercion to conquest” (Pape, 1996,
p. 279).

Turning to point (&) —what accounts for the military break-through in June of 19447 — nearly all
analysts, including BBSU and USSBS, answer that the allied forces finally achieved air superiority
inair-to-air fighter combat as from early 1944 (e.g., Pape, 1996, p. 274; Levine, 1992, ch. 7). This
resulted from three sources: first, Germany increased its production of fighter aircraft too late (e.g.,
USSBS, Sept. 1945, p. 14); second, in spite of eventually producing large number of additional
fighters— astonishingly, the largest number produced, nearly 40,000 aircraft, wasin 1944 (USSBS,
Feb. 1947, p. 93, 97) —it had to draw on less experienced pilotsthat, third, received ever fewer hours
of flight training before being thrown into battle (e.g., Pape, 1996, pp. 274-275; Levine, 1992, p. 125;
USSBS, Feb. 1947, pp. 100-101; BBSU, ch. 17).

Not until the war in the air had been won and the landings in the Mediterranean and France successfully
accomplished, were the heavy bombers free to exploit the victory in the air and attack in full force the centers of
oil production, the centers of transport, and the other sustaining sources of military strength within the heart of
Germany ... The greatest single achievement of the air attack on Germany wasthe defeat of the German Air Forces
... (USSBS, Sept. 1945, p. 10).

After theair war waswon, the collapse of German industria production is apparent from the data
in the USSBS Satistical Appendix to the Over-all Report (February 1947). Production and stocks
of aviation gas, motor gas, and diesel peaked and then collapsed in May, April, and April 1944,
respectively.* Production of synthetic rubber peaked in March 1944, held about even until July and
then collapsed. Production of basic chemicals (nitrogen, methanol, carbide, soda, ethylene, chlorine,
sodium cyanide, sulphuric acid, and caustic soda) increased from 1939 to 1942, then held even
throughout 1943, peaked in April 1944, held until July, and then collapsed. German rail traffic was
fairly constant before and throughout the war until June 1944. Thereafter it rapidly collapsed. Freight
car loadings grew pre-war and throughout the war, peaking in March 1944, held about even until
August, and then collapsed. Crude steel production grew and peaked in thefirst quarter of 1943, held
even until June 1944, and then collapsed. Ingot production in 1943 and 1944 was fairly constant at
2.5 million metric tons, and then collapsed as from August 1944. All the while, as noted, German
arms production increased until about the same time, July of 1944, but thereafter could not be
delivered to the troops anymore.

Total and marginal returnsto strategic bombing

Germany’s industrial collapse may be illustrated with four figures (figures 6 to 9). Figure 6 shows
alied (RAF and USAAF) bomb tonnage dropped on land transportation targetsinside Germany from
January 1944 to May 1945. It isobviousthat the first discontinuity occurs as from September 1944.
Figure 7 shows freight car loadings and net ton-km of goods moved. Again, the first discontinuity
occurs with September 1944. Figures 8 and 9 therefore show data only from September 1944



J. Brauer, Total and Marginal Returns to Srategic Bombing: Germany, 1939-1945 page 11

onward. Figure 8 showsthe month-to-month changein bomb tonnage dropped on land transportation
insde Germany. Positive bars denote an increase in that month over the previous month (and vice
versa). It aso shows month-to-month changes in net ton-km moved. A decrease in this variable
(destruction of Germany’ s ability to move freight) isapositive outcome fromthe alies point of view
and is therefore shown as a positive bar. If strategic bombing worked, one should observe that
positive tonnage bars are associated with positive (destruction) bars of net ton-km moved. Moreover,
for diminishing returns to hold, one should observe larger tonnage bars associated with increasingly
smaller destruction bars. But that is not the case. Indeed, even when bomb tonnage fell destruction
continued.

Figure 9 bears close scrutiny. In September 1944, additional tonnage dropped led to additional
destruction. In October, afurther increase in bomb tonnage led to a further, but smaller, increasein
destruction (diminishing returns). In November, however, bomb tonnage dropped fell relative to
October and yet destruction rose! In December 1944, bomb tonnage dropped increased by thelargest
amount (nearly 40,000 additional tons), yet destruction increased by a middling amount. In January
1945, there was a very large reduction in bombing but also a very large increase in further
destruction. In February, despite a middling change in bombing, we note the largest destruction of
ton-km moved. In March, asmall increase in bombing leads to a small increase in destruction, and
inApril 1944, the largest drop in bombing is associated with afurther sizable increase in destruction.

In a word, there appears to be no relation between increases in bombing and increases in the
destruction of Germany’s ability to move goods by rail. Moreover, while all months show rising
destruction, the three monthswith falling bomb tonnage show mor e destruction than three of thefive
months with rising bomb tonnage. These six month lie on anegatively sloped line, suggesting —with
the exception of September 1944 and February 1945 — diminishing marginal returns to bombing, at
least with respect to net ton-km moved.

Similar sets of figures are available on the author’ sweb site for aircraft acceptances,™ production
of aviation, motor, and diesel fuel, and for an index of German chemical production. In all casesthe
“margina return” graphs are odd-looking. The only — but important — caveat is that we cannot be
sure about the status of the ceteris paribus condition. For instance, what accounts for the fall in
aircraft acceptances by the German Air Forceif thisfall was not due to increased bombing of aircraft
factories? Regrettably, with at best only eight data points at our disposal (September 1944 to April
1945), we will not be able to suggest an answer with the aid of inferentia statistics. It appears that
in this case one must rely on historical narrative. This narrative suggests that once the alies had
obtained a superior escort fighter (the P-51, or “Mustang”), it won the air-war against German
defensive and interceptor air forces; this, in turn, allowed tactical bombing in support of the invasion
of Normandy, and the push across the Rhine river toward Berlin. In contrast, almost to the end, the
German war economy and morale was minimally affected by strategic bombing.

Conclusions

| argue that the “strategic” bombing of Germany cleared the brush for conquest. It did not coerce
Germany’ sleadersto surrender.* In Levine' sview, thisistoo harsh ajudgement. “ The bomberswere
never expected to win the war aone or avert an invasion, and they received afar lower priority than
would been the case had this been planned” (1992, p. 192). Indeed, “the efforts of the tactical and
strategic air forces cannot be neatly separated. Up to D-Day the tactical forces played an important
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roleingaining air superiority, and in thefinal phase of the transportation campaign their effortsfused
withthose of USSTAF and Bomber Command” (p. 189).% Despite these defenses and considerations,
Levine himsalf concludes:

During this period [1943 and early 1944] ... the strategic forces did not accomplish their explicit assigned aims,
as set out in the Casablanca and combined bomber offensive directives. They made no important contribution to
the winning of the Battle of the Atlantic and did not seriously impair German morale, reduce overall German war
production, or stop the manufacture of any critical items (p. 193).%

What, then, did the strategic forces achieve? In Levine sview the marginal effects, such as delaying,
but not hindering, German weapons production “would have justified strategic bombing even if it
never accomplished amore positiveam. It ishard to see how any other use of Allied resources could
have similarly affected the enemy in the same time period” (p. 193). This echoes USSBS's own
account: “If strategic bombing did nothing but force the dispersal of the aircraft industry it would
have paid its cost” (USSBS, Jan. 1947, p. 7, pt. 10).

This conclusion must be disputed on logical grounds. The resources poured into the strategic
bombing effort could surely have been applied elsewhere (e.g., more fighters devoted to air-to-air
combat and in tactical support). At worsethey would have had littleincremental effect. Inlight of the
eventual outcome one must venture that more tactical air power would have made a declining but
positive incremental contribution to breaking through the German defensive lines in France earlier
than D-Day, on 6 June 1944.

Another way to think about strategic forces is to think of them not in isolation of other inputs,
but jointly. Just astargeting technology helped shift the effectiveness of strategic bombing to ahigher
production function, so tactical air power may be seen as aform of technology. Once the technology
of tactical air power had advanced, it shifted strategic bombing onto a higher production function,
only that it then became conquest bombing rather than strategic bombing in a military sense. In
fairness to the allied war effort one must of course acknowledge that they suffered from severe
information deficits during the war that made an assessment of the bombing’s efficacy rather more
difficult. The USSBS writes (Jan. 1947, p. 2, pt. 3): “During the war it was impossible to assess the
real significance of thistype of warfare ... It wasimpossible ... to know with certainty whether or not
the effects of the air activity against the Reich justified the effort expended.”

The findings presented in this paper should serve as a warning to those who advocate strategic
bombing (the second Indochina war, the Persian Gulf war, the Kosovo war) on its own merits. The
strategic bombing effort by the US in Vietnam was eventually given up, the alied (mostly US)
bombing of Iraqin 1991 served — asin the German case—as apreludeto aland invasion, and the war
inKosovoin 1999 isthe clearest exampl e that strategic bombing without ground forcesisineffective.
After dl, in spite of bombing, Serbia achieved its aim of murdering or driving into refuge, civilians
of Albanian descent. Moreover, public debate is skewed with apparently false images and beliefs
about the efficacy of strategic bombing. These then lead to inefficient defense budget allocations by
influencing current and future procurement policies. Furthermore, overinvestment in “strategic’
forces probably leads to underinvestment in alternative force or, indeed, to underinvestment in
diplomacy and foreign policy.
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Notes

| thank participants at the First Annual Conference on Defense and Peace Economics, hosted at
Rutgers University, Newark, NJ, 10-11 May 2001 for comments.

1. See Pape (1996) for a general discussion on strategic bombing. He covers 31 cases overall, and
severa in depth.

2. A further classis“RAF not classified.” This refersto tonnage dropped by RAF forces where the
location isknown (e.g., Germany, France, Italy, etc.) but the target classis unknown. Thisamounted
to atotal of about 250,000 tons of bombs.

3. The USSBS was amassive effort, involving over 1,000 people, whose purpose it was to evaluate
the strategic bombing effort. More than 200 reports were produced concerning the European war,
and afurther 109 reports on the war in the Pacific. US personnel were moving along with US troops
into liberated territories and then into Germany so as to secure original documents and interview
factory managers, officials, and Nazi |eaders upon capture. | have not come across any reference that
throws doubt on the quality or veracity of the collected data.

The British aso produced a report, the British Bombing Survey Unit (see BBSU, 1998). First
published in 1947, it is of much smaller scale, often making use of data derived from the USSBS.

4. Note that although z may have been considered arandom term in awar-fighting operational sense,
it isnot an error term in the statistical sense.

5. Thisisthe well-known, and justly famous, report on the economic effects of strategic bombing on
Germany. It wasdirected by John Kenneth Galbraith and included agroup of young economists, e.g.,
Paul Baran and Nicolas Kador, that, along with Galbraith, would later each come to fame in their
own right.

6. Although the two are often portrayed as equivaent, not al precision bombing is necessarily
strategic bombing. Precision bombing can be undertakenfor tactical or, indeed, for punitive purposes.
But during the early wars of the war, the prevailing notion clearly was that one could hit with
precision strategically important German industria assets, and therefore undermine her war-making
capabilities.

7. “In both the RAF and the United States Army Air Forces there were some who believed that air
power could deliver the knockout blow against Germany, and force capitulation. Thisview, however,
was not controlling in the overal Allied strategic plan” (USSBS, Sept. 19454, p. 3). For example,
soon after USSAF encamped in Britain in the summer and fall of 1942, they were diverted toward
the North African campaign or, in early 1944, were put under Eisenhower’s command in support of
tactical mission in conjunctionswith preparationsfor the Normandy invasion. The Economic Report
states that a “consideration to bear in mind is that throughout most of the period of the air war the
choice of targets was greatly influenced by the requirements of the immediate military situation”
(USSBS, October 31, 1945, p. 1).
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Levinewrites: “The hopes nursed by many people (but not the Allied leaders) during the war that
bombing would avert aninvasion of France and bloody land battles were disappointed, and there was
awidespread, if unjustified, assumption that such aresult had been expected” (1992, p. 191).

8. Thesefiguresarefor 1/44 to 5/45 since bombing before 1/44 consisted of relatively small amounts.

9. Based on Overy’ swork, Overy (1994), Cox (1998), and Abel shauser (1998) dispute that Germany
had not fully mobilized and question that Germany’s civilian economy was unaffected. The latter
view, in particular, was based on German economic reports obtained by the allies during the war that
suggested that civilian production was unaffected when, in fact, an increasing share of civilian
industries went toward the war effort.

10. This bringsto mind Hayek’ sjustly famous The Road to Serfdom, published in 1944, in which he
castigates precisely these British tendencies.

11. The two spellings of Yugodaviaare in the original.

12. There was an earlier peak in 1940 after which stocks were drawn down, in anticipation of a
“short” war. When this did not materialize, production and stocks increased as from 1942 onward.

13. German aircraft production increased, but acceptances of aircraft by the German Air Force
eventualy fell. What is relevant for the prosecution of the war is of course the latter.

14. Pape writes that Germany feared a Soviet invasion more than invasion by the western allies and
hence fought “to buy time to permit soldiers and civilians to flee the advancing Red Army” (1996,
p. 302). Thisisnot convincing as Germany could simply have surrendered on the western front while
maintaining an eastern front until the western allies had completed its invasion all the way to the
Polish border.

15. At this point the United States Army Air Force (USAAF) had been renamed the United States
Strategic Air Force (USSTAF).

16. The Casablanca directive of January 1943 combined the until-then separate efforts of RAF and
USAAF.
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Appendix: Germany: Land transportation graphs
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Figure 7: Freight car loadings and net ton-km moved
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Figure 9: Land transportation targets; marginal returns



