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1. Abstract

Research on military contamination usually begins with the description of individ-
ual cases: specific wars, specific territories, specific contaminants, and specific envi-
ronmental and health consequences. This approach is both inevitable and necessary.
However, the accumulation of numerous facts does not by itself create a theoretical
understanding of the process.

The central problem is the transition from a collection of individual events to an
understanding of the morphology of military contamination as a distinct natural-an-
thropogenic process. Military contamination is initiated by human activity, but once it
emerges, it becomes incorporated into natural systems and develops through interac-
tion with soil, hydrological, geochemical, biological, climatic, and social processes.

This lecture examines the epistemological problem of such a transition. It draws
upon ideas from the philosophy of science, process ontology, morphogenesis, com-
plexity theory, self-organization, and assemblage theory. Particular attention is given
to the fact that research on military contamination cannot be reduced to questions of
funding, data collection, or technical expertise alone. It is necessary to develop a cor-
rect understanding of the object of study itself.

Military contamination is considered not only as a collection of consequences of
war, but also as a source of new processes capable of altering the environmental history
of territories over long periods of time. For this reason, a special epistemology of mil-
itary contamination is required—one capable of connecting individual cases, models,
observations, and theoretical concepts into a unified research program.

2. Keywords

Military contamination; morphology of natural processes; morphology of military
contamination; morphogenesis; epistemology; philosophy of science; process ontol-
ogy; complex systems; self-organization; emergence; environmental consequences of
war; natural-anthropogenic processes; assemblages; DeLanda; scientific models; the-
ory-ladenness of observation.

3. Key Ideas of the Lecture

e Military contamination is not merely a collection of individual cases
but a distinct class of natural-anthropogenic processes

Most studies of military contamination begin with specific cases. These may include
the Vietnam War, the war in Ukraine, the destruction of industrial facilities, contami-
nation of soils by heavy metals, the use of toxic substances, the destruction of water
infrastructure, or the emergence of new forms of military waste. Each case is unique.
However, if science limits itself to uniqueness, it cannot reach the level of process un-
derstanding. Military contamination must be viewed as a specific form of interaction
between military activity and the natural environment. It originates from human
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actions, but its consequences develop within natural systems and acquire their own
dynamics.

e The main problem of military contamination research is not only
funding

Funding is necessary. Without it, fieldwork, laboratory studies, monitoring pro-
grams, medical examinations, and restoration activities cannot be carried out. How-
ever, money alone does not create scientific understanding. Moreover, funding is often
used for purposes unrelated to the stated goals. It is possible to finance numerous pro-
jects, collect vast amounts of data, establish extensive soil and water sample databases,
and conduct thousands of measurements, yet still fail to understand what process has
been initiated by war. Some forms of scientific knowledge cannot be purchased. They
emerge only when the problem is correctly formulated and an adequate theoretical
framework is established.

e The transition from individual cases to process understanding is a
fundamental epistemological task

Science always begins with the observation of individual events. Mature scientific
knowledge, however, seeks to move beyond isolated cases. It searches for stable forms,
recurring structures, mechanisms, and regularities. In the case of military contamina-
tion, this task is especially difficult because every conflict occurs under different natu-
ral, social, technological, and historical conditions. For this reason, it is necessary to
understand how knowledge of the morphology of military contamination as a process
can emerge from a multitude of unique cases.

e The morphology of military contamination is not a ready-made object
that can simply be discovered

The morphology of a process does not lie on the surface. It is not an object in the
same sense as a soil sample, a river section, or a contaminated site. Morphology is
revealed through comparison, modelling, interpretation, and theoretical generaliza-
tion. Different scientific schools may therefore propose different descriptions of the
morphology of the same process. A geochemist, toxicologist, ecologist, hydrologist, ge-
omorphologist, physician, public health specialist, and philosopher of science will all
perceive different aspects of the same reality. This is not a weakness of science. It is an
indication of the complexity of the object itself.

» Military contamination is initiated by humans but subsequently devel-
ops through interaction with natural systems

Military actions are initiated by people. People create weapons, use munitions, de-
stroy infrastructure, and contaminate soils, waters, and the atmosphere. However,
once the process has been initiated, its subsequent trajectory is no longer determined
solely by human actions. Contaminants begin to migrate. Soils enter new chemical and
biological regimes. Water systems transport contamination. Ecosystems respond, re-
organize, degrade, or develop new states. At this stage, military contamination be-
comes a complex natural-anthropogenic process.
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» The consequences of war do not end when hostilities cease

The end of a war does not mean the end of military contamination. In many cases,
the conclusion of military operations marks the beginning of a prolonged phase of nat-
ural and social processing of war-related consequences. The migration of contami-
nants, changes in soil processes, destruction or recovery of vegetation, alterations in
hydrological regimes, and the emergence of new health risks may continue for years
or decades. Military contamination therefore cannot be studied only within the chron-
ological boundaries of war. It has its own post-war time.

e The morphogenesis of military contamination is one of the key scien-
tific problems

War does not merely destroy existing natural and social structures. It may also ini-
tiate processes that generate new ecological states. New trajectories of contaminant
migration emerge. New forms of soil degradation appear. New technogenic landscapes
develop. New combinations of chemical, biological, and social risks arise. These pro-
cesses are neither entirely random nor entirely predetermined. They develop within a
space defined by human intervention, natural regularities, historical contingency, and
the internal dynamics of complex systems.

» Contemporary philosophy of science provides tools, not ready-made
answers

Hume, Popper, Kuhn, Whitehead, Prigogine, Haken, DeLanda, and other authors
are important not because they have already explained military contamination. They
are important because they help formulate the problem more precisely. They help ex-
plain why the simple accumulation of facts is insufficient, why observation is always
linked to theory, why processes cannot be reduced to things, and why complex systems
are capable of generating new forms. Philosophical ideas alone, however, will not solve
the problem of military contamination. They must be transformed into practical re-
search approaches designed specifically for this object of study.

« The contemporary scientific community is not only an investigator but
also part of the reality being investigated

Military contamination is not produced by abstract forces. It is associated with the
activities of states, armies, industrial systems, engineering structures, and scientific-
technological complexes. Modern science is not always external to these processes. It
may participate in the creation of technologies that later become sources of new forms
of military contamination. Depending on the regime of scientific recognition, the re-
sults of scientific investigations may differ radically. For this reason, the study of mil-
itary contamination requires a critical examination not only of the object itself, but
also of the scientific community, its institutions, interests, limitations, and modes of
knowledge production.

* A special epistemology of military contamination is required

Military contamination cannot be fully understood within the boundaries of indi-
vidual disciplines. Chemistry, toxicology, medicine, ecology, soil science, hydrology,
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geography, military studies, and the philosophy of science are all necessary, but each
sees only part of the problem. A special epistemology of military contamination is
therefore required. Its task is to connect individual cases, empirical data, models, the-
oretical approaches, and practical restoration tasks into a unified system of under-
standing.

4. Introduction

Research on military contamination faces many challenges. Some of these chal-
lenges are obvious. They are associated with the dangers of working in areas where
military operations have taken place or are still ongoing. These include minefields, un-
exploded ordnance, destroyed infrastructure, lack of access to certain areas, the need
to obtain official permissions, and risks to the life and health of researchers.

There are also technical challenges. High-quality data require samples of soils, wa-
ter, sediments, vegetation, and biological tissues. Laboratories, equipment, methodol-
ogies, standards, long-term monitoring programs, and interdisciplinary teams of
specialists are needed.

There are financial challenges as well. Research of this kind is expensive. It requires
time, transportation, security measures, analytical facilities, international coopera-
tion, and stable institutional support.

However, this lecture focuses on a different set of issues. There exists a special
group of problems that is related neither to funding, nor to access to territories, nor to
laboratory capabilities. These problems are connected with scientific knowledge itself
and with the scientific community.

Military contamination is an exceptionally complex object of study. It does not exist
as a single simple object that can be measured, described, and then considered under-
stood. We are dealing with a multitude of events. Each event occurs under specific
natural conditions. Each event is associated with a particular type of military activity.
Each event has its own history, geography, chemistry, and consequences.

Yet an expert cannot stop at the description of individual events. If one stops there,
the result is a collection of cases rather than an understanding of the process.

The central question of this lecture is therefore the following:

How can we move from a collection of unique cases of military contamination to an
understanding of the morphology of military contamination as a process?

This lecture is part of a broader series. It does not claim to provide a complete the-
ory of military contamination. That would be premature. The task of this first lecture
is more modest. It is necessary to formulate the problem correctly. It is necessary to
demonstrate why military contamination cannot be understood merely as a set of in-
dividual environmental consequences of war. It is necessary to explain why a transi-
tion toward the analysis of morphology and morphogenesis is required.
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The focus of this lecture is not philosophy for its own sake. The focus is military
contamination as a complex scientific problem.

The philosophy of science is used here neither as decoration nor as a demonstration
of erudition. It is used as an instrument that allows us to formulate more precisely the
following question:

How can science move from individual events to an understanding of the morphol-
ogy of a process?

I have always believed that conferences require preparation. Preparation does not
consist solely of writing one's own presentation. It may also involve the systematic ex-
amination of fundamental questions without which meaningful discussion of specific
scientific problems is impossible.

This lecture is largely addressed to colleagues participating in the conference (1—7).
It is written not as a finished article but as a text intended for reading, reflection, and
subsequent revision.

I have been engaged in scientific geographical research since 1978. I am now sixty-
nine years old. Consequently, this lecture draws not only upon the literature but also
upon personal experience accumulated through many years of work on problems re-
lated to natural processes and the scientific community. It also reflects extensive ex-
perience communicating with members of scientific communities in different
countries.

I entered university in 1974. This took place in the USSR. It was a period when So-
viet geographical science was at its peak. It achieved a number of significant results.
At the same time, it was characterized by rigid Marxist-Leninist dogmatism. Soviet
geography had reached its highest level and categorically rejected virtually everything
taking place in Western science.

Meanwhile, a scientific revolution was occurring. Geography, particularly in West-
ern countries, was changing rapidly. I aligned myself with Western science. This led to
conflicts with the Soviet scientific community. My response to that pressure was the
development of metageography as a reflection on what was happening within science
itself (8—10). As a result, careful attention to the ways scientific communities function
has been part of my work for a very long time.

This is important for understanding how the scientific community functions specif-
ically in relation to the study of military contamination. There are many aspects of this
field that are rarely discussed openly. In order to understand cognitive failures, it is
important to recognize the implicit characteristics of scientific activity. Analyzing them
is associated with obvious professional risks.

Nothing damages relations with scientific colleagues more effectively than the anal-
ysis of their activities.
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I do not consider myself a member of any scientific community. From that perspec-
tive, I have no reason to conceal the implicit aspects of scientific activity. They will be
examined consistently throughout this work.

My interest lies in military contamination, not in the reaction of institutional scien-
tific network to my texts.

5. The Problem of Transition from an Individual Event to Theo-
retical Understanding

One of the fundamental problems of science is the transition from individual em-
pirical events to theoretical understanding.

At first glance, this problem may appear excessively abstract. However, for the
study of military contamination it has direct relevance. The researcher initially en-
counters not a theory but facts of reality. More precisely, the researcher encounters
fragmented data that indicate military-induced changes relative to previous condi-
tions. Facts themselves are already part of a theoretical perception of the world.

The researcher encounters destroyed landscapes. The researcher encounters con-
taminated soils. The researcher encounters altered water systems. The researcher en-
counters toxic remnants of military activity. The researcher encounters new medical,
ecological, and social consequences of war.

Each such case has a specific location, a specific time, specific causes, and specific
consequences. Yet science cannot stop at the level of case description. If it remains at
that level, it becomes an archive of events. Such an archive may be extremely im-
portant. It may contain thousands of fragmented facts. It may be useful for courts,
governance, territorial restoration, compensation programs, and political decision-
making. But by itself it is not yet a theory.

Theoretical understanding emerges only when the researcher begins to recognize
stable forms of process organization behind individual events. This is particularly im-
portant for the Earth sciences. Geomorphology studies not only individual landslides
but also the morphology of slope systems. Hydrology studies not only individual floods
but also the regimes of river basins. Climatology studies not only individual weather
anomalies but also the structure of climatic dynamics. Ecology studies not only indi-
vidual disturbances but also the mechanisms of ecosystem stability, degradation, and
recovery.

Research on military contamination must follow a similar path. At the initial stage,
it is inevitably studied through individual events. However, if the field is to become
mature, it must move toward understanding the morphology of the process itself.

This leads to the central question:

How can knowledge of the general morphology of military contamination emerge
from a multitude of unique cases?

This question extends far beyond the ordinary problem of data collection. It con-
cerns the nature of scientific explanation. It concerns how facts become knowledge. It
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concerns how an event becomes an element of a process. It concerns how a process
becomes an object of theory.

6. The Classical Problem: From Events to Generalization

The modern formulation of this problem largely begins with David Hume (11).

Hume demonstrated that no logically necessary connection exists between a finite
number of observations and a universal statement. If we have repeatedly observed the
recurrence of a particular event, this does not prove that it will always recur.

At first glance, this appears to be the classical philosophical problem of induction.
However, for the study of military contamination it has entirely practical significance.

Suppose we have studied one case of soil contamination in a war zone. Then a sec-
ond. Then a tenth. Then a hundredth. Can we conclude from this that we understand
military contamination as a process?

No. The number of observations is not equivalent to understanding. One may pos-
sess an enormous amount of empirical data and still fail to understand the morphology
of the process. This is especially important in the contemporary situation, where sci-
entific communities increasingly produce large volumes of data, reports, maps, tables,
samples, and measurements.

Data themselves are necessary. But data do not think. Data do not create concepts.
Data do not generate theory. Theory emerges only when a conceptual framework exists
that allows connections among events to be recognized.

For military contamination this means the following. It is impossible simply to col-
lect many cases and automatically arrive at an understanding of the process. One must
determine which characteristics are accidental, which recur, which form stable rela-
tionships, which mechanisms operate under different natural conditions, and which
forms of contamination possess their own developmental dynamics.

For this reason, simple induction is insufficient. The problem is not merely to accu-
mulate facts. The problem is to determine which facts possess theoretical significance.

Popper and the Limitations of Fact Accumulation

Karl Popper radicalized the critique of induction (12). He argued that scientific the-
ories cannot be definitively established through the accumulation of confirming ob-
servations. Theories must remain open to criticism, testing, and possible refutation.

This insight is equally important for research on military contamination.

It is often assumed that if enough facts are collected, theory will emerge by itself.
This is an illusion. Facts do not automatically assemble themselves into theory. Theory
must be formulated in a way that allows it to be tested, refined, criticized, and modi-
fied.

For example, one might propose the statement that military contamination always
leads only to the degradation of natural systems. At first glance, this appears obvious.

10



POLLUTION AND DISEASES REPOSITORY /2026

Scientifically, however, such a formulation is too crude. It identifies only a negative
outcome and does not explain the process itself.

In reality, war may lead to the degradation of some systems, the transformation of
others, the temporary release of territories from certain forms of economic pressure,
the creation of new technogenic landscapes, the alteration of substance migration
pathways, and the restructuring of ecological relationships.

This does not mean that war is beneficial for nature. Such a conclusion would be
unacceptable and false. The point is different. Military contamination as a process is
more complex than the simple formula of “impact—damage.” It requires more precise
concepts.

Popper's idea of the critical nature of knowledge reminds us that a theory of military
contamination must not become a collection of slogans. It must be a research construct
that can be developed, refined, and tested through concrete cases.

If a theory does not allow us to distinguish among different types of processes, dif-
ferent temporal horizons, different natural conditions, and different mechanisms of
consequence formation, then it remains too weak.

Events Do Not Create Theory by Themselves

Hume and Popper demonstrated, in different ways, one important point: events by
themselves do not generate theoretical knowledge.

Observation is necessary but insufficient.
Facts are necessary but insufficient.
Measurements are necessary but insufficient.

To understand military contamination, it is not enough merely to document the
consequences of war. It is necessary to create a language within which those conse-
quences can be understood as elements of a process.

Here it is particularly important not to confuse two levels. The first level is the level
of the individual case. For example:

«  contamination of a specific field;

«  destruction of a specific dam;

« release of a specific toxic substance into a water system;
«  burning of a specific forest area;

« emergence of a specific type of military waste.

«  The second level is the level of the process. For example:
« alteration of the geochemical regime of a territory;

«  restructuring of water exchange;

« long-term soil degradation;

« formation of new technogenic landscapes;

« alteration of the ecological memory of a territory;

« emergence of new trajectories of health risk.

«  There is no automatic transition between these two levels.

11
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It must be constructed. This is precisely the epistemological task.
Why This Problem Is Especially Difficult for Military Contamination

In the case of many natural processes, the researcher deals with phenomena that
existed long before humans appeared. Rivers formed valleys before the emergence of
modern states. Volcanoes erupted before the rise of industrial societies. Climatic fluc-
tuations occurred before the development of modern science.

Military contamination has a different nature. It is initiated by humans. It is asso-
ciated with states, armies, industry, technology, scientific developments, and political
decisions. In this sense, military contamination is not an ordinary natural process.

It may be viewed as a special form of anthropogenic “anti-nature.” This does not
mean that it exists outside nature. On the contrary. Once it emerges, it immediately
becomes incorporated into natural processes.

Contaminants enter soils, water, air, vegetation, and living organisms. They begin
to move, accumulate, decompose, and participate in chemical and biological interac-
tions. What was created by humans begins to live within the natural environment. This
is precisely where the complexity lies.

Military contamination is not a purely natural process. Yet it does not remain a
purely social event. It occupies an intermediate position. It originates as a result of
human actions but develops through natural mechanisms.

For this reason, it cannot be studied solely as a military, political, chemical, medical,
or ecological problem. It is a complex natural-anthropogenic process.

From a Collection of Cases to the Morphology of Military Contamina-
tion

Research on military contamination already includes many separate directions of
inquiry:

«  studies of heavy metals;

«  studies of explosive residues;

«  studies of petroleum contamination;

«  studies of the destruction of industrial facilities;

«  studies of the consequences of herbicide use;

«  studies of changes in soil cover;

«  studies of risks to public health;

«  studies of the consequences of damage to water infrastructure.

However, these directions often exist in a fragmented manner. They do not always
combine into a coherent picture.

This is precisely why a transition toward the morphology of military contamination
is necessary.

In this context, morphology does not mean the external form of an object. It means
the form of organization of a process. It seeks answers to questions such as:

12
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«  What types of military contamination exist?

«  What mechanisms generate them?

«  How do they develop through time?

«  How do they interact with natural systems?

«  Which processes are short-term?

«  Which processes become long-term?

*  Which consequences can be eliminated through technical measures?

«  Which consequences initiate new natural trajectories?

«  Which forms of contamination become part of the environmental history of a
territory?

Only at this level can one speak of mature scientific understanding. Prior to this, we
are dealing primarily with descriptions of isolated cases. The description of cases is
necessary. But it should not remain the final goal.

First Interim Conclusion

For the study of military contamination, the classical problem of moving from
events to theory has direct rather than abstract significance.

Military contamination is initially presented to the researcher as a multitude of
unique cases. However, the scientific task is not limited to recording them. It is neces-
sary to understand how these cases can be connected into a broader picture of the pro-
cess.

The problem is not to replace facts with philosophy. That would be a mistake. The
problem is to create a theoretical framework within which facts cease to be fragmented
and become elements of understanding.

For this reason, the next step of the lecture is connected with the concept of mor-
phology as a special object of scientific knowledge.

7. Morphology as an Object of Scientific Knowledge

If we accept that scientific research cannot be limited to the registration of individ-
ual events, then the next question inevitably arises: What exactly should scientific ex-
planation strive to understand?

At first glance, the answer seems obvious. Science should seek to discover laws.

Many generations of scientific schools taught us this. However, when studying com-
plex natural processes, such an answer proves insufficient. Between individual events
and universal laws there exists another level of reality. This level can be defined as the
morphology of a process.

Scientific knowledge gradually develops precisely in this direction. At first, individ-
ual events are recorded. Then the researcher begins to notice recurring forms.

After that, models emerge. Only then does it become possible to speak of broader
regularities.

13



POLLUTION AND DISEASES REPOSITORY /2026

In mature sciences, the object of investigation is no longer the events themselves
but the morphology of processes.

A geomorphologist is not primarily interested in an individual landslide. The inter-
est lies in the organization of the slope system.

A hydrologist is not primarily interested in an individual flood. The interest lies in
the morphology of the river basin.

A climatologist is not primarily interested in a single extreme season. The interest
lies in the structure of climatic dynamics.

An ecologist is not interested only in an individual disturbance. The interest lies in
the organization of the ecological system as a whole.

In all of these cases, scientific attention gradually shifts from the event to the form
of the process. This transition is one of the most important indicators of the maturity
of scientific knowledge.

What Is the Morphology of a Process?
The concept of morphology is often understood too narrowly.

It is commonly associated with the description of the external form of objects. In a
contemporary scientific context, however, morphology has a much broader meaning.

Morphology is the relatively stable organization of change. It does not exist sepa-
rately from the process. It manifests itself through the process.

The same idea can be expressed differently. Events show us movement. Morphol-
ogy shows us the organization of that movement.

An individual flood is not the morphology of a river system. Yet through many
floods, the form of basin functioning becomes visible.

An individual fire is not the morphology of an ecosystem. Yet through many events,
the organization of the entire system becomes apparent.

The same applies to military contamination. An individual case of soil contamina-
tion is not the morphology of the process. An individual destroyed factory is not the
morphology of the process.

An individual combat zone is not the morphology of the process. However, through
a multitude of such cases, stable forms of organization of military contamination may
become visible.

These forms become the object of scientific investigation.
Morphology Occupies an Intermediate Position

At this point, an important epistemological issue arises. Morphology occupies an
intermediate position between facts and theories.

It is not a simple observation. Yet it is not a universal law. It represents a distinct
level of scientific knowledge.

14
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We cannot observe morphology directly in the same way that we can observe a de-
stroyed bridge or a contaminated river. At the same time, we cannot derive it through
logic alone without reference to reality.

Morphology emerges through comparison, abstraction, and interpretation. It is the
result of sustained intellectual work.

For this reason, morphology is not only a property of the object being studied. It is
also a product of the development of scientific knowledge itself.

This conclusion is particularly important for research on military contamination.
Today we possess enormous amounts of information.

However, a serious question remains: Have studies of military contamination
reached the level of understanding the morphology of the process?

The answer is far from obvious. Scientific communities do not always reach the level
of morphological understanding.

At this point, an important clarification is necessary. It is often assumed that scien-
tific development automatically leads to deeper understanding of processes.

In practice, the situation may be considerably more complex.

e There is no guarantee that the accumulation of data will necessarily lead to
understanding the morphology of a process.

e Thereis no guarantee that a large number of publications will automatically
produce theoretical progress.

e There is no guarantee that an increase in the number of researchers will
necessarily generate new concepts.

The history of science provides numerous examples in which scientific communi-
ties successfully produced enormous amounts of information while simultaneously ex-
periencing serious difficulties in developing new theoretical perspectives.

The situation of recent decades is especially interesting. Modern science has be-
come increasingly institutionalized. Large research organizations have emerged. Ma-
jor funding systems have developed. International expert networks have been
established. The number of publications has become enormous. At the same time, new
limitations have appeared.

Scientific communities are capable not only of creating new knowledge. They are
also capable of effectively reproducing existing approaches. They can reinforce estab-
lished views. They can construct durable intellectual boundaries. They can effectively
resist scientific innovation.

For this reason, the transition toward understanding the morphology of a process
cannot be regarded as an automatic outcome of scientific development. It requires spe-
cial effort. It requires a willingness to ask new questions. It requires a willingness to
move beyond familiar explanatory frameworks.

15
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Military Contamination as an Especially Complex Case

There are good reasons to consider research on military contamination one of the
most difficult examples of this problem. Here we encounter constraints that cannot be
explained solely through scientific logic.

«  Military contamination is connected to states.

«  Itis connected to military institutions.

«  Itis connected to economic interests.

«  Itis connected to politics.

«  Itis connected to international conflicts.

« Itis connected to questions of national security.

As a result, the researcher faces not only scientific difficulties. The researcher also
faces a complex system of constraints that influences the production of scientific
knowledge itself.

For this reason, the problem of the morphology of military contamination is con-
siderably more complex than the problem of morphology in many classical natural
processes.

The researcher attempts to understand a process that is simultaneously natural,
technical, social, political, and historical.

This is precisely why it is so important to maintain attention to fundamental epis-
temological questions. Without such attention, there is a risk of endlessly accumulat-
ing facts without ever reaching understanding.

Interim Conclusion

Morphology represents a distinct level of scientific knowledge situated between in-
dividual events and general theories.

It allows researchers to identify stable forms of process organization that cannot be
recognized through the study of isolated cases.

For research on military contamination, the transition toward morphology is a nec-
essary condition for the development of mature scientific understanding.

However, such a transition does not occur automatically. It requires the develop-
ment of new concepts, new models, and new ways of formulating research questions.

The next step is to examine the role of scientific models. In many cases, it is through
models that the transition from observing individual cases to understanding the mor-
phology of a process becomes possible.

8. The Scientific Community and the Limits of Knowledge
A Preliminary Remark on the Scientific Community

Up to this point, attention has been focused primarily on the complexity of the ob-
ject of study itself. However, there is another aspect of the problem that cannot be
completely ignored. This concerns the scientific community as a specific social insti-
tution.

16
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In this lecture, the issue will be addressed only briefly. It deserves separate and
much more detailed treatment. For the moment, it is sufficient to note the following.

The difficulties involved in studying military contamination are related not only to
the characteristics of the process itself. They may also be related to the characteristics
of the production of scientific knowledge. The scientific community is not an abstract
mechanism for the automatic accumulation of truth. It possesses its own structure,
traditions, methods of selecting problems, and limitations.

The history of science demonstrates that even productive scientific ideas and new
ways of understanding processes are not always rapidly accepted by scientific commu-
nities. In some cases, decades pass between the appearance of a promising idea and its
recognition. In other cases, new approaches remain on the periphery of science for
long periods of time.

For studies of military contamination, this issue has particular importance. Here
we encounter not only scientific difficulties but also the intersection of interests in-
volving states, military institutions, industry, international politics, and competing re-
search programs.

This gives rise to an additional question: How does the organization of scientific
knowledge itself influence the understanding of military contamination?

In this lecture, the question is merely introduced. Its detailed examination requires
separate analysis. Even at this stage, however, it is important to recognize that limita-
tions of understanding may arise not only from the complexity of the object of study
but also from the complexity of the process through which scientific knowledge itself
is produced.

9. Scientific Models and the Construction of Morphological
Knowledge

Once we recognize the necessity of moving from individual events to an under-
standing of the morphology of a process, the next question naturally arises.

How does this transition occur in practice?

How does a researcher move from a multitude of facts to an understanding of the
form of a process?

Contemporary philosophy of science increasingly answers this question through the
concept of the scientific model. The scientific model is one of the most important in-
struments of scientific knowledge. It occupies an intermediate position between ob-
servation and theory. Observation provides facts. Theory seeks to explain regularities.
The model connects the two. In many cases, it is through models that understanding
of complex processes becomes possible.

A Model Is Not a Copy of Reality

At this point, it is important to avoid a common misconception. Many people view
a scientific model as a reduced copy of a real object. This understanding is overly sim-
plistic.
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A scientific model does not reproduce reality in its entirety. It is always selective. It
isolates only those elements that are considered essential for solving a particular prob-

lem.

For this reason, the same reality can be described through different models.

A geochemist constructs one model of contamination.

A hydrologist constructs another.

An ecologist constructs a third.

A toxicologist constructs a fourth.

Each of these models may be scientifically valid. Each reveals a particular aspect of
the process. Yet none of them is identical to the process itself. This point is fundamen-
tally important for research on military contamination.

A model does not replace reality. But without models, reality remains poorly under-

stood.

Why Models Are Especially Important for Military Contamination

Military contamination is an extremely heterogeneous object. Differences exist in:

natural conditions;

types of weapons;

types of contaminants;

duration of conflicts;

scales of destruction;

approaches to territorial restoration.

For this reason, it is impossible to construct a single model that immediately ex-
plains everything. At the initial stage, models of individual cases inevitably emerge.
For example:

a model of contamination following the use of Agent Orange in Vietnam;

a model of petroleum contamination resulting from the destruction of industrial
infrastructure;

a model of heavy metal contamination in areas of intense military activity;

a model of contamination associated with new military technologies.

Each such model possesses independent value. It helps organize observations. It
makes relationships among different facts visible. It helps identify mechanisms of the
process. Most importantly, however, the model represents the first step from event to
morphology.

The Transition from Case to Model

When a researcher first encounters a new case of military contamination, the
amount of available information is enormous. Some information proves important.
Some proves secondary. Some is entirely accidental.
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At the beginning, these distinctions are difficult to make. This creates the need for
simplification. It is here that the model emerges.

A model reduces the complexity of the object to a level that can be analyzed. It in-
evitably discards part of the information. At the same time, it makes understanding
possible. This is the paradox of scientific modelling. To understand an object more
clearly, one must deliberately abandon part of the information about it.

At first glance, this seems strange. Yet without such simplification, a complex object
often becomes impossible to understand.

Military Contamination as a Collection of Models

An important question arises here. Can we already speak of a general model of mil-
itary contamination?

Most likely, not yet. At the present stage, we possess primarily models of individual
cases. And this is entirely normal. Science rarely begins with universal models. Usu-
ally, it develops in the opposite direction. Models of individual cases appear first. These
models are then compared. Common elements gradually emerge. Broader conceptions
of the process begin to form.

Only after that does it become possible to speak of morphology. In the case of mili-
tary contamination, we are still largely at the stage of accumulating and comparing
models. This is not a weakness. It is a natural stage in the development of knowledge.

Morphology as the Result of Interaction Among Models

This leads to an interesting conclusion. If morphology is not directly given in obser-
vation, where does it appear?

To a significant extent, it emerges in the space between models. Researchers begin
to notice that different wars generate different consequences. At the same time, certain
recurring structures become visible. Particular types of contamination recur. Particu-
lar mechanisms of contaminant migration recur. Particular forms of ecological conse-
quences recur. Particular temporal sequences recur.

Gradually, it becomes apparent that behind the diversity of cases lie certain forms
of process organization. This is where morphology begins to take shape. In this sense,
morphology is not simply discovered. It is gradually constructed by the scientific com-
munity through the comparison of models.

This does not make it subjective. It demonstrates that morphology is the result of
prolonged intellectual work.

The First Limitation of Modelling

At this point, caution is necessary. Models can facilitate understanding. They can
also restrict it. Every model inevitably emphasizes certain aspects of a process while
ignoring others. Over time, a researcher may become so accustomed to a particular
model that it begins to be perceived as reality itself.
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This is one of the most serious dangers of scientific knowledge. Especially in the
case of military contamination. The process continues to evolve. New forms of con-
tamination emerge. New technologies of warfare appear. Natural conditions change.
The scale of impacts changes.

For this reason, models must remain open to revision. Otherwise, they cease to be
instruments of understanding and become obstacles to further development of
knowledge.

Model Versioning, Temporal Validity, and Methodological Provenance

Scientific models are often discussed as though each model existed in a single, sta-
ble, and definitive form. This assumption is inadequate for the study of military con-
tamination. The reality represented by such models is not static. Types of weapons,
materials, contaminants, pathways of dispersal, environmental conditions, remedia-
tion practices, and available empirical evidence all change over time. Consequently, a
model that was empirically effective under one set of conditions may become partially
obsolete or structurally inadequate when those conditions change.

Models of military contamination should therefore be treated not as timeless scien-
tific objects, but as versioned scientific constructs. The analogy with computer
software is methodologically useful. A software system is not identified solely by its
general name; a particular version is specified because different releases may contain
different functions, assumptions, corrections, and limitations. A similar principle
should be applied to scientific models of military contamination. There should be no
single, undifferentiated model presented as though it were final. Instead, there should
be a sequence of explicitly identified versions, each with a defined empirical scope,
temporal reference, and methodological basis.

Every model should include at least three forms of specification.

First, the model must identify the case for which it was constructed. This
specification should include the conflict or military episode under consideration, the
territory, the spatial scale, the relevant forms of military activity, the principal contam-
inants, and the environmental systems included in the analysis. A model developed for
petroleum contamination following the destruction of industrial infrastructure cannot
automatically be transferred to heavy-metal contamination caused by prolonged artil-
lery activity. Similarly, a model constructed for one climatic, hydrological, or soil en-
vironment may not remain valid in another. Without an explicit specification of the
case and its boundary conditions, there is a serious risk of unjustified generalization.

Second, the model must identify its temporal position. This should include
the date on which the model was constructed, the date at which data collection was
closed, the historical period represented by the model, and, where possible, the ex-
pected period of its operational validity. The date of model construction is not merely
administrative metadata. It is part of the epistemic content of the model. A model cre-
ated during active hostilities may represent a fundamentally different object from a
model created five or ten years later, when contaminant migration, ecological
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succession, remediation, land-use change, and post-war reconstruction have altered
the system.

Third, the model must identify the methodology by which it was con-
structed. This methodological specification should include the sources of data, sam-
pling design, measurement procedures, criteria for the inclusion or exclusion of
variables, analytical techniques, modelling assumptions, calibration procedures, vali-
dation methods, spatial and temporal resolution, and treatment of uncertainty. Two
models constructed for the same territory at approximately the same time may never-
theless produce radically different representations if they are based on different meth-
odologies. The methodological provenance of a model must therefore be treated as an
integral part of its identity rather than as secondary technical information.

A version number should change whenever the empirical or conceptual content of
a model changes substantially. A minor revision may involve the addition of new ob-
servations, recalibration of parameters, correction of errors, or improvement of spatial
resolution without altering the basic structure of the model. A major revision should
be introduced when there is a change in the model’s conceptual architecture, causal
assumptions, system boundaries, classification of contaminants, set of variables, or
intended domain of application. In this sense, the transition from one major version
to another may represent not merely an improvement in precision, but a different sci-
entific interpretation of the process.

Such versioning is particularly important because military contamination is an ex-
ceptionally dynamic object. Its dynamics are produced not only by natural transfor-
mations, but also by continuing changes in warfare itself. New weapons, new
materials, new delivery systems, new forms of military waste, and new patterns of in-
frastructure destruction can generate forms of contamination that were absent when
an earlier model was constructed. At the same time, the receiving environment con-
tinues to change through contaminant migration, chemical transformation, erosion,
sedimentation, biological uptake, climatic variability, remediation, reconstruction,
and changes in land use. The model and the object therefore do not remain synchro-
nized automatically.

For this reason, the obsolescence of scientific knowledge may be especially rapid in
the field of military contamination. A model may remain internally coherent while be-
coming progressively less adequate to the reality it is intended to represent. Its as-
sumptions may continue to be logically consistent, and its earlier predictions may have
been successful, yet its scope conditions may no longer apply. Previous effectiveness
must not be treated as sufficient evidence of continuing validity.

An updated model may differ radically from an earlier version. The changes may
concern not only numerical parameters but also the variables considered relevant, the
causal relationships proposed, the classification of processes, the spatial organization
of the system, and the predicted trajectories of future development. Such a revision
does not necessarily mean that the earlier model was scientifically defective. It may
mean that the object itself has changed, that new evidence has become available, or
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that a different methodology has revealed relationships that the earlier model could
not detect.

Accordingly, scientific publications, databases, monitoring programs, and restora-
tion projects should refer to a specific version of a model rather than to a model only
by its general name. Each version should indicate which earlier version it supersedes,
what changes have been introduced, which assumptions remain unchanged, and un-
der what conditions the new version should be applied. This would make it possible to
reconstruct the development of the model, compare results obtained at different
stages, and distinguish changes in scientific interpretation from changes in the object
itself.

Formal versioning is not yet a universally established convention across the sci-
ences. In many fields, models continue to be cited as though they were stable concep-
tual entities. For military contamination, however, this practice is insufficient. The
unusually high variability of the object requires a more explicit system of model iden-
tification, revision, and archival documentation. Temporal and methodological infor-
mation must be regarded as part of the scientific content of the model.

An unversioned model of military contamination should therefore be
regarded as an incompletely specified model. Without an indication of the case,
the time of construction, and the methodology employed, it is impossible to determine
precisely what reality the model represents, under what conditions it was effective, and
whether it remains scientifically valid.

Interim Conclusion

Scientific models are a necessary intermediary between individual cases and an un-
derstanding of the morphology of a process.

It is through models that researchers begin to move from a chaotic collection of
observations toward the identification of stable forms of process organization.

For the study of military contamination, modelling has particular significance be-
cause the object is characterized by high complexity, heterogeneity, and historical var-
iability.

Models, however, do not constitute final knowledge. They represent only one stage
on the path toward understanding the morphology of a process.

The next question is even more difficult. If models are created by researchers, then
to what extent do researchers themselves influence what they are able to see in reality?
It is precisely this question that is raised by the work of Thomas Kuhn and Norwood
Russell Hanson (13,14).

10. Theory-Ladenness in the Absence of an Object-Specific Theory
Observation as an Active Process

In the traditional view, observation was often understood as the passive registration
of facts.
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Contemporary philosophy of science offers a more complex picture Observation is
an active process. The researcher does not merely record reality. The researcher con-
tinually asks questions. The researcher selects methods. The researcher selects infor-
mation. The researcher interprets results. Observation is therefore a form of
interaction between the researcher and the object of study.

This is especially evident in the study of military contamination. It is impossible to
study everything at once. The number of potentially significant factors is too large.
Selection therefore begins at the stage of observation itself. Such selection is unavoid-
able. It also means that every description of the process is partial. Each study illumi-
nates only a particular aspect of reality.

Is There a Single Morphology of Military Contamination?

This brings us to an important question. If different research approaches distin-
guish different aspects of the process, does a single morphology of military contami-
nation exist at all?

At the present stage of knowledge, it is difficult to provide an unambiguous answer.
It may be more appropriate to speak not of one morphology but of several intercon-
nected descriptions of the process.

*  Geochemical morphology.
«  Ecological morphology.

«  Hydrological morphology.
«  Medical morphology.

«  Social morphology.

Each of these may reflect real aspects of what is occurring. None of them, however,
exhausts the entire process. This conclusion may appear inconvenient. Many would
prefer a single universal scheme. Complex processes, however, rarely conform to such
expectations.

Military Contamination as an Evolving Object

The situation is complicated by another circumstance. Most classical scientific ob-
jects are relatively stable. Military contamination is not such an object. It continues to
develop. New technologies of warfare emerge. New materials appear. New types of
contamination arise. The scale of impacts changes. The natural systems within which
the consequences of war unfold also change.

The researcher therefore faces not merely a complex object. The researcher faces an
object that changes while it is being studied. This is a crucial point. We are not studying
a completed reality. We are studying a process that is still taking shape. For this reason,
every description of its morphology must remain open to further revision.

Disciplinary substitution under theoretical vacancy

The classical arguments of Norwood Russell Hanson and Thomas Kuhn remain
fundamentally important. They demonstrated that scientific observation is never com-
pletely neutral. A researcher does not simply record what is present in reality.
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Observation is organized by concepts, theoretical expectations, methodological habits,
and the research tradition within which the scientist has been trained.

This account is highly accurate when a scientific community works within an estab-
lished theoretical framework. A committed representative of a particular school sees
the object through the concepts accepted by that school. Certain facts become visible,
while others remain marginal or are excluded as irrelevant. In this sense, theory
shapes observation.

Research on military contamination, however, reveals a different and more com-
plex epistemological situation.

The problem is not always that researchers are committed to a dominant theory of
military contamination. In many cases, no such theory exists. There is no consolidated
paradigm that defines the object, establishes its boundaries, identifies its principal
processes, and determines which forms of evidence are theoretically significant.

The field may therefore be described as theoretically underdeveloped but in-
stitutionally occupied. It lacks an object-specific theory, yet it is not approached
without prior assumptions. The theoretical vacancy is filled by concepts, methods, and
routine practices imported from already established disciplines.

This condition may be termed disciplinary substitution under theoretical
vacancy.

The absence of theory does not produce neutral observation

The absence of a general theory of military contamination does not mean that re-
searchers approach the object with an open and theoretically neutral mind. On the
contrary, they usually approach it through the established intellectual resources of
their own discipline.

A soil scientist applies soil science.

A geochemist applies geochemistry.

A toxicologist applies toxicology.

An agronomist applies agronomy.

A hydrologist applies hydrology.

A specialist in public health applies an epidemiological or sanitary framework.

Each of these approaches may be scientifically productive within its own domain.
The difficulty arises when an inherited disciplinary framework is transferred to mili-
tary contamination without a critical examination of whether the object has changed
in ways that invalidate the original assumptions of that framework.

The resulting observation is still theory-laden. However, it is laden not by a theory
of military contamination, but by a theory developed for another class of objects. This
is the central difference.
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The researcher does not necessarily impose an explicit dogmatic theory upon the
new field. Instead, the researcher imports a disciplinary normality. Concepts, classifi-
cations, sampling procedures, standards of evidence, and established research ques-
tions are transferred from a familiar domain to an unfamiliar one.

Because these assumptions are routine, they may not be recognized as theoretical
assumptions at all. They may be perceived simply as the correct scientific procedure.

The case of Ukrainian soil science
The study of war-affected soils in Ukraine provides an instructive example.

Ukrainian soil specialists do not enter the field of military contamination without
scientific knowledge. They possess extensive professional training, laboratory meth-
ods, classification systems, field practices, and established concepts of soil function-
ing. However, this knowledge does not represent soil science in some universal and
historically neutral form.

It represents a particular national and historical configuration of soil science. It has
been shaped by Soviet scientific traditions, post-Soviet institutional development, ag-
ricultural priorities, national systems of land evaluation, and the practical require-
ments of soil management.

This scientific tradition is strongly connected with agriculture. It is therefore natu-
rally oriented toward such questions as soil fertility, agricultural suitability, chemical
composition, productivity, degradation, permissible concentrations, and the restora-
tion of land to economic use.

These questions are legitimate and important. The problem begins when this his-
torically specific version of soil science is treated not as one possible epistemic frame-
work but as soil science itself.

Practitioners working within such a framework may not perceive its limitations. Its
assumptions have been incorporated into professional education, institutional rou-
tines, laboratory procedures, publication standards, and administrative expectations.
What is historically and methodologically specific becomes epistemically naturalized.

As a result, the researcher may sincerely believe that the object is being studied di-
rectly, while in fact the object is being reconstructed through the categories of a par-
ticular post-Soviet and agriculturally oriented scientific tradition.

This is not necessarily conscious dogmatism. It may be more resistant to criticism
precisely because it is not experienced as dogmatism. The framework is perceived as
normality.

The assumption of ontological continuity

One of the most important consequences of disciplinary substitution is the implicit
assumption that the object remains fundamentally the same before and after military
impact.
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Within this assumption, a soil affected by war is treated as the same soil that existed
before the war, but with additional contaminants, physical damage, or reduced agri-
cultural quality.

The analytical formula becomes approximately the following:
pre-war soil + military contaminants = war-contaminated soil

This formula may be adequate for certain limited measurements. It may allow re-
searchers to determine concentrations of metals, explosive residues, petroleum prod-
ucts, or other substances. It may support comparison with regulatory thresholds. It
may also be useful for immediate risk assessment.

However, it does not necessarily provide an adequate scientific definition of the new
object.

Military activity may alter not only the chemical composition of a soil but also its
structure, microrelief, hydrological relations, thermal conditions, biological commu-
nities, erosion regime, land-use context, and future developmental trajectory. Explo-
sions, fires, mechanical disturbance, fragments of military equipment, construction
debris, damaged infrastructure, unexploded ordnance, and combinations of contami-
nants may produce a system that cannot be understood simply as an earlier soil with
an added pollutant.

The war-affected soil may therefore represent not merely a modified state of a pre-
existing object, but a new natural-anthropogenic configuration undergoing its own
morphogenesis.

The epistemological error consists in assuming ontological continuity where a qual-
itative transformation may have occurred.

A familiar disciplinary framework may accurately measure individual variables
while failing to recognize that the object itself has changed.

Methodological competence and object misidentification

This situation creates a particularly difficult form of scientific limitation. The re-
search may be technically competent.

Samples may be collected correctly.

Laboratory procedures may be reliable.

Concentrations may be measured accurately.

Statistical analysis may be professionally conducted.

Maps may be produced at high resolution.

The resulting publications may satisfy the formal standards of the discipline.
Nevertheless, the object may still be incorrectly identified.

Methodological precision does not automatically guarantee conceptual adequacy. A
researcher may measure with great accuracy what the inherited discipline permits the
researcher to see, while failing to recognize what the object has become.
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This is one of the central dangers in an emerging field. The absence of an object-
specific theory may be concealed by an abundance of established methods. Because
the methods are familiar and institutionally legitimate, their application creates the
appearance that the scientific problem has already been correctly formulated.

In reality, an extensive body of data may be produced within a conceptual frame-
work that excludes the most important characteristics of the process.

This is not merely a problem of specialization

The problem should not be reduced to the ordinary fact that different specialists
study different aspects of reality.

Scientific specialization is unavoidable. A soil scientist cannot simultaneously be-
come a hydrologist, toxicologist, physician, geographer, microbiologist, and military
technologist. Different disciplines must necessarily divide the object into analytically
manageable components.

The problem described here is different. It arises when the framework of one disci-
pline is transferred to an emerging object and begins to define the object as a whole.
The disciplinary perspective ceases to be recognized as partial. It becomes an implicit
substitute for the absent theory of military contamination.

The soil scientist does not merely study the soil component of military contamina-
tion. Soil science begins to determine what military contamination of soil is.

The toxicologist does not merely study toxic effects. Toxicological categories begin
to define which consequences count as scientifically real.

The agronomist does not merely investigate the possibility of returning land to ag-
ricultural use. Agricultural recovery begins to function as the principal criterion by
which the condition of the territory is interpreted.

The issue is therefore not the coexistence of several disciplines. It is the unreflexive
extension of one disciplinary ontology beyond the domain for which it was originally
developed.

Imported normal science

Kuhn described normal science as research conducted within an established para-
digm. Scientists solve problems that are already recognized as legitimate, use accepted
methods, and work within a relatively stable conceptual structure.

Research on military contamination may operate differently. There may be no es-
tablished paradigm of military contamination itself. Nevertheless, normal science is
reproduced through the importation of disciplinary practices from other fields.

This may be called imported normal science.
The researcher continues to solve familiar types of problems:

e Which substances are present?
e Do their concentrations exceed existing standards?
e How has soil fertility changed?
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e Can the land be returned to agricultural use?
e  Which remediation technique should be applied?
¢ How should the contaminated area be classified administratively?

These questions may be useful. Yet they were largely formulated for objects that
existed before the emergence of military contamination as a distinct field of inquiry.

The new object is therefore assimilated to an older problem structure. The unfamil-
iar is made familiar by redefining it in the language of the existing discipline.

The result is epistemic continuity for the scientific community, but possible mis-
representation of the object.

Limited reflexivity

Researchers working within an imported disciplinary framework may have little
reason to question it. Their education, professional status, institutional authority, and
access to funding may all depend upon mastery of that framework.

Critical reflection therefore creates a difficult situation. To recognize the limitations
of the framework is not merely to correct an isolated methodological error. It may re-
quire acknowledging that:

o the object was defined too narrowly;

e important variables were excluded before data collection began;

e the sampling design reflected inappropriate assumptions;

e established standards were applied outside their domain of validity;

e previous publications described only one part of the process;

¢ recommendations for restoration may have been based on an incomplete
conception of the object.

Such recognition can threaten professional identity and institutional legitimacy.
For this reason, resistance to criticism may become especially strong.

The strongest resistance may come not from consciously dogmatic theorists but
from researchers who do not perceive themselves as following a particular theory at
all. They believe that they are simply applying science correctly.

This form of epistemic closure is difficult to overcome because the framework has
become invisible to those who use it.

State-reinforced normal science

The problem becomes more serious when scientific research is conducted under
wartime conditions and is expected to provide scientific support for state objectives.

Research may be connected with national security, territorial restoration, legal doc-
umentation, agricultural recovery, international assistance, compensation claims, or
public communication. Under such conditions, the scientific community may be ex-
pected not only to investigate reality but also to produce administratively usable con-
clusions.
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The demand for rapid, clear, and politically applicable results may strengthen ex-
isting disciplinary routines. Familiar methods produce familiar indicators. Familiar
indicators can be incorporated into reports, regulations, maps, restoration programs,
and official statements.

Critical examination of the conceptual framework may then be interpreted as an
obstacle to urgent practical work.

In this situation, normal science may become administratively intensified. The dis-
ciplinary framework is supported not only by professional tradition but also by state
institutions, funding structures, expert hierarchies, and political expectations.

Scientific criticism may consequently be treated not as a normal component of
knowledge production but as disloyalty, incompetence, obstruction, or an attack on
national interests.

Mechanisms of pressure may include exclusion from research projects, restriction
of access to data or field sites, unfavorable peer review, denial of funding, reputational
labeling, administrative isolation, and attempts to remove alternative interpretations
from legitimate scientific discussion.

This is a structural risk rather than a claim about every institution or every individ-
ual researcher. However, it must be recognized as part of the epistemology of military
contamination. Knowledge in this field is produced within conditions of war, state in-
terest, professional competition, and institutional dependency.

An intensified form of normal science

This condition may be understood as an intensified or state-reinforced form of nor-
mal science.

Its defining characteristics are:

there is no mature theory of military contamination as an autonomous object;
an established disciplinary framework is transferred into the theoretically va-
cant field;

the transferred framework is treated as methodologically self-evident;

its historical and national specificity is rarely examined;

the object is redefined so that it can be studied through familiar procedures;
institutional and state demands reinforce the inherited framework;
alternative formulations of the object may be actively marginalized.

i
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This is more than ordinary conservatism. It is a mechanism through which a theo-
retically immature field can generate large quantities of formally valid research with-
out developing an adequate understanding of its object.

The problem is not unique to soil science or to Ukraine

The Ukrainian case is important, but the general epistemological problem is not
limited to Ukraine, post-Soviet science, or soil research.

The same process may occur in any country and within any discipline.
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Military contamination may be reduced to:

e atoxicological problem by toxicologists;

e an engineering problem by engineers;

e a question of regulatory exceedance by environmental agencies;

e apublic-health problem by epidemiologists;

e amatter of land productivity by agricultural specialists;

e aproblem of infrastructure repair by reconstruction institutions;

e alegal problem by specialists documenting environmental damage.

Each reduction may produce useful knowledge. The difficulty arises when the par-
tial framework is presented as an adequate representation of the entire object.

Military contamination is especially vulnerable to such disciplinary capture because
it has not yet developed a stable theoretical identity of its own.

A new epistemological configuration

The standard interpretation of Kuhn and Hanson does not fully capture this con-
figuration.

Their work directs attention to the way an existing theory or paradigm shapes ob-
servation. The case of military contamination introduces an additional possibility: ob-
servation may be shaped by a theory that does not belong to the object
being studied.

The problem is therefore not simply theory-ladenness. It is mislocated theory-
ladenness.

There is an asymmetry:

e an abundance of inherited disciplinary concepts;

e an absence of an object-specific theory;

e ahigh level of methodological activity;

e a low level of reflection on whether the methods correspond to the trans-
formed object.

By the second quarter of the twenty-first century, this configuration has become
increasingly important. New research fields often emerge rapidly in response to war,
technological change, environmental crises, and urgent state demands. Institutions
cannot wait for a mature theory to develop. They mobilize existing disciplines.

This mobilization produces knowledge quickly. But it also creates the risk that a
new reality will be interpreted entirely through categories inherited from an earlier
and different reality.

Methodological implications

Research on military contamination must therefore include explicit reflection on
the origin and limits of the disciplinary framework being used.

Every study should clarify:
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e which disciplinary tradition defines the object;

e for what original class of problems that tradition was developed;

¢ which assumptions are transferred from the original domain;

e whether the study assumes continuity between the pre-war and war-trans-
formed object;

¢ which war-specific processes are excluded by the chosen methodology;

e which dimensions of the object cannot be observed through the selected
methods;

e whether alternative disciplinary frameworks would produce a different def-
inition of the same case.

Such reflection is not an optional philosophical addition. It is part of scientific qual-
ity control.

A methodology cannot be evaluated only by asking whether it was applied correctly.
It is also necessary to ask whether it was appropriate for the object that actually
emerged.

Interim Conclusion

Hanson and Kuhn correctly demonstrated that observation is theory-laden. Re-
search on military contamination requires an extension of this argument.

The principal problem may not be the dominance of an established theory of mili-
tary contamination. Such a theory may not yet exist.

Instead, researchers import the normal concepts and practices of established disci-
plines into a theoretically vacant field. These imported frameworks organize observa-
tion, define relevant facts, determine legitimate methods, and shape practical
recommendations.

The resulting research may be empirically rich and methodologically precise. Yet it
may remain conceptually inadequate if it treats a war-transformed system as though
it were simply the pre-war object with additional damage or contamination.

The absence of an object-specific theory is therefore not an empty space. It is occu-
pied by inherited disciplinary assumptions.

For the epistemology of military contamination, this leads to a fundamental princi-
ple: A scientific method should not be considered adequate merely because
itis valid within its original discipline. Its adequacy must be re-established
in relation to the new object created by war.

11. Process Ontology: From Things to Becoming

At the preceding stage, we concluded that observation is always connected with the-
ory. The researcher does not simply see an object. The researcher sees it through con-
cepts, models, and research traditions.

31



POLLUTION AND DISEASES REPOSITORY /2026

We must now take another step. It may appear more difficult, but it is essential for
understanding military contamination. This step involves moving from thought in
terms of things to thought in terms of processes.

The Classical Conception of the World
In everyday thought, we usually imagine the world as a collection of things.

« There s ariver.

« There is a forest.

« There is a field.

« There is soil.

« Thereis a city.

« There is an industrial facility.

» There is a contaminated territory.

It seems that these objects exist first and that something subsequently happens to
them.

« The river flows.

» The forest burns.

« The soil becomes contaminated.

« The city is destroyed.

« The territory recovers.

« This way of thinking is convenient.

« It corresponds to ordinary language.
It helps us describe the world.

When complex natural processes are studied, however, it becomes insufficient.
Many objects that appear stable are in fact temporary results of processes.

Ariver exists because water is continually moving, sediments are being transported,
banks are being eroded, deposits are accumulating, and the channel is interacting with
relief, climate, and vegetation.

A forest exists because processes of growth, mortality, regeneration, species com-
petition, soil formation, and matter exchange continually occur.

Soil exists because organic matter is continually decomposed, substances migrate,
minerals weather, organisms remain active, and cycles of wetting and drying continue.

What we call an object is often a relatively stable form of a process. This is the fun-
damental intuition of process ontology.

What Process Ontology Claims

Process ontology begins from the proposition that processes are more fundamental
than things. Things do not disappear from analysis. They are no longer understood,
however, as absolutely autonomous and immutable entities. They are understood as
temporary stabilizations within a flow of change.
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Alfred North Whitehead and other representatives of process philosophy showed
that reality can be understood not as a collection of static objects but as a multiplicity
of interconnected events and processes (15). Nicholas Rescher later developed this line
of thought into a systematic process metaphysics (16).

This approach is especially important for the Earth sciences. Rivers, coastlines,
glaciers, soils, landscapes, ecosystems, and climate systems are not things that merely
change from time to time. They exist as processes. Their stability is relative. Their form
is temporary. Their state is the result of continual becoming.

Why This Matters for Military Contamination

For the study of military contamination, this shift has fundamental importance. If
we think only in terms of things, military contamination appears as damage to an ob-
ject.

» There was soil; now there is contaminated soil.

« There was a river; now there is a contaminated river.

« There was a forest; now there is a damaged forest.

« There was a territory; now there is a territory bearing the consequences of war.

Such descriptions are necessary. They are also too static. They record a result but
reveal little about the process. A process-based approach offers a different perspective.
Military contamination does not merely damage pre-existing objects. It intervenes in
the processes that create and sustain those objects.

+ It changes soil formation.

« It changes water exchange.

« It changes the migration of substances.

« It changes interactions among organisms.

+ It changes biogeochemical cycles.

« It changes the rates and directions of recovery.

War therefore damages not only things. It restructures processes. This represents a
substantially deeper level of understanding.

Military Contamination as an Intervention in Becoming

If soil is understood as a process, soil contamination cannot be reduced to the pres-
ence of a harmful substance at a particular concentration. The question becomes
broader.

« How does the substance alter the future development of the soil?
« How does it affect microorganisms?

» How does it alter the water regime?

« How does it enter food chains?

« How long does it remain active?

« How does it interact with other contaminants?

« How does it affect the capacity of the territory to recover?

The same applies to water systems.
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« River contamination is not only the presence of a substance in the water.
« Itis achange in the movement of substances through the entire system.
« It affects bottom sediments.

« It affects aquatic organisms.

« It may lead to the accumulation of contaminants in biota.

« It changes risks for people living downstream.

From this perspective, military contamination is an intervention in the becoming
of natural systems. It does not merely leave a trace. It may alter the direction of their
subsequent development.

Military Contamination and Temporal Scales

Process ontology also helps clarify another important issue. Military contamination
operates across different temporal scales. Some consequences appear immediately.
These include explosions, fires, toxic releases, the destruction of industrial facilities,
and the death of living organisms. Other consequences emerge after months. Still oth-
ers appear after years. Some may persist for decades.

Military contamination therefore cannot be assessed solely by examining the con-
dition of a territory when hostilities end. That moment provides only one cross-section
of the process. The process itself continues. It develops. It enters new stages. It may
weaken, intensify, change direction, or generate new effects. In this sense, military
contamination has its own post-war history. That history may be no less important
than the period of military operations itself.

The Metaphor of "Anti-Nature"

In the initial formulation of the problem, military contamination was described as
a form of "anti-nature." This metaphor requires clarification. Military contamination
is not a natural process in its origin. Nature does not create tank battles. Nature does
not manufacture munitions. Nature does not destroy chemical plants during military
operations. Nature does not develop toxic substances for military use. All of these are
created by humans.

In this sense, military contamination can indeed be understood as a radically an-
thropogenic intervention, something opposed to the normal course of natural pro-
cesses.

This "anti-nature," however, does not remain outside nature. It is immediately in-
corporated into the natural environment. Munitions, metals, petroleum products, ex-
plosive residues, toxic compounds, construction debris, burned materials, and new
forms of military waste begin to interact with soil, water, air, organisms, and climate.
What humans created against nature becomes part of natural processes.

The central difficulty arises precisely here. Military contamination is not natural in
origin. Yet its subsequent development takes place through natural processes. More
precisely, it becomes a natural-anthropogenic process.
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Process as an Object of Study

A process-based approach changes the formulation of the research question itself.
The issue is no longer only which territories are contaminated. It is no longer only
which substances have been detected. It is no longer only which concentrations exceed
permissible limits. The question becomes deeper.

«  Which processes were altered by war?

«  Which processes were newly initiated?

«  Which processes were halted?

«  Which processes accelerated?

«  Which processes became irreversible?

«  Which processes may shift into new stable states?

Questions of this kind lead toward an understanding of the morphology of military
contamination.

Interim Conclusion

Process ontology makes it possible to move from a static understanding of military
contamination to a dynamic one.

Military contamination should be understood not only as damage to objects but also
as an intervention in the processes that form natural systems.

This is especially important because the consequences of war continue to develop
after military operations have ended.

Military contamination has its own post-war dynamics. It changes not only the pre-
sent condition of a territory but also the possible trajectories of its future development.

The next step concerns the concept of morphogenesis. If morphology describes the
form of a process, morphogenesis allows us to ask how new forms arise.

12. Morphogenesis: The Emergence of New Forms
After considering process ontology, we can turn to the concept of morphogenesis.

If morphology answers the question of the form of a process, morphogenesis an-
swers the question of how that form emerges. In other words:

« morphology is form;
« morphogenesis is the formation of form.

For research on military contamination, this distinction is fundamental. It is not
enough to state that a territory is contaminated. It is not enough to identify the sub-
stances that have been detected. It is not enough to record which elements of a natural
system have been damaged. It is necessary to understand which new formative pro-
cesses were initiated by war.

What Is Morphogenesis?

The concept of morphogenesis has a broad meaning. It is used in biology, geomor-
phology, systems theory, the philosophy of science, and complexity research. In the
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most general sense, morphogenesis means the emergence of new structures, forms,
and states.

René Thom was among the first to attempt the development of a general theory of
morphogenesis. He was interested in how stable forms emerge within dynamic sys-
tems (17).

Brian Goodwin likewise showed that many biological forms cannot be explained
solely by chance or by the historical sequence of events. Complex systems possess in-
ternal tendencies toward organization (18).

For the present discussion, the most important point is the following. Forms are
not always fully predetermined. Nor are they entirely random. They emerge in the
space between necessity and contingency.

Between Necessity and Contingency

This proposition has major importance for the study of military contamination.
Military contamination is not an entirely natural process.

« TItisinitiated by humans.

« Humans create weapons.

« Humans use munitions.

« Humans destroy infrastructure.

«  Humans employ toxic substances.
« Humans initiate the process.

After that point, however, the process is no longer fully controllable.

« Contaminants begin to interact with the natural environment.
« They move with water.

» They become fixed in soils.

« They enter plants.

« They affect microorganisms.

« They enter food chains.

« They interact with one another.

The consequences of military contamination therefore cannot be regarded as either
fully predetermined or entirely random. They take shape within a complex field of in-
teractions.

» Chemical regularities operate.

« Physical regularities operate.

+ Biological regularities operate.

« Landscape conditions matter.

« Climate matters.

« The history of the territory matters.
» Post-war social decisions matter.

« Chance events matter.

Together, these factors shape the subsequent trajectory of the process.
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War as a Trigger of Morphogenesis

War is often understood only as destruction. This is correct but insufficient. War
destroys cities, infrastructure, soils, forests, water systems, and the conditions of hu-
man life. From the perspective of morphogenesis, however, war also serves as a trigger
for new processes. It creates conditions that did not previously exist. New substances
enter soils. Water systems receive new contaminant loads. Landscapes are mechani-
cally transformed. Craters, trenches, destroyed structures, burned territories, metal
residues, fragments of equipment, munition remnants, and new types of military
waste appear.

These elements do not simply remain in the environment. They enter processes.
They begin to interact with water, soil, air, vegetation, microorganisms, animals, and
people. New forms of ecological reality emerge as a result. This is what may be de-
scribed as the morphogenesis of military contamination.

New Ecological States

The morphogenesis of military contamination may lead to the formation of new
ecological states.

« These states may be degraded.

« They may be toxic.

« They may be unstable.

« They may be hybrid natural-technogenic states.

The important point is not only that the previous state has been destroyed. Some-
thing new is taking shape in its place.

« This new state is not necessarily stable.
« It may be dangerous.

« It may be temporary.

« It may be poorly understood.

Yet it exists in reality. Post-war contaminated soil, for example, is not simply the
former soil with a harmful substance added to it. It is a system in which microbiologi-
cal processes, the water regime, chemical interactions, productivity, toxicity, recovery
capacity, and suitability for agriculture may all change.

A damaged water system is not simply the former river plus contamination. It ex-
hibits a new dynamics of substance transport, sediment movement, biological risk, and
exposure of downstream populations.

A burned or damaged landscape is not simply the former landscape after a fire or
explosion. It follows a new trajectory of recovery, erosion, revegetation, contamina-
tion, and possible reuse.

Morphogenesis and the Duration of Consequences

Time is especially important. We often do not know how long a process initiated by
military contamination will continue. It may continue for years. It may continue for
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decades. In some cases, it may become part of the very long ecological memory of a
territory.

Military contamination initiates processes that did not previously exist within the
natural system concerned. Their duration cannot always be determined in advance.
For this reason, it is dangerous to think only in terms of "damage and restoration."
Such an approach assumes that a previous state exists to which the system can return.
If war has altered the processes that form the territory itself, however, a simple return
to the former state may be impossible.

Restoration must therefore address not only damaged objects but also the new pro-
cesses that have been initiated.

Morphogenesis and Territorial Restoration

This conclusion is especially important for post-war restoration. Restoration is
commonly understood as the elimination of damage.

« Clean the territory.

» Remove debris.

» Neutralize mines.

« Reduce contaminant concentrations.
+ Restore infrastructure.

+ Return land to economic use.

All of these tasks are necessary. They are not sufficient. If the morphogenesis of
military contamination is not understood, restoration may remain superficial. Visible
traces of war may be removed while processes continue to develop in soils, waters,
ecosystems, and social systems.

Restoration must therefore be not only technical but also process-based. It is nec-
essary to understand which forms have already emerged, which processes continue,
and which trajectories of future development remain possible.

Interim Conclusion

Morphogenesis allows military contamination to be understood not only as destruc-
tion but also as the emergence of new forms of ecological reality.

These forms are not entirely random.
Nor are they fully predetermined.

They arise through the interaction of human actions, natural regularities, historical
circumstances, and the dynamics of complex systems.

For research on military contamination, this means moving from the simple de-
scription of damage toward the analysis of processes that generate new natural-an-
thropogenic states.

The next step concerns complexity theory, self-organization, and emergence. These
concepts help explain why the consequences of military contamination are often non-
linear and why individual impacts may produce unexpected systemic outcomes.
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13. Complexity, Self-Organization, and Emergence

At the preceding stage, we concluded that military contamination should be under-
stood not only as the destruction of existing structures but also as the initiation of new
formative processes.

The next question arises immediately.

«  Why are the consequences of war so diverse?

«  Why can similar impacts in different places produce entirely different re-
sults?

«  Why do some consequences appear immediately, while others become visi-
ble only after years or decades?

«  Why do some territories recover relatively quickly, while others remain
problematic for long periods?

These questions cannot be answered within simple linear frameworks. It is neces-
sary to turn to the concepts of complexity, self-organization, and emergence.

The Emergence of Complexity Science

During the second half of the twentieth century, a broad field began to develop un-
der such names as systems analysis, general systems theory, synergetics, the theory of
self-organization, and complexity science.

For a time, these ideas became exceptionally popular. Interest later shifted partly
toward other fields. Many of the concepts developed during that period, however,
proved considerably deeper than initially assumed.

They have direct relevance to the study of military contamination. The central idea
was that a complex system cannot be fully understood through the study of its separate
elements alone. The interactions among those elements must also be considered. It is
often those interactions that determine the behavior of the system as a whole. This
conclusion became extremely important for understanding natural processes.

The World Is Nonlinear
One of the most important results was the recognition of nonlinearity.

In a linear system, a small impact produces a small change. A large impact produces
a large change. Cause and effect are approximately proportional. This rule does not
operate in many natural systems. A small impact may produce serious consequences.
A major impact may produce relatively limited consequences. Much depends on the
state of the system at the moment of impact.

This conclusion has major importance for military contamination. The same quan-
tity of a contaminant may produce entirely different consequences under different nat-
ural conditions. Similar damage to infrastructure may produce different
environmental outcomes. The same types of weapons may generate different conse-
quences depending on soils, hydrology, climate, vegetation, and landscape character-
istics.

39



POLLUTION AND DISEASES REPOSITORY /2026

Military contamination therefore cannot be understood solely by measuring the
scale of the impact. The properties of the affected system must also be considered.

Self-Organization
The concept of self-organization was another major development.

The work of Ilya Prigogine showed that systems far from equilibrium are capable of
forming new structures through their own dynamics (19,20). Order may arise not de-
spite change but because of change.

This was a highly unusual conclusion. For a long time, order had been associated
primarily with stability. It became clear that new forms may emerge precisely under
conditions of disturbance and instability.

This idea is exceptionally important for the study of military contamination. War
destroys existing structures. After destruction, however, a system does not remain in
a state of chaos forever. It begins to establish new modes of functioning. Those modes
may be unfavorable. They may be dangerous. They may involve environmental degra-
dation. Nevertheless, they are forms of organization rather than mere disorder.

Emergence
Another important concept is emergence.

Emergence refers to the appearance of properties that cannot be fully explained by
the properties of the separate elements of a system.

This is one of the most difficult and at the same time most important questions in
contemporary science. Water molecules do not possess the properties of a river sys-
tem. Individual organisms do not possess the properties of an ecosystem. Separate
components of the atmosphere do not possess the properties of climate. New proper-
ties arise at the level of interaction. This conclusion is particularly important for mili-
tary contamination.

« No single contaminant is military contamination.

« No single destroyed facility is military contamination.

« No single territory is military contamination.

« Military contamination emerges through the interaction of many processes.

It therefore possesses properties that cannot be reduced to its individual compo-
nents.

Military Contamination as a Complex System
From this perspective, the object of study begins to appear differently.

« Military contamination is not a set of contaminants.
« Itisnot a set of destroyed objects.

« Itisnot a set of medical problems.

« Itis not a set of environmental consequences.

It is a complex system of interacting processes. This system includes:
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« chemical processes;

« physical processes;

« biological processes;

« hydrological processes;
+ soil processes;

+ social processes;

« economic processes;

« management decisions;
 restoration measures.

All of these elements interact with one another. The consequences of war are there-
fore shaped not by isolated factors but by their combinations. An important conclusion
follows.

Military contamination cannot be fully explained through the analysis of separate
components alone. The organization of the system as a whole must be studied.

Emergent Consequences of War

A particularly important question now arises. Some consequences of war may not
yet exist when hostilities end. They emerge later.

This is precisely why they are difficult to predict. They result from the prolonged
interaction of processes. Examples include:

« changes in the regimes of contaminant migration;
« changes in ecosystem structure;

«  changes in soil quality;

« changes in water exchange;

«  changes in risks to public health.

All of these consequences may develop gradually. They arise as emergent results of
the development of the system. This is another reason why assessment cannot be lim-
ited to immediate damage. Military contamination continues to generate new conse-
quences after war has ended.

From Complexity to Morphology
It now becomes clearer why the transition toward morphology is so important.

If military contamination is a complex system, individual events cannot explain its
behavior. It is necessary to identify stable forms of process organization. This is pre-
cisely what a morphological approach seeks to do. It reveals not isolated episodes but
the structure of interactions. It reveals not individual contaminants but forms of con-
tamination organization. It reveals not isolated destruction but trajectories of system
development.

Complexity theory therefore does not replace morphology. It helps explain why
morphology emerges at all.
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Interim Conclusion

Complexity theory, self-organization, and emergence show that the consequences
of military contamination cannot be understood as the simple sum of separate im-
pacts.

Military contamination is a complex system of interacting processes.

New properties, structures, and trajectories of development arise within such sys-
tems.

For this reason, research on military contamination must move from the analysis
of separate events toward the analysis of process organization as a whole.

The next step concerns one of the most interesting contemporary concepts: assem-
blage theory and the work of Manuel DeLanda.

This approach offers a new way of examining the interaction of natural, technical,
and social processes during war and in its aftermath.

14. A Brief Explanation for Those Who Are Still Awake
It is useful to pause for a moment.

We have already followed a rather long path. We began with individual cases of
military contamination. We then considered why a multitude of cases does not auto-
matically generate an understanding of the process. We introduced the concept of
morphology. After that, we turned to models, the theory-ladenness of observation,
process ontology, and morphogenesis.

A natural question may now arise: why is all of this necessary?

The answer is simple. We are trying to understand not only what war destroys. We
are trying to understand what war initiates. This is where the greatest difficulty begins.

If war only destroys, then the scientific task is relatively clear: measure the damage,
describe the consequences, assess the risks, and propose restoration. If war initiates
new processes, however, the situation becomes much more complex. It then becomes
necessary to understand:

«  which processes were initiated;

«  how they interact with one another;

«  why they develop differently under different natural conditions;

«  why some consequences appear immediately while others emerge years later;
«  why territorial restoration does not always mean a return to the previous state.

This is why complexity theory is needed. It is not introduced merely to make the
text more complicated. It is needed because the object itself is complex. Military con-
tamination is not a straight line from cause to effect. It is a network of interactions.

Within this network, chemical, physical, biological, hydrological, soil, social, and
political processes begin to influence one another. This is why the concepts of com-
plexity, self-organization, and emergence are necessary. Without them, it is impossible
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to understand why military contamination often produces outcomes that cannot be
predicted solely from the scale of the initial destruction.

15. Assemblages and Relational Morphology

After considering complexity, self-organization, and emergence, we can turn to an-
other important approach. This is assemblage theory, associated with the work of
Gilles Deleuze, Félix Guattari, and Manuel DeLanda (21,22).

At first glance, this may appear to be an excessively philosophical direction. For the
study of military contamination, however, assemblage theory is highly useful. It allows
us to describe objects that are neither purely natural, purely social, nor purely tech-
nical.

Military contamination is precisely such an object. It arises at the intersection of
nature, war, technology, states, industry, infrastructure, landscapes, soils, water, or-
ganisms, and human decisions.

What Is an Assemblage?

An assemblage is a temporary configuration of heterogeneous elements that inter-
act and together form a system.

These elements do not necessarily share the same nature. A single assemblage may
include natural processes, technical objects, social institutions, chemical substances,
infrastructure, organisms, people, and historical events. What matters is not that the
elements resemble one another. What matters is that they enter into interaction and
begin to produce a common result.

A river basin, for example, can be understood as an assemblage. It includes relief,
water, soils, climate, vegetation, bottom sediments, economic activity, dams, contam-
inants, settlements, and management decisions.

A forest ecosystem can likewise be understood as an assemblage. It includes trees,
soils, microorganisms, animals, climate, fires, pests, human use of the territory, and
the historical memory of the landscape.

Military contamination can be understood in the same way. Its assemblage includes
munitions, explosives, metals, destroyed infrastructure, soils, waters, vegetation, mi-
croorganisms, people, state decisions, restoration programs, and long-term natural
dynamics.

An Assemblage Has No Fixed Essence

One of the central ideas of assemblage theory is the rejection of a fixed essence of
an object.

An object is not defined once and for all. It exists through relations among its ele-
ments. If those relations change, the object itself changes.

This is especially important for military contamination. A contaminated territory is
not simply a piece of land containing a particular quantity of harmful substances. It is
a system of relations. Contaminants interact with soil. Soil interacts with water. Water
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transports substances. Plants incorporate substances into biological cycles. Animals
and people come into contact with them.

Government decisions determine whether the territory will be cleaned, contained,
returned to agriculture, or left without control. Military contamination therefore exists
not only as a chemical fact. It exists as a network of relations.

Relational Morphology

This leads to the concept of relational morphology. Relational morphology means
that the form of a process arises not from the internal essence of a single object but
from relations among many elements.

This distinction is important. If military contamination is examined only through
an individual contaminant, too little is seen. If it is examined only through a damaged
territory, too little is again seen. If it is examined only through medical consequences,
only one part of the process becomes visible.

The morphology of military contamination arises through relations. It arises
through the relation between a substance and its environment. It arises through the
relation between war and landscape. It arises through the relation between destruction
and restoration. It arises through the relation among chemistry, biology, hydrology,
and social decisions. Military contamination therefore has no single simple form. Its
form is produced by a network of interactions.

Military Contamination as a New Component of a Natural Assemblage

From this perspective, military contamination is not merely an external impact on
nature.

Once it emerges, it becomes a new component of a natural assemblage. This is a
fundamental point. Military waste, toxic substances, destroyed structures, fragments
of equipment, munition residues, and altered soils do not remain external to nature.

«  They become incorporated into natural processes.

«  They become part of new interactions.

«  They may alter the hydrological regime.

«  They may alter the chemical properties of soil.

«  They may affect microorganisms.

«  They may alter the trajectory of vegetation recovery.
«  They may create new risks for people and animals.

The natural system therefore ceases to be what it was before the war. It becomes a
new assemblage. It is not necessarily stable. It is not necessarily safe. It is not neces-
sarily well understood. But it is new.

The Space of Possibilities

The idea of a space of possibilities plays an important role in DeLanda's work.
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Every system may develop along more than one trajectory. It possesses multiple
potential futures. The trajectory that is realized depends on history, chance events,
internal constraints, and external impacts.

This idea is especially important for military contamination. After war, a territory
does not have only one possible future.

« It may continue to degrade.

« It may recover partially.

« It may shift into a new stable state.

« It may become a source of long-term risks.

« It may be technically cleaned while retaining altered environmental dynamics.

« It may be returned to economic use too early, thereby creating new conse-
quences for people.

War does not merely destroy the previous state of a territory. It changes the space
of its future possibilities. Restoration therefore cannot be understood as a simple re-
turn to the past.

It is necessary to determine which trajectories became possible after the war and
which of them are dangerous, acceptable, or desirable.

Nonlinearity and the Reconfiguration of an Assemblage
Assemblage theory connects well with the concepts of complexity.

If a system consists of many interconnected elements, a change in one element may
reorganize the entire configuration. This is especially evident in natural systems.

« A small change in the water regime may alter the condition of soils.
«  Changes in soils may affect vegetation.

«  Changes in vegetation may alter erosion processes.

« Changes in erosion may affect the transport of contaminants.

A chain of consequences emerges. Military contamination often operates in pre-
cisely this way. It does not merely add a harmful substance to a system. It may reor-
ganize relations among the elements. Changes in those relations may be more
important than changes in the individual components themselves.

The Epistemological Significance of Assemblage Theory

For the purposes of this lecture, assemblage theory is important not only as a de-
scription of complex systems. It is also important epistemologically. It helps explain
why military contamination is difficult to describe within the boundaries of a single
discipline.

The object is interdisciplinary not merely in an external or administrative sense,
but by its very nature.

« It consists of heterogeneous elements.
« It forms at the intersection of different processes.
« It changes through time.
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« It has no single fixed essence.

It therefore cannot be fully understood only chemically, only ecologically, only med-
ically, or only politically. An approach is needed that can hold the heterogeneity of the
object together. Assemblage theory provides one possible language for such a descrip-
tion.

Interim Conclusion

Assemblage theory makes it possible to understand military contamination as a dy-
namic configuration of natural, technical, chemical, biological, and social elements.
This approach shows that military contamination is not merely an external impact on
nature. Once it emerges, it becomes incorporated into natural processes and becomes
part of new assemblages.

The consequences of war therefore cannot be understood only as damage. They
must also be understood as a reconfiguration of relations, processes, and possibilities
for territorial development.

The next step is the transition toward a morphogenetic epistemology. If military
contamination forms new assemblages and new trajectories of development, the cen-
tral question becomes the following: what kind of scientific knowledge can understand
not only completed objects but also the processes through which new forms arise?

16. Toward a Morphogenetic Epistemology

We can now turn to one of the principal concluding concepts of this lecture. This is
the concept of morphogenetic epistemology.

The term may sound unfamiliar. It should therefore be explained carefully. Episte-
mology studies the conditions, forms, and limits of scientific knowledge. It asks:

«  How does knowledge arise?

«  How do observations become scientific facts?

«  How are facts connected within models?

«  How do models become theories?

«  How does the scientific community distinguish justified knowledge from acci-
dental opinion?

Classical epistemology often focuses on how we know objects that already exist.
There is an object. There is a researcher. There is a method. There is an observation.
There is a theory.

For complex natural and natural-anthropogenic processes, however, this scheme is
incomplete. The object itself does not always exist as something ready-made, stable,
and complete.

« It may be forming,.
« It may be changing.
« It may be in a process of becoming.

This is where the need for morphogenetic epistemology arises.
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What Is Morphogenetic Epistemology?

Morphogenetic epistemology is an approach to scientific knowledge that focuses
not only on the description of completed objects but also on the processes through
which new forms arise.

It asks not only: What exists?

It also asks:

How did it arise?

Which processes formed it?

Which mechanisms sustain this form?

Which conditions may alter its further development?

This is especially important for the study of military contamination. Military con-
tamination is not a ready-made object. It emerges. It develops. It changes natural sys-
tems. It creates new ecological states. It reorganizes relations among natural,
technical, and social elements. It therefore cannot be studied only as a set of conse-
quences that already exist. The process through which those consequences arise must
also be studied.

From Knowledge of Things to Knowledge of Becoming

Classical science often sought to describe stable objects.

Soil.

Ariver.

A forest.

A landscape.

An ecosystem.

A contaminated territory.

Contemporary science increasingly recognizes, however, that many such objects are
temporary results of processes.

Soil does not merely exist; it forms.

A river does not merely exist; it forms its channel and is simultaneously formed
by its basin.

An ecosystem does not merely exist; it is sustained by a multiplicity of interac-
tions.

A territory contaminated by war is not simply a plot of land containing harmful
substances; it is a system in the process of becoming.

Chemical reactions, the migration of substances, biological changes, social deci-
sions, technical interventions, and new risks continue within that system. Knowledge
of military contamination must therefore be knowledge of becoming.

This does not eliminate measurement. It does not eliminate laboratory analysis. It
does not eliminate maps of contamination. All of these must be included within a
broader question: what process is taking shape before us?
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Between the Individual Event and the Universal Law

Morphogenetic epistemology is especially important because it operates at an in-
termediate level between an individual event and a universal law. An individual event
explains nothing by itself. For example:

« adam is destroyed;

« an explosion occurs;

« anindustrial facility burns;

»  soil is contaminated;

« atoxic substance is detected;
« awater regime is disrupted.

Each event is important. By itself, however, it does not yet provide an understand-
ing of the process. Universal laws of physics, chemistry, or biology are also insufficient.
They are necessary, but they do not explain the entire concrete historical situation. The
same chemical substances may behave differently in different soils. Similar destruc-
tion may have different consequences in different water systems. The same type of
military impact may produce different ecological trajectories in different landscapes.
Explanation must therefore identify an intermediate level. This is the level of genera-
tive mechanisms.

Generative Mechanisms

A generative mechanism is not a single cause. It is a set of interactions capable of
producing a particular type of form or process. In ordinary natural systems, examples
include:

«  soil formation;

e erosion;

« sediment accumulation;

« channel dynamics;

«  revegetation of disturbed land;

«  self-organization of biological communities.

In the case of military contamination, generative mechanisms are more complex.
They arise at the intersection of human intervention and natural processes. Examples
include:

 the migration of contaminants after military or industrial infrastructure is de-
stroyed;

« changes in soil processes following explosions, fires, and mechanical disturb-
ance of the surface;

+ the formation of new technogenic micro-landscapes;

 the reorganization of water exchange after hydraulic structures are destroyed;

« changes in ecological relationships caused by the prolonged presence of toxic
substances;

+ the formation of new health risks through water, soil, food chains, and dust.
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Scientific explanation must therefore ask not only what happened. It must ask
which mechanism is capable of generating the observed form of consequences. This is
the transition toward morphogenetic thinking.

Why This Matters in Practice
A question may arise: is this not excessively theoretical? No.

Its practical significance appears precisely here. If generative mechanisms are not
understood, restoration may be organized incorrectly. The visible surface may be
cleaned without understanding the migration of contaminants deeper into the soil pro-
file. Infrastructure may be restored without understanding the altered water regime.
The concentration of one substance may be reduced while interactions among several
risk factors remain unrecognized. A territory may be declared safe without accounting
for the long ecological memory of the process.

Morphogenetic epistemology therefore has direct practical relevance. It helps not
only to describe the past but also to understand the future development of a territory.

Military Contamination as a Problem of Future Trajectories

One of the principal errors in research on military contamination is to treat it solely
as a problem of the past. A war occurred. Damage was inflicted. The consequences
must now be eliminated.

From the perspective of morphogenetic epistemology, however, military contami-
nation is also a problem of the future. The question is not only what has already hap-
pened. The question is which processes will continue.

Which substances will migrate?

Which soil processes will change?

Which water systems will become channels for the transport of contamination?
Which ecosystems will be capable of recovery?

Which territories will shift into new stable states?

Which risks to people will appear not immediately but only after years?

Research on military contamination must therefore look not only backward but also
forward. It must reconstruct past impacts while simultaneously analyzing possible tra-
jectories of future development.

Epistemology as a Condition of Responsibility

Another important issue appears here. A correct understanding of military contam-
ination is not only a scientific task. It is also a condition of responsibility. If the process
is poorly understood, incorrect decisions may follow. The safety of territories may be
assessed incorrectly. Restoration may be planned incorrectly. Long-term risks may be
underestimated. An illusion of resolution may be created while the process continues
to develop.
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The question of knowledge is therefore not abstract. It has direct moral, social, and
political significance. In the case of military contamination, an error of understanding
may be extremely costly. It may affect human health, the fate of territories, agriculture,
water resources, and the lives of future generations.

Interim Conclusion

Morphogenetic epistemology proposes that scientific knowledge be understood as
knowledge of the emergence, development, and transformation of forms.

For research on military contamination, this means moving from the description of
separate consequences toward the analysis of the processes that generate and sustain
them.

This approach does not replace empirical research. It gives empirical research a
deeper meaning. Soil samples, contamination maps, medical data, environmental ob-
servations, and restoration models should all be included within one general question:
which new natural-anthropogenic processes were initiated by war, and how will they
develop further?

This question may provide the foundation for a special epistemology of military
contamination.

17. Conclusions of the First Lecture

We can now draw several preliminary conclusions. They do not close the subject.
On the contrary, they open the way for further work. This lecture did not seek to pro-
vide a complete theory of military contamination. That would be both impossible and
premature.

Its task was different. It was necessary to show that research on military contami-
nation requires a deeper epistemological formulation of the problem. Military contam-
ination cannot be understood only as a set of consequences of war. It cannot be
reduced solely to contaminated soils, destroyed infrastructure, toxic substances,
health risks, or the cost of restoration.

All of these aspects are important. Taken together, however, they still do not pro-
vide an understanding of the process. The central conclusion is that military contami-
nation should be understood as a distinct natural-anthropogenic process. It is initiated
by humans, but once it emerges, it develops through interaction with natural systems.
This is what makes it an exceptionally complex object of study.

First Conclusion: Individual Cases Are Necessary but Insufficient

Research always begins with concrete cases. Science is impossible without them.
Specific wars, territories, contaminants, consequences for human health, and changes
in the natural environment must all be studied. The description of individual cases,
however, should not become the final goal. If science limits itself to the case, it creates
an archive. Such an archive may be important. It is not yet understanding. It is neces-
sary to move from a multitude of cases toward analysis of the process. This is the first
fundamental task of research on military contamination.
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Second Conclusion: The Accumulation of Data Does Not Guarantee Un-
derstanding

Contemporary science can produce enormous volumes of data. Data, however, do
not create theory by themselves. Thousands of soil samples may be collected. Numer-
ous maps may be constructed. Dozens of reports may be written. International data-
bases may be established. None of this guarantees an understanding of the
morphology of military contamination. Understanding requires concepts, models, the-
oretical frameworks, and the ability to recognize connections among events. For this
reason, the problem of military contamination is not only a problem of funding. Fund-
ing is necessary. Scientific knowledge at this level, however, cannot simply be pur-
chased.

Third Conclusion: The Morphology of Military Contamination Must Be-
come an Independent Object of Study

The morphology of military contamination is not the external shape of a single ob-
ject. It is the form of organization of a process. It appears in the ways military activity
interacts with soils, waters, landscapes, biota, climate, infrastructure, and social deci-
sions. This morphology is not immediately given. It must be identified. It develops
through the comparison of cases, the construction of models, the criticism of concepts,
and the development of a theoretical language. Without a transition toward morphol-
ogy, research on military contamination will remain fragmented.

Fourth Conclusion: Military Contamination Is a Process, Not Only a
State

It is important not to think of military contamination only as the condition of a
territory after war. Such an approach is too static. Military contamination has a dy-
namics of its own. It develops. It changes form. It enters new stages. It may continue
after military operations have ended. In some cases, the longest phase of its natural
and social processing begins only after the war. Research must therefore examine not
only what has already happened but also what continues to happen.

Fifth Conclusion: War Not Only Destroys but Also Initiates New Pro-
cesses

This proposition requires careful interpretation. It does not mean that war can be
beneficial. It does not justify war. It does not diminish the destructive consequences of
war. The point is different. From a scientific perspective, war is not only an act that
destroys existing structures. It may also serve as a trigger for new processes. Those
processes may be dangerous, toxic, unstable, and profoundly harmful to people and
nature. Nevertheless, they are real. They must be studied. This is where the problem
of the morphogenesis of military contamination arises.

Sixth Conclusion: Territorial Restoration Requires an Understanding
of the Processes That Have Been Initiated

Post-war restoration is often understood as a return to the previous state. Such a
return is not always possible. If war has altered the processes through which a natural
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system forms, the removal of visible traces of destruction does not solve the problem.
Debris can be removed. The surface can be cleaned. Buildings can be restored. Land
can formally be returned to economic use. If contaminants continue to migrate, the
water regime has changed, the soil system has been damaged, or a new ecological tra-
jectory has emerged, however, restoration remains incomplete. Restoration must
therefore rely not only on technical solutions but also on an understanding of the post-
war morphogenesis of the territory.

Seventh Conclusion: Military Contamination Is Interdisciplinary by Its
Nature

Military contamination cannot be fully understood within a single discipline.
Chemistry sees substances. Toxicology sees effects on organisms. Medicine sees con-
sequences for health. Ecology sees changes in living systems. Hydrology sees water
movement and contaminant transport. Soil science sees the transformation of soil pro-
cesses. Geography sees spatial organization. The social sciences see decisions, institu-
tions, and human behavior. The philosophy of science helps explain how knowledge
can emerge from all of these perspectives. No single discipline, however, exhausts the
entire object. Military contamination is a complex assemblage of natural, technical,
social, and historical processes.

Eighth Conclusion: The Contemporary Scientific Community Itself Re-
quires Critical Analysis

It cannot be assumed that the scientific community always moves easily and rapidly
toward new forms of understanding. Scientific communities possess their own tradi-
tions, interests, methods, institutional limitations, and forms of resistance to the new.
The situation is especially complex in the case of military contamination. Science does
not merely study the consequences of war. Part of the scientific-technological complex
participates in the creation of military technologies that later become sources of new
forms of contamination. Research on military contamination therefore requires not
only analysis of the object but also analysis of the conditions under which knowledge
of that object is produced.

Ninth Conclusion: A Special Epistemology of Military Contamination Is
Required

The principal result of the lecture can be formulated as follows. Research on mili-
tary contamination requires its own epistemological foundation. This does not mean
creating an artificial new discipline merely for the sake of a name. It means connecting
fragmented investigations within a unified system of understanding. Such an episte-
mology should explain:

« how individual cases become elements of knowledge;

«  how data become models;

«  how models make it possible to identify the morphology of a process;

*  how the emergence of new ecological states should be understood;

«  how nonlinearity, complexity, and emergence should be taken into account;
«  how natural, technical, and social aspects should be connected;
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«  how to avoid the illusion that funding by itself creates understanding.

Tenth Conclusion: The First Task Is to Understand the Problem Cor-
rectly

Research on military contamination often seeks to move immediately toward prac-
tical solutions. This is understandable. Territories have been destroyed. People have
suffered. Soils and waters have been contaminated. Restoration is necessary. Prema-
ture action without understanding, however, may lead to errors. The first task is there-
fore to formulate the problem correctly. It is necessary to understand what kind of
object is being studied. If it is merely a collection of contaminated sites, a technical
approach may be sufficient. If it is an evolving natural-anthropogenic process, a much
more complex research program is required. The second interpretation appears more
adequate.

Conclusion

Military contamination is one of the most complex problems of the contemporary
world. It lies at the intersection of war, science, nature, technology, politics, econom-
ics, and human health. It cannot be understood through individual cases alone.

It cannot be understood through chemical indicators alone. It cannot be understood
through damage assessment alone. It must be understood as a process. That process
has a morphology. It has a morphogenesis. It develops within complex systems. It cre-
ates new assemblages. It changes the space of future possibilities available to territo-
ries.

Research on military contamination therefore requires not only funding, laborato-
ries, and projects. It requires a new level of understanding. This lecture is only a first
step. It does not conclude the subject. It establishes a foundation for the subsequent
lecture series.

Future unread lectures should examine specific types of military contamination, the
forms of their morphology, methods of modelling, the characteristics of post-war res-
toration, and the new concepts required to study military contamination as an inde-
pendent class of natural-anthropogenic processes.
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