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Efficiency Assessment Criteria:
Rational Land Use and Efficiency

A comprehensive framework for
understanding, measuring, and improving

how we use our planet's most finite

resource — land.
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QLESLIE The Imperative of Land Use Efficiency

As global populations rise and
environmental pressures intensify, how
we allocate, manage, and optimize land
has never been more consequential. This
chapter establishes why land use
efficiency sits at the heart of sustainable

development.
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Sustainable Development Goals

Land use efficiency is directly tied to achieving the United Nations
SDGs — from zero hunger and clean energy to climate action and
sustainable cities. Efficient use of land resources enables progress
across multiple goals simultaneously, amplifying the impact of
policy and investment decisions worldwide.

Intergenerational Responsibility

At its core, land use efficiency is about stewardship — meeting the
needs of today's populations without diminishing the capacity of
future generations to meet their own. This means balancing
agricultural productivity, ecological preservation, and urban
development within a finite and irreplaceable resource base.
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Why Land Use Efficiency Matters

[J Efficient land use is not just an environmental priority — it
is a moral and economic imperative.
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(;ESUE The Global Challenge: Growing Demands, Finite Land

The convergence of rising food demand, climate obligations, and a fundamentally finite global land area makes efficiency not optional, but
essential. Every hectare must be made to work smarter — producing more while storing more carbon and protecting more biodiversity.

>50% 1.5B

Growth in Food Demand Hectares of Farmland

Projected increase in global food The estimated total arable land on Earth — a
requirements by 2050, driven by population figure that cannot be substantially expanded
growth and changing diets. without major environmental cost.

23%

Land-Based Emissions

Share of global greenhouse gas emissions
attributable to land use and land-use change,

underscoring the climate stakes.
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QLESLIE Balancing Growth and Sustainability

The central challenge of land use efficiency lies

in reconciling two legitimate, urgent demands:
expanding food production and urban
development to support a growing global
population, while preserving the ecological
systems that make life on Earth possible. This
balance is achievable — but only through
intentional, science-driven policy and

management.
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QLESLIE Measuring What Matters: Assessment Methodologies

Rigorous, evidence-based
methodologies are the foundation of
any meaningful land use efficiency
assessment. This chapter explores
the landscape of research
approaches, quantitative tools, and
analytical frameworks that define
the field.
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(;ESUE A Systematic Review: Unpacking the Research

Disciplinary Focus

The dominant research lens is environmental science and ecology,
accounting for 75.48% of all reviewed studies. This reflects the
field's roots in understanding ecosystem services, land
degradation, and the ecological consequences of land
management decisions — even as economic and social
perspectives are increasingly integrated.

Scope of Analysis

A comprehensive systematic review examined 208 representative
papers, oral reports, and project reports spanning multiple decades
and disciplines. The body of literature reveals a rapidly growing field,
with the volume of publications on land use efficiency assessment
accelerating significantly in recent years — a sign of increasing
urgency and scientific attention.
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QLESLIE Quantitative Models Take Center Stage

Data Envelopment Analysis (DEA)

Over 46.63% of all reviewed studies adopt the DEA
model as their primary analytical tool. DEA is a non-
parametric method that measures the relative

efficiency of decision-making units by comparing
inputs to outputs — making it ideal for
benchmarking land use performance across
regions, countries, or time periods without
requiring a predefined production function.

Why DEA Dominates

DEA's strength lies in its flexibility: it can handle
multiple inputs (land area, water, labor, capital) and
multiple outputs (crop yield, ecosystem services,

carbon storage) simultaneously. This multi-
dimensional capability aligns perfectly with the
complex, multi-output nature of land use systems,
making it the go-to framework for researchers and

policymakers alike.
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(;ESUE Diverse Definitions, Converging Goals

Varied Definitions, Shared Intent Relative vs. Absolute Efficiency
Land use efficiency is defined differently Research on relative land use efficiency
across studies — from output per unit — comparing performance across
area to ecosystem service value per comparable units rather than against an
hectare. Despite this diversity, all absolute standard — has emerged as
definitions converge on a shared goal: particularly significant. This approach
extracting maximum value from land acknowledges context-dependency:
while minimizing waste, degradation, what is efficient in one agro-ecological
and environmental harm. zone may be highly inefficient in
another.

Comprehensive Analysis Perspectives

There is a clear and growing trend toward comprehensive, multi-dimensional
analysis frameworks that integrate economic productivity, ecological integrity,
and social equity into a single assessment lens. These holistic perspectives are
gaining traction as the limitations of single-metric approaches become
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QLESLIE The Science of Measurement

Modern land use efficiency assessment
draws on a rich arsenal of quantitative tools
— from DEA models and stochastic frontier
analysis to spatial econometrics and
machine learning algorithms. The
sophistication of these methods reflects the
complexity of the systems they seek to
understand, and the high stakes of getting
the analysis right.
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QLESLIE Key Indicators and Perspectives

. Choosing the right indicators is
fundamental to any land use efficiency
@, assessment. This chapter examines the
spectrum of metrics available — from
biophysical productivity to carbon
accounting — and the analytical

perspectives that give them meaning.
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(;ESUE Land Use Changes and Climate Mitigation

Carbon Stored in Landscapes

Native vegetation and undisturbed soils are among the
planet's most important carbon reservoirs. Forests,
grasslands, peatlands, and wetlands collectively store vast
quantities of carbon accumulated over centuries —
carbon that is rapidly released when these ecosystems

are converted for agriculture or development.

The Cost of Conversion

Agricultural expansion into native ecosystems is one of

the largest single drivers of greenhouse gas emissions

globally. Losses from land-use change account for a
substantial share of annual global CO, emissions, making
the management of land-use transitions a frontline issue

in international climate policy and the Paris Agreement
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(;ESUE The Carbon Equation: Land Use Efficiency for Climate

% The Measurement Challenge % Balancing Production and
Quantifying land use efficiency from a Storage
greenhouse gas emissions perspective Effective efficiency metrics must
is methodologically complex. It capture the fundamental trade-off:
requires accounting for both the every unit of land used for food
productive outputs of land use (food, production is potentially unavailable
fiber, fuel) and the carbon costs of for carbon storage, and vice versa.
achieving those outputs — including The challenge is to develop metrics
emissions from soil disturbance, that value both functions
fertilizer use, and foregone carbon simultaneously and incentivize land
sequestration. management practices that optimize

Common Metrics for Diverse across this trade-off.

Systems

Developing universally applicable metrics that factor in diverse agricultural systems, biomes, and
emissions profiles remains an active area of research. Promising approaches include carbon-
adjusted land use efficiency ratios and integrated assessment models that link land use decisions
to climate outcomes at regional and global scales.

Co-funded by
the European Union




)

QLESLIE The Core Trade-Off: Food vs. Carbon

At the heart of land use efficiency lies a profound
tension between two essential functions of the same
resource: producing food to sustain human
populations, and sequestering carbon to stabilize the
global climate. Resolving this tension — through
smarter land management, better metrics, and
aligned incentives — is one of the defining challenges

of the 21st century.
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The Future of Land Use Efficiency

The next frontier in land use efficiency
research lies at the intersection of big data,
geospatial technology, and global-scale
modeling. This chapter maps out the
emerging directions that will define the field

in the coming decade.
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Complex, Large-Scale Models

Constructing sophisticated models that
incorporate geospatial effects, spatial

heterogeneity, and cross-scale interactions.

These models must bridge local land
management decisions and global
sustainability outcomes — a significant but
essential leap in analytical capability.

©

Big Data and Advanced Computing

Leveraging the explosion of remote sensing
data, loT sensors, and agricultural monitoring
systems to feed more accurate, real-time
models of land use efficiency. Advanced
computing — including machine learning and
Al — will be essential for processing and
interpreting these massive datasets.

Global-Scale Research

Developing frameworks for land use

efficiency assessment that operate

meaningfully at the global scale — enabling

cross-national comparison, international

benchmarking, and the design of globally

coherent land use policies that align with

the European Union

Co-funded by planetary boundaries.

Hot Topics for Future Research
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(;ESUE The Power of Integration: Geospatial Effects and Big Data

Spatial Data Integration

Traditional land use efficiency assessments often treated land parcels as
independent units. The integration of geospatial analysis recognizes that
land use outcomes are deeply shaped by spatial relationships — proximity
to markets, connectivity of habitat patches, soil gradient variations, and the
cumulative effects of neighboring land management practices.
Incorporating these spatial dynamics dramatically improves the accuracy
and policy relevance of efficiency assessments.

Big Data Analytics

Satellite imagery, drone surveys, precision agriculture sensors, and
crowdsourced environmental monitoring are generating unprecedented
volumes of land-related data. Advanced analytics — including machine
learning pattern recognition and predictive modeling — can identify
inefficiency hotspots, forecast land degradation risks, and optimize land
allocation decisions at scales and speeds previously unimaginable.

Co-funded by
the European Union




)

(;ESUE Unlocking Insights with Big Data

The fusion of satellite imagery, big data analytics, and
advanced geospatial modeling is transforming our
ability to assess and improve land use efficiency at
every scale — from individual farm fields to entire
continents. This technological revolution promises to
make land use governance faster, smarter, and more

responsive to the dynamic realities of a changing

planet.
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QLESLIE Strategies for Improvement

Knowledge of land use efficiency means
little without action. This chapter
translates research insights into
concrete, actionable strategies —
spanning policy, technology, and
community practice — that can drive
real-world improvements in how land is

used and managed.
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(;ESUE The Core of Improvement: Multi-Pronged Measures

No single strategy is sufficient on its own. The evidence strongly supports the joint implementation of multiple, complementary measures —
tailored to local context and coordinated at the appropriate scale — as the most effective pathway to meaningful land use efficiency

Improvement. Technological Innovation

Policy Frameworks o _ _ o _

Precision agriculture, remote sensing, and efficiency-enhancing
Regulatory tools, land use planning systems, and economic technologies that enable more productive use of existing land
incentives that create the structural conditions for efficient land without expanding the agricultural frontier.

management at national and regional scales.

Community Engagement

Participatory land management approaches that incorporate local
knowledge, build stewardship capacity, and ensure that efficiency
gains translate to equitable benefits for land-dependent

communities.  Environmental Stewardship

Conservation practices, ecosystem restoration, and sustainable
land management standards that protect the ecological
foundations upon which long-term land productivity depends.
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(;ESU E Rational Land Use: A Strategic Approach

Planning and Zoning for Optimal Allocation

Rational land use begins with sound spatial planning: designating
land for uses that align with its biophysical characteristics,
proximity to infrastructure, and social needs. Effective zoning
prevents the misallocation of high-quality agricultural land to low-
density development, and reserves ecologically sensitive areas
from conversion pressures. This requires multi-stakeholder
planning processes informed by the best available spatial and
environmental data.

Minimizing Sprawl, Maximizing Value

Urban sprawl is one of the most significant drivers of land use inefficiency worldwide —
consuming productive agricultural and natural land while generating high infrastructure
costs and long commutes. Compact, mixed-use urban development patterns — supported
by transit investment and infill development incentives — can dramatically reduce the
land footprint of growing urban populations while improving quality of life and economic
productivity.
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Precision Agriculture

GPS-guided machinery, variable-rate fertilizer
application, and Al-powered crop monitoring
enable farmers to maximize yield per unit
area while minimizing input waste. These
technologies can increase productivity by 10-
20% while reducing water use and chemical
application.
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Efficiency in Practice: Examples and Innovations

Agroforestry Systems

Integrating trees with crops and livestock on
the same land parcel increases total output
per hectare, sequesters carbon, improves soil
health, and enhances biodiversity —
demonstrating that ecological and productive
functions can be pursued simultaneously.
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(;ES LIE An Integrated Vision for Land Use

Policy

Land use regulations, carbon pricing, and agricultural subsidies aligned with efficiency and
sustainability goals.

[0

Technology

Precision tools, remote sensing, and Al-driven optimization that boost productivity while reducing
environmental impact.

O O

e

Community

Local stewardship, participatory planning, and equitable benefit-sharing that ground efficiency in
human reality.

&

Stewardship

Conservation, restoration, and sustainable practices that protect the ecological foundations of long-
term land productivity.
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» Conclusion: Building a Sustainable Future
qLESLIE

) Through Efficient Land Use

[J Key Takeaway: Every hectare matters. The way we use land today determines the world we leave for tomorrow — making land use
efficiency not just a technical challenge, but a defining moral responsibility of our generation.

More Than an Academic Concept Research, Models, and Innovation
Land use efficiency is a vital, practical Continued investment in rigorous
pathway to achieving global research, innovative quantitative models,
sustainability. From feeding a growing and cross-disciplinary collaboration is
world to stabilizing the climate, the essential for deepening our

decisions we make about land are understanding of land use dynamics and
among the most consequential of our translating that knowledge into effective
time. action.

Integrated Strategies for Impact

No single tool, policy, or technology will be sufficient. A rational and efficient
future for our planet's land resources demands integrated, adaptive strategies
that align scientific insight with political will and community commitment.
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