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ABSTRACT

ASSESSING LANDSCAPE DISTURBANCE AND RECOVERY
ACROSS A WWI BATTLEFIELD: VERDUN, FRANCE

By

Joseph Pierre Hupy

Warfare and the physical environment have always shared a close
and interconnected relationship. While a large body of literature
examines the ability of the physical environment to influence battle
outcomes, a limited degree of research explores the inverse relationship,
that is, the various effects of warfare upon the environment. The
destruction associated with modern warfare is particularly catastrophic
due to the extent, magnitude, and duration of contemporary wars. These
large magnitude disturbances radically alter the shape of the landscape,
limiting the ability of the landscape to revert back to its original state. By
pursuing two research objectives, this dissertation research examines
landscape disturbance and recovery across the World War I battlefield of
Verdun, France. The first research objective was to characterize the
varying magnitudes of disturbance. Five study sites were surveyed that
best reflected the varying degrees of disturbance, while maintaining
similar environmental characteristics, e.g., bedrock, soil type, and
topographic position. Disturbance magnitude was determined by
counting craters and measuring their dimensional attributes in two

quarter hectare plots at each of the five study sites. Additionally, a



was performed at each of the five study sites. The microtopographic
survey recorded changes in elevation to the nearest centimeter at 0.5
meter intervals along S0 meter transects. The second research
objective was to characterize, describe, and explain soil development
within the disturbances created by explosive munitions. This objective is
based primarily on parameters associated with soil development data.
Soil development is ascertained by examining the degree of leaching of
various cations from the soil profile and the character/amount of organic
matter that has accumulated to form the O and A horizons.

This study provides insight into the ability of a landscape to
recover following a catastrophic anthropogenic disturbance. Given the
controversy surrounding the environmental implications of modern
military operations around the world, via both training and actual
combat, it is important to examine the impact military disturbances exert
on the landscape. Additionally, humans are increasingly reshaping the
face of the earth through activities such as mining, logging, intensive
agriculture, and warfare. An understanding of landscape recovery
through the holistic approach of studying geomorphic, soil, and bio-
ecologic factors will help to better manage and restore severely disturbed
landscapes in the future. Such work serves to provide society with a
better understanding of how and to what degree landscapes recover,

following a catastrophic anthropogenic disturbance such as war.
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PREFACE

After walking upon a battlefield day after day pocked with literally
millions of craters, I sometimes was jaded by the ultimate power that
created the destruction surrounding me. I forgot I was in a location that
epitomized what the technology of the industrial age was capable of
rendering to humans and the envifonment. Occasionally my objectivity
would dim when recording the presence of a piece of human remains, an
unexploded ordinance, or some other relict of war. At those moments, I
would once again realize that I was standing in a location that was
literally a meat grinder, an inferno, and hell on earth - all rolled into one.
Sometimes, at these moments, I would gaze at the trench remains dotted
with craters, at the bits of barbed wire, the occasional shell peeking out
from beneath the 88 year burial, the rare bone fragments, and realize
what it meant when the infantry slogging to the front muttered they were
entering ‘the furnace’. How, I would wonder, did the people in this
situation even deal for a day crawling through muddy water filled craters
in a cacophony of artillery blasts. I suppose they did it for love of
country, believing they were making the sacrifice so their sons and
daughters wouldn't have to experience what they did. Unfortunately,
those wishes did not come true and the world is currently experiencing

more armed conflicts than at any time in the 20t century.
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I state this not as an opposition to the military, military endeavors,
or to armed conflict. In fact, I am a staunch supporter of the military and
highly admirer those who give a substantial part of their lives so I can sit
in comfort and write this. I am a realist and realize that sometimes
armed conflict does ultimately stem from a terminal ending in political
and diplomatic circumstances. I have written this dissertation and
maintain an interest in military geography because I want to record what
happened and the magnitude of what occurred in the past.

The battle of Verdun is just one of many battles that points to me
what a fine veneer covers our ‘civilized world’. War is considered a bad
word in our society, but we (and that does include me) are all fascinated
by it. We seem to live in a world now that pays lip service in homage to
those who fought while our nations youth make a mockery of those who
have died. Video games such as Black Hawk Down recreate the violent
deaths of U.S. soldiers whose loved ones must anguish over those
memories every time the game is seen at a local Wal Mart or Best Buy.
Movies like Saving Private Ryan and Band of Brothers may illustrate the
horrors of war, but it seems all too convenient that the scenes with the
most gore are played over and over again on DVD players in the comfort
of our living rooms because, in the words of some, “the sound effects are
cool.”

We are now involved with two separate conflicts in two separate

countries (Afghanistan and Iraq). In our bumper sticker society,
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supporting the war merely means placing a yellow ribbon, or even more
recent, a ribbon bespangled with red, white, and blue on the back of our
vehicles — sometimes even three or four ribbons will indicate highly
patriotic individuals. I can only hope that my research will place an
awakening in individuals that the effects of war are far reaching, beyond
what, 24 hour news, movies, and video games present.

To dedicate this dissertation to the men who fought or as a wish to
end armed conflict would be cheap at best. I only wish to remind people
that a study like this examines the battlefield well after loved ones died
in agony within a lonely mud slicked crater on a far away battlefield. I
encourage everyone to continue with research examining the effects of
war on humans and the environment so hopefully war can be

remembered exactly how it was and is, not as a video game or movie.
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Introduction

In December of 2004, coastal areas in the eastern Indian Ocean
were devastated by a massive tsunami, which had been triggered by an
offshore earthquake. Entire cities were leveled, coastlines changed, and
coastal estuaries altered beneath tons of sediment. Whether it is a
tsunami, a volcanic eruption, flood, or forest fire, large natural
disturbances like these continually shape the physical environment.
Although natural disturbances are capable of rendering massive changes
upon the physical environment, humans often ignore one of the largest
contributing factors in landscape change due to disturbance - ourselves.

From its very beginnings, the discipline of Geography has placed a
great amount of emphasis upon the interactions humans share with
their physical environment (Golledge 2002; Livingston 1992; Marsh
1965[1864]; Sauer 1925). For the greater part of its past, the majority of
works stemming from the discipline of geography have been on the
strong influence that the surrounding physical environment places on
human activities and their cultural patterns. This form of research came
collectively to be known as environmental determinism and was pursued
in earnest until at least midway through the 20th century (Sauer 1956).
In the 1950’s, the geographer Carl Sauer (1956) introduced the concept
of cultural landscapes by listing the ways humans can influence their
physical environment. Sauer contended that, although humans are

indeed influenced by their surrounding environment, they also are



capable of rendering changes on that very environment through everyday
events, including catastrophic ones. Among human activities such as
logging, mining, and agriculture, Sauer also listed war as an agent of
change upon the physical environment. War acts as an agent of
landscape change by causing disturbances of differing magnitudes and
type. War is a unique form of landscape disturbance in that it is often
larger in magnitude and size than other forms of natural disturbance.
War is also unique as an anthropogenic (human) agent of change
because of its capability to render such widespread destruction over
large areas in such short periods of time (Westing 1980). Despite the
magnitude of landscape disturbance associated with modern warfare,
however, it continues to be overlooked as a significant form of
anthropogenic disturbance (Bazzaz 1983).

One subfield of the field of Geography, Military Geography, has a
history similar to the broader field of Geography in that, until recently, it
has mainly focused on the effects of the physical environment upon the
outcome of battle and/or military campaigns (O'Sullivan 1991; Peltier
and Pearcy 1966; Winters et al. 1998). Whereas it is important to
examine how the physical environment has influenced past military
operations, along with studying how to cope with the physical
environment in future military campaigns, it is also important to
examine the converse, i.e. how and where military operations have had

an effect upon the physical environment. An extended examination of this



relationship - between battle and the environment - has the potential to
expand the subfield of military geography into new and exiting directions.
Besides expanding military geography beyond its traditional
format, studying the impact of military activities upon the physical
landscape is a topic that necessitates attention, given the current
circumstances surrounding the military and its increased interactions
with the general public. Environmental watchdog organizations such as
the Sierra Club and Greenpeace, as well as the Environmental Protection
Agency (EPA), all expect the military to maintain a high level of
environmental stewardship in its operations, during both peace and war
(King 2001). Although military land holdings remain among the largest in
regard to public land holdings, the amount of training facilities available
to the military is a limited and finite resource. Increasing civilian
encroachment upon military training grounds, in addition to advances in
technology requiring an increasing amount of space, call for proper
environmental management of these facilities. In recent years, the
military has done an excellent job managing its current training facilities;
a number of studies have focused on the effects of military training
operations upon the landscape (Gatto, Halvorson, and McCool 2001;
Nichols and Bierman 2001; Prose and Metzger 1985; Albertson 2001).
However, these studies have focused mainly on the effects of heavy
vehicle traffic upon soil surfaces and not upon the many other effects of

military actions, including those of explosive munitions on landscapes.



When searching for areas to study, there exists no shortage of
battlefields associated with the many wars and conflicts of the 20th
century (King 2001). Many landscapes affected by war still show battle
scars. Although these areas may now be revegetated, the soils and
surfaces below may remain dramatically altered. For example, North
African deserts still exhibit craters and tank tracks from WWII (Westing
1980). In Vietnam, the flight paths of B-52 bombing runs can still be
seen in the form of rows of bomb craters - now used as rice paddies by
Vietnamse farmers (Westing and Pfeiffer 1972). Europe’s infamous
Western Front, which stretched from the English Channel to the Swiss
border, can still be reconstructed using the bits of barbed wire, artillery
craters, and trenches that sprawl throughout the forests (Webster 1994).
Several areas along the Western Front were much more disturbed during
WWI than others (Figure 1); the Verdun area of France is one of these
areas (Horne 1993). It is pockmarked, even today, with millions of
craters (Figure 2). With this background in mind, I present the main
objectives of this PhD research project, centered on the WWI battlefield of

Verdun, France.



Figure 1. World War I aerial reconnaissance photo
(1916) of the pock-marked Verdun battlefield. The
Meuse River on the left side of the image is
approximately 25 m across. Source: Clermont-
Ferrard, 1919

Figure 2. A typical example of the Verdun cratered
landscape near Fluery, France, in May, 2003 Source:
Author's Collection



Research Obijectives

In this dissertation research I focus on the effects that warfare exerts
upon the physical environment. Although warfare impacts the
environment in many different ways, my focus will be on the effect of
explosive munitions on the soil landscape (soilscape), i.e. the landscape
surface and its meso/micro-topographic characteristics (Hole 1978). The
WWI battlefield of Verdun, France was chosen for my research because it
retains millions of craters, making it an ideal setting within which to
perform this research. This research was performed by addressing two
primary research objectives (below).

The magnitude of disturbance, as exemplified by the size and
density of craters, varies tremendously across the Verdun battlefield. In
some areas of Verdun, craters are spaced tens of meters apart, while in
other areas craters are overlapping or separated only by hummocky
mounds of earthen material. Therefore, my first research objective is to
characterize and describe, quantitatively, the varying magnitudes of
disturbance across the battlefield. In this first objective, I also intend to
examine landscape disturbance, through a survey of artillery crater
impacts on the micro and meso topography. Gaining an understanding of
the effects of warfare on the landscape is an important focus of this
research. Equally important, however, are data that address the long-
term ramifications of warfare, or the ability of a particular landscape to

recover; this is addressed in my second research objective. My second



research objective sets out to characterize, describe, and explain soil
development in those areas (in particular, artillery craters) disturbed by
explosive munitions. This part of the research will address questions that
center on landscape change and soil developmental pathways and rates,
following these types of disturbances.

This PhD research is important because it (1) examines the ability
of a landscape to recover! after exposure to a catastrophic anthropogenic
disturbance, and (2) permits the application (and comparison) of data on
landscape recovery using a unique application of soils data. To date, the
majority of research involving landscape recovery following disturbance
has relied upon vegetation data. In addition (3), only occasionally in soil
geomorphology is the beginning of soil development, i.e. time of
disturbance followed by stable conditions, known with this degree of
precision, providing a unique laboratory within which to study the above
phenomena. The information from this body of research promises to
advance current theories in soil development and introduce new
concepts in the field of soil geomorphology. Finally, this work promises to
expand research in military geography beyond its traditional bounds of

“environmental influences on battle.”

! As the reader may have noted, the Verdun battlefield has not truly ‘recovered’ in the factual sense of the
word. A true recovery would mean that the battlefield has reverted back to the state it was in prior to
disturbance. When the word recovery is used in the context of this research, it is used as a measure of how
closely the changed landscape has moved toward reverting back to its original state.



Chapter 1

Literature Review

Research in military geography has traditionally focused on the outcomes
of battle due to environmental influences (Palka 2000). Surprisingly, very
little research has examined the opposite relationship - the effects of
battle on the environment. In this review, I will begin with a brief
overview of traditional military geography to illustrate the strong degree
of interaction war has with the physical environment. The next section
will focus on the effects of war on the environment, beginning with
ancient warfare and continuing through modern warfare of the 21st
century. I will also discuss research that has examined the effects of war
on the environment, and discuss what aspects of environmental
disturbance this research has failed to address. Chapter 1 concludes
with an overview of literature that has examined the issue of landscape
disturbance along the lines of the ability of a landscape to recover,

focusing on its resilience and stability.

Environmental Influences on Battle

Throughout history, warfare and the physical landscape have shared
a close and interconnected relationship (O'Sullivan and Miller 1983;
Winters et a‘l 1998). The outcomes of many battles and campaigns has

been influenced, or even preempted, by the physical landscape, by either

favoring the winner or hindering the abilities of the loser. Numerous



books concerning the philosophy of warfare, such as Sun Tzu’s The Art
of War (2002) or Clauswitz’s On War (1968), attest to the importance of
the physical landscape in warfare. For example, in the American Civil
War, the outcome of the Battle of Gettysburg was largely determined by
the ability of the Union army to take the high ground on seminary ridge
(Kiersch and Underwood 1998; Winters et al. 1998). Also, in this battle,
Confederate artillery forces took advantage of another component of the
physical environment - forest cover - by placing their artillery batteries
under the cover of forest surrounding the fields.

Forests and the surrounding landscape have been utilized for
centuries by armies to mask their movements and provide cover. Two
thousand years ago the Roman poet Cicero wrote, “Woods are an
ornament in peace and a fortification in war.” Having played a role in
battle since ancient times, forested landscapes faced the hardships of
war right along with the troops maneuvering in their interior (Demorlaine
1919). It is natural in times of battle for warriors to find the best cover
possible and it is only natural for the enemy to attempt to flush them
out. Even with all the technological improvements associated with
modern warfare, forests continue to be heavily relied on by armies,
especially in guerilla warfare. This ensures that forests and the physical
landscape will continue to suffer from the adverse effects of warfare.

Soils, another important component of the physical landscape,

support the agriculture needed to feed a nations’ armies and people.



Depending upon their landscape position and textural composition, they
can also affect tactical troop movements. For example, the soils of the
Western Front across France constantly were a factor that affected
defensive positions and offensive movements (Bailey 2004). In the
opening phase of the battle of Verdun, German troop movement was
impeded due to the heavy shelling that turned the clayey landscape into
a quagmire. The artillery bombardment was meant to soften the French
defense but did little to French defenses and only softened the soil
surface. Not only does this example illustrate how soils can affect the
outcome of military operations, it also shows the unintended
consequences of explosive munitions upon the physical environment.
Whereas factors such as terrain and soil often affect military
engagements at the tactical level of a given battle, they can also affect
armies at the strategic level of an entire military campaign (Winters et al.
1998)2. For example, the great German advance across Russia in WWII
was halted when Germany’s mighty tanks were bogged down by
waterlogged soils (Keegan 1993). Much like the heavy shelling on the
battlefields of WWI impeding troop movements and destroying a once
stable soil surface, the movement of an entire German army across the
Russian countryside attests to the impact an army can render upon the
landscape. However, until recently, the effects of warfare have been

largely ignored by those involved with military geography.

? In terms of geographic scale, strategic levels involve entire military campaigns of large expanses of
territory whereas tactical levels involve smaller land area, limited to the extent of the battlefield.
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Traditional Military Geography

Since the middle of the 19th century, military geologists and
geographers have been employed to make intelligent and strategic use of
existing battlefield terrain (Guth 1998). Even today, tactical and strategic
terrain analysis, fortifications and tunneling, resource acquisition,
defense installations, and field construction and logistics are vital
components to the study of military geography (Kiersch and Underwood
1998). Military geologists and geographers provide detailed analyses that
contribute to making vital decisions on the battlefield. In addition,
military geographers often provide historical analyses of the physical
environment and the influence it may have had on the outcomes of
military engagements. Geographers have also been employed by the
military to recognize spatial patterns in aerial reconnaissance data, such
as during the preparation for the Normandy invasion or by recognizing
nuclear missiles during the Cuban Missile Crisis (Livingston 1992). They
also prepare soldiers for war by teaching them to appreciate the
landscape and to read maps more effectively (Doyle and Bennett 2002).
Notable works concerning the subfield of military geography have been
produced by O’Sullivan (1991; O'Sullivan and Miller 1983) and Peltier
and Pearcy (1966).

The concepts surrounding military geography also continue as a

strong component in the curriculum of military academies, teaching the

drawbacks and failures of previous campaigns to future military
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officers3. A well known example of military geographic research that
addresses the failures of a past military campaign was performed by
Doyle and Bennett (Doyle and Bennett 1999). The authors examined
environmental factors leading to the British failure at Gallipoli in WWI.
They determined that a major reason for the catastrophic failure of the
invasion centered on enemy forces controlling the high ground and
potable water supplies. Overlooked in this study were the effects of the
military operation upon the semi-arid environment, some of which can
still be seen today.

In their analyses, military geologists and geographers often overlook
what happens to the landscape after the battle. In this context, many
questions remain unanswered. What happens to the forests when enemy
forces bombard troops taking refuge in them? What happens to the
stability of a soil after an army of 1,000,000 has trodden over it? What
happens to the agricultural landscape after it has been bombed and
mined over the course of years of warfare? In the following section, I will
address these questions through a brief history that covers the effects of
war on the environment. I will also discuss the limited amount of
research that has brushed upon the impacts of war upon the
environment and the dearth of research concerning post-battle landscape

changes.

> One of the first two instructors employed by the USMA at West Point was, in a modern sense, a
geographer appointed to teach field sketching.
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Warfare and its Effects on the Environment

Warfare is, by its very nature, an inherently destructive activity.
Not only are the weapons associated with warfare directly responsible for
environmental disturbance, but the activities associated with war can
severely tax the physical environment as well. Environmental
disturbance occurs when armies intentionally eliminate the cover or
resource base of an enemy, or more commonly, as an unintentional
consequence associated with the war effort. Based on these premises,
environmental disturbances associated with war can be placed into three
general categories:

(1) Environmental disturbance and destruction from weaponry.

(2) Direct consumption of resources such as timber, water, and food
to support armies.

(3) Indirect consumption of resources by military industrial
complexes that supply the war effort.

Throughout history the environment has suffered the
consequences, either intentionally or unintentionally, of military actions
(Westing 1990). The amount of destruction an army is capable of
rendering upon the enemy, as well as the environment, is somewhat
limited by the technology of weaponry available (Westing 1994). However,
environmental impacts associated with the weapons of war are not

limited to modern warfare, as the following sections will show.
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Warfare in Antiquity, Up to and Though Pre-Modern Warfare

Fire and other incendiary devices were, arguably, the first weapons
capable of rendering widespread environmental destruction (Lumsden
1975). Fire has long been employed by armies to drive out enemy forces
taking cover in forests, swamps, or other forms of natural cover (Westing
1980). Armies could take advantage of prevailing winds by setting fire to
an area upwind from an enemy, thereby creating confusion and fear and
smoking them out of their place of refuge. One account from a Roman
general in the 1st century B.C. describes a massive forest fire that burned
every bit of ground cover and scorched the soil down to the roots of the
trees (Westing 1990). This fire was set by Barbarians in the forest
attempting to flush the Romans out into the open. The Roman army also
employed widespread use of fire in its campaigns within the forests of
what is now France and Germany. For the Romans, however, forest
destruction was a practice limited against the Barbaric tribes of Europe,
in that most uses of incendiary devices in antiquity were aimed at cities,
naval fleets, and other fortified positions.

Ancient armies also practiced other forms of deliberate environmental
disturbance. The Roman army, known for their pragmatic combat
engineering skills, sometimes diverted the course of streams either to cut
an army off from its water supply or to redirect the stream through an
enemy encampment (Mayor 2003). In some cases, the Romans actually

dammed areas upstream from the enemy for a period of time, then
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deliberately destroyed the dam to create a catastrophic flood designed to
wipe out the camp of the opposing army*. Sometimes armies set out to
destroy the irrigation networks of enemy nations, thereby eliminating
their source of water. Such was the case when Ghangis Khan invaded
Mesopotamia and destroyed the irrigation networks of the Tigris River
(Mayor 2003). Disturbing the water supply of an enemy was, indeed, a
common tactic employed by all armies in the ancient world. Although
frowned upon in most cases, deliberate poisoning of water sources, such
as streams, springs and wells, was not unheard of among many ancient
armies.

Disturbance of crops and to the agricultural landscape was also
widely employed by armies in antiquity (Mayor 2003). Although not
strictly part of the natural environment, agriculture and crops serve as a
strong link between the human and physical landscape and continue to
be a target of deliberate destruction in military campaigns. Salting an
enemy’s fields was not uncommon. Perhaps the most well known
example of this practice was the salting of Carthaginian fields by the
Romans to prevent Carthage from ever becoming a military threat again
(Westing 1980).

Deliberate destruction of agriculture and other environmental
resources was practiced by the many colonial empires who were vying for

control of the fur trade in the New World. One of the better known first

* Destruction of dams was employed with great success in WWII and the Korean War. This practice was
also implemented in the Second Indochina war, but with limited success.
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instances began during the American Revolutionary War when General
Washington ordered the fields of the Iroquois Indians, who were allied
with the British, razed so only bare earth was left exposed. This practice
worked so well that part of U.S. policy during the Indian Wars that
spanned the 1800’s was elimination of the Native American resources,
including destruction of winter sheltering grounds and elimination of
once vast herds of buffalo (Westing 1980).

One of the classic examples of material destruction during wartime
lies with General William Tecumseh Sherman and his march to the sea
in the latter part of the American Civil War (Gates 1965). This march was
hailed by northerners as a brilliant military tactic (for cutting off his
supply lines, thus 1living off the land’) and scorned by the South as one of
the cruelest measures ever inflicted upon humankind. In this march,
Sherman cut off his supply lines and literally marched across the south
all the way to the sea. Troops were sent out to obtain food from the land
and destroy everything in their path leaving a massive swath of
destruction all the way to the sea.

While ancient and pre-modern armies were deliberately destroying the
resource base of opposing armies, they were also consuming resources
from those landscapes to support their own war efforts. Trees were cut to
supply materials for ships, bows, arrows, and spear shafts; iron and
other minerals were mined for weapons and armor; and land was cleared

to supply grain. In the age of exploration, the white pine forests along the
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eastern seaboard of North America were heavily cut in order to supply
mast timbers for Her Majesty’s navy in Great Britain, while the oak
forests of the south were harvested to build the ships.

Before C-rations and preserved food were available, an army on the
march had to live off the land it was moving across. An army of several
thousand men on the march places severe burdens on the resource base
of any given area. That is to say, armies consume massive amounts of
food, and before automobiles the horses associated with an army on the
march needed pasture grass as well. Nomadic raiders such as Ghanghis
Khan and Attila the Hun often were forced to limit the size of their armies
based the amount of pasture to support their horses (O'Sullivan and
Miller 1983). Not only would consuming these resources ensure the
army'’s ability to continue its military campaign, it would also deprive the
enemy of resources needed to fight against the invader. If an army didn’t
consume the resource base of the area it occupied, then the existing
population would often do it for them, by destroying crops and resources
of an invading army, thereby depriving the army of its lifeblood through a
scorched earth policy. The Romans used this practice widely by burning
pasture and crops when the empire was faced with threat of invasion.
These practices were not limited to ancient armies and have continued

right on to present time; a classic example is Stalin’s scorched earth
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policy on the eastern front against the Germans in WWIIS. In this vein,
perhaps the only difference between ancient and modern warfare is that

the methods and techniques only get more sophisticated.

Modern Warfare

In today’s world, which is so influenced by modern media, it is easy to
imagine that warfare was always a highly destructive epic event capable
of widespread destruction. Images rendered by modern cinema that show
exploding cannon rounds in 19th century warfare dislodging fountains of
earth, and blasting soldiers and trees skyward, inaccurately describe the
technological capabilities of warfare at the time. Prior to the 20th century
warfare, with some exceptions, was quite limited in its scope and
magnitude.

The industrial revolution and technological innovations of the 20th
century have changed the face of warfare. Every aspect of modern war is
of greater magnitude than that of warfare prior to the industrial age;
armies and battlefields are larger, munitions are more powerful, and the
disturbances are more widespread. Besides continual advances in
explosive munitions technology, modern warfare contributes towards
environmental disturbance in many other forms, e.g., heavy vehicle

traffic, chemical defoliants, and atmospheric and water pollution.

*To deprive the German army of living off the Russian countryside, the Russian army
and population were ordered to burn their own villages and fields. Never before or since
in history has a country destroyed so much of its own land on an industrial scale,
merely to starve the enemy.
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Because this dissertation focuses on the effects of explosive munitions
upon the landscape, the ensuing review primarily focuses on the history
of black powder and explosive munitions, although other forms of

environmental disturbance will be briefly mentioned.

History of Munitions

Through the majority of its existence, gunpowder was little more than
a chemical propellant used to launch a solid object from the barrel of a
gun. From an environmental perspective, the introduction of black
powder (the name for the most primitive form of gunpowder) did little to
alter the destructive effects associated with military weaponry - that is,
until smokeless gunpowder was introduced in the late 19th century.
Although its origins are highly contested, it is generally accepted that
black powder was developed by the Chinese and first used in firearms in
the early 1300’s® (Partington 1960).

For a significant part of its history in western armies, black powder
was mainly used to propel solid objects at high velocities from a barreled
device. Projectiles differed little from the solid stones thrown from
mechanical catapult devices that had been used previously (Hogg 1987).
The mass of the propelled object itself was used to inflict harm upon its

given target; its use as a ‘bomb’ or an explosive munition was fairly

% The earliest written account of firearm use in Europe is in an Italian document from 1326, whereas the
oldest known Chinese firearm dates back to 1356. Until further evidence is uncovered, the origins of
firearms will remain controversial.

19



limited. Explosive munitions were considered unreliable and dangerous
by individuals manning the artillery piece (Hogg 1985). Solid, round shot
was delivered from a smoothbore artillery device, employed along the
front lines and fired at low trajectories so the round would take erratic
bounces into oncoming troops (Bailey 2004; Keegan 1976). Commonly,
round shot would be fired until advancing troops were in close proximity;
cannons were then loaded with canister fire, which is akin to a large
shotgun round. Environmental disturbances associated with solid shot
ammunition were limited to divots and burrows formed as the cannon
fire hit or missed its mark.

Although these types of artillery devices continued to improve in
range and accuracy, it wasn’t until 1783 when Lt. Henry Schrapnel
invented the spherical bursting shell, filled with many smaller balls, that
exploding ammunition was used to any significant degree?. The
Schrapnel round, as soon came to be known, however, also was
considered unreliable since the pre-cut fuse didn’t always burst in the
intended location (Hogg 1985).

As should now be obvious, the footprint of battle during the early use
of artillery left a relatively small mark upon the landscape. Artillery
technology right up to the American Civil War (1861-1865) relied upon

visual contact with the enemy (O'Sullivan and Miller 1983). The concept

” Numbers tallied in 1854 indicate that over 70 percent of all artillery rounds fired in typical battlefield
engagements was solid shot projectiles. The remaining percentages were mostly canister fire and other
similar ‘shot gun’ type munitions.
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of indirect fire, or firing at an unseen target based upon predetermined
coordinates, was in its infancy and considered unreliable. Although
artillery pieces were capable of ranges exceeding 2000 meters, gunners
nonetheless relied on direct fire by utilizing sights on the artillery pieces
(Gudmundsson 1993). Thus, battlefields were small and the impact
exerted upon the physical landscape from such engagements was limited

due the confined nature of the battlefield.

Introduction of Smokeless Gunpowder and the Age of Modern Warfare

The American Civil War is often thought of as the first ‘modern war’
because of its highly industrial nature and the implementation of ‘total
war’ tactics (Gates 1965). Whereas many precursors to modern war
ominously appeared in this war, including rifled infantry weapons,
trench warfare, and rapid troop movements, the war was still waged
using first generation warfare tactics (Hammes 2004). The most
devastating environmental damage from this war derived from the
incredible consumption of resources on both sides to support the war
effort. Forests were leveled to produce railroad ties and fuel for railroad
transport — a relatively new innovation that allowed rapid deployment of
troops and greatly expanded the military campaign theater. Also, coal
was mined with abandon to produce the steel needed for the war

machine, and hastily dug iron ore mines produced detrimental
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environmental effects that are visibly apparent, even to the present day
(Whisonant 1998).

In addition to the inadvertent destruction associated with resource
consumption in this war, the concept of ‘total war?’ also left a massive
swath of destruction across the south. However ominous and foreboding
were the signs of modern war, European observers returned to their
respective countries at the end of the American Civil War with little
thought of a revolution in warfare tactics, not fully realizing the full
power of industrial warfare and rifled infantry weapons (Bailey 2004).

Armies continued to use weapons with black powder as a propellant
for several decades following the American Civil War. Rapid fire, breech
loading, and rifled barrel artillery were introduced to compete with the
longer range of infantry, but the nature of the black powder propellant
made them unreliable and dangerous due to build up of powder residue
in the barrel. Then, in the late 19th century, Alfred Nobel introduced the
world to smokeless gunpowder, blasting caps, and a new ‘safer’ form of
explosive called Trinitrotoluene, commonly known as TNT (Hogg 1985,
1987; Webster 1996). Shortly after this development, in 1899 the French
introduced the highly explosive (HE) form of munition. This artillery shell

was filled with highly explosive cordite and fired from a rifled, breech

¥ In total war, everything is subject to the consequences of war - including civilian
populations of belligerent countries. Prior to the concept of ‘total war’, warfare between
western nations was limited to engagements between the armies themselves. Damage to
enemy resources and civilian populations was generally frowned upon as ‘uncivilized’.
However, the practices used in total war would soon become the norm in modern
warfare of the 20t century
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loading, artillery device. Soon, the British followed with the more
explosive melanite and through the use of chemistry the world came to
know the possibilities of ever larger and more powerful HE rounds. These
explosives, combined with the age of industrialization, ushered in a new
form of warfare capable of leveling forests and cratering landscapes
beyond recognition.

Although several wars, such as the Franco Prussian, the Russo-
Japanese, and the Spanish-American, allowed armies to ‘test’ and
develop munitions that utilized the weapons of modern war, it was not
until WWI that these developments were fully implemented at an
industrial scale (Bailey 2004; Keegan 1993). In WWI the same concepts
associated with the Industrial Age were introduced into the philosophy of
war. Instead of armies that numbered in the thousands, a nation needed
armies in the millions in order to be a powerful, warring nation state. A
nation required a well-built infrastructure and massive industrial
complex just to support its massive armies. For example, by several
months into the ‘Great War’ (as WWI would soon be known), it was
realized that those nations capable of out producing the other nation
would have a distinct edge. Commanders also realized that the days of
dashing calvary charges and brightly colored uniforms, used so armies
could communicate in the thick smoke of battle, were over; new tactics

needed to be implemented.
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The extremely long range of rifled infantry weapons and the rapidly
firing machine gun forced commanders to take artillery off the front lines
after several devastating losses in the beginning stages of WWI9. Artillery
took up positions in the rear and perfected the art of indirect fire, based
on the calls of forward observers. The role of artillery was to heavily shell
an area in order to destroy enemy defenses and shatter its morale. Terms
such as the “straight barrage”, “rolling barrage”, “piled up barrage”, and
“creeping barrage” were coined to refer to curtains of artillery fire placed
directly in front of advancing troops to obliterate anything on the surface.

Before WWI, artillery units attached to armies were allotted, at most,
100 rounds per day for combat operations. By the end of the war,
artillery units were assigned several hundred rounds per hour!9. At the
start of the war, artillery was seen as an arm to directly support the
infantry and wars were won by élan, or courage of the infantry; by the
war’s end, the mantra of all commanders was, ‘Artillery conquers and
infantry occupies” (Gudmundsson 1993). Artillery therefore emerged

from WWI as the deciding factor in battle (Figure 3).

® Breech loading rifles and rapid firing weapons such as the Gatling Gun were in existence since the
American Civil War, but army commandeers were slow to adopt to changes brought about by these
weapons, mainly because most countries did not upgrade their arsenals with these weapons until the advent
of WWIL

'% In the age of smooth bore artillery, artillery units often brought one round per gun into battle, siege guns
firing more than 5 rounds per day was considered exceptional.
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Figure 3. A German 310 mm (10-inch) howitzer at Verdun in June, 1916.
The Germans employed several hundred of these guns during the battle,
typically concentrating their fire into very small sections of the front.
Source: German Bundesarchive

The environmental consequences of this type of warfare obliterated
forests and significantly cratered the landscape, thus creating wide
swaths of destruction (Figure 4), limited only by the range of artillery
which could fire, which was well beyond the visible range of the gunners
(Hogg 1987). Perhaps the best known example of this swath of
destruction is the Western Front, which was an average of 20 km wide
and stretched from the English Channel to the border of Switzerland

(Keegan 1998).
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Figure 4. Forest and soilscape destruction along Wetem Front
during WWI (1914-1918) Source: Clermont-Ferrard, 1919.
European and American foresters took notice of the destruction
wrought by WWI and, by the end of the ‘Great War’, foresters began to
assess the toll exacted on the environment (Graves 1918). This
assessment was accomplished primarily by determining forest damage in
terms of board feet of lumber lost by: (1) outright destruction, (2) damage
due to shrapnel impregnation, and (3) harvest to support the war effort.
Several studies (Demorlaine 1919; Graves 1918; Kernan 1945) estimated
that 2.5 billion board feet of lumber in French forests had been destroyed
during the course of the war. Ridsdale (1916), an American forester
attached to the US army, reported that not only did the artillery
bombardments reduce forests along the Western Front to splinters,

particularly those in France, they also created a cratered landscape that
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reduced a once stable soil ecosystem into mounds of loose,
unconsolidated sediment that was hardly worth calling ‘soil’. Veterans of
WWI described the landscape after an artillery bombardment as
unworldly and like a scene of destruction that is incomprehensible.
Ralph Bagnold, an eminent soil physicist and veteran of both WWI and
WWII, provided an account of the landscape after an artillery
bombardment in his autobiography Sand, Wind, and War. “...On the
main Passchendale ridge, whole villages were blown up, woods
disappeared, and the courses of streams were changed (Bagnold 1990,
p-32).” Beyond description of the horrendous effects to soils and the
landscape however, no scientific assessment was made beyond that of
estimated losses of trees.

After the brief interest displayed by foresters immediately following
WWI, the western front was largely forgotten; humankind was so
horrified by the death and destruction associated with this war that it
was said to be The war to end all wars’. Unfortunately, WWI only set the
stage for WWII and barely 20 years after the last shot of WWI, Europe
plunged into another round of warfare. In this war however, the damage
to the soilscape (at least in the countryside) was much more limited. In
the years between, the war’s explosive munitions had become much more

powerful; the toll exacted on the landscape was, however, minimized due
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to the fluidity!! of the front lines. In addition, the majority of artillery and
aerial bombardments of WWII were concentrated in urban areas.

In WWII the soil surface may have been spared, but not the forests.
Over 100 million acres were directly destroyed through combative
activities in French forests alone during WWII (Kernan 1945). Artillery
shells were also much improved, with better timing devices designed to
explode directly above troops taking cover in foxholes and trenches.
Explosions in the forest canopy would not only rain down shrapnel, but
also thousands of wood splinters from the exploded trees. In the Pacific
campaign, many islands endured days of naval and aerial bombardments
to ‘soften up’ the enemy before the beaches were stormed. Islands such
as Tarawa, Iwo Jima, and Attu were subjected to heavy naval and aerial
bombardment prior to amphibious infantry operations (Palka 2000).

European forests also underwent heavy exploitation during both WWI
and WWII (Kernan 1945; Ridsdale 1919). Wood products were heavily
utilized during these wars to construct rail lines, provide posts for barbed
wire entanglements, telegraph lines, strengthen trenches, and many
other war related activities. During both wars, occupied countries were
heavily exploited for their resources in order to supply the war effort. It is
estimated that nearly 17 billion board feet of lumber was harvested from

the forests of France during WWI (Ridsdale 1919). The cedar tree on the

' The weapons associated with WWI such as machine guns and the subsequent heavy reliance favored
stagnant defensive positions. It was not until the introduction of the tank and other armored vehicles near
the end of WWI that technology allowed the rapid ‘blitzkrieg’ tactics associated with WWII.
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flag of Lebanon is now merely a symbol of what was a once mighty forest,
after being obliterated by the Ottoman Empire during WWI to supply fuel
for their railways. During WWII, German forces occupying France
increased harvesting activity by a full 50% more than French harvesting
in times of peace (Kernan 1945). Britain also heavily exploited her
forests during both wars and many majestic timbers from protected
parks and recreational areas were sacrificed for the war effort
(Anonymous 1915).

Following WWII, many individuals in military circles believed that the
widespread destruction associated with the two previous wars of the 20th
century was a relict of the pas