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1. SUMMARY OF KEY IDEAS 

Land resources are among the most important forms of national material wealth and therefore represent 

a strategic foundation for food security, economic development, settlement, and ecosystem services in 

Central Asia. Because land is limited and its condition determines both productivity and environmental 

stability, sustainable land management requires balancing short-term economic benefits with the long-

term protection of soils, water resources, and landscapes. Effective land resource management is 

therefore not only about “using land,” but about purposeful and systematic management influence aimed 

at increasing the efficiency of land use. In practical terms, land resource management includes planning, 

organization, regulation, and control of land use to ensure rational and efficient use and to prevent 

degradation. In Uzbekistan, the management of land resources and the organization of rational use of the 

state land fund are implemented by authorized state institutions under defined governance 

responsibilities and control mechanisms. 

This lesson introduces these basic principles of land resource management and emphasizes why reliable 

land information (inventory, assessment, and monitoring data) is essential for planning and decision-

making. It also highlights how Remote Sensing (RS) and Geographic Information Systems (GIS) strengthen 

evidence-based land management by providing consistent spatial data for land-use/land-cover mapping, 

change detection, and regular monitoring of land condition. Remote sensing is understood as obtaining 

information about an object, area, or phenomenon through analysis of data collected by instruments 

without direct contact with the target. In land-related applications, much of this information is based on 

electromagnetic energy recorded by sensors, while modern satellite systems measure key physical and 

biophysical properties of the Earth’s surface in digital form. Together, RS and GIS help identify priority 

problem areas, track trends over time, and support objective assessment and planning for sustainable 

land management in Central Asia (Rahmonov et al., 2018; Shokirov et al., 2015). 

 

2. LEARNING OBJECTIVES 

• Explain why land resources are considered a strategic national asset in Central Asia, showing how land 

underpins food security and agricultural production, supports settlement and infrastructure 

development, and provides ecological functions that maintain environmental stability under arid and 

semi-arid conditions. 

• Describe land as a public good and common wealth, and justify the need for land governance and 

regulation by explaining how land-use decisions can produce wider social and environmental impacts 

beyond individual land users; outline the importance of clear land relations, institutional responsibilities, 

and state oversight for rational use and protection of the land fund. 

• Identify and analyse the main economic functions of land resources (as a production base and as the 

spatial foundation for investment, transport, and public infrastructure), and assess the consequences of 
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inefficient land use, including declining productivity and increased risks of land degradation processes 

such as erosion, salinization, and desertification. 

• Summarise the key objectives and stages of land resource management within a rational and efficient 

land-use framework, including systematic land inventory and evaluation, land-use planning and 

allocation, implementation of protection measures, and continuous control and monitoring to prevent 

degradation and to support improvement of land quality where needed. 

• Describe and apply (introductory level) how Remote Sensing (RS) and GIS tools support evidence-based 

land management by explaining RS as the acquisition of information without direct contact (through 

recorded electromagnetic energy and sensor-based observation), and by using GIS to integrate spatial 

data for land-use/land-cover mapping, change detection, and regular monitoring of land condition 

indicators relevant to sustainable land management (Rahmonov et al., 2018; Shokirov et al., 2015). 

 

3. INTRODUCTION 

Land is a limited and irreplaceable resource that combines natural components (soil, relief, vegetation, 

water) with human use and infrastructure. As a core element of national wealth, land supports agriculture 

and food production, settlement and infrastructure development, and the maintenance of environmental 

functions. Because land is finite and cannot be replaced, its use requires rational and efficient 

management, as well as protection measures to maintain long-term productivity and ecological stability 

(Rahmonov et al., 2018). 

In Central Asia, land management is strongly influenced by arid and semi-arid conditions, the dominance 

of irrigated agriculture, pasture-based livestock systems, and high sensitivity to degradation processes. 

Key risks include erosion, salinization, desertification, and other forms of land quality decline that can 

directly reduce yields, undermine livelihoods, and increase pressure on water and ecosystems. Effective 

land management therefore depends on clear land-use planning, reliable land information (inventory and 

assessment), and continuous monitoring and control to ensure that land is used according to its capability 

and protected from degradation (Rahmonov et al., 2018). 

Remote Sensing (RS) and GIS provide practical tools to observe land surface conditions over time, quantify 

changes, and support transparent, data-driven governance. RS is based on obtaining information about 

objects and processes on the Earth’s surface without direct physical contact, using sensors (often 

satellite-based) that record electromagnetic energy and transmit data for further processing and analysis. 

When integrated in GIS, these data enable consistent land cover classification, detection of land-use/land-

cover change, and mapping of key indicators and risk factors relevant for sustainable land management. 

In this way, RS and GIS strengthen evidence-based planning, monitoring, and decision-making for land 

resource management in Central Asia (Shokirov et al., 2015). 
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4. LAND RESOURCES AS A STRATEGIC NATIONAL ASSET 

Land resources are strategic because they form the spatial and natural foundation for almost all socio-

economic activities in Central Asia. They determine where agriculture can be developed, where 

settlements expand, how transport and engineering infrastructure is located, and how protected and 

environmentally sensitive areas are conserved. At the same time, land provides essential ecological 

functions through soils and vegetation—supporting biomass production, water regulation, nutrient 

cycling, and the overall stability of landscapes. These functions directly influence productivity and 

environmental security, which is why the condition of land resources affects national development 

outcomes (Rahmonov et al., 2018). 

As a national asset and part of the country’s common wealth, land cannot be managed effectively without 

a reliable system of land information. This requires systematic inventory and registration of land 

resources, evaluation of land quality and suitability for different uses, and planning that aligns land use 

with national priorities and environmental constraints. Because land is exposed to degradation risks (for 

example, erosion and salinization), it also requires protection and control measures to prevent loss of 

fertility and long-term value. Therefore, strategic land management includes not only allocation and use 

of land, but also continuous monitoring and regulation to ensure rational and efficient use and to 

safeguard land resources for future generations (Rahmonov et al., 2018). 

 

5. LAND AS A PUBLIC GOOD AND COMMON WEALTH 

Land use decisions create impacts beyond individual landholders because land is closely connected with 

water resources, ecosystems, and the living environment of society. Changes in land use—such as 

expansion of irrigated farming, overgrazing, settlement growth, or industrial development—can affect 

water availability and quality, accelerate soil degradation, reduce biodiversity, and influence public health 

and safety. Because these effects are shared by the wider community and may extend across 

administrative borders, land is often treated not only as private property or an economic resource, but 

also as a public good and part of the nation’s common wealth that must be protected in the public interest 

(Rahmonov et al., 2018). 

For this reason, rational land management requires a system of land governance that sets rules for 

allocation, use, and protection of land resources. Key instruments include regulation of land tenure and 

land relations, land-use planning and zoning, and legal restrictions for environmentally sensitive or high-

risk areas (for example, protected zones, water protection belts, or areas prone to erosion and 

salinization). Effective governance also depends on competent institutions responsible for land 

administration, control, and enforcement—ensuring that land users comply with requirements, land is 

used according to its designated purpose, and land resources are safeguarded from misuse and 

degradation (Rahmonov et al., 2018) 
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6. ROLE OF LAND RESOURCES IN ECONOMIC DEVELOPMENT 

Land is one of the main production factors and a fundamental economic resource. In Central Asia it 

supports agricultural production (especially irrigated crop farming), rangeland-based livestock systems, 

and other land-based activities, and it provides the physical space for settlements, industry, transport 

corridors, and social infrastructure. Because economic activity is spatially organised, land resources 

determine where investment can take place, how infrastructure networks expand, and how efficiently 

regions can develop. In this sense, land is not only a natural resource but also a territorial basis for long-

term economic growth and public development priorities (Rahmonov et al., 2018). 

The economic value of land depends strongly on how rationally and efficiently it is used. Efficient land use 

improves productivity, supports stable yields, and reduces production and infrastructure costs by 

matching land use with land capability and by protecting the resource base. In contrast, land degradation 

and unmanaged land-use change (for example, mismanaged irrigation leading to salinization, erosion 

from inappropriate cultivation, or pasture degradation from overgrazing) can reduce soil fertility and crop 

yields, increase the cost of reclamation and maintenance, and create negative externalities such as dust 

storms, water pollution, and loss of ecosystem services. These impacts can weaken rural livelihoods and 

increase pressure on public budgets. Therefore, sustainable land management aims to increase land-use 

efficiency and economic returns while maintaining the environmental functions of land and preventing 

long-term resource decline (Rahmonov et al., 2018). 

 

7. OBJECTIVES OF LAND RESOURCE MANAGEMENT 

The main objectives of land resource management include: (I) ensuring rational and efficient land use by 

allocating land according to its suitability and designated purpose and improving the effectiveness of land 

use in practice; (II) protecting soils and landscapes as the natural basis of productivity and environmental 

stability, including safeguarding land from inappropriate use and harmful impacts; (III) preventing and 

reducing land degradation through systematic measures that limit processes such as erosion, salinization, 

and other forms of land quality decline; (IV) restoring and improving land quality where degradation has 

already occurred, including rehabilitation and reclamation actions aimed at returning land to productive 

and stable condition; and (V) ensuring reliable land information (inventory, evaluation, and monitoring 

data) that supports land-use planning, regulation, control, and evidence-based decision-making at 

national and local levels (Rahmonov et al., 2018). 
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7.1. Land resource management stages 

 

Figure 1. Stages of land resource management (adapted from Rahmonov et al., 2018). 

Figure 1 presents land resource management as a multi-level management system that connects national 

policy and regulation with local implementation and on-the-ground land use. In this approach, land 

resources are treated as a strategic national asset that requires purposeful and systematic management 

to ensure rational and efficient use, protect soils and landscapes, and prevent degradation. In practice, 

land resource management operates through planning, organization, regulation, and control, supported 

by reliable land information (inventory, evaluation, monitoring) that enables authorities and land users to 

make justified decisions (Rahmonov et al., 2018). 

At the State administration/management level, national (state-wide) management provides the overall 

framework for land governance. This includes setting land policy priorities, defining legal and institutional 

rules, establishing standards for land accounting and assessment, coordinating land-use planning at higher 

levels, and ensuring state supervision and control mechanisms. Within this level, departmental/agency 

management carries sector-specific responsibilities. Depending on the mandate of each institution, 

agencies implement land-related functions in their sectors (for example, agriculture, water management, 

environment, transport/infrastructure), enforce relevant land-use requirements, and contribute to land 

protection measures through sector programmes and monitoring activities (Rahmonov et al., 2018). 

Local management translates national rules and plans into practical decisions at regional, district, and 

community levels. Local authorities play a key role in implementing land-use plans and zoning, organizing 

land allocation and use according to designated purposes, supporting compliance with restrictions 

(including environmentally sensitive areas), and addressing local land-use conflicts. Local management 

also contributes to the feedback loop of land governance by collecting and updating land information and 

reporting changes in land condition and land use to higher levels, thereby supporting timely planning and 

control (Rahmonov et al., 2018). 

Finally, Enterprise/Farm (land user entity) management represents the operational level where land use 

is directly implemented. Land users are responsible for applying land-use plans in practice, organizing 

production activities on allocated land, and following requirements that protect land quality (e.g., 
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maintaining soil fertility, preventing erosion or salinization risks, and respecting land-use restrictions). This 

level is essential because the effectiveness of land governance depends on how land users apply 

management measures on the ground and how consistently they comply with land protection and 

monitoring requirements (Rahmonov et al., 2018). 

Overall, the stages in Figure 1 should be understood as interconnected levels rather than isolated blocks: 

national and sector institutions establish rules and oversight, local authorities ensure implementation and 

coordination in territories, and land users operationalize land management in daily practice—while land 

information and monitoring results continuously inform planning and control at all levels (Rahmonov et 

al., 2018). 

 

7.2. Remote Sensing (RS) and GIS support 

Remote Sensing (RS) enables repeated and objective observation of the Earth’s surface by measuring 

electromagnetic energy reflected or emitted from land features, without direct contact with the objects 

being studied. This makes RS particularly suitable for extensive territories and areas that are difficult to 

access, providing consistent time-series information on land surface conditions. GIS complements RS by 

structuring, integrating, and analyzing spatial datasets (maps, statistics, field measurements, and satellite-

derived layers) to support interpretation, planning, and decision-making. 

In comparison with conventional ground-based survey approaches, RS and GIS offer clear operational 

advantages: they provide synoptic coverage over large areas, enable more frequent updates with 

comparable data, improve spatial consistency of measurements, and reduce the dependence on 

resource-intensive field campaigns for baseline mapping and routine monitoring. As a result, land 

information can be generated and updated more efficiently, supporting timely management responses. 

Together, RS and GIS strengthen land resource management by enabling systematic land cover/land-use 

mapping, regular monitoring of land-use change, and early identification of signals related to land 

degradation (e.g., vegetation decline, increasing bare soil, or surface-condition changes). They also 

support prioritization of intervention areas by comparing spatial indicators across districts and 

landscapes and producing clear cartographic outputs for planning, regulation, and reporting. In this way, 

RS/GIS tools reinforce evidence-based decision-making for sustainable land management (Shokirov et al., 

2015). 
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Figure 2. Remote sensing process (adapted from Shokirov et al., 2015). 

 

This figure shows the typical workflow of Remote Sensing (RS): how information about the Earth’s surface 

is collected without direct contact, transmitted, processed, and finally converted into maps and decision-

support products (often inside a GIS). 

A — Energy source (illumination) 

Most remote sensing of land uses the Sun as the main energy source. Sunlight is a type of electromagnetic 

radiation (energy that travels as waves). Some sensors also work with energy emitted by the Earth 

(thermal) or with their own signal (active sensors), but in this basic process, the Sun provides the 

illumination. 

B — Atmosphere effects (incoming and outgoing path) 

Before energy reaches the ground, it passes through the atmosphere. The atmosphere can scatter and 

absorb part of the radiation (for example due to dust, water vapour, and aerosols). 

After the radiation interacts with the surface, it travels back again through the atmosphere to the sensor. 

That is why “B” appears twice: it represents the two-way path (down to the surface and back up to the 

satellite). These atmospheric effects are one reason why remote sensing images often need correction 

during processing. 

C — Interaction with the Earth’s surface (the target) 
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When radiation reaches the Earth’s surface, it interacts with different land features such as soil, 

vegetation, water, rocks, and built-up areas. Each feature reflects or absorbs energy differently. This 

“spectral behaviour” is the key to RS: 

Healthy vegetation reflects strongly in near-infrared, 

Water absorbs much energy and appears dark in many bands, 

Bare soil and urban areas have their own distinct patterns. 

Because of these differences, we can separate land cover types and monitor changes through time. 

D — Sensor and platform (data collection) 

A satellite carries a sensor that measures the reflected/emitted radiation. The sensor records this 

information as digital numbers in one or many spectral bands (e.g., visible, near-infrared, shortwave 

infrared, thermal). 

Important idea for students: the sensor does not “see objects” like our eyes; it measures energy values. 

Those values later become an image and can be analysed. 

E — Data transmission to a ground station 

The satellite sends the recorded data to Earth using communication links. A ground receiving station 

collects (downloads) the data. This step is essential because satellite data must be transferred safely and 

correctly before we can process it. 

F — Data processing and interpretation (turning raw data into usable information) 

Raw satellite data cannot be used directly for most practical tasks. It is processed to improve accuracy and 

usability, for example: 

Radiometric correction (reducing sensor/atmosphere effects), 

Geometric correction (making sure the image matches real coordinates), 

Image enhancement (improving visual clarity), 

Classification (assigning pixels to land cover classes), 

Index calculation (e.g., vegetation or moisture indicators), 

Change detection (comparing images from different dates). 

At this stage, the goal is to convert raw measurements into meaningful information about land 

conditions. 

G — Information products (maps and GIS outputs for decisions) 

The final outputs are practical products that can be used by planners, researchers, and decision-makers, 

such as: 

Land use / land cover maps, 
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Degradation risk maps (e.g., salinity, erosion-prone areas), 

Monitoring dashboards and statistics, 

GIS layers that can be combined with other data (soil maps, land parcels, irrigation networks, 

administrative boundaries). 

These outputs support evidence-based land management, because decisions are based on spatial data 

and observed trends, not only on assumptions. 

Why this process is useful for land management (simple and clear) 

Remote sensing + GIS helps land managers to: 

cover large areas efficiently, 

monitor changes regularly (seasonal or annual), 

detect problems early (vegetation decline, soil exposure, land-use change), 

compare regions objectively using the same method and data, 

support planning and intervention by identifying priority areas. 

Remote sensing converts sunlight–surface interactions into digital satellite data, which are processed and 

analysed in GIS to produce maps and indicators for monitoring land conditions and supporting sustainable 

land management. 

 

8. LAND RESOURCES AND SUSTAINABLE DEVELOPMENT 

Sustainable development requires that land is used in a way that meets current socio-economic needs 

while safeguarding the resource base for future generations. Because land supports agriculture, 

settlements, and infrastructure, and also sustains ecological processes, its long-term value depends on 

maintaining land quality and preventing irreversible degradation. In this context, sustainable 

development implies not only increasing production and improving living standards, but also ensuring that 

land use remains compatible with the natural capacity of soils and landscapes (Rahmonov et al., 2018). 

This includes maintaining key soil functions (fertility, water retention, structure), protecting ecosystem 

services provided by land and vegetation cover, reducing pollution and negative environmental impacts, 

and managing land in coordination with water availability and climate-related risks. In arid and semi-arid 

regions of Central Asia, this coordination is especially important because land productivity is closely linked 

to irrigation, pasture management, and vulnerability to processes such as salinization and desertification 

(Rahmonov et al., 2018). 

In practice, sustainable land management combines technical measures (e.g., improved cultivation and 

irrigation practices, erosion control, reclamation), economic measures (efficient use of inputs, incentives 

for conservation and restoration), and institutional measures (planning, regulation, land administration, 
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and enforcement). These measures are most effective when supported by reliable land information, 

continuous monitoring, and adaptive planning that allows management actions to be adjusted based on 

observed changes and evaluation results (Rahmonov et al., 2018). 

 

Figure 3. Soil ecosystem services supported by soil functions (FAO, 2015b). 

This figure shows that soil is not only a “growing medium” for crops. Soil performs many functions 

(physical, chemical, and biological processes), and these functions create ecosystem services—benefits 

that people and nature receive from healthy land. In land management, protecting soil functions is 

essential because once soil is degraded, many services decline at the same time. 

How to read the diagram 

Each section of the circle represents one major soil ecosystem service. Together, they explain why soil 

health is central to sustainable land management: soil supports production, regulates water and climate, 

protects biodiversity, and provides a stable foundation for society. 
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8.1. Key soil ecosystem services explained 

1) Provision of food, fibre and fuel 

Healthy soils supply water and nutrients to plants, enabling crop production, pasture growth, and biomass 

for fuel. When soils lose fertility or become saline/eroded, productivity drops. 

2) Nutrient cycling 

Soil organisms (microbes, fungi, insects) break down organic matter and release nutrients (N, P, K). This 

cycling keeps land productive and reduces the need for excessive fertilizer use. 

3) Water purification and reduction of contaminants 

Soils can filter water as it moves through the ground, trapping sediments and breaking down or 

immobilizing some pollutants. Degraded soils often lose this filtering capacity, increasing contamination 

risks in water bodies. 

4) Flood regulation 

Soil structure and organic matter improve infiltration and water storage. Good soils reduce runoff and 

help moderate floods. Compacted or degraded soils increase runoff and erosion during heavy rainfall. 

5) Climate regulation (greenhouse gases) 

Soils store large amounts of carbon in organic matter. Well-managed soils can reduce greenhouse gas 

emissions and support climate mitigation, while mismanagement (erosion, burning residues, loss of 

organic matter) can release carbon back to the atmosphere. 

6) Carbon sequestration 

This is closely related to climate regulation: soils act as a carbon sink when organic matter increases (e.g., 

improved residue management, reduced disturbance, better vegetation cover). Carbon sequestration 

improves soil fertility and helps combat climate change. 

7) Habitat for organisms (biodiversity) 

Soil is a living ecosystem. It provides habitat for a wide range of organisms—from microbes to insects and 

earthworms. This biodiversity supports nutrient cycling, soil structure, and plant health. 

8) Source of pharmaceuticals and genetic resources 

Many useful compounds (e.g., antibiotics) come from soil microorganisms. Soil biodiversity is also a 

genetic resource for future research and innovation. 

9) Foundation for human infrastructure 

Soil provides a stable base for buildings, roads, irrigation canals, and other infrastructure. Weak, eroding, 

or unstable soils increase construction and maintenance problems. 

10) Provision of construction materials 
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Soils and sediments can be sources of materials (e.g., clay, sand). However, uncontrolled extraction can 

damage land and increase degradation risks. 

11) Cultural heritage 

Soils preserve archaeological remains and cultural landscapes. Land-use change, erosion, or construction 

can destroy this heritage if not managed carefully. 

 

8.2. Why this matters for land management (link to SLM) 

The diagram highlights an important message for students: 

If soil functions decline, multiple services decline together—not only crop yields, but also water 

regulation, ecosystem stability, and resilience to climate risks. Therefore, sustainable land management 

focuses on maintaining and improving soil functions through practices such as erosion control, reducing 

salinization risks, improving organic matter, and protecting vegetation cover. 

Healthy soils support production and many regulating services (water, climate, biodiversity); soil 

protection is therefore a core requirement of sustainable land management. 

 

9. SOCIAL IMPORTANCE OF LAND USE 

Land use has strong social importance because it directly influences livelihoods, employment, and well-

being, particularly in rural areas where agriculture and grazing depend on secure access to land resources. 

In Central Asia, land provides the primary basis for household income and food production, while also 

supporting local economies through related services and value chains. Therefore, changes in land use and 

land quality immediately affect social stability: when land is productive and managed rationally, it 

supports employment and improves living standards; when land is degraded or used inefficiently, it can 

reduce yields, weaken incomes, and increase vulnerability of rural communities (Rahmonov et al., 2018). 

Land relations and land governance also have an important equity dimension. Fair land allocation, clear 

land-use rights, and transparent administration help ensure that different land users can plan and invest 

confidently. Conversely, unclear procedures or inconsistent decisions may lead to disputes, unequal 

access to resources, and reduced trust in public institutions. Because land use can generate impacts that 

extend beyond individual users (for example, impacts on water, neighbouring land, or community 

infrastructure), land administration and regulation serve not only economic goals but also social interests 

and public welfare (Rahmonov et al., 2018). 

For these reasons, sustainable land governance requires not only technical measures but also socially 

oriented management approaches. Transparent decision-making, reliable land information, and effective 

control mechanisms can reduce conflicts and improve compliance with land-use rules. Public participation 

and stakeholder engagement are important because they allow local knowledge to be considered, 

increase acceptance of land-use plans and restrictions, and strengthen collective responsibility for land 
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protection. As a result, inclusive land governance supports community trust, reduces social tensions, and 

improves resilience to environmental and economic risks (Rahmonov et al., 2018). 

 

10. REVIEW OF KEY CONCEPTS 

10.1. Key terms introduced in Week 1: 

Land resources and land use 

Land tenure and land governance 

Land inventory, evaluation, and planning 

Land monitoring and land degradation prevention 

Sustainable Land Management (SLM) 

Remote Sensing (RS) and Geographic Information Systems (GIS) 

 

 

10.2. Additional materials 

Reading: Introduction to Land Resource Management 

Activity: Identify key land resources in your region 

Quiz: Week 1 – Basic Concepts 

Discussion: Why is land considered a strategic resource? 
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