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QLESLIE UNDERSTANDING LAND AS A COMPLEX SYSTEM

CHAPTER 1

Land is far more than terrain — it is a
living, interconnected system where
human decisions and natural processes
converge to shape ecosystems,

economies, and communities.
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(;ESLIE LAND SYSTEMS: MORE THAN JUST LAND

Land systems are not merely parcels of soil and vegetation. They represent the dynamic fusion of human activities — what we call land use —
and natural features — known as /land cover. Together, these form coupled human-environment systems that exhibit emergent properties far
beyond the sum of their individual parts.

Land Use Land Cover

Human activities such as farming, Physical and biological features —
forestry, and urbanization that transform forests, grasslands, wetlands — shaped
landscapes by both nature and human intervention

Emergent Properties

Complex behaviors and outcomes that
arise from the interaction of use and
cover — like ecosystem resilience

Consider a farm: it does not exist in isolation. It is embedded within broader ecological
corridors, economic supply chains, and social networks that collectively define the
landscape's character and function.

Co-funded by
the European Union




)

(;ESLIE THE NESTED HIERARCHIES OF LAND SYSTEMS

Land system components interact across multiple spatial and temporal scales, creating nested hierarchies that

connect individual plots to global dynamics. A farmer's choice to plant a particular crop is simultaneously a local

economic decision and a thread in the fabric of global food systems.

—Q—

Local Decisions
Individual land users make choices shaped by knowledge, markets, and constraints

—Q—

Regional Ripples
Collective local actions reshape watersheds, ecosystems, and economies

—Q—

Global Dynamics
Aggregated changes drive climate patterns, commodity markets, and

biodiversity trends
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QLESLIE NESTED LAND SYSTEM HIERARCHIES

From the individual farm plot to the
global biosphere, land systems operate
as interconnected hierarchies. Decisions
at any scale cascade upward and
downward, shaping outcomes across the
entire system. Understanding these

linkages is fundamental to effective land

management.
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QLESLIE CORE ELEMENTS OF LAND MANAGEMENT SYSTEMS

CHAPTER 2

Effective land management requires
understanding  the  fundamental
building blocks — the uses, covers,
drivers, and resources that define how

landscapes function and evolve.
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(;ESLIE KEY SYSTEM ELEMENTS

Land management systems are built upon four interconnected pillars, each shaping and being shaped by the others in continuous feedback

loops.

Land Use Land Cover

Human activities — agriculture, forestry, The physical and biological surface characteristics
recreation, urban development — that shaped by land use — forests, croplands,

define how land is employed to meet wetlands, and built environments that define the
societal needs and economic goals. landscape's ecological character.

Drivers Resources

Socio-economic forces, technological The foundational assets — soil, water,
innovation, policy decisions, and biodiversity, infrastructure, and cultural values —
ecological pressures that influence land that sustain land systems and define their
dynamics and catalyze change across capacity for productivity.

scales.
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(;ESLIE THE ROLE OF HUMAN AGENCY

At the heart of every land management system lies human agency — the capacity of individuals and communities to make decisions that
shape landscapes. These decisions are not made in a vacuum; they are deeply influenced by local knowledge, cultural values, and the
situational constraints of the moment.

Knowledge & Values Adaptive Responses

Farmers and land managers draw on When markets shift, regulations change,
generations of accumulated wisdom, or drought strikes, land users adapt —
blending traditional practices with switching crops, adopting new

scientific understanding to navigate technologies, or diversifying income
complex environments. streams to maintain resilience.

Diverse Strategies

Facing identical price fluctuations, one
farmer may intensify production while
another pivots to organic methods —
illustrating how agency produces varied
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(;ESLIE INTERACTIONS AMONG ELEMENTS

The elements of land management systems do not operate in isolation — they are bound

together by complex webs of interaction and feedback that define the system's behavior over

time.

When land use changes — such as converting forest to cropland — it alters land cover, which
in turn impacts ecosystem services like water filtration and carbon storage. These ecological
shifts feed back into human decisions, as degraded resources force adaptation. Governance
and policy frameworks mediate these interactions, setting the rules and incentives that

guide behavior at local, regional, and global scales.
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) FRAMEWORKS FOR ANALYZING LAND

qLESLIE
» MANAGEMENT SYSTEMS

CHAPTER 3

Rigorous analytical frameworks provide the
conceptual scaffolding needed to understand,
model, and improve how land systems

function across scales.
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) COUPLED HUMAN-ENVIRONMENT
qLESLIE

) _ SYSTEMS (CHANS) MODEL

' Social Subsystem Ecological Subsystem
What is CHANS? g . i
: Economic structures, cultural Biodiversity, nutrient cycles, and

The Coupled Human and Natural Systems model is an L _
: : : o norms, and institutional natural resource dynamics
integrative framework that bridges the divide between

: : : frameworks
social sciences and ecology, treating human and
environmental components as inseparable parts of one Feedbacks & Tradeoffs
system.
It has become a cornerstone of modern land system Continuous loops between
science, enabling researchers and policymakers to see the human decisions and
full picture. environmental outcomes

CHANS supports interdisciplinary analysis and scenario development,
helping stakeholders anticipate the cascading effects of policy changes,
market shifts, and climate impacts on land systems.
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(;ESLIE LAND SYSTEM ARCHITECTURE & LANDSCAPE ECOLOGY

Land system architecture refers to the spatial patterns and configurations of land use and land cover — the mosaic of fields, forests,

waterways, and settlements that define a landscape's structure. Landscape ecology examines the processes that both shape and are shaped
by these patterns.

Spatial Patterns Ecological Processes
Mapping how land uses are arranged How energy, nutrients, and organisms flow
across the landscape — patch size, across the landscape mosaic

connectivity, fragmentation
Governance Impact

How policy and regulation shape these
patterns — as seen in the Southern High
Plains case study

[J Case Study: In the Southern High Plains, governance structures have profoundly influenced
public land and water use patterns — demonstrating how institutional frameworks directly
shape land system architecture and ecological outcomes across vast regions.
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QLESLIE LAND USE PATTERNS IN THE SOUTHERN HIGH PLAINS

This region exemplifies how governance zones,
water allocation policies, and agricultural
incentives create distinct spatial patterns
across the landscape. The mosaic of irrigated
cropland, rangeland, and conservation areas
reflects decades of policy decisions interacting
with ecological constraints — particularly the
declining Ogallala Aquifer that underpins the

region's agricultural economy.
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(;ESLIE THE DPSIR FRAMEWORK IN LAND SYSTEMS

The DPSIR framework provides a structured approach for
understanding the causal chain from human activity to environmental
consequence — and back to policy response. It is widely used to assess

and communicate the effects of policies on land processes.

This framework helps assess the effects of policy interventions on
processes like urban expansion, agricultural intensification, and
conservation prioritization — making complex cause-and-effect

relationships legible to decision-makers.
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(EESLIE IMPLEMENTING LAND MANAGEMENT

SYSTEMS IN PRACTICE

CHAPTER 4

Moving from theory to action,

effective land management requires
structured planning  processes,
robust monitoring systems, and
participatory approaches that bridge

science and stakeholder knowledge.
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)

RESOURCE MANAGEMENT SYSTEMS (RMS)

A Resource Management System is a carefully tailored combination of conservation practices and management measures designed for

specific land use types — from cropland and rangeland to forestry and urban landscapes.

Identify Resources

Survey soil, water, air, plant, animal, and
cultural resources on the land unit

Design Practices

Select conservation
address identified
supporting productive land use

practices that
concerns  while

Assess Conditions

Evaluate current resource quality against
established benchmarks and thresholds

Implement & Monitor

Apply practices on the ground and
track outcomes through the NRCS 9-
step conservation planning process

The NRCS 9-step conservation planning process provides a proven methodology for

farms and rangelands, ensuring that every resource concern — from soil health to

social well-being — is systematically addressed.

Co-funded by
the European Union

Set Quality Criteria

Define protection standards for each resource
concern — soil erosion, water quality, habitat integrity
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(;ESLIE MULTISCALE MONITORING AND ASSESSMENT

Effective land management depends on seeing the full picture — integrating broad-scale satellite data with local field monitoring to build a
comprehensive understanding of landscape health and change over time.

Broad-Scale Data Local Field Monitoring
Satellite imagery and remote Ground-level surveys measure
sensing capture regional soil health, water quality,
patterns — vegetation cover, invasive species presence, and
land use change, and habitat connectivity with
development expansion across precision that remote sensing
vast areas. cannot achieve.

Integrated Indicators

Combining scales produces
robust indicators — ecosystem
connectivity, vegetation trends,
species diversity, and
development patterns — that

Co-funded by support adaptlve management
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(;ESLIE LANDSCAPE APPROACH TO RESOURCE MANAGEMENT

Tradeoff Navigation Stakeholder Participation Multifunctional Landscapes
Landscapes
Explicit analysis of competing goals to find Farmers, communities, agencies, Balancing production,
workable compromises and scientists co-create conservation, recreation, and
management plans cultural values on the same land

The landscape approach moves beyond site-level management to
embrace the full complexity of multifunctional landscapes. It
emphasizes stakeholder participation, ensuring that the people who
live and work on the land have a voice in shaping its future.

This approach explicitly seeks to balance the tradeoffs among social,
environmental, and economic goals — recognizing that sustainable
outcomes require negotiation, not optimization of any single
objective.

Example: The Bureau of Land Management's landscape approach integrates multiscale
[J data — from satellite imagery to stakeholder input — to manage millions of acres of
public land across the American West.
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(EESLIE CHALLENGES AND OPPORTUNITIES IN

LAND MANAGEMENT SYSTEMS

CHAPTER 5

Navigating complexity, uncertainty,
and competing demands while
seizing new tools and approaches to
build resilient, sustainable

landscapes.
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(;ESLIE COMPLEXITY AND UNCERTAINTY

Land management operates in an environment of profound complexity and uncertainty. Ecosystems are dynamic, hierarchical, and often

unpredictable — responding to disturbances in nonlinear ways that defy simple forecasting.

Monitor Assess

Continuously observe ecosystem conditions Analyze data to wunderstand trends,
and track change indicators thresholds, and emerging risks

Implement Decide

Execute management actions on the ground Make informed management choices under
with finite resources uncertainty, balancing competing demands

Land managers must navigate competing demands with finite resources, making iterative cycles
of monitoring, assessment, decision-making, and implementation essential for adaptive, evidence-
based stewardship.
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(;ESLIE GOVERNANCE AND POLICY INTEGRATION

Policy frameworks play a decisive role in shaping land use outcomes. From the EU's Common Agricultural Policy — which directs billions

toward farming practices — to ambitious no-net-land-take targets that seek to halt soil sealing, governance structures set the rules within
which land management operates.

Cross-Jurisdictional Partnerships Stakeholder Engagement

Effective land management transcends Lasting policy success depends on the
political boundaries. Watersheds, meaningful involvement of landowners,
ecosystems, and supply chains do not communities, Indigenous groups, industry,
respect administrative lines — requiring and scientific experts in the design and
collaboration between municipalities, states,  implementation of governance frameworks.
and nations.

Coherent Policy Design

Policies must align across sectors —
agriculture, environment, urban planning,
and trade — to avoid contradictions that
undermine land management goals and

create perverse incentives.
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(;ESLIE EMERGING TRENDS AND INNOVATIONS

The future of land management is being reshaped by powerful new tools, evolving priorities, and a growing recognition that sustainability and
resilience must be at the center of every land use decision.

Climate Adaptation Technology & Modeling

Incorporating climate change projections into  Remote sensing, GIS, and advanced modeling
land management planning, designing enable scenario planning at unprecedented
landscapes that can absorb shocks and adapt  scales — allowing managers to test strategies
to shifting conditions over decades. before committing resources.

Ecosystem Service Valuation

Quantifying the economic value of services
like carbon sequestration, water filtration,
and pollination — making the invisible
contributions of healthy landscapes visible to

markets and policymakers.
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QLESLIE INTEGRATED LAND MANAGEMENT IN ACTION

The most effective land management
emerges when farmers, policymakers,
and scientists come together — pooling
local knowledge, scientific evidence, and
governance tools to co-create solutions
that work for people and ecosystems alike.
This collaborative spirit, grounded in
mutual respect and shared purpose, is the

engine of sustainable land stewardship.
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(EESLIE CONCLUSION — TOWARD SUSTAINABLE

LAND MANAGEMENT SYSTEMS

CHAPTER 6

Synthesizing the lessons of
complexity, collaboration, and
innovation into a clear vision for

the future of land stewardship.
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(;ESLIE THE PATH FORWARD

Understanding land management as a complex, coupled system is not merely an academic exercise — it is the essential foundation for making decisions that sustain
both human well-being and ecosystem health across generations.
Integrated Governance

Systems Thinking Weave together human agency, ecological processes, and policy frameworks

Recognize land as interconnected human-environment systems with to enable adaptive, sustainable outcomes at every scale
emergent properties that demand holistic approaches

Multiscale Data

Harness satellite imagery, field monitoring, and modeling to build the
evidence base for informed, responsive decision-making

Participatory Stewardship

Embrace collaborative, inclusive approaches that give voice to all stakeholders
— from farmers to policymakers to future generations

Embrace systems thinking to balance human needs and ecosystem health — the future of our landscapes
depends on the decisions we make today.
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