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The bombing
encyclopedia,
of the world

How do you plan for the sudden onset of total war?
Stephen J. Collier and Andrew Lakoff describe the construction
of a vast collection of data about the vital, vulnerable systems of
every nation in the world in the aftermath of World War I1.




IN A SERIES OF LECTURES delivered to the
Air War College in the years after World
War II, Dr. James T. Lowe, the Director of
Research for the Strategic Vulnerability
Branch of the U.S. Army’s Air Intelligence
Division, described the elements of “The
Bombing Encyclopedia of the World.”
The Bombing Encyclopedia, he said, was
“a huge index of basic, factual informa-
tion that is being built up on all potential
objectives of air attack throughout the
world” (Lowe 1948:6). Lowe explained
how it was being constructed. First, po-
tential bombing targets were plotted on
map inserts, and each target was assigned
a number. Then, information on each tar-
get—“all necessary detailed facts that will
be needed later to make a target analy-
sis” —was punched into an IBM card using
a coding system. “The combination of
the maps and the codes,” Lowe summa-
rized, “is what constitutes the Bombing
Encyclopedia” (1946:13). Using it, an
analyst could make a punch card “run”
on a tabulating machine (see Figure 1) that
would identify potential targets based on
a range of selected criteria.

The Bombing Encyclopedia was a re-
markable effort to organize a massive
amount of information that could be rap-
idly queried to identify air targets in the
event of a future war. What is perhaps
surprising is the nature of the bombing
targets it identified, and thus of the data
being assembled. These targets were not
just military installations, but an array
of industrial plants, service facilities, and
other vital structures of the industrial

FIGURE 1. The IBM 405 Electric Punched Card
Accounting Machine, a model in operation in the
years immediately following World War Il. In a
typical application, the machine read a deck of
punched cards, each of which contained a series
of numeric fields. The machine then tabulated the
totals for each field selected by an operator.
(HTTP//\WWWCOLUMBIA EDU/CU/COMPUTINGHISTORY/405 HTML)
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economies of the world. And the infor-
mation collected in the Encyclopedia did
not only relate to the immediate military
relevance of a particular facility, but also
to the complex web of economic inter-
connections into which it was embedded:
the number of employees, the volume of
its total production, the raw material in-
puts it used, and the finished products it
produced (see Figure 2).

The Bombing Encyclopedia’s empha-
sis on industrial targets followed from
the type of war envisioned at the time by
military strategists, a “total war” fought
not only by military forces, but by en-
tire military-industrial economies and
populations. As Lowe declared, “War
in its final analysis is nothing more nor
less than a contest of national energies”
(1948:15). In a memo on air war planning
written early in World War 1II, industrial
economist Emile Despres argued that the
contest must be understood as “a deadly
race to bring American resources up to
capacity while simultaneously reduc-
ing those in Germany” (Katz 1989:104).
In the same fashion, a future war would
be won by simultaneously mobilizing
one’s own military-industrial produc-
tion system and “de-mobilizing” that of
the enemy. Preparedness for an air as-
sault to achieve this aim in a future war
was the defining mission of the Strategic
Vulnerability Branch (SVB). As Lowe put

it, SVB sought to “determine the strategic
vulnerability to attack of all the countries
of the world including the United States
and to recommend targets for destruction
in the event of war” (1946:2). The task for
strategic vulnerability analysts was to find
the key target system—whether electric-
ity, petroleum, transportation, airframe
production, or some other system— “the
destruction of which would cut across the
totality, the entirety of the enemy’s abil-
ity to defend himself” (1946:7).

The methodology for strategic target
selection employed in the SVB had been
developed during World War II by econo-
mists serving in U.S. air intelligence units
such as the Enemy Objectives Unit, which
identified strategic targets in Germany,
and the Joint Target Group, which focused
on Japan. In deciding which systems to
target, these economists analyzed the re-
lationship of a given target system (such
as oil or transportation) to the production
of strategically important end products by
examining the flow of inputs and outputs
through an adversary’s industrial pro-
duction system. They could then assess
this target system’s vulnerability by look-
ing at factors such as “cushion” (available
reserves), “depth” (how long it would
take for the destruction of a given target to
affect military supply lines), and “substi-
tutability” (whether a targeted item could
readily be replaced by another product).
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FIGURE 2. Sample of the “Consolidated Target Intelligence Form,” created to help manage the informa-
tion contained in the Bombing Encyclopedia. For each bombing target, a form was filled out that includ-
ed: (1) codes for machine processing; (2) information identifying and locating the target; (3) information
on the category of the target and its individual characteristics; (4) references to graphic coverage on the

target; and (5) sources. (CLINARD 1959:100)



On the basis of these analyses, air intel-
ligence specialists developed bombing
plans for particular geographical areas 8.
that focused on the most vital facilities in ‘
a particular target system. This technique
for understanding the vital flows of ma-
terials in a military-industrial economy
was known as “strategic vulnerability
analysis.”

During the war, Lowe served as an air
intelligence specialist in the Joint Target
Group (JTG), where many of the tech-
niques used in the Bombing Encyclopedia
were first developed. JTG specialists com-
piled information on potential targets in
the Japanese war economy, including the
type of installation, its location, and its
significance in a given target system. JTG
target reports then compared potential
target systems and made recommenda-
tions on optimal attack strategies. The 73
combination of maps and codes contained e {- g . e =
in the JTG target reports (see Figures 3 and o ' '

4) was the precursor to the information  FIGURE 3. In the latter stages of World War II, the Joint Target Group produced maps and target lists
ased on their analyses of critical vulnerabilities in the Japanese military-industrial economy. This targe
contained in the Bombing Encyclopedia. b ? thei i | f 'I't' L Inerabilities in th |J ilit " ind LI I e Tfh'ht t
. map focuses on Japanese oil production as a potential target system. It is notable that some of the
After the war, mlhtary Planners asked facilities identified on the map are located in Japanese-occupied parts of China. Though this target
what lessons the air war in Europe and  system was vital to the Japanese military-industrial production apparatus, it extended beyond Japanese

Japan held for U.S. air strategy in the fu- territory. GoINT TARGET GROUP 1944)
ture. They pointed in particular to the lack 10

0. Target list:

of air intelligence early in the war, which T - I
made it difficult to determine productive TARGET KOs _ WAME OF FIRM LOCATION IMPCRTANCE (BELS,)
air targets. “If a comparable lack of in- p )

. . 90.32-679 N 011 F ; Stas  Tolkuyams ; 2,600,000
telligence should exist at the outset of a 90.32-573 S Wk St a5 Batining ; {2 32'0 0)

S ' Storage (3,282,000)

future national emergency,” argued the Synthetie ( 150,000)
US Strategic Bombing Survey, “it might
prove disastrous” (USSBS 1946:108). As
Lowe put it, a future war would “begin
with an attempted Pearl Harbor on the 90.32-188; Mippom Feval 0il Storege Tokuyame<{ Storage (§,320,000)
industrial heart land of the United States” Ghive
(1946:12). Strategic pla}nners sought to 90.32-672  Nippon 011 C Kudametsu  Refinimg (2,475,000)
ensure that American air forces would be Storage ( 750,000)

prepared in advance for such an eventual-
ity. In this context, the SVB’s mission was §0.25-1205  Mippon 01l Ref. & T.F,  Amegasald  Refining (1,825,000
Storege  (1,000,000)

s Sl

90.17-128 Ietroleun Center Kawasaiki Refining (2,300,000}
Storage (1,000,000)

“t(? .make a prefanalysis” Qf the vulner- 90.32-669  Pemano Waki Oil Storege Tolkuyama Storage ( 588,000)

ability of potential adversaries around the

world, and to “carry that analysis to the ”09‘2‘380- Nippon 0il Company Hiigate Sterage ( 560,000)

point where the right bombs could be put 90.9-90.10- Nippon 0il Company Migata . 14120,000)

on the right targets concomitant with the 1013 i ; y

decision to wage war without any inter-

vening time period whatsoever” (Lowe g v "o Metasiom Mli  Tokee z‘w" s 3":::%;

1948:4). Thus, peacetime preparedness 90,34 <40 ssehd

entailed maintaining a continually up- oo M- :::::‘ E g:g))

dated inventory of information on the 90420168  Yokksiehd Ref . I vsihed)

world's military industrial economies. :: (5 ,‘ 19000, 000)
Recalling the experience of the JTG ' Storegs gm

during World War II, Lowe noted that in- *fequiring speeis) bomb losding :

formation about the Japanese industrial Yor losstions see Map m.k SECRET

economy had not been hidden or secret. “9-

Rather, it was “open intelligence—facts
about industry, location of plants, ma- FIGURE 4. Target list from Joint Target Group Japan Report (December 1944). The target numbers
Chinery that is in them, the materials that correspond to some of those on the target map in Figure 3. U1G/1A-4)
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go into the plants, who uses the output,
etc.” (1946:12). But this information was
“scattered everywhere—in military and
government files, and in the files of banks,
insurance companies, engineering offices,
and religious organizations.” Similarly, in
the early Cold War the problem for intelli-
gence analysts was not how to access hid-
den data, but rather “how to cope with a
perfect avalanche of information.” The
solution, according to Lowe, depended
both on having people “with sufficient
professional ‘know how’ to handle the
data when it has been attained,” and on
the “integrity of the plan of operations to
handle this great mass of data” (1946:12-
13). The analysts in the SVB would provide
the relevant “know how.” And SVB's plan
for handling the 'mass of data’ necessary
for target selection was to construct the
Bombing Encyclopedia.

Lowe argued that the punch card
tabulation system used for the Bombing
Encyclopedia would make it possible to
organize and access this massive amount
of data with greater efficiency, accu-
racy, and flexibility. The new “machine
methods” of information management
made it possible “to operate with a small
fraction of the number of people in the
target business that would normally be
required.” The “disadvantages of human
errors and human filing systems” could
be almost entirely eliminated. And the
data could be flexibly accessed: it would
not be organized through a single, rigid
system of classification, but could be que-
ried through “runs” that would generate
reports about potential target systems
based on selected criteria such as industry
and location. As Lowe explained, “[b]y
punching these cards you can get a run of
all fighter aircraft plants” near New York
or Moscow. “Or you can punch the cards
again and get a list of all the plants within
a geographical area.... Pretty much any
combination of industrial target informa-
tion that is required can be obtained—and
can be obtained without error” (Lowe
1946:13-14).

The speed and flexibility of the Bombing
Encyclopedia, according to Lowe, made
it possible to address a new problem: the
need to prepare in advance for a range of
possible future contingencies, rather than
for a single predetermined objective (as
had been the case in World War 1I). Using
the Bombing Encyclopedia, he explained,
one could screen the 70,000 potential ob-
jectives in a given country offered through
a “fine mesh” to get to “the 70 odd or 7
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that are within the capabilities of the at-
tacking air force” and whose destruction
“would make the maximum contribu-
tion to the attainment of the mission”
(1946:7). To illustrate, Lowe noted that a
punch card run would enable the analyst
to “choose between the electric power
plants in a given country and the alumi-
num plants, the transportation system as
against the steel industry, or the aircraft
industry as against small arms and am-
munition” (1948:13). Once such objectives
had been selected, SVB could recommend
specific target systems to the Strategic Air
Command, which would in turn “pre-
pare the operational target charts [to be]
ready for any national emergency” (Lowe
1946:3).

DURING THE 19508, VULNERABILITY analysts
continued to add information on new
targets to the Bombing Encyclopedia; by
1959 it included more than 78,000 target
listings (Clinard 1959:89). Meanwhile, in-
creasingly sophisticated technologies for
data handling were developed: magnetic
tapes replaced punch cards; digital com-
puters replaced tabulators. Although the
name changed (today it is known as the
Basic Encyclopedia) and support for the
program ebbed and flowed at different
moments, the U.S. Air Force has contin-
ued to maintain something very much like
the Bombing Encyclopedia up to the pres-
ent day (Gregory 2012). But the broader
significance of the Bombing Encyclopedia
should be sought elsewhere. In developing
it, strategic vulnerability analysts formal-
ized a distinctive and novel set of tech-
niques for organizing and analyzing large
amounts of data about economic and so-
cial life, and for relating the present to an
uncertain future. These techniques would
have far-ranging uses beyond the specific
domain of strategic target selection.

In The Taming of Chance, lan Hacking
(1990) showed how, in the first decades
of the nineteenth century, an “avalanche
of numbers” enabled a new understand-
ing of collective existence. By recording
and assembling increasingly comprehen-
sive information about phenomena such
as crime, illness, and poverty, it became
possible to project the regular occur-
rence and distribution of past events into
the future, based on the assumption that
these statistical regularities would re-
main constant over time. A new object of
knowledge and a new target of govern-
ment intervention were thereby consti-
tuted: a society governed by statistical

laws (Hacking 1990:46). Much like the
administrative science of statistics, the
Bombing Encyclopedia was built to man-
age what Lowe called a “perfect avalanche
of information,” but it was meant to con-
tribute to a different kind of knowledge
about collective existence, and to estab-
lish a very different relationship between
the present and the future. The inventory
assembled for the Encyclopedia was not a
record of the past; rather, it was a cata-
log of the elements comprising a modern
military-industrial economy. The analysis
of strategic vulnerability did not calcu-
late the regular occurrence of events and
project the series of past events into the
future, based on the assumption that the
future would resemble the past. Rather, it
examined interdependencies among these
elements to generate a picture of vital
material flows and it anticipated criti-
cal economic vulnerabilities by modeling
the effects of a range of possible future
contingencies. It generated a new kind
of knowledge about collective existence
as a collection of vital systems vulnerable
to catastrophic disruption (Collier and
Lakoff 2015).

A key moment in the translation of
this type of knowledge from air target-
ing to other domains was the adoption
of the techniques used in the Bombing
Encyclopedia for use in the field of non-
military defense planning. This field was
concerned not with planning attacks on
enemy production systems, but with
identifying and reducing sites of domes-
tic vulnerability. In the 1950s, several
vulnerability analysts who had served in
the SVB were transferred to the Office
of Defense Mobilization, the Executive
Branch office responsible for non-mil-
itary defense. There they were charged
with developing damage assessment
techniques that could anticipate the ef-
fects of an enemy attack on the American
military-industrial economy. Using the
new Univac computer (see Figure 5), and
drawing on enormous amounts of in-
formation about industrial production,
government and military facilities, and
critical infrastructures, they designed
increasingly sophisticated models of the
effects of a projected nuclear attack on the
United States. Given the concerns of non-
military defense—which included the
survival of the civilian population in the
aftermath of an attack—the range of criti-
cal systems considered in such models
was expanded beyond military-industrial
production systems to encompass health



infrastructures, food systems, and public
utilities that met civilian needs.

Over the following decades, these tools
for modeling uncertain future events—the
inventory of elements at risk, interdepen-
dency analysis to determine vulnerability,
and computer-based simulations—were
applied to a range of other kinds of poten-
tial catastrophes, from natural disasters,
to pandemic outbreaks, to financial cri-
ses. By the beginning of the twenty-first
century, such tools were understood as
the key components of a generic tech-
nique for anticipating future events: ca-
tastrophe modeling (Collier 2008).
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