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Introduction

This Handbook has been prepared in the context of the implementation of activities under the road
map of the Interregional Group “Central Asia—Russia” (IRG), established at the initiative of the
delegations of the countries of the region in 2019 at the fourteenth session of the Conference of
the Parties to the United Nations Convention to Combat Desertification (UNCCD), held in New
Delhi, India. The IRG comprises the Republic of Kazakhstan, the Kyrgyz Republic, the Republic
of Tajikistan, Turkmenistan, the Republic of Uzbekistan and the Russian Federation — countries
linked not only by a shared historical legacy and geographical proximity, but also by comparable
challenges in the areas of desertification, land degradation and drought (DLDD), land management
and adaptation to climate change.

The document has been prepared in response to a request from the IRG ting countries,
formulated during the meeting of the Group’s Bureau in May 2024 the report of

The document is conceived as a regional reference source al instrument that
synthesises the experience available in the region in t i
application of approaches to land degradation neutraligy. the methodological

approaches set out in the Good Practice Guidance for , nor substitutes the

clarification of the drivers of degradation

are intended to support the verification
i tional and local levels. Taking into

and evidence-informed decision-m
account the scientific and methodolo i ated in the region in the field of land
degradation assessment, the Bu
preparation of a “Handbo

evelopment of a project proposal for the

exchange, technology transfer, the dissemination of practical
[0r innovative approaches to sustainable land management. In this respect,

of land degradation neutrality (LDN). In that decision, Parties are encouraged to
facilitate the dissemination of practical tools and methodological solutions that support sustainable
land management and the implementation of national LDN targets.

The present Handbook has been developed as an applied, end-user-oriented instrument designed
to support countries in further refining methodological approaches to the assessment, monitoring
and achievement of LDN, with due regard to regional specificities. The Handbook does not
introduce a new official methodology for reporting on SDG indicator 15.3.1. Instead, it proposes
regionally adapted approaches to the interpretation, verification and practical use of LDN
assessment results. It proceeds from the premise that global approaches, however universal in
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design, require careful calibration to the specific circumstances of the arid and semi-arid territories
of Central Asia, with their distinctive land-use patterns, irrigated agricultural systems and
extensive pastoral livestock production. The operational orientation and accessibility of the
document are ensured through a structured presentation of the methodology in the form of step-
by-step algorithms, decision-making schemes, matrices for interpreting indicators and checklists
for national experts. The Handbook includes standard calculation approaches, examples of
adapting global datasets to the national level and recommendations on the minimum set of input
data required for a reproducible assessment. This format affords the possibility of using the
Handbook as a working instrument for specialists of relevant national institutions, while
maintaining coherence with the global methodological frameworks of the Corfizention.

Methodological basis and consideration of regional experience

In preparing the Handbook, the authors drew upon the fundamental
the UNCCD, thereby ensuring its consistency with global repeiting
robustness. The key documents that provided the basis f¢
Guidance. SDG Indicator 15.3.1. Proportion of land thaigi
[66]; Addendum to the good practice guidance. SDG i
degraded over total land area. Version 2.0 [70]; The S
Degradation Neutrality (LDN), 2017 [47]; Degr.
Technical Guide, 2016 [64]; Achieving Land
blocks for LDN target setting [65]; Tren
supports us [52]. These documents

trality Target Setting — A
the country level. Building
tool to assess the health of the land that
meghodological framework, while the

contextualising that framewor g itsfegional specificity. The present Handbook
draws a clear distinction b ogical basis for calculating SDG indicator

es proposed for the conditions of Central Asia.

present work was derived from the analysis of the results of recent projects

and initiativeSgmplemented in Central Asia and adjacent territories. These include:

e The results of initiatives on the setting of voluntary LDN targets (LDN TSP 1.0 and LDN
TSP 2.0) in the countries of the region [37—41];

e Projects of the United Nations Development Programme (UNDP), the World Bank, Food and
Agriculture Organization (FAO) and other international partners;

e Experience in applying the LDN methodology within projects related to the assessment of
pasture degradation, salinisation of irrigated lands and productivity trends in agroecosystems,
including materials prepared with the support of government-funded projects in the countries
of the region and other development institutions [14, 15, 16, 28-33, etc.];
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e National reports submitted by the countries of the region to the UNCCD through the PRAIS
portal;

e National and cross-country initiatives, including strategies, programmes and road maps [83,
98, 99, 104-106, 109111, etc.].

Consideration of the results of these projects has enabled not only a description of the proposed

approaches, but also a demonstration of their applicability through real-world examples.

Inclusive development process and authorship

It is important to emphasise that the Handbook was developed in close dialogue with all relevant
stakeholders. Throughout the preparation period, interim findings of the s
discussed with national experts and representatives of the IRG partici

y were regularly
countries. Key

expert comments during events held on the margins of the twenty-t
for the Review of the Implementation of the Convention (CR
(December 2025), as well as discussions at meetings of the
“Central Asia—Russia”, including in-person meetings held
(April 2026).

In addition to official meetings, and with the support *cretariat, a series of
and representatives of the
scientific community, line ministries an
Asian region. The comments received w ed and taken into account in the revision of
the text, thereby strengthening the i of the document and its alignment

with the priorities and practical ed. The author team of the Handbook

was established on a broad an Experts from all six IRG participating
countries contributed to t ocument, including members of the IRG Bureau,
national focal points i and resources assessment, remote sensing and

sustainable land use. T 3 (ive lity ensured the integration and synthesis of national

experience, ther: > validity, balance and practical relevance of the proposed

methodologi ion of the work, as well as scientific and methodological
guidance, he UNCCD secretariat. Project management, including the
organd Itation process and scientific editing, was ensured by the Programme
Officeryfo irs of the Science, Technology and Innovation (STI) Unit, under the

by an intoh technical consultant and a dedicated expert group composed of IRG
representative8, This cooperation structure ensured the collective character of the development
process, the alighment of the Handbook with UNCCD methodological standards and its integration

into the global science-policy context on land degradation neutrality.

Objectives and structure of the Handbook

The objective of the present Handbook is to demonstrate how the global methodology for
calculating SDG indicator 15.3.1 may be applied and interpreted with due regard to the natural,
socio-economic and institutional conditions of the countries of Central Asia. Particular attention is
devoted to data verification, the clarification of the drivers of degradation and support for decision-
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making, while maintaining coherence with the UNCCD methodological framework. To this end,
the document includes:

1. An analysis of the results of setting and updating voluntary LDN targets in the countries of
Central Asia, together with a synthesis of good practices and lessons learned.

2. The development of core principles for the selection and calculation of alternative and
supplementary national indicators.

3. An assessment of the prospects for the practical application of the LDN concept to identify
good practices in sustainable land use with a view to advancing land restoration projects.

4. An analysis of approaches to establishing LDN targets at the national, subnational and local
levels.

The first part presents the overall scheme for LDN assessme
UNCCD recommendations and the Trends.Earth toolkit
defining the three principal indicators that constitute the
— land cover change, land productivity and soil organic
i the methodology, enabling
nsive understanding of the

for establishing the baseline. This section se
specialists who are not familiar with it in
subject matter.

The second part is devoted to the
issues that arise when global a i ctly in the context of Central Asia. These
ely reflecting the dynamics of pasture

igated soils, selecting representative time periods

lar method; it also demonstrates its applicability using real data
stan, Tajikistan, Turkmenistan, Uzbekistan and the Russian Federation.
is transformed from a simple compendium of recommendations into a

designed to s@pport management decision-making.

The concluding part presents a synthesis of global methodological approaches and regional
experience, which may serve as a basis for the additional interpretation of LDN assessment results
and for supporting decision-making in the context of Central Asia. It also formulates
recommendations on areas requiring further development, refinement and testing. In this respect,
the concluding part offers a practical road map for subsequent work, including the development of
regionally adapted approaches to interpreting LDN assessment results and the introduction of
sustainable land management practices in Central Asia.
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Development and openness to cooperation

The Handbook presented here is regarded as a document to be improved progressively as the LDN
methodology evolves, new scientific evidence becomes available and global datasets and
monitoring instruments are updated. Given the dynamic nature of the UNCCD scientific and
methodological knowledge base, the provisions of the present Handbook may be refined and
supplemented in subsequent editions.

Document version: v1.0

Publication date: August 2026

Updated editions and accompanying materials will be made available thf@ugh the official
resources of the UNCCD and the Interregional Group “Central Asi Mnformation on
amendments introduced will be reflected in subsequent versions of dicating the
date of the update and providing a brief description of the revisions.

the methodological recommendations, as well as to sup,
and expert community of the countries of the region.

Acknowledgements

the re atives of the IRG Bureau,
stan, Kyrgyzstan, the Russian Federation,

The author team expresses its sincere a
UNCCD national focal points and expe
vided, constructive discussions and
ff of the UNCCD secretariat and the
assistance in organising consultations.

Tajikistan, Turkmenistan and Uzbekg

. UNDP/GEF project “Conservation and Sustainable
] High Nature Value Ecosystems in the Aral Sea Basin for

Wetlands
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Sciences “Sciéntific and Methodological Support for the Implementation of the Land
Degradation Neutral Balance Concept for Land Assessment at the Subnational Level”;

. Sber, 2025. Sber Bank project “Application of Artificial Intelligence Models for
Monitoring and Assessing Soil Degradation and Desertification Processes, including on the

Basis of Earth Remote Sensing Data”.

gement of Wakes, Wetlands, and Riparian Corridors as Pillars of a Resilient and Land
QII cutra al B

We hope that this Handbook will provide a sound basis for the further deepening of scientific and
technical cooperation in the region and will contribute to the development and implementation of
effective projects to combat land degradation and achieve land degradation neutrality in Central
Asia and neighbouring countries.
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FOREWORD Johns Muleso Kharika

Foreword

Land degradation neutrality provides Parties with a common framework for safeguarding the land
resources that underpin food security, livelihoods, ecosystem functions and resilience to drought and
climate change. Translating this global ambition into effective action, however, requires more than a
uniform set of indicators. It requires sound science, reliable national data and a clear understanding of
how land systems function under specific environmental, social and economic conditions.

Central Asia offers a particularly important context for advancing this work. The regiofs arid and semi-

arid ecosystems, high climatic variability, extensive rangelands, irrigated agricu ms and shared

drivers, trajectories and consequences of land degradation.

The Handbook on Land Degradation Neutrality Assessment
Practical Approaches makes a timely contribution to this obj
framework for land degradation neutrality and the a

for official reporting. Rather, it demonstrate
and supplementary analytical methods
of LDN assessments.

Tajikistan, Turkmenistans UzbekiStan Federation illustrate the value of regional research
in addressing issues that d by global datasets alone. These include the salinization
of irrigated land, omposition of rangeland vegetation, the influence of high

interannual cliga | land-use legacies and the identification of persistent degradation

on of degraded areas towards a more detailed understanding of why
rapidly it is progressing and which responses are most appropriate. By

experience, theyHandbook provides a practical basis for more targeted planning, investment and

sustainable land@nanagement.

The publication also demonstrates the importance of regional cooperation. Land degradation, drought,
sand and dust storms, water flows and rangeland systems frequently extend across national boundaries.
Shared methodological development, comparable assessments, coordinated capacity-building and the
exchange of scientific expertise can therefore generate benefits well beyond individual projects or
countries. The UNCCD Interregional Group “Central Asia—Russia” provides an important platform for
sustaining this cooperation and for ensuring that regional knowledge contributes to the wider
implementation of the Convention.
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Developed through a broad, inclusive and participatory process, the Handbook brings together the
knowledge and experience of national experts, scientific institutions, government representatives,
UNCCD national focal points and regional and international partners. This extensive engagement has
strengthened its scientific credibility, regional relevance and practical applicability. Its value will
ultimately be determined by its effective use in strengthening national monitoring systems, informing
land-use planning, supporting the implementation of voluntary LDN targets and guiding investments in
avoiding, reducing and reversing land degradation.

Continued investment in regional research, scientific cooperation and national expertise will remain
indispensable for ensuring that globally agreed commitments are translated into effective, locally
grounded and lasting action for land and people.

Johns Muleso Kharika

Chief

Science, Technology and Innovation Unit
United Nations Convention to Combat Desertification Q
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Part [. FUNDAMENTAL PRINCIPLES FOR ASSESSING LAND DEGRADATION
NEUTRALITY (LDN)

Introduction

This Part sets out the initial methodological basis for the complex yet critically important issue of
the quantitative assessment of land degradation. Over the past decade, under the auspices of the
UNCCD, the international community has undertaken extensive work to establish a coherent,
scientifically robust and practice-oriented system. It is this system that provides the means to
translate the concept of Land Degradation Neutrality from the realm of theory into concrete
measurement and decision-making.

At the core of this Part lies the analysis and synthesis of several key docdmentsithat have shaped
the contemporary approach to the assessment of LDN:

1. The Scientific Conceptual Framework for Land Degradation
the foundational scientific basis defining the princi

ity (L [47] —

s and conceptual
apparatus of LDN.

2. Land Degradation Neutrality Target Setting ] — a practical

Building blocks for LDN

ding blocks of the process:

stakeholder engagement, assessme, g and the achievement of LDN.

4. Good Practice Guidance. S the principal technical document
containing detailed instruction: i indicator 15.3.1 and its three sub-

5. Addendum to the gdod . SDG indicator 15.3.1 Proportion of land that
total Mg 2.0 [70].

red. It does not merely enumerate the principal indicators; rather, it traces
ion, examines the principles for establishing the baseline, considers the

publications. SBhis constitutes the indispensable foundation for understanding the regional

specificity and the challenges that will be examined in detail in Part II of the Handbook.
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LDN GOAL

Land Degradation Neutrality

Maintaining and restoring
land resources

General approaches and measures
E.g. reforestation,

——
.'ﬁ.

TARGETS AND INDICATORS
Specific targets and parameters
E.g. increasing soil fertility,
restoring vegetation

ACTIONS
Local projects and solutions
E.g. terracing, drip irrigation,
combating desertification

"a—n-- —
m.-_-A e et

Flgure 1. Conceptual scheme of the L

Chapter 1. Conceptual framework:

1.1. What is Land Degradation

as “a state whereby the amount and quality
functions and services to enhance food security

e Parties to the UNCCD, establishes a strategic reference point
land resources. A central element of this concept is the principle

balance implies that any new losses of healthy and ecologically functional
ion) are offset by equivalent measures for restoration or improvement (gains), within
comparable land types and comparable time frames.
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AVOID

REDUCE
RESTORE

—— Gains
" Land restoration
-

* Land degradation ; ® Greening
e

* Erosion * Soil restoration

* Loss of soil functions and other ® Systainable land use

soil quality processes
® Loss of biodiversity

The Scientific Conceptual Framework for L
Frame of Reference, Mechanism for

action and monitoring.

1.2. Response hierarchy: avoid,

was described in detail in [2]. The key principle
ponse Hierarchy. It establishes the priority order

is the most effective and economically efficient pathway. It
and productive land through sustainable management (for
and protective afforestation).

radation is already occurring or is unavoidable, efforts should be made
d extent (for example, by introducing water-saving technologies on

long-term pathway and is applied where the avoidance and reduction of degradation are no
longer sufficient.
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Land Degradation Neutrality .
s inCentral Asia %

Chapter 2. Measurement systemny. i 3. its components

For monitoring progress towar 1 United Nations Statistical Commission
approved SDG indicator : land that is degraded over total land area”
is indicator is integrated and is calculated on the

indicators, including salinity indices, erosion models,
ing-pressure indicators and other national datasets, may be

d unit in the context of official reporting, methodological transparency,
oaches applied and consistency with national assessment procedures

1. Land-cover dynamics

This sub-indicator addresses the question: “Has the type of land cover changed?” The assessment
is undertaken by comparing two or more maps for different years.

* Methodology. For the purposes of the UNCCD global assessment, global classifications (for
example, ESA CCI [11]) are aggregated into seven basic classes: tree-covered areas,
grasslands, croplands, wetlands, artificial surfaces, bare land and water bodies.

* Transition matrix. Not every change in class constitutes degradation. A specific matrix is
used for interpretation, in which each possible transition (for example, from “forest” to
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“cropland”) is assessed as “degradation”, “improvement” or “stability”. The matrix may be

global or nationally adapted, provided that the methodological decisions are documented.

Land cover maps
.

4 Land status map 5 Summary
statistics
¢ Degraded

7 UNCCD default Interpretation b
YearT1 classes T1-T12 matrix lT\provod % degraded
¥ =aue™ o WP
- - Forest  Gravilind  Coopland =k - Crep = Forest EETo o

Water — Sare and ;
& B
Wellrds Ubm

SDG153.1 | LDN

Maps == Selecting Land Classes ==p Transition matrix ===p |nterpretation ===p Statusmap =--p Statistics

Figure 4. Algorithm for asses land-cover change

s to another at the national level, it is necessary

isely where they occur.

ocessing provides information on reciprocal changes among land
f transition, directions of change, their spatial distribution, as well as
of degradation and improvement.

b)
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Figure 6. Cha 1 cover types in Kazakhstan over the period 2001-
2020

of vegetation #dices (NDVI, derived from MODIS/AVHRR satellites) and comprises three

mandatory metrics:

* Trajectory (Trend): A statistically significant productivity trend over the entire observation
period. It is calculated using the non-parametric Mann—Kendall test. A sustained decline in
NDVlI s interpreted as degradation.

» State: A comparison of the average productivity of recent years (usually three years) with
the historical average for the baseline period. A significant decline indicates recent
degradation.
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* Performance: A comparison of the productivity of a specific land unit with that of other
land units having similar soil-vegetation potential. If the productivity of the land unit is less
than 50% of the maximum for that land type, it is considered degraded.

Case 2. Land productivity dynamics in Bukhara Region of Uzbekistan (based on materials
from the UNDP-Uzbekistan project, 2025 [121]).

Methodology: Multi-year time series of vegetation indices, primarily NDVI calculated from
remote-sensing data, are used to assess land productivity dynamics. The analysis includes the
assessment of long-term productivity trends, comparison of the current state with the historical
level, and comparison of the productivity of a land unit with areas having similar biophysical
potential. This approach enables the identification of zones of sustained dgcline, stability or
improvement in land productivity.
Context: In order to formulate investment tasks for different land types a ational level,
it was necessary to determine whether land productivity was incre ing over the
long term, and precisely where.
Application of the method: Based on data generated autoy .Earth

module, cartographic analysis is carried out and extensi ‘ are produced for
subsequent calculations.

Result: Processing of the primary results may provid [ ch information as:
overall data on productivity status; aggregation of in ement, degradation
and stable productivity conditions; distributigh, of the land category; and
overall conclusions. [

Distribution of land Improvement or deterioration of condition
productivity status depending on the final land use type
4000 1 mem Improvement
3500 4 Deterioration
E 300
-
g 2500
g 2000
=
-
* 1500 1
1000 1
== Improvement — 10.4% 500 4 I
> 79 79/
Stable — 72.7% i B = |
Stressed — 4.3% 1 2 3 4 5 6 7

arate decline — & 00/
MOdf’”“’ d:d:u 6.0% | - Forest-covered areas; 2 - Grasslands; 3 - Croplands
Decline — 5.0% 4 - Wetlands; S - Built-up land;
= ) 0/ 5
No data — 1.6% 6 - Other lands; 7 - Water bodies

Figure 7.¥nd productivity dynamics in Bukhara Region over the period 2001-2020

3. Dynamics of soil organic carbon stocks

Soil organic carbon stocks constitute an important integrated indicator of soil condition, health and
fertility. Given the complexity of their direct assessment at the global level, the assessment of soil
organic carbon-stock dynamics uses data on changes in land use, reference carbon-stock values
and carbon stock-change factors aligned with IPCC approaches [22]. This approach makes it
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possible to assess not direct emissions and removals as such, but changes in soil organic carbon
stocks associated with changes in land cover, land use and land management.

Case 3. Dynamics of soil organic carbon stocks in the Aral Sea region (based on materials
from the UNDP-Uzbekistan project, 2025 [121]).

Context: The calculation of changes in soil organic carbon stocks is an important component of
reporting, integrated into the Trends.Earth analytical system.

Application of the method: Based on data generated automatically by Trends.Earth, a map is
prepared and cartographic analysis is carried out.

Result: The data, determined to a considerable extent by the available gloWal information on
average soil carbon content in specific ecosystems, are not always co,

based measurements.

)
\
e

Sub-indicator ‘n):]:laastug(e); sit Key metrics (S(f;.;lf:: tr)'esolutlon

Land-cow‘ ~ | Change in land- Transition matrix 300 m (ESA CCI)

dynamics cover class between seven classes

Land productivity | Change in Trajectory, State, 250 m—1 km

dynamics biological Performance (based on | (MODIS, AVHRR)
productivity NDVI)

Soil organic Change in soil Calculation based on 250 m (global soil

carbon dynamics carbon stocks (0-30 | IPCC coefficients and maps, depending on
cm) land-use data the dataset used)
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2.2. Integration: the “One Out, All Out” principle

The three sub-indicators are integrated into a single SDG indicator 15.3.1 using the conservative
“One Out, All Out” (10AO) principle (the “one negative result is sufficient” rule, or the full-
coverage rule), as detailed in the Good Practice Guidance:

* Degradation: A land unit is considered degraded if at least one of the three sub-indicators
shows a significant negative change (degradation).

* Improvement: A land unit is considered improved if at least one indicator shows
improvement and none indicates degradation.

 Stability: If none of the indicators shows significant changes. \
&

The 10AOQ principle forms the basis of official reporting, while additional indicators may be used
by countries to interpret, verify and refine results, provided that the methodology and data sources
are described transparently. This approach ensures the high sensitivity of the method, reducing the
risk of overlooking a problem even when it manifests itself in only one aspect.

‘?.“

Land Cover Productivity Soil Carbon
Dynamics Dynamics Dynamics

o

"One Out - All Out" Princible

If at least one of the three If at least one indicator

If none of the indicators

sub-indicators shows a shows significant shows improvement,
significant negative change changes and none shows
(degradation) degradation

~ SDG Indicator 15.3.1

gure 9. The “One Out, All Out” principle, 10AO

Chapter 3. The target-setting process: four “building blocks”

The document “Transforming our world: the 2030 Agenda for Sustainable Development” [53]
established the global goals that frame the international sustainable development agenda. The
incorporation of LDN principles into national plans and instruments may be considered as a
process comprising four sequential stages, or “building blocks” [65].

Block 1: Leveraging LDN. This stage initiates the process: the establishment of national
coordination mechanisms, the engagement of all stakeholders (inter-institutional coordination),
and the review of existing policies and strategies with a view to integrating LDN targets.
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Block 2: Assessing LDN. This constitutes the technical core of the process. It includes the
establishment of the baseline (see Chapter 4), the calculation of the three subindicators, and the
identification of degradation “hotspots” and “bright spots”.

Block 3: Setting LDN targets and associated measures. On the basis of assessment results,
specific, measurable, achievable, relevant and time-bound (SMART) targets are formulated. These
may be national or subnational and should be accompanied by a package of policy measures and
practical actions on the ground.

Block 4: Achieving LDN. This is the stage of implementation, monitoring and adaptive
management. It includes the delivery of planned measures, the tracking of progress through
repeated assessment cycles, and the adjustment of strategies, where necessary.

Chapter 4. The baseline and implementation tools: the point of refere ans of
measurement
4.1. The baseline: selecting the period for comparison A

In order to address neutrality, a point of reference is required. At the global level, the UNCCD has
defined indicative time frames for reporting, as set out in the guidance on target setting and
reporting [47, 64, 66].

Baseline period: 2000-2015. The baseline is established on the basis of data analysis over the
agreed baseline period and reflects the initial condition of land against which subsequent changes
associated with degradation, stability or improvement are assessed.

Reporting periods: Subsequent intervals against which the baseline is compared; for example,
20162019 (for the 2022 voluntary reporting round) or 2016-2023 (for the 2026 voluntary
reporting round).

The PRAIS 4 reporting manual [72] defines the procedure and requirements for the preparation of
voluntary national reports. The 15-year baseline period was proposed for global-level assessment
on the grounds that, for many dynamic natural processes, it provides the possibility to smooth the
influence of short-term climatic fluctuations (droughts or wet years) and to identify persistent
anthropogenic trends [47]. Methodological approaches to establishing a baseline for the
monitoring of LDN indicators in the Russian Federation are presented in [90].

P - -
% of Degraded Land
A
End of the
baseline period
40%
|
J
35% -
I
!
20% :
BASELINE PERIOD . "-‘::’;;_,:_ : deterioration
‘e 2000—2015 ’ 2016 — 2020 s ‘s 2027 — 2025 =

Figure 10. Principle of comparison with the baseline period.
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For the purposes of official reporting, the 2000—2015 baseline period retains its role as the initial
point of reference. At the same time, in the conditions of Central Asia, where interannual climatic
variability is high, the analysis of longer time series may serve as an additional diagnostic tool.
Such analysis does not replace the fixed baseline; rather, it supports the interpretation of deviations
from it, helps to distinguish persistent degradation trends from temporary climatic fluctuations,
and provides a basis for clarifying the drivers of the observed changes.

4.2. Implementation tool: Trends.Earth

In order to enable each country to undertake such an assessment independently, a dedicated tool—
Trends.Earth—was developed. It is a free, open-source plugin for the QGIS geographic
information system, developed by Conservation International with support from the GEF, widely
used in country support processes and compatible with UNCCD approaches.

Trends.Earth automates the calculation of all SSI0g =

three subindicators, their integration under the T R E N D S . E A R T H

10AO rule, and the generation of final maps and tracking land change
statistical tables. Its principal advantages are as from Consorvation infermational

follows: ‘ ”\f ‘ -

e Accessibility: it does not require costly software.

e Data integration: it includes built-in global datasets (MODIS, ESA CCI and SoilGrids),
which provide the possibility to conduct assessments on a consistent data basis even where
national monitoring systems are absent — “using the built-in default datasets”.

e Reproducibility and transparency: the algorithms are open, ensuring comparability of
results across countries.

¢ Flexibility: countries may upload their own, more precise national data for the purposes of

verification or substitution of global datasets.
A U VU N

1 S :
250 500 750 km
PR . ™ = A ——
e | Legend
Base map SDG Indicator 15.3.1, 2001-2018
wesl TN Water bodies I No data
Rivers I Degraded
| State borders No change
B Improved
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Figure 11. Example of a cartographic representation of SDG indicator 15.3.1 calculations
for the Central Asian countries using Trends.Earth [34].

Chapter 5. Working scheme of the LDN assessment methodology: synthesis of the guidance
documents

On the basis of the foregoing, the complete LDN assessment methodology may be presented as a
multi-stage algorithm that integrates the provisions of all key UNCCD documents.
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Conclusion to Part I

Thus, a coherent system for global land monitoring has been presented. Its foundation is the
scientific conceptual basis—the LDN concept proposed by the UNCCD (LDN Scientific
Conceptual Framework) [47]. Its framework is the four-building-block process, comprising
engagement, assessment, target setting and action. Its precise measurement instrument consists of
the three sub indicators integrated under the One Out, All Out rule, accompanied by detailed
calculation guidance (Good Practice Guidance). Finally, its operational tool, accessible to every
specialist, is the Trends.Earth module.

However, as demonstrated by the practice of implementing this methodology in the countries of
Central Asia, global approaches require substantial regional adaptation in the interpretation of
results. High interannual climatic variability, the specific nature of irrigated agriculture in the arid
zone, the historical “background” of the Soviet period in the character and structure of land use,
and the challenge of selecting a representative baseline period all give rise to distinctive
methodological challenges that the global model does not always adequately capture. These
challenges—or, as the authors refer to them, methodological knowledge gaps—and the ways in
which they may be addressed on the basis of accumulated regional experience are examined in
Part II of this Handbook.

. 4
PART II. ADAPTING THE GLOBAL LDN ODOLS&Y TO BHE CONDITIONS OF
CENTRAL ASIA: KEY CHALLENGES ANDR/NCERTAIN

Introduction
- a

As demonstrated in the previous part, the development and implementation of the LDN concept
has become an important milestone in international efforts to combat desertification. The global
methodology proposed by the UNCCD provides a unified approach to assessing land condition on
the basis of SDG indicator 15.3.1 [61]. However, any universal model, however robust, encounters
challenges when applied in regions with pronounced specificities. Central Asia constitutes
precisely such a case.

The direct application of global algorithms without adaptation to Central Asian conditions may
lead to a number of systemic inconsistencies and interpretative ambiguities. The region’s natural
and climatic characteristics—deep-rooted aridity and increasing aridization, high continentality of
climate and substantial interannual variability—are combined with a specific historical context of
land use and current institutional features of land-resource governance. Taken together, these
factors influence the validity of the interpretation of results obtained from global datasets and
standard processing algorithms developed on the basis of averaged global parameters.

The purpose of this part of the Handbook is to provide a systematic analysis of the key
methodological uncertainties and limitations that arise when the global LDN methodology is
applied in Central Asia. It first considers the specificity of the region as an integrated macro-region,
since due consideration of natural, socio-economic and institutional factors is a prerequisite for a
robust assessment. The subsequent chapters then examine, in sequence, the problematic aspects of
the methodology—from the interpretation of land cover dynamics to the selection of a
representative baseline—while formulating practical recommendations for their adaptation on the
basis of regional scientific and applied experience.
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Chapter 6. Central Asia as an integrated macro-region: geographical specificity and socio-
economic profile

Before discussing methodological adaptation, it is necessary to address the question of what
makes Central Asia a distinctive object for the application of the LDN concept. The answer lies
in the complex interaction of natural, socio-economic and historical factors that shape a
particular “landscape” of land-use structures and degradation processes.

6.1. Expanding geographical boundaries: a region without artificial divides

When considering Central Asia in the context of sustainable development and land degradation
processes, it is appropriate to take into account not only administrative boundaries but also the
ecological connectedness of the territory. Within official UNCCD reporting, analysis is undertaken
at the national level—within the boundaries of Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan
and Uzbekistan. At the same time, for a sound diagnosis of regional drivers of land degradation
and the assessment of transboundary impacts, a broader physical-geographical context should be
considered. Issues related to monitoring land degradation and analysing its drivers in the context
of achieving SDG 15.3 in the countries of Central Asia are addressed in [23].

Ecosystem processes—including the formation of river runoff, the migration of dust and salt
aerosols, the dynamics of pasture ecosystems and climatic gradients—develop irrespective of State
borders. In particular, the Amu Darya and Syr Darya basins encompass not only the territories of
the five Central Asian countries, but also adjacent areas of Afghanistan and Iran. The mountain
systems of the Tien Shan and Pamir, the arid plains of Kazakhstan, Uzbekistan and Turkmenistan,
and transboundary water-land complexes together constitute an interconnected natural system.
Taking this ecological connectedness into account is essential for analysing causal mechanisms of
land degradation, while maintaining the national level of assessment and official reporting on the
LDN indicator.

It is precisely such an expanded, ecosystem-based approach that provides the possibility to
consider land degradation processes not as a collection of isolated national problems, but as an
interconnected regional system of land-use change. In this context, land degradation in Central
Asia has a pronounced transboundary dimension and requires harmonised and comparable
approaches to its assessment. This includes, inter alia, the harmonisation of zonal threshold values
for productivity indicators, the use of compatible metadata and land cover classifications, the
development of agreed transition matrices for land cover classes, and the comparability of
baselines and data sources. Such coordination of methodological parameters enhances the
comparability of LDN assessment results and supports a more comprehensive understanding of
regional processes.
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6.2. Natural and climatic specificity§ghe ility of ar
A

The natural systems of Central Asia are characterised by a high degree of inherent vulnerability,
determined by their geographical location. Situated in the heart of Eurasia and separated by high
mountain ranges from the air masses of the Atlantic and Pacific Oceans, the territory is subject to
a severe continental and arid climate. The direct consequence of this enclosure is an acute moisture
deficit, which determines the region’s overall specificity.

Annual precipitation decreases progressively towards southern latitudes: while the northern
steppes of Kazakhstan receive approximately 300-400 mm, this figure falls below 100 mm in the
Kyzylkum and Karakum deserts. Yet the decisive factor is not precipitation in absolute terms, but
its ratio to evaporation. Under Central Asian conditions, potential evaporation is so high that it far
exceeds precipitation. As a result, soil moisture becomes the “hidden resource” on which both
natural ecosystems and agricultural crops depend.

The situation is further complicated by long-term climate-change trends. Since the 1960s,
meteorologists have recorded a sustained increase in average temperature. This phenomenon,
referred to as aridization, places additional pressure on already depleted water reserves [69].
However, the difficulties of land use in the region are not determined by natural factors alone. In
recent years, it has become increasingly evident that the region faces a crisis generated by the
simultaneous interaction of human and natural drivers, where shortcomings in land and water
management—inefficient irrigation schemes, excessive livestock grazing and the neglect of crop
rotation—are no less significant than global climate change [50].
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National estimates of the proportion of degraded land
(based on PRAIS 4 reports, 2016-2019)
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6.3. Socio-economic features '
- A

The socio-economic landscape of the region is as specific as its natural environment and is linked
to the condition of land resources through both direct and feedback relationships.

Demographic pressure. The socio-economic development of the region is closely intertwined
with its natural conditions, and this relationship with land condition is reciprocal. As of 2024, the
population of the five republics had exceeded 80 million people. This represents a major human
resource and a powerful driver of future growth. Yet, in a context of depletion of natural assets,
the same situation generates serious social risks. The absence of opportunities for self-realisation
among younger generations in the agricultural sector creates a strong migratory outflow: land
degradation entails declining incomes and a lack of prospects, pushing people first towards major
cities and subsequently abroad. In areas of ecological crisis, such as the Aral Sea region, this
process has already been described as “social desertification”.

The cost of land degradation. The problem of identifying land degradation “hotspots”, as well
as the costs and benefits of restoring degraded land in Central Asia, is considered in [45, 46]. For
millions of households, agriculture remains the principal source of income and the basis of
livelihoods. However, according to estimates by experts of the Economics of Land Degradation
Initiative [10], the damage caused by soil deterioration in Central Asia amounts to USD 5.85-6
billion annually. This substantial figure is composed of lost crop yields, declining returns from
pastures and the forced reassessment of land-use practices.

Table 2. Key socio-economic indicators of the Central Asian countries (indicative data for
2024-2025, compiled by the authors on the basis of World Bank and ADB estimates and
data from national statistical committees)
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Indicator Kazakhstan | Kyrgyzstan | Tajikistan Turkmenistan | Uzbekistan
Population,
million ~20.0 ~7.0 ~10.5 ~6.5 ~36.0
people
Share of
rural
population,
%

Share of
agriculture ~4-5 ~10-12 ~20-22 ~10-12 ~25-27
in GDP, %

~42 ~63 ~T73 ~48 ~50

Chapter 7. Specificity of the Central Asian region as an object for applyingathe WDN

methodology A

Taking into account the specificity of Central Asia, as considered in Chapter 6, is a prerequisite
for the sound calibration of LDN tools, the interpretation of results and the development of realistic
strategies for achieving neutrality. Ignoring these features in the direct application of global
methodologies inevitably gives rise to uncertainties, which are analysed in detail below. This
chapter systematically describes the key characteristics of the region that are directly relevant to
land degradation assessment. For each characteristic, its relevance to the LDN methodology is

indicated.

7.1. Natural and climatic features: the “n R 0 Versusgm templates

7.1.1. Aridity as the defining characgrisr P S

The principal feature of the region is its aridity. A large part of the territory (the Kyzylkum and
Karakum deserts, the Ustyurt Plateau and the steppe zones of Kazakhstan) is characterised by low

and highly unstable moisture availability. The moisture coefficient (the ratio of precipitation to
potential evaporation) is below 0.33 across much of the region, corresponding to the category of
arid and semi-arid lands.

Relevance for LDN: Low productivity of green biomass in deserts is not a sign of degradation,
but an ecological norm. Global algorithms oriented towards vegetation indices in temperate zones
often interpret this “norm” as a state of stress or an early stage of degradation. This necessitates
the careful calibration of NDVI thresholds and other vegetation indices for different natural zones.

Methodological implication: When establishing the baseline and interpreting the “land
productivity” sub indicator, zonal reference values should be used. What constitutes “degradation”
in a semi-desert (for instance, a 20% reduction in productivity) may correspond to “stability” in a
desert, where natural productivity fluctuations may reach 50% or more.
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open-source Koppen climate explorer

tpSé/koppen.e
_— k

BN Arid, desert, hot (BWh) B Cold, dry summer, cold summer (Dsc)
W Arid, desert, cold (BWk) I Cold, dry winter, warm summer (Dwb)
BN Arid, steppe, hot (BSh) MR Cold, dry winter, cold summer (Dwc)

Arid, steppe, cold (BSk) W8 Cold, no dry season, hot summer (Dfa)

Temperate, dry summer, hot summer (Csa) B8 Cold, no dry season, warm summer (Dfb)
W Temperate, dry summer, warm summer (Csb) WM Cold, no dry season, cold summer (Dfc)
BN Cold, dry summer, hot summer (Dsa) WS Polar, tundra (ET)
N Cold, dry summer, warm summer (Dsb) BN Polar, frost (EF)

cﬁm’arameters of natural zones in Central Asia (compiled by the
ical NDVI ranges published in scientific literature on arid regions of
IS MOD13 (2000-2020) (https://modis.gsfc.nasa.gov))

Natural Principal Mean NDVT at Productivity Vegetation
No. . annual | peak . e
zone countries/areas . class characteristics
NDVI | vegetation
Sandy .
Turkmenistan,
j | doserts Uzbekistan, 0.05=" 16 10-0.18 Very low Sparse shrubs,
(Karakum, 0.12 ephemerals
Kazakhstan
Kyzylkum)
Stony and Kazakhstan, 0.07— Wormwood,
2 clay deserts | Uzbekistan 0.15 0.12-0.22 | Very low saltworts
3 Semi- Kazakhstan, 0.12— 020-032 | L V&r/ormwood—
deserts Uzbekistan 0.22 ’ ) ow grass
communities
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Northern 0.22— . Fescue, feather
4 Dry steppes K azakhstan 035 0.35-0.50 | Medium orass
Typical Northern 0.30— Medium—
> steppes Kazakhstan 0.45 0.45-0.60 high Grass steppes
Forest- Northern 0.40- . Birch groves,
6 steppe Kazakhstan 0.55 0.55-0.70 | High meadows
};)liiztis in Amu Darya 0.35- zil;;ifga),
7 |5 u barya, ' 0.55-0.75 | High willow, reed,
river Syr Darya 0.60 . .
. Russian olive,
floodplains )
tamarisk
Irrigated
land Fergana Valley, 0.45—- tton, wheat,
8 . southern 0.65-0.85
(agricultural 0.65
Kazakhstan
landscapes)
Foothills Tien Shan, 0.35- Grass—{orb
9 (meadow- . 0.50-0.70
Pamir-Alay 0.50 meadows
steppe)
Mogntaln Tien Shan, 0.45—- Spruce, fir,
10 | coniferous . .
Altai juniper, archa
forests
Subalpine . ) )
11 meadows High mountains Alpine grasses
Alpine .
12 | barrens and | >3,500 m LOW._ Short growing
medium season
tundra

7.1.2. High interannual and intw
Precipitation and, consequently, the dynamics of pasture productivity may fluctuate several-fold

from year to year. In the interpretation of satellite data, a dry year may be mistakenly classified as
degradation, while a wet year may be interpreted as recovery, even where no persistent trend exists.
The difference between wet and very dry years may amount to a twofold increase or decrease in
NDVI. These natural climatic fluctuations may “mask” weak signals of pasture degradation or
recovery.

Relevance for LDN: Conventional analysis comparing land condition across two periods (for
example, the “baseline” period of 2001-2015 and the comparison period of 2016—2020) does not
provide sufficient capacity to separate long-term, persistent degradation processes from temporary
fluctuations caused by climatic anomalies (droughts) or episodic anthropogenic impacts.

Methodological implication: For arid regions, the use of methods that smooth climatic noise is
essential. Only in this way is it possible to distinguish long-term anthropogenic degradation from
natural climatic fluctuations.
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7.1.3. Glaciers as a strategic reserve and an indicator ofﬂdte ange
The glaciers of the Pamir and Tien Shan are the region’s “water towers”. Their melting directly

affects water availability and, consequently, the condition of irrigated lands downstream.

Relevance for LDN: Land degradation in downstream areas (changes in runoff regime,
salinisation and declining land productivity) may be a direct consequence of changes in the
hydrological regime caused by glacier melt in upstream areas. This is an example of a
transboundary impact that global LDN indicators, which consider each pixel in isolation, do not
capture.

Methodological implication: LDN assessment at the national level should be complemented by
analysis of glacier and water-resource conditions. In this regard, regional cooperation should be
further developed in order to account for transboundary effects.

7.2. Dominant laN”ty\m‘%irmnerability to degradation processes
A

Three key land-use types may be identified in the region, each characterised by specific
mechanisms and manifestations of degradation that are not always fully reflected by standard
global indicators.

7.2.1. IWM: the paradox of “green” degradation

Irrigated agriculture is the foundation of the region’s food security, while at the same time
constituting a major locus of land degradation. The key degradation process in this case is
secondary salinisation, associated with the rise of mineralised groundwater [25].

Specificity: Satellite-based land productivity indices may, for a considerable period of time, fail
to accurately reflect declining yields on slightly and moderately saline soils, particularly where
increased fertiliser doses are applied. In satellite data, a field may continue to display signs of high
vegetation activity (remaining “green”), while salts accumulate in the soil, leading to the gradual
degradation of its properties. Particularly illustrative examples are found in fields with high cotton
biomass (NDVI may reach 0.5-0.6), but with a salt crust forming on the soil surface by the end of
the growing season. This phenomenon may be termed “green degradation”.
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Relevance for LDN: Global indicators (NDVI and land class) may provide a false-positive signal
of stability or even improvement on saline soils.

Methodological implication: Specialised soil salinity indicators (spectral indices and field
measurements of electrical conductivity) should be introduced in addition to the three core
indicators. The assessment should be multi-layered, involving the overlay of salinity maps with
productivity maps.

7.2.2. Pastoral livestock systems: quantitative and qualitative degradation

Pastures occupy up to 70-80% of the region’s territory. Degradation in these systems is expressed
not only as a decline in productivity (decreasing NDVI), but also as changes in the species
composition of the sward.

Specificity: Valuable forage grasses (fescue and wheatgrass) are displaced by unpalatable or low-
productivity species (with wormwood and ephemerals becoming dominant, and subsequently
poisonous plants). The global NDVI records “greening” without distinguishing its quality. A
pasture may appear “green” (high NDVI) but be “dead” for livestock production (low forage
value).

Duality of processes: The LDN concept is directed towards addressing pasture overuse. However,
in Central Asia, the abandonment of remote pastures is also an acute issue. Lands that have ceased
to be used may be interpreted by the global productivity algorithm as “improved” (owing to
increased biomass), while the economic value of such pastures remains low for the various reasons
described below.

Methodological implication: Remote sensing methods should be combined with ground
verification, including assessment of species composition, the proportion of grasses and legumes,
projective cover, the share of palatable species, the presence of watering points, stages of pasture
digression, and infrastructure (watering points, roads and livestock shelters). Data from local
communities and pasture committees play a key role. The legal basis for the activities of pasture
committees was provided by legislative acts such as the Law of the Kyrgyz Republic “On Pastures”
[81].

- N W

Figure 17. Experience of Kyrgyzstan: pasture committees use mobile applications to collect
data on species composition [49].
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7.2.3. Rainfed agriculture and fallow land

Rainfed agriculture is widespread in foothill zones, where productivity is determined to a
considerable extent by interannual precipitation variability. These territories are characterised by
an elevated risk of water erosion on slopes and wind erosion on adjacent plains. Arable lands
withdrawn from agricultural production (fallow lands) often demonstrate increasing NDVI values
as a result of the natural recovery of herbaceous and shrub vegetation.

Relevance for LDN: An interpretative conflict arises. From the standpoint of the global
productivity algorithm, this represents “improvement” (increased productivity). From the
standpoint of agricultural production and food security, it represents the loss of arable land. In land
accounting systems, such areas may be classified as “unused” or “fallow”, which generally does
not entail special management or support measures. At the same time, from an ecological
perspective, they constitute areas with potential for natural recovery and may be considered as
objects for targeted sustainable land management and rehabilitation measures.

Methodological implication: It is necessary to distinguish between ecological recovery processes
and the return of land to productive use. To enhance the accuracy of LDN assessment, it is
recommended that land cadastre data and the history of land use be taken into account.

7.2.4. Forests and shelterbelts ( v

The region is characterised by low forest cover; nevertheless, forests (including saxaul stands and
tugai forests) perform essential environmental protection functions. At present, field-protective
shelterbelts established during the Soviet period are in decline.

Relevance for LDN: Degradation of shelterbelts is not always captured by global indicators (the
land class may remain unchanged, or shelterbelts may not be identified as a separate class, and
productivity may be low from the outset). However, their loss leads to increased wind erosion on
agricultural land, which is regarded as land degradation.

Methodological implication: Linear features (shelterbelts) and their condition should be
accounted for, which requires high-resolution data and ground surveys.

7.3. Transb dar}\re 0 problems
a

Atmospheric and water-borne mass transfers do not recognise borders. Dust and salt storms
originating from the dried bed of the Aral Sea (the Aralkum) affect land and glaciers across vast
areas, from the Caucasus to Siberia. Water resources formed in the glaciers of Tajikistan and
Kyrgyzstan determine the productivity of irrigated areas in Uzbekistan, Turkmenistan and
Kazakhstan.

Relevance for LDN: In a number of cases, land degradation processes may be driven by factors
originating beyond the borders of individual States. For example, declining pasture productivity
may be associated with the transport of dust aerosols from neighbouring territories within a single
natural basin. This underscores the transboundary character of certain degradation processes and
the need to coordinate efforts for their monitoring and prevention. In this context, achieving LDN
requires harmonised approaches to assessment, comparable monitoring methodologies and the
development of mechanisms for regional cooperation within the UNCCD framework, while
maintaining the national level of official reporting.
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Methodological implication: The establishment of regional mechanisms for monitoring and data
exchange, as well as platforms for knowledge exchange (for example, initiatives of the “Digital
Earth Central Asia” type), may substantially improve the comparability of information and the
quality of results interpretation. Such tools support a more accurate assessment of the contribution
of national efforts to the broader regional context of land degradation and restoration processes.

7.4. Socio-economic and historical context

7.4.1. Legacy of the Soviet period

The current condition of land in the Central Asian countries has been shaped to a significant extent
by historical models of economic development, including the expansion of monocultural
production, large-scale programmes for the development of new lands, and the establishment of
major irrigation systems. In a number of cases, these approaches were accompanied by insufficient
consideration of landscape conditions and established traditional practices of sustainable land use,
which had long-term implications for ecosystems and water resources [79, 80, 82, 84—88].

Relevance for LDN: Some degradation processes currently observed (including secondary
salinisation and various forms of soil erosion) are cumulative in nature and have developed as a
result of long-term human pressure. These processes reflect the historically established condition
of land resources, which is not always fully captured when analysing changes within the standard
15-year baseline period used in the global methodology. In some cases, an area may remain in a
persistently degraded condition while short-term indicator dynamics are classified as stable.

Methodological implication: The setting of LDN targets should take into account both the
prevention of new degradation and the restoration of previously degraded land, which requires the
analysis of historical data and extended retrospective monitoring.

7.4.2. Institutional discontir&uit}Weform

The transformation of agrarian structures, including the transition from collective forms of farming
to various models of land ownership and land use, as well as the introduction of lease mechanisms
with differing contract durations, created new institutional conditions for land-resource
governance. In some cases, the short-term nature of leases may reduce land users’ incentives to
make long-term investments in maintaining and restoring soil fertility.

Relevance for LDN: The nature of land use and institutional conditions directly influence
degradation trends. LDN assessment based solely on biophysical parameters may not reflect the
socio-economic drivers that determine the resilience or vulnerability of land systems.

Methodological implication: In analysing LDN results, it is important to take into account the
institutional context, since negative degradation trends may correlate with the characteristics of
prevailing land-use models.

7.4.3. Demographic factor and “social desertification”

Central Asia is a region with a rapidly growing and young population, which creates substantial
pressure on land resources. As demonstrated in the UNCCD study (2023) [67], the relationship
between land degradation and migration (internal and external) is not direct but complex and
mediated; nevertheless, degradation acts as a very strong indirect trigger. It is not the sole or
principal cause of out-migration—unemployment, low incomes and the absence of prospects in
rural areas play a key role. Yet it is land degradation, exacerbated by climate change, that
undermines the basis of traditional livelihoods, reduces the productivity of pastures and arable
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land, intensifies water scarcity and thereby initiates “social desertification”: young people leave
degrading rural areas, leading to a sustained decline in population and labour force, the
deterioration of infrastructure and a further weakening of communities’ capacity to withstand
ecological and economic crises.

Relevance for LDN: Land degradation is not only an ecological process, but also a powerful
socio-economic one. LDN assessment may serve as a tool for identifying risk zones where
environmental stress leads to population outflow. Conversely, land abandonment (as a
consequence of migration) may generate false signals of “improvement” owing to the
encroachment of ruderal vegetation and/or the formation of low-productivity fallows.

Methodological implication: It is recommended that LDN assessment be complemented by
analysis of demographic data (population density and migration flows on the basis of national and
international statistical data) in order to provide a deeper understanding of the causes and

consequences of degradation.
v

7.5. Diversity of natural and socio-economic conditions as a diiallen r blishing a single

baseline '

Experience in adapting the LDN methodology at the national level in countries with extensive and
naturally diverse territories (see, for example, [31]) demonstrates that applying a single baseline
and unified indicator thresholds without prior natural and ecological zoning may reduce the
accuracy of results interpretation. Under conditions of considerable intra-country differentiation,
zonal characteristics should be taken into account when determining assessment thresholds and
parameters.

The contrast of natural zones characteristic of the Central Asian countries—from desert and semi-
desert territories to mountain ecosystems and irrigated agricultural landscapes—also necessitates
a differentiated approach to the establishment of baselines and the interpretation of LDN
indicators. Approaches to assessing land degradation dynamics in Central Asia using a landscape
approach are analysed in [9].

Problem: The same type of land cover transition (for example, “irrigated land to shrubland’) may,
in one region (for example, in an area with inadequate drainage), constitute a sign of degradation
(waterlogging or salinisation), while in another (in foothill areas) it may indicate the restoration of
natural vegetation on low-productivity lands.

Relevance for LDN: Central Asia is characterised by high natural and ecological heterogeneity,
which requires zonal features to be taken into account when applying the LDN methodology. As
emphasised in the Good Practice Guidance for SDG 15.3.1 [66] and the Addendum to the good
practice guidance [70], the interpretation of indicators should consider national and subnational
contexts. Under these conditions, the application of uniform NDVI thresholds and universal
assessment criteria without prior zoning may reduce diagnostic accuracy. It is therefore advisable
to use differentiated zonal parameters and adapted baselines while maintaining methodological
consistency with global standards.

Methodological implication: Natural-ecological and functional zoning of the territory, taking into
account landscape conditions and land-use types, should be considered as one of the priority areas
of work. Such an approach provides the possibility to enhance the accuracy of LDN indicator
interpretation and to ensure their adaptation to the national context.
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For the zones identified, it is recommended to:

v Define normative productivity parameters (including baseline NDVI values).
v Develop adapted land cover transition matrices.

v Establish regional threshold values for determining degradation.

v Take into account additional nationally relevant indicators (for example, salinity indicators for
irrigated areas or species-composition characteristics for pasture ecosystems).
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Territorial zoning is key to accurate change assessment!

Figure 18.\bmportance of territorial zoning for establishing relevant LDN indicators and
transition matrices

7.6. The need to take account of the “genetic memory” of soils

Studies [31, 89] have demonstrated that many contemporary degradation processes are
predetermined by the history of soil formation, including Holocene cycles of wetting and drying,
salinisation and desalinisation. Soils possess a form of “genetic memory”: areas in which salts
accumulated in the past remain, even today, particularly vulnerable to secondary salinisation.

Relevance for LDN: This phenomenon means that, even where an apparent improvement is
observed (for example, following soil leaching measures), the risk of a rapid return of salinisation
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remains high because natural factors have not been fully accounted for. In addition, there are long-
term natural trends, such as continuing climate aridisation, that may constrain the durability of
achieved results. Global projections of naturally driven soil salinisation under climate change are
presented in [ 19]. Under such conditions, management measures can mitigate adverse impacts and
enhance the adaptive capacity of land-use systems; however, their effects should be assessed with
due regard to existing natural constraints.

Methodological implication: When formulating LDN targets, it is important to consider the
natural constraints of territories and long-term climatic tendencies. Restoration potential should be
assessed with reference to the persistent characteristics of soil-landscape systems and their
adaptive capacities. In some cases, the appropriate benchmark is not a return to a nominally
original condition, but the achievement of a sustainable level of productivity and ecosystem
functions commensurate with contemporary natural conditions. This approach is consistent with
the LDN principle, which presupposes maintaining or improving the overall balance of land
resources while preventing further losses.

7.7. Institutional specificities of monitoring ‘ \\
A

Monitoring of land condition in the region is undertaken by various specialised agencies, whose
coordination with regard to LDN target setting and monitoring may be limited.

Relevance for LDN: The implementation of the LDN concept may be viewed as an opportunity
to strengthen inter-agency coordination and harmonise systems for data collection and processing.
At the initial stage, however, this process may entail organisational and methodological difficulties
related to the alignment of approaches, the allocation of responsibilities and the integration of
heterogeneous information systems.

Methodological implication: National plans for achieving LDN should be developed in parallel
with the improvement of monitoring systems, the development of integrated GIS platforms and
the strengthening of the human-resource capacity of specialised agencies. Satellite-based
monitoring data on desertification in Central Asia derived from long-term data series are presented
in [17]. A comparable approach using remote-sensing data is applied in [18].

7.8. SumrrMe&ng ground for adapting the LDN methodology

In summary, Central Asia constitutes a unique, complex and multi-component natural and social
system, combining arid climatic conditions, a diversity of land-use forms and specific institutional
characteristics. These features provide favourable conditions for testing and adapting the global
LDN concept to the circumstances of dryland regions and transitioning economies. The identified
specificities do not impede application of the LDN methodology; however, they require its
deliberate adaptation, including the calibration of assessment parameters, consideration of zonal
differences and refinement of indicator interpretation within the regional context. The key
methodological implications of the regional specificity are as follows:

1. The need for zoning and zonal reference values.
2. Priority should be given to trend analysis rather than point-in-time comparisons.

3. The mandatory use of additional, nationally relevant indicators of land condition, including
salinisation, pasture species composition and the condition of shelterbelts.
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4. The critical importance of ground verification and the participation of local communities.
5. The need to take account of historical context and transboundary effects.
6. The need for institutional reform and inter-agency coordination.

These conclusions provide the basis for the detailed analysis of uncertainties that follows. Only
after the regional specificity has been recognised and duly taken into account is it possible to
proceed to the development of realistic and effective strategies for achieving LDN.

Chapter 8. Analysis of methodological knowledge gaps and uncertainties in the application of
LDN in Central Asia \

This chapter sequentially examines the key methodological issues that may arise when global
approaches are applied without due regard to the regional specificity of Central Asia. Drawing on
experience in applying the LDN concept in southern Russia, Kazakhstan and other Central Asian
countries, a number of systemic problems have been identified. These are not incidental, but rather
characteristic of this macro-region. They relate not only to natural and climatic specificity, but also
to institutional structures, terminological inconsistencies, the historical legacy of land use and
objective limitations in the application of global datasets at the regional level.

8.1. The problem of interpreting land cover dynganics \ y

The global subindicator on land cover dynamics is based on the comparison of areas of land-use
classes or land cover states at two points in time. As a rule, the comparison is made between the
baseline and reporting periods (depending on the tool used), applying a standard transition matrix.
Identified changes are classified as improvement, stability or degradation. This algorithm is
implemented, inter alia, in tools that operationalise the LDN methodology, such as Trends.Earth.
Kyrgyzstan’s approaches to adapting the LDN methodology with reference to the national land
classification are considered in [5].

Uncertainty 1: Mismatch between global classifications and regional realities. Standard global
land cover classifications (for example, ESA CCI, recommended by the UNCCD) have been
developed for averaged global conditions. In Central Asia, they often do not always provide a
robust basis for interpreting actual changes. For instance, the transition from the class “forest” to
the class “grassland” is interpreted by the global matrix as negative, that is, as degradation
(deforestation). In an arid-zone context, however, where “forests” often refer to sparse saxaul
stands, the situation is more complex. Saxaul woodlands are unique desert ecosystems that may
naturally become more open during drought and subsequently recover. Their decline followed by
the colonisation of a site by ephemerals (annual grasses) is not always an irreversible degradation
process; it may represent a phase of natural cyclical dynamics. The global matrix of land-class
transitions does not capture this cyclicity.

Uncertainty 2: Failure to account for the quality and functionality of transitions within a
single class. An even more subtle problem concerns changes that occur within the same land class
under the global classification. For example, the “grasslands” class may include both highly
productive forb-grass communities and low-productivity wormwood wastelands. A transition
from the former to the latter constitutes serious degradation, as it reduces forage capacity, yet the
global indicator may fail to record the change because the land class (“grasslands) formally
remains the same. The same applies to cropland: a transition from “productive irrigated land” to
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“salinised irrigated land” represents a disaster for a farmer, while remote-sensing data may
continue for some time to register the area as “cropland” (the class does not change) until
salinisation results in complete loss of vegetation cover and the territory is reclassified as bare soil
or degraded land. The example in Table 4 demonstrates how the same pair of transitions (from
class A to class B) may be interpreted differently depending on context and regional
characteristics. These and similar examples may be used to supplement or refine the standard
global transition matrix at the regional level.

Table 4. Example of differences between global and regional interpretations of land cover
transition matrices for Central Asia

L \

Transition type | Interpretation in | Interpretation | Criteria and conditions for
(from - to) the global matrix | in the Central | refined interpretation

Asian

regional

context
Saxaul woodland | Negative (loss of | Uncertain /
(forest) > forest = requires
ephemeral desert | degradation) verification

(herbaceous)

Irrigated cropland | Neutral / positive

> fallow land (growth of use owing to irreversible
with a crusted vegetation on secondary salinisation. Requires
surface fallow land) substantial investment for

Urestoration to use.
Change in species composition
while projected cover is

Pasture (forb-
grass) > pasture

(wormwood- maintained. Decline in forage value
ephemeral) and formation of a “green desert”.
Virgin Extremely high risk of wind

desert/steppe >
rainfed cropla

erosion and soil loss in dry years.
May lead to irreversible deflation.

1. Levelling of differences: identical sets of practices are applied to land with both high and low
natural potential, although the requirements differ substantially.

2. Incorrect assessment of required effort: where natural potential is high, degradation risks are
low and active intervention may not be required. Where potential is low (degraded land), expanded
compensatory measures are needed. Without taking this factor into account, it is impossible to
establish an appropriate LDN baseline or to assess whether balance (neutrality) is being achieved
or whether resource depletion is occurring.
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3. Conceptual substitution: without taking account of potential and land-use model [76],
individual practices may be incorrectly interpreted as contributing to LDN targets despite their
limited or context-dependent effectiveness.

Initial state /

LDN baseline Measures (practices, technologies)

Natural / Preventive Mitigating Restorative
current potential (avoid) (reverse) (restore)
High Pastare rotation y . ! :
' Not d Not required
(good condition) proper stocking rates STRESROR dn DEES
Reduced stocking rates, “Ch 7
Medium Pasture rotation, grass reseeding, @3/@ e
(satisfactory condition) proper stocking rates land improvement, drinking Not roqu‘ih‘{d

& @//,M _ water sources

Low
(poor condition)

N (usinae example of a sustainable

land management (SLM) model for pastoral livéstock production), depending on the initial

measures. Arrows indicate the
direction of change in& io

low risk; red - high risk [4].
Ways forward: For countries of the region, it appears advisable to consider the development and
application of calibrated transition matrices adapted to local conditions and national targets.
Implementing such an approach requires interdisciplinary collaboration among specialists in land
use, remote sensing, soil science, agronomy and the management of pasture and forest resources.

8.2. The pro linisation

Secondary salinisation is, without exaggeration, among the key factors of irrigated-land
degradation in Central Asia. It is the principal degradation process affecting densely populated
oases; paradoxically, however, it is not always fully captured by the standard set of global LDN
indicators, creating a risk that its systemic impact will be underestimated.
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Uncertainty 1: Absence of a direct indicator in the core set. Salinisation is a gradual process
and is inconspicuous in its early stages. At initial and intermediate stages, it may not directly affect
the land cover class: the plot continues to be classified as cropland and crops may retain visible
signs of vegetation. It also correlates weakly with organic carbon stocks, particularly in mineral
horizons. Its effect on productivity, as captured by NDVI, is delayed. By the time the vegetation
index begins to decline steadily, the soil may already have been lost for agricultural use, and salt
crusts on the surface may begin to “bloom” with white crystals. Thus, remote-sensing methods
may primarily detect the late stages of the process, reducing the scope for timely preventive action.
Moreover, recent studies, including those undertaken under regional CACILM programme
projects [13], demonstrate that traditional land-assessment methods often miss this factor, making
the integration of specialised spectral salinity indices a necessary complement to standard NDVI
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analysis. In some cases, degradation processes in the soil profile may reach a critical stage,
substantially constraining or effectively eliminating the agronomic potential of the soil, while
above-ground vegetation continues to demonstrate satisfactory vegetation indicators. Such
situations are described as the phenomenon of “green degradation”, whereby the preservation or
even temporary increase of NDVI values masks profound deterioration of soil properties.

Uncertainty 2: The problem of accumulated risks. Specialised studies have convincingly
demonstrated that many contemporary land degradation processes are predetermined by the
history of soil formation and may be described as the “genetic memory” of soils. For Central Asia,
where many soils developed on ancient marine deposits and the alluvial plains of the Aral Sea
region and the Hungry Steppe, and were previously subject to repeated cycles of salinisation and
desalinisation, this factor is critically important. This means that, even where the ameliorative
condition appears to improve (for example, following costly soil leaching measures), the risk of a
rapid return of salinisation remains very high owing to the presence of “dormant” salt reserves in
underlying horizons and the high predisposition of soil structure to the development of these
adverse processes [94, 95].

Box. Practical example: “Why soil leaching does not always help”

In the 1960s—1980s, large-scale leaching works were carried out in the Golodnaya Steppe, an
area located along the border between Uzbekistan and Kazakhstan, with the aim of bringing
saline lands into cotton-based crop rotation. In many areas, leaching, combined with the
construction of a collector-drainage network, made it possible to obtain good yields. However,
in other areas where drainage was insufficiently deep and the subsoil horizons contained
substantial salt reserves, the effect proved to be short-lived. Within only a few years after
intensive leaching had ceased, salts once again rose to the surface through capillary movement,
returning the soil to its original condition — and, in some cases, to an even more degraded state.

2 SW W ad
Ways forward: To increase the sensitivity of LDN assessment to secondary salinisation

processes, it is advisable to consider the development and application of specialised national
salinisation indicators. Such indicators should be used not as a substitute for, but as a complement
to, the three global subindicators, for the verification and refinement of hotspots. A promising
direction is the use of spectral salinity indices (for example, the SI - Salinity Index) based on high-
spatial-resolution remote-sensing data, including Sentinel-2, which makes it possible to identify
sites with varying degrees of salinisation according to characteristic spectral properties of the
surface. Maps of the spatial distribution of such indices should be compared with assessments of
productivity dynamics and land cover dynamics for integrated interpretation. Ground
measurements of soil electrical conductivity using field conductivity meters may be used to
calibrate and validate satellite-derived indices. The accumulated experience of Uzbekistan and
Kazakhstan in applying GIS technologies to soil salinity mapping could be synthesised and
proposed as a basis for regional exchange of practices and methodological approaches.

8.3. The problem of reflecting the dynamics of pasture ecosystems

Pastures are among the most complex objects for remote monitoring within the LDN concept.
Their condition is determined not only by the quantity of phytomass, but also - critically - by its
quality and species composition.
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Uncertainty 1: The “green desert” phenomenon. As noted above, high NDVI values on pastures
may be generated by unpalatable or poisonous plants, while valuable forage grasses disappear. In
such cases, satellite data indicate “stability” or “improvement”, whereas in reality the pastures lose
their forage value and undergo qualitative degradation. Studies in Kyrgyzstan and Kazakhstan
confirm these discrepancies between satellite indicators and the actual condition of pastures.

Uncertainty 2: Overgrazing vs. undergrazing - an interpretative “trap”. In the countries of
Central Asia, alongside increased pressure on village-adjacent pastures, the opposite tendency is
also observed: a decline in the intensity of use of remote pasturelands, particularly in mountain
and desert areas. Changes in the organisational models of transhumant livestock production have
led to reduced regular use of certain seasonal pastures.

When grazing pressure decreases, vegetation cover in such areas may recover, but its structure
often shifts towards dominance by low-value or ruderal species. This may be accompanied by the
accumulation of dry biomass, increased fire risk and simplification of the plant-community
structure, with implications for biodiversity and the economic value of rangelands.

Where NDVI values increase, such areas may be interpreted by the global algorithm as
demonstrating “improvement”. However, without taking account of species composition, pasture
suitability and infrastructure provision, including the availability of watering points, access routes
and seasonal camps, such an interpretation may be incomplete. The economic accessibility and
functional suitability of these pastures are also constrained by remoteness and the condition of
infrastructure; these factors should be considered when assessing their role in sustainable land-use
systems.

Uncertainty 3: Slow rates of recovery. In the mountain and desert ecosystems of Central Asia,
the recovery of native climax plant communities following significant disturbance may take a
prolonged period, even decades. The standard 15-year assessment interval adopted in the LDN
methodology does not always make it possible to fully reflect positive changes associated with the
introduction of less intensive grazing regimes. This is particularly relevant where recovery
processes take place against a background of interannual climatic variability, which may mask or
slow the manifestation of persistent positive trends in productivity indicators.

Ways forward: To improve the accuracy of pasture-condition assessment in Central Asia, it is
advisable to apply more advanced methods of remote-sensing time-series analysis that minimise
the influence of interannual climatic variability and smooth “climatic noise”.

In addition to satellite data, the use of field verification mechanisms should be expanded, including
the participation of local communities, pasture committees and local self-government bodies.
Community-based pasture monitoring can constitute an important source of additional information
on species structure, actual stocking pressure and the economic value of rangelands.

It is also appropriate to consider the application of regionally adapted NDVT thresholds, calculated
for specific pasture types on the basis of long-term ground observations, rather than relying on
universal global thresholds.
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Comparison of Two Pastures with the Same “Green Mass”
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8.4. The problem of selecting a r
a
According to the core UNCCD methodology, it is recommended that land condition be compared

across two periods (for example, a “baseline” period of 2001-2015 and a comparison period of
2016-2020). For Central Asia, however, with its high interannual variability of climatic parameters
and dynamic land use, this apparently straightforward approach gives rise to significant
uncertainties that can substantially distort the results.

Uncertainty 1: High climatic variability within the period. The period 2000-2015 was
characterised by substantial climatic variability in Central Asia. It included both relatively wet
years and extremely dry years. Moreover, wet and dry periods manifested differently across the
region. The selection of different periods for comparison (for example, 2000-2015 and 2005-2020)
may produce entirely different, and often opposite, results depending on which phases of the
climatic cycle (wet or dry) the selected years fall into. This makes the assessment highly sensitive
to random fluctuations (Fig.21).

Uncertainty 2: Influence of socio-economic shifts. In Russia, Kazakhstan and other post-Soviet
countries, the dissolution of the USSR was followed by fundamental changes in land use: large-
scale abandonment of cropland in the 1990s and its partial return to production in the 2000s. These
processes generated strong, multidirectional productivity dynamics: NDVI values on fallow lands
increased steadily owing to natural revegetation, while on newly ploughed lands they often
declined because of erosion and loss of organic matter. If the baseline period includes a phase of
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active land abandonment, subsequent dynamics may be interpreted as “improvement”, even where
they are driven by natural successional processes.

SDG 15.3.1. Baseline period SDG 15.3.1. Baseline period SDG 15.3.1. Baseline period
20012010, comparison period 2001-2015, comparison period 2001-2017, comparison period
2011-2018. | 2016-2020 | 2018-2022

e when'@ifferent
menistan) (based

Figure 21. Differences in the assessment of trends in land-
baseline and comparison periods are selected (using the
on materials from UNDP Turri

Uncertainty 3: Insufficiency of a 15-year period for slow processes. As noted above for pasture,
forest and desert ecosystems, a 15-year interval may be insufficient to identify persistent long-
term trends, given the slow pace of several degradation and restoration processes. The
establishment of saxaul stands on the desiccated bed of the Aral Sea or the full development of
steppe vegetation on fallow lands requires periods of 30-50 years or more. The use of a relatively
short baseline period may result in lands at an intermediate stage of recovery being classified as
stable or improving. Consequently, such territories may not be prioritised for additional measures,
despite the fact that their condition remains substantially below a potentially attainable level of

ecological and economic sustainability.
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Figure 22. Sensitivity of trend assessments for semi-desert pasture degradation to the
choice of baseline points: under high interannual climatic variability, the “two-date” method
may produce opposite conclusions, with the result depending not on the real trend, but on which
years are randomly selected as the baseline.
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Ways forward: As a direction for methodological improvement, it appears appropriate to move
from simplified comparison of two periods to analysis of long-term trends across the entire
available period of satellite observations, from 2000 to the present. This approach makes it possible
to account for interannual variability and enhances the robustness of conclusions to random
fluctuations.

For practical land-resource management tasks, the use of a dynamic baseline may be justified,
reflecting the long-term average productivity over an extended observation period. Under this
approach, the current condition of a plot is assessed relative to its own long-term “norm”, which
facilitates a more accurate interpretation of deviations.

In addition, trend analysis should take into account the history of land use, including the distinction
between fallow land and actively used cropland, in order to avoid conflating processes of different
origin, such as ecological recovery and changes in the structure of land use.

8.5. The problem of accounting for historical legacy (“noise fN’ a accumted

risks)

The lands of Central Asia bear a heavy imprint of decisions taken decades, and sometimes
centuries, ago. This creates powerful “historical noise” and generates “accumulated risks” that the
global LDN methodology, focused on comparing two temporal snapshots, does not fully capture.

Uncertainty 1: Abandoned and “exhausted” lands. Large areas of irrigated land that underwent
severe salinisation and depletion as a result of intensive use during the Soviet period were
eventually abandoned. At present, such sites may be classified in satellite data as “other land” or
may show a moderate increase in NDVI values owing to the development of salt-tolerant
vegetation. An LDN assessment conducted using the standard methodology may show stability or
even improvement on these sites, although in reality they are deeply degraded soils that have lost
their potential and require enormous, often economically unviable, investment to be returned to
agricultural use.

Uncertainty 2: “Genetic memory” of soils and accumulated risks. As already noted,
contemporary degradation processes are often a continuation of long-term natural trends, such as
climate aridisation, or the consequence of past anthropogenic impacts that altered the “memory”
of the landscape itself. The long-term development of irrigation systems without corresponding
development of drainage infrastructure contributed to the formation of zones with elevated
groundwater mineralisation. Even if irrigation were discontinued today and anthropogenic
pressure reduced, lenses of mineralised groundwater would continue to affect soils, cause capillary
rise of salts and sustain degradation hotspots for decades. Hydrogeological and soil changes
formed in the past create long-term risks that may manifest with a time lag. When applying the
LDN methodology, which is based on comparing indicators within the established baseline period
(2000-2015) and subsequent intervals, such accumulated factors are not always fully reflected.
This may lead to underestimation of potential threats and complicate the correct prioritisation of
actions within the “Avoid - Reduce - Reverse” hierarchy.

Uncertainty 3: Degraded infrastructure. The cause of continuing salinisation in fields that are
still in use often lies not in the current mistakes of farmers, but in damaged or insufficient
ameliorative infrastructure: dilapidated collectors, silted drainage canals and non-operational
pumping stations. Global LDN indicators assess only the consequences - declining land
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productivity and the emergence of salinity patches - but do not identify the underlying
infrastructural causes of the observed changes. The absence of analysis of historical factors and
the condition of drainage systems may reduce the effectiveness of planned measures and limit their
long-term impact.

Ways forward:

To improve the correctness of assessment, it is advisable to take account of the historical dynamics
of land use. One possible direction is the creation of historical GIS layers based on the digitisation
and georeferencing of archival materials from soil, ameliorative and land-management surveys,
including soil maps and data on groundwater depth and salinity.

The comparison of such historical data with contemporary remote-sensing materials can contribute
to a more accurate understanding of the scale of accumulated changes and to the distinction
between ongoing degradation processes and long-term landscape transformations.

When formulating national LDN targets, it is advisable to consider not only the prevention of new
losses of land resources, but also the possibility of addressing, in a phased manner, tasks related
to the rehabilitation of previously disturbed areas, including recultivation and infrastructure

foothit .v

In the mountain and foothill areas of the region, including the territories of Kyrgyzstan and
Tajikistan as well as relevant zones of Kazakhstan, Turkmenistan and Uzbekistan, the

restoration measures.

8.6. The problem of “grey zones” in mountains

characteristics of complex relief create additional constraints for the application of standard
remote-sensing methods and may affect the accuracy of result interpretation.

Uncertainty 1: Unreliability and limitations of remote-sensing methods in mountains.

Complex mountain relief creates a number of problems for remote-sensing assessment methods:
-
in ranges make it impossible to obtain satellite

-facing slopes.
ristics: differences in slope illumination (insolation) mean
outh-facing and north-facing slopes may have entirely

ou

to 20% igh mountain territory may remain a “grey zone” for reliable satellite monitoring.

Uncertainty 2: Specificity of degradation processes. In mountains, the principal degradation
processes include water erosion (soil wash), mudflows, landslides and degradation of pastures on
steep slopes, leading to the destruction of turf and formation of gullies. These processes are often
local and “patchy” in character and may not be captured with sufficient sensitivity by global
indicators with a resolution of 250-300 metres per pixel. This is particularly relevant where
degradation is not accompanied by a change in land class; for example, a pasture may remain in
the same category despite the formation of erosional landforms.

53



Case 4: The At-Bashy paradox: how an erroneous diagnosis could have channelled
millions into restoring healthy pastures (based on materials of the FAO/GEF PRAGA
Project, Kyrgyzstan, 2022 [49]).

Problem addressed: How can major investment errors be avoided when global data indicate
degradation but local residents assert the opposite? If satellite data alone are trusted, limited
resources may be directed towards “treating” a healthy ecosystem, while real problem hotspots
are ignored.

Context: Under the PRAGA project, satellite analysis conducted according to the SDG 15.3.1
methodology clearly identified the southern part of At-Bashy district as one of the main
degradation hotspots in Naryn region. Algorithms based on NDVI trends showed a persistent
decline in land productivity over a significant area. This constituted a ady signal for
international donors and national programmes: “these territories requir attention and
investment in restoration”.

Figure 23. Assessment of th ea OfdeZRaded la Wth emphas1s on the terrltory 0f the
S 0 hy district

However, local herders mem Wmmittees categorically disagreed with this
conclusion during worki i They“mapped the same territories and unanimously
assessed them as “go always been, and remained, productive. A conflict
of interpretatio ed before any measures could be planned.

Method ap, in the disputed zone): Focus on the “hotspot”: researchers
the area south of At-Bashy where satellite data indicated

ed good condition.

eld indicators: Trial plots were established in the disputed territory,
tors were assessed: erosion, projected cover, share of edible plants,

Result: Field data confirmed the view of local herders. Most trial plots in the southern part of
the district were classified as “not degraded”. It emerged that the NDVI decline recorded by the
satellite was not caused by loss of biomass, but by the characteristics of the high-mountain
landscape: at these altitudes, sparse vegetation cover (less than 70-80%) is the norm, not a
consequence of overgrazing. In addition, in the same images, “degradation” encompassed steep
south-facing slopes that have always been less productive owing to insolation and soil wash.

Interpretation: Had project decisions been made solely on the basis of satellite monitoring,
funds would have been directed towards phytomelioration or changes in grazing regimes on
healthy, well-functioning pastures. This would not only have caused direct financial losses, but
also undermined community trust in any future initiatives (“attempts are being made to
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‘improve’ what, from the perspective of local communities, is already functioning effectively”).
Paradoxically, according to herders, the real problem was located nearby - on suburban pastures
close to the settlement of At-Bashy, which they assessed as “poor” and where field data
confirmed overgrazing. The satellite, by contrast, showed “improvement” there owing to the
growth of ruderal vegetation on abandoned fields. The At-Bashy case became a classic example
of how the integration of local knowledge does not merely correct, but can completely reverse,
the diagnosis of degradation, making investments targeted and effective.

Ways forward: In mountain areas, the importance of ground verification increases substantially.
Taking account of the knowledge of local communities and herders regarding the condition of
specific slopes and sites can improve the accuracy of interpretation of remote-monitoring results.
In this regard, it is advisable to consider participatory methodologies, such as PRAGA, developed
for the conditions of Kyrgyzstan and adapted to regional circumstances [49].

The use of uncrewed aerial vehicles (UAVs) can serve as an effective tool for obtaining highly
detailed images of representative sites and monitoring hard-to-access slopes.

When assessing degradation processes in mountain ecosystems, analysis of global land cover
classes should be complemented with local, field-verifiable indicators, such as erosion-network
density, the presence of fresh gullies, traces of mudflow processes and the condition of pasture
turf on specific sites.

8.7. Institutional and terminological issues ( w

The experience of countries in the region demonstrates that, even where advanced State monitoring
systems exist, the implementation of the LDN concept encounters significant institutional barriers,
which are often more difficult to overcome than technical challenges.

Uncertainty 1: Inconsistency of basic concepts. In the national legislation of countries in the
region, the concepts and terms “land”, “land degradation” and “desertification” are often defined
differently and, more importantly, do not always correspond to the definitions adopted under the
UNCCD. For example, in some countries, the concept of “land degradation” is legally established
only for agricultural land. This makes official accounting, and consequently targeted policy to
combat degradation, impossible for forest areas, pastures (where they do not fall within the
category of agricultural land), and land used for industry and transport. A gap exists between land,
water and forest legislation, hindering the collection of comparable data for the calculation of the
three subindicators.

Uncertainty 2: Fragmentation of agencies and monitoring systems. Monitoring of land
condition in the region is undertaken by different agencies, each with its own history, mandates

and budgets:
A 4
e Land-resource agencies maintain cadastres and account for land by category.

e Hydrometeorological services are responsible for drought and weather monitoring.

e Ministries of agriculture monitor yields and pasture productivity and, in some cases, soil
fertility on arable land.

e Forestry ministries hold data on forests and, in some cases, pastures located on forest lands.

Their data are often incompatible, using different classifications, map scales, update frequencies
and storage formats. The absence of a unified national monitoring system that integrates all these
indicators into a single GIS platform makes automatic calculation of SDG indicator 15.3.1
impossible and requires substantial effort for “manual” processing and harmonisation.
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Uncertainty 3: Absence of ecosystem-service-related concepts in legislation. The LDN concept
employs contemporary economic terms such as “ecosystem services” and “natural capital”. These
concepts are not yet present in the official legal frameworks of most countries in the region. As a
result, it becomes more difficult to justify administrative and organisational decisions aimed at
conserving these “intangible” values, and the practical applicability of progressive economic
mechanisms, including payments for ecosystem services, is reduced.

Table 5. Comparative analysis of definitions of “land degradation” in legislation
(hypothetical example)

Country | Legislative Definition / object of Problems for LDN
act accounting application
Country Land Code Degradation is the e lands,
A deterioration of soil properties st 1a d under
on agricultural land. i overed.

Country B | Law on Degradation is a general
Environmental | concept, without reference to iongnethods are absent;
Protection categories. > iSWot undertaken.
Country C | No definition | The concept is used g 1im; Sanctions or
fragmentarily in by-law incen annot be applied.

Ways forward: A phased harmonisation of national legislation with UNCCD terminology and
approaches is recommended. It is advisable to integrate into the legal framework concepts such as
“land degradation”, “land degradation neutrality”, “soil organic carbon stocks”, “ecosystem
services”, “sustainable land use” and other categories that ensure comparability and
methodological coherence of LDN policy. A key step could be the establishment of inter-agency
coordination committees or councils on LDN, with clearly assigned mandates for harmonising
methodologies, aggregating data and coordinating budget priorities. To be effective, such
structures should have institutional continuity and adequate resources.

Educational and professional programmes should be developed to train specialists proficient in
GIS and remote sensing and familiar with the conceptual and methodological foundations of LDN.
This will support the long-term sustainability of monitoring and planning.

Interstate cooperation should be pursued through regional coordination platforms or cooperation
mechanisms with expert capacity, capable of ensuring data exchange, harmonisation of approaches
and dissemination of best practices.

8.8. Tthlicability of global data and the need for verification

The fifth cluster of issues relates to the quality and applicability of the global datasets on which
calculations for global-level assessment are based.

Uncertainty 1: Low accuracy of global data on soil carbon. Global datasets, such as SoilGrids
[20], are constructed on the basis of machine learning and a limited number of soil sampling points
(soil profiles). Their resolution and, more importantly, accuracy are in many cases insufficient for
assessing changes at national or regional level over short periods of 15-20 years; they require
additional calibration and comparison with ground data. In Russia, for example, discrepancies in
comparison with ground data reached 1.5-3 times [78, 93]. In Central Asia, where soils are often
saline, shallow and characterised by complex genesis, these errors may be even more substantial,
limiting the use of global carbon data as the sole basis for management decisions.
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Uncertainty 2: Mismatch between national and global classifications. National systems for
assessing land productivity, such as soil bonitet scores or forest site-quality classes, and
classifications of land according to economic use often cannot be directly and unambiguously
matched to the classes used in global products, such as ESA CCI or MODIS Land Cover. Thus,
there is a methodological mismatch between detailed local and national knowledge and universal
global assessment schemes.

Uncertainty 3: Absence of systematic validation. In several countries of the region, systems of
regular and sustainably financed ground surveys, required for validating satellite data and
calibrating calculation models to local conditions, are still developing or function only to a limited
extent. Under such circumstances, one-off scientific projects cannot always ensure the continuity
and comparability of data required for systematic assessment.

Ways forward: Global indicators should be used as a baseline approach and as a tool for initial
screening (Tier 1) [60]. To improve assessment accuracy, they should be supplemented with
national statistical data and results from ground monitoring, with a phased transition towards more
detailed Tier 2 and Tier 3 levels.

For the assessment of soil organic carbon, the use of data from national agrochemical services and
soil surveys for verification and calibration of global models appears justified.

It is also advisable to consider the development of regionally adapted coefficients and recalculation
algorithms that would allow national data to be integrated into a format consistent with reporting
requirements for SDG indicator 15.3.1.

8.9. Summary of methodological unw% and dwfor addressing them
- | N

The analysis undertaken makes it possible to systematise the key uncertainties that require due
consideration and targeted action when assessing LDN in Central Asia. The findings should be
synthesised in a summary table, which may serve as an indicative planning tool for national expert

g@ommendations

Measures to reduce methodological limitations
1. Harmonise legislation with UNCCD

groups.

Table 6. Summ

definitions.
ion of agencies; | 2. Establish inter-agency LDN coordination
>T a unified committees.

Ofigoring system; lack of

3. Develop and implement educational
) human-resource capacity.

programmes on GIS/remote sensing and LDN.

Land Difficulty in distinguishing | 1. Move from point-in-time comparison to trend
productivity | climatic noise from trend; analysis.
the “green desert” 2. Mandatorily use ground verification and data
phenomenon; insufficient from pasture committees.
accounting for vegetation
quality.
Land cover | Limited applicability of the | Develop national, calibrated transition matrices
dynamics global transition matrix for key land-use types, including irrigated lands,
under regional conditions. | pastures and tugai forests.
Salinisation | Absence of a direct 1. Introduce additional national indicators, such
indicator; delayed effect; as spectral salinity indices and electrical-
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insufficient consideration of | conductivity data.
the “genetic memory” of 2. Create GIS layers of historical data, including
soils and accumulated risks. | soil maps and salinity maps, to analyse
accumulated damage.
Baseline Sensitivity of assessment to | 1. Use moving-average methods and trend
the choice of time period analysis for the entire observation period.
and the limitation of a 15- 2. Establish a dynamic baseline.
year interval for capturing | 3. Take account of land-use history, including
slow dynamics. fallow lands and virgin-land cultivation.
Spatial data | Limited accuracy of global | 1. Use global data only as a framework and verify
data, particularly for soil it with national data.
carbon, and the presence of | 2. In mountains, apply UAVs an@hground-
“grey zones” in mountain monitoring methods for ve i
territories. 3. Calibrate global soi using data
from national surveys:
Chapter 9. Concluding recommendations on adapting the LD 0 tries of
Central Asia

-
1. Harmonisation and coordination: It is advisable to ensure alignment of national definitions

and approaches with UNCCD terminology and methodological frameworks, and to consider
establishing or strengthening permanent inter-agency coordination mechanisms on LDN.

2. Transition to a multi-tiered system (Tier 1-2-3): A phased expansion of the use of advanced
analytical methods is recommended, including trend assessment, analysis of recurrence and signal
persistence, with gradual transition to Tier 2 and Tier 3. Regular ground verification, including the
participation of local communities and land-use practitioners, is an essential element of this
transition.

3. Development and approval of national indicators: It appears justified to establish a list of
additional nationally relevant indicators, such as salinisation indicators, erosion indices,
characteristics of pasture species composition and the condition of ameliorative infrastructure, to
be used for the refinement and verification of global data within the LDN framework.

4. Calibration of tools: It is advisable to adapt NDVI thresholds and land cover transition matrices
with reference to the key landscape and ecosystem types of the region. Such work should be
undertaken in a coordinated manner, including through interregional cooperation, for example by
using the capacities of the UNCCD Interregional Group “Central Asia - Russia”.

5. Integration of data into unified platforms: A promising direction is the development of
national GIS platforms that integrate satellite data, results of ground monitoring, digitised
historical materials, cadastral information and data from local communities. Transparency and
accessibility of verified information for scientific, educational and management institutions should
be ensured, where possible.

6. Consideration of historical legacy: When formulating national voluntary LDN targets [71], it
is advisable to consider tasks related to phased rehabilitation of territories with accumulated
disturbances, including recultivation and restoration of drainage infrastructure.

7. Institutionalisation of the approach: It is recommended to integrate the results of adapted
LDN assessment into strategic and spatial planning processes, including land-management
schemes, regional development strategies and socio-economic support programmes.
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Conclusion to Part 11

The practical cases and methodological approaches presented in Part I demonstrate convincingly
that a stage of critical analysis and systematic adaptation of the LDN methodology is an important
condition for its effective application. Such an approach makes it possible to consider LDN not
only as a reporting instrument, but also as a basis for the preparation of well-founded management
decisions in the field of sustainable land use, taking due account of the specific natural and socio-
economic conditions of Central Asia.
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PART III. PRACTICAL SOLUTIONS FOR ADAPTING THE LDN METHODOLOGY:
REGIONAL CASES AND METHODOLOGICAL APPROACHES

Introduction

Part IT of this Handbook provided a detailed analysis of the uncertainties that arise when the global
LDN methodology is applied directly in the conditions of Central Asia and the arid zones of the
Russian Federation. The analysis indicates that universal algorithms developed for generalised
global conditions may demonstrate limitations in a regional context characterised by high climatic
variability, a complex land-use history, specific degradation processes, including secondary
salinisation and the phenomenon of “green degradation” of rangelands, as well as institutional
fragmentation of monitoring systems. However, diagnosis is only the starting point. Part III of this
Handbook is devoted to the central issue: practical solutions, namely the transition from
identifying problems to overcoming them in a systematic manner. Its purpose is to provide national
experts, planning authorities and project teams with a practice-oriented, stepwise toolkit for
adapting the LDN methodology to the national context. Such a tool is intended to support not only
the identification of land degradation, but also a deeper understanding of its mechanisms, the
assessment of possible development scenarios and the quantitative justification of priority
measures and investments. The structure of this Part is organised as a sequential progression from
the analysis of fundamental methodological elements, including baseline formation, to more
complex composite approaches and, subsequently, to institutional mechanisms that ensure the

sustainability of the system as a whole. Each section includes:
w -

- aclear statement of the problem to be addressed, selected from those identified in Part II;

- a detailed description of the proposed methodological approach, or a combination of
approaches;

- one or more country cases illustrating the application of the approach in practice, with
quantitative results and conclusions;
- practical recommendations for implementation by countries of the region.

- wu wu
This section considers the application of methodological approaches on the basis of practical

examples from Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, Uzbekistan and the Russian
Federation (the Republic of Kalmykia, Volgograd Oblast and Samara Oblast), drawing on
materials from UNDP-GEF, FAO and World Bank projects, as well as recent scientific
publications. This approach is essential: it demonstrates that the discussion is not about
hypothetical methodological improvements, but about practical tools that have already been

successfully tested and verified in specific territories.
A 4

Chapter 10. From Static Assessment to a Dynamic Understanding of Land Degradation

10.1. The LDN Index as a decision-support tool

The contemporary international system for monitoring land degradation is based on SDG indicator
15.3.1, namely the proportion of land that is degraded over total land area. This indicator has
played an important role in shaping the global sustainable development agenda and has provided
the basis for comparable voluntary reporting by countries. However, as practical experience has
accumulated, it has become apparent that the use of this indicator as a stand-alone measure does
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not always fully reflect the actual dynamics of land processes at the regional level or provide an
adequate basis for subsequent management decisions.

The logic of the LDN concept presupposes the achievement of a balance between land losses and
land restoration. In practice, however, indicator 15.3.1 captures only one side of that balance:
degradation. Improvements in land resources remain outside the final indicator values and are
accounted for only indirectly. In the arid and semi-arid conditions of the Central Asian region, this
creates a paradoxical situation: territories in which substantial processes of both restoration and
degradation are occurring simultaneously may demonstrate the same values of indicator 15.3.1 as
regions where restoration is almost absent.

A response to this methodological limitation has been the proposal to use an integral measure: the
LDN Index [3]. Unlike SDG indicator 15.3.1, it reflects the balance of processes and is calculated
as the difference between the shares of improved and degraded land. This indicator places the key

idea of neutrality at the centre of the analysis: the need to compensate losses through restoration.
amn. - - »
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Figure 24. Fo latfor calculave LDN Index
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The LDN Index should be regarded as an additional diagnostic instrument for analysing the
balance between degradation, stability and improvement of land at the regional or subnational
level. Its function is to support interpretation of the baseline assessment, identify priority territories
for intervention and compare different land management scenarios.

The practical value of the LDN Index is particularly apparent when analysing the spatial
heterogeneity of land degradation, as demonstrated by the data in Figure 25. The Index clearly
reveals differences among the territories under analysis, thereby enabling more balanced decisions
on the placement of priority measures at the subnational level: areas dominated by degradation
may coexist within the same country alongside areas of sustained improvement. This result
fundamentally changes the approach to planning interventions: instead of distributing resources
evenly, it provides possibility for targeted action in priority regions.
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LDN Index in Central Asian Countries by Regions in 2001-2018
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Figure 25. LDN Index in the countries of Central Asia by obla -2018, wit 01-2005

Explanatory note to the figure:
Kyrgyzstan: 1 - Talas, 2 - Chuy, 3 - Naryn, 4 - Issyk-K

Subordination, 11 - Khatlon;
Uzbekistan: 12 - Jizzakh, 13 - Kashkadarya,
Andijan, 18 - Tashkent, 19 - Namanga
Surkhandarya, 23 - Fergana, 24 - Khore
Turkmenistan: 25 - Mary, 26 - Leb
Kazakhstan: 30 - West Kazakhstan Regi
35 - Mangystau, 36 - Turkest

Almaty, 41 - Zhambyl, 42 ‘Karag

- Kostanay, 33 - Akmola, 34 - Atyrau,
an, 38 - Kyzylorda, 39 - Pavlodar, 40 -

As demonstrated below, the proposed LDN Index may provide additional analytical value when
working with multi-year time series. Its application makes it possible to assess not only the current
status of land, but also the direction of change. In addition, the use of the Index creates the basis
for quantifying probable future trends, which is of considerable importance for planning practical
measures to achieve LDN.

10.2. singQle bas@line problem: transition to dynamic variability analysis for subnational
and localus

One of the most debated elements of the global LDN methodology is the choice of the baseline
period against which changes in land condition over time are assessed. International guidance
establishes a fixed period at the beginning of the twenty-first century as the reference point for
most assessments. This approach has proven useful at the global level, where a common point of
reference is required to ensure data comparability. However, serious limitations become evident
when this logic is transferred to regional and national levels.

Problem: Assessment results may demonstrate increased sensitivity to the choice of both the
baseline period and the comparison period, particularly under conditions of high interannual
climatic variability. Comparing two temporal snapshots may interpret short-term climatic
fluctuations as persistent trends of degradation or recovery, thereby affecting the stability of
conclusions and the comparability of reporting data. For Central Asia, the choice of a fixed
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baseline period has proven particularly problematic. The region underwent profound socio-
economic transformations in land use after the dissolution of the Soviet Union, including
widespread abandonment of agricultural land, changes in rangeland-use patterns and the
restructuring of irrigation systems. As a result, many processes recorded in the early 2000s reflect
not a stable landscape condition, but a phase of abrupt restructuring of the economic system.

Proposed solution. Recognition of this problem, compounded by high interannual climatic
variability, led to the development of an approach based on the use of a dynamic baseline and
the transition to trend analysis over the full time series. Instead of comparing two fixed periods,
the entire available observation period, generally from 2000-2001 to the present, is proposed as
the basis for comparison. Land condition in each particular period, for example a five-year interval,
is assessed not against a particular period in the past, but against the long-term average “norm” for
the relevant pixel or site. This approach helps to smooth the effects of extreme climatic events and
provides a more robust assessment of long-term land condition.

Technically, this is implemented through the moving average method, whereby not one but a
series of overlapping time intervals is analysed, for example 2001-2005, 2003-2007, 2005-2009,
and so forth. The mean or median value for the whole period (at the time of preparation of this
Handbook, 2001-2022) is adopted as the reference line (0), relative to which deviations in each

temporal slice are measured.
' M 136

-scale works to rehabilitate irrigation and
and their effectiveness has been

Case 5: Calibration of the baseline for irri
Context: In the Fergana Valley in Uz
drainage systems have been underta
confirmed by national statistical da
(2001-2005) did not reflect t ing ris@yto doubts about the applicability of the
method in principle.

consecutive five-year periods (2001-2005, 2003-
ics were visualised in the form of graphs and maps.
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Figure 27. Dynamics of deviations in rangeland productivity from the long-term average
in Dashoguz and Lebap Velayats, Turkmenistan
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Application of the method: The calculation of long-term average NDVI values for 2001-2022
and the analysis of five-year dynamics for each pixel clearly indicated when conditions were
better or worse than average. In addition to demonstrating differences in the dynamics of
rangeland sites, this technique also made it possible to distinguish long-term trends from short-
term fluctuations associated with dry or wet cycles.

The transition to a dynamic baseline can be regarded as a fundamental step in adapting the global
methodology to regions characterised by high climatic and socio-economic variability. This
approach has underpinned many subsequent tools for the analysis of trends, volatility, breakpoints
and recurrence.

Chapter 11. New possibilities for using the dynamic baseline and tiM

One of the most important implications of the transition to a dynamic baseline is the possibility of
conducting a full time-series analysis of land condition indicators. Whereas the traditional
UNCCD methodology effectively compares two fixed periods, the proposed logic treats land
degradation or improvement as a continuous process that develops over time.

As noted above, the key instrument for this analysis is the moving average method. Its use enables
a transition from simple monitoring to trend analysis: not only to record the fact of degradation,
but also to assess the rate at which it develops. This approach creates the basis for more advanced
analytical procedures, including the assessment of probable scenarios of future dynamics. The
corresponding methodological opportunities are considered below.

al estimate of the share of degraded land

on the choice of baseli ational and subnational reports vulnerable to

criticism and manip

reliable the esti i changeéd so markedly when the baseline period was shifted.
Applzcatzo f

LDN IndeXtand upto 44% for the SDG 15.3.1 value, compared with the 2001-2020 baseline
period. At subnational level, discrepancies were even larger, masking both areas of
degradation and areas of improvement, thereby preventing balanced land-use management
decisions.
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These examples illustrate the fundamental dependence of LDN indicators on the choice of baseline
period and, consequently, the instability of reporting. In other words, whereas estimates of
degradation based on fixed baseline periods may change substantially with each data update, the
use of a moving-window method based on a dynamic baseline stabilises results and increases
confidence in the monitoring system.

iporal dynamics of productivity trends in Karakalpakstan
ND P-Uzbekistan project, 2025 [121]).

ethod: On the basis of data series obtained in a semi-automated manner
using Trends.Earth, map schemes are prepared that clearly demonstrate both the spatial
distribution oPfive-year productivity trends and their pixel-level dynamics.

2001-2005 2003-2007
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Figure29. Dynamics of changes in land productivity trends in Karakalpakstan

Result: These cartographic materials are subsequently used for trend assessment, forecasting
and refinement of the location of “hotspots” and areas of sustained improvement. This enables
a transition from a binary “degraded/not degraded” assessment to an understanding of the spatio-
temporal dynamics, reversibility and directionality of processes

Case 9: Identification of breakpoints in Tajikistan.

Time-series analysis proved to be of particular value in identifying so-called breakpoints:
moments in time when the direction of a trend changes. Such points often coincide with major
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economic reforms, shifts in land-use systems or extreme climatic events. Their identification

provides new opportunities for evaluating policy effectiveness and planning adaptation
measures.

Problem addressed: The need to identify moments of fundamental trend reversal, when
accumulated impacts or a climatic shock shift the system into a new, often irreversible state.

Context: Analysis of long-term dynamics of land productivity in Tajikistan demonstrated that
the trend is not linear over the entire 20-year period.
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Figure 31. Dynamics of the share of degraded land for 2001-2020 with breakpoints

Result: A pronounced structural breakpoint is detected in both analysed oblasts. In Khatlon
Oblast, a statistically significant regime shift is observed around 2010-2011, when the share of

degraded land declined sharply from 20-27% in the earlier periods to 6-13% in subsequent
years.

In Sughd Oblast, the breakpoint occurs somewhat later, around 2012-2013, with a transition
from a higher level of degradation (on average 30-40%) to consistently lower values (18-23%).
The Pettitt test confirms a change in the mean values of the time series and indicates the onset
of sustained improvement in land productivity in the early 2010s, with the process beginning
earlier and being more pronounced in Khatlon Oblast.
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Understanding that land degradation responds to management decisions transforms the monitoring
system from a passive observation tool into a feedback mechanism. This means that assessment
results can be used not only for reporting, but also for real-time policy adjustment.

Chapter 12. Identification of land degradation hotspots and areas of sustained recovery

A further important step has been the development of methods for analysing the recurrence of land
conditions. This approach is based on a simple but highly important idea: short-term changes may
be random, whereas repeated changes indicate the presence of a persistent process.

The application of this method made it possible to identify territories where degradation occurs
regularly and persistently. These areas were termed “hotspots”. Areas of sustained improvement
were identified in a similar way: territories where improvement occurs consistently over a long
period (bright spots). It became apparent that these areas are of greatest interest from the
perspective of land-use management.

One of the most unexpected results was that persistent hotspots generally occupy only a very small
proportion of the territory. Yet they exert a disproportionately large influence on the overall
dynamics of degradation. This finding has considerable applied significance, as it indicates the
possibility of improving the effectiveness of LDN measures by concentrating them on a limited
number of the most vulnerable or problematic zones. Such a transition from averaged assessments
to spatially precise decisions may be considered one of the key achievements of the modern
adaptation of the LDN methodology.

frequency in Dashoguz Velayat,
kmenistan project, 2025 [120]), and in

Cases 10 and 11: Recurrence
Turkmenistan (based on mat
the Republic of Kalmykia

Problem addressed: , persistent degradation be differentiated from
zones where negati ati e random or episodic, associated with climatic
fluctuations or i

year?

stability.
Application ofythe method: A recurrence analysis algorithm [122] was applied. For each pixel
over the period 2001-2022, the number of ten five-year slices (2001-2005, 2003-2007, ..., 2018-
2022) in which it was classified as “degraded” according to the integrated SDG 15.3.1 indicator
was counted. The result is a raster in which each pixel value represents the frequency of
degradation occurrence (from 0 to 100%). Similar calculations are carried out for stable
conditions and improvement trends.
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The practical significance of the approach described above can hardly be overstated. Studies in

Uzbekistan, Turkmenistan and the Russian Federation have

demonstrated that persistent

degradation foci occupy a relatively small proportion of the territory, yet exert a disproportionately
large influence on overall dynamics. This means that measures to achieve LDN can be significantly

more effective if they are directed to these localised zones.

Case 12: Digitisation and analysis of historical maps
Uzbekistan/Kazakhstan [94, 95, 107].

in the Hungry Steppe,
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A specific example of the use of an approach close to that described above is provided by earlier
comparisons of historical maps undertaken by a number of researchers.

Context: When planning large-scale land reclamation works in the Hungry Steppe, it was
necessary to understand why, in some areas, leaching and drainage construction produced a
lasting result, whereas in others the salts returned.

Application of the method: Detailed soil maps at a scale of 1:100,000, compiled in the 1960s
and 1970s before the onset of intensive irrigation in many areas, were digitised and
georeferenced. These maps reflected the “natural background”: the initial condition of soils,
including the presence of salts in the profile. The historical maps were overlaid with
contemporary remote sensing data (salinity indices) and productivity maps.

Result: The analysis identified zones of “persistent” salinisation, where sa
been present in soils (on ancient marine sediments) and where any att leaching were
inherently less effective. This made it possible to revise the reclamatien e, directing
expensive chemical reclamation works and deep-drainage constructi@s ites where
they could have a long-term effect. For areas of persistent salini

crops, or conservation with conversion to fallow land.

Chapter 13. Trend analysis: from monitoring to forecas

The emergence of time-series analysis tools has effectively changed the very philosophy of land
degradation assessment. Whereas monitoring was previously a series of “snapshots of condition”,
it can now be understood as observation of the development of a complex dynamic system. At first
sight, this change may appear purely technical, yet its implications are much deeper.

For the first time, it becomes possible to consider land degradation as a process with its own rate,
rhythm and phase transitions. This perspective is particularly important for the Central Asian
region, where natural and socio-economic processes are intertwined and generate complex non-
linear trajectories of change.

The development of time-series analysis methods naturally led to the next step: an attempt to look
into the future. If land degradation is considered a process with its own dynamics, the question
arises as to whether its further development can be predicted.

Until recently, such a question appeared premature. Monitoring systems were still being
established, and the main task was to obtain reliable data on the current condition of land.
However, the accumulation of time series and the development of analytical methods have made
forecasting not only possible, but necessary.

13.1. Fore%odehing based on regression analysis

The first step towards forecasting was the application of regression analysis to time series of LDN
indicators. This approach makes it possible to assess the rate of change in indicators and to
extrapolate identified trends into the future.

The importance of this approach is difficult to overestimate. It shifts the discussion of land
degradation from a qualitative to a quantitative plane. Instead of abstract statements about possible
deterioration of land condition, future losses can be assessed in specific units of area and time.

This, in turn, opens the way to the formulation of realistic LDN targets. Countries and regions are
able to assess the scale of restoration measures required to compensate for projected losses.
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Case 13: Forecasting degradation-related losses in Iki-Burulsky District, Republic of
Kalmykia (based on the IGRAS report, 2025 [118]).

Problem addressed: How can one move from recording the fact of degradation to a quantitative
forecast of future losses in order to justify urgent investments in restoration? Under arid climatic
conditions with high interannual variability, it is necessary to identify a persistent deterioration
trend against a background of natural fluctuations and express it as a specific number of hectares
that will be irreversibly lost for productive use by the target planning horizon (2030-2032) under
a business-as-usual scenario.

Context: 1ki-Burulsky District is identified in the study as an example of a territory following a
“degradation advance” scenario. Analysis of dynamics for 2001-2022 demonstrated not only
the presence of degradation, but also its persistent and aggressive growth. For planning
measures under the regional programme to achieve LDN, it was neggssaryjto answer the
question: exactly how much land may be lost in the district by 2032 i i easures are
taken?

increasing at this rate. With the district
area of approximately 6,363 km?, the anfiual increasg,in de raded land is about 299 ha per year.
If the current trend continues, the e district will increase by 2,990 ha
by 2032. Taking into account n in forecast graphs such as Figure
34, the range may be from 1,8

Interpretation: The proj
i der Russian conditions. This figure becomes a
key justification for budget planning phytomeliorative works, for example the
ilise sands, at a scale capable of compensating for
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Improvement Forecast (Iki-Burul District of the Republic of Kalmykia)
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Figure 34. Forecast of the dynamics of land improvement-deterioration trends in Iki-
Burulsky District

13.2. Analysis of trend dynamics for the formulation of land-use strategies

Traditional monitoring approaches embedded in international methodologies often produce
distorted results in the region: natural climatic fluctuations may be erroneously interpreted as
degradation, while real deterioration in land condition is masked if the comparison period includes
favourable years. This leads to management strategies either being delayed or proving inadequate
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to real processes. For example, irrigated areas in the lower Amu Darya may degrade under a
“depletion” scenario requiring one set of measures, while rangelands may enter a phase of active
“degradation advance” requiring entirely different, urgent responses. To address this issue, [42]
proposed a double-threshold method that differentiates priority LDN management strategies
according to different land degradation scenarios in Central Asia.

Understanding which degradation mechanism has been triggered in a given territory becomes the
key to the effective use of limited resources. The case below, using the velayats of Turkmenistan
as an example, demonstrates how in-depth trend analysis makes it possible to move from uniform
plans to a scientifically grounded portfolio of differentiated land-use strategies.

tion trends in
the UNDP-

Case 14: Formulation of land-use strategies based on the analysis of degr
Dashoguz and Lebap Velayats, Turkmenistan (based on mater
Turkmenistan project, 2025 [120]).

contradictory results and does not enable short- term
from persistent negative trends requiring interventio
plans to differentiated strategies that reflect the spe
territory.

nove from uniform
the crisis in each

Context: In the pilot regions of Turkmenista
exposed to desertification in the Aral
different baseline periods produced le results. For planning activities under
national LDN objectives, it was not only where degradation was

restoration and preventive me
Application of the methogd applied based on the use of a dynamic baseline

Improvement Dynamics
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Degradation dynamics
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Scenario ‘i akes it possible to answer a key question: how will the dynamics of land
degradatiorfghange if existing land-use practices are maintained, and how may they change if
sustainable practices are introduced? This approach is particularly important for regions with
high uncertainty regarding future climatic conditions. It enables a broad range of possible
factors to be taken into account and enhances the robustness of decisions.

Result: Analysis of the trends described above revealed pronounced differentiation in
degradation mechanisms across the territories studied, requiring fundamentally different
management strategies:

“Degradation advance” scenario (Danev Etrap, Lebap): the most aggressive negative trend in
the LDN Index was recorded here (b = -0.0181% per year), driven by the rapid expansion of
degradation areas (b(D) = +0.015% per year). The initial condition (a = +4.8%) was good, but
the crisis is developing in an avalanche-like manner. Strategy: crisis response.
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“Depletion” scenario (Turkmenbashi Etrap, Dashoguz; Darganata Etrap, Lebap): the negative
trend in the LDN Index (b =-0.0112 to -0.0062% per year) is formed mainly through a decline
in the share of improving land (b(I) < 0) while degradation stagnates. In Turkmenbashi, the
situation is aggravated by an extremely poor initial condition (a = -5.2%). Strategy: preventive
strengthening and stabilisation - investment in maintaining the productivity of remaining viable
land and phased rehabilitation.

Combined scenario (Rukhybelent Etrap, Dashoguz): simultaneous growth in degradation (b(D)
=+0.005% per year) and a decline in improvement (b(I) = -0.0064% per year) indicate systemic
failure. Strategy: an integrated plan combining urgent measures in hotspots and support for
resilience across the rest of the territory.

Natural cyclicity (Gaplangyr Nature Reserve): a weak negative trend (b =
low model predictability (R2 = 0 45) and very 11rn1ted 1mprovement ote

004% per year),
1 (a(l) = 7%)

management, protection from anthropogenic pressure rather than C

Interpretation' Unlike a simple statement that degradati )
i combinations of
e), the following

[P 2)

coefficients “a” (initial condition/potential) and “b” (rate and rectlon
typical land management strategies can be distinguish

(13 ,’

igh potential (“a
equires immediate

1. Crisis response strategy. Characteristic of territor
hlgh) but shlfted into a phase of rapid deterlora on (“b

(13 ’,

2. Preventive strengthening strategy. Appli herg the cu dition remains stable (“a
i is observed (“b” moderately negative).
ple avater saving and soil protection, in

[P2)

. Required in territories already in crisis (“a
ires a combination of urgent suppression
ilitation programmes.

ent strategy. Suitable for ecosystems adapted to
) with a weak trend (“b” weak). The priority is
s, rather than costly restoration to historical states.

strategy. Applicable where the initial condition was poor

toration processes.

Pra value pproach enables a transition from uniform plans to a portfolio of
1 ey, measures, precisely tailoring sustainable land management strategies to the
specific typedfdegradation crisis

Chapter 14. Use of neural networks and machine learning

The development of forecasting methods inevitably led to the use of machine-learning tools. Land
degradation is the result of interactions among a large number of factors: climatic, soil-related,
hydrological and socio-economic. Traditional statistical methods are not always capable of
accounting for such complexity.

The use of machine-learning algorithms opens the possibility of analysing large datasets and
identifying hidden relationships among degradation drivers. This area is still at an early stage of
development, but initial results demonstrate considerable potential. Machine learning and neural

networks are becoming a powerful instrument for tasks in which traditional methods are
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constrained by the complexity and non-linearity of relationships between spectral characteristics
and land condition.

Machine-learning models make it possible to identify the key drivers of degradation, assess their
relative significance and construct more accurate forecasts. In the longer term, this may lead to the
establishment of integrated decision-support systems for land use.

Case 15. Possibilities for forecast modelling of land-use change using alternative approaches
(Nukus District, Uzbekistan [112]).

Context: Linear regression is not always capable of capturing complex non-linear patterns of
change, especially when spatial distribution of future changes is at issue, tather than merely
their total area. Tools capable of modelling spatial dynamics are required.

The model is also “trained” on maps of changes over previous pe nd 2010-
2022) and, taking into account factor maps (distance to roads,g
the land-use map for 2042, indicating where changes are mo

Result: The model indicates a persistent reduction in
desert lands, against a background of growth in t category. It also
provides a map of future change hotspots, indicating built-up areas and
agriculture is likely to be most acute. At the sameti ot'account for transition
rates.

Case 16. Digital mapping of soil
102)).

Context: In Kalmykia, where
traditional mapping met
models do not cope adeq

work and are not always accurate. Linear
arity of relationships.

tion R? up to 0.88) than linear regression (R? up to 0.70). The best
VI, EVII and Int1 indices. In other words, neural networks are capable

sable for the creation of accurate maps over large areas. This experience can be
igated areas of Uzbekistan and Turkmenistan.

scaled up to
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ing specific measures to
data and a limited set of
nds, divergent processes of recovery on
therefore provides a distorted picture of

land classes, cannot capture the compl
abandoned lands and degradation on r.
the actual balance. A method is ne
improvement, dominate in an terogeneity.

oned lands, rangelands under different
grazing pressures, rainfed
products, including interpret dynamics in such territories, often
concealing importan example, the recovery of steppe vegetation on
abandoned landypis ma ehieral category “grassland communities”. For correct

e) were used as the main tool, applied to the analysis of a series of
ages (30 m resolution) for 2004 and 2014.

stead of seven classes, an expanded classification adapted to local
condtgions is used. Rangeland subclasses are distinguished: conditionally non-degraded,
degraded, moderately degraded and strongly degraded rangelands, as well as
vegetation of small depressions and solonchaks.

- Transition analysis: using the Change Detection module (SAGA GIS), a transition
matrix was analysed not for seven, but for more than twelve classes. This made it
possible to track the fate of each pixel, for example transitions from “cropland” to
“slightly degraded rangeland” or from “strongly degraded rangeland” to “moderately
degraded rangeland”.

- Validation: classification results were compared with ground survey data from key sites
established along a gradient of grazing pressure.
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Result: The application of neural-network analy
fundamentally changed the assessment of la
Trends.Earth method:

- Improved accuracy: the stand etected changes in only 27.5% of the
territory (24.6% degradation and2.9% i ement). The refined method demonstrated
that changes affected 54% i ithia différent balance structure: degradation

- Identification of hidde
principal change

ime, recovery was recorded on the rangelands
egraded areas declined from 5.3% to 2.6% owing to
ew abandoned land areas.

B. Using the extended stand classification
and a scoring matrix adapted to local
conditions

A. Using the
(default

Figure 38. Assessment of land-cover degradation at the test site using different
classifications and assessment matrices (the mask of steppe fires from different years,
excluded from consideration, is shown in brown).
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Management interpretation: The result demonstrated that a formal assessment of “degradation”
over 40% of the area under the baseline methodology masks a complex process of post-
agrogenic transformation, namely the revegetation of abandoned lands. For management
purposes this means that the “red” zone on the LDN map requires not only measures to combat
desertification, but also regulation of grazing pressure on newly available lands, in order to
consolidate the positive recovery trend and prevent secondary degradation. The proposed
approach identifies such nuances and supports more balanced recommendations than those
generated using default data.

Chapter 15. Rethinking land-cover classification: modification of transition n‘trices

One of the important challenges in applying the global LDN methodology in Central Asian
countries is the mismatch between global land-cover classifications and regional conditions.
Global classifications were created to ensure comparability of data at the worldwide level. Yet
detailed analysis reveals that they are overly generalised.

The previous case demonstrated how modification of land-class transition matrices may influence
the results of land degradation assessment. Alongside baseline formation and indicator selection,
this aspect is significant when applying the LDN methodology at national and subnational levels
in the Central Asian region. This is because the standard class sets used in baseline UNCCD tools
are universal in nature and may not fully account for the regional specificity of natural and
production systems. It is therefore advisable to give attention to the formation of adapted land-
class transition matrices that take into account both landscape diversity (forests, rangelands,
cropland, desert areas and others) and differences in the character of land use (agriculture and
forestry, protected areas, industrial lands and other categories). In post-Soviet countries, a unique
land-use structure has formed as a result of historical, socio-economic and natural-climatic
interconnections, including categories such as abandoned cropland, degraded rangelands and
secondarily salinised lands. These categories play a key role in degradation dynamics, but are not
always correctly represented in global classifications. The development of expanded regional
classifications has become an important step towards increasing assessment accuracy. It makes it
possible to account for land-use characteristics and improve interpretation of monitoring results.

mmion matrix for irrigated lands and rangelands of Uzbekistan
he Yashil Makon State Programme [109] (based on materials of the
t, 2025 [120)).

e global transition matrix embedded in Trends.Earth inadequately

vor class changes that are critically important for the region, for example
fallow” and “saxaul woodland -> rangeland”, resulting in systematic errors in
degradation assessment.

Context: The transition “irrigated cropland -> fallow” is often interpreted in the global matrix
as neutral or even positive because grass cover increases on fallow land. In reality, however, in
the Central Asian region this is often the outcome of irreversible secondary salinisation and the
loss of productive land; it is therefore an unequivocal sign of degradation.

Application of the method: A national expert group (soil scientists, agronomists and land-
management specialists) redefined the sign of this transition as “negative” for all cases
confirmed by salinity data (spectral indices, historical maps).

For another complex transition - “saxaul woodland (forest) -> ephemeral desert (grassland)” -
clarifying conditions requiring verification were introduced:
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- If thinning is caused by cutting and overgrazing - negative.

- If it is the result of natural dieback of old saxaul during a dry period within a natural
cycle - neutral (temporary fluctuation).

Result: Application of the calibrated matrix made it possible to correctly assign areas of
“irreversibly lost” irrigated land to the degraded category. This changed the priorities of the
Yashil Makon State Programme, directing resources not only towards greening, but also
towards land reclamation and investigation of the causes of land withdrawal from production.

Case 19: Adaptation of the transition matrix: from global classes to local types of irrigated
lands and rangelands in the lower Amu Darya (detailing for district and l [ levels), based
on UNDP-Turkmenistan 2025 and UNDP-Uzbekistan 2025 project m 120, 121].

Problem addressed: How can the global LDN assessment methodg ed to obtain
reliable results at district and local levels under arid-zone condition rd global
land-cover classifications and transition matrices in Uzbekistan ads to

critical interpretation errors. Processes of “false greening”, s ¢ Tgrown by sarsazan
on solonchaks or the encroachment of low-value shrub speci g

classified as “improvement” by satellite indices,
degradation, loss of economic value and salinisation.

are signs of
global language to
anning of preventive
measures.

Context: Within UNDP projects in Uzb
task was not merely to assess la

ives in Turkmenistan, the
but to provide specific management
characterised by a highly mosaic
ds and drying lakes occur side by
‘cropland” - proved too coarse. It did

fodder saxaul by low-pro munities, or the transition of irrigated cropland
to the category of “bare so

Application of the me sition matrices): To address the problem, the LDN
methodology

1. Detailing ation: Instead of general classes, project experts developed

“shrub rangelands” was divided into subtypes: saxaul,
sitional saxaul-tamarisk communities. The class “saltwort rangelands”
0 ajrek, akbash, sarsazan and annual saltwort communities.

igated lands: a gradation was introduced not only by use (“irrigated/abandoned
d”), but also by condition: “irrigated cropland without signs of salinity”,
“irrigated cropland with signs of salinity”; for abandoned lands, “shrub areas on
solonchaks”, “bare solonchaks” and “bare sands” were distinguished.

2. Development of regional transition matrices: Adapted transition matrices were prepared for
these detailed lists, assigning each transition between subtypes the status of “improvement”,
“stable” or “degradation”. The status was determined by experts on the basis of economic value.
For example, the transition from “irrigated cropland without signs of salinity” to “abandoned
cropland with shrubs on solonchaks” is unequivocally classified as degradation, even if the
satellite NDVI increased (sarsazan produced “greenness’). Conversely, the transition from
“bare solonchak™ to “saxaul woodland” on rangeland is considered improvement.
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Table 8. Assessment table for evaluating land-cover dynamics of rangelands at the level
of rangeland units (with the addition of species-composition indicators).

| Class of MCIass of Pastures Shrub Semi-shrub- Saltworts
Pastures herbaceous
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1. Annual saltworts + + - =
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sment table for evaluating land-cover dynamics of forest areas.

sult of the adaptation, a practical tool for district and local levels was created.

Result: As

- For rangelands: It became possible to map not simply “degradation”, but its specific
manifestations. For example, in Muynak District, Karakalpakstan, where global data
recorded zones of “stress”, the adapted matrix demonstrated that, over an area of
approximately 1,500 km?, saxaul communities were being replaced by low-productivity
akbash and sarsazan communities (halophytisation). This made it possible to translate
the problem from the general category of “instability” into a specific target for rangeland
plans: restoration of fodder value through soil desalination and sowing of teresken.

- For irrigated lands: The updated transition matrix made it possible to quantify risks. In
the area influenced by IWRM (integrated water resources management) projects in Amu
Darya District, Karakalpakstan, it was established that at least 12% of lands recorded as
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“irrigated” are in fact in a transitional stage towards “abandoned with signs of salinity”.
A forecast based on these matrices showed that, without improved drainage and water
saving, by 2030 these lands would move into the category of “bare solonchaks”,
irreversibly lost for agriculture.

Interpretation: Adapted transition matrices may be described as a “traffic light” that precisely
indicates where land is genuinely improving (green), where it is stable (yellow), and where it is
degrading (red), while ignoring “false greening”. This translates land management from a
conceptual plane to the level of precise economic decisions: investors and farmers now have a
tool that helps them understand that field overgrowth in this case is not ecosystem recovery, but
a direct loss of cropland requiring urgent reclamation.

Chapter 16. Use of high-resolution remote sensing data and modern metho eir
interpretation and the interpretation of results

The preceding sections have already addressed the effectiveness of using materials with higher
resolution than those used to date in the Trends.Earth methodology. Higher-resolution data make
it possible to identify local changes that remain invisible when global datasets are used. This is
especially important at the subnational level, where specific management decisions are made. Low
spatial resolution does not allow the small-contour nature of oasis landscapes, the patchiness of
rangelands or the focal character of degradation to be identified. Averaging spectral characteristics
within a pixel may limit the ability of remote-sensing algorithms to differentiate fundamentally
different surface types, for example crusted solonchak and stabilised sand, leading to incorrect
classification [113, 116].

The emergence of high-resolution satellite data has opened new opportunities for analysing the
spatial structure of land degradation processes. The integration of satellite data with field
observations has become an important step towards improving the reliability of assessments. It
makes it possible not only to identify changes, but also to verify their interpretation [75, 114, 115].

Without attempting a comprehensive review of all developments currently available, this chapter
considers some of the most interesting ones and presents them as short cases. Using specific
examples from the five Central Asian countries and neighbouring regions with similar natural
conditions, it demonstrates how these new methods and data help to address key LDN assessment
tasks.

Nadar and optical data with machine learning for mapping salinity of
injtang, China - a model for Central Asia) [43].

essed: Secondary salinisation is the principal threat to the productivity of irrigated
istan, Turkmenistan and Kazakhstan. However, traditional methods for assessing
salinity using satellite data are constrained under vegetation cover (the “green degradation”
phenomenon). Methods are needed that can “see” salts beneath the canopy of cultivated plants.

Context: The Xinjiang Uyghur Autonomous Region of China is almost identical in soil-climatic
conditions and agricultural techniques to the irrigated areas of the Fergana Valley, the Hungry
Steppe and the lower Amu Darya.

Methods applied: The Eighth Agricultural Division of Xinjiang was selected as a model
territory. In combination with soil sampling under conditions of high vegetation cover, three
types of predictors were used [43]:
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- Radar information (Sentinel 1): polarisation indices sensitive to surface structure and
moisture.

- Multispectral information (Sentinel 2): vegetation indices and spectral bands.

- Environmental variables: topographic factors (elevation, slope) and land surface
temperature.

Four datasets (A, B, C, D) were generated with different combinations of these variables, and
three machine-learning algorithms were applied: AdaBoost, gradient boosting (GBRT) and
XGBoost.

Result: The best salinity mapping performance was achieved by the D-XGBoost model, which
combined all three types of data: radar, optical and ground-based environmental variables. On
the validation sample, it reached R? = (.72 and RMSE = 2.40 g/kg [43]. Modgls that included
topographic factors demonstrated higher accuracy than models based o ectral indices.
A particularly strong correlation was found between salinity and el

Conclusion for the region: The integration of radar data (Sentme (k iSpectral data
(Sentinel 2) and topographic variables enables effective @ ini
vegetation cover, which is critically important for the early id oreen degradation”
on irrigated lands in Central Asia.

indices (Kazakhstan) [1].

Problem addressed: Degradation of i the Kazakh part of the Aral Sea region
(Kyzylorda Region) is complex, combfiing reduc rod tivity, dechnlng water availability
and soil salinisation. The deve
monitoring of all these param

Context: Kazaly District of
experiences the full cons

Methods applied L

ference Vegetation Index) for analysing crop
roductivity; NDWI (Normalised Difference Water

in EOSDA Land Viewer and QGIS, with the development of
for the ten-year period.

cre produced, demonstrating the spatio-temporal dynamics of all three
it possible to identify areas where declining NDVI correlates with
increasing early indicating salinity as the cause of degradation, and areas where
declining I is associated with decreasing NDWI (water deficiency). The resulting maps
provide a basis for ranking territories by priority for reclamation interventions and serve as a
foundation for developing adaptation strategies under the continuing desiccation of the Aral
Sea. The work demonstrated the effectiveness of using three indices jointly on the basis of
medium-resolution Landsat imagery for operational monitoring of complex degradation
processes in the region.

Case 22: Mapping water erosion risks using the RUSLE model and field validation
(Uzbekistan) [24].
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Problem addressed: In foothill and mountain areas, water erosion of soils is one of the principal
degradation processes threatening the productivity of rainfed lands and rangelands. Quantitative
risk assessment and identification of critical zones (“hotspots™) are required.

Context: The study was conducted in Ugam-Chatkal National Park, where a combination of
mountainous terrain, intensive land use and overgrazing creates high erosion risks.

Methods applied: The RUSLE model (Revised Universal Soil Loss Equation), integrated into a
GIS environment, was used. The model accounts for five key factors: rainfall erosivity, soil
erodibility, slope length and steepness, vegetation cover and land-use practices. Field survey
data (georeferenced points with descriptions of erosion forms) were used to calibrate and verify
the model. Validation was conducted through joint field visits by specialists from the Ministry
of Emergency Situations, Uzhydromet and the Forestry Agency.

Result: Critical erosion hotspots were identified where predicted soil los
values. Field validation enabled model calibration, improved forecastga
the presence of active erosion processes (rills, wash-off) at sites cla
risk. The mapping results were used to develop recommendati
including slope terracing and grazing regulation.

Case 23: Integrated analysis and forecasting of deserti jon | sing satellite data
archives (Kazakhstan and Central Asia) [43].

of processes.

Context: The Kazakhstan-China
Sensing” at Al-Farabi Kazakh Natio
environmental changes in the @8gi e, Chinese colleagues have developed a
tire Central Asian region over a 40-year
period [43].

Methods applied: O
data for 1982-2020,

GIMMS-3G+, GLASS and ESA CCI Land Cover
ifference Index (DDI) was calculated within the
DDI not only assesses the current condition, but also

al rasters of albedo, NDVI and DDI for 39 years. This allows any
aker in the region to analyse long-term desertification trends without
dry processing of very large datasets. The analysis showed that DDI
a significant negative trend in degraded territories from 1992 to 2020, confirming
on of desertification processes in the region.

the need
demonstrate
the intensifica

Case 24: Innovative approach to classifying the degree of sand stabilisation through the
integration of radar coherence and optical indices (Kalmykia, Russian Federation) (based on
the Sber Bank project, 2025 [122]).

Problem addressed: Areas with grazed-down above-ground phytomass that remain resistant to
deflation are difficult to distinguish from open sands using vegetation indices. It is particularly
important to identify sparsely vegetated sands, which may later transition either to open or to
vegetated sands and constitute a critical zone for forecasting degradation dynamics. Yet their
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detection is the most difficult, because their optical characteristics differ only weakly from those
of vegetated sands [117].

Context: The study was conducted in the desert zone of Kalmykia (Yashkulsky, Yustinsky,
Lagansky and Chernozemelsky Districts), where herbaceous communities predominate and the
problem of rangeland degradation and desertification is acute. From 1984 to 2020, areas
affected by desertification increased almost fourfold, from 750 to 3,000 thousand ha [116].

Methods applied: An innovative approach was developed by adding to traditional vegetation
indices the parameter of interferometric coherence calculated from Sentinel-1 radar images. The
logic of the method is based on the physical properties of the surface: on open and sparsely
vegetated sands, coherence is low because of mechanical variability of the sandy surface under
the influence of wind and precipitation; on vegetated sands, coherence is‘high because soil
bound by the root systems of herbaceous plants does not change substandi

A four-element feature space was used for classification:
- Mean coherence (from 4-6 pairs of radar images over 2-3
- SAVI(Soil Adjusted Vegetation Index) [21] - minimisg
- LAI (Leaf Area Index) [27] - effective in areas with
- Short-wave albedo - total reflectance in the visi

and vegetated sands, which were almos
are optically similar to open sands, in coherence (high versus low),
enabling them to be classified wit etation (shrubs), opaque to the C-
band radar signal, has low co iffers in optical indices (high SAVI/LAI
and low albedo).

Regional relevance: T
substantial potentialg for
Kazakhstan, where th:
It is critically 1

ngelands in Turkmenistan, Uzbekistan and
ishing types of sands and solonchaks is equally acute.

Sentinel-2 composites [113].

e need for operational and detailed mapping of areas affected by
eir seasonal dynamics into account. Traditional methods often provide
do not reflect intra-annual changes that are critical for understanding

deﬂatlon andyrevegetation processes.

Context: Northern Dagestan (Nogai Steppe, Kizlyar rangelands and the Terek-Kuma Lowland)
is one of the most arid and desertification-prone regions of the European part of the Russian
Federation. Open and weakly stabilised sands, rangeland degradation and salinity are
widespread.

Methods applied: The methodology is based on the use of monthly cloud-free Sentinel-2 image
composites for 2022-2023, constructed from median pixel values, and comprises the following
stages:

- Creation of a training sample based on visual interpretation of very-high-resolution
imagery and field-visit data. Around 2,000 reference polygons were created,

87




representing different types of underlying surface: open sands, sparsely vegetated sands,
vegetated sands, solonchaks, croplands, water surfaces and others.

- Machine learning: the Random Forest algorithm, trained on the spectral signatures of
reference sites, was used to classify the entire territory using 10 m composites.

- Seasonal dynamics analysis: the creation of a series of classifications for different
months made it possible to assess how areas of open sands change during the year, for
example increasing in early spring due to grazing of vegetation by livestock, or
decreasing during the active vegetation period of ephemerals.

Result: Detailed maps of seasonal desertification dynamics with 10 m resolution were produced,
allowing changes in the area of open sands to be tracked with an accuracy unavailable from
global products. Key patterns were identified: open sands reach their maximum area in early
spring (April), after the period of maximum grazing pressure, and th@it mimum in mid-
summer (July), when ephemerals and ephemeroids develop. The ni ly separated
primary sands (sites with persistent absence of vegetation) from€ge ic sands,
which is critical for planning phytomeliorative works: the form
while the latter require grazing regulation.

9 s enable not only the
creation of detailed maps, but also analysis of seasona@l dynamicCSji ification of periods of
greatest land vulnerability and assessment of the effect A gulation measures.
Additional possibilities for using Sentinel-2 sess eva ir@tion and monitor irrigation
are presented in [73].

Conclusion

The cases presented convincingly demonstrate that the transition to higher-resolution data and the
introduction of advanced analytical methods open new horizons for LDN assessment in the five

countries of Central Asia:
N - W W

e Machine learning and the integration of heterogeneous data are becoming standard
practice: gradient boosting methods (XGBoost) and Random Forest demonstrate the best
results for salinity modelling, landscape classification and desertification mapping,
particularly when optical and radar data are combined with topographic variables. At the
same time, the results obtained require expert interpretation, field verification and careful
documentation of training data.

e The need for a multi-index approach is confirmed by practice: the use of a single
vegetation index is insufficient. Cases from Kazakhstan and Turkmenistan demonstrate the
effectiveness of the combined use of NDVI, NDSI and NDWI, as well as combinations of
albedo, vegetation indices and spectral unmixing.

e Radar imagery (SAR) and coherence analysis address tasks that optical data cannot
solve: SAR coherence is a unique and powerful descriptor for distinguishing surface types
(sands with different degrees of stabilisation, solonchaks) and monitoring their dynamics.
Adding coherence solves the problem of distinguishing sparsely vegetated sands from
vegetated sands, as well as crusted solonchaks, which is critical for the desert zones of
Central Asia.
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e Seasonal analysis and the creation of temporal composites improve accuracy: the use
of monthly cloud-free Sentinel-2 composites and seasonal dynamics analysis makes it
possible not only to create more accurate maps, but also to identify critical periods of land
vulnerability, which is necessary for adaptive rangeland management.

¢ Field validation and long-term data series remain critically important: even the most
complex models require “ground truth” to improve accuracy, while long-term series (40
years) make it possible to identify real degradation trends against the background of
climatic fluctuations.

e The creation of open long-term datasets expands monitoring capacity: the 40-year DDI
archive for Central Asia provides the region with a ready-to-use tool for trend analysis and

forecasting, which is critically important for transboundary issues such as desertification.
e WA
These methods and approaches, already tested in similar natural conditions, can be successfully

adapted and scaled up to develop national LDN monitoring systems in Kazakhstan, Kyrgyzstan,
Tajikistan, Turkmenistan and Uzbekistan, enabling a transition from averaged global assessments
to precise, locally relevant solutions.

-

provides only a general
ered and adapted either as
tation of indicators of land productivity
dynamics, land cover dynamics or so bon stocks) or as additional indicators.

Adaptation of the assessment algor

territories characterised by pror& er

Analysis of experience in using global
indicators {SDG 15.3.1 + 3 LDN indicators)

National counterpart indicators ‘

National additional Indicators, including
environmental-component indicators and

social indicators
Hierarchical list

Condition indicators and dynamics of fand

indicators (qualitative and quantitative) degradation/ _
progradation ‘ B
Indicators by sectors/resources and land indicators ‘ , ",'d‘vca;,to- Istﬂd )
types, and their consistency e lhl!A et GS‘
Indicators of the scale and degree of
impacts/changes
> Agreed hierarchical list
Indicators of land degradation risks of LDN indicators

Figure 39. LDN indicators for different development priorities, land types and assessment
scales.
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Case 26. Possible national indicators for LDN assessment reflecting the regional specificities
of Central Asian countries [92].

Issue addressed: This case considers the need for, and feasibility of, using different indicators
that adequately and effectively substitute one or all of the three global LDN proxy indicators.

Context: Most Central Asian countries use land degradation assessment indicators developed
during the Soviet period. Countries should take account of the experience gained in developing
assessment methodologies, as well as indicators that capture specific local factors affecting land
degradation. For example, in Uzbekistan, the mechanism for monitoring, assessment,
preparation of reporting forms and publication of the results of measures to combat land
degradation was introduced by Cabinet of Ministers Resolution No. 50 of 2 February 2023 [97].
Methods applied: The methodology is based on consideration of a wide ran@e of baseline and
regulatory indicators: dynamic indicators (reflecting processes and regi tatic indicators

with the global indicators using several criteria, including informatig ucibility,
equivalence, complementarity and others. y N

Global LDN Sectoral and Sub-regional
Indicators Land Degradation Indicators

e =3 il
Share of Degraded Land l Types of Land Degradation

I
> } Land Cover Dynamics J :

Natural and Anthropogenic

Productivity Dynamics } Processes and Phenomena Leading
Dynamics of Soll Organic % Laad Degradstinn
Carbon Stocks
Indicators Analogous to Indicators for Assessing the Qualitative
the Global Indicators Condition of Land by Degradation Processes
v l National Indicators l
A Additional Indicators/Metrics for

Quality Assessment
—m (State Indicators)

> - Diversity of Landscapes, Climate
and Natural Conditions l

General Dynamic Indicators for ' :
LDN Assessment (Common National =2 | -ByLand Categories

Indicators and Those Specific to —
a Particular Region) L ',B.Y,La?q ‘i‘,ely_?ei,i ]
—— —  — — | By Degradation Processes I

Figure 40. &)nceptual scheme of the proposed expanded structure of the national LDN
indicator system (for assessing dynamics and condition/quality) [91].
Result: An expanded framework of indicators has been compiled, showing indicators used by
countries at different levels and potentially interchangeable depending on the objectives of the
assessment.
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Figure 41. Possible additional indicators for land degradation assessment

Case 27: The “iceberg effect”: why global indicators do not “see” erosion and agricultural
soil depletion (the case of Samara Oblast, Russian Federation), based on the IG RAS report,
2025 [118].

Issue addressed: How can the real scale of land degradation be assessed in an intensive
agricultural region if global indicators (productivity and land cover) capture only the “tip of the
iceberg” and fail to reflect processes critical for fertility, such as soil wash, loss of humus and
depletion of nutrients? When planning measures to achieve land degradation neutrality (LDN)
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in Samara Oblast, reliance solely on the standard set of indicators (for example, as calculated
through the Trends.Earth module) leads to systematic underestimation of degraded areas. It
remains unclear on which lands, and as a result of which processes, fertility is being lost;
consequently, it is not possible to design targeted and economically sound restoration measures.
Context: The example is examined at three hierarchical levels: the oblast as a whole, a pilot
municipal district and an agricultural enterprise. Samara Oblast is one of the key agrarian
regions of the Russian Federation, with a predominance of chernozem soils.
However, many years of intensive use have led to the development of water erosion and
agricultural soil depletion, manifested in declining humus content and reduced available forms
of phosphorus and potassium. The standard LDN methodology, based on global datasets,
proved “blind” to these processes, since such changes may occur without a ghange in land-use
type and with a relatively stable NDVI.
Method applied (three-level system of additional indicators): To addres
for verifying and supplementing global indicators with regional angd
and tested. The central idea was to use information that directly ré&
loss of fertility, but which is not captured by satellite sensors atgsta
included three blocks of additional indicators:
- Indicator of erosion hazard and actual soil
erosion dynamics were not available, an indi
Slopes steeper than 2 degrees were identified
compared at the beginning and end of the p

through visual interpretation of
- Indicators of agricultural soil
a replacement for the po
dynamics (which in T . iS%Li nd-use change and always shows “0”
in stable agricultural la itori
Changes in hum
plough layer
analo gy with

satellite imagery at test sites.
mification and decline in nutrients): As

of 15-20 years. A change exceeding 10% (by
old) was recorded as improvement or deterioration.

degradation, two calculated indicators were introduced: specific
ge (RUB/ha), calculated using an adapted methodology that accounts
1lue and foregone income due to declining fertility; and the profitability
in land restoration over different time horizons (6 and 20 years),

Result: The introduction of additional indicators fundamentally changed the assessment of land
condition and made it possible to quantify hidden processes.

- Erosion as the main “invisible” factor: Inclusion of the erosion hazard indicator
demonstrated that, in the test district, 37% of the territory is at risk of soil wash or is
already eroded. At the oblast level, this indicator amounted to 15.5%. At the local level,
it was demonstrated that sustainable declines in productivity (NDVI) and humus content
occur specifically on erosion-prone slopes. Without this indicator, the cause of
degradation would have remained “climatic” or “undetermined”.

- Phosphorus starvation: The principal degradation factor at all levels was not humus
loss, but a sharp decline in available phosphorus. At the oblast level, deterioration in
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phosphorus affected 13.7% of the territory; in the pilot farm, this indicator accounted
for 63% of total damage. The standard “productivity” indicator did not reveal this,
because yields were maintained in the short term through fertiliser application, while the
long-term fertility potential was declining.

o Economic paradox: Calculations showed that, despite almost equal specific degradation
damage at all three levels (approximately RUB 25,000-33,000/ha), the profitability of
restoration differs radically. For the oblast and the district, investment in restoration
proved profitable over a 20-year horizon (inaction-to-action ratio greater than 1),
because current land productivity is low. For the pilot farm using no-till technologies,
restoration proved unprofitable (ratio less than 1), notwithstanding the presence of
erosion and phosphorus losses.

The paradox is explained by the fact that a high standard of agricult

secures high current income, and the costs of additional “anti-deg i

1 management
" measures do

not pay off economically in the short and medium term, althou ecologically
necessary.
A
Dataset | Dataset 2 Dataset 3 Dataset | Dataset 2 Dataset I Dataset2  Dataset 3
o 62 " a3
- “s "
05 . ne
: 2 a0
o 08 0% w1
J0%
i 12 171 LR a
o LDN Index LN budex
100 275 440 % G 4.5%
N improved Stable W Oegraded No data : : ta ol Stab . o
Subnational level Sub-regional level Local level
(Samara Oblast) (Pokhvistnevsky District) (Farm)

Dataset 1: 3 basic global indicators; Dataset 2: 2 basic global indicators (land cover, NDVI-based productivity at a finer
spatial resolution (Landsat)); Dataset 3: land cover, NDVI-based productivity at a finer spatial resolution (Landsat), crop
yield dynamics, content of available potassium forms, content of available phosphorus forms, erosion hazard.

ssesShent results when regional indicators are used.

de it"possible to formulate a key conclusion for regional policy:
he visible tip of degradation. The real picture (the “underwater

monitoring methods. SDG indicator 15.3.1, calculated using the
cluding erosion indicators and agrochemical data), showed an area of
gs larger than that obtained using the baseline methodology (for the oblast,
72% compaked with 13%). This demonstrates that, without regional calibration and the
introduction of additional indicators, LDN planning will be based on a false picture of well-
being and will lead to inefficient expenditure on the wrong processes.

Case 28: The “distorting mirrors” effect: why global data show land improvement where
local data indicate degradation (the case of Central Asia) [26].

Issue addressed: How can a reliable assessment of progress towards LDN be obtained in a
region where official statistics and global satellite datasets speak different languages? When
planning transboundary programmes to combat desertification in Central Asia, reliance solely
on global land-cover datasets (for example, from open sources) results in systematic error. A
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“distorting mirrors” situation emerges: global data may show “improvement” or “stability”,
while local indicators and field studies record continuing degradation of valuable pastures and
soils. Without calibration of data sources, it is impossible to apply correctly the “like-for-like”
principle when accounting for offsetting measures.
Context: The objective was to assess progress towards LDN for the period 2000-2019.
However, the standard methodology recommended by the UNCCD permits the use of different
datasets. The analysis examined how the choice of a given global land-cover product (for
example, CCI-LC or MCD12Q1) affects the final picture of degradation.
Method applied (multi-sensor analysis and consideration of soil quality):

1. Comparative analysis of datasets: The three principal global LDN indicators were

calculated in parallel for the region using different databases. S

=
Legend
Aational sundarvs
Degradation status

Il Degracing $3 or mon darasers)
\ Degradeg (2 datasets)

No tharge
Lvgrowing (7 duesels)
- Trprovng {3 or more debasets) |

status between different land-use datasets.

namics were overlaid with a soil-quality map developed
sian conditions (taking account of salinity, erosion and humus
ade it possible, for the first time in the region, to answer the question:
of soils is degradation occurring, and on what quality of soils is

gd “distorting mirrors” effect was identified, and the risks of data

ion were quantified.

@) of uncertainty: Depending on the land-cover dataset selected, estimates of
degraded land in Central Asia ranged from 15% to 34% of the total territory. A
difference of more than a factor of two constitutes a critical uncertainty for investment
planning at the state level.

o Losses on high-quality soils: The area of degradation on high-quality soils (those most
valuable for agriculture) is more than twice the area of improvement on the same
category of soils: 12% compared with 6%. This means that the region is losing its best
natural resource capital. Improvements recorded by global data often occur on initially
low-productivity or saline lands, and therefore do not compensate for the loss of “rich”
pastures and arable land.

o Divergence of trends: Global productivity data may record positive trends (for example,
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owing to an increase in green biomass), while local data on pasture structure and salinity
indicate degradation. This confirmed the problem of “false greening” described above,

but at the macro-regional level.
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Figure 44.

mayPprovide a basis for revisiting approaches to SDG 15.3.1
ries. Reliance on a single global dataset may create an illusion
e exists. A “sensitivity analysis” tool implies that, before funds are
easures, at least three different data sources should be cross-validated

Case 29: Data triangulation: combining the view from space, field measurements and local
knowledge (based on the FAO/GEF PRAGA project, Kyrgyzstan, 2022 [49]).

Issue addressed: How can it be ensured that the data used to assess pasture condition - satellite
imagery, field surveys and expert knowledge of local communities - are indeed reliable and do
not contradict one another? In the mountain conditions of Kyrgyzstan, reliance on a single
source (for example, global Trends.Earth data) may lead to serious errors: “green” slopes that
satellites classify as improvement may in fact be overgrown with weeds, while high mountain
areas classified by satellites as “degraded” may be in good condition, with naturally sparse
vegetation cover. A triangulation mechanism is needed to reconcile these approaches, identify
the reasons for discrepancies and develop a shared evidence base for decision-making.
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Context: In 2019, within the PRAGA project, a large-scale pasture assessment was conducted
in Naryn Oblast, Kyrgyzstan. The study covered three pasture types (winter, spring-autumn and
summer pastures) and used three independent methods:

1. Analysis of satellite data (remote sensing): Degradation assessment using the SDG
15.3.1 methodology (land cover, NDVI-based productivity and carbon) over 15 years.

2. Field surveys: Assessment of 782 sample plots by professional expeditions using five
key indicators (erosion, vegetation cover, proportion of edible plants, grass height and
seed presence).

3. Pastoralists’ perceptions (traditional knowledge): Members of pasture committees
mapped pastures into three categories - “good”, “moderate” and “poor” - on the basis of
their long-term grazing experience.

The task was not to determine “who was right”, but to understand the reasons
and develop a reconciliation (validation) procedure that would serve as a reli
any investment decisions were made.

Methods applied (data triangulation and validation):

1. Initial comparison: The results of the three approaches we

r discrepancies
filter before

verification procedure.

2. Analysis of discrepancies by pasture type: It becam
depends strongly on the landscape:

o Winter pastures (near villages): All d 1n 100% of cases. The
reason is that pastures are heavily nstant pressure, which is
evident to the satellite, the fiel st alike. Here, satellite data
can be trusted without addition

e Summer pastures (high m

elevations are a natura igh of degradation, as classified by the
satellite.

pe, combining high biodiversity, active vegetation
on-edible (weed) species.

ta (sources of unreliability):

On spring-autumn pastures, the satellite recorded a sharp

s pralists perceive this as a “poor” condition (weeds), while the satellite
ets it as “good” (high biomass).

Result: the validation procedure as a guarantee of reliability

Validation workshops with pastoralists, during which satellite maps and field data were
presented, made it possible to “reconcile” the approaches and achieve an impressive increase in

agreement:
o Agreement between pastoralists’ perceptions and field data increased from 80% to
86.7%.

o Agreement between pastoralists’ perceptions and remote-sensing data increased from
46.4% to 89.3%.
o Agreement between field data and remote-sensing data increased from 46.4% to 96.4%.
Interpretation: The study demonstrated that no single method constitutes the “ultimate truth”.
Data reliability is context-dependent.
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o Satellites work well in homogeneous and heavily modified landscapes (winter pastures),
but become “blind” in complex mosaic ecosystems.

o Field surveys provide point information, but cannot cover large areas.

o Pastoralists possess invaluable contextual knowledge, but it is subjective.
Key policy and practical implication: investments in pasture restoration cannot be planned on
the basis of satellite maps alone. Mandatory validation procedures involving local communities
are required. Data triangulation is not an academic exercise, but a practical tool for filtering
unreliable information, improving diagnostic accuracy and building a foundation for trust and
joint management.

Chapter 18. Addressing institutional issues: data interoperability and coordina&l of forecasts

VN
The experience of testing the LDN concept and its possible methods across Central Asia and the

Russian Federation demonstrates that even the most advanced technical toolkit is of limited value
unless embedded in a functioning institutional environment. Land data collected by different
agencies (cadastral services, agricultural and forestry authorities, and hydrometeorological
institutions) are generated within fragmented information systems and often rely on inconsistent
classifications and formats. This prevents automated calculation of SDG indicator 15.3.1, requires
labour-intensive manual processing and, even more importantly, precludes the development of
reliable forecasts that require the integration of climate, soil and management data.

The absence of effective inter-agency coordination and integrated spatial data infrastructure can
limit the potential of the LDN concept, reducing its application primarily to reporting rather than
supporting regular management and strategic decisions. In addition, in the absence of agreed
approaches to the use of forecasting models, there is a risk that different agencies will produce
non-comparable assessments and scenarios, which may reduce planning coherence and complicate
the formulation of shared development priorities. The importance of science-policy platforms for
strengthening the scientific basis, coherence and practical applicability of decisions related to land
degradation is considered in [44].

This chapter examines the transition from predominantly technical solutions to institutional
implementation mechanisms. Examples from different countries demonstrate how the
development of national GIS platforms, strengthening of the mandates of inter-agency
coordination bodies, integration of forecasting modules into decision-support systems and
investment in human-capacity development help transform fragmented data into a coherent land-
resource management system.

Such a transition creates conditions for shifting the emphasis from responses to changes that have
already occurred towards more proactive and strategically oriented land-resource management.

Case 30: Experience in establishing inter-agency coordination and data infrastructure in
Uzbekistan

Context: Cabinet of Ministers Resolution No. 50 of 2 February 2023 [97] legally established a
mechanism for land degradation monitoring in Uzbekistan and required several ministries and
agencies (Ecology, Agriculture, Water Management and the Cadastral Agency) to provide
data for this purpose.

Method applied: An LDN Coordination Council was established under the Ministry of
Ecology, with the participation of all key agencies and scientific institutions (for example, the
Soil Science Research Institute).

97



Technical platform: With the support of FAO projects, the development of a national GIS
platform based on open-source software (GeoNode, QGIS Server) began. The platform
integrates automatically updated layers of SDG 15.3.1 indicators (based on Trends.Earth);
layers of national indicators (salinity and pasture condition); meteorological data from
Uzhydromet; and digitised historical maps.

Standardisation: Unified data-exchange and classification standards were developed and
approved for all participating agencies.

Result: According to national estimates, creation of the platform reduced the time required to
prepare the national report on SDG 15.3.1 by a factor of two to three. More importantly, the
emergence of a single validation source and transparent data enabled the Coordination Council,
for the first time, to engage in a substantive discussion on LDN targets on the basis of agreed
figures rather than institutional interests.

addressing the shortage of geospatial skills
Issue addressed: Implementation of the LDN concept reg
indicator 15.3.1 regularly, which is impossible witho
remote sensing, time-series analysis and machine lea

“hotspots” on the ground is possible. Interna
a common problem: one-off training ev:
institutional capacity.

The following analysis examines

In Uzbekistan, capacity
LDN indicators. For exa 5, ICARDA and the Environmental Protection

rse on “Soil Erosion Assessment and Application of

ing of anti-erosion measures. Importantly, the training involved
istry of Emergency Situations, the Ministry of Ecology, Uzhydromet
reporting. §i€ld valtdation, in which joint teams documented rills and gullies, made it possible
to “connect modelling results with reality”, which is critical for calibrating satellite data.

In parallel, the University of Geological Sciences hosted a remote-sensing and GIS training
course with Korean partners (KIGAM), where participants learned to analyse satellite imagery
and create digital elevation models. These skills are directly applicable to monitoring land-cover
change, the first global LDN indicator. Within the NICOPA project, the National University of
Uzbekistan is modernising curricula in precision agriculture, including GIS and big-data
analysis, thereby creating a long-term basis for training professionals who understand the
relationship between land productivity and management technologies.

Gaps: Despite this progress, the system remains fragmented: training is conducted within
individual projects, and there is no single LDN competence centre that could coordinate staff
development for all agencies involved.
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Sub-case 31.2. Kyrgyzstan: a hybrid approach and institutionalisation through universities

Kyrgyzstan has developed the most comprehensive approach, combining targeted training for
government bodies with systematic university education. In November 2025, within the KG
RESILAND project (World Bank), supported by the European Space Agency (ESA), a training
course was delivered in a distinctive hybrid format [74].

Link to LDN: The training was combined with field validation in Osh Oblast, where participants
not only mastered algorithms for processing optical and radar data, but also visited target sites
to verify identified “hotspots”. This directly reproduces the PRAGA methodology (described
above), in which local knowledge is integrated with satellite data for accurate diagnosis of
degradation. The participation of representatives of the Ministry of Emergency Situations, the
Water Protection Service and the State Agency for Land Resources creates alatform for inter-
agency data exchange necessary for reporting on SDG 15.3.1.
In parallel, KSTU named after 1. Razzakov implements the Digi

Gaps: GIS competency requlrements have already be ualification profiles
for civil servants (for example, in the State Ag : purces), indicating
institutionalisation; however, the number of tidi i not yet meet the staffing
needs of all regions.

Sub-case 31.3. Kazakhstan: fundame
Kazakhstan relies on fundamental educ is for LDN human capacity. At Al-Farabi

Risks.
Link to LDN: Curricula ig

°ntal training remains only weakly connected to the practical tasks of
ere is a noticeable shortage of regular targeted professional-development
r current ministry staff, similar to those being implemented in Uzbekistan and
Kyrgyzstan.

Sub-case 31.4. Tajikistan: targeted training for emergency services and water management

Tajikistan, being highly vulnerable to natural hazards, focuses on training specialists for
operational response. Under the same ICARDA/USFS project as in Uzbekistan, Tajik
specialists mastered methods for erosion assessment and flood-risk analysis. Within the
Degradation Prevention project, joint teams from the Committee for Emergency Situations and
forest services documented erosion forms, which is directly linked to verification of LDN data.
Link to LDN: In mountain conditions, land degradation correlates directly with mudflow and
landslide risks. Training specialists capable of assessing erosion processes and modelling their
consequences provides a basis for incorporating land degradation into early-warning systems.
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This is an example of how LDN tasks can be integrated into a broader risk-management context.
With support from GIZ and the National Water Information System, training sessions were
conducted for staff of basin administrations and Tajik Agrarian University on ArcGIS, web GIS
and the GeoNode geoportal. These skills are necessary for land accounting, planning of pasture
rotation and assessment of rangeland productivity, all key elements of LDN at the local level.
Gaps: Capacity development is carried out exclusively within project frameworks and remains
highly dependent on external financing. A national university school of geoinformatics
comparable to that of Kazakhstan is lacking.

Sub-case 31.5. Turkmenistan: an information vacuum

For Turkmenistan, open sources contain very little information on training programmes in
GIS and remote sensing for land-monitoring tasks. This in itself is an indicat@k of a problem:
the country is likely facing an acute shortage of personnel that is not bei ssed either by
international projects or by domestic education initiatives. Given tha n, like other

initiatives could be an important step towards strengt
Asian countries in land monitoring.

regular application across vas
(satellite NDVI, which d@e
needed that is bot by communities themselves for operational
management, while owledge to be scaled up to the national level for
government degision- Ing & nt planning in the context of achieving LDN.

ork. In parallel, the state service Kyrgyzgiprozem maintained a
t monitoring points, but their data were updated infrequently and did
1 of individual communities.

that combm€s threc sources of knowledge: (1) pastoralists’ traditional knowledge; (2)
simplified field surveys; and (3) modern technologies (remote sensing and machine learning).
The process included two stages:

Stage 1. Development of a “people’s” monitoring protocol (the five indicators)

During a series of meetings with pastoralists and members of pasture committees (75
participants in total), they were asked to identify the signs they themselves use to determine
pasture condition. It became clear that pastoralists intuitively use simple but informative
vegetation indicators and rarely mention complex soil or water parameters.

On the basis of community proposals and scientific requirements, a simple questionnaire was
developed and integrated into a mobile application (KoBo Toolbox). It included only five key
visual indicators that any pastoralist could assess by eye: signs of soil erosion; percentage
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vegetation cover; percentage of edible (grazed) plants; average grass height; and presence of
seeds (an indicator of regeneration).

Using this protocol, teams of two to three people (including pasture committee members) were
able to assess more than 780 sample plots across four pilot sites, covering about 2 million ha
over two years, thereby demonstrating the speed and cost-effectiveness of the method.

Stage 2. Integration with machine learning and remote sensing for scaling up

Data collected by pasture committees through the mobile application (georeferenced
photographs, dominant plant species classified as “forage”, “weeds” or “poisonous”, and
vegetation cover) became not merely reports, but a training dataset.

Thousands of field points with coordinates were used to train a machine-learning algorithm
(Random Forest). The algorithm analysed multi-year time series of Sentinel-2 satellite imagery
and searched for relationships between spectral signatures and pasture-quality categories
defined by pastoralists on the ground.
The trained algorithm made it possible to classify the entire pasturg g maps that
show not simply “greenness” (NDVI), but the probability of occt ¢ le forage
grasses, weeds and poisonous plants.

The following year, the resulting maps were again pres
verification and correction, thereby closing the feedbac
Result: The two-stage system created a synergistic
using any single approach alone.

o Validity of “people’s” data: Comparison of sim
indicators with detailed scientific a ich degree of correlation.
Agreement between simple field d ceptions after validation
reached 86.7%.

e Tool for local management: Th ittees received not merely a report, but a
working instrument. The ingi
example, if grass heig
rotation should be 1
demonstrates the

edible plants decline on a plot, pasture
the same indicators one year later

Through machine learning, pastoralists’ local
entire territory. In pilot ayil aimaks of Naryn Oblast,

gh NDVI values (traditionally interpreted as “good”) in fact
of non-edible or poisonous plants. These “green deserts” became
ed management interventions, such as regulating grazing periods or

entiation of approaches by pasture type: Experience showed that different
ations of methods can be used for different pasture types:

o  Winter pastures (near villages): simple visual control by pasture committees is
sufficient.

o Summer pastures (high mountains): a combination of satellite monitoring and
selective field checks is effective.

o Spring-autumn pastures (middle mountains with high biodiversity): local
knowledge remains indispensable, since pastoralists are best able to distinguish
edible from non-edible species.

Interpretation: This case demonstrates an ideal model for countries seeking to establish a
national LDN monitoring system that is at once scientific, economical and legitimate in the eyes
of local communities. Rather than opposing “science” and “tradition”, the project created a
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bridge between them. The five simple indicators became a common language in which
pastoralists can speak with scientists. Machine learning became the tool that enabled this
conversation to be scaled from the level of a single pasture to that of an entire country.

The key policy and practical implication is that:

1. Investments become targeted. Funds are directed not to abstract “degraded pastures”
shown by satellites, but to specific areas where pastoralists confirm weed infestation and
algorithms indicate a high probability of its occurrence.

2. Monitoring becomes continuous. The system transfers responsibility for annual data
collection to communities (pasture committees), while the state (or large projects) is
responsible for the technological platform, algorithm training and strategic planning.

3. “social licence” for management is achieved. Since decisions§on grazing and
restoratlon are based on data collected by the pastorallsts themse ves, the legitimacy of

degradation to a sustainable, institutionalised national
regular and reliable reporting on LDN indicators at

apable of providing
idual fields to the
ctivity and soil carbon),
calculated from satellite data, often suffer cy, “false greening” and
insensitivity to locally critical processe i i
Sound management decisions and plan i ments in land restoration require a reliable

national system that integrates ggoun:

ous land fund, more than 70% of which
ly pastures. Land degradation, including

ected? specifically towards achieving LDN. However, in
rtification, land degradation and drought and in line with
SDG 15.3, a system of state organisations has historically
lop, with each institution responsible for a specific block of
or comprehensive assessment of land condition. Together, these
plican State Enterprise GISHAGI, the Republican State Enterprise on

ZN11ZhiK portal - form what may be described as a “national LDN machine”,
pplying data for all three global indicators and offering more sensitive national
supplements.
Method applied (integration of state monitoring systems): Kazakhstan has developed an
effective division of labour among three key institutions. Their combined activity covers almost
all LDN assessment needs, from primary data collection to the production of analytical products
and decision-making.

1. Republican State Enterprise GISHAGI (https://gishagi.kz/) - the foundation: geodesy,
cartography and spatial data infrastructure
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Role in the LDN system: The institute is the
sole provider of acrophotogeodetic survey
services for agricultural mapping in the
republic. It creates the digital spatial basis
without which accurate referencing of all
other data is impossible.

Methods and results for LDN: Geodetic
and photogrammetric works provide
highly accurate data on terrain and site
conditions. This is critical for the correct
interpretation of land-plot boundaries and
land categories, which directly affects the accuracy of calculating the Land
indicator. In addition, it provides a basis for modelling erosion processe
the landscape, which is required for assessing degradation risks and i
models of soil organic carbon stocks.

Digital cartography and the creation of digital terrain model
all thematic layers, including soil, geobotanical and remote
cartographic base, even the most detailed ground surve
used to monitor changes over time.

2. Republican State Enterprise on the right of econom

system: This is the central
omponent of the system, responsible for
i instrumental measurement of
ers corresponding to all three
bal LDN indicators. With its extensive
etwork of branches across all oblasts of
Kazakhstan, the institute is the principal
source of ground-verification information.
Its activities are regulated by the Land
4 Code of the Republic of Kazakhstan and a
number of subordinate legal acts,
including the Methodology for Soil

"Soil survey and soil bonitet assessment correspond directly to
tocks indicator and its national proxy. Soil surveys include the
s, description of genetic horizons and sampling for laboratory

-20(30) cm layer; thickness of the humus horizon (A+B1) in cm; texture
content, %); carbonate content; degree of salinity (by dry residue and salt
composition); alkalinity/solonetzicity; and physical properties such as bulk density and water-
holding capacity.

Soil bonitet assessment is a comparative quantitative assessment of fertility expressed in points
on a 100-point scale. The bonitet score is calculated on the basis of the above parameters relative
to the reference soils of the region. Correction coefficients are applied to account for negative
features, including erosion, salinity, stoniness and others. Changes in the bonitet score on the
same plots during repeated surveys constitute a direct national indicator of degradation (a
decrease in score) or restoration (an increase in score). Scheduled soil surveys are usually
conducted every 15-20 years, although monitoring at control sites may be carried out more
frequently.
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Geobotanical surveys correspond directly to the Land Productivity indicator for pastures. They
are conducted to determine the productivity of vegetation cover (forage yield in centners/ha)
and the qualitative condition of pastures. Methods include field route surveys with sample plots,
identification of the botanical composition of the sward (proportion of valuable, low-value and
harmful species), and assessment of vegetation cover and condition (stages of pasture
digression). Geobotanical maps at scales of 1:50,000 to 1:100,000 provide the basis for planning
pasture rotation. These ground data serve as reference information for calibrating and validating
satellite indices used to monitor vast pasture territories.

Agrochemical surveys correspond directly to the Soil Organic Carbon Stocks indicator and to
control of agricultural soil depletion on arable land. They determine soil contents of humus;
available forms of nitrogen, phosphorus and potassium; microelements (ziac, copper, cobalt
and others); and acidity (pH). For agricultural lands, the established frequency§ every 3-5 years
on irrigated lands and every 5-7 years on rainfed lands. From 2026, ical surveys
absence, or

deterioration of soil quality by more than 10-15%, may entail w1th ]
3. KazNIIZhiK portal (http://kazniizhik-pastures.kz/) - operatiosn
making

Role in the LDN system: This specialised resource
collection to the creation of decision-support tools, es
of pasture livestock production. The portal integra
produce cartographic products.
Methods and results for LDN:
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practical implementation of monitoring
data in near-real time. The system en
trends in declining productivity
response to drought events.
The forage resources map (sca
distinguishing types by
and saltwort-wormw

oductivity indicator using remote-sensing
of pasture “greenness”, identiﬁcation of

(for example, feather grass-fescue-wormwood
important for assessing their economic value.

Figure 45. Map of pasture
forage availability [77].

In thousand feed units
avalable

[ ] - w10 50% "
it
- 50% 1o 70% . .

- Coverage
1 - 70% and above

The pasture stocking-rate map is a key national indicator. It is calculated by comparing actual
stocking pressure (number of livestock / pasture area) with the normative stocking rate approved
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by order of the Minister of Agriculture of the Republic of Kazakhstan. Norms are differentiated
by natural zones and oblasts, pasture types (by dominant vegetation) and pasture condition
(restored/degraded). For degraded pastures, the normative area per head is larger. Exceeding
the actual stocking pressure over the norm signals overgrazing and high degradation risk. If
actual stocking is less than 50% of the norm, the pasture is considered not to be used for its
intended purpose, creating a risk of weed encroachment.

The pasture watering map contains information on the presence and condition of water sources
(wells, boreholes and watering points). This is a critically important indirect indicator
explaining the spatial distribution of pressure: degradation of infrastructure leads to overuse of
pastures close to water and underuse of distant pastures, thereby generating local degradation
hotspots.
Result: Estabhshment of a national LDN assessment system supported by

ta at all levels.

For the global mdzcator “Land cover”: Contribution: GISHAG i accurate
cartographic base. GIPROZem prepares materials on soj il and
geobotanical maps, as well as land degradation maps. Kaz} K pasture classes by
producing thematic maps of forage lands.
Result: Instead of coarse global classes (for example,
the use of detailed categories such as “feather grass
soils”, which is critical for assessing their condjtion an
For the global indicator “Land productivity’’
surveys, producing ground data on yield (ce
uses these data to calibrate and int
productivity maps for vast territories.
Result: A two-level system emer
satellite monitoring (“covera
This makes it possible not onl
causes, such as reduced
For the global indicator

ystem enables
hstures on solonetz

ul indicator for agronomists and land planners, as it is directly linked
and cadastral value of land.

: GIPROZem data on soil types, bonitet scores and geobotanical characteristics
le to determine precisely on which lands degradation has occurred and where
improvement has taken place. The pasture stocking indicator from KazNIIZhiK helps plan
measures to reduce pressure (for example, watering of remote pastures) in order to compensate
for degradation on nearby grazing areas.

Result: Compliance with the “like-for-like” principle becomes realistic. Degradation of highly
productive floodplain pastures cannot be offset by improvement of low-productivity desert
pastures, because national data make it possible to distinguish clearly between these categories.
Interpretation and the way forward:

Kazakhstan’s state land-survey system provides a unique example of an institutionalised
monitoring approach that fits the LDN concept exceptionally well. Rather than relying
exclusively on global satellite data, the country has created and maintains a “national machine”
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that produces its own, more accurate and relevant data, underpinned by detailed methodologies

and a regulatory framework.

The key policy and practical implication is that:

1. Degradation assessment becomes targeted and parametric. It becomes possible to state
precisely that, in a given oblast, on particular soil types, humus content has declined by X%
or the bonitet score has fallen by Y points owing to secondary salinisation; or that, in
another oblast, on specific pasture types, actual stocking pressure exceeds the norm by a
factor of Z, leading to productivity decline recorded by NDVI and confirmed by
geobotanical data.

2. Restoration planning becomes economically justified. Knowing the bonitet score and actual
productivity makes it possible to calculate foregone benefits from degradation and compare

according to unified standards (soil, geobotanical and 2
ground observations from a network of control sites.

Thus, the system consisting of GISHAGTI (the cartogra

¢ system that could
ough digitisation of

to anonymised data, and
nable the country not only to report

o to manage its land resources
further degradation.

-
12 cooperation
at Central Asian countries are at different stages in

or LDN, with each country shaping its own priorities

be replicated in Central Asian countries. Its
archival data, creation of a single nation
integration with precision agriculture s
successfully on voluntary internatignal

Kazakhstanghas a well-developed academic base for training specialists in GIS, remote sensing
and data analysis. The existing capacity creates favourable conditions for further expansion of the
applied use of th‘ese comaetencies in LDN-related tasks.

Kyrg demonstrates a balanced model that combines training of civil servants, development
of university programmes and the gradual institutionalisation of GIS competency requirements
within public administration.

The Russian)Federation has substantial scientific and methodological capacity in LDN,
sustainable land management, soil science, landscape ecology, geoinformation analysis and
remote sensing. A well-developed network of research institutes and universities supports the
training of specialists and the development of methodological approaches to land degradation
monitoring and sustainable land-resource management, including in the arid and semi-arid
territories of Eurasia.

Tajikistan focuses on applied training for specialists working in areas of elevated natural risk,
integrating LDN issues into the broader context of management of natural processes and territorial
resilience.
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Turkmenistan, drawing on its rich historical experience of regional cooperation in combating
desertification, land degradation and drought (during the Soviet period, the country was a
recognised centre for exchange of advanced practices), is progressively developing a national
system for LDN capacity development. Further expansion of the country’s participation in regional
initiatives on skills development and knowledge exchange opens broad opportunities for mutually
beneficial cooperation.

Uzbekistan is actively developing project-oriented training in specific methodologies, involving
inter-agency teams and giving attention to field verification. This approach contributes to the
formation of practical competencies and readiness for joint initiatives.

Conclusion to Part 111

From diagnosis to action - building the national foundation for LDN

insurmountable obstacles. On the contrary, they act as drive a more

mountain landscapes of Central Asia and the adjoining i ederation.

The process has moved from rethinking the fundam it - replacing a static

“reference point” with a dynamic baseline and cries - to the creation of

ses lies in moving beyond
the flat dichotomy of ‘“degradation/i
identifying hidden mechanisms (“advan
degradation and bright spots of susta

towards a multidimensional diagnosis:
letion”), localising “hotspots” of chronic

losses.

regional experience goes beyond technical
erous examples from Uzbekistan, Kazakhstan,
ven the most accurate satellite data and sophisticated
nrealised potential unless they are embedded in a
creation of fragmented pilots is necessary, but only a first

society.

The integration of modern technologies with traditional knowledge is of particular value. The
Kyrgyz experience has demonstrated that involving local pasture communities in data collection
through mobile applications and training algorithms on these data can achieve a level of accuracy
that is unattainable using only “global” products.

From indicators to diagnosis and strategy

Adaptation of the methodology required a refinement of approaches to indicator use. The global
set of three sub indicators provides the overall assessment framework; however, correct
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interpretation of results under regional conditions requires the application of additional data-
processing procedures considered in the practical cases presented above. At the same time,
management decisions require more detailed diagnosis focused on specific land types and
degradation mechanisms.

In this regard, the Handbook presents a set of additional tested indicators that make it possible to
adapt monitoring to the specificities of the main land-use types in the region: pastures, irrigated
lands, desert and tugai forests, and mountain and foothill zones. For pasture areas, indicators of
sward quality are important (vegetation cover, proportion of forage and undesirable species), as
are selected remote-sensing parameters, including radar characteristics such as coherence, for
clarifying surface types and the condition of sandy massifs. For irrigated areas, Key roles are played
by salinity indicators (for example, SI), data on the condition of collecto inage networks and

for differentiated management strategies, ranging of pronounced

degradation to preventive measures aimed at stren d conserving land

0 as a tool for evidence-based investment
ustainable management.

main a pressing issue for most countries of
ed makes it possible to identify national areas of

ent based on the mutual complementarity of competencies and
standards for professional training.

The region has developed the basic prerequisites for implementing LDN approaches. The next
stage should b@)the transition from individual pilot initiatives to sustainable national monitoring
systems based on inter-agency coordination, developed spatial data infrastructure and systematic
human-capacity development. Such a transition creates conditions for shifting the focus from
recording the consequences of degradation towards more proactive and strategically oriented land-
resource management. A detailed analysis of the relevant directions and mechanisms is presented
in the concluding Part IV of the Handbook.
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PART IV. SYNTHESIS OF THE METHODOLOGY: AN ENHANCED ALGORITHM FOR
LDN ASSESSMENT AND A ROAD MAP FOR CENTRAL ASIA

Introduction: From adaptation to an integrated system

The preceding parts have sequentially examined the fundamental provisions of the global LDN
methodology (Part I), analysed its application under the specific conditions of Central Asia (Part
IT), and presented practical solutions and regional case studies (Part III).

The analysis demonstrates that the mechanical replication of global approaches without due
consideration of the regional context may constrain both the accuracy and the practical
applicability of the results. High interannual climatic variability, historically shaped land-use
patterns, specific degradation processes (including the phenomenon of ‘green degradation’), and
the institutional fragmentation of monitoring systems all make the systematic adaptation of the
methodology necessary.

The concluding part of the Handbook is devoted to synthesis. Its purpose is to present not a set of
separate methodological elements, but an integrated and enhanced algorithm for LDN assessment
which is grounded in the global methodology while taking into account the particular natural and
socio-economic conditions of Central Asia.

A key element of the proposed approach is the transition to a dynamic baseline, which broadens
the analytical possibilities of the assessment, including the analysis of persistent trends, the
identification of hidden degradation factors, and the development of substantiated forecast
scenarios.

This part examines in detail the stages of the proposed algorithm, as well as the specific features
of'its application according to the scale of assessment (national, subnational and local) and sectoral
context (irrigated and rainfed arable land, rangelands and forest ecosystems). It systematises
proposals for selecting indicators applicable at each analytical level. The section concludes with
an indicative road map for the further development of the LDN methodology, including areas
requiring additional elaboration and in-depth joint research by the countries of the region. It is
important to note that the proposed algorithm should be regarded as an instrument for additional
interpretation and regional planning, rather than as a replacement for official reporting submitted
by countries at the international level.

The proposg
IT and III:

algorithm is based on four key principles arising from the analysis presented in Parts

1. Complementing the fixed baseline with time-series dynamics analysis: the official
baseline period is retained as the reference point for reporting, while longer time series are
used to identify territorial norms, climatic fluctuations, the recurrence of processes, and
persistent degradation trends.

2. A tiered approach: from global screening (Tier 1) to in-depth diagnostics using national
data (Tier 2) and precise field measurements (Tier 3).
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3. Data integration: bringing together remote-sensing data, field surveys, historical maps

and traditional knowledge.

4. Diagnosis of mechanisms, rather than merely recording the fact of degradation, in order

to select an appropriate management strategy.

The general flow chart of the algorithm is presented in Figure 45; a detailed description of each

stage follows below.

2.1, Identification of the average STAGE 1 1.1. Defining the objectives and
long-term ecosystem state over Preparatory: _ prlnc}pln of zoning
the entire available period of
quality oburvatlonr" FoAR anC Syestvs 1.2, lm_phmntatiom data
: collection - GIS analysis -
2.2. Establishment of the STAGE 2 Spert validadion

dynamic baseline

2.3. Analysis of the rate and

Calculation of the dynamic baseline

3.1. Classification of possible
indicators into alternative and

direction of trends ; iti
. r: on STAGE 3 | additional ones
Devel:p:ent of a multi-level 3.2, Selection and combination
S = e ndicator system f indi
4.1. Correlation analysis | i -
g = ? 3.3. Comprehensive interpretation
4.2. Assignment of weights STAGE 4 of indicator values
and priorities Weighted integration of indicators, (global, alternative national,
significance threshold, additional)

4.3. Significance threshold
and expert calibration

expert callbration

|
L)

STAGE 5

| '5.1. Repeatability analysis

f.:p:::: :v’o:ddoz Mu.";m: In-depth diagnostics: ' 5.2. Diagnostics of degradation
analysis (hotspots) identification of mechanisms and "ﬁ"‘"ﬁ"" and mf |

6.2. Second level of
differentiation: response based
on trend diagnostics

6.3, Development of
differentiated strategies

Figure 46. En ed a

scenario interpretation

\

STAGE &
Interpretation of results and selection
of a differentiated management strategy

SYM.iE 7
Forecasting and adaptive management

h

5.3. Scenario interpretation
and forecasting

or asSessing and achieving LDN under the conditions of

Central Asia

Stage 1. PreM@gatory e: tc@rial zoning and definition of assessment objectives
a

The first stage is of key methodological importance, even though it does not involve the direct
calculation of indicators. It concerns the conceptual calibration of the assessment system.

Before applying the algorithms, it is necessary to define the scale and object of the assessment
(national level, an individual region, a river basin or a production unit) and to formulate clearly
the assessment objectives, for example the preparation of reporting under SDG indicator 15.3.1,
the justification of investments in restoration measures, or the adjustment of management
practices, including pasture rotation.

In Central Asia, with its immense landscape diversity - from the high-mountain meadows of the
Pamirs to the sandy deserts of the Karakum and the densely populated oases of the Fergana Valley
- the application of uniform, standardised degradation criteria should be regarded as a serious
methodological error. What is a ‘norm’ for a desert (a low NDVI value and sparse vegetation
cover) would be a ‘catastrophe’ for an irrigated field. What constitutes a sign of degradation for a
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pasture (a shift in species composition) may not be captured by the global algorithm if the formal
land-cover class remains unchanged. The key action is therefore to undertake territorial zoning.

1.1. Purpose and principles of territorial zoning

The purpose of zoning is to divide the territory into relatively homogeneous units (zones/regions)
within which natural conditions, dominant land-use types and, consequently, limiting degradation
factors are similar (for example, ‘desert rangelands’, ‘foothill dry steppes’, ‘irrigated oases’ or
‘mountain meadows’). This makes it possible to establish specific ‘rules of the game’ for each
zone: its own indicator thresholds, its own transition matrix and its own set of priority national
indicators.

Zoning should be carried out on the basis of two complementary groups of criteria, considered in
conjunction:

1. Natural (landscape-ecological) criteria:

o Bioclimatic potential: first and foremost, this refers
example, the Vysotsky-Ivanov moisture coefficient, Se
or the De Martonne aridity index). It is this
productivity range for a given area.

oisture 1dex (for
hermal coefficient

o Dominant land-use type: irriga d arable land, transhumant rangeland,
village-adjacent pasture, i ng saxaul stands), reserve lands, and other
land categories or t are important for the territory under analysis.

of land tenure (private ownership, leasehold,
re committees, and proximity to large settlements (a

indicator uses uniform algorithms to calculate NDVI trends. However, a 10% decline in NDVI in
a dry-steppe zone may constitute a catastrophic trend indicating pasture degradation, whereas the
same decline in a desert zone may fall within the range of natural long-term cyclicity. Zoning
makes it possible to establish reference values and significance thresholds for each natural region;
without this, trend analysis (Stage 5) loses its meaning.

2. The problem of interpreting transitions (matrix calibration). The global matrix of land-
cover transitions (for example, in Trends.Earth) assigns the same assessment to a given type of
land-cover change worldwide, which may be inappropriate for specific territories. As
demonstrated in the case studies, the transition ‘irrigated arable land — fallow land’ cannot be
assessed in the same way in the foothills (where it may be a temporary phenomenon) and in the
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lower Amu Darya (where it is often the result of irreversible salinisation). Zoning allows nationally
adapted and calibrated transition matrices to be linked to specific territories. For a zone of
‘irrigated lands at high risk of salinisation’, the transition cited above would be classified as
‘degradation’, whereas for a ‘foothill rainfed farming’ zone it may be assessed as ‘neutral’.

3. The problem of selecting priority indicators. The three global proxy indicators are mandatory,
but insufficient for diagnosing the mechanisms of land degradation at the regional level. The set
of additional indicators must be ‘zone-specific’.

o Forirrigated agriculture zones, priority additional indicators may include the Salinity Index
(SI), groundwater depth and the condition of collector-drainage syste

e For desert rangelands, they may include vegetation cover, the ion of palatable
species, and radar coherence data to assess sand stabilisation.

o For mountain zones, they may include erosion indices (R data on the

condition of terraces.
1.3. Practical implementation m
1. The development of a territorial zoning maf¥ishould be regarded not as a one-off
research initiative, but as the foundation for a sustainable regulatory and methodological
framework. Its formal approval by the competent public authority (for example, the
Ministry of Agriculture or the relevant land agency) would be justified, with subsequent
use as a baseline document for national LDN reporting. The zoning map should be

developed in an inter-agency format with_the participation of scientific and sectoral
experts, ensuring the harmonisation of approaches and data.
A N ) " 4

2. Data collection: agrometeorological reference materials, large-scale soil maps (held in the
archives of design institutes such as GIPROZem in Kazakhstan or Uzgiprozem), land
cadastre data and mass from geobotanlcal surveys.

3. GIS analysis \d Mmodem GIS tools make it possible to overlay these

disparate layers and delineate the boundaries of relatively homogeneous territories.

4. EX[NN[}IC resulting map should subsequently be discussed with regional

experts - soil scientists, agronomists, rangeland specialists and representatives of local
‘g)mmunities. Their knowledge of local specificities is invaluable for refining boundaries

determined by automated methods
Conclusion: Mning is not a bureaucratic formality, but the creation of a ‘coordinate
subsequent work. It makes it possible to move from a uniform global template to a
e-adapted assessment system. Without this stage, the use of a dynamic baseline
(Stage 2) and trend analysis (Stage 5) will operate with figures detached from the actual natural
and economic context, inevitably leading to erroneous management decisions.

Stage 2. Transition to a dynamic baseline: establishing the ‘territorial norm’ and moving towards
trend analysis

The second stage is an important component of the proposed regionally adapted methodology, as
it makes it possible to complement the fixed baseline with the analysis of longer time series. This
approach does not replace the established baseline period used for official reporting, but expands
the possibilities for interpreting results by taking into account the long-term dynamics of land
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condition. As shown in Part II and illustrated by the case studies in Part III, under the high
interannual climatic variability of Central Asia, the analysis of longer time series reduces the
sensitivity of results to the selection of particular assessment periods and better accounts for the
influence of dry and wet years, while also distinguishing short-term climatic fluctuations from
persistent long-term trends of land degradation or restoration. 2.1. What is a dynamic baseline?

In addition to comparing land condition between two fixed periods (for example, a ‘baseline’
period of 2001-2015 and a comparison period of 2018-2022), it is proposed to use the long-term
average condition of the ecosystem over the entire available observation period as the reference
line. This condition is regarded as the ‘territorial norm’ or ‘historical range of variability’ for each
individual pixel or homogeneous land unit.

The key distinction is that a dynamic baseline:
amn ~wma

o Has no single calendar date. It is not a ‘point’ or ‘period’ in the past, but a statistical
characteristic (mean or median). A\j

o Is individual for each pixel. It takes into account the natural potential of a specific land

unit: the NDVI norm for a desert pasture will dif.fer from @t ofa fg)thill meadow.
o Is ‘flexible’. As new data accumulate (for example, every five years), the long-term

average norm may be recalculated, allowing long-term climate trends (such as secular
aridisation) to be taken into account.

2.2. Method of establishment: from smodilfing to orm

The procedure for determining a dygamicbaseline in

Step 1. Constructing the full time seri€s, The analysis uses all available cloud-free satellite data
over the longest possible observation period. For regional and national levels, these may be
MODIS data series (from 2000, 250 m resolution) or AVHRR (from the 1980s). At the local level,

Landsat data (from the 1980s, 30 m) and Sentinel data (from 2015, 10 m) may be used.
N N A N
Step 2. Smoothing and filtering climatic noise. Annual NDVI data and other indices contain strong

fluctuations associated with droughts and wet periods. Smoothing methods are recommended to

separate this ‘noise’ from the signal.
. 1 : culatii of a moving average using overlapping windows, for example

akes it possible to obtain a smoothed curve reflecting medium-term

ethod: use of smoothing filters (for example, the Hodrick-Prescott filter),
1ake it possible to separate trend and cyclical components in the time series.

Step 3. Calculating the ‘territorial norm’. The reference line (conditional ‘0’) is taken as the
arithmetic mean (or median) of the smoothed series over the entire observation period. For
example, for a region with data from 2000 to 2025, the norm would be the average value of the
smoothed NDVI over these 26 years. This value represents the long-term production potential of
the ecosystem under current climatic conditions.

Step 4. Assessing deviations for reporting periods. At this step, land condition is assessed not
‘relative to 2015°, but relative to this long-term norm. For each reporting period (for example, the
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five-year period 2021-2025), the average smoothed value for those years is calculated and its
deviation (in percentages/fractions) from the established norm is determined.

2.3. A new indicator: the trend as a measure of degradation

Using the full time series opens the way to the most important step - quantitative trend analysis. It
is at this point that the principal indicator changes.

Under a static approach, the principal indicator is the ratio of areas: how many hectares have
moved into the ‘degraded’ category and how many into the ‘improved’ category. However, this
indicator says nothing about the speed or persistence of the process.

In the updated system, the principal indicator of land degradation becomes\not area, but the

rate and direction of change, expressed through the coefficients of a re equation.

How it works:

For each pixel (or for each zone or polygon), a trend line is
series of the key indicator (for example, deviation of NDVI fi N0 he share of degraded
or improved land, or the LDN Index). Linear regression i

o Y is the value of the indicator (f oraded land, in %);
o X s time (year or sequence n i i
o bis the regression coeffici

cally equal to the coefficient. This is the
dation. The higher the value of b, the more

However, trend analysis may demonstrate a fundamental difference:

e District A: degradation occurred abruptly during the first two years as a result of an extreme
drought and then stabilised. The coefficient b for the entire 10-year period will be small,
and the future forecast stable.

e District B: the area of degradation is increasing steadily every year by 0.5%. Here,
coefficient b will be positive and statistically significant. This is a signal of a chronic,
ongoing process requiring urgent intervention.
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Conclusion: under the high natural variability of Central Asia, it is the persistent trend (a significant
coefficient b), rather than a one-off change in area, that represents a reliable indicator of
anthropogenic or long-term natural degradation. Establishing a dynamic baseline and subsequently
analysing trends enables us to move from the question ‘how much has degraded?’ to the far more
important management question: ‘at what rate and in which direction is the process developing?’
This, in turn, makes it possible to justify forecasts quantitatively and to calculate the necessary
scale of compensatory measures.

Stage 3. A tiered system of indicators: from global screening to local diagnostics

Approach and sectoral specificity.

Accordingly, it is appropriate to complement the unified set o
indicators, particularly at the local level or for smaller district
for each land-use type, it is proposed to use its own opti

3.1. Classification of indicators: alternative and additi

Before turning to the lists, it is important to distinguish
relation to the global methodology.

Alternative indicators (replacing glOmel nAational indicators that directly measure the
same process as the global sub-indicator, but with greater accuracy and relevance, since global
data (for example, SoilGrids for carbon) often have an uvnacceptable level of uncertainty at the
national level.

stocks from global tables and land-cover classes
rable lands, with direct measurement of humus

o Example: instead of
(Tier 1), data from,agr
content, may be :&Ti

Additional irﬂo\(exp_anding diagnostics): indicators that are not included in the triad of

global indicators but are critical for understanding the mechanisms of degradation under specific

regional conditions. Global indicators may demonstrate that something is happening (for example,

productivity is declining), but they do not explain why (salinisation, erosion, a shift in species
composition). Additional indicators answer the question ‘why?’ by reflecting processes and

N4

regimes.
o  Examplejthe Salinity Index (SI), calculated from Sentinel-2 data, is an additional indicator to
productivity (NDVI). It explains the cause of yield decline in an irrigated field.

3.2. Detailed set of indicators for different assessment levels

Table 10 presents an expanded and systematised list of indicators, grouped by assessment level
(Tier 1, 2 and 3) and by land-use type. The list is not exhaustive, but covers the indicators that are
most tested and recommended for the region.

Table 10. Expanded system of possible LDN indicators for Central Asia
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Level / Land- | Global sub- Examples of Examples of Data sources /
use type indicators alternative additional indicators | Methods of
(mandatory) indicators (local diagnostic) acquisition
(additional
regional)
Tier 1 Baseline sub- * Yield of major * Aridity index Trends.Earth,
(National) indicators of SDG | crops (droughts) FAOSTAT,
15.3.1: (centners/ha) * LDN Index national
1. Productivity according to (balance of statistical
(NDVI statistical improvements/degra | yearbooks,
trend/state) reporting dation) hydrometeorolo
2. Land cover * Livestock * Frequency of du gical data
(LCCS classes) numbers storms (num
3. Soil carbon (conditional head) | days)
(IPCC Tier 1) * Share of
irrigated land in
the total land fund
Tier 2 Verified and
(Subnational: | calibrated using
oblast/district) | national data
All types * Productivity Landsat/Sentine
(NDVI based on 1-2, land
Landsat/Sentinel) cadastre data,
* Land cover degraded land geobotanical
(refined classes rocess rate) maps,
based on cadastre ecurrence maps agrochemical
data) of degradation surveys (every
(frequency analysis) | 5-10 years)

Irrigated arable
land

n the arable
layer (alternative
to carbon)

* Spectral salinity
indices (SI, NDSI)

* Groundwater depth
(m)

» Groundwater
mineralisation (g/1)

* Share of drained
areas (%)

Sentinel-2, field
conductivity
meters,
melioration
cadastre data

* Productive soil
moisture reserves
(mm)

* Erosion index
(RUSLE) - estimated
soil loss (t/ha per
year)

* Share of erosion-
prone slopes (>2°)

* Content of mobile

Digital
elevation
models (SRTM,
ALOS), field
surveys,
agrochemical
service data

phosphorus and
potassium (mg/kg)
Rangelands » Above-ground * Vegetation cover of | Field transects,
(plain and biomass the soil (%) data from
desert) productivity * Share of valuable pasture
(centners/ha) forage species (%) committees,
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Level / Land- | Global sub- Examples of Examples of Data sources /
use type indicators alternative additional indicators | Methods of
(mandatory) indicators (local diagnostic) acquisition
(additional
regional)
(field-based) Sentinel
* Pasture-load index | (coherence),
(actual/normative) MODIS NDVI
* Share of
open/weakly
stabilised sands
(based on radar
Rangelands * Productivity UAVs, field
(mountain and (based on harvest ification
high- cuts at key sites) GA
mountain) method), data
from pasture
committees

Forest lands
(saxaul stands,

Forest cadastre
data, Sentinel-

tugai forests) 2, UAVs

* Species
omposition (share
native species)

* Presence and
condition of
shelterbelts (per
hectare/linear
features)

Tier 3 (Local:

farm, pasture

committeg

All * Yield + Salinity maps UAVs

(centners/ha) of a | (based on SI) at 10 (orthophotos,
specific field m resolution multispectral
» Maps of rangeland | imagery), field
to specific land species composition | soil profiles,
plots. (based on mobile

UAV/neural- applications
network data) (KoboToolbox,
* Soil electrical ODK) for data
conductivity (EC), collection, data
dS/m (field from pasture
measurements) committees

* Groundwater depth
in observation wells

(m)
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3.3. How to select and combine indicators: practical examples

The table above may appear complex at first glance; the examples below demonstrate how an
‘indicator package’ can be developed in practice for specific situations.

Example 1: National reporting under SDG indicator 15.3.1 for Kazakhstan
e Level: Tier 1

e Indicators: the three global sub-indicators (Trends.Earth) + alternative indicators
(statistical data on yields and livestock numbers) + additional indicators (the LDN Index
by oblast and the pasture-load map from the KazNIIZhiK portal).

CCD, while
also its own

e Purpose: to provide official data for voluntary reporting
demonstrating that the country uses not only global proxy i
national monitoring systems.

Example 2: Developing a programme to combat salinisati, 94 lands in "Bukhara
Province (Uzbekistan)

e Level: Tier 2

e Indicators:

o Global (productivity): NDV

rends base
(identification of producti i

dsat data over 25 years

o Alternative (carbon/fertil
mobile mineral nutriti i evidence of agricultural depletion.

imple field indicators: vegetation cover (%), grass height (cm), proportion of
palatable plants (%), seed presence (yes/no), and signs of erosion (yes/no).

o Satellite-based (verified): maps generated by a neural network on the basis of field
data, showing the probability of the spread of non-palatable species by pasture unit.

e Result: the pasture committee receives a map where the areas marked in red are not simply
‘degraded’ areas, but areas overgrown with poisonous grasses. The management response
is to alter grazing periods or reseed valuable grasses not across the entire pasture, but in
specific locations.
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3.4. Principle of integration: from indicators to decisions

The key conclusion from this stage is that an indicator has value not on its own, but through its
interpretation in conjunction with others. The priority is to develop a system in which:

1. Global indicators provide the initial signal (where is instability occurring?).

2. Alternative national indicators confirm and refine this signal, replacing coarse proxies
with precise measurements.

3. Additional indicators explain the cause (why is this happening?) and help to select the
correct instrument from the Avoid-Reduce-Reverse hierarchy.

Such an integrated approach makes it possible to move from establishing the fact of degradation

to the substantiated planning of measures to prevent it and restore lan is the ultimate

objective of the entire LDN concept.

The fourth stage is devoted to a critically important pr heterogeneous
information from numerous indicators (the three global indi range of additional
indicators) into a single decision on the status of a land uni Iegraded, improved or
stable. The global methodology proposes a si ativ@principle for this purpose:
One-Out, All-Out (10A0). However, e i i onstrates that the technical

application of the 10AO principle to a t of additional indicators may increase the
risk of double-counting the same preeess

4.1. The One-Out, All-Out (]Oan e
The 10AO principle described in the Good Practice Guidance [66] and discussed in the first part
of the Handbook, remains the basic rule for integrating the three main sub-indicators of SDG
indicator 15.3.1. At this stage it is used as the starting point for the subsequent interpretation of
results, analysis of the causes of degradation, and selection of priority management measures.

ahthe unjustified overestimation of degraded area

nal and subnational levels, where an expanded set of additional

the calculated share of degraded land.

The root of
independent, but describe the same processes from different perspectives. Under Central Asian
conditions, this is particularly evident:

problem lies in the correlation or redundancy of indicators. Many are not

o Example 1 (rangelands): the global indicator ‘land productivity dynamics’ (NDVI trend)
and the additional indicator ‘proportion of valuable forage species’ are often closely
related. In 95% of cases, a decline in NDVI on a pasture is accompanied by a deterioration
in species composition. Including both indicators in an assessment under the 10AO rule
provides no new information, but formally doubles the ‘weight’ of the problem, even
though in essence the same degradation process is being counted twice.
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o Example 2 (irrigated lands): the Salinity Index (SI) and declining productivity (NDVI) are
also correlated, but with a time lag. Salinity may already be high while a high NDVI value
is still maintained through fertiliser application. In this case, the indicators provide different
but complementary information, and neither should be excluded. At the same time, in this
context the Salinity Index (SI) should primarily be regarded as an additional early-warning
and risk diagnostic indicator. It may indicate a degradation process before it manifests itself
in declining NDVI; however, its use to change the official status of a land unit under SDG
indicator 15.3.1 requires a separate national methodological decision, documentation of
threshold values, data sources and verification procedures. Otherwise, SI should be used
for interpretation and prioritisation of measures, but not as an aufpmatic standalone
criterion of official degradation.

<\

Key conclusion from regional studies: as described in a number of works [29, 35, 36], for arable
land and rangelands in Central Asia the global indicator ‘land productivity dynamics’ determines
the final status of the integrated SDG 15.3.1 indicator for a land unit under the 10AO rule in 95%
of cases. This may mean that, in many cases, it largely determines the final assessment. Adding
other indicators without taking their interrelationships into account may create a risk of
overestimating the degraded area due to the inclusion of statistically unstable or interdependent
signals. V

4.3. Proposed solution: analysis of ‘weights’ the introdu ofMicnificance thresholds
In order to preserve the sensitivity of th

proposed to use a modified integration p

avoiding unjustified overestimation, it is
ional and subnational levels by introducing
elements of mathematical weightin
but rather its additional anal
prioritisation and sensitivity anal

The weighted integration p

Step 1. Correlation a&sis. During system calibration for a specific region or land-use type, a
pairwise correlation analysis should be conducted for all indicators used (global and additional).
This makes it possible to identify groups of strongly correlated indicators which, in effect, measure

similar parameters or rocesse%
Step wgm olfxghts and priorities. For each group of correlated indicators, a ‘leading’
indicator_is identified, with the highest diagnostic value and the lowest uncertainty. Other

indicators in the same group are regarded as confirmatory, but do not have an independent ‘veto’
right under the 10AO rule. For example:

e Forrangelands: the leading indicator is the productivity trend (NDVI), while the proportion
of valuable species and vegetation cover are confirmatory. If NDVI is stable but species
composition deteriorates, a risk or initial stage of degradation is recorded, but the land unit
is not included in the final statistics of degraded land without additional confirmation in
the next cycle.

o For irrigated lands: the leading indicator may be the Salinity Index (SI) as an early
indicator, while the NDVI trend is confirmatory. A high SI with stable NDVI is an alarm
signal requiring intervention, but the land unit may not yet formally be considered degraded
according to the productivity criterion.
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Step 3. Introduction of a significance threshold for additional indicators. In order for an
additional indicator to ‘outweigh’ the global indicators and independently classify a land unit as
degraded, the change in that indicator should exceed a stricter threshold than that used for global
indicators. For instance, if a 10% threshold may be sufficient for a global indicator, a threshold of
20-30% may be established for a specialised additional indicator to filter out random fluctuations.

Step 4. Expert calibration. Final weights and threshold values cannot be determined statistically
alone. They should be approved by national expert groups involving sectoral specialists (soil
scientists, agronomists, foresters and rangeland specialists), on the basis of an understanding of
the significance of a given process for the relevant land-use type.

4.4. lllustration of the ‘weighted’ approach
Table 11. Hypothetical irrigated arable plot in the lower Amu Daryz

Indicator Value Interpretation
under the ed 2 oach
10AO rule

Productivity Stable (+1%) No degradatid adi ator. Stable.
(NDVI trend)

Land cover ‘Arable land’ i firmatory. No change.
(unchanged)

Soil carbon Decrease of
(agrochemistry) 5%

Confirmatory. Minor decline.

Salinity Index ation Confirmatory, but exceeds the
(SI) % der 10A0) threshold (25% > 20%). Included
as a high-risk signal.

Result unde the plot is degraded (because of SI). The degradation area is

Result eighted approach: the leading indicator (productivity) is stable. The
additional shows a strong increase exceeding the higher significance threshold.

Hence, the plat cannot be recognised as degraded to the moment, but it is identified as an area of
‘critical risk’ with a forecast of imminent degradation. This calls not for inclusion in loss statistics,
but for immediate preventive measures (improved drainage and leaching). This is a more nuanced
and management-relevant decision.

Conclusion. The One-Out, All-Out principle remains the foundation of the integrated assessment,
but at national and subnational levels it should be applied with due consideration of correlations
among indicators. Moving to a weighted assessment that distinguishes leading and confirmatory
indicators and introduces differentiated significance thresholds makes it possible to:
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1. Avoid unjustified inflation of the degraded area as a result of including redundant or weakly
significant signals.

2. Maintain the high sensitivity of the method to real threats.

3. Produce not merely statistics (‘degradation yes/no’), but a diagnostic map distinguishing
areas that are already degraded from areas at risk, which is critical for planning
anticipatory, rather than only compensatory, measures.

Stage 5. In-depth diagnostics: recurrence analysis, identification of mechanisms and scenario
interpretation

previous stages
this stage must

The fifth stage is the analytical core of the entire enhanced methodology. If
answered the questions ‘where?” and ‘how strongly has the situation ch

Stage 6.

Diagnostics consist of three consecutive analytical
information layer. The first of these - trend analysis - w

5.1. Trend analysis: rate and direction of cha

As described in detail in Stage 2, the use
trend line for each pixel or polygon base
the share of degraded land D, the share @f improve
linear trend equation

Y =a+b * X provides two keM
&

o Coefficient b - the rate and direction of change (the slope of the trend). A positive b for D

indicates steady expansion of degradation; a negative value indicates its reduction.
a wFavw
. Coefficie\ the estimated value of the indicator at the beginning of the observation

period, interpreted as the initial potential of the territory or its ‘historical baggage’.
A\ 4

e as basis for the subsequent diagnosis of mechanisms. Before
sis, however, persistent chronic processes must be separated from

recurring phendmenon, or is it the result of a one-off climatic anomaly?’
Methodology of analysis:

1. Constructing a series of temporal snapshots. The entire available observation period is
divided into a set of overlapping or consecutive time intervals. For Central Asian
conditions, the use of five-year moving windows has been found to be optimal (for
example, 2001-2005, 2003-2007, 2005-2009, ..., 2018-2022). A five-year window smooths
annual climatic variability while retaining sensitivity to medium-term trends.
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2. Classifying status within each ‘window’. For each pixel or polygon in each five-year
period, the status is determined using the integrated SDG 15.3.1 indicator (taking account
of verified and additional indicators): ‘degradation’, ‘improvement’ or ‘stability’.

3. Calculating frequency. For each pixel, the number of time windows in which it was
classified as ‘degraded’ is counted (as a percentage of the total number of windows).
Similar calculations are carried out for the statuses ‘improved’ and ‘stable’.

Interpretation of frequency-analysis results:

e ‘Hotspots’: degradation frequency > 70%. These are areas of chronic, persistent
degradation. Negative processes dominate here regardless of climatic fluctuations. Such
areas require immediate and, as a rule, capital-intensive restoration measures (the

‘Reverse’ strategy). A\

‘Bright spots’: improvement frequency > 70%. Here it is important to study and replicate
successful land-use practices, creating demonstration and learning areas.

o Permanently stable lands: stable states recur in 70% of&ases or mpgreNThe priority here is
preventive measures to avoid degradation (the ‘Avoid’ and ‘Reduce’ strategies).
|

e  Fluctuation zones: all other territories (where degradation and improvement frequencies
are below 70%, and stability also does not dominate). These are areas where land condition
fluctuates in response to weather conditions or short-term anthropogenic impacts. They
require particular attention, since temporary deterioration may become chronic degradation
under inappropriate management. The priority is prevention (Avoid) and adaptive
management.

A

&

Practical significance: experience described in the case studies shows that persistent degradation
centres (‘hotspots’) occupy a relatively small share of the territory (often less than 5-10%), but
exert a disproportionate influence on overall dynamics and serve as sources of dust storms and

biodiversity loss. Concentrating resources on these areas provides the maximum effect.
 J

5.3. Diagnosi me&8anisms and scenarios (based on the joint analysis of

The second ptecedure e question: ‘How exactly is the process unfolding? What is its
ism andhon what initial basis is it developing?’ For this purpose, the regression
coeffici i indStage 2 should be used, but considered systemically, taking into account

Coefficient ay be considered as a characteristic of the initial potential of the territory; its
interpretation should take account of the specific land type concerned and may differ for arable
land, rangelands, forest land and other categories:

o A high value of a<D> (for example, > 20-30%): the territory already had a significant
‘historical tail’ of degradation at the start of the period. This is a zone of accumulated
damage requiring long-term restoration programmes.

e A low value of a<D> (for example, < 5-10%): the initial condition was favourable and
degradation was minimal. This is a high-potential zone where the primary task is to prevent
losses.
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e A high value of a<I>: the territory has good self-recovery capacity or has already been
subject to successful measures.

e Alow value of a<I>: restoration potential is low; even if pressure is removed, the system
will recover slowly.

Combining these four parameters (a<D>, a<I>, b<D>, b<I>) provides a more nuanced diagnosis
than analysing trends alone. An expanded typology of scenarios based on the practical case studies

is presented

below.

Table 12. Expanded diagnosis of degradation mechanisms taking into account initial

potential (1 - improvement; D - degradation)

with a long history of
overgrazing or
inappropriate melioration.

Scenario Diagnostic Interpretation of agement
features mechanism and outcome
(combination of
a and b)
1. Crisis a<D> is low ncy Reverse,
Onset (initially ed at reducing
favourable), b<D> ressive degradation
>> () (rapid order to preserve
increase). initially high potential.
a<I> may be high,
but b<I>is
declining.
2. Chronic Stabilisation and
Exhaustion losing the remnants phased restoration
its resilience. Positive (Reduce + Targeted
esses are shrinking. Reverse), aimed both
is s typical of territories at improving the poor
initial condition

(negative a) and
reducing the negative
trends that have
exacerbated it.

(degradation is
expanding).

a<[> is low, b<I>
< 0 (restoration is

The worst-case scenario.
The territory is problematic
from the outset;
degradation and declining
potential continue, with no
resources for recovery.

Comprehensive
Reverse. Heavy
investments are
required, combining
urgent and long-term
measures in a

declining). combined scenario.
4. a<D> is low, The territory is in Preventive protection
Potentially b<D>=0 equilibrium and has good (Avoid). Sustainable
Stable (degradation is potential. The main task is management and
Equilibrium absent and does
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Scenario Diagnostic Interpretation of Management
features mechanism and outcome strategy
(combination of
a and b)
not emerge). to prevent negative trends monitoring for early
a<I> may vary, from emerging. detection of threats.
b<I>=0.

S. Fragile a<D> is high, The ecosystem has adapted Congervation and

Low-Level b<D>= 0. to conditions of chronic

Equilibrium a<I> is low, b<I> degradation. There are no
~0. active trends, but no

recovery is occurring
either. This is an
‘ecological dead end

6. Recovery a<D> is low, An ideal scen
from High b<D><0 territory with
Base (degradation is i
declining).

a<I> is high, b<I>
> (0 (improvement
is expanding).

7. Recovery a<D> is high, been in Sustained Reverse.
from Low begun to
Base from it. The

is under way, but
uires continuous support

forecasts. of linear extrapolation based on coefficient b (calculation of future losses)
was describ

scenario-base

in detail in Stage 2. It is important to emphasise here that forecasting should be

Instead of a single forecast, several trajectories should be constructed, reflecting different possible
futures:

e The Business-as-Usual (BAU) scenario: extrapolation of current trends (coefficients b).
It demonstrates what will happen if nothing changes.

e The Climate Scenario: adjustment of trends taking into account projected climate models
(for example, increasing aridisation). This requires integration with hydrometeorological
data.
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e The Management Scenario: modelling how trends (b) will change when specific
measures are implemented (for example, a 20% reduction in livestock numbers or
construction of drainage on 1,000 ha). This makes it possible to substantiate the
effectiveness of planned investments quantitatively.

Summary.

In-depth diagnostics transform raw monitoring data into structured information for decision-
making.

1. Recurrence analysis localises zones of chronic problems (‘hotspots’), where investments
will have the greatest effect, as well as zones of sustained restoration (‘bright spots’),
whose experience should be replicated. \

2. Diagnosis of mechanisms (based on the joint analysis of coefficients a and b for

degradation and improvement trends) makes it possible to understand the nature of the
crisis, assess the initial potential of the territory, and select an Wtrategy from the

Avoid-Reduce-Reverse hierarchy.

3. Scenario forecasting makes it possible to as_sess the consequences of inaction and
substantiate the cost-effectiveness of planned measures, shifting the discussion from
‘something must be done’ to ‘this should be done because it will save X billion by 2030°.

persistenceigprovided by frequency analysis (section 5.2). It answers the question: ‘where has the

problem already become chronic, and where is it temporary?’

o ‘Hotspots’ (degradation frequency > 70%): areas of chronic, persistent degradation.
Negative processes dominate here irrespective of climatic fluctuations. A ‘Reverse’
strategy is required. These are zones for immediate and, as a rule, capital-intensive
investments: phytomelioration, reclamation, construction of drainage systems, and changes
in land-use type.

e ‘Bright spots’ (improvement frequency > 70%): here, natural processes or sound
management are already producing positive results. The strategy is to ‘Maintain &
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Upscale’. Successful practices should be studied and documented so that they can be used
as examples for learning and transfer to other territories.

o Permanently stable lands (stability > 70%): zones where land condition is stable. The
main task is to prevent degradation from emerging. The strategy is ‘Avoid’. This implies
the introduction of preventive sustainable land management measures: regulation of
pressure, protective afforestation and observance of crop rotations.

e Fluctuation zones (all other territories): the most difficult category to manage. Here, land
condition fluctuates in line with climatic cycles or short-term impacts. In favourable years
they may appear healthy; in dry years they may issue warning signals. It is precisely here
that temporary deterioration may turn into chronic degradation if management is
inappropriate. The strategy is adaptive management and monitoring, with emphasis on
preventive measures (Avoid) and rapid response to the first signs of a persistent negative
trend.

6.2. Second level of differentiation: response based on trend il

The first level tells us where the problem is chronic

trends (section 5.3), are used. This diagnosis
instrument.

the territory (‘proximity to the edge of the
i the process (‘the speed of decline”).

Interpretation of
the mechanism

Management strategy (LDN
hierarchy) and specific
examples of measures

A territory with
high potential
suddenly comes

Emergency Reverse.
Measures should aim at
immediately addressing the

rable),

b<D>>> 0 (rapid under powerful and cause: sharp reduction of
growth of acute degradation livestock numbers, closure of the
degradation). pressure. Urgent site to grazing, emergency
a<I> may be high, measures are construction of protective
but b<I>is required. structures, and prohibition of
declining. ploughing.
2. Chronic a<D> is medium The system is Stabilisation and phased
Exhaustion or high (problems slowly but steadily restoration (Reduce + Targeted
already exist), losing the remnants Reverse).
b<D>> 0 (slow of its resilience. Priority measures are to halt the
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chronic
degradation. There
are no active
trends, but there is
also no recovery.
This is an

Scenario Diagnostic Interpretation of Management strategy (LDN
features the mechanism hierarchy) and specific
examples of measures
increase). a<[> is Positive processes decline in recovery potential
low, b<I> <0 are shrinking. This (Reduce): infrastructure
(recovery capacity is typical of improvement (watering points to
is declining). territories with a disperse pressure), support for
long history of natural regeneration. In parallel,
overgrazing or targeted restoration (Reverse)
inappropriate
melioration.
3. Systemic a<D> is high, The worst-case
Collapse b<D>> 0. a<I>is scenario. The
low, b<I><0. territory is initially
problematic and
ent, and reconstruction
e systems. The strategy
1d be designed over decades.
4. a<D> is low, Preventive protection (Avoid).
Potentially b<D> = 0. a<I> Sustainable management and
Stable may vary, b<I>= monitoring for early detection of
Equilibrium 0. threats. Introduction of good
practices that prevent overload
and erosion.
S. Fragile he ecosystem has Conservation and protection
Low-Level adapted to life from new threats (Avoid).
Equilibriufy under conditions of Costly restoration is not

appropriate here and may disrupt
the fragile equilibrium. The
priority is protection from new
anthropogenic pressures and
maintenance of the existing
regime. Example: protected areas

‘ecological dead on degraded lands.
end’.
6. Recovery a<D> is low, An ideal scenario. Maintain & Upscale.
from High b<D> < 0. a<I>1is A territory with The task is to ensure long-term
Base high, b<I>> 0. good potential is support for restoration processes
recovering (maintaining pasture-rotation
successfully. regimes, fire protection). The

experience should be
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The two diagnostic levels do not operate instead of ea
(hotspots) tells us where to concentrate efforts. Mechan

analysis makes it possible to answer not only

Scenario Diagnostic Interpretation of Management strategy (LDN
features the mechanism hierarchy) and specific
examples of measures
documented for transfer to other
territories.
7. Recovery a<D> is high, A territory that had Sustained Reverse.
from Low b<D><0. a<I>is been in deep crisis The process requires continuous
Base low, b<I>> 0. has begun to support and investment. Without
emerge from it. The support, it easily reverse.
process is under Measurgs, i e reseeding
way, but self- regulating
recovery potential ling weeds
was initially low.

quency analysis
b scenarios) tells us
ent"a into the diagnostic
we sliding into the abyss?’

(trend b), but also ‘how close are we alr
three-dimensional picture for strategic \decision-

identical measures are applied to tefitories that diffe entally in the mechanism of their

Crisis.
into a targeted action plan:

ation by identifying zones of chronic problems

oefficients a and b) determines the type of intervention
ing it possible to select an appropriate strategy from the

ere - restore patiently; and here - simply protect and avoid interference’.
the essence of the transition from passive monitoring to active land-resource
management on the pathway to land degradation neutrality.

Stage 7. Forecasting and adaptive management

The final stage shifts the system from passive reporting to active planning. Forecasts of future
dynamics are constructed on the basis of identified trends. For example, it is estimated how many
hectares of rangeland will be lost by 2030 if current trends continue (the BAU scenario), and what
volume of compensatory measures will be required to achieve neutrality. These forecasts are
reviewed and refined in each new monitoring cycle, implementing the principle of adaptive
management.
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Integrating Diagnostic Approaches

Using coefficient analysis to choose an intervention strategy

€ conrexr

Suppose frequency analysis
Identifies two areas—A and B,
Bath fall into the “hotspot”
category because the frequency
of degradation exceeds 70%.
However, the same “hotspot”

Qv

Houpol

status does not imply the same (>7°,”

Holspot
(>70%)

Intervention strategy.

WHAT DO THE COEFFICIENTS SHOW?

® a<D> — iniial leve! of degradation
(share of dagraded land at the start)

® b<D> — rate of change in degradation, % per year

MET HOD LOGIC
ah - - @
Fmpency mlyus Mechanism diagnostics  Strategy selection
analyzes coefficients determines the type
ams a<D> and b<D>. of intervention.
LOGICAL GUIDE

@ Low a<D> + high b<D> ~+ active advance of degradation
® High a<D> + low b<D> -+ chronic dapletion

‘@~ AREA ‘A’ (CRISIS ADVANCE)

'€ oiacosis it bty ety oy 5%
a<D> = 5% ::mm?
b<D> = +0.5%/year 3‘;;‘;."’,2‘5"’ e =

INTERPRETATION
=l
E) STRATEGY
IMMEDIATE CRISIS RESPONSE ,
(Emergency Response) |

Goal: wgently contain the cause of degradation
before the process becomes irroversible.

that is rapidly destroying the area’s
stil-preserved high natural and
economic potential

n EXAMPLES OF MEASURES

This is an active, aggressive process

AREA ‘B’ (CHRONIC DEPLETION)

D oicnosis The area is aveady hearily degraded
o hatorically. the degradaten share is
a<D> = 40% 40% The process continues, bet itis
b<D> = +0.1 %/year Seinloging sy —about 0.1%
por yvar,
) INTERPRETATION  Thisis a chvonic background process
‘ developing against a backdrop of
aiready accumulated damage. A hgh
a<D> means there ks letle “easy”
land here far rapid recovery
. STRATEGY
LONG-TERM PHASGD REMAB!LITATM le!
{Stabilization and Phased Restoration)
Goal: not emergency i but the systematic

infervention,
enhancement of the area’s resilience and the gradua/
restoration of kind functions

EXAMPLES OF MEASURES

@

analysis of coefficients a<D> and b<D> makes it possible to understand the mechanism
of the process and choose fundamentally different management strategies,

wgent introduction of sirict limits on provng ture (rosds, ) polets)
grazing pressure Sé for mave even distridution of grazing pressure
creation of resenve creating long-term fallow areas
w “ b t;k on the most depleted sites
omganizing waler delivery 0 remole sites contour reckaniation .
m to disperse livestock (C-CC fameg
RISX OF DELAY: o Tend in B sham of degraded knd (1<0>) NO QUICK RESULT m‘!w-nmdwwxnw
st In 10 years, 80 - » ey 80
g “ 8 work m:::v 5 | s0%
1o catastrophic 4 s required, a0
Jovels. 2: 5% 2:
) T At 1w |l TR T Y R
e COMPARISON
o P T —
| ll  Intial level of degradation Low High
’@ Rato of degradation growth High ow
' @ Nature of the process Crisis advance Chrenic dopletion
O Type of response _ Emergency Loog-term
MAIN CONCLUSION:  Even if two territories are equally identified as “hotspots” by degradation frequency,

S

Figure 47. Schematic diagram for selecting a land-use strategy taking account of trend

analysis
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Chapter 20. Scaling the algorithm: from the national level to the individual field

The proposed algorithm is universal in its logic, but its tools and indicators change fundamentally
depending on the scale of assessment. Table 14 systematises these differences.

Table 14. Application of the enhanced LDN algorithm at different scales

refinement of
LDN targets.

Spatial resolution

Coarse (250 m - 1
km).

Main data sources

MODIS, AVH

'Verification

cadastre data,
grochemical
survey results.

Stage / National level Subnational Local level (Tier 3)
Characteristic (Tier 1) level (Tier 2)
Main purpose International Regional Design of specific
reporting (SDG planning,
15.3.1), budget
identification of allocation,
national hotspots, development
strategic planning. programmes,

0 m, UAVs, field
measurements).

Sentinel-2, commercial
satellites (SuperView,
Planet), UAVs, field
transects, soil profiles,
electrical conductivity
sensors, data from pasture
committees.

Validation
across a
network of
representative
key sites with
the involvement
of scientific
organisations.

Full or sample-based
ground verification with
the participation of land
users and field
measurements.

Key indicators (in
addition to the
three global
indicators)

Integrated indices
(LDN Index), forest
share, share of
irrigated land,
livestock numbers.

Salinity indices
(SI), share of
erosion-prone
land, pasture
productivity
(centners/fodder
units), condition
of shelterbelts.

Vegetation cover, species
composition (share of
palatable/poisonous
plants), sward height,
groundwater depth,
mineralisation, thickness
of the humus horizon.
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Stage / National level Subnational Local level (Tier 3)

Characteristic (Tier 1) level (Tier 2)

Methods Spatial analysis in Time-series Classification based on
Trends.Earth, analysis neural networks
statistical (Landsat), (Kohonen, Random
processing. calculation of Forest), SAR coherence

spectral indices, analysis, erosion models
regression (RUSLE), field mapping.
analysis to

identify trends.

Chapter 21. Sectoral specificity: arable land, rangelands and forests

The general algorithm also requires ‘sectoral calibration’. The
use types in the region are presented below as an example for f
and specification.

21.1. Irrigated and rainfed arable lands

Main threats: secondary salinisation, dehu ation, Water erosion (on rainfed land), and

irrigation erosion.
Key indicators (in addition to the baseli

o Spectral salinity indices (SI)
(the phenomenon of ‘gre

Key indicators:

o Vegetation quality indicators: vegetation cover, proportion of valuable forage species,
proportion of weed/poisonous plants, sward height and seed presence.

o Pressure indicators: actual stocking rate (head/ha) compared with the norm.

o Deflation indicators: share of open and weakly stabilised sands, identified through a
combination of optical and radar data.

o Water-supply indicators: availability and condition of watering points.
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Specificity of interpretation: an increase in NDVI on rangeland requires mandatory verification.
It may indicate either recovery or a ‘green desert’ (expansion of non-palatable plants). A pasture
with high NDVI but dominated by wormwood or poisonous grasses is a degraded pasture.

21.3. Forest lands (including saxaul stands and tugai forests)

Main threats: cutting, degradation under grazing pressure, fires, declining groundwater levels (in
tugai forests), and desiccation.

Key indicators:

) Forest cover (forest-covered area) and its dynamics.
) Canopy closure/stand vegetation cover.
) Species composition and age structure (to assess natural regeneratio

) Presence and condition of shelterbelts (as linear features).
o Area affected by fires and clear-cutting.

Specificity of interpretation: transitions involving saxaul st eful interpretation.
Natural thinning during drought is a temporary fluctu@ion

degradation (cutting, grazing) requires intervention.

Anthropogenic

Chapter 22. Road map for future research and fugsher dev@gpment of ti

Central Asia

DN methodology in

The synthesis presented in the Handboo point, but an important milestone on the
path towards a fully adapted and functi

future research and institutional effo

monjitoring system. Several key areas for

22.1. Technical and methodolog
1. Development of lNal S
work is needed to collect field spectral data for the main soil and vegetation types in the
region. This will substantially improve the accuracy of machine-learning algorithms for
mapping salinity, rangeland species composition and types of desertification.

2. Inth atzmto regular monitoring: experience from different countries

demonstrates the considerable potential of radar coherence for monitoring sand dynamics,

‘soﬂ m01sture and Vegetatlon structure. Regional protocols for processing Sentinel data
should be dewmed so that these data can be incorporated into national systems.

3.1 forecasting methods: moving from simple linear extrapolation of trends
to more complex models that take account of climate scenarios, socio-economic drivers
and scenario planning (‘what if...”). This will make it possible to justify long-term
investments in restoration.

4. Assessment of accumulated historical damage: a methodology is needed that can
quantify irreversible land losses from previous periods (for example, the Soviet period) and
incorporate tasks for addressing them into long-term national LDN targets, while
distinguishing them from the prevention of current degradation.

22.2. Institutional and organisational directions

1. Establishment of a regional LDN centre of excellence (for example, within the
framework of the UNCCD Interregional Group ‘Central Asia - Russia’): such a centre
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could harmonise methodologies, organise joint training programmes, validate regional
products and coordinate transboundary monitoring.

2. Institutionalisation of community-based monitoring: the role of pasture committees,
village assemblies and other local communities in data collection for LDN verification
should be formalised in legislation. This would help enhance the legitimacy of decisions
and reduce monitoring costs.

3. Development of financing mechanisms for compensatory measures: how can pilot
projects be scaled up into large programmes? Existing mechanisms should be studied and
adapted for the region, including payments for ecosystem services, green bonds and carbon
credits (through carbon sequestration resulting from the restoration of degraded lands). The
economic rationale for such mechanisms can be based on data from enhanced LDN
monitoring.

Conclusion

The proposed approach marks a transition from a uniform,
assessment to a flexible, landscape-adapted and
demonstrated that successful application of the LDN ¢
merely calculating the three global indicators. It is 1
approaches are intended to improve the qualify’of inte i practical applicability of
results, while maintaining consistency with théjglobal metho i€al framework. The following
is proposed:

1. Change the assessment philoso - move from static comparison to the analysis of
dynamic processes based on a dynamic baseline.
-— m - m

2. Deepen diagnostics - go beyond establishing facts to identifying mechanisms (‘onset’,
‘exhaustion’, ‘green degradation’ - a situation in which high vegetation activity masks the

deterioration of soil properties) and localising chronic hotspots.
AN
3. Differentiate tAtoov
(national, regional, local) and land-use type (arable land, rangeland, forest).

use_different datasets and indicators depending on scale

4. In tionalise \cess establish inter-agency coordination mechanisms and unified
spatial data infrastructures, and, critically, include local communities in the verification

and monitoring system.

The enhance or scribed in detail in this Handbook, together with the road map for future
research, 15\ to help national expert groups, planning authorities and project teams not
only report inst SDG indicator 15.3.1, but also use the LDN methodology as a powerful,

scientifically gfounded instrument for managing the future of their lands. By following this
pathway, the countries of the region will be able to move from the passive recording of damage to
proactive, effective and equitable management of their most important natural capital.

134



References

Sources in English

1. Abdimuminov, B., Mamatkulov, Z., Allanov, K., Abdunazarav, H., Umarova, M., Choriev,

A. 2024. Monitoring and mapping of desertification process using geospatial data and GIS
technologies in Mirzachul area. E3S Web of Conferences. Vol. 590. Pp. 03008.

2. Akhtar-Schuster, M., Stringer, L.C., Erlewein, A., Metternicht, G., Minelli, S., Safriel, U.,
Sommer, S. 2017. Unpacking the concept of land degradation neutrality and addressing its
operation through the Rio Conventions. Journal of Environmental Management. Vol. 195
(Pt 1). Pp. 4-15.

3.  Andreeva, O.V., Kust, G.S. Land Assessment in Russia Based on the Cofigept of Land
Degradation Neutrality. Reg. Res. Russ. 10, 593-602 (2020).
https://doi.org/10.1134/S2079970520040127

4. Andreeva O.V,, Kust G.S., Lobkovsky V.A. Sustainable land n1ama
degradation neutrality // Herald of the Russian Academy, i

neutrality approach to land classification resourc
Ecosystems. Vol. 10. Ne 2. Pp. 123-126.
6. Chasek, P., Safriel, U., Shikongo, S., F
Degradation: The next stage in internati
Arid Environments. Vol. 112. Pp.
7. Cowie, A.L., Orr, B.J., Castillg, Sa

ionalizing Zero Net Land
sertification? Journal of

., Crossman, N.D., Erlewein, A.,
., Tengberg, A.E., Walter, S.,
onceptual framework for Land

8. etation Indices For Detecting Pasture
Pastoral Systems in Central Asia. AGU Fall
9 degkadation in Central Asia: identifying dynamics of pasture
s landscapes using remote sensing (Doctoral dissertation)
10. . Quillérou, E., Thomas, R.J., Guchgeldiyev, O. , Ettling, S., Etter, H.,

Economics of Land Degradation (ELD) Initiative' Broadening

the EL Initiative from the Dryland Systems Program of CGIAR c/o ICARDA Amman,

Jordan. Awailable from www.eld-initiative.org.

11. ESA. 2017. European Space Agency. Climate Change Initiative Land Cover (ESA CCI-
LC) Product User Guide. [doctynHo Ha moptane ESA CCI: https://www.esa-landcover-
cci.org/ u B katasiore NERC: https://data-
search.nerc.ac.uk/geonetwork/srv/search?orgName=ES A%20Land%20Cover%20CCI%20
project%?20team]|

12. Eziz, A., Kust, G., Andreeva, O., et al. 2025. Refining the LDN Framework: Mitigating
Reporting Ambiguity through Integrated Spatiotemporal Analysis. (in print)

13. FAO/ GEF. 2018-2025. Integrated Natural Resources Management for Resilient

Landscapes in Central Asia and Turkey (CACILM II). Project documentation.
135



14.

15.
16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

FAO. 2022. Overview of Land Degradation Neutrality (LDN) in Europe and Central Asia.
Rome: FAO. https://www.fao.org/family-farming/detail/en/c/1731304

GEO LDN Initiative. Minimum Data Quality Standards for LDN. https://geo-1dn.org/.
Grainger, A. 2015. Is land degradation neutrality feasible in dry areas? Journal of Arid
Environments. Vol. 112 (Part A). Pp. 14-24.

Guo, Q., Fu, B., Shi, P., Cudahy, T., Zhang, J., Xu, H. 2017. Satellite monitoring of
desertification in Central Asia. Science of the Total Environment. Vol. 601-602. Pp. 1248-
1259.

Haishuo, W., Guang, L., Gang, L. 2018. Remote sensing monitoring of desertification in
Central Asia. IOP Conference Series: Earth and Environmental SciencegVol. 191. 012113.

Nature Communications. Vol. 12. 443,
Hengl, T., Mendes de Jesus, J., Heuvelink, G.B.M., Ruiperez @G
Blagoti¢, A., et al. 2017. SoilGrids250m: Global gridded seil i
machine learning. PLoS ONE. Vol. 12. Ne 2. e0169748.
Huete, A. A. 1988. Soil-Adjusted Vegetation Inde
Environment. Vol. 25. Pp. 295-309.

IPCC. 2019. 2019 Refinement to the 2006 IPCC
Inventories. https://www.ipcc.ch/report/2 -ipcc-guidelines-for-
tps://unfccc.int/news/ipcc-
updates-methodology-for-greenho
Jiang, L., Bao, A., Jiapaer, G., eta . ring land degradation and assessing its
drivers to support sustainable
Environment. Vol. 807. 1
janova K., Khomidov A., Agzamova [,
, Gulamkadirova M., Modeling of soil erosion

ol. 20. Ne 3. Pp. 249-266.
multi-data approach to evaluate progress towards land

A. D. Antipova (2025), Use of Variable Matrices of Land Cover Changes for the
Assessment of Land Dynamics Based on the Indicators of Land Degradation Neutrality,
Russian Journal of Earth Sciences, 25, ES3003, https://doi.org/10.2205/2025ES001001
Kust, G., Andreeva, O., & Shklyaeva, D. 2023. Application of the concept of land
degradation neutrality for remote monitoring of agricultural sustainability of irrigated areas
in Uzbekistan. Sensors. Vol. 23. Ne 14. 6419.

Kust, G., Andreeva, O., Cowie, A. 2017. Land Degradation Neutrality: Concept
development, practical applications and assessment. Journal of Environmental
Management. Vol. 195 (Pt 1). Pp. 16-24.

136



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Kust, G., Andreeva, O., Lobkovskiy, V., Telnova, N. 2018. Uncertainties and policy
challenges in implementing Land Degradation Neutrality in Russia. Environmental Science
& Policy. Vol. 89. Pp. 106-115.

Kust, G., O. Andreeva, and V. Lobkovskiy. 2023. "Aridity and Land Degradation: The Role
of Climate Variability in LDN Assessment." Arid Ecosystems, 13(4), pp. 401-412.

Kust, G.S., Andreeva, O.V., Lobkovskiy, V.A. 2020. Land degradation neutrality: The
modern approach to research on arid regions at the national level. Arid Ecosystems. Vol.

10. Ne 2. Pp. 87-92.

Kust, G.S., Andreeva, O.V., Shklyaeva, D.S. Assessment of dynamics of desertification /
land degradation in Central Asia countries using the methodology of lan@ degradation
neutrality. Presentation at the «International Forum on Sustainable Deve

Urumgqi, China.
Kust, G.S., Durikov, M.K., Lobkovsky, V.A., et al. 2022.
statement of achievement objectives for the land degrad
Arid Ecosystems. Vol. 12. Ne 4. Pp. 441-454.

Kust, G.S., Shklyaeva, D.S., Lobkovskiy, V.A. et
Degradation Neutrality to Assess the Territory of

work/country-profiles
LDN TSP Country Report. 2018.
https://www.unccd.int/our-wo
LDN TSP Country Repo

https://www.un
LDN TSP. 2024.

., Liu, Y., von Bloh, W. 2023. Desertification process and its effects on
n sources and sinks vary under different aridity stress in Central Asia
0-2020. Catena. Vol. 221. Pp. 106767.

Marian, A., Akhtar-Schuster, M., Stringer, L.C. 2020. The role of science-policy interfaces
in addressing land degradation. Environmental Science & Policy. Vol. 114. Pp. 120-129.
Mirzabaev, A. et al. 2016. "Land degradation hotspots in Central Asia." In: Economics of
Land Degradation and Improvement — A Global Assessment for Sustainable Development.
Springer. https://link.springer.com/book/10.1007/978-3-319-19168-3

Mirzabaeyv, A., et al. 2023. Economics of Land Degradation in Central Asia. In: Global
Land Outlook (2nd ed.). UNCCD.

Orr, B.J., Cowie, A.L., Castillo Sanchez, V.M., Chasek, P., Crossman, N.D., Erlewein, A.,
Louwagie, G., Maron, M., Metternicht, G.I., Minelli, S. & Tengberg, A.E. 2017. Scientific

137



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

conceptual framework for land degradation neutrality. A report of the Science-policy
Interface. Bonn, Germany: United Nations Convention to Combat Desertification
(UNCCD). https://www.unccd.int/sites/default/files/2018-09/LDN_CF _report web-
english.pdf

Thenkabail P. S., Lyon J. G., Huete A. (ed.). Hyperspectral remote sensing of vegetation.
Second Edition, CRC Press, 2019. 840 p.

Sharpe, N., Mwangi, P., Isakov, I. and Onyango, V. 2022. Application of the participatory
rangeland and grassland assessment (PRAGA) methodology in Kyrgyzstan — Baseline
analysis, remote sensing, field assessment and validation report. Rome, FAO.
https://doi.org/10.4060/cb9402en

Squires, V.R., G. Qi, and A. Rakhmatullaev, eds. 2019. Land Degra

https://www.unccd.int/resources/publications
Stavi, L., Lal, R. 2015. Achieving zero net land degradations
Journal of Arid Environments. Vol. 112. Pp. 44-51.
Trends.Earth. User Guide. Conservation Internatio

UNCCD National Report. 20
https://prais.unccd.int/
UNCCD National Report.

UNCCD Nation
https://praig,unccd:

any. https://www.unccd.int/resources/publications
. Integration of the Sustainable Development Goals and Targets into the
ation of the UNCCD. Report of the IWG on LDN. ICCD/COP(12)/4. Bonn,
Germany: UNCCD.

UNCCD. 2015c. Report of the Conference of the Parties on its twelfth session held in
Ankara from 12 to 23 October 2015. Part two: Action taken by the Conference of the
Parties at its twelfth session. ICCD/COP(12)/20/Add.1. Bonn, Germany: UNCCD.
UNCCD. 2015d. Report of the Conference of the Parties on its twelfth session held in
Ankara from 12 to 23 October 2015. ICCD/COP(12)/20/Add.1. Decision 3/COP.12.
Integration of the Sustainable Development Goals and targets into the implementation of
the United Nations Convention to Combat Desertification and the Intergovernmental

138



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Working Group report on land degradation neutrality.
https://www.unccd.int/sites/default/files/sessions/documents/2019-08/3COP12_0.pdf
UNCCD. 2016a. Land Degradation Neutrality Target Setting — A Technical Guide. Bonn,
Germany: Global Mechanism and UNCCD Secretariat.
https://www.unccd.int/resources/publications/ldn-target-setting-technical-guide.

UNCCD. 2016b. Achieving Land Degradation Neutrality at the country level. Building
blocks for LDN target setting. The Global Mechanism of the UNCCD. 2016
https://www.unccd.int/sites/default/files/documents/160915 1dn rgb small% 20(1).pdf.
UNCCD. 2021. Sims, N.C., Newnham, G.J., England, J.R., Guerschman, J., Cox, S.J.D.,
Roxburgh, S.H., Viscarra Rossel, R.A., Fritz, S. and Wheeler, 1. 2021. Ggod Practice
Guidance. SDG Indicator 15.3.1, Proportion of Land That Is Degraded Over Total Land
Area. Version 2.0. Bonn, Germany: United Nations Convention to Combat Desertification.
https://www.unccd.int/sites/default/files/documents/2021-09 PG*SDG-
Indicator-15.3.1 version2 2021.pdf P
https://catalogue.unced.int/1531 Good Practice Guidance SDG Indicator 15.3.1 Versio

n_1.0.pdf \
ion nexus in Central

UNCCD. 2023. Study on land degradation, clim

https://www.unccd.int/sites/defaul
UNCCD. 2024b. Vicente-Serrano,

ure projections. A Report of the Science-
to Combat Desertification (UNCCD). Bonn,

untary LDN targets. https://www.unccd.int/our-work/country-
n-targets.

Vanino, S\, Nino, P., De Michele, C., Bolognesi, S. F., D'Urso, G., Di Bene, C., Napoli, R.
2018. Capability of Sentinel-2 data for estimating maximum evapotranspiration and
irrigation requirements for tomato crop in Central Italy. Remote Sensing of Environment.
Vol. 215. Pp. 452-470.

World Bank. 2025. RESILAND Project: Environmental Assessment and Framework
Document for Uzbekistan and Tajikistan.

Xu H. 2023. Application of Remote Sensing in Desertification Monitoring. Highlights in

Science, Engineering and Technology. Vol. 69. Pp. 161-166.

Sources in Russian

139


https://www.unccd.int/sites/default/files/2025-03/18-cop16.pdf

76.

71.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

89.

90.

91.

92.

Andreeva, O.V., Kust, G.S., Lobkovskiy, V.A. Application of the concept of land
degradation neutrality for the selection of sustainable pasture management measures. Arid
Ecosystems. 2022. Vol. 28. No. 4(93). Pp. 45-56. (Original text in Russian)

Baimukanov, D. The concept of rational pasture use in the Republic of Kazakhstan for
2021-2030. 19.01.2022. Agro in Detail portal. [Available at:
https://agriexpert.ru/articles/137/koncepciya-racionalnogo-ispolzovaniya-pastbishh-v-
respublike-kazaxstan-na-2021-2030-gody] (Original text in Russian)

Belyaeva, M.V,, Kust, G.S., Andreeva, O.V. 2023. Assessment of LDN for Samara Oblast
using regional indicators. Bulletin of the Russian Academy of Sciences. Geographical
Series. Vol. 87. No. 2. Pp. 215-230. (Original text in Russian)
Vinogradov, B.V. 1984. Aerospace monitoring of ecosystems. Mos
(Original text in Russian)

Vinogradov, B.V. 1993. Fundamentals of landscape ecology.
(Original text in Russian)

Law of the Kyrgyz Republic No. 30 of 26 January 2009
https://cbd.minjust.gov.kg/202594/edition/1188200,

text in Russian)

Kryuchkov, V.V. 1973. The Far N
Moscow: Mysl. 184 p. (Origin
Kulik, K.N. 2004. Agrof i ing and assessment of desertification.
ig] ssian)

0. Geoinformation mapping of desertification.

sity Press. 232 p. (Original text in Russian)

materials, proposals and recommendations for the draft

e Russian Federation on the implementation of the UNCCD. Moscow:
aphy, Russian Academy of Sciences. 694 p. (Original text in Russian)

i, S.A., Andreeva, O.V. 2004. The role of V.A. Kovda’s evolutionary
tifying pedogenetic trends in arid regions affected by desertification. Soil
Wo. 12. Pp. 1334-1340. (Original text in Russian)

Lobkovskiy, V.A., Kust, G.S., Andreeva, O.V. 2019. Methodological approaches to
establishing a baseline for monitoring indicators of land degradation neutrality in Russia.
Problems of Regional Ecology. No. 4. Pp. 30-36. (Original text in Russian)

Lobkovskiy, V.A., Kust, G.S., Andreeva, O.V. 2022. Integration of international and
national systems for monitoring and assessing land degradation in Russia. Bulletin of the
Russian Academy of Sciences. Geographical Series. Vol. 86. No. 1. Pp. 9-27. (Original text
in Russian)

Lobkovskiy, V.A., Kust, G.S., Andreeva, O.V. 2022. Principal scheme of the expanded
structure of the system of national indicators for LDN assessment. In: Sustainable land use

140



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

and soil resources. Moscow: V.V. Dokuchaev Soil Science Institute. Pp. 85-92. (Original
text in Russian)

National report “Global climate and soil cover of Russia: desertification and land
degradation, institutional, infrastructural and technological adaptation measures
(agriculture and forestry)” (edited by R.S.-Kh. Edelgeriyev). Vol. 2. Moscow: MBA
Publishing House LLC, 2019. 476 p. ISBN 978-5-6043225-6-7. (Original text in Russian)
Pankova, E.I., Molodtsov, V.A., Yamnova, [.A., et al. Specific features of soil salinity and
gypsum content in the Jizzakh Steppe (prior to the beginning of its reclamation
development in the 1970s). Moscow: Media-Press, 2023. (Original text in Russian)
Pankova, E.I., Dolinina, E.A. Comparison of soil salinity in the Golodngya Steppe in
different years. Reclamation and Water Management. 1992. No. 1. (Ori
Russian)

Petrov, K.M., Bananova, V.A., Lazareva, V.G., Unagaev, A.S.
the global desertification process in the north-western Caspia
No. 1. Pp. 49-62. (Original text in Russian)
Resolution of the Cabinet of Ministers of the Republi
“On the mechanism for monitoring, assessment,
publication of the results of measures to combat 1

“On measures to establish an effec
https://lex.uz/ru/docs/6058692] (O
“The President of Turkmenista

peace and sustainable de
riginal text in Russian)
oral high-resolution satellite images for

egree of Candidate of Sciences. (Original text in Russian)
I.V. Digital mapping of soil salinity in the south of the steppe

promote cooperation for the implementation of the objectives and Strategy of the UNCCD.
29 May 2024, Orenburg, Russian Federation. 8 p. (Original text in Russian)
“Fundamentals of state policy in the field of environmental development of the Russian
Federation for the period up to 2030” (approved by the President of the Russian Federation
on 30.04.2012). [Available at: https://base.garant.ru/70169264/]. (Original text in Russian)
Regional medium-term strategy for the management of sand and dust storms for 2021-
2030. UNCCD, State Forestry and Grassland Administration of the People’s Republic of
China, Changwon Initiative, CAREC, 2021. [Available at:

141



https://www.carececo.org/publications/zasuha/Russian/c21r/SDS%20-%20RUS%20-
%?20Pernonanpaana%20crparerusn%20mno%20I1I1b.pdf]. (Original text in Russian)

106. Regional strategy for drought risk management and mitigation for 2021-2030. UNCCD,
State Forestry and Grassland Administration of the People’s Republic of China, Changwon
Initiative, CAREC, 2021. [Available at:
https://www.carececo.org/publications/zasuha/Russian/c11r/Drought%20-%20RUS%20-
%20Pernonansuan%20Crparerusn%20mo%?203acyxe.pdf] (Original text in Russian)

107. Reymov, P.R. Ecological and economic aspects of regional geoecological zoning: the case
of the Aral Sea region. Economy and Society. 2022. No. 4-3 (95). URL.:
https://cyberleninka.ru/article/n/ekologo-ekonomicheskie-aspekty-regiofialnogo-

108. Slavko, V.D., Andreeva, O.V., Kust, G.S. 2023. Assessment of 1a

in Russian)
109. Decree of the President of the Republic of Uzbekis
measures to consistently continue reforms under
the forest management system, as well as to expa

in Russian)
110. Federal target programme of the R on “Development of land reclamation for
agricultural lands of Russia for 20
https://base.garant.ru/704783
111. Federal Law of the Russi ‘On state regulation of ensuring the
fertility of agricultural land i : ://base.garant.ru/12112328/]. (Original
text in Russian)
112. Tsvetnov, E.V.,, [ . 5. Analysis and forecasting of land degradation based

113.

114.

115. Yuferev, V.G. 2007. Methodology for remote monitoring of desertification in arid
territories. Volgograd: VNIALMI. 156 p. (Original text in Russian)
116. Yuferev, V.G., Silova, V.A., Tkachenko, N.A. 2023. Remote monitoring of desertification
in Kalmykia. Arid Ecosystems. Vol. 29. No. 1(94). Pp. 46-52. (Original text in Russian)
Archival materials (reports and manuscripts)
117. Vanyarkho, M.A., Ziyatdinov, A.Sh., Prokofiev, I.L., Fedorova, N.L., Ulanova, S.S.
Method for determining the degree of degradation of the desert zone of Kalmykia using
satellite radiolocation. Arid Ecosystems, 2026 (in press). (Original text in Russian)

142



118. IGRAS. 2025. Report on the state assignment of the Institute of Geography, Russian
Academy of Sciences “Scientific and methodological support for the implementation of the
concept of land degradation neutrality for assessing the state of land at the subnational
level” (registry number 730000F.99.1. BV16AA01000). Moscow, 2025. 131 p. (Original
text in Russian)

119. Podlesnov, V.D., Kust, G.S. Method for calculating the stable recurrence of states to identify
land degradation hotspots. Geodesy and Cartography, 2026 (in press). (Original text in
Russian)

120. UNDP Turkmenistan. 2025. Reporting documentation for the UNDP-GEF project
“Conservation and sustainable management of land resources and high
ecosystems in the Aral Sea basin for multiple benefits” (Aral project).
Russian)

121. UNDP Uzbekistan. 2025. Reporting documentation for the
“Conservation and management of lakes, wetlands and cQa
sustainable and land degradation neutral landscape of't
sustainable livelihoods” (Aral wetlands). (Original

122. Sber. 2025. Materials of the project on the applic ificial int@lligence models for

pcesses, including on the

monitoring and assessing soil degradation and des
basis of Earth remote sensing data. (Origidal text in

8

143



