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1. SUMMARY OF KEY IDEAS

The integration of land management into circular economy (CE) frameworks represents a critical paradigm
shift from viewing land as a static platform to recognizing it as a dynamic, regenerative system. Land
functions simultaneously as a resource base for primary production, a spatial platform for urban
development, a sink for anthropogenic waste, and a vital provider of ecosystem services. This lecture
examines the intrinsic value of soil as natural capital and the systemic pressures that lead to land
degradation, particularly within the Central Asian context. By transitioning from a linear "take-make-
dispose" metabolism to restorative circular cycles, society can rebuild natural capital through nutrient
recovery and regenerative land-use planning.

2. LEARNING OBIJECTIVES

After finishing this lecture, students should be able to:

e Analyse the relationship between soil formation rates and anthropogenic degradation to
understand soil as a finite resource.

e Evaluate the loss of ecosystem services resulting from land degradation and its impact on regional
economic stability.

e Explain the principles of regenerative agriculture and nutrient cycling as core circular strategies
for land management.

e Apply systems thinking to the urban-rural interface, transforming cities from resource sinks into
circular hubs.

3. INTRODUCTION

Modern societies are fundamentally shaped by the extraction and circulation of materials, all of which
ultimately depend on the integrity of land systems. As the global population is projected to reach 10 billion
by 2050, the demand for food, minerals, and urban space is pushing humanity beyond the "safe operating
space" defined by planetary boundaries. Land is not merely a commodity; it is a complex system of natural
capital. Soil, a key component of this system, provides essential ecosystem services—ranging from carbon
sequestration and water purification to food provision—that underpin human wellbeing.

In a linear economy, land is often treated as an inexhaustible source and a bottomless sink, leading to soil
exhaustion and uncontrolled waste disposal in landfills. The circular economy offers a solution framework
by redefining land management through the lens of industrial ecology. By treating organic waste as
"biological nutrients" and implementing nature-based solutions, we can decouple economic development
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from environmental collapse. This lecture provides the conceptual foundation for understanding how
circularity can restore land systems and ensure long-term resource security.

4. SOIL AS A FINITE RESOURCE

Soil is a primary form of natural capital, yet it is often managed as if it were a renewable resource on
human timescales. In reality, soil formation is an extraordinarily slow biological and chemical process;
under natural conditions, it can take thousands of years to form just one inch of topsoil. This slow rate of
regeneration is no match for the intensive extraction and high-yield agricultural practices of the linear
economy, which treat soil as a mere input for material throughput. (Figure 1).
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Figure 1. The anatomical fragility of environmental stocks

The figure illustrates the vertical structure of soil as a stratified natural system composed of distinct layers:
fragile topsoil, subsoil, and bedrock. The uppermost layer, topsoil, contains the highest concentration of
organic matter and biological activity, making it the most critical component for ecosystem services such
as food production, nutrient cycling, and water regulation. Beneath it lies the subsoil, which contains
fewer nutrients but plays an important role in water storage and root support. The deepest layer, bedrock,
represents the geological foundation from which soil gradually forms through weathering processes.
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The diagram emphasizes the extreme fragility and slow regeneration of topsoil. Natural processes such as
biological activity, mineral weathering, and organic matter accumulation require thousands of years to
produce only a few millimeters of functional soil. This highlights the non-renewable nature of soil on
human timescales and underscores the importance of sustainable land management practices. The figure
visually reinforces that while topsoil is thin and vulnerable, it underpins the entire terrestrial ecosystem
and must be actively protected and regenerated within a circular economy framework.

The functions of soil are diverse and critical to the anthropogenic material lifecycle. These include
provisioning functions (producing biomass for food and materials), regulating functions (filtering water
and regulating climate), and supporting functions (nutrient circulation and soil formation). Within the
circular economy, soil health is the bedrock of the "biological cycle." While technical materials like metals
are designed for industrial reuse, biological materials are designed to re-enter the biosphere safely.
Regeneration occurs when we move beyond simply "doing less harm" to actively rebuilding the organic
matter and nutrient levels required for ecosystems to thrive. Recognizing soil as finite necessitates a shift
toward "sustainable yield," where the rate of extraction does not exceed the rate of regrowth or
restoration.

Moreover, soil degradation under linear economic systems is not only a biophysical issue but also a
systemic failure of material flow management. Intensive agriculture, land sealing, and improper waste
disposal disrupt nutrient cycles, leading to the loss of soil fertility, carbon depletion, and reduced
ecosystem resilience. Within a circular framework, soil must be understood as an active interface between
waste and resource systems, where organic residues, biomass, and biodegradable waste streams can be
reintegrated as inputs rather than discarded as outputs. This shift requires the implementation of closed-
loop nutrient cycles, including composting, anaerobic digestion, and the application of bio-based
amendments, which restore soil structure and enhance its regenerative capacity. From a systems
perspective, integrating soil into circular material flows transforms it from a passive recipient of external
pressures into a central component of sustainable land management, directly linking waste valorisation
with ecosystem restoration and long-term productivity.

From a systems perspective, soil degradation reflects a breakdown in material flow management within
the biological cycle. When nutrients are extracted through harvest and not returned, or when organic
waste is diverted to landfills instead of being reintegrated into soils, the cycle becomes linear and
degenerative. This results in declining soil fertility, increased dependence on synthetic inputs, and
heightened environmental risks such as water pollution and greenhouse gas emissions. In contrast,
circular systems aim to restore these flows by returning organic matter and nutrients to the soil, thereby
maintaining its productive capacity over time. Approaches such as nutrient recycling, organic
amendments, and integrated land management practices ensure that soil remains a regenerative asset
rather than a depleted resource, reinforcing its central role in sustaining both ecological functions and
long-term economic productivity.
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Did you
know.?

It can take up to 1,000 years to form just a few centimeters of fertile soil, but it can be
lost in a single season through erosion or mismanagement.

Protecting and regenerating soil is therefore not only an environmental priority, but a fundamental
requirement for long-term economic sustainability.

5. LAND DEGRADATION AND LOSS OF ECOSYSTEM SERVICES

The "take-make-throw" model has resulted in widespread land degradation, costing the global economy
an estimated USD 40 billion annually. Degradation manifests through various processes, including wind
and water erosion, salinization, nutrient depletion, and chemical contamination. These impacts are driven
by anthropogenic pressures such as deforestation, overgrazing, and the intensive application of synthetic
fertilizers, which disrupt the global nitrogen and phosphorus cycles—biochemical flows that are already
in the "high risk" zone of planetary boundaries.

The loss of ecosystem services represents a hidden economic cost. When soil fertility declines, agricultural
productivity stagnates, leading to increased reliance on chemical inputs, which further degrades the
environment in a destructive feedback loop. In Central Asia, these challenges are particularly acute. The
region faces severe water scarcity and land-exhausting agricultural practices, such as intensive cotton
production in Uzbekistan, which requires massive transboundary water resources and risks
desertification. The depletion of the Aral Sea serves as a stark warning of what happens when land and
water systems are managed linearly. Without a paradigm shift toward circularity, the continued erosion
of natural capital will undermine regional food security and economic resilience. (Figure 2).

The Aral Sea crisis represents one of the most dramatic examples of large-scale environmental
degradation caused by linear resource management. Beginning in the 1960s, the diversion of the Amu
Darya and Syr Darya rivers for irrigation—primarily to support water-intensive cotton monoculture—
severely reduced inflow to the Aral Sea. As a result, the sea has lost more than 90% of its original volume,
transforming vast areas of its former seabed into a saline desert known as the Aralkum. This process not
only destroyed a once-thriving aquatic ecosystem and regional fishing industry but also triggered
widespread soil salinization and land degradation across surrounding agricultural areas. The case
illustrates how the extraction of water resources without consideration of ecological limits leads to
irreversible system collapse.

The consequences of the Aral Sea’s depletion extend far beyond environmental loss, creating profound
socio-economic and public health challenges. The exposed seabed releases toxic dust laden with salts,
pesticides, and industrial residues, which are transported over long distances, contaminating soils and
water sources and contributing to respiratory diseases and declining agricultural productivity.
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Additionally, altered microclimatic conditions—characterized by hotter summers and colder winters—
further stress already fragile ecosystems and farming systems. From a circular economy perspective, the
Aral Sea disaster highlights the failure to maintain closed-loop water and nutrient systems, where
resources are reused efficiently and environmental feedbacks are respected. Restoring resilience in the
region requires integrated water-land management, improved irrigation efficiency, and the adoption of
circular practices that reduce dependency on excessive resource extraction while regenerating degraded
landscapes.
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Figure 2. Aral Sea depletion

Figure 2 presents a regional map of Central Asia highlighting projected water stress levels and the
environmental consequences of unsustainable water use, with a particular focus on the Aral Sea basin.
The color gradient indicates increasing water stress toward southern regions, especially in Uzbekistan,
Turkmenistan, and parts of Kazakhstan. The map emphasizes that agriculture is the dominant consumer

Page 6 of 11



Co-funded by ALIKHANOV (LES LIE
the European Union ni\'crsit_\' )

of water in Uzbekistan, accounting for approximately 90% of total usage, while around one-third of this
water is lost due to outdated irrigation infrastructure and inefficient practices. The image also illustrates
the dramatic shrinkage of the Aral Sea as a direct result of large-scale water diversion for irrigation,
particularly for cotton production. This serves as a critical example of how linear resource management—
where water is extracted, used inefficiently, and not recovered—Ileads to severe ecological degradation.
The figure underscores that such inefficiencies are not only environmental but also systemic, threatening
long-term food security and water availability in a region already highly vulnerable to climate change. It
reinforces the need for a transition toward circular water and land management systems that prioritize
efficiency, reuse, and ecosystem restoration.

Addressing these challenges requires a transition from extractive land-use practices to regenerative
systems that restore, rather than deplete, natural capital. Circular approaches to land management
emphasize closing nutrient loops, reducing external inputs, and integrating organic waste streams back
into the soil through composting and biofertilization. Such strategies not only improve soil structure and
water retention but also enhance resilience to climate variability, which is particularly critical in arid and
semi-arid regions like Central Asia.

£

Reflect Do you know how land in your country is currently used and what proportion is affected by
degradation (e.g., erosion, salinization, or nutrient loss)?

Look for national or regional data sources, or discuss with your instructor. Do current land-use practices

align with circular economy principles, or do they follow a more linear pattern?

Furthermore, adopting circular land-use models can reduce dependency on transboundary resources,
mitigate environmental risks, and create new economic opportunities through sustainable agriculture and
resource recovery. In this context, land is no longer viewed as a passive input, but as a dynamic system
that must be actively regenerated to sustain both ecological integrity and long-term economic
development.

Quick
Exercise Think of three agricultural products that you consume regularly (e.g., bread, vegetables,
or dairy). What types of land and soil conditions are required for their production?
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Conduct a brief search to investigate whether these products are linked to soil degradation (e.g., intensive
farming, overuse of fertilizers) or, conversely, to more sustainable or circular land-use practices in your
region.

6. CIRCULAR LAND-USE SYSTEMS AND REGENERATION

A circular approach to land management seeks to transform waste into wealth by "closing the loop" on
biological nutrients. Regenerative agriculture is the centerpiece of this transition, employing practices
such as crop rotation, cover cropping, and polyculture to restore soil organic matter and water retention.
Unlike conventional farming, which depletes soil carbon, regenerative systems act as a "biorefinery," using
nature-based solutions to sequester carbon and produce high-value food and materials with minimal
external inputs.

The valorization of organic waste is essential for land restoration. Technologies such as anaerobic
digestion and composting allow society to recover valuable nutrients (Nitrogen, Phosphorus, and
Potassium) from food waste and animal manure. For instance, returning 100% of consumption-related
food waste to the soil could replenish 5 million tonnes of NPK fertilizers globally. Practical examples, such
as the "Food to Food" program by VRM Biologik, demonstrate how waste slurry can be transformed into
soil enhancers that stimulate bacterial photosynthesis and even "manufacture" water in arid soils. By
integrating waste management with land restoration, land becomes a regenerative system that supports
society without depleting its foundation.

To scale these solutions, however, enabling frameworks and cross-sector integration are essential.
Circular land management requires coordination between agriculture, waste management, and policy
systems to ensure that organic waste streams are effectively collected, processed, and safely returned to
the land. This includes developing infrastructure for separate bio-waste collection, establishing quality
standards for compost and digestate, and incentivizing farmers to adopt regenerative practices through
subsidies or carbon markets. Digital tools and material flow analysis can further optimize nutrient cycling
by matching waste generation with agricultural demand at regional scales. Without such systemic
alignment, even technically viable circular solutions remain fragmented. Therefore, the transition toward
regenerative, circular land systems is not only a matter of technology, but of governance, economic
incentives, and integrated resource management.

Urban vs rural land use in circular economy

In the current linear model, cities act as massive "resource sinks." They import food, energy, and materials
from rural areas and export waste to landfills, destroying value at the end of the chain. Urban metabolism
analysis reveals that most of the materials entering cities come to a "dead end," resulting in significant
environmental externalities. To achieve circularity, cities must be redesigned as "resource turntables" that
recirculate materials and nutrients within the urban fabric and back to the surrounding landscapes.
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This urban-rural integration is vital for sustainable land use. Urban farming and nature-based solutions
can recover nutrients from wastewater to be reused on-site, reducing the pressure on rural agricultural
land. Conversely, rural lands act as the primary providers of ecosystem services—such as clean water and
air—that cities depend on. Land-use conflicts arise when urban expansion consumes fertile agricultural
land or destroys biodiversity. A circular economy approach resolves these conflicts by promoting the reuse
of urban "brownfields" and construction demolition waste, thereby reducing the "land take" for new
infrastructure. In cities like Almaty and Nur-Sultan, implementing Circular Economy Action Plans (CEAPs)
in the construction and waste sectors is a critical step toward creating resilient, carbon-neutral urban
ecosystems.

7. CONCLUSIONS

Land is the fundamental platform where the crises of resource scarcity and waste accumulation converge.
It acts as the ultimate resource base, a spatial platform for all human activity, and the primary sink for the
residues of our economy. The transition to a circular economy is therefore inseparable from sustainable
land management; we cannot "close the loop" on materials without first restoring the health of the soil
and the ecosystems that produce them. By adopting regenerative practices, scaling up nutrient recovery,
and integrating urban and rural metabolisms, society can move away from the linear "dead end" toward
a restorative future. In Central Asia and beyond, the path to sustainability requires treating every hectare
of land not as a commaodity to be exhausted, but as a living system to be nurtured for future generations.

This transformation demands a shift not only in practices but also in governance, economic incentives,
and societal values. Land-use planning must prioritize ecosystem resilience, balancing agricultural
production with biodiversity conservation and climate mitigation. Circular economy strategies—such as
reusing organic waste, minimizing land take through urban densification, and rehabilitating degraded
lands—can significantly reduce pressure on finite land resources. At the same time, policies must
internalize the true value of ecosystem services, ensuring that soil fertility, water regulation, and carbon
sequestration are recognized as critical assets rather than externalities. In regions like Central Asia, where
water scarcity, land degradation, and climate vulnerability intersect, integrating circular principles into
land management is not optional but essential for long-term stability. Ultimately, a regenerative land
system underpins food security, supports economic resilience, and safeguards the ecological foundations
upon which all human systems depend.
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