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ABSTRACT: It is generally accepted that the three-dimensional nature of the digital terrain model
enhances our visualization of surfaces. Modern techniques enable a detailed landscape to be constructed
as a facsimile of reality that provides an opportunity to move through or fly over the landscape. Given
these benefits, it is little surprise that simulations using digital terrain models are employed as essential
visual aids for briefing and training military personnel prior to land, air, and sea operations. Though
these capabilities are significant, they are not necessarily, in the basic sense, new. This paper traces
the development and examines the role of terrain models made by the Allies during World War 11, a
period prior to the development of computer-based modeling. Though made from basic materials,
these sophisticated terrain models were hand crafted by enlisted sculptors, architects, stage designers,
and artists, who carefully modeled a sculpture of the landscape to be an invaluable aid during key

military operations of World War I1.
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Introduction

se of terrain models to support military

operations has a long history and is by

no means purely an artifact of the twen-
tieth century. According to Isabell Warmoes (1999),
the production of scale models of fortified towns
is a European tradition dating from the early six-
teenth century. The Musge des plans-reliefs in Paris
holds a collection of one hundred models of forti-
fied towns situated along former French frontiers
or subject to French rule that represent oportraits
in relief6 of towns and their surrounding coun-
tryside within range of artillery fire and enemy
approach works, such as trenches, in case of siege.
The levels of craftsmanship and attention to detail
have seldom been exceeded.

During the twentieth century the three-dimen-
sional terrain model played a significant role
in many theatres of both world wars. According
to Archibald Clough (1952), the static nature of
World War | (1914-1918) demanded relief models
of enemy defense positions for planning offensive
assault operations. Campaign maps at a scale of
1:20,000 were made of the Western Front by a
new model-making subdivision of the Ordnance
Survey for General Headquarters in France.
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Layers of cardboard were cut to the shape of the
contour, then pasted together and covered by a
map sheet of the area printed on special paper,
with the latest positions of the trenches marked.
According to Peter Chasseaud (1999), models were
sent to France between December 1916 and April
1917 at a rate of 36 per week. Indeed, by the end
of the war, the Ordnance Survey had produced
approximately one thousand of these models (War
Office 1920).

A model of Zeebrugge, Belgium, at a scale of 1:
2,500, made in 1918 by the Royal Navy, marked
both a change in the nature of warfare and, as a
consequence, a change in the requirements for ter-
rain models. The famous Zeebrugge Raid of April
23, 1918, a daring attempt to destroy a U-boat
base (Keegan 1998), required careful planning
and briefing. Use of the terrain model during the
preparation and planning stages of the Zeebrugge
raid pointed to the future role of models during
World War Il for combined operations.

Between the wars, however, the utility of models
to aid in terrain visualization was not entirely for-
gotten and was alive immediately prior to World
War I1. In the second edition of A Key to Maps
(1939), Harold Winterbotham added an entire
chapter on model making to his earlier edition of
1937. Winterbotham, a brigadier and ex-Director
General of the Ordnance Survey, had extensive
combat experience in the Boer War and World War
I, and had made models himself. Similarly, Frank
Debenhamis Exercises in Cartography, published in
1937, devotes a chapter to the subject.
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Development of Anglo-American
Model Making

Establishing the Model-making Section

Though the British Army was not prepared for the
demand for model-making at the onset of World
War 11, a model-making section was formed as
early as mid-1940 (Abrams 1991), after represen-
tatives of the Royal Navy, Royal Air Force (RAF),
and the Army met to discuss intelligence gathering
for the Commandos. Commando operations relied
on military personnel acting with a high degree of
initiative. This new notion meant officers at all
levels had to know exactly what they were doing
and be able to pass this information on to their
men accurately. Clearly, the success of Commando
operations was going to rely heavily on thorough
briefings with first-rate intelligence materials pre-
sented, so that all personnel would have a clear
image of the target and its topographic context.

In this new type of assault, military training
and courage alone would not do. Use of military
intelligence had changed dramatically, as it was
no longer solely the generals who were making
tactical decisions in the field. Many assaults were
combined operations of land, sea, and air forces.
Coordination of such complex operations required
detailed and reliable intelligence that could be
effectively passed along to those involved in its
planning and execution.

The significance of aerial photography as a
source for military intelligence was becoming
more fully appreciated. As early as 1940 the
British had established the Central Interpretation
Unit (CIU), and by 1942 the unit had amassed
over three million photographs that covered most
of Europe (Reed 1946). The Royal Air Force files
also contained invaluable information on tides,
geology, and photographs of installations and
cities collected from newspapers and periodi-
cals. Furthermore, the RAF also had facilities for
enlarging contour maps, aerial photographs, and
mosaics to the exact size of the proposed terrain
models. Aerial photography and terrain modeling
were to prove an effective combination later in the
war.

The idea of using relief models initially met
with some skepticism by military command-
ers. According to Spooner (1953), the problem
of training military personnel to comprehend
strategic and tactical briefings through reading
topographic maps was both monumental and
vital. Officer experience with terrain models was
limited to what were called the sand table, basi-

cally a table with a raised rim containing a bed
of coarse sand used during military training at
Sandhurst Military Academy since the beginning
of the nineteenth century. Despite this skepticism,
a model-making group was formed under the
Director of Inspection of Camouflage at the Royal
Aeronautical Establishment, Farnborough. Clearly,
the group needed skilled model makers with art
training and experience. Professional and com-
mercial artists, sculptors, architects, and architec-
tural model makers were invited to volunteer for
service within the unit as oAircrafthands, General
Duties.0 After training in air photo interpreta-
tion, work began on making models of airfields in
Brittany near Lorient and Vannes, Brest Harbour,
Cherbourg Peninsular, Guernsey, and places
farther away such as Dakar and Tobruk. Models
continued to be made to support combined opera-
tions (mainly by the Commandos for targets in
Italy and Norway) and, gradually, the significance
of the model makersi efforts became more widely
recognized. In January 1941, model makers were
re-mustered to a new trade as oPattern-Makers,
Architectural.6

The model shop now became known as
V-Section and was transferred to the RAFis
Central Interpretation Unit at Medmenham,
Buckinghamshire. The basement of Danesfield
House at Medmenham was set aside for model
making. All personnel, except one officer, lived in
a hut within the grounds of Danesfield (Scott, per-
sonal communication 2002). Models were made
of Bruneval and St Nazairefi significant com-
bined operations that further proved the worth
of the model-making section. As with all model-
making activities, the Bruneval raid demanded
the creation of a highly accurate and realistic
three-dimensional model of the site. The suc-
cess of the operation was timely, as the Allies had
recently suffered several severe setbacks, notably
the sinking of H.M.S. Prince of Wales and H.M.S.
Repulse, the surrender of Singapore, and the
embarrassing escape of the heavy cruisers Prince
Eugen, Scharnhorst, and Gneisenau through the
English Channel. According to Reginald (R.V.)
Jones (1998), Assistant Director of Intelligence,
few other raids had such clear objectives and ben-
efited from such detailed intelligence. Indeed, the
success of the Bruneval raid clinched the future
of paratroops in Britain when the First Airborne
Division and the First Parachute Brigade were
formed immediately afterward.

The planning of the Allied raid on the French
port of Dieppe presented a major model-making
effort. The importance of accurate models was
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brought home to the section after the raid. The
model makers were told that the sea wall, shown on
the model as being high enough to provide cover
for the tanks on the beach, did not provide cover,
thereby leaving tanks and other armor exposed
to German artillery fire (Abrams 1991). But few
tanks made it that far, and the sea wall was the
only known error in the entire model, which saved
many lives.

The work of the model-making section began
to gain recognition by all three services. V-Section
gained a reputation for integrity and worthwhile
contributions to intelligence gathering and use.
Consequently the workload in the model-making
section increased, and more personnel were
required.

Expansion of V-Section

Representatives of the Combined Chiefs of Staff
decided as early as February 1942 that terrain
models should be employed in the planning
and briefing of major operations. When the
U.S. Eighth Army Air Force came to Britain, the
Air Ministry looked to the Americans to provide
additional model-making capacity. An Engineer
Model-Making Detachment, which arrived in July
1942 with one officer and twenty men, increased
by the end of the year to three officers and 85 men.
Shortly after they arrived, the Americans were
moved to Henley-on-Thames, just beside the river
a few miles away, to what had been an exclusive
private club called Phyllis Court (Abrams 1991).
Royal Air Force personnel remained at Danesfield
and were transported to Phyllis Court by truck or
made their own way there by bicycle. Phyllis Court,
a regency country house with fine views of the
River Thames through its large French windows,
was a pleasant place to work. Spacious and well lit,
it was conducive to model making (Scott, personal
communication 2002).

After a short training course at Nuneham
Harcourt, south of Oxford, the Americans joined
up with the RAF model-making team to form a
opowerful allied group which, during the course
of the war, turned out a remarkably fine series
of models in wide variety6 (Clough 1952, p. 556).
Oddly, the Americans were hitherto unfamiliar
with the interpretation of air photography, par-
ticularly the use of photogrammetry for intelli-
gence gathering (Reed 1946). A great many of the
American generals required much convincing and
training about the uses of air photos for gathering
intelligence. In Britain, by contrast, aerial photo-
graph interpretation had become a basic source of
intelligence, and the use of air photography rep-

resented a major British contribution to the Allied
intelligence effort.

V-Section moved from Henley back to Danesfield
House, Medmenham, Buckinghamshire, in the
summer of 1943, apparently due to the increased
demand for models. Invasion plans for the Sicilian
and Normandy coasts dominated the work of the
Model-Making Detachment. A model of the island
of Pantelleria, near Sicily, was made in the United
States and sent over in October 1942. Models
were also prepared for air attacks on the dams at
Eder, Sorpe, M®hne, and Bisorte, the ball-bearing
works at Schweinfurt, the viaducts at Bielefeld and
Neuenbecke, oil refineries at Ploesti, the ship lift at
Magdeburg, and many others, plus various targets
for South East Asia Command. Later on, the unit
supplied models of the experimental V-weapon
sites at Peenem¢,nde and launching sites at Bois
Carr®, Watten, Siracourt, and Wizernes.

American model-making detachments worked
in North Africa and Italy, under the control of the
Director of Survey at Allied Forces Headquarters.
Although the effort focused on the preparation of
models for the assault on the south coast of France,
a model-making detachment served in Italy with
the U.S. Fifth Army, and a model-making section
was attached to the Middle East Interpretation
Unit in Cairo. In May 1943, another British
detachment accompanied the Mediterranean
Allied Photo Reconnaissance Wing to La Marsa,
Tunisia, where models of the Italian beachheads
were made, and then proceeded to San Severo,
Italy, in December of the same year. Models were
made of areas of eastern Italy, including those used
for the crossing of the River Sangro by the British
Eighth Army under Montgomery (Scott, personal
communication 2002).

The Allied team at Medmenham broke up in
August 1944 when the Americans decided to send
their personnel overseas to be closer to the actual
operations. The Model-Making Detachment
moved to Paris, where it was set up as an inde-
pendent unit under the control of the Engineer
Intelligence Division. Models were produced
for assisting in the assault on the Siegfried Line,
the crossing of the Rhine, and the thrust into
Germany. Models of the forts at Metz, which held
out for some time after the town had fallen to the
Allies, were apparently very useful in the fortsi final
capture.

Model Construction Techniques

There were two main methods of model construc-
tion: the photo-skinned method and the egg-crate
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method. Both methods are described in detail by
Harrison Reed (1946) and by the Air Ministry in
its Handbook on Models and Model-making, first pub-
lished in May 1943.

The Photo-skinned Method

British and Americans worked closely to meet very
tight deadlines. As a rule, two British oPattern
Makers, Architecturalé worked side by side with
two U.S. Army oModel Makers6 on the same shift
and on the same part of the construction. The
basement at Medmenham must have echoed to
the sound of fret saws and hammers as the con-
tours that had been traced from enlarged maps
were cut out of hardboard and then mounted
and nailed into position. After the contours were
smoothed by electric chisel, the landform was
given an unbroken surface by the application with
spatulas of Watertex, a mixture of plaster of Paris,
glue size, and wood pulp. Frequent and careful ref-
erence to the original maps was an essential part
of the process. Re-scaled photographs were then
dampened so that they could be stretched and
placed carefully over the model. Then the model
was painted to match the colors of the landscape,
and miniature buildings, trees, and fences were
added. Color tones were transparent so that the
field patterns and texture of the terrain surface as
revealed by the photo-skin could show through.
Hedging, an important feature in the European
landscape, was added using a green paste mixture
forced through a nozzle by controlled air pressure.
For large-scale models, buildings were crafted in
linoleum, which was cut to shape with razor blades.
When the model makers were finished, planners
could study the model and prepare for their
assault or bombing raid.

Photographs of a method of production similar
to that described above survive from the model-
making units based at Medmenham and at
Heliopolis, near Cairo. The latter unit operated
as part of the Middle East Intelligence Unit and
provided a portfolio of photographs and cap-
tions to assist in training model makers. Figure 1
shows the hardboard contours nailed together and
mounted in position. Clearly, model-making mate-
rials varied according to the specific location. The
model makers in Cairo used omangarieh,6 a mix-
ture of minced newspaper, local plaster, and glue
(Figure 2). A photo-skin was created by mosaicing
re-scaled photographs of the area and pasting the
photo-skin to the model, using road intersections
or other common reference points for registra-
tion. The availability and close scrutiny of aerial
photography using stereoscopes was an essential

Figure 1. Hardboard contours nailed together and mounted
in position at MEIU, Cairo.[Reproduced with kind permis-
sion of the Public Record Office.]
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Figure 2. The model makers in Cairo used imangariehi,
a mixture of minced newspaper, local plaster and glue.
[Reproduced with kind permission of the Public Record
Office.]

part of the more detailed stages in the modeling
process (Figure 3). Maps were used for reference
to locate airfields, railways, and roads (Figure 4)
before the model was finished (Figure 5).

In order to promote realism and provide person-
nel with portable visual references while conduct-
ing operations, the terrain models were sometimes
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Figure 3. The availability and close scrutiny of aerial pho-
tography was an essential part of the more detailed stages
in the modeling process. MEIU, Cairo. (Reproduced with
kind permission of the Public Record Office.)

Figure 4. Maps were used for reference to locate airfields,
railways, and roads. [Reproduced with kind permission of
the Public Record Office.]

Figure 5. The finished model. [Reproduced with kind per-
mission of the Public Record Office.]

illuminated and then photographed to replicate as
closely as possible the light that would exist at the
time of the planned operation. Aircrews could thus
be briefed with photographs taken from above the
model, whereas Commandos would be shown pho-
tographs of the model as if viewed from the sea.

The Egg-Crate Method

During the work on Sicily, the Fleet Air Arm of
the Royal Navy demanded that the model-making
section not only work faster but also produce
smaller, lighter models. Pilots needed models of
the Norwegian fjords to hold in their laps while
searching for the German battleship Tirpitz. In
order to meet this demand, Captain Theodore
Fletcher, an American within the model-making
section, introduced a new method (Abrams 1991).
Vertical sets of cardboard were cut to the shape of
vertical profiles running north-south and east-west
as taken from the available topographic maps.
The combination of both sets of profiles gave
the method its distinctive egg-crate type of con-
struction. Though the egg-crates could provide
only minimum detail and were fragile, they were
constructed quickly and easily. Typically, six men
could complete a panel in twenty-four hours (Reed
1946). This method provided a wider distribu-
tion of information than practical with the more
detailed photo-skinned models. Egg-crate models
were later constructed by sections accompanying
army units for briefing sessions at or near the
front.

Although hastily constructed, egg-crate models
of the Norwegian fjords of Bogen, Alten, and
Trondheim played a part in the eventual sink-
ing of the German battleship Tirpitz. During the
last months before the invasion of Normandy,
formations of the 21st Army Group were asking
for larger-scale models at 1:1,000 and 1:500.
According to Clough (1952), representatives
from British, Canadian, and American corps and
divisions serving under the 21st Army Group
Command completed over 700 egg-crate models
during the planning period, and many more were
made in the field during actual operations. Figure
6 shows a typical egg-crate model of Sword Beach,
which was used to plan the D-Day landing on June
6, 1944. Careful study of the model reveals the egg-
crate construction showing through the surface of
the model, a feature made more obvious because
the material covering the crate has shrunk with
time.

The simplicity of the egg-crate construction
meant that many other branches of the Allied
forces could begin building terrain models. The
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Figure 6. A typical egg-crate model of Sword Beach used
for planning the assault landing on D-Day, June 6, 1944,

Canadian Army made a number of models during
the operations to
Officers in the Royal Navy were also trained in
their construction.

Terrain Model Examples

Relief models were used in most theatres of World
War Il. For example, the Russian attack on the
Mannerheim Line and the detailed model of Pearl

liberate The Netherlands.

Harbor by the Japanese played important roles in
planning offensives (Ristow 1964). Nevertheless, it
was in Europe that the most sophisticated terrain
models were made.

Clough (1952) and the Department of the Army
(1956) provide sufficient detail for a broad classi-
fication of terrain models (Table 1). Models were
made at a variety of scales, depending on their
use and available source materials. Models ranged
from 1:500,000 scale for strategic planning to
large-scale models for air-bombing targets and
commando raids. Level of detail and vertical exag-
geration also varied with the scale and purpose of
the model. The vertical scale varied inversely with
plan scale in order to maintain a three-dimen-
sional human view of the terrain.

Strategic Planning

Models prepared for strategic planning tended
to be small scale, with little emphasis on detail.
The character of the relief was accentuated by the
exaggeration of the vertical scale to three or four
times the plan scale. The general character of the
topography was shown, with main roads, railways,
towns, wooded areas, and waterways depicted.
General Staffs at Force or Army Group level used

Users

Characteristics

Purpose Typical scales Content
Strategic planning 1:100,000 General topography, main roads, railways,
(most theatres) to 1:500,000 towns, wooded areas and waterways

General Staffs at Force or Army
Group level

Low detail, vertical
exaggeration exceeds 3 to 1

Tactical planning

1:10,000, 1:12,500

Major topographical features, landforms,
built-up areas, woods, roads, rivers and

HQs of corps and divisions,

Surface usually a map
revised by air photos. Vertical

(most theatres) and 1:25,000 canals quarries etc. usually demanded by Army HQ exaggeration. usually 3 to 1
Assault Iandlng Detailed topographic information, beach All echelons and branches down Realistic coloring .Of all
(North West Africa, . . - . S : elements. Sometimes
L 1:5,000 terrain, woods, buildings, hostile defense to the individual infantryman or . .
Sicily, Italy, and h ) photographed in realistic
works, shore lines, off-shore obstacles aircrew e "
Normandy) lighting conditions

Commando raids
(Bruneval, St.Nazaire,
Dieppe)

1:500 or 1:1,000

Detailed topographic information, beach

terrain, woods, buildings, hostile defense

works, shore lines, off-shore obstacles,
individual targets

HQ of operation, lower echelons
to brief assault troops

Detailed with careful
attention to all elements
based on intelligence reports

Smaller scales: topographic features woods,

1:10,000 or waterwavs. roads. railwavs. built-up areas Drop zone recognition for pilots.
. . 1:12,500 ys, ! ys, P Airborne unit commanders for
Airbore landings briefing troops on assembl
(Normandy, Europe Larger scales had detailed topographic 9 pgints y
1:1,000 or 1:2,500 information .SUCh as woods, buildings, Target briefing for troops
hostile defense works
Emphasis on distinctive features in Pilots and aircrews for target Represented three
Air-bombing targets 1:2,500 or 1:5,000 landscape, guide marks to the target, rivers, - g dimensional picture of the
; area recognition
woods, urban areas, railways ground
Egg-crate 1:500 to 1:25,000 Great variety of scales and levels of detail. HQs of corps and divisions and Quick construction

Emphasis on detail relevant to each target.

individual infantrymen

Table 1. Classification of Terrain Models produced by the Allies 1939-1945 (after Clough 1952).

232

Cartography and Geographic Information Science



LEGHORN ¥
-~

Figure 7. Relief map of northern Italy prepared by the United States staff [Research and Analysis Branch, Office of Strategic
Services at Supreme Headquarters of Allied Expeditionary Forces (SHAEF)].

these models for general planning. Figure 7 shows
an example of this type of model. The United
States Staff (Research and Analysis Branch, Office
of Strategic Services) prepared this relief map at
Supreme Headquarters of Allied Expeditionary
Forces. This particular model was used in the
Cabinet War Room in Whitehall and accompanied
Winston Churchill at all the meetings and
conferences with President Roosevelt and Soviet
political leader Stalin.

Air Bombing Targets

Models for aerial bombing were typically con-
structed at scales between 1:2,500 and 1:5,000f
large enough to accommodate reasonably detailed
elevations of buildings and give pilots and navi-
gators a representative three-dimensional picture
of the target and surrounding terrain. Special
emphasis was placed on distinguishing features
and points of recognition that served as guiding
marks for navigation to the target. In precision
bombing, accuracy of representation was essential.
Depiction of side elevations of buildings was cru-

cial in enabling pilots to recognize a specific navi-
gation mark or target. Missing the target would
mean failure of the mission and unnecessary loss
of civilian lives. Several models that survived the
war were used to support such operations, the
most famous of which was the Dambuster Raid of
May 1943.

The Dambuster Raid

In this famous episode of World War 11 the British
engineer Barnes Wallis devised a scheme to
destroy several large dams on the upper Rhine
that, if breached, would disrupt factory produc-
tion in the Rhine Valley. It was hoped that the raid
would also provide a significant morale boost to
the Allies. The raid was very dangerous because a
five-ton bomb had to be dropped at low altitude so
that it could skip across the water to an exact spot
next to the dam, where it would sink and explode
deep under the surface. Plans for such a raid were
started quite early in the war. Explosive tests were
carried out by the Road Research Laboratory on
large-scale models built by the Building Research
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Station between November 1940 and January
1941 (Figure 8).

Once the method of delivering the explosives to
the dams had been devised, V-Section set to work
on detailed models of the M®hne, Sorpe, and Eder
dams to enable pilots to release their bombs at pre-
cisely the right time and position. The release of
the bomb depended on the positions of the towers
and the dam itself by aircraft equipped with a
simple sighting device, with which pilots could
practice on the model. The Operations Record
Book for the RAF base at Medmenham held at
the Public Record Office, Kew (PRO AIR29/227),
records how the various sections within the Central
Interpretation Unit worked together on the proj-
ect.

Sections R, W, and V were under the control of
Wing Commander Kendall, a man highly regarded
by all those working at Medmenham (Abrams
1991; Scott, personal communication 2002). R-
Section coordinated the demands of those respon-
sible for the planning operations, and W-section
provided the data, photographic material, and
maps at the correct scale and properly contoured
for V-Section, which produced scale models of the
target. D-Section, under Wing Commander (W/C)
Hamshaw Thomas, was responsible for the inter-
pretation reports issued.

As early as February 1943, Bomber Command
had requested a model of the M®hne Dam at a
scale of 1:6,000. The only vertical photographs
available were dated 1941 (September 4 and 5)
and not of the dam itself. Ground photos were
used together with 1:25,000 German maps. An
enlarged mosaic was prepared and delivered
to V-Section on February 12. Completed on the
February 17, 1943, the model was dispatched to
Bomber Command. On February 19, new pho-
tography was flown of the dam, and modifications
were made to the model before returning it to
Bomber Command on March 3. A model for the
Sorpe Dam was requested almost immediately, on
April 4, 1943. Although there were no verticals or
ground coverage, three ground photos were dis-
covered on April 7, and the model was completed
by April 19 (Figure 9). The largest dam, the Eder,
was requested late on May 11. The modelers had
ground photos and intelligence information, but
no aerial photography. The CIU, which had been
asked to complete the model by May 18, finished
it the preceding day, but by this time, the mission
had already been flown.

Paul Brickhill recalls the use of the models
during the Dambuster Raid in his book The Dam
Busters (1954). Wing Commander Guy Gibson used

Figure 8. Explosive tests were carried out by the Road Research
Laboratory on large-scale models built by the Building Research
Station between November 1940 and January 1941.

the models to brief the aircrews. The aircrews were
instructed to examine the models of the dams:

Look at these till your eyes stick out and youive

got every detail photographed on your minds,

then go away and draw them from memory,
come back and check your drawings, correct
them then go away and draw them again till

youire perfect. (Brickhill 1954, p. 69)

The mission has gone down in history as one
of the most daring ever accomplished. Over
330 million tons of water flooded coalmines,
destroyed factories, and damaged roads, railways,
and bridges. The Ruhr foundries producing iron
and steel were now without water (Staerck 1998).
However, aircrew casualties were heavy, and many
civilians died. The significance of the models in
the preparation and execution of the mission was
fully appreciated by those who took part and those
who reviewed the results. The Operations Record
Book states:

It will be seen, therefore, that this unit [CIU]

was able to provide Bomber Command with

precise information up to within a short time
before the attack, and contributed in some
measure to its outstanding success (Public

Record Office AIR29/227, p. 38).
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Figure 9. Model of the Sorpe Dam, Germany.

Precision Bombing Raids

As World War Il progressed, improvements in
aircraft, munitions, and intelligence increased
the capability of Allied air power to carry out
precision bombing of small targets in towns and
cities. However, precision bombing would have
been impossible if aircrews could not recognize

Figure 10. The larger-scale model for identifying the target.

Close observation of the model reveals a caricature of the
building facade. Aircrews were unlikely to require more
accuracy, given the high speed and low altitude of their
flight.

the target or find their way to the target quickly.
Thorough preparation was paramount because
these raids were hazardous both to aircrews and
noncombatants, and models were of utmost
importance.

Several models used to brief crews prior to
these sorties have survived. These include those
prepared for the RAFis April 1944 precision
bombing raid on The Hague, in The Netherlands.
The mission required high levels of precision.
Its target, a ninety-foot building, housed the
Central Population Registry, which included lists
of Dutchmen marked for deportation. Briefing
models were prepared at two scales: 1:1,190 and
1:6,250. The smaller-scale model was used to brief
aircrews on how to approach and recognize the
area of the target, and the larger-scale model was
used to identify the target itself (Figure 10). These
models clearly demonstrate the use of caricature
in the detail of the target. By contrast, a general
impression of detail and architectural style was
sufficient for aircrews flying at high speed and low
altitude. It was of vital importance that aircrews
recognize the route, as the route was planned to
prevent the Germans from guessing the target.
The time was chosen to reduce the risk to civilians,
and the buildings on both sides of the target had
to be left untouched. Six Mosquito twin-engine
fighter-bombers with delayed-action high explo-
sives and incendiary bombs attacked at housetop
level and completely destroyed the building.
Accidental damage was also sustained by a nearby
German Army barracks. The mission was a success,
even though recognition of the route was made
difficult by the flooding of surrounding farmland
by the Germans.

Assault Landing

Models prepared for assault landing were used for
operation planning by all echelons and branches
of the armed forces, and included information
valuable to all users. The Navy required detailed
depiction of shorelines, beaches, and offshore
obstacles. The infantry required detailed repre-
sentation of beach terrain, woods, buildings, and
enemy defenses. Obstacles and salient features for
controlling artillery fire were also needed. Such
detail was also useful to the aircrews in identifying
targets and drop zones.

Operation 0Husky6: The Invasion of Sicily

A model of Sicily, ordered by No.1 Planning Staff
Middle East at a scale of 1:25,000, was to cover
the area south from Mt. Etna to Pachino and west
beyond Gela, the region of the proposed assault
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landings on Sicily. The models were constructed
by the model-making section of the Middle East
Interpretation Unit based at Cairo, using 1:25,000
and 1:50,000 Italian topographic maps and 1:
250,000 air maps together with revisions provided
by air photo interpretation. The model was made
in ten sections, each measuring 14 feet by 16 feet.
The relief maps were completed in two months
and annotated with defenses and relevant mili-
tary information. The western sections were then
crated and sent to Algiers for use by the American
Task Force. After operational planning was com-
pleted, the remaining sections were flown to the
First Airborne Division for briefing crews.

The models created were of an exceptionally high
standard because they would be used for different
planning purposes and by all types of forces taking
part in the combined operation. Naval, army,
commando, and air forces used over 2,500 copies
of 20 different folders made up of photographs
(e.g., Figure 11) of models for the identification of
beaches, special targets, and leading marks (Public
Record Office 1943, AIR 34/737). A vertical photo-
graph included in the folders identified defenses,
which landing craft were likely to encounter. The
oblique views for the Army were taken from a posi-
tion sufficiently high to afford a general impres-
sion of the landscape but low enough to show
clearly the hills that dominate the coastal area.
Low obliques of detailed models of landing areas
were taken for recognition of landing points under
artificial light conditions that imitated what the
likely appearance of the shore at different times as
the operation progressed (Figure 12).

A key reason for the timely delivery of the models
to the planners was the remarkable close collabora-
tion between the Middle East Interpretation Unit
and the planning staff. Planning was often done
from models before they were completed so that
any special information required was incorporated
as the work progressed, and additional sections
were built when a change of plan made this nec-
essary. A higher degree of accuracy was achieved
thanks to direct contact with those actually taking
part in the operation, who asked searching ques-
tions about every detail of the routes (Public
Record Office 1943, AIR 34/737).

The compact form of this information facilitated
the inclusion of annotations and cross-references,
and because those who were to use the photo-
graphs chose the viewpoints, each force received
the pictures and type of information it required.
Those who worked on the models identified sev-
eral advantages of vertical photographs of the
models over photographic mosaics. The photo-

Figure 11. Stretch of coastline south of Syracuse, Sicily.
(Reproduced with kind permission of the Public Record
Office.)

graphs emphasized important features oslightly,6
achieving a general simplification of the detail.
The poor overlap and distortion inherent in air
photo mosaics were avoided, and lighting could be
arranged to enhance, to the full, the oconforma-
tiono of the landscape likely to be experienced at
the time of the operation. Mosaics were not used
for beaches, precisely for the reasons of their poor
overlap and inherent distortion.

The invasion of Sicily, which began on July 10,
1943, was successful for a number of reasons. The
Allies had successfully deceived the Germans into
thinking that an invasion of Greece was imminent,
and the Italian forces were stretched, fighting in
the Balkans and alongside the Germans on the
Eastern Front. But without the meticulous planning
and preparation by combined forces, the invasion
might have foundered (Montgomery 1948). This
was the first time that specially designed LSTs
(Landing Ships, Tank) and LCTs (Landing Craft,
Tank) had been used to put tanks as well as troops
ashore in an assault wave (Arnold-Forster 1973).
Models of new vehicles and landing craft were
made to assist in the planning of troop deploy-
ment (Abrams 1991). Eight divisions had landed
from a thousand ships along a front 100 miles
long. By August 17, Sicily was in Allied hands.

Target Interpretation

From the outset of World War 1l rumors spread
that the Germans were developing secret weapons,
but by spring 1943 the precise nature and reality of
the threat was still not known. Operations Bodyline
and Crossbow aimed to locate, with the aid of air
photograph reconnaissance, the development
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