
  

 

War and ecology: a heuristic for exploring the environmental disruptions of armed conflict 

 

by 

 

 

Joel Radunzel 

 

 

 

B.S., United States Military Academy, 2006 

M.A., Syracuse University, 2015 

 

 

 

AN ABSTRACT OF A DISSERTATION 

 

 

 

submitted in partial fulfillment of the requirements for the degree 

 

 

 

DOCTOR OF PHILOSOPHY 

 

 

 

Department of Geography & Geospatial Sciences 

College of Arts and Sciences 

 

 

 

KANSAS STATE UNIVERSITY 

Manhattan, Kansas 

 

 

2024 

 

  



  

Abstract 

The interrelationship between war and the environment is a vibrant focus of academic 

research across several disciplines and subdisciplines including environmental war, militarized 

landscapes, military geography, environmental geopolitics, environmental history, and 

environmental security. Moreover, the body of literature examining the war-environment 

relationship is growing in both volume and diversity. Yet, despite the burgeoning of warfare-

environment research, the literature examining this topic remains fragmented along disciplinary 

lines and lacks theoretical depth, prompting calls for further inquiry and new conceptual 

frameworks to unify research. In this research, I build upon recent work in this area to suggest 

and validate a heuristic tool for war-environment research that will help other researchers 

contextualize their work and locate it within the broader body of war-environment literature. 

Recent trends in these fields have increasingly focused on the impacts that warfare exerts 

upon the environment, as opposed to earlier studies in which the environment more often served 

as a variable explaining the causes and conduct of warfare. This is a timely transition for the 

field, as global awareness of the environmental dangers posed by conflict continues to grow 

across the international community and even in the awareness and actions of military forces 

themselves. Moreover, the older and less active approaches to war-environment research, 

including the field of military geography, are regaining relevance due to the anticipated impacts 

of climate change upon the causes and conduct of warfare. This heuristic builds upon previous 

frameworks developed within the fields of military geography and warfare ecology. 

To validate the suggested heuristic, this research applies the tool to analyze how three 

past military conflictsðthe Soviet liberation of Northern Norway in 1944, the American and 

Japanese campaigns in the Aleutians in 1942-43, and the Falklands War of 1982ðhave wrought 

lasting change on high-latitude landscapes to suggest what the ecological costs of potential future 

conflicts might be in these and other regions. I selected high latitude conflicts as case studies on 

the informed assumption that these environments are highly sensitive to even relatively small 

disturbances. These disturbances can affect long-lasting changes that would be harder to detect, 

or have shorter durations, in the warmer and more humid climates common to lower latitudes. In 

executing these case studies, I build upon a wide range of research that has already examined 

many narrow aspects of the environmental and cultural legacy of these two campaigns, including 



  

chemical, biological, geomorphological, economic, and cultural impacts. Using the heuristic tool 

to unify my own on-site field work examining these case studies with that of scholars who have 

already studied some of the environmental impacts that these conflicts incurred will validate the 

tool and demonstrate its value to other researchers seeking to contextualize the environmental 

costs of other conflicts both past and ongoing armed conflicts.  
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Other contributors to this research over the past three years are far too numerous to list by 

name, but in they include fellow students, friends, pastors, and family members who all 

encouraged me and listened to me as this research grew from an idea into the tome that follows 

this acknowledgement. Having said this, any errors, mistakes, or missteps that appear in this 

document are entirely my own.  
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Dedication 

This study is dedicated to the soldiers alongside whom I have been proud to serve during 

the forever wars of the past two decades, and to the civilians among whom we practiced our 

martial profession, all of whom are marked, in mind, body, or spirit, by the violence of war. My 

hope is that, in some small way, this study helps to advance us all towards the day when we can 

beat our swords into plowshares and our spears into pruning hooks.  

 

  



xxii  

Preface 

One purpose of this project is to fulfill the requirements for earning a doctoral degree in 

Geography from Kansas State University. To this end, the project follows the structure of 

ñmultiple publishable papersò as opposed to that of a single dissertation monograph. Thus, a goal 

of each ñchapterò in this project is to produce a standalone paper of sufficient quality and 

intellectual depth as to form the core of a publishable journal article. Each standalone chapter 

also contributes to the common research theme of better understanding the environmental effects 

of war. 
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Chapter 1 - Introduction, Scope, Key Concepts, & Structure 

This chapter introduces this research project's objective: The creation of a heuristic tool 

to facilitate interdisciplinary research into the environmental effects of war. It further explains 

key concepts that underly this tool, delimits the study's scope, and outlines the structure and logic 

of the remaining portions of the overall project.   

 

1. Introduction  

 

1.1 Purpose 

 

This project seeks to develop a heuristic tool to examine how the direct violence inherent 

in the application of military power creates conditions of slow violence in the environment at 

various scales and in different contexts. In doing so, it follows the suggestions for future research 

directions outlined by Machlis and Hanson (2008). Specifically, Machlis and Hanson (2008, 

734), in their elucidation of the concept of warfare ecology as a framework for studying the 

environmental effects of war, called for the ñdevelopment and testing of theoretical frameworks 

to organize interdisciplinary advances,ò and ñresearch strategies to test theory, including case 

studies.ò This project builds upon the warfare ecology framework by expanding several key 

concepts inherent in Machlis and Hansonôs model, including scale, context, and ecological 

theory, and by overlaying other key concepts including ideas about direct and slow violence, 

social power, and earth system science. In doing so, the heuristic tool lays the groundwork for a 

better integration of other disciplines that examine the war-environment relationship, particularly 
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military geography, environmental geopolitics, militarized landscape research, and 

environmental history, into a broader warfare ecology framework.  

While a more thorough review of each of the categories of literature directly relevant to 

this study will appear in the next chapter, a brief discussion of the theoretical foundations for the 

contributions that military geographyðthe most estranged of these disciplinesðcan provide is 

appropriate here. Indeed, concepts inherent to military geography form the basis for many of the 

contributions that this project hopes to make to the field of warfare ecology through the medium 

of the heuristic tool.  

 

1.2 Military Geography 

 

The subdiscipline of military geography provides an effective lens through which to 

examine several key concepts relevant to the war-environment problem. However, before this 

project can lean too heavily upon ideas provided by military geography researchers, several 

critiques leveled against the current state of the subdiscipline must be addressed. These criticisms 

include assertions that military geography fails to engage sufficiently with its theoretical 

foundations, that it is too mired in an applied case study approach focusing on wartime tactics, 

and that the subfield is too heavily embedded within the institutional structures of US military 

power (Woodward, 2005; Pearson, 2012; Francis, 2014; Lohman & Fuhriman, 2019). 

Woodward (2005) criticized military geography for not engaging with or developing 

forms of theory that can contribute to broader understandings of geography and conflict. While 

Lohman and Fuhriman (2019) responded to this criticism by outlining the theoretical roots and 

history of the subdiscipline, a canvas of recent military geography research indicates that the 
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field still does not address this rich and complex legacy. Specifically, military geography would 

benefit immensely by engaging more overtly with the theories of war and violence put forward 

by the early 19th century Prussian soldier-philosopher Carl von Clausewitz in his unfinished 

work, On War (Vom Krieg) (Clausewitz, 1993). Clausewitz posited numerous ideas about war 

and violence that remain influential today across numerous disciplines, including military art and 

science, philosophy, and geopolitics (Simpson, 2017; Treiber, 2022; Milevski, 2020 & 2023). 

Most relevant to this research, and to military geography more generally, are Clausewitzôs 

concepts of scale, the relationship between war and violence, and the inseparability of theories of 

war from historical case studies of military actions. A greater emphasis by military geographers 

upon the implicit but insufficiently acknowledged Clausewitzian theoretical roots of their 

discipline provides a promising venue by which to better reintegrate military geography research 

into the broader academic community, and into war-environment research in particular. 

Therefore, this study relies upon Clausewitzôs theory of war as a vehicle with which to engage 

military geography with other disciplines that examine the war-environment relationship. 

A second criticism leveled against military geography research is that the field is too 

mired in ñappliedò case studies designed to reveal overly simplistic principles of the effects of 

terrain and the environment upon military operations (Woodward; 2005). Lohman and Fuhriman 

(2019) have defended this ñterrain and tacticsò approach, noting that much of the community 

conducting military geography research within the US defense establishment feels an 

understandable responsibility to equip young military officers with knowledge and tools that 

could, in the extreme, help keep them alive in a wartime context. Here too, a more explicit 

engagement with Clausewitz, specifically his thoughts on the dialectical nature of war in the 

form of his analogies of the duel (zweikampf) and of the wrestlers, can provide not only a richer 
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understanding within military geography of how competing perceptions of terrain can shape 

military operations, but also provide researchers outside the subfield with a theoretical 

foundation upon which to build a greater understanding of why and how military forces view and 

act upon landscapes (Clausewitz, 1993, 83). Moreover, such a dialectical approach can yield a 

better understanding of the complex interplay of interests that continue to shape geographies of 

slow violence in pre- and post-war contexts, as demonstrated by Farish (2010) in his studies of 

Cold War landscapes.  

Finally, military geography has long come under criticism for its intimate relationship to 

institutions of US military and political power (Woodward, 2014 & 2019). Palka and Galgano 

(2005 & 2012) note that much of this criticism was rooted in deep concern and skepticism about 

US actions in Vietnam in the 1960s and other Cold War applications of US military violence. 

However, others have traced military geographyôs estrangement further back in time, tying it to 

fundamental debates about the place and role of geography that occurred in the immediate post-

WWII era (Barnes & Farish, 2006). These critiques include concerns about the potential for the 

weaponization of academic research and the subdisciplineôs failure to navigate the quantitative 

turn in geography in the 1960s. Even so, numerous scholars have begun to argue recently that 

these concerns should not preclude researchers from engaging with military-related studies 

(Woodward, 2014 & 2019). Indeed, Farish (2015) has noted that knowledge generated by 

defense institutions over the past several decades represents an important and neglected potential 

addition to the established canon of geographic knowledge. Observations from Farish and others 

have facilitated a slow ongoing softening of the boundaries that have existed between military 

geography and the broader academy in recent years (Woodward, 2019). This is an encouraging 

trend, as military geography is ideally suited to fill identified gaps in knowledge about how 
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military organizations understand geography and how this understanding shapes military actions 

across contexts.  

Having briefly addressed some of the relevant criticisms of military geographyôs 

contributions to the corpus of war-environment research, what follows is a discussion of how key 

concepts drawn from a Clausewitzian interpretation of military geography and their interaction 

with concepts important to other fields such environmental geopolitics and ecological theory, 

form the building blocks for a framework to better integrate inter- and multi-disciplinary war-

environment research in the form of a heuristic assessment tool. 

 

2. Key Concepts  

 

An underlying assumption of this research is that one way to build effective 

interdisciplinarity into research is to integrate key concepts from across disciplines and sub-

disciplines. As such, the heuristic framework suggested here draws upon ideas about scale, social 

power, violence, context, and ecology from across a range of disciplines, including military 

geography, militarized landscape research, environmental geopolitics, environmental history, 

warfare ecology, and earth system science. 

 

2.1 Context: War and Peace 

 

In delimiting its scope, this research accepts Clausewitzôs assertion that war is a distinct 

and separate form of human activity. Clausewitz variously defines war as ña continuation of 

policy by other means,ò as ñan act of violence to compel our enemy to do our will,ò and as ña 
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clash of major interests, which is resolved by bloodshedò (Clausewitz, 1993, 173). Some 

prominent political theorists have contested the distinctiveness of war from other activities, 

including Michel Foucault who reversed Clausewitzôs famous dictum to contend that ñpolicy is a 

continuation of war by other meansò (Treiber, 2022). However, as Treiber (2022) notes, defining 

everything as war is problematic, as this view conceives violence as a normal occurrence, thus 

normalizing it, with potentially frightening implications. Moreover, for this effort, , defining 

everything as war does nothing to delimit the study's scope. As such, it accepts Clausewitzôs 

assertion that what distinguishes war from other forms of human discourse is the presence of 

intentional violence. Moreover, this intentional violence is tied to political or policy motives. 

This chapter will further discuss concepts of social power below, but for the purposes of this 

research ñwarò occurs when a political organization (state government, insurgent group, etc.) 

decides to use intentional, direct violence to achieve their policy goals.  

However, as Machlis and Hanson (2008) assert, war encompasses many activities that are 

not directly related to battlefield violence. In their framework for warfare ecology, they divide 

war-related actions into three categories: preparation for war, war, and postwar activities. This 

framework is not at variance with Clausewitzôs theories of war, as he acknowledged that ñwar is 

served by many activities that are quite different from it; some closely related, others far 

removedò (Clausewitz, 1993, 147). These can include, according to Clausewitz, activities that 

help ensure fighting forces are ñrecruited, clothed, armed and trained,ò or that relate to soldiersô 

ñsleeping, eating, drinking, and marchingò (Clausewitz, 1993, 109). Thus, in a prefiguring of 

Hanson and Machlisô framework, Clausewitz contends that ñactivities characteristic of war may 

be split into two main categories: those that are merely preparations for war, and war proper 

[emphasis in the original]ò (Clausewitz, 1993, 151). As he further notes, ñpreparations [for war] 
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will be concerned with the creation, training, and maintenance of the fighting forces,ò a useful, 

though not exhaustive definition of what sort of activities can fall into this context (Clausewitz, 

1993, 151). Though Clausewitz does acknowledge warôs relationship to the post-war context, he 

does so only in terms of the political outcomes of the conflict and not in terms of how military 

forces and their effects continue to operate after fighting ceases. This is a limitation, though one 

that concepts of direct and slow violence (as described later in this chapter) can overcome. 

Whereas Clausewitz (1993) and Machlis and Hanson (2008) situate context in a 

framework that centers war as a distinctive event with pre- and post-war activities that relate to 

it, military geographers Palka and Galgano (2012) approach context differently. They proposed a 

framework that places military actions on a spectrum of violence that ranges from peacetime 

activities through full-scale warfare between well-equipped state militaries. This interpretation of 

context considers the intensity of violence in a conflict as being a product of the kind of 

operations military forces consider themselves to be conducting. A reinterpretation of this 

framework could understand ñstability and supportò operations as post-war activities in the vein 

of Machlis and Hansonôs model. A disadvantage of this framework is that it assumes the 

perspective of a state-sponsored and state-equipped military force. This is understandable, as 

their literature is primarily intended to educate students of military geography within the US 

defense establishment (Lohman & Fuhriman, 2019). However, their perspective risks running 

afoul of the pitfall of ñsingle-scale myopiaò as identified by OôLear and Diehl (2007) by 

remaining primarily state-centric. Furthermore, their framework is designed to study how the 

environment influences the types of military operations being conducted and not necessarily the 

reverse.  
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A framework for studying the environmental effects of military operations, by contrast, 

should focus on how military forces, state-sanctioned or otherwise, cause change upon 

landscapes. In this sense, a spectrum of violence as conceived by Palka and Galgano may be less 

helpful than might initially appear. For example, the impact of an artillery shell will produce the 

same effect upon a local landscape whether it is fired during peacetime training or in wartime, 

and whether it is fired by a state-sanctioned military force or a non-state military organization. 

As such, Clausewitzôs imperative to focus on the engagement as the smallest unit of military 

activity appears to be the best starting point for studying how military actions disrupt landscapes. 

One might assume that more artillery shells might be fired during a large inter-state war than 

during a war framed as ñstability and supportò operations, but the effects of individual 

engagements will not differ materially between these contexts on a spectrum of violence. In this 

sense, for students of the environmental effects of war, Palka and Galganoôs framework is useful 

for understanding how state military forces conceive of the context of their actions, and thus how 

engagements become distributed over time and space, but less so in understanding the 

environmental consequences of those actions. Moreover, Palka and Galganoôs concept for 

context, which assumes the existence of established military forces, does not explicitly account 

for actions associated with raising, equipping, maintaining, and supplying military forces that 

Machlis and Hanson place into their ñpreparation for warò context.  

Put another way, Palka and Galganoôs framework is a useful gage of the level of violence 

within a war, but less so in delimiting the boundaries of what ñwarò is. As stated, Clausewitz 

defines war by the presence of intentional violence. However, not all intentional violence 

necessarily constitutes war. Non-military actions, such mining or construction, can use extensive 

violence to alter landscapes in contexts outside of war, whereas relatively non-violent activities, 
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such as the recruitment of new troops, can be directly related to war. Thus, this study requires 

another concept to differentiate non-war violence from actions that are war related. A framework 

through which to accomplish this differentiation exists in the form of concepts of social power 

resident within the field of environmental geopolitics. 

 

2.2 Types of Social Power 

 

OôLear (2010), building upon the work of Mann (1986 & 1993), defines four types of 

social power: ideological, economic, political, and military. While each of these types interacts 

with the others and can overlap in many ways, this study is primarily concerned with the 

environmental effects of the application of military power, which OôLear (2010, 18) defines as 

being organized ñaround the need for physical defense and for possible aggression.ò The 

emphasis on ñphysicalò defense and ñpossibleò aggression is important, as it implies both the 

preparation for and actual use of direct violence, corresponding to the ñpreparationò and ñwarò 

contexts of Machlis and Hansonôs (2008) framework. ñPhysicalò defense and aggression can be 

read to correspond to the actual use of military force, which will produce effects of direct 

violence on the landscapes where this use of force occurs. The preparation for ñpossibleò defense 

or aggression then corresponds to the actions of raising, training, equipping, and maintaining 

military forces, which can cause disruptions to landscapes far removed from theaters of actual 

combat. Stated in a more Clausewitzian way, military power involves the creation and use of the 

capabilities of violence necessary for making war. 

While the environmental effects of military power are the primary concern here, how this 

form of power is generated and applied is also an important aspect of the war-environment 
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relationship for researchers to consider. As Clausewitz (1993) understands in his maxim on the 

relationship between war and policy, the other three forms of power will also shape the ways in 

which the physical dimensions of military power act upon the landscape. Indeed, the interplay of 

economic, political, ideological, and military power can determine what types of violence are 

acceptable, or even possible, during a war. Aspects of economic power can determine the size 

and capabilities of elements of military power, while political and ideological forms of power 

can influence where, how, and what types of military power are used (OôLear, 2010). Moreover, 

and perhaps most importantly, concepts of ideological, economic, and political power are vital 

for understanding how, or even if, environments that have been disrupted by war will be 

remediated in the post-war context.  

Finally, concepts of social power are another key concept that students of the war-

environment relationship can use to foster interdisciplinary research, particularly between the 

fields of environmental geopolitics and military geography. Indeed, Palka and Galgano (2012, 

50) created a framework for military geographers to study how physical and cultural elements of 

geography contribute to economic, political, and military forms of power that reflects some 

influences of ecological theory as applied to warfare (Fig. 1.1). Their perspective differs from 

researchers within environmental geopolitics in terms of directionality, in that their concern is 

the impact of the environment upon elements pertaining to military power, as opposed to the 

impacts that military and other forms of power can exert upon landscapes. Alternately, Dalby 

(2009) has demonstrated ways in which the changing technologies of military power have in 

recent years reshaped how elements of political and ideological power interact with the 

environment. Even so, the common vocabulary of these two disciplines suggests concepts of 
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social power as another avenue through which to promote interdisciplinarity. Another such 

avenue, one at the core of geographic thought, is the concept of scale. 

 

 

Figure 1.1. The ñenvironmental matrixò outlined by Palka and Galgano (2012, 50) for 

studying how geographic elements shape economic, political, and military power. 

 

2.3 Scale 

 

Scale is another key unifying concept across the sub-disciplines studying the war-

environment relationship. A review of the multi-disciplinary literature that examines the war-

environment relationship reveals that different disciplines tend to specialize in certain scales of 

observation. To break out of this sort of scalar myopia, Machlis and Hanson (2008) structure 



12 

their warfare ecology model within a local-regional-global framework. This three-tiered structure 

bears at least cursory similarity to the tactical-operational-strategic scales suggested by Palka and 

Galgano (2012) for the study of military geography. Indeed, Palka and Galgano (2012, 46) 

overtly contend that the tactical-operational-strategic frame can map easily onto a local-regional-

global one (Fig. 1.2). While this connection is a promising concept with which to link military 

geography with warfare ecology, both frameworks of scale and their potential connection require 

a more thorough analysis. Neither Machlis and Hanson (2008) nor Palka and Galgano (2012) 

provide a true definition of their proposed concepts of scale, leaving the potential for researchers 

to misapply their frameworks.  

 

Figure 1.2. Palka and Galganoôs (2012, 46) framework for the overlap of the tactical-

operational-strategic levels of war with a local-regional-global conception of scale. 
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As OôLear (2010) notes, researchers across disciplines can misapply concepts of scale in 

several ways. These pitfalls include neglecting the type of scale relevant to a study, pre- or mis-

selection of the scale at which to examine a problem, and assumptions that processes remain the 

same across scales (OôLear and Diehl, 2007). To avoid these issues, this study employs a hybrid 

approach that draws upon concepts of scale from military geography and history, as well as 

environmental geopolitics. Specifically, this research expands upon Palka and Galganoôs (2012) 

assertion of a direct link between military geographyôs tactical-operational-strategic framework 

and a local-regional-global one used by geographers more broadly to link military actions on 

landscapes with their resultant environmental effects. Such a hybrid concept of scale can account 

for OôLearôs (2010) criticisms and provides a flexible and appropriate lens through which to 

examine the war-environment relationship.  

The first step in defining this concept of scale is to identify which types are relevant. Wu 

and Li (2009) define at least six types of scale: operational, observation, modeling, geographic, 

policy, and cartographic (see also Lam and Quattrochi (1992)). Most relevant to this study are 

the operational and observation types of scale. Operational scale denotes the scale at which a 

certain process occurs or operates, while observation scale denotes the scale at which a 

researcher observes a phenomenon. Ideally, the scale of observation should match the 

operational scale of the phenomenon being studied (OôLear & Diehl, 2007). An integrative 

framework of scale for war-environment studies provides one way to unite research from across 

disciplines. A complex phenomenon such as warfare that operates across multiple operational 

scales requires a correspondingly complex framework for the observation scale employed by 

researchers during its study.  
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Avoiding mis-selecting the level of scale at which to examine a phenomenon requires a 

more disciplined definition of the tactical-operational-strategic lens and its relationship with the 

landscape-regional-global framework. As OôLear (2010) notes, different scales are not simply 

successively larger ñbasketsò in which to classify human activity, or successively larger 

classifications or groupings of the same basic activity. Rather, scale is something created by 

human activity. The tactical-operational-strategic concept of scale encompasses this maxim in a 

way that corresponds to how some non-military geographers visualize a sophisticated landscape-

regional-global framework. Moreover, the over-mapping of these two similar frameworks can 

also provide a link between the ways in which environmental geopolitics and military geography 

explain why and how military forces act upon the environment, as well as the effects of these 

actions across scales as described by researchers in fields such as militarized landscape research 

and environmental history. 

The tactical-operational-strategic concept of military scale has only come to be generally 

accepted by military thinkers within the past several decades (Zabecki, 2006 & 2018). In the 19th 

century, theorists of war such as Clausewitz and his contemporary, the Swiss-French military 

officer A.H. Jomini, identified two scales of war: tactics and strategy (Zabecki, 2006). However, 

both theorists had at least begun to work out a third level. Jomini identified an intermediate scale 

of war linking tactics and strategy, which he titled ñGrand Tacticsò (Howard, 1993). Clausewitz, 

by contrast, identified a superior scale of war, policy (as in his famous maxim that ñwar is a 

continuation of policy by other meansò), the dictates of which the other two scales serve to 

achieve (Zabecki, 2006). However, as Zabecki (2006) argues, a closer reading of Clausewitz 

reveals that his concept of the strategic level of war corresponds to the modern operational level, 

and that Clausewitzôs discussions of policy corresponds to the modern definition of the strategic 
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scale. As such, the modern tactical-operational-strategic construct can be traced directly to 

Clausewitzôs theories of war. Indeed, Clausewitz himself made a direct analogy between his 

abstract three-tiered theory of the levels of war and a three-tiered concept of space when he noted 

that ñThe concepts of timeðwar [strategic], campaign [operational], and battle [tactical]ðare 

parallel to those of spaceðcountry [global], theater of operation [regional], and position 

[landscape]ò (Clausewitz, 1993). Inherent in this quote is acknowledgement of the direct link 

between the tactical-operational-strategic conception of the levels of war and the landscape-

regional-global construction of space. Having noted this, however, one must keep in mind that 

the two frameworks are inherently different. The tactical-operational-strategic frame is 

specifically formulated for analyzing military-political activity, thus making it in effect a 

specialized sub-type of the local-regional-global construct rather that a co-equal equivalent. 

Clausewitz defines the tactical level of war as the scale at which engagements occur. The 

term engagement denotes individual battles of varying complexity that are confined to individual 

landscapes (Clausewitz, 1993, 146). Given that OôLear and Diehl (2007) observe that the 

components of scale consist of ñplaces, actors, and a relational dimension that links places and 

actors,ò a working definition of the landscape scale of military impacts on the environment 

should then incorporate actors (military forces), places (the local landscapes on which military 

forces operate), and a relational link between them (acts of direct violence that disrupt the 

landscape).  

The operational level of war (Clausewitzôs ñstrategyò) Clausewitz defines as being the 

realm of campaigns. Campaigns consist of ñthe use of engagement for the purposes of the warò 

(Clausewitz 1993, 146). As Zabecki (2006) and others have noted, this definition positions the 

operational level of war as a relational link between the tactical and strategic levels (Prete, 2021). 
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Various engagements separated in space and time work together to form a campaign, the object 

of which is to achieve the political ends of the strategic level of war. Thus, the operational scale 

examines the relationship of one engagement to its effects elsewhere. A corresponding definition 

of the regional scale of the effects of military actions on the environment would then examine 

how the direct violence of a military disruption of a particular landscape (actor) causes related 

disruptions (relationship) on other landscapes that are distant in space and/or time from the place 

of the original disruption (place). This definition coincides with concepts of slow violence.  

Finally, the strategic level of war (Clausewitzôs ñpolicyò) denotes the politicalðor 

geopoliticalðcontext in which violence occurs. Policy is the reason and justification for military 

violence, but political considerations also act as a moderating factor on the scale and types of 

violence employed in a conflict (Clausewitz, 1993, 84). The ultimate political aim of the 

belligerents in war is to alter this context from one state to another. The sum purpose of 

campaigns is to bring about this alteration. Similarly, the global construct of environmental scale 

tends to encompass effects that alter the status quo of the entire Earth environment, or at least a 

sizable portion of it (Dalby, 2022). As such, a definition of the global scale of the environmental 

effects of warfare should encompass the ways in which the accumulated direct and indirect 

disruptions caused by military actions (actor) alter the underlying context (relationship) of the 

global environment (place).  

A disciplined application of the above framework will ensure this research avoids the 

third, and final, pitfall identified by OôLear (2010): Assumptions that processes and effects 

remain the same across scales. Here, Clausewitzôs (1993) discussion of the differences between 

engagements and marches in Book 2, Chapter 1 of On War is useful in highlighting the 

differences in processes that are relevant at the tactical (landscape) and operational (regional) 



17 

levels of war. According to Clausewitz, engagements are the realm of actual combat between the 

opposing forces. If, as Zabecki (2006) notes, combat is composed of the elements of fire and 

maneuver, then element of firepower dominates engagements at the tactical level of war. By 

contrast, Clausewitz describes marches as the movement of military forces from the location of 

one engagement to another (Clausewitz, 1993, 148). This relationship between separate 

engagements elevates this activity to the operational level of war. Here, the element of maneuver 

is dominant, as the object is simply to get forces to the location of the next engagement and not 

necessarily how those forces fight once there. Moving up to the strategic level of war, the ability 

of either side in a conflict to bring not just military, but also political, economic, and ideological 

power to bear to achieve policy aims comes to the fore, factors that can serve to deemphasize the 

importance of both firepower and maneuver (OôLear, 2010).  

Moreover, success in one level of war does not necessarily transfer to the other levels. As 

Zabecki (2006) observes, the United States military won every tactical engagement during the 

Vietnam War but failed to achieve strategic victory. Similarly, the German armyôs performance 

at the tactical level in both world wars generally superior to their enemies but it proved 

hopelessly inferior at the operational and strategic levels.  

However, the analogy between the tactical-operational-strategic framework of military 

operations and the landscape-regional-global framework for the study of environmental 

disruptions begins to break down at this point. Associating the two ideas of scale too closely with 

one another could mislead students of the war-environment relationship to conceive of local-

regional-global environmental disruptions as simply shadows of the types of activities that 

military forces conduct on the various levels of war. While doing so might be useful in guiding 

researchers to focus on the types of disruptions that will usually occur at, for example, the 
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operational level, it will be less useful in studying the relationships that the disruptions 

themselves create across geographic and temporal scales.  

Therefore, one way to define the landscape-regional-global concept of scale that also 

differentiates it from the military concept is to focus on the types of relationships for which this 

framework of scale was designed. The tactical-operational-strategic scale tries to account for the 

relationship of the fire-maneuver dynamic with the broader geopolitical context. Similarly, this 

studyôs landscape-regional-global framework seeks to understand the relationship between direct 

violence and slow violence and how these relationships alter the global environment.  

 

2.4 Direct and Slow Violence 

 

A key component of this research is an examination of the relationship between acts of 

war-related direct violence with resulting and related conditions of slow violence in landscapes. 

OôLear (2018, 94), building upon Galtung (1969), defines direct violence as something that 

ñoccurs as a discernable event by a perpetrator who has purpose.ò As OôLear (2018) notes, this 

form of violence can be easier to study as its effects are dramatic and easily quantifiable. Slow 

violence, in contrast, is harder to measure and define. It ñunfolds slowly over timeò and 

ñoperates at spatial and temporal scales that do not grab headlinesò (OôLear, 2018, 93). Quoting 

Galtung (1969), OôLear (2018, 94) defines slow violence as ñthe difference between the potential 

and the actual, between what could have been and what is.ò A better understanding of the 

relationship between direct and slow violence is vital to analyzing how military activity damages 

landscapes. Moreover, better frameworks through which to understand this relationship suggest 
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the potential to enrich the field of military geography by showing how the actions and effects of 

past wars can alter the context and underlying logic of future military conflict. 

This definition of slow violence is useful for studying the environmental disruptions of 

war in several ways. First, conceiving of slow violence as the difference between the actual and 

the potential state of the environment provides a baseline (what could have been) from which to 

measure environmental disruption. Put another way, the (admittedly nebulous) baseline from 

which this study measures environmental change is an imagined landscape in which disruptions 

of both the direct and slow violence of war did not occur. Second, this definition of slow 

violence highlights temporal and spatial scales of disruption that are less obvious in 

examinations of the impacts of direct violence, and how the mechanisms of disruption can 

change across different scales. Finally, concepts of slow violence, as outlined by researchers in 

fields such as environmental geopolitics and militarized landscape research, contrasts with the 

direct violence that is typically the focus of military geography research, creating the opportunity 

to study relationships that exist between these two types of violence. Specifically, this study 

seeks to better understand the relationship between forms of direct violence inherent in the 

preparation for and conduct of war and the slow violence that can occur as a result in all 

contexts. 

As with Clausewitzôs (1993) dictum that the study of war should begin at the lowest level 

of combat, the engagement, so this study assumes that the beginning point for the study of the 

relationships between direct and slow violence should be the initial disruption caused by acts of 

direct violence in the landscape. As noted by Machlis and Hanson (2008) and Bauer (2009), the 

scalar equivalent to the engagement in studies of direct violence in the environment is the 

empirical, scientific case study, such as those often produced by researchers in the field of 
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militarized landscapes studies. Such case studies represent a vital starting point for connecting 

direct violence with resulting slow violence, since they typically relate incidents of direct 

military violence on a landscape with environmental consequences that persist over time. 

However, what solitary case studies like these can often fail to address is the far-reaching 

environmental consequences wrought by processes of slow violence. In other words, they require 

a framework to help researchers assess how direct violence morphs into different types of slow 

violence across temporal and spatial scales. This is then the entry point for ecological theory and 

earth system science, with their focus on networked relationships across environmental spheres. 

 

 

2.5 Ecology and Earth System Science 

 

As pointed out by Machlis and Hanson (2008), the current challenge of war-environment 

research is to integrate Clausewitzôs ñgrammarò of war with ecosystem science in a way that 

communicates the breadth and interconnectedness of war-related disruptions on the landscape. 

They note that ecological theory is well suited to studying this problem due to its focus on multi-

scalar relationships among organisms and between organisms and the environment. Moreover, 

they argue that an ecological framework for war-environment studies should ñtreat biophysical 

and social economic systems as highly coupled systemsò that require researchers to apply 

interdisciplinary approaches to achieve fuller understanding of warôs impacts (Machlis & 

Hanson, 2008, 730).    

Attempts to apply ecological theory to the environmental effects of war predate Machlis 

and Hanson (2008). The prolific Arthur Westing (1976) attempted an ecological analysis of the 
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Vietnam War in his Ecological Consequences of the Second Indochina War, while Lanier-

Graham (1993) put forward an ecological framework of warôs disruptions that classified violence 

as either ñintentional direct destructionò, ñincidental direct destructionò, or ñinduced...medium 

and long-term consequences attributable to war,ò which in some ways foreshadows the 

direct/slow violence construct. Even so, as Bauer (2009, 20) writes, ñSystematic thinking about 

the environmental effects of war is rare to find in the literature,ò indicating that more work is 

necessary to highlight the ecological nature of warôs environmental impacts.  

All the above-mentioned war-environment researchers have wrestled with how to classify 

war-related disruptions; whether by the intentionality of the violence (Westing, 1976; Lanier-

Graham, 1993), the original purpose of the violence (Machlis and Hanson, 2008), or the severity 

of the resulting disruption (Bauer, 2009). While each of these approaches possesses merits, this 

study applies a different approach, classifying disruption according to two factors: the Earth 

spheres (lithosphere, hydrosphere, atmosphere, biosphere) in which the initial act of direct 

violence occurs, and the mechanism of the disruption (mechanical, chemical, radiological, 

biological). This approach echoes that applied by Westing (1976) in his study of the ecological 

consequences of the Vietnam War and is in line with recent thinking about how to build 

interdisciplinarity into human-environment research more broadly (Martin & Johnson, 2012). 

Such an approach focuses on the relationships and interactions across spheres, and as such must 

be interdisciplinary to be effective. Moreover, this project assumes humans and their activities 

(sometimes called the anthroposphere) to be part of the biosphere, since arbitrarily defining ñthe 

environmentò as non-human nature can obscure many of the direct and slow consequences of 

violence done to landscapes in which humans are present. 
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Neither Westing nor later researchers have systematically applied such a structure 

broadly to build a framework for classifying and studying the interconnected and multi-scalar 

environmental disruptions of war. The creation of such a framework, one that marries 1) a better 

understanding of why and how military forces act upon landscapes, 2) empirical scientific case 

studies of landscape disruptions, and 3) aspects of ecological theory and earth system science, 

will help to structure and situate research across fields and disciplines.  

 

3. Scope 

 

Again, the purpose of this research is to create a heuristic tool to help structure studies of 

how the direct violence inherent in the application of military power creates conditions of slow 

violence in the environment at various scales and in different contexts. Concepts of social power 

help to narrow the scope of this project, as it focuses on the kinds of violence caused by military 

power. However, concepts of context broaden the scope to include activities associated with 

preparation for war and postwar contexts. Finally, the relationship between direct and slow 

violence represents the key focus which is reflected in the resulting heuristic tool. Focusing on 

these relationships allows for a disciplined application of concepts of scale that can reveal how 

environmental disruptions change as they transition between scales and across spheres. 

The major contributions of this research to the field of war-environment research include 

(1) its improved integration of military geography perspectives, (2) a more disciplined and 

detailed application of concepts of scale in terms of the relationship between military violence 

and ecological consequences, and (3) a more nuanced understanding of context that brings to 
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bear concepts of social power and violence to highlight the far-reaching breadth of war-related 

activities and disruptions.  

4. Structure 

 

This dissertation follows the structure outlined below: 

 

Chapter 2: Bibliometric Analysis as Literature Review  

 

This study aims to build a structure for interdisciplinary research into the war-

environment relationship. As such, it draws upon literature from numerous disciplines and sub-

disciplines that have engaged with this problem. To better understand the focus, key themes, and 

relationships between the various approaches to war-environment research, this literature review 

takes the form of a bibliometric analysis of online database queries. The search terms that reflect 

the major approaches to war-environment research, including military geography, environmental 

geopolitics, militarized landscapes, environmental history of war, and warfare ecology. The 

chapterôs meta-analysis of the query presents the geographic distribution and key journals of 

ongoing academic publishing trends, as well as temporal and disciplinary trends. This chapter 

has been submitted to the Journal of Military History for publication.   

 

Chapters 3-4: Military Cartography as a Window into Military Geography  

 

A key contribution of this research is to better integrate military geography into research 

examining the war-environment relationship. Modern military organizations are prolific 
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mapmaking entities, and their maps represent a useful window for understanding how military 

forces perceive and act upon landscapes. Moreover, World War I saw the birth of modern 

military cartography and research into maps produced by this warôs belligerents is both an 

exciting and underexplored topic within the history of cartography research. Original archival 

research and analysis was conducted to study the practice of tactical mapmaking within the 

American Expeditionary Force (AEF) during World War I. This research resulted in two papers, 

one describing the types and purpose of the various maps produced by the AEF, and the second 

outlining a historical geographic information system (HGIS) database and approach for studying 

these types of maps. The first of these papers, ñMap Rooms and Cartographic Sections: The 

Tactical Cartography of the AEF in the Great Warò, has been accepted for publication by the 

International Journal of Cartography. The second paper is complete and has also been submitted 

to the International Journal of Cartography.  

Chapter 5: A Taxonomy of War-related Environmental Disruptions  

 

This chapter develops a taxonomy of war-related environmental disruptions by 

combining concepts of scale and context from warfare ecology and military geography with a 

grounded theory-based investigation of empirical scientific studies. The coding phase of this 

investigation resulted in the above-described two-part classification of disruptions, which 

combines the framework of earth spheres with concepts about mechanisms of disruption. This 

chapter provides a grammar and foundation for a topology of war-environment disruptions and 

will be combined with Chapter 5 to produce a publishable paper describing and justifying the 

heuristic tool.  
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Chapter 6: A Warfare Ecology Heuristic Tool  

 

This chapter develops the heuristic tool itself, which assumes the structure of a three-

dimensional framework with axes devoted to context, scale, and severity of disruption. The tool 

is a layered composite model, with each layer representing impacts in one of the earth spheres. 

This structure allows the examination of relationships between direct and slow violence in at 

least two ways. First, it can reveal ñgradientsò of impact within earth spheres across scales and 

contexts. Second, it can reveal relationships between disruptions that occur or persist in different 

earth spheres. Together with the previous chapter, this will form a forthcoming journal article 

outlining the heuristic tool and its uses.  

 

 

Chapter 7-9: Case Studies  

 

In the next three chapters, the heuristic tool will be used to analyze the environmental 

disruptions of three historical conflicts that all occurred in vulnerable high-latitude 

environments: The Falklands War of 1982, the Aleutian Islands campaign of 1942-43, and the 

Norwegian theater of the Second World War from 1940-45. These conflicts were selected due to 

the similarity of the environments in which they occurred, namely littoral areas on the Arctic, 

sub-Arctic, and sub-Antarctic regions of the world. These case studies also cover a diverse range 

of operational and temporal scales, allowing for better validation of the heuristic toolôs 

usefulness across the range of scales at which wars occur.   
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Most of the research for these case studies relies upon secondary literature, including 

military histories and military geography studies of these conflicts, as well empirical scientific 

studies of their associated environmental disruptions. However, a key focus for future research 

for both the Norwegian and Aleutian case studies will be the training area that the US established 

for the 10th Mountain Division at Camp Hale, Colorado. Troops destined for both Norway and 

the Aleutians trained at this location, which remains environmentally degraded to this day. This 

future study will combine archival and field research on location at Camp Hale along with 

discourse analysis from stakeholders in the future of the Camp Hale landscape to show the 

complexities of the creation and remediation of environmental disruptions associated with the 

preparation and post-war contexts of warfare ecology.  

 

 

 

Chapter 10: Conclusion  

 

The concluding chapter of the dissertation will assess the potential impact of the 

proposed war ecology heuristic and provide closing thoughts on ways forward for better 

integrating military geography and other disciplines into a more interdisciplinary approach to 

war-environment research. It will further comment upon the potential for this sort of research to 

exert influence on policy, such as forms of arms control or international bans on weapons use, or 

in fostering forms of ideological power that can act as brakes upon forms of military violence. 
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Chapter 2 - Literature Review & Bibliometric Analysis 

Abstract 

 

Explorations of the relationships between warfare and the environment are a growing 

field of inquiry among researchers globally. Several approaches to examining these relationships 

have evolved in the past fifty years, including the fields of military geography, environmental 

histories of war, militarized landscape studies, environmental geopolitics, and warfare ecology. 

Unfortunately, the research engaging with these approaches remains fragmented and lacks a 

unifying framework and taxonomy. This paper employs a meta-analysis of scholarly database 

queries to examine this fragmentation in terms of geographic origin, discipline, and publishing 

venue, and suggests an initial framework to encourage interdisciplinary research into warfare-

environment problems. The results of this meta-analysis indicate that warfare-environment 

research occurs overwhelmingly within anglophone countries and is published largely by 

anglophone journals. However, across the major approaches to this topic, significant variation 

exists with respect to the origin of published work outside of the US, UK, or Canada. 

Furthermore, these approaches display notable variation in publishing venue, both in terms of 

publishing journals and overall disciplinary focus. Published reviews of literature have identified 

the concept of spatial scale (i.e., landscape/regional/global), as well as the context or place along 

the continuum of violence in which a which conflict occurs, as starting points to suggest 

frameworks for a unified taxonomy for warfare-environment research. This paper builds upon 

these reviews to suggest ways in which a common taxonomy of scale and context can help 

bridge interdisciplinary gaps within this field. 
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1. Introduction  

 

The relationship between war and the environment has long been a focus of academic 

research, and the literature examining this relationship appears to be increasing in both volume 

and diversity (Pearson, 2012; Woodward, 2005 & 2019; Francis, 2014).  Recent scholarship has 

increasingly focused on the impacts that warfare exerts upon the environment, as opposed to 

earlier trends in which the environment served as a variable for explaining the causes and 

conduct of warfare (Closmann, 2009; Francis, 2014; Lawrence et al, 2015). This is a timely 

transition for the field, as global awareness of the environmental dangers posed by conflict 

continues to grow across the international community and even in the awareness and actions of 

military forces themselves (Francis & Krishnamurthy, 2014; Davies & Riddell 2017; UNEP, 

2009a, 2009b, 2020). Moreover, the traditional approaches to this field are gaining renewed 

relevance due to the anticipated impacts of climate change upon the causes and conduct of 

warfare (Palka & Galgano, 2012; Burnett & Mach 2021). However, despite a significant increase 

in warfare-environment research over the past two decades, the literature examining this topic 

remains fragmented along disciplinary lines and lacks theoretical depth, prompting calls for 

further inquiry into this topic, as well several suggested conceptual frameworks to unify research 

(Palka & Galgano, 2005, 2011, 2012; Woodward, 2004; Bauer, 2009; Machlis & Hanson, 2008, 

2011; Lesko, 2020). To assist in unifying warfare-environment research, this paper explores the 

geographic origins, temporal trends, and disciplinary focus of warfare environment publications 

since 2000 by conducting a meta-analysis of peer-reviewed publications that were compiled 

using targeted queries of a bibliographic database.  
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Numerous reviews of warfare-environment scholarship have revealed at least five major 

approaches adopted by scholars in their research. These approaches fall generally into the 

categories of military geography, militarized landscape studies, environmental histories of war, 

environmental geopolitics, and warfare ecology (Woodward, 2005, 2014; Machlis & Hanson, 

2008; Hupy, 2008; McNeill, 2010; Pearson, 2012; Francis, 2014; OôLear, 2018). According to 

several published reviews of literature that examine this topic, each of these terms represents a 

distinct conceptual framework of warfare-environment studies that differ in terms of focus, scale, 

directionality, and inclusiveness (Woodward, 2005; McNeill, 2010; Pearson, 2012; Francis, 

2014). The term environmental security was also considered but ultimately rejected due to 

Woodwardôs (2014) concerns about conflating the broader arena of security and securitization 

with those more narrowly focused on the impacts of militarism and militarization. Though 

debates exist over the propriety of these and other terms (see for example Woodward, 2005 & 

2014; Marler, 2013; Hanson & Machlis, 2014), for practical purposes they provide a reasonably 

comprehensive coverage of the various geographic approaches to examining the warfare-

environment relationship.  

Military geography research has generally focused on understanding impacts that 

environmental factors exert upon military operations at the landscape scale, while militarized 

landscape studies tend to reverse this directionality to examine how warfare and its related 

activities reshape local environments (OôSullivan, 1991; Winters, 1998; Doyle & Bennett 2002; 

Caldwell et al, 2004; Woodward, 2014; Rech et al 2015; Lohman & Fuhriman, 2019). 

Environmental history attempts to view warfare and the environment as being in a relationship in 

which nature is both an actor upon and influenced by human activity and tends to examine these 

relationships at regional scales (Tucker & Russell 2004; Closmann, 2009; McNeill, 2010). 
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Environmental geopolitics examines how states employ environmental themes and realities to 

generate geopolitical power and tends towards the regional and global scale (OôLear, 2018). 

Finally, the warfare ecology framework attempts to integrate aspects of the four previous 

approaches to provide a more holistic understanding of the warfare environment relationship by 

leveraging ecological theory (Machlis & Hanson, 2008). This study uses these five labelsð

which have been highlighted by other scholars in their reviews of war-environment literatureðas 

search terms to provide a series of cross sections of current research into the warfare 

environment relationship. While including other or modified terms might return different or even 

broader results, for the sake of manageability this study has limited itself to those identified in 

geographical reviews of this subject.   

 

2. Methods 

 

To understand the nature and volume of ongoing warfare environment research in 

scholarly publications, this study conducted a non-statistical meta-analysis of research published 

from 2000 to 2022 that contained the terms ñmilitary geography,ò ñmilitarized landscape,ò 

ñenvironmental history of war,ò ñenvironmental geopolitics,ò or ñwarfare ecologyò in the 

keywords, abstract, or title of the manuscript. While this method necessarily excludes 

foundational publications from before 2000 that have shaped thinking this topic, such as Lacoste 

(1973) and Westing (1980), the purpose of this paper is to examine the recent trends in war-

environment research, justifying the temporal bounding of the searches.  

Queries in the Web of Science Core Collection database (published by Thomson Reuters) 

returned results for each term as separate exports. The Web of Science Core Collection database 
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covers the physical sciences, social sciences, and humanities, and focuses on more impactful 

publications, making it advantageous for analyzing trends across and between sub-disciplines 

relating to warfare-environment research within the broader academic community, which is why 

this database was selected for this study. Other options included the SCOPUS database, which 

also covers a diverse range of journal articles covering physical sciences, life sciences, health 

sciences, social sciences, and humanities subject areas, as well as the GreenFILE database, 

which is a smaller database due to its limited subject area but retrieves publications that 

specifically address human-environment interaction studies that may be overlooked in larger 

databases. Initial queries in SCOPUS gave results nearly identical to those obtained from Web of 

Science, indicating that a duplicate study of SCOPUS results would not be likely to change the 

conclusion of this study. Initial queries in the GreenFILE database returned too few results for 

satisfactory analysis. A limitation of this study, or any relying on most current databases for 

bibliographic analysis, is that it excludes unpublished dissertations and theses. 

 

3. Results and Discussion 

 

The following section presents results of the meta-analysis with accompanying discussion 

and is summarized by (1) number of publications, (2) disciplinary contributions, (3) the country 

of origin of warfare-environment publications, and (4) journal relevance and influence within 

this subject area. 
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3.1 Numbers of Publications on the Warfare-Environment Relationship 

 

The numbers of publications examining the warfare-environment relationship has 

increased steadily over the last two decades, with the military geography, environmental history, 

and environmental geopolitics approaches showing similar patterns of growth, while research 

using the militarized landscape and warfare ecology approaches appears to have remained 

relatively stagnant (Figure 2.1). One likely explanation for this result is that these latter two 

terms have simply fallen out of use with researchers. The number of entries published in 2021 

for each query term was 95 for military geography, 4 for militarized landscape, 136 for 

environmental history of war, 99 for environmental geopolitics, and 19 for warfare ecology. 

Some overlap likely exists between the five queries. Further, these queries returned largely 

anglophone research, certainly skewing the geographic distribution of the results. The sparse 

number of results for warfare ecology likely reflects its relative newness (Machlis & Hanson, 

2008) in comparison to the other approaches that trace their roots to the 1970s or, in the case of 

military geography, to the nineteenth century (Westing, 1980; Lohman & Fuhriman, 2019). 
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Figure 2.1 Number of articles published each year containing the term the ñmilitary 

geographyò, ñenvironmental geopoliticsò, ñenvironmental historyò, ñmilitarized 

landscapeò, and ñwarfare ecologyò in the title, keywords, or abstract of publications 

indexed in the Web of Science database. 

 

It is possible that the rapid growth of research into the warfare-environment relationship 

has been spurred by a growing understanding within the international community of the need to 

account for environmental change and environmental considerations when planning for future 

operations and infrastructure, as well as an increased focus from the UN on the linkages between 

conflict and environmental security (Pearson, 2012; UNEP, 2009a, 2009b, 2020). Similarly, an 

increasing awareness within the defense community of the importance of understanding the 

interaction between environmental factorsðespecially climate changeðand security issues may 

have prompted increased research, particularly within the military geography approach, given 
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this sub-discipline's close ties to the defense establishment (Woodward, 2005; Foley, 2012; 

Burnett & Mach 2021). 

 

3.2 Disciplinary Contributions to Warfare-Environment Research 

 

An analysis of warfare-environment publications by research area as distinguished by the Web of 

Science database reveals significant differences between approaches in terms of the disciplinary 

focus with which they engage (Figure 2.2). The Web of Science database assigns a subject 

category or categories to each query result based on the subject category that the database 

assigns to the publishing journal or book. According to this analysis, geography is the dominant 

discipline conducting research within the military geography and environmental geopolitics 

approaches, while history and various kinds of environmental studies dominate the 

environmental history approach. This result is perhaps not surprising, given that ñgeo,ò ñhistory,ò 

and ñenvironmentò were explicit components of the database search terms, likely skewing the 

search results towards these disciplines. However, this division is borne out in an examination of 

the publishing venues for these approaches (see below). Militarized landscape research largely 

splits between the geographical and environmental studies discipline, with lesser engagement 

with history, political science, and area studies. Warfare ecology research trends towards a focus 

on other social sciences, particularly anthropology, though the relatively small number of 

publications returned by this query makes drawing conclusions about its disciplinary distribution 

premature. 
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Figure 2.2 Total number of publications (2000ï2022) per Web of Science-defined subject 

category citing the term óómilitary geography,ò ñmilitarized landscapes,ò environmental 

history of war,ò ñenvironmental geopolitics,ò or ñwarfare ecologyò in the title, keywords, 

or abstract from the database Web of Science. 

 

This analysis indicates notable fragmentation in warfare-environment literature, which 

more broadly reflects the challenges inherent in multidisciplinary and interdisciplinary research. 

These can include fundamental differences in epistemologies, methods, research question 

formulation, and communication (Bracken & Oughton 2006). Indeed, scholars within several of 

these approaches have grappled with the barriers that different taxonomies and terminologies 

create between disciplines and communities examining this topic, with several suggesting and 
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contesting ways to use a common language to encourage collaboration and broader distribution 

of research (Palka & Galgano, 2005, 2012; Woodward, 2005, 2019; Marler, 2013; Hanson & 

Machlis, 2014).  

Furthermore, scholars may be building additional artificial barriers to research based on 

biases related to research funding or concerns about the end use of warfare-environment 

research. For example, as Woodward (2005), Palka and Galgano (2005, 2012), Pearson (2012), 

and Farish (2015) have observed, military geographyðat least in the USðhas long been largely 

a domain of the defense and security communities, funded by and providing research for US 

government agencies in pursuit of US national interests. In the broader academic community, 

this has created some reluctance towards collaboration or even engagement with many of the 

topics that fall traditionally within this approach, though some of this reluctance towards 

collaboration seems to have eased in the past two decades (Pearson, 2012; Palka & Galgano, 

2012; Woodward, 2014; Lohman & Fuhriman, 2019).  

Finally, another factor driving the disciplinary fragmentation within warfare-environment 

research may be the scale at which scholars conduct their studies. Environmental geopolitics 

studies generally remain at global scale, while environmental history studies generally adopt a 

regional framework. By contrast, military geography and militarized landscape research focuses 

mostly on individual landscapes (McNeill, 2010; Pearson, 2010; Woodward, 2014). This is 

perhaps an area where Machlis and Hansonôs (2008) and Palka and Galganoôs (2012) attempts to 

define taxonomies for warfare environment research may prove to be most useful in encouraging 

collaboration, as both suggested frameworks provide a similar approach to understanding scale 

and context in relation to warfare-related subjects (Figures 2.3 and 2.4). Indeed, both frameworks 

offer a similar interpretation of scale as it relates to warfare, as Palka and Galgano tie their 



40 

tactical/operational/strategic conception of scale to one that bears an explicit resemblance to 

Machlis and Hansonôs landscape/regional/global framework (Palka & Galgano, 2012).  

These two models are also similar in they both envisage different, often overlapping 

ñcontextsò or ñstagesò of warfare. In this case the term ñcontextò refers to the idea that military 

conflict can be divided into discrete stages (i.e., pre-war vs. post-war or insurgency vs. large-

scale combat). Palka and Galganoôs (2012) conception of warfare relies upon (now somewhat-

outdated) US-military doctrine about the context in which military forces may operate, 

progressing along a continuum of increasing violence from peacetime through stability and 

support operations (SASO) to wartime. This framework lacks an explicit lens through which to 

study pre- and post-war activities, though these could be encompassed in the peacetime and 

SASO categories. Moreover, few military geography studies focus on the pre- and post-conflict 

phases of warfare, leaving gaps that other approaches to warfare-environment research are 

attempting to fill. Machlis and Hansonôs (2008) ecological framework uses an approach like 

Palka and Galganoôs, employing a triune understanding of context, but it differs in that their 

model views conflict activities and effects on a temporal continuum, dividing them into the 

categories of ñpreparationò, ñwarò, and ñpost-warò activities. 

The similarity of these two approaches suggests the possibility of at least two methods for 

unifying the way warfare-environment researchers communicate, both by scale and by context. 

While the two interpretations of context appear at first to be very different, in effect Palka and 

Galganoôs ñpeacetimeò category is analogous to Machlis and Hansonôs ñpreparation,ò while the 

ñSASOò covers many of the activities that Machlis and Hanson consider to be part of the ñpost-

warò phase. Still, the ongoing discussions surrounding fundamental terms and concepts in 
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warfare-environment research can create a confusing environment, obscuring which terminology 

or research approach might be most appropriate and effective. 

 

 

Figure 2.3 Palka and Galganoôs suggested framework for conceptualizing military 

geography as an academic discipline with scale divided between ñtactical,ò ñoperational,ò 

and ñstrategicò (after Palka and Galgano, 2005). 

 

 

Figure 2.4 Machlis and Hansonôs (2008) suggested framework for warfare ecology with 

scale divided between ñLandscape,ò ñRegional,ò and ñGlobal.ò Note the similarities of the 

conceptions of scale and context to Palka and Galganoôs frameworks for these attributes. 

In both frameworks, the different scales and contexts often overlap (after Machlis and 

Hanson, 2008). 
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3.3 Contributions by Country 

 

Anglophone research dominates the literature in all five approaches, with this bias being 

especially pronounced within the militarized landscape approach, where English-speaking 

countries account for nearly 73% of the scientific production. Among the other four approaches, 

anglophone countries consistently account for more than half of all publications. This result also 

reflects the fact that the queries were conducted in English, as well as the greater resources 

generally available to research institutions in the global north. However, significant variation in 

non-anglophone national contributions exists within the remainder of the scientific production 

across terms.  

This variation reflects the internal historiography and focus of the dominant disciplines 

that engage with each approach and reflects some confluence between academic research with 

the national interests of certain countries and regions. Within the military geography approach, 

most non-US/UK/Canadian research originates from northern and eastern Europe, with a 

secondary locus of research in the Pacific Rim countries of China and Australia (Figure 2.5), a 

distribution that reflects recent regional tensions and conflicts. The long-running NATO military 

involvement in Afghanistan encouraged this trend as it has in other areas of academic inquiry, 

while the return of great power politics and increased military tensions in both Europe and east 

Asia have certainly reinforced it (Flint, 2004; Browning, 2018; Straughn et al, 2019; Pearson, 

2018). Russia, Turkey, and China are, respectively, the next three most prolific producers of 

military geography research. Russian scholars have written extensively within the military 

geography approach, reflecting that countryôs post-Cold War concerns with its Near Abroad that 

has manifested itself most obviously in the ongoing Russo-Ukrainian War (Zakharenko, 2001; 
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Olesik, 2006). Furthermore, given military geographyôs applied nature, the long-running 

involvement of both the Russian and Turkish militaries in the Syrian civil war has spurred 

research in this area, while Chinaôs rising military power and its tensions with Taiwan help 

explain its moderately large contribution (Selby et al, 2017; Pearson, 2018; Moran & Turner, 

2022). 

 

 

Figure 2.5 Proportion of publications (2000ï2022) per country citing the term óómilitary 

geographyò in the title, keywords, or abstract from the database Web of Science. 

Regionally, North American countries are highlighted in blue, South America in gold, 

Northern and Western Europe in green, Eastern Europe in red, Asia/Pacific in purple, and 

Southwest Asia in brown. Countries representing less than 1% of publication volume are 

merged into the category ñOTHER.ò 
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The dominance of anglophone research within the militarized landscape approach reflects 

this sub-discipline's roots in the post-Vietnam War era in the US (Figure 2.6). Yves Lacoste and 

Arthur Westing pioneered this approach from the 1970s onward, with research examining the 

environmental toll of the Vietnam War and the environmental threat posed by a potential conflict 

between nuclear-armed powers during the Cold War (Lacoste, 1973; Westing, 1977, 1980), and 

this approach gained further relevance through examinations of the environmental costs of the 

Gulf War (see for example Sadiq & McCain, 1993). Much militarized landscape research 

imitates Westingôs style (Pearson, 2012). However, this approach appears to have stagnated in 

terms of new research since the 1990s, possibly because the end of the Cold War removed the 

threat of nuclear conflict from the forefront of public and academic consciousness (McNeill & 

Unger, 2010). Another explanation is that many of the major conflicts since 2000, including the 

wars in Iraq, Afghanistan, and Syria, have occurred in areas that are inaccessible for academic 

research due to poor security conditions, preventing scholars from travelling to and scientifically 

assessing the environmental impacts of these conflicts (Weir et al, 2019; Abdullateef et al, 2020). 
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The dominance of anglophone research within the militarized landscape approach reflects 

this sub-discipline's roots in the post-Vietnam War era in the US (Figure 2.6). Yves Lacoste and 

Arthur Westing pioneered this approach from the 1970s onward, with research examining the 

environmental toll of the Vietnam War and the environmental threat posed by a potential conflict 

between nuclear-armed powers during the Cold War (Lacoste, 1973; Westing, 1977, 1980), and 

this approach gained further relevance through examinations of the environmental costs of the 
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Gulf War (see for example Sadiq & McCain, 1993). Much militarized landscape research 

imitates Westingôs style (Pearson, 2012). However, this approach appears to have stagnated in 

terms of new research since the 1990s, possibly because the end of the Cold War removed the 

threat of nuclear conflict from the forefront of public and academic consciousness (McNeill & 

Unger, 2010). Another explanation is that many of the major conflicts since 2000, including the 

wars in Iraq, Afghanistan, and Syria, have occurred in areas that are inaccessible for academic 

research due to poor security conditions, preventing scholars from travelling to and scientifically 

assessing the environmental impacts of these conflicts (Weir et al, 2019; Abdullateef et al, 2020). 
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Figure 2.6 Proportion of publications (2000ï2022) per country citing the term óómilitarized 

landscapeò in the title, keywords, or abstract from the database Web of Science. 

Regionally, North American countries are highlighted in blue, South America in gold, 

Northern and Western Europe in green, Eastern Europe in red, Asia/Pacific in purple, and 

Southwest Asia in brown. Countries representing less than 1% of publication volume are 

merged into the category ñOTHER.ò 

 

Environmental history of war is a growing subdiscipline within historical research with 

significant cross-pollination from cultural and physical geography, as illustrated by the mix of 

journals publishing research within this approach (McNeill, 2010). The geographic pattern of 

scientific production within this field mirrors that of military geography, with northern and 

eastern Europe being the largest contributors after the anglophone countries (Figure 2.7). This 

likely reflects a renewed interest in the environmental degradation of past wars as concern has 
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grown about contemporary military tensions on the European continent, borne out tragically with 

the Russian invasion of Ukraine in 2022. 

 

 

Figure 2.7 Proportion of publications (2000ï2022) per country citing the term 

óóenvironmental history of warò in the title, keywords, or abstract from the database Web 

of Science. Regionally, North American countries are highlighted in blue, South America in 

gold, Northern and Western Europe in green, Eastern Europe in red, Asia/Pacific in 

purple, and Southwest Asia in brown. Countries representing less than 1% of publication 

volume are merged into the category ñOTHER.ò 

 

Environmental geopolitics is the only approach in where the US is not the leading 

contributor of research. In this case the UK is the main locus for research following this 

approach, reflecting a traditional British and Western European interest in geopolitics in general 

(Figure 2.8) (OôLear, 2018, 10-11). Outside of the anglophone countries, this subfield contains 
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the greatest proportion of contributions from the Asia-Pacific region, with significant production 

by China, Australia, Singapore, New Zealand, and India, again reflecting concern about the 

growth of great power competition in this part of the globe (Pearson, 2018). 

 

 

Figure 2.8 Proportion of publications (2000ï2022) per country citing the term 

óóenvironmental geopoliticsò in the title, keywords, or abstract from the database Web of 

Science (n = 734). Regionally, North American countries are highlighted in blue, South 

America in gold, Northern and Western Europe in green, Eastern Europe in red, 

Asia/Pacific in purple, and Southwest Asia in brown. Countries representing less than 1% 

of publication volume are merged into the category ñOTHER.ò 

 

Finally, the warfare ecology approach is the most dominated by US-based research 

(Figure 2.9). This fact reflects the approachôs recent origins in the US, as well as global 

operations conducted by US military forces during the study period, which has prompted 
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numerous US-based studies examining the interactions of military operations outside of actual 

conflict with the local environments and ecologies in which these forces operate (Marler, 2013). 

Furthermore, this fieldôs engagement with ecological theory has yielded a pattern of 

collaboration with biological sciences and anthropology, as opposed to the geographical and 

historical focus of the other four approaches, which is reflected in the mix of journals that 

publish warfare ecology research (see below). 

 

 

Figure 2.9. Proportion of publications (2000ï2022) per country citing the term óówarfare 

ecologyò in the title, keywords, or abstract from the database Web of Science. Regionally, 

North American countries are highlighted in blue, South America in gold, Northern and 

Western Europe in green, Eastern Europe in red, Asia/Pacific in purple, and Southwest 

Asia in brown. Countries representing less than 1% of publication volume are merged into 

the category ñOTHER.ò 
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3.4. Journal Relevance and Influence 

 

In terms of publication outlets, warfare-environment research shows a clear division 

between one grouping of military geography and environmental geopolitics on one hand, and 

another of environmental history and militarized landscape research on the other (Table 2.1). For 

the former, geography journals tend to dominate in publishing research for these approaches, 

with journals such as Geopolitics, Political Geography, and the Annals of the Association of 

American Geographers being common within the top ten journals of both approaches. Nearly all 

the other top journals publishing research according to these approaches are explicitly 

geographical, indicating a dominant focus on the spatial component of the warfare-environment 

relationship. One journal, Political Geography, is among the top publishers common to all five 

approaches, likely indicating the inherently political nature of warfare-related research. 

In the case of environmental history and militarized landscape research grouping, 

historical journals are more prominent, with Environmental History and Environment and 

History being top forums for publishing research within both approaches. This trend likely 

reflects the backwards looking analytical focus of militarized landscape research and 

environmental history, as opposed to military geography and environmental geopolitics, which 

can tend to show a more applied and contemporary focus (Lohman & Fuhriman, 2019). 

Furthermore, environmental history also tends to engage with biomedicine studies that seek to 

understand the human health impacts of conflict. Both approaches also include geographical 

journals in their lists of top publishers, indicating more cross-disciplinary collaboration within 

this grouping than exists within communities conducting military geography and environmental 

geopolitics research. 
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Table 2.1 Rankings of publications volume (2000ï2022) by journal citing the term 

óómilitary geography,ò ñmilitarized landscapes,ò ñenvironmental history of war,ò 

ñenvironmental geopolitics,ò or ñwarfare ecologyò in the title, keywords, or abstract from 

the database Web of Science. 

 

The warfare ecology approach, as mentioned above, shows a markedly different 

publication pattern than the other four approaches. Bioscience journals (particularly marine 

biology-focused ones) feature prominently in this approach, reflecting an active and 

collaborative group of scholars who have been examining the environmental dangers posed by 

historical military shipwrecks and current naval operations in the Pacific related to geopolitical 

tensions around the Pacific Rim (Monfils, 2005; Marler, 2013). Anthropology journals also 

feature prominently among the top publishers in this approach, as do explicitly interdisciplinary 

journals, which may reflect a perspective inherent in the ecological approach. However, warfare 

ecologyôs lack of significant engagement with the major geographical or historical journals 

indicates that Machlis and Hansonôs (2008) framework, despite receiving attention from several 
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of the prominent scholars conducting warfare-environment research, may have so far failed to 

significantly engage broader thinking in these communities. To date, much of the literature 

applying ecological theory to understanding the environmental impacts of conflict generally 

examines the ecologies of the local environments in which the conflict occurred, rather than 

treating the conflictôs belligerents and their supporting economies as a holistic ecology to better 

understand the interaction between environment and war at different scales, as Machlis and 

Hanson (2004) originally suggested. 

 

4. Conclusions 

 

This meta-analysis of warfare environment research conducted over the past two decades 

suggests that the volume of published research on this topic has increased steadily since 2000 

and will likely continue to grow in the coming years. Specifically, the military geography, 

environmental history, and environmental geopolitics approaches have added significant 

amounts of new research in the past two decades, while the militarized landscape and warfare 

ecology approaches have stagnated in terms of adding new publications. Overall, warfare-

environment research tends to originate in anglophone countries, particularly the US, UK, and 

Canada, with northern and eastern Europe and China being other loci of scientific production. 

Geography journals tend to be the venues for the publications of military geography and 

environmental geopolitics research, while militarized landscape and environmental history 

research generally publishes in historical journals. Warfare ecology research shows a strong 

relationship with biological science journals.  
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The analysis also indicates that warfare-environment research remains fragmented by 

discipline, approach, geographic origin, and publishing venues. Much of this fragmentation 

reflects regional concerns about potential and actual conflict arising from renewed great power 

competition in both Europe and Asia, but much also reflects a failure to establish a common 

theoretical framework and a common language to communicate results within this topic. Machlis 

and Hansonôs (2008) ecological approach to studying warfare-environment interactions shows 

the most promise for providing a cohesive theoretical framework going forward because it is less 

confined to the discrete and parochial conception of the military continuum of violence than is 

Palka and Galganoôs (2012) framework. Furthermore, the warfare ecology approach continues to 

shape ongoing efforts to understand the environmental costs of war in ways that other 

frameworks do not (see for example Francis, 2011; Francis & Krishnamurthy, 2014; Nasirian et 

al, 2015; Hanson, 2018; Belcher et al, 2019). Moreover, an explicitly ecological approach 

encourages researchers to reach across disciplinary boundaries, which can afford them the 

opportunity to access data sources being discovered or generated outside of their field. This is 

important, as Francis and Krishnamurthy (2014) have identified a lack of data as one of the key 

constraints holding back warfare-environment research.  

In engaging with this framework, researchers across disciplines should begin their 

projects with an awareness of the taxonomy into which their research falls in terms of scale and 

context. Table 2.2 indicates broadly how the focus of each of the four major warfare-

environment approaches is situated within Machlis and Hansonôs warfare ecology framework. 

This is not to say that scholars should remain straightjacketed by the normal context and scale of 

their chosen approach. Rather, researchers can view the warfare ecology framework as a matrix 

that connects their studies to those of other approaches and disciplines. For example, a military 
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geography researcher wishing to conduct a study of a wartime military campaign at the regional 

(operational) scale should be aware that they may find a greater breadth of literature by engaging 

with environmental historians than remaining strictly within the confines of military geography. 

Similarly, an environmental historian seeking to understand the local postwar impacts of a 

particular conflict may engage more with the work of militarized landscape researchers rather 

than that of other environmental historians. Such awareness will not only promote more cross-

disciplinary research by helping scholars look outside their disciplineôs body of literature but 

may also expand the boundaries of scale and context with which these approaches traditionally 

engage. 

 

 

Table 2.2 The dominant situation of the various approaches to warfare-environment 

research according to scale and context within Machlis and Hansonôs (2008) warfare 

ecology framework. This framework ties the military-specific context of the 

tactical/operational/strategic levels of war to the landscape/regional/global conceptions of 

space in the way suggested by Palk and Galgano (2012). 

 

Regardless, warfare-environment research maintains a persistent need for small-, mid-, 

and large-scale studies of the discrete aspects and impacts of military conflict, and also broader 
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sources of data to underpin these studies. A more holistic, ecological approach that takes into 

consideration multiple scales and contexts will illuminate relationships between conflict and the 

environment that have been previously overlooked or under-studied, just as greater engagement 

between researchers across disciplines, approaches, regions, and publishing venues will do much 

enhance and enrich these studies with broader perspectives and sources of data.  
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Chapter 3 - Map Rooms and Cartographic Sections: The Tactical 

Mapmaking of the American Expeditionary Force in the Great War 

 

Abstract 

 

The Great War of 1914-1918 marked important developments in the evolution of military 

cartography. While much recent research has examined these developments in the context of the 

European belligerent armies, including those of the British, Italians, and Germans, little research 

has explored the mapmaking efforts of the American forces that participated in the closing 

months of the conflict. This paper examines how the Army- and Corps-level headquarters of the 

American Expeditionary Force (AEF) in France used tactical maps to visualize spatial 

information and control the operations of subordinate forces on the battlefield to better 

understand how these novel mapmaking processes developed. The research draws upon archival 

recordsðincluding the AEFôs maps and official documentsðto understand how the AEF acted 

as a cartographic system that collected, transmitted, mapped, and distributed spatial information. 

The research indicates that the AEF mapmakers learned from the cartographic techniques of the 

other allied armies to develop a form and language of cartography that was distinct to the 

American army in France. These results reinforce the conclusions of other scholars that have 

argued that the Great War marks an important point in the evolution of military cartography. 

 

1. Introduction  
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The Great War of 1914-1918 showcased major advancements in the lethality, scale, and 

technology of warfare. One manifestation of this process was evident in the evolution of military 

cartography during the conflict (Collier, 2015a). Much recent research has examined the military 

mapmaking of the European armies during this conflict, including those of the British, Italians, 

Austro-Hungarians, and Germans (Radunzel, 2016 & 2019; Demhardt, 2018; Chasseuad, 2018; 

Espenhorst, 2018; Prá et al, 2022). However, comparatively little research has explored the 

mapmaking efforts of the American forces that that fought in 1917-1918 (Apkin, 2017; Moore, 

2018). Over a relatively short period of time, the American Expeditionary Force (AEF) in France 

produced an enormous number of daily and periodical tactical maps to visualize their 

environment and control the operations of subordinate forces. Given how American military 

culture has increasingly shaped that of militaries around the world since the Great War, these 

documents present an intriguing avenue through which to examine the evolution of military 

cartography, the ways in which the AEF headquarters processed information, and the evolving 

nature of modern warfare more broadly (Bjerga & Haaland, 2010). Drawing upon archival 

sources including tactical maps and other documents produced by AEF headquarters and units, 

which are held at the US National Archives at College Park, Maryland, this paper outlines many 

of the types of maps that the AEF produced during the St. Mihiel and Meuse-Argonne offensives 

of September-November 1918 and argues that these maps, along with the tactical maps produced 

by the other Great War belligerents, represent an important development in the evolution of 

modern military cartography. 

 

1.1 Types of Maps: Terrain versus Tactical  
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Regarding military maps specifically, historians of cartography have tended to pay more 

attention to the scientific techniques or technical means that Great War military surveyors used 

to produce ever more large-scale, accurate, and intricately detailed base maps for the armies in 

the field, as opposed to studying the tactical uses to which military formations put these maps 

(see for example Collier, 2018 and Chasseaud, 2018). The driving motivation for the creation of 

these base maps was the emerging dominance of indirect artillery fire on the battlefield, which 

drove a requirement for maps of sufficient scale, detail, accuracy, and precision, for artillery 

observers to direct long-range fire onto precise targets (Chasseaud, 2018). Indeed, prior to the 

outbreak of the Great War the French plans directeurs had mapped their countryôs frontier and 

fortress areas at scales of 1:10,000, 1:20,000, and 1:50,000 in anticipation of possible war with 

Germany (Arnaud, 2022). Other spurs to advancement included the use of aircraft and 

photography to produce maps (Coller, 2015a).  

Researchers have paid less attention to how the armies used these maps. Before the Great 

War, military staff officers typically treated maps as static documents for planning purposes or to 

understand the terrain over which their forces would operate (Collier 2015a). During the titanic 

struggle of 1914-1918, however, advances in reconnaissance (aircraft and automobiles), 

communications (telephone and radio), and printing (lithographs and powered printers) allowed 

armies for the first time to map the actions of their forces and the enemy almost continuously, 

and to mass produce and distribute the resulting maps as a means of information sharing and 

control (Keegan, 2003; Radunzel, 2016; Demhardt, 2018; Chasseaud, 2018). As Radunzel (2016) 

and Prà et al (2022) have argued, this ability to conduct continuous mapping of a changing 

battlefield marked an important development in the practice of military cartography, ranking 

alongside other developments such as the widespread use of machineguns and aircraft, or the 
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introduction of tanks and poison gas, as markers of the changing face of modern warfare. As 

such, this paper focuses on the subset of AEF tactical maps that attempted such continuous or 

iterative coverage of battlefield events as a novel military mapmaking process that saw its 

coming of age in the Great War. 

This paper defines a tactical map as the general type of map on which staff mapmakers 

overprinted tactical information onto pre-printed editions of already-surveyed base maps (Prà et 

al, 2022). This definition contrasts with the base or terrain maps that surveyors produced to show 

the locations of physical and cultural geographic features on the earthôs surface. While the AEF 

did conduct some surveying to produce their own terrain maps in France, usually the American 

forces simply reprinted existing French maps for use as base maps (Moore, 2018). The American 

tactical maps, by contrast, represented the work of staff officers and mapmakers within the 

AEFôs tactical headquarters who were struggling to develop coherent and intuitive ways to 

understand and control the massive and destructive forces they were facing and employing. As 

such, tactical maps provide a unique window into the processes and evolution of American 

military mapmaking during the Great War, as well as the development of warfare during the 

conflict more broadly. 

 

1.2 Methods 

 

Most of the tactical maps that the AEF produced during the Great War are located at the 

US National Archives facility in College Park, Maryland, in the Strategic Operations Map Series 

of Records Group 120. For this project, hundreds of these maps were digitally photographed over 

a week-long period in the summer of 2022 using archival methods outlined by Keeling and 
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Sandlos (2011). The digital images of the maps were then georectified in ArcGIS Pro 3.1.1 using 

terrain features such as road intersections and bridges as control points between the satellite 

imagery of present-day terrain features and the contemporary landscape portrayed on the AEFôs 

base maps. Pairing historical military maps with GIS software is a useful method for analyzing 

this type of document, as exemplified by Knowles (2008) and Prà et al (2022). Georectification 

allowed comparison between the various series of tactical maps and the map editions within the 

series, facilitating the analysis described below. 

 

1.3 AEF Background and Organization 

 

The United States joined the war against Germany in April 1917 (US Senate, 1917, April 

6). The first American troops began to arrive in France in June of that year (Woodward, 2014). 

However, only by August 1918 could the American army concentrate sufficient numbers to 

justify the formation of the AEFôs first field army. By the beginning of September 1918, the AEF 

fielded more than a million troops under the command General John ñBlackjackò Pershing and 

was prepared to execute its first major operation under entirely American control: the assault 

against the St. Mihiel salient east of Verdun (Hallas, 1995; Carter, 2018).  

The basic tactical unit of the AEF was the division (Grotelueschen, 2007; Kretchik, 2011). The 

next higher echelon was the corps. A corps headquarters could control the operations of 

anywhere from two to as many as six divisions. Above the corps echelon of command sat the 

field army. The AEF eventually consisted of two field armies (First and Second). These 

controlled, by the end of the war, six American (I, III, IV, V, VI, and VII) and three French (2nd 

Colonial, XVII, and XXXIII) corps (US Army, 1988). Finally, after the US Second Army 
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formed in October 1918, the AEF headquarters became an army group-echelon command 

controlling multiple field armies. Corps echelon headquarters and above possessed the necessary 

equipmentðspecifically powered printers and trained cartographersðto iteratively produce 

tactical maps (Moore, 2018; Chasseaud, 2018). While lower-echelon headquarters also produced 

maps, their capability to conduct continuous tactical mapmaking was far less developed 

(Chasseaud, 1918). 

 

1.4 AEF Staff Organization  

 

The AEF in France benefitted from the reforms that the US Army had instituted 

following the Spanish-American War under the guidance of Secretary of War Elihu Root 

(Koistinen, 1997; Woodward, 2014). These reforms laid the groundwork for the American forces 

in the Great War to generate the professional staff organizations that could control and resource 

the massive and complex operations in which the AEF would participate. However, the 

American staff systems also benefitted from the experience of their new allies, who had been 

fighting in France for nearly three years by the time the AEF began to form. The AEFôs General 

Order 8 (1917) laid out how the armyôs division, corps, and field army headquarters should 

organize themselves (US Army, 1992). Leaning explicitly upon French and British staff 

organizations, this document divided the American staff system into Administrative, 

Intelligence, Operations, Training, and Coordination sections, with a separate ñAdministrative 

and Technicalò staff section encompassing various unique specialties such as aerial and gas 

warfare.  
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By early 1918, however, the American forces in France had gained enough experience 

for General Pershing to issue General Order 31 (1918) revising the AEFôs staff structure to 

accommodate his vision for how American forces could differentiate themselves from their allies 

in terms of organization and tactics (US Army, 1992). This new order applied a numbering 

system to the various staff sections (G1 for Administration, G2 for Intelligence, G3 for 

Operations, etc.) and expanded several specialized staff organizations, including the artillery and 

air service staffs, into full-fledged and independent staff sections within the headquarters (Figure 

3.1). Moreover, these general orders directed that American headquarters at all echelons conform 

to this system. These general orders also contained specific instructions concerning the types of 

tactical maps various sections were responsible for producing, though the actual processes of the 

AEF headquarters do not appear to have adhered too closely to these cartographic instructions. 
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Figure 3.1 Organization of the GHQ staff sections of the AEF as directed by General Order 

31 (1918) (US Army, 1992, pp. 217). 
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2. Major AEF Operations 

 

The first major American-led offensive was the set-piece attack on an appendage of the 

German front northeast of Verdun known as the St. Mihiel Salient. This attack began on 4 

September 1918 and, aided by the fact that the Germans had already begun withdrawing from the 

salient, concluded successfully four days later (Carter, 2018). Even before the St. Mihiel 

offensive had commenced, the AEF staff led by Colonel George Marshall began planning for a 

subsequent offensive to break through the German Hindenburg Line at an area dozens of miles to 

the west of St. Mihiel (Hallas, 1995). 

By late September 1918, the AEF began its second major offensive operation, this time 

attacking northwards between the rugged Argonne Forest and the Meuse River (Woodward, 

2014). Suffering heavy losses, the American army ground haltingly forward through September 

and October 1918 before reaching the main fortifications of the Hindenburg Line (Zabecki, 

2018). Subsequently, American divisions breached this fortification belt after further heavy 

fighting. By the signing of the Armistice on 11 November 1918, American forces were 

advancing rapidly northward towards the key railroad junction at Sedan.  

The tactical mapmaking efforts of the American headquarters during these two major offensives 

demonstrate both increasing levels of standardization and sophistication, as well as examples of 

improvisation as the staff officers grappled with the scale and complexity of the battles their 

formations were fighting. The St. Mihiel offensive involved nearly 500,000 US and French 

troops as well as thousands of artillery pieces and hundreds of aircraft, while the Meuse-Argonne 

offensive was even larger, launching more than a million US and French troops against 450,000 

dug in German defenders on a front of more than forty kilometers (Hallas, 1995; Lengel, 2008). 
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The American mapmakers incorporated both British and French tactical mapmaking techniques 

into their own maps. They also incorporated efforts at standardization that were emerging within 

the broader allied command establishment, as demonstrated by General Orders 60 and 65, which 

directed American cartographers to align their cartographic processes with those of their allied 

counterparts (US Army, 1992). However, many of the mapmaking techniques used by the 

Americans also appear to have been improvised and novel, such as attempts to create new 

tactical map languages and efforts to show change over time on single map sheets, indicating a 

unique tactical map culture that was developing within the AEF. 

 

3. The AEFôs Tactical Maps 

 

Nearly every staff section in the headquarters of AEF units at the corps echelon and 

above produced tactical maps. The AEF headquarters and each army-level headquarters were 

each authorized one battalion of engineer troops to conduct map surveying and printing, though 

in reality the army-level headquarters only ever received at most a company of these 

cartographic troops due to shortages in trained personnel (US Army, 1991, 59). Each corps-level 

headquarters was authorized to have one engineer officer and twenty-three troops for map 

production. The personnel for these staff organizations were provided by the 29th Engineer 

Battalion, who ran the AEFôs Base Printing Plant at Langres, where the vast majority of base 

maps were printed (US Army 1991, 56). In broad terms, the tactical maps they produced fell into 

two categories; some were for compiling and centralizing information within the headquarters to 

allow the various staffs and commanders to maintain situational awareness of the ongoing 

operation, while the purpose of others was to disseminate information and orders from the 
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headquarters back to subordinate units (US Army, 1992). The headquarters mapmakers typically 

produced the former map types on a regularðsometimes dailyðschedule, while the latter types 

were more periodical and usually accompanied written orders to lower echelons such as field 

orders at the beginning of a discrete operation.  

Among the various staff sections that constituted the AEFôs headquarters, three stand out 

as prolific mapmaking entities. First, the Intelligence or G2 sections were responsible for 

compiling information about the enemyôs strength, dispositions, and activities on the battlefield 

(Gilbert, 2012). Second, the Operations or G3 sections mapped the positions of friendly forces 

within the AEFôs areas of responsibility and issued maps directing future movements and 

objectives (US Army, 1992). Finally, the staff Artillery sections worked with the G2 sections to 

map enemy artillery activities and battery locations and with the G3 sections to issue orders 

directing the deployment and firing objectives of friendly artillery batteries. Other staff sections 

also produced a significant number of periodical mapsðparticularly the G1 (administration) and 

G6 (signal) sectionsðthat typically directed the activities of correspondingly specialized 

elements within the AEFôs units. However, the intelligence, operations, and artillery sections 

were apparently the only ones that produced tactical map series with daily editions.   

 

4. Maps of the G2 Intelligence Sections 

 

American corps- and field army-echelon G2 sections contained a sub-section, the G2 

Cartographic Section or G2C, whose members were responsible for the sectionsô mapmaking 

efforts (Moore, 2018). These produced at least two daily tactical map series during the AEFôs 

operations. The Enemy Order of Battle (EOOB) map series sought to track the location and 
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strength of enemy units opposing the AEF. The Graphical Summary of Enemy Activities 

(GSEA) series mapped what the enemy was doing on the battlefield. Other maps that the 

intelligence section produced only periodically included radio intercept sketches that attempted 

to pinpoint the locations of enemy radio transmitters and headquarters, circulation maps that tried 

to discern the traffic patterns of support elements behind the enemyôs lines, and trench or 

fortification maps that charted the shape and extent of enemy trench systems and fortress 

complexes. Taken together, the mapping efforts of the G2 sections attempted to compile for the 

headquarters a comprehensive picture of the enemyôs situation and activities each day. 

 

4.1 Enemy Order of Battle Maps 

 

The first of the two daily map series that the G2 Intelligence sections of the AEF 

prepared daily was the Enemy Order of Battle (EOOB) Map. The purpose of these maps was to 

maintain a running tally of the identity and location of enemy units that were opposing the AEF 

on a given day (Figure 3.2). Also, the EOOB maps communicated a rough estimate of these 

unitsô strength, condition, and movements in the form of annotations and arrow symbols adjacent 

to the block symbols that denoted individual regiments. Additionally, these maps templated the 

locations of enemy headquarters at the division, corps, and field army echelons of command, and 

gave an assessment of where the enemy drew their administrative boundaries between their 

divisions and corps fighting on the front line. Additionally, the map language provided a visual 

cue to indicate when new enemy units appeared at the front, changing the texture of the box 

symbols to indicate whether a unit was newly identified since the last map edition. 



72 

 

Figure 3.2 Facsimile of Enemy Order of Battle, Midnight ï Oct. 11/12, 1918 (G2, First 

Army, AEF, 1918 October 11-12). 

 

AEF units began to print EOOB maps as early as mid-July 1918 at the corps echelon, 

while the army-echelon AEF headquarters began producing a daily edition of this series on 3 

September 1918ðjust before the start of the St. Mihiel offensiveðand continued to issue an 

edition daily without interruption until the armistice, overprinting the mapsô tactical information 

onto base maps printed by the 29th Engineer at Langres (US Army 1991). AEF staff officers 

appear to have compiled the army-echelon version of these maps from those of subordinate units 

along with the written intelligence summaries provided to the headquarters (see for example G2, 

First Army, AEF, 1918, September 5). The base map for this series was initially a 1:200,000 
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scale custom chart of the area encompassing the St. Mihiel salient. As the battle moved 

northwest during the Meuse-Argonne offensive and the AEF took responsibility for an 

increasingly long stretch of the allied frontline, the mapmakers transitioned to using standard 

French 1:200,00 scale charts covering the Stenay-Souilly area for the western half of the 

American sector and the Metz area in the eastern half (Lengel, 2008). These base maps were of 

appropriate extent to cover the terrain far into the enemy rear area, allowing the mapmakers to 

chart enemy units arriving and departing, as well as enemy units resting or in reserve.  

The G2 mapmakers used a map language for the EOOB maps that bears resemblance to 

that employed by British Army mapmakers in other theaters of the war, reflecting the decision by 

American intelligence officers to intentionally model they activities after British intelligence 

(Gilbert, 2012; Chasseaud, 2014; Collier, 2015a; Radunzel, 2016). They symbolized enemy units 

with discrete block symbols, using the blocksô texture to indicate whether a unit in the line had 

changed from the previous dayôs map. Flag symbols denoted the location of enemy command 

posts, with different patterns on the banner portion of the symbol denoting whether the 

headquarters was of division or corps echelon (Figure 3.2). A heavy line on each edition of the 

map indicated the mapmakersô assessment of the location of the front line on that day, while 

thinner lines or lines composed of small cross symbols indicated where the intelligence officers 

assessed the enemy had assigned administrative boundaries between their units. The annotating 

text indicated quantitative and qualitative information about the units that the maps portrayed, 

including their identification, strength, superior headquarters, and the identity of corps- and field 

army-echelon commanders.  
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4.2 Graphic Summary of Enemy Activity Maps 

 

The second type of daily map series that the AEF intelligence sections produced was the 

Graphic Summary of Enemy Activity (GSEA), which the US Second Army staff also titled 

Graphic Summary of Intelligence maps. The purpose of these maps was to summarize events and 

enemy actions that observers reported over a twenty-four-hour period, such as areas shelled by 

enemy artillery and movement behind enemy lines, observations of which were reported in the 

daily intelligence and operations summaries submitted by subordinate headquarters (G2, 1918, 

September 5). Taken together with the EOOB maps, the GSEA maps provided a concise picture 

of the Americansô understanding of the enemy situation on a given day. This allowed the G2 

sections to work with the Artillery staff to assist the latter in their counterbattery and interdiction 

fire planning against enemy positions (Grotelueschen, 2001; Gilbert, 2012). Indeed, a great deal 

of overlap existed between what types of information the intelligence staff cartographers mapped 

and what their artillery compatriots chose to portray, indicating a close habitual relationship 

between these two staff sections. 
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Figure 3.3 Facsimile of Graphic Summary of Enemy Activities Map Oct. 9, 1918 (G2, First 

Army, AEF, 1918, October 9). 
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Figure 3.4 Legend of the AEFôs GSEA maps showing the pictographic map language 

employed by the mapmakers (G2, First Army, AEF, 1918, October 9). 

 

The AEF headquarters produced a first rudimentary edition of the GSEA series on 1 

October 1918, upon the conclusion of the St. Mihiel offensive and after the commencement of 

the Meuse-Argonne offensive (Hallas, 1995). Thereafter the series developed rapidly into a 

standard form that the field army-echelon intelligence sections produced daily until 11 

November. The late emergence of this map series indicates that the AEF headquarters staff had 

assessed a need for the type of information that these maps showed, an impression reinforced by 

the ad hoc nature of the pictographic map language that the cartographers employed in this series 

(Figure 3.4).  

The G2 mapmakers overprinted the GSEA information onto base maps of much larger 

scale than the EOOB maps, 1:50,000 for US First Army and 1:100,000 for the US Second Army, 
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as opposed to the standard 1:200,000 scale of the EOOB maps. The difference in scale indicates 

that the mapmakers valued precision as they charted where enemy activity was occurring that 

was less necessary in the running tally format of the EOOB maps. The base maps for the US 

First Army series consisted of reprints of several different French map sheets, centered 

consecutively farther north as the American offensive progressed, while the Second Army 

overprinted all maps of their series onto a special edition map centered on St. Mihiel. Regardless, 

the extent of all these base maps was sufficient to cover only western half of the sector of front 

for which the AEF was responsible. This focus indicated a fixation by the intelligence staff on 

the area of the AEFôs front in which the American forces were conducting active offensive 

operations at the expense of initially more static sections of the frontline farther east. This 

fixation could reflect the American commandôs obsession with offensive action (Grotelueschen, 

2001 & 2007; Kretchik, 2011; Woodward, 2014).  

The mapmakers in both US field armies and several of the subordinate corps employed 

composite map languages throughout the run of the GSEA map series that reflected its ad hoc 

nature. On the one hand, they used standard symbols to designate the location and caliber of 

enemy artillery common across the Entente armies by mid-1918 (Chasseaud, 2014; Pra et al, 

2022). Like the EOOB maps, the GSEA maps used a heavy black line to indicate the location of 

the frontline on a given day. However, the pictographic symbols that the G2C cartographers used 

to portray other events, such as the downing of enemy observation balloons or explosions behind 

enemy lines, appear unique to this map series (Figure 3.4). Moreover, this map language did not 

remain consistent at lower echelons as some corps within the AEF used their own unique 

symbology on their versions of these maps (G2, I Corps, 1918, October 9). 
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Several sources informed the GSEA maps. Information such as shelled areas and areas 

that had received enemy machinegun fire appears to have originated from the daily operations 

reports that each corps submitted to their superior field army daily, as well as less formal reports 

that the lower-echelon staffs and liaison officers provided via telephone and telegraph (HQ III 

Corps, 1918, October 16). Here the Americans leaned explicitly upon British experience, as 

exemplified by the Notes on the Interpretation of Aeroplane Photographs published by the AEFôs 

Air Corps, which was simply a reprint of a British War Office publication (War Department, 

ND). Information about enemy air and balloon activity, as well as observations about enemy 

activity behind the lines, originated from daily reports by the AEFôs Air Service, which sent out 

patrols and lofted observation balloons of their own for this purpose (HQ, Air Service, AEF, 

1918, October 9; Hudson, 1968; Gilbert, 2012). Interestingly, the Air Service also frequently 

conducted patrols to locate the front lines of friendly units, reflecting the fact that 

communication between the frontline infantry to their higher headquarters was often less than 

sure (Ferrell, 2005; Clodfelter 2007). 

 

4.3 Other G2 maps 

 

Other than those map series described above, the G2 sections at all echelons of the AEF 

produced numerous other kinds of maps on a periodic or as-needed basis. One early form of 

intelligence map that appears in the archival records are radio intelligence sketches (Figure 3.5) 

(G2, A6, First Army, 1918, July 14). These maps templated the locations and identification of 

enemy radio transmitters and the architecture of enemy radio networks. Later, the Second Army 

G2 radio intelligence section also produced a short series of more formal maps titled ñGerman 
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Radio Stations.ò These maps, in addition to showing the geographic locations and relational 

networks of enemy transmitters, also contained graphs that analyzed the volume of enemy 

communications traffic over time (Figure 3.6). Other types of periodically produced G2C maps 

included maps of enemy fortifications (Figure 3.7), maps summarizing prisoner interrogations, 

maps that showed the circulation of traffic behind enemy lines, and maps showing the location of 

key civil and military infrastructure around the area of operations. 

 

 

Figure 3.5 Facsimile of Radio Intelligence Sketch 14 July 1918 (G2, First Army, AEF, 14 July 

1918). 
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Figure 3.6 Facsimile of a G2C, Second Army map showing the templated locations of 

enemy radio stations. Note the graphs on the right side of the map presenting pattern 

analysis of emissions over time (G2C, Second Army, 1918, October 19-31). 
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Figure 3.7. Facsimile of Enemy Works Map Oct. 25, 1918 (G2, First Army, AEF, 1918, October25). 

 

Looking at the G2 maps holistically, the mapmakers appear to have leaned upon their 

allies, especially the British, for inspiration in their map language as demonstrated by the 

symbology of the EOOB maps. However, they also developed their own unique ways of 

communicating spatial information, as shown by the composite map language of the GSEA maps 

and the Enemy Works maps. The volume of mapmaking activity conducted by the intelligence 

sections show a voracious appetite for information about the enemy, and a recognition of maps 

as key tools for rationalizing and contextualizing the raw data that was passing through the 

various headquarters each day (Gilbert 2012). 
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5. Maps of the G3 Operations Sections 

 

Like the G2 staff, all the AEFôs G3 operations staff sections contained a sub-element 

whose responsibility was the preparation of the sectionsô tactical maps. These subsections bore 

the name of G3 Map Room. Though less prolific than their G2 counterparts, the operations 

sectionsô mapmakers still produced a large volume of tactical maps, including two daily map 

series and several other types of periodic or special-use maps. The G3 Map Roomsô focus was on 

the location and administration of friendly units. One of the daily map series, the Front Line 

Map, was simple in form but challenging in creation, and vital to the conduct of offensive 

operations. The other daily series, the Situation Map, presented a picture of the deployment of 

friendly divisions and command posts across the battlefield each day. The G3 Map Rooms also 

produced maps to direct the actions and maneuvers of subordinate units, typically titled 

Operations Maps. Together, these maps aided the operations section in maintaining a 

comprehensive picture of the deployment of their subordinate formations and helped 

commanders direct the maneuver of their forces. 

 

5.1 Front Line Maps 

 

The Front Line Map was perhaps the simplest form of tactical map produced by the AEF. 

The First Army headquarters began producing Front Line Maps starting on 26 September 1918, 

after the end of the St. Mihiel operation and before the commencement of the Meuse-Argonne 

offensive. Subsequently, the First Army headquarters produced an updated edition of this map 

each day until the Armistice on 11 November 1918.  
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Figure 3.8 Facsimile of the First Army Frontline map for 9 October (G3, First Army, AEF, 

1918, October 9). 

 

This form of map consisted of a base map sheet onto which the G3 Map Room 

mapmakers drew a black line that indicated the forwardmost positions, or ñfront line,ò of all 

friendly units (Figure 3.8). This series' base was a custom 1:50,000 scale map centered on the 

Montfaucon-d'Argonne, an area of prominent high ground that dominated the center of the 

Meuse-Argonne battlefield. As the operation proceeded and the American forces advanced off 

the northern edge of this map in November 1918, the mapmakers appendedðactually pastedð

strips of the northwardly adjacent map sheets onto this base to allow the mapmakers to keep pace 



84 

with the changing situation. The mapmakers based their assessment of the front lineôs location 

each day on the operations reports that subordinate units submitted daily. 

The purpose of these maps appears to have been at least twofold. First, they provided a quick 

visual guide to the progress of American forces over time. More importantly, the location of the 

front line was vital information for the AEFôs artillery. American artillery was often hesitant to 

fire in support of friendly units when the location of the front line was uncertain (Grotelueschen, 

2001 & 2007). Alternately, an inaccurate understanding of the front lineôs location could yield 

tragic results, as when the famed ñLost Battalionò of the 77th Division was shelled by friendly 

batteries while they were trapped forward of US lines in the Argonne Forest (Clodfelter, 2007). 

The cartographic idea of the frontline map has persisted in present-day US and NATO doctrine, 

which specifies a ñCoordinating Fire Lineò (CFL) that marks the forward trace of friendly troops 

and beyond which artillery can fire without coordination (US Army, 2020). As such, the AEFôs 

frontline maps prefigured artillery concepts that remain in use more than a century later. 

 

5.2 Situation Maps 

 

A second and more complicated form of daily tactical map produced by the AEF was the 

ñSituation Map.ò This series, produced and distributed daily by the G3 Map Rooms of the AEF 

field army-level and at least weekly by the corps-level headquarters, sought to show the general 

positions of the headquartersô subordinate units and command posts, as well as administrative 

boundaries. The First Army G3 Map Room produced a daily edition of this map continuously 

from at least before the commencement of the St. Mihiel offensive on 26 August 1918 through 

the armistice, making this the longest-running series produced by the operations section of the 
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AEF staff. Corps staffs also produced situation maps and forwarded their maps to their higher 

headquarters for compilation.  

 

Figure 3.9 Facsimile of the First Army Situation map of 4 October. Note the legend in the top right 

differentiating the units of the various corps according to color. (G3, First Army, AEF, 1918, 

October 4). 

 

The base sheet for this map type at the field army echelon was the French 1:200,000 scale 

battle map series. The extent of this base map was sufficient to encompass the AEFôs entire area 

of operations, including its rear areas, allowing the mapmakers to show the rotation of divisions 

from the front and the approach of newly forming or reserve units. Corps echelon mapmakers 
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used larger-scale maps of smaller extent, usually 1:10,000 or 1:20:000, which allowed them to 

focus on their sector of the front.  

The maps showed the divisions (at the field army echelon) and regiments (at the corps 

echelon) for which the headquarters was responsible as amorphous polygons, indicating the area 

that the division occupied on a given day (Figure 3.9). The mapmakers color-coded these 

polygons according to a divisionôs superior corps or division headquarters. The maps represented 

divisional command post locations as small boxes with attached flags, while corps and army 

command post locations were designated by a star symbol. Finally, dashed lines indicated the 

administrative boundaries between corps while solid, yellow-highlighted lines showed army-

level administrative boundaries and the frontline. Staff officers at each echelon compiled the 

situation maps and operations summaries from their subordinate units into a single draft product 

that they then forwarded daily to their higher headquarters along with their written operations 

summaries (HQ, III Corps, 1918, October 15-16). The map language of the American situation 

maps was identical to situation maps produced by the French and Italian armies during this same 

time, indicating an emerging level of standardization across the Entente that prefigures the 

standardization of doctrine that exists between NATO partners today (Pra et al, 2022; NATO, 

2011). 

 

5.3 Operations Maps 

 

Another important type of map that the operations sectionsô map rooms produced 

periodically was the operations map. These accompanied field orders that directed offensive 

actions or defensive preparations and typically showed objective lines that units should reach or 



87 

defend by a certain time, as well as the projected boundaries between units and the AEFôs the 

current front line (HQ, First Army, 1918, September 22). Initial drafts of operations maps 

assigned generic corps and division requirements to sections of the frontline. Later, finalized 

versions of these maps then allocated specific units against these requirements. Thus, the 

operations maps appear to have served two purposes, first as planning aids within the 

headquarters and then as a media to distribute the results of the planning to the units that would 

carry out the operation.  

 

6. Maps of the Artillery Staff Section  

 

The third major tactical mapmaking entity within the AEF were the artillery staff 

sections, which directed the actions of the armiesô big guns, which could range in caliber from 

75-millimeter and 155-millimeter howitzers at the divisional level of organization up to massive 

14-inch naval guns mounted on railroad chassis (Marble, 2016). At the army and corps echelons, 

artillery staff officers used maps to aid their targeting process and to give directions to friendly 

artillery units (Groteluschen, 2001). As such, the artillery staff straddled the worlds of the 

intelligence and operations sections. They collaborated most closely with the G2 sections to 

discern patterns of enemy movement and deployment and to develop observation plans to direct 

artillery fire, and also with the G3 sections to coordinate areas where the batteries could deploy 

and barrage patterns to support the advance of infantry (Grotelueschen, 2007). The artillery staff 

produced one daily map series, the Artillery Graphic Activity map (AGAM), to compile 

information for analysis within the headquarters, and several types of periodic maps that 

disseminated information to subordinate units. Thus, in many ways the artillery section acted as a 
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bridge between intelligence and operations, drawing from and coordinating the activities of both 

to support the overall effort. 

 

6.1 Artillery Graphic Activity Maps 

 

The artillery staff coordinated closely with the intelligence staff at the field army echelon 

to produce a graphic representation of enemy actions that resembled closely the G2ôs GSEA 

map. The Artillery Graphic Activity Map (AGAM) drew upon the style and language of the 

GSEA maps in attempting to show enemy actions and events in a twenty-four-hour period 

(Figure 3.10). Indeed, the Artillery mapmakers often plotted their information directly onto an 

already-printed GSEA map from the G2. However, significant differences between the two map 

types existed, which reflected the differing responsibilities and perspectives of the originating 

staff sections. 
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Figure 3.10 Facsimile of the First Army Artillery Graphic Activity Map for 20 October. Note that 

this map is overprinted atop a GS GSEA map, with the artillery information plotted in blue (AIS, 

First Army, 1918, October 20). 

 

A noticeable difference between the G2 and artillery map series was the fidelity with 

which they represented the events of each day. While the G2 mapmakers appear to have 

exercised some discretion in choosing which enemy activity to plot on the GSEA maps, the 

artillery section mapmakers do not appear to have exercised the same discretion, opting instead 

to map every report of enemy activity. The result of this difference is that while every event 

portrayed on the G2 maps appears on the artillery maps, the reverse is not true, meaning that the 

AGAM series presents enemy activity with a higher degree of detail. This divergence is most 

noticeable in the portrayal of areas shelled by enemy artillery. This more fine-grained attention 

to detail by the artillery staff reflects their sectionsô dual responsibilities for both consolidating 
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information about enemy activities and translating this data into action in the form of 

counterbattery and interdicting artillery fire by friendly guns. 

Another difference between the GSEA and AGAM series is their layering of information 

over time. Each GSEA map invariably portrayed the goings on over a single day. By contrast, 

manyðthough not allðof the AGAMs overlayed several days of information onto a single map 

sheet, using color to differentiate between different daysô events. This technique allowed the 

artillery cartographers to represent patterns of enemy activity more effectively than the GSEA 

maps did, aiding their efforts to target enemy concentrations with friendly artillery fire. This sort 

of pattern analysis and close coordination between intelligence and artillery foreshadowed the 

ñtargeting processò of present-day American and NATO doctrine (US Army, 2023).  

 

6.2 Artillery Objectives Maps 

 

The artillery staff also used maps to translate their analysis of enemy concentrations into 

targets for friendly guns. These documents, known as Artillery Objectives Maps, used a simple 

map language to give directions to subordinate artillery headquarters and their firing batteries. 

Cross-hatched polygons designated areas that artillery batteries should target ñfor destruction,ò 

while point symbols designated individual targets for interdiction or harassing fire. Maps at the 

field army echelon often contained text or legends directing the rate or number of shells that a 

target should receive. These typically accompanied directive and explanatory written orders from 

the artillery staff to their subordinate counterparts. 
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7. Maps of Other Staff Sections 

 

While other staff sections within the AEFôs headquarters were less prolific in their 

mapmaking, all still produced maps at least periodically, usually to direct the specialized support 

of friendly forces in conjunction with the field orders issued by the operations sections. While an 

exhaustive catalogue of these maps is beyond the scope of this examination, two of these map 

types bear mentioning because they illustrate how pervasive maps had become within the higher 

echelons of the AEF as a tool to efficiently communicate information. These included 

Circulation Maps produced by the Administrative G1 section of the AEF headquarters to direct 

the flow of traffic in the AEFôs rear areas, and radio and telephone network diagrams produced 

by the G6 (Signal) section.  

 

8. Conclusions 

 

Taken together, the constellation of AEF tactical maps represents a mapmaking system 

that was distinct from those employed by the French or British armies, reflecting both the 

tendency of the AEFôs senior leadership to discount the experience and techniques of their allies 

and, alternatively, the pragmatism of lower echelon organizations in adopting them 

(Grotelueschen, 2001 & 2007). The American mapmakers certainly leaned on their allies' 

experience for inspiration in some of their mapmaking techniques. And yet, many of the AEF 

tactical maps contain examples of improvisation by the mapmakers, such as the composite 

symbology of the G2ôs Graphic Summaries of Enemy Activity and the Artillery Sectionôs 

Graphic Artillery Activity Maps. 
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The AEFôs corps and field army echelon headquarters produced a remarkable volume of 

tactical maps during the approximately three months during which the AEF operated as a 

separate, American army on the battlefields of France. By combining previously developed 

tactical mapping techniques from their French and British allies with cartographic improvisation 

and innovation within their own organizations, they brought forth a tactical mapmaking system 

that attempted to control the complex offensive operations of forces with numbers exceeding a 

million soldiers. Some of the systems they developed, particularly the close targeting relationship 

between the intelligence and artillery sections of the staff, endure in American military doctrine 

to the present. As such, these maps represent an important milestone in the development of 

modern warfare, as well as in the development of military cartography more generally. 
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Chapter 4 - Cartographic Data and the Great War: An HGIS for 

Tactical Cartography 

Abstract 

Historical military maps produced since the First World War (FWW), an underexplored 

class of archival document, present attractive targets for historical geographic information 

systems (HGIS) methods due to the large amount of data they contain andðbecause such maps 

were often produced in seriesðthe opportunity to combine spatial and temporal analysis. HGIS 

has become a powerful analytical tool for exploring past events and reconstructing historical 

landscapes. However, a consistent them in criticisms of HGIS methods is the high investment in 

terms of time and labor that researchers must devote to creating spatial databases. One method of 

overcoming this challenge is for researchers to employ effective design for the spatial databases 

into which they deposit the data they extract from map documents. This paper uses an 

exploration of the American Expeditionary Forceôs (AEF) maps from the Battle of the Meuse-

Argonne in 1918 to showcase an enhanced entity relationship (EER) database structure for 

organizing the data coded into these battle maps. Moreover, this paper highlights three HGIS 

examples for analyzing the resultant data that demonstrate the value of the database structure for 

historical analysis. 

 

1. Introduction  

 

Historical geographic information systems (HGIS) allow researchers to compile digital 

databases of historical spatial information for analysis, making them powerful analytical tools 

within the fields of spatial history, historical geography, and others (Gregory & Healey, 2007; 
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Knowles, 2008; Lunen & Travis, 2013). In such inquiries, historical maps are valuable resources 

for reconstructing past landscapes and providing data about past events. However, historical 

military maps, thousands of which reside undigitized in archives around the world, remain 

under-explored and untapped sources of data (Apkin, 2017; Moore, 2018; Demhardt, 2018). 

Pairing these archival maps with HGIS provides opportunities to deepen the understanding of the 

history and development of military cartography, and to provide new perspectives on historical 

events. To assist and encourage further research along these lines, this paper demonstrates the 

creation of an HGIS as a spatial enhanced entity-relationship (EER) database to organize 

disparate types of data extracted from tactical military maps created by the American 

Expeditionary Forceôs (AEF) First Army during the First World War (FWW) and outlines 

several examples of how the HGIS to can be used to analyze the digitized data. 

 

2. State of the Art  

 

In recent decades, HGIS has matured as a method within the fields of spatial history and 

historical geography (Knowles, 2008). However, one of the challenges that continues to hamper 

HGIS is the high time and labor investment inherent in creating spatial databases (Lunen & 

Travis, 2013). Considering this fact, military mapsðparticularly those produced since the 

outbreak of the First World Warðpresent attractive subjects for HGIS research. From the years 

leading up to the FWW and onwards, modern military forces have benefitted from highly 

accurate and detailed base maps onto which tactical information is plotted (Affek, 2013; 

Chasseaud, 2018; Ostafin et al, 2021). The accuracy and precision of these charts can streamline 

the georeferencing and vectorization of data contained within these documents when compared 
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with military maps of earlier periods (Ostafin et al, 2021). Moreover, as other research has 

demonstrated, technological improvements during the FFW gave armies the ability to map the 

situation on the battlefield on a nearly continuous basis (Keegan, 2003; Radunzel, 2016, 2019, & 

2023; Demhardt, 2018; Chasseuad, 2018; Espenhorst, 2018; Prá et al, 2022). Such series maps 

represent an opportunity for researchers to create robust spatial databases to store the data these 

maps contain at a lower cost in effort than many other subjects of archival cartographic research. 

Furthermore, these maps present intriguing possibilities for temporal as well as spatial analysis, 

as many of the FWW map series contain daily editions that span periods of weeks to months. 

Other researchers have already demonstrated the value of pairing GIS with historical 

military maps. Knowles (2008) paired maps produced during and after the Battle of Gettysburg 

with a digital elevation model-assisted viewshed analysis to explore what key commanders on 

the battlefield might have seen during the fighting. Wan et al (2020) compared GIS with 

georeferenced military maps produced by the Republic of China at the beginning of the twentieth 

century with military maps produced by the US military during the Second World War to 

estimate urbanization rates in pre-modern China. Kaim et al (2020) demonstrated the value of 

military maps in reconstructing historical landscapes by using pre-FWW Austro-Hungarian 

military survey maps to vectorize the historical road network for parts of the Hapsburg Empire. 

Finally, Prá et al (2022) used HGIS to explore FWW Italian army tactical maps, defining this 

map type as ñmaps that were continuously updated during battle, to show the evolution of 

frontline positions and activitiesò and arguing along with Collier (2015) and Radunzel (2016 & 

2023) that tactical maps represent an important sub-class of military cartography. 

Few if any researchers exploring historical military maps have described a deliberate 

design for HGIS database structure. Fortunately, examples of disciplined database design exist in 
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the broader HGIS field. Carrion et al (2016) demonstrated the utility of an extended entity-

relationship (EER) data structure in their examination of the historical fiscal landscape of 

medieval Italy. Migliaccio et al (2019) used an entity-relationship diagram (ER) to structure their 

HGIS, which records data about the destructiveness of historical earthquakes. These and other 

studies demonstrate the utility of ER models to account for real-world entities and their 

relationships with one another. Augmented by EER concepts of hierarchy, specialization, and 

aggregation, this database structure is well-suited for organizing the kinds of data contained in 

tactical maps (Chen, 1976; Teorrey and others, 1986). 

However, as many have noted, creating HGIS databases can be time-consuming and 

laborious, particularly given the large volume of documents that that reside in many archival 

tactical map collections. To address this problem, this paper describes a broadly applicable 

model for a database design to organize the types of information contained in AEF tactical maps 

and provides some initial findings to demonstrate the value of creating an HGIS for tactical 

maps. 

 

3. Overview of the AEF Tactical Maps and the Meuse-Argonne Offensive 

 

This paper examines the tactical maps produced by the American Expeditionary Force in 

the during the Battle of the Meuse-Argonne in the FWW. Staff sections in the AEF headquarters 

produced five series of daily tactical map during the battle, including two series authored by the 
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G2 (intelligence) section, two by the G3 (operations) section, and one by the artillery staff0F

1 

(Table 4.1) (Radunzel, 2023). The collective purpose of these map series was to provide the 

headquarters will a daily picture of the situation on the battlefield as understood by the 

mapmakers (Radunzel, 2023).  

 

Table 4.1 Daily tactical map serials produced by the AEF First Army headquarters according 

to their authoring staff sections. 

 

4. Data Collection 

 

The AEF maps, which are stored at the US National Archives Research Facility in 

College Park, Maryland, were digitally photographed over a one-week period in August 2022. 

Adobe Photoshop was used to remove distortion created by camera angle and lighting. The 

digital map images were loaded into ArcGIS Pro 3.1.1 (Esri, Redlands, CA) as raster layers for 

georectification, vectorization, and analysis. To georectify the map images, map features from 

the digitized AEF base maps were matched with corresponding features in the ArcGIS World 

Topography base map layer. A total of 30-40 control points were used for each map, allowing a 

 

1 The Artillery staff produced five editions of a similar map series called Artillery Activity Charts that appear to have 

served the same function as the AGA maps. These two types of maps appear to have been folded into one another 

after October 10, 1918. 



103 

third-order polynomial transformation to warp the raster image to underlaying features. This 

process proved successful in closely matching the features on the 1918 maps with the 

contemporary landscape (Table 4.2). The mapsô tactical data were then extracted by ñheads-upò 

digitizing the hand-drawn symbols present on each map into separate geodatabase feature 

classes. Close study of the maps revealed numerous categories of data, as well as relationships 

between them, which guided the organization of the data into the database structure described 

below. 

 

Table 4.2  Mean root mean square (RMS) error for each map series after georectification 

in ArcGIS Pro using a third-order polynomial transformation. 

 

5. An EER Database Model for a Tactical Map HGIS 

 

Entity-Relationship (ER) models are a class of descriptive logic that divides pieces of 

information or objects into the categories of entities, attributes, and relationships (Chen, 1976). 

Enhanced Entity-Relationship (EER) models elaborate upon this structure by incorporating 

additional constructs into the three fundamental ER objects, including hierarchies, aggregation, 

and categorization, each of which is advantageous when storing the hierarchical and aggregated 

data common to military maps (Teorrey et al, 1986; Zhang et al., 2016).  

Analysis of the AEF tactical maps identified twenty-six types of entities, defined (after 

Carrion et al, 2016) as ñphysical objects or abstract concepts that describe the real world.ò Most 

of these entities are unique to only a single map series, such as the location of friendly division-
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sized units (Table 4.3). However, a few, such as the information shared by the G2 and Artillery 

staff sections about enemy positions and events, spanned more than one map series. One type of 

abstract entityðthe front lineðwas present on all five map types. The geometry of the 

symbology proved a useful attribute in helping to categorize the different types of data. 

 

Table 4.3 Types of entities that the AEF tactical maps included in their symbology 

 

6. Entities: Headquarters, Units, Boundaries, and Events 

 

Tactical maps symbolize entities that include physical objects and abstract concepts. This 

paper divides entities into four super-categories, two physical and two abstract (Figure 4.1). 

Physical entities are defined as objects that physically exist or persist with a constant identity 

across map editions while abstract entities are either a one-time occurrence of a unique object or 

an object that does not physically exist. Physical entities include headquarters and units. 

Headquarters consist of a commander and their staff, who control the actions of subordinate 

headquarters and, by extension, subordinate units. Units are hierarchical aggregations of 
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individuals and equipment that can be very complex. The ñsideò to which a headquarters or unit 

belongs (friendly or enemy) forms a subcategory of both entities, which are then further 

subcategorized according to their organizational strata. The AEF tactical maps typically 

represent units as entities with a single continuous geometry, usually at a scale two or three steps 

below the organizational hierarchy from the headquarters producing the map (Figures 4.2 & 4.3). 

Headquarters and units share many attributes, and at the strata at which the maps aggregate units 

they often exist as paired objects, which share the same primary key (i.e., the ñ1st Divisionò 

headquarters entity controls and shares the same primary key as the aggregated unit entity called 

the ñ1st Divisionò). 
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Figure 4.1 Entity relationship diagram (ERD) of the database model for examining AEF 

tactical maps. The four super-categories of data mapped by the AEF headquarters are marked 

in gray.  

 

The two super-categories of abstract entities are events and boundaries. Events are the 

result of actions that are caused by or occur to physical entities (Figures 4.4 & 4,5). Boundaries 

were drawn on maps to delineate the geographic space in which headquarters controlled their 

units without the need for coordination with adjacent or higher headquarters (Figures 4.2 & 4.3). 

On the AEF maps, the front line formed a special boundary class indicating the forwardmost 

positions of friendly troops beyond which artillery could fire freely (Grotelueschen, 2007). AEF 

mapmakers typically differentiated the hierarchical strata associated with a boundary by using 

different styles of line symbols. 
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Headquarters are a categorization of entity that exist at different strata of hierarchical 

military organizations. A higher headquarters was generally necessary where two headquarters 

from the next lower strata of the hierarchy must operate together (i.e., a corps headquarters was 

necessary to control two subordinate division headquarters) (Woodward, 2014). The AEF maps 

used point geometry to show the locations of headquarters. Also, these maps typically ceased 

showing the location of headquarters below the hierarchical strata at which the map started to 

aggregate units. The unique name of the aggregated unit a headquarters controlled provides its 

primary key. Other attributes include the organizational strata, a composite attribute with data of 

the archival source map, other information such as higher headquarters and subordinate units, 

and location geometry (Figure 4.6). Other common attributes available from archival sources 

such as Journals of Operation or War Diaries can include the identities of the headquartersô 

commander and key staff. 
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Figure 4.2 Extract of the October 9, 1918 edition of the AEF Situation Map series produced 

by the G3. This map series showed the location of friendly headquarters, units, and 

boundaries, as well as the front line (G3, 1st Army, AEF, 1918c). 
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Figure 4.3 Extract of the October 9, 1918 edition of the AEF Enemy Order of Battle 

(EOOB) map series produced by the G2. This map series showed the assessed locations of 

enemy headquarters, units, and boundaries, as well as the front line (G2, 1st Army, AEF, 

1918c). 
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Figure 4.4 Extract of the October 9,1918 editions of the AEF Graphic Summary of Enemy 

Activity (GSEA) map series produced by the G2. This map series showed the observed 

locations of events involving enemy subunits, including troops, artillery, aircraft, and 

observation balloons, as well as the front line (G2, 1st Army, AEF, 1918f). 




















































































































































































































































































































































































































































































































































































































