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1. Strategic Relevance for Parties and the Convention

In 2015, the Conference of the Parties (COP) to the United Nations Convention to Combat Desertification
(UNCCD) defined Land Degradation Neutrality (LDN) as “a state whereby the amount and quality of land
resources necessary to support ecosystem functions and services to enhance food security remain stable, or
increase, within specified temporal and spatial scales and ecosystems” (decision 3/COP.12). Two years later,
the COP endorsed the Scientific conceptual framework for land degradation neutrality, developed by the
UNCCD Science-Policy Interface (SPI), to provide scientifically grounded guidance for planning,
implementing and monitoring LDN.

This Handbook provides a practical, 501ence-based and pol1cy relevant framework for operatio hzrng LDN

planning and achieving LDN.
The Handbook demonstrates that:

e the global LDN indicator framework, ¢
remains fully valid, indispensable and ce

e its effective application neverthel ecific methodological refinement; and

e such refinement is particularly impo s characterized by high climatic variability, complex
land-use systems, historical ies and data constraints.

In this context, the Handbogk ad

e enhancing the accuracy,{ranspa credibility of LDN assessment
e strengthening t icy relevancejand practical utility of assessment outcomes; and
e cnabling evidence-in decision-making on land management, restoration and resource investment

prioritizati

ANtheapogenic degradaistiss

® Land degracdation = * Greoning

* Erasion ; * Soil restoration

* Loss of soll functions and other * Sustainable land use
soll quality processes

* Loss of biodiversity



Conceptual diagram of the LDN balance sheet

2. Key Messages

The Handbook is structured around ten interconnected key messages that collectively provide a coherent
narrative for adapting the implementation of LDN to the Central Asian context while maintaining consistency
with the global framework.

Message 1. From global consistency to context-specific application

refinements tailored to arid and semi-arid systems, highly variable climate, and comple
doing so, it helps ensure that assessments remain globally consistent and comparable
meaningful and policy-relevant.

Message 2. Complementing fixed reporting baselines with dynami
adapted to regional ecological realities.
A key methodological advancement proposed by the Handbook is the

purposes, from reliance on fixed baseline periods towards dynamic
variable climates such as those of Central Asia, this approach enab

are complemented and supplemented by
decision-making. This approach enables

nt to management.

analysis, trend coefficients and temporal diagnostics. These methods enable
reas of rapid degradation requiring urgent intervention, chronically

Messa ing invisible degradation visible

The Handbpok addresses critical diagnostic gaps and unsolved problems in global monitoring approaches,
particularly iprrelation to soil salinization in irrigated systems, changes in vegetation quality on rangelands,
and “green degradation”, where productivity indicators remain high despite declining ecosystem health. By
integrating advanced methods, including machine learning and high-resolution data, the proposed approach
supports earlier detection and more accurate diagnosis of degradation processes, thereby reducing the risk of
delayed or ineffective interventions.

Message 6. Integrating local knowledge and participatory monitoring

A central message of the Handbook is that remote sensing alone is insufficient for effective LDN
implementation. Robust assessment requires the integration of local knowledge, field observations and



participatory approaches. Evidence from regional case studies demonstrates that combining scientific data
with stakeholder knowledge substantially improves the accuracy, legitimacy and usability of assessment
results, while strengthening national ownership and institutional uptake.

Message 7. From fragmented data to integrated land monitoring systems

The Handbook underlines the need to progress from fragmented sectoral data systems towards integrated
national land monitoring frameworks. Strengthening inter-agency coordination, harmonizing datasets and
aligning national definitions with UNCCD concepts are essential conditions for ensuring that LDN becomes a
functional tool for planning and policy rather than solely a reporting exercise.

Message 8. From methodology to implementation: a clear operational pathwa

analysis, strategy selection and monitoring. This structured approach enables co
multiple scales, from national planning to local land management interventigias

and adaptability. At the same time, the Handbook promotes region
recognizing that land degradation processes and effective

The Handbook is designed as a p
While the first and second
ng the integration of LDN into national policies, they also

ethodological challenges associated with high climate variability,

fluctuations from actual degradation trends;

o verify, cdlibrate and, where appropriate, complement global default indicators with more accurate
national and local data, thereby making assessments more credible and actionable;

o identify not only where degradation is occurring, but also why it is occurring and which type of
intervention is most appropriate;

e integrate local knowledge and participatory monitoring into official systems, improving both accuracy
and legitimacy; and

e develop the institutional arrangements needed for sustained implementation, including inter-agency

coordination, common data platforms and aligned legal and policy frameworks.



In this sense, the Handbook serves as a bridge between strategic goals agreed by Parties and the practical
decisions taken by land managers, planners and policymakers on the ground.

4. Core Methodological Advances (Operational Toolkit)

The Handbook introduces a coherent set of methodological advances which, taken together, constitute an
operational toolkit for LDN assessment in Central Asia.

4.1. Dynamic baseline and time-series analysis

Problem addressed: Assessment outcomes are highly sensitive to the choice of baseline and gémparison
periods used for global reporting. In the highly variable climate of Central Asia, a small n
years can substantially alter the assessment result, making it difficult to distinguish sho
from long-term degradation trends.
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SDG 15.3.1. Baseline period: 2001—
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2018.

SDG 15.3.1. Baseline period: 2001—
2017; Comparison period: 2018—
2022.

Solution: For diagnostic and pl es, the Handbook recommends complementing the combined
use of static baseline and compar th a dynamic baseline calculated from the full satellite
observation record availablé for th&assg eriod. Under this approach, a trend - represented by the
slope of a regression line indicating and direction of change - is used to assess long-term change for
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The resulting cartographic materials can then be used to assess trends, support forecasting and refine the
spatial delineation of degradation “hotspots” and areas of sustained improvement. The observed dynamics
may be visualized through maps and graphs.
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Dynamics of land productivity in Karakalpakstan (graph with fivey [ average)

Regional example: In the Fergana Valley of Uzbekistan, the dynamic basali ch rey€aled positive
mai isible under a fixed

demonstrated that using a fixed baseline can underestimate degrade
with a full time-series approach. \

The Dynamic Assessment Pipeline: from Raw Data to Future Forecast

v Step 1: Establish 3 Dynamic Baseline 3 Q4 Step 2: Diagnose the Mechanism & Rate
4
b 2

NDVI / LDN Index (2000-2025)
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e Raw Data
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y The dynamic assessment pipeline

4.2. Frequency analysis: identifying chronic degradation hotspots

Problem addressed: When moving from a static two-period comparison to a dynamic, time-series-based
assessment using moving windows across the full satellite record, a critical finding emerges: the same land
pixel or spatial unit may demonstrate different states - degradation, improvement or stability - in different
periods. A given area may be degraded during one five-year window, improve during the next and
subsequently remain stable. These fluctuations are not random noise; rather, they reflect real responses to
climatic variability, changing land-use pressures or the effects of management interventions. A standard LDN



assessment based only on two fixed periods cannot capture this complexity. It reduces a multi-state, multi-
trajectory reality to a single classification. As a result, it may classify an area as degraded on the basis of one
negative window while ignoring subsequent recovery, or classify an area as stable despite alternating
degradation and improvement. A method is therefore required that explicitly accounts for temporal
fluctuations and distinguishes transient episodes from persistent, chronic conditions.

Solution: The Handbook introduces frequency, or repeatability, analysis - a method that evaluates the
temporal persistence of degradation signals over the full observation record. These methods could be
considered as complimentary approach to UNCCD GPG and comprises three steps:

1. Construct a series of multi-year windows. The full observation period, for example 20

enough to capture medium-term trends.
2. Classify each window. For every window and each pixel, the LDN indicato
15.3.1 refined with national and additional indicators, is calculated and assig
improved or stable.

computed. This produces a frequency map ranging from 0 to 1
for improved and stable states.

for LDN target setting at local level:

e Chronic hotspots (degradation in more than 70 ses): persistent degradation requiring active
restoration.

e Persistently stable areas (stability in moxe thi nt of cases): areas where prevention and the
“Avoid” response hierarchy shouldsbe prioriti

1. The Challenge: A Chaotic Picture 2. The Selution: Measure Recurrence

2006-2010 2012-2016 2018-2022 — 1

o lmproved ®
\ -9 Degraded: 7 out of 10 periods.
/' A single pirel can fluctuate between states over time. }
Is this chronic degradation, temporary climate stret, or random noise? For every pinel, we count how mamy times it wat asified as
A single snapshot cannet tell us “Degraded” acrow all periods. This grs o its Arcummee of Degrasition (R,

\

3. The Result: Recurrence Maps
Degradation Recurrence (R, ), 2001-2022

4, The Application: Strategic Decision-Making
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Example: In study areas including the Dashoguz velayat of Turkmenistan and the Republic of
Karakalpakstan in Uzbekistan, a standard two-period assessment suggested widespread degradation.
Frequency analysis, however, demonstrated that only a limited share of the territory qualified as chronic
hotspots, with degradation present in more than 70 per cent of windows. The remaining areas were stable or
belonged to fluctuation zones. This finding substantially altered investment priorities: rather than
implementing a costly uniform restoration programme across an entire province, resources could be
concentrated on hotspots where intervention would generate the greatest impact, while fluctuation zones
could be managed through lighter adaptive measures. A similar analysis in Kalmykia, Russian Federation,
demonstrated that chronic hotspots were not randomly distributed, but were concentrated on samdy soils near
settlements, thereby enabling precise interventions such as rotational grazing corridors and sand-fixing shrub
planting only where needed.
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e current area of degraded land is useful for reporting, but it does not
nd managers and policymakers: how fast is degradation progressing, and
current trends continue? A static comparison between two periods provides no

Solution: The Handbook introduces regression-based trend analysis as a core method for measuring the
speed and tion of land degradation and for producing quantitative forecasts. For each pixel or analysis
unit, a linear regression is applied to the time series of a key indicator, for example the proportion of
degraded land, the proportion of improved land or the proposed LDN Index (difference between improved
and degraded land). The regression equation is:

Y =a+bX

where:
e Y =indicator value, for example the percentage of degraded land;
e X =year;



e Db =slope coefficient, i.e. the estimated annual change in percentage points per year. This represents the
rate of degradation; a positive b indicates that degradation is expanding;
e a=intercept, i.e. the estimated indicator value at the start of the period, reflecting the historical legacy or

initial condition.
The slope coefficient b becomes the primary metric for trend-based LDN assessment. To forecast future

degradation under a business-as-usual scenario, the equation is extrapolated: projected degradation in a future
year = a + b x future year. The Handbook also recommends the construction of multiple scenarios, such as
business-as-usual, climate-adjusted and management-intervention scenarios, to support adaptive planning and

LDN target setting. «
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Trend and forezlsting outputs: land improvement, land degradation and LDN Index (% improvement - %
degradation) in Iki-Burul district, Republic of Kalmykia

Example: In the Iki-Burul district of Kalmykia, Russian Federation, regression analysis of time-series data
for 2001-2022 revealed a slope b(D) of +0.047 per cent per year, indicating that the proportion of degraded
land was increasing by 0.047 percentage points annually. Given a district area of approximately 6,363 km?,
this corresponds to an annual loss of about 300 hectares of productive land. Linear extrapolation to 2032
projected an additional 3,000 hectares of degradation, with a confidence interval of 1,800-4,100 hectares, if
current trends continued. This quantitative forecast was then translated into an economic estimate of lost
pasture productivity, providing a compelling justification for targeted restoration investment. Local
authorities may use the forecast to set a specific LDN target: reducing the degradation rate b(D) from +0.047



per cent per year to zero by 2030 through a combination of rotational grazing and sand-fixing shrub planting
on the 3,000 hectares at highest risk.

4.4. Multi-level indicator system

Problem addressed: The three global SDG 15.3.1 sub-indicators - land cover, land productivity and soil
organic carbon - are not sufficient on their own to capture region-specific degradation processes such as
secondary salinisation, rangeland quality decline or water erosion. Moreover, global data products, such as
SoilGrids, may have insufficient accuracy for national and subnational decision-making.

Solution: The Handbook proposes a three-tier indicator system:

e Tier 1: global indicators used for broad screening and international comparability.
e Tier 2: sub-regional data that replace, verify or calibrate global proxies, such as soil hu

e Tier 3: additional diagnostic indicators selected according to land-use type and
spectral salinity indices for irrigated areas, species composition and plang

sand-dune dynamics.

This layered approach enables countries to maintain global consisteficy while
diagnostic depth.

' local accuracy and



The Integrated LDN Indicator System:
~___ From Diagnostics to Action

A. DIAGNOSTIC INDICATORS: “What is happening to the land, and why?"

Tier 1: Global Screening (Mandatory)
LPD, Land Cover, SOC

—= Reporting to UNCCD / SDGs 3

~=+ Tier 2: Sub-regional Diagnostics

> Salinity Index,
- Groundwater, Pasture Quality '
et In-Depth Analysis & Hotspots )

Tler 3: Local Precision

High-Accuracy Site Data

LDN Index -5.8%
Projected Loss:
-5,810 km’

@ Survival Rate: 75% J

e Jobs Created: 250

integrated LDN indicator system

dation visible

assessment windows.



False Greening: When “Greener” Does Not Mean “Better”
Same NDVI = leferg_rlg_Reality on the Ground )

A. "Green” but DEGRADED Pasture B. Healthy Natural Pasture

NDVI = 0.27

NDVI =0.27

P .. - 7 "Tamaﬂx UL2= High Biomass ‘
f e b Salinized Soil v‘s Soil Organic Matter

A P 3 - - K B -

/ ARV Ecological Reality: \ Ecological Reality:

@ Low forage value + High forage value

@ Soil degradation (salinity) "% " Healthy soil
@ Abandoned farmland -7 V' Biodiversity
@ Loss of agricultural use y,.+* + Sustainable use

Why NDVI is Misleading: . = e
5 x Higher “Greenness > But: Degradation &
/* Halo| & Weeds <

1*‘\[ g L phytes e Mo Novit) 7 ) Lossof Value!

—
The “false greening” phenomengn

Solution: The Handbook recommends integrating advang€d methods to idden or weakly expressed
degradation processes:

combining optical and radar data, including
using machine-learning algorithms, such as



INTEGRATING INDICATORS: FROM ONE-OUT-ALL-OUT TO WEIGHTED ASSESSMENT

Addressing Indicator Redundancy to Avoid Overestimation of Land Degradation

1. THE PROBLEM: INDICATOR REDUNDANCY UNDER 1040 EXAMPLES OF REDUNDANCY (CENTRAL ASIA CONTEXT)
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2. SOLUTION: WEIGHTED INTEGRATION FRAMEWORK

Step 2. Assign weights
and priorities

Step 1. Correlstion analysis

Avuyre parwne correlations
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Step 3. Set thresholds
of significance
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3. CASE STUDY: IRRIGATED CROPLAND IN THE LOWER AMU DARYA
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4. BENEFTS OF THE WEIGHTED APPROACH
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Example: In a hypothetical irrigated field, a 25 per cent increase in the salinity index combined with stable
NDVI would trigger degradation under a strict “One Out, All Out” rule. Under the weighted approach, the
salinity index is treated as a supporting indicator; it would trigger a critical-risk alert, but not an immediate
degradation classification unless a higher threshold were crossed. This provides an opportunity for preventive
action before irreversible loss occurs.



5. Country-Relevant Applications

The methodological advances described above are not theoretical. They have been tested and refined through
practical applications across Central Asia and beyond, demonstrating the feasibility, adaptability and tangible
benefits of the proposed approach. In addition to case studies on LDN assessment, countries in the region
provide important methodological and institutional experience relevant to land management strategies and
planning processes.

Kazakhstan: Kazakhstan has, in effect, established an operational national architecture for LDN monitoring
that integrates the capacities of three state agencies. One agency provides the precise cartograplic and
geodetic foundation. A second conducts detailed soil, geobotanical and agrochemical surveys agross the
country, directly measuring soil carbon, pasture productivity and species composition, t generating

distinguish water-driven from salt-driven productivity loss, providing clea
integrated and institutionalized system strengthens the country’s abili
using verified national data.

Uzbekistan: Uzbekistan has taken a series of targeted steps to adapfithe methodology to national
circumstances. National expert groups redefined the interprgtation of§elected land-cover transitions: for
example, a shift from irrigated cropland to abandoned lapd was reclassi m stable to degradation where
it results from irreversible salinization, thereby aligni ment with local economic and ecological
realities. Research in Uzbekistan has also introdu oublé-threshpld method for identifying priority

restoration areas, taking account of non-linear re§ponses of ec services to degradation.
» .
The Dynamic LDN Assessment Workflow:
~— From Raw Data to Management Decisions
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LDN assessment workflow designed in Uzbekistan

Turkmenistan has focused its LDN efforts on addressing methodological challenges arising from high
climatic variability and the need to distinguish short-term fluctuations from long-term degradation trends. At
the national level, the country is updating its National Action Programme to Combat Desertification and
preparing amendments to its Land Code to introduce definitions of land degradation and land degradation
neutrality aligned with UNCCD terminology. These state-led actions aim to harmonize national legislation



with international concepts, a critical institutional prerequisite for effective LDN implementation.
Methodologically, dynamic baseline analysis and repeatability evaluation have been piloted in the Dashoguz
and Lebap velayats to improve the reliability of land assessments. These approaches have helped distinguish
climate-driven variability from persistent degradation and have supported a more targeted allocation of public
resources for land management, moving from uniform interventions towards differentiated strategies based
on the temporal persistence of degradation signals.

Kyrgyzstan provides a leading example of participatory monitoring. In a pilot project, herders identified
simple visual indicators of pasture health, including plant height, the proportion of edible plants, visible

vegetation represented valuable forage rather than weeds. Following validation with pa
agreement between local perceptions and satellite-derived maps increased from less

Technical advances alone canno
need to be addressed at the i

LDN

monitoring and policy responses. In other cases, no legal definition exists. Aligning national legislation with

UNCCD concepts, including “land degradation neutrality”, “ecosystem services” and “sustainable land
management”, is a prerequisite for coherent policy and for mobilizing resources.

Capacity-building. A persistent shortage of specialists in GIS, remote sensing, time-series analysis and
machine learning remains a major bottleneck across the region. The Handbook calls for sustained investment
in university programmes, targeted training for government staff and the establishment of regional centres of
competence to share knowledge and good practices. Regional experience demonstrates that capacity-building
is most effective when embedded in concrete projects and when it involves both national experts and local
communities.



Transition from reporting to decision-making. LDN should not remain solely a reporting exercise. The
Handbook demonstrates how assessment results can be embedded in LDN Target setting, territorial planning,
budget allocation and the design of national climate and biodiversity strategies. By linking LDN to economic
valuation, for example by estimating the cost of inaction as a percentage of GDP, the Handbook provides a
strong basis for engaging ministries of finance and economic development.

Regional cooperation. Land degradation processes, including sand and dust storms from the Aral Sea, water
flows from the Pamirs and the Tien Shan and the management of shared pasture systems, do not respect
national borders. The Handbook promotes regional coherence through harmonized methodologies, shared
data standards and joint capacity-building. The UNCCD Interregional Working Group “Centragd{ Asia—Russia”
provides an important platform for such cooperation, and the Handbook itself is a product of th
collaborative process.

7. Implementation Roadmap

The Handbook provides a clear step-by-step operational pathway that can be applie onal, subnational
and local levels. This roadmap translates complex methodological componma al actions.
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Step 1 i oriaMg - Divide the territory into relatively homogeneous zones based on natural
potential imate, soils and relief, and dominant land-use type, such as irrigated agriculture,

stures or desert rangelands. This establishes context-specific norms and prevents uniform
being applied across markedly different landscapes.

Step 2: Dynamic baseline and trend analysis - Complement the fixed reporting baseline with a full time-
series diagnostic approach. Calculate long-term LDN indicator values, such as median NDVI, for each pixel
and use these as a reference. Calculate trend coefficients (b) to measure the speed and direction of change and
use them as key diagnostic indicators.

Step 3: Multi-level indicator selection - Use global indicators (Tier 1) for broad screening. Where available,
verify, calibrate or complement them with national data (Tier 2). Add diagnostic indicators (Tier 3) selected
according to ecological zone and land-use type in order to explain the underlying reasons for observed
change.



Step 4: Weighted integration - Apply a refined “One Out, All Out” rule that distinguishes leading from
supporting indicators. Use correlation analysis to group indicators and assign thresholds in order to avoid
overestimation caused by correlated signals.

Step 5: In-depth diagnosis - Conduct frequency analysis to identify chronic hotspots, bright spots and
fluctuation zones. Analyze trend coefficients a and b to classify degradation mechanisms, such as crisis onset,
chronic exhaustion and fragile equilibrium.

Step 6: Strategy selection - On the basis of the diagnosis, select differentiated strategies, including
emergency response, stabilization and phased restoration, conservation and “Avoid” measures, or
maintenance and upscaling of successful practices.

Step 7: Adaptive management - Use forecasts to set realistic targets. Implement measurg§, monitor
outcomes and repeat the cycle every three to five years, updating the baseline and refining S as new
data become available.

8. Strategic Outlook

Sustainable land management (SLM). The diagnostic and scena
SLM practices are most appropriate in different contexts, including

national climate commitments.

Nature-based solutions. By prioritizing inter
saxaul forests to stabilize sand dunes i control erosion, the Handbook supports the
implementation of nature-based solutions ultiple environmental and social benefits.

Synergies among the Rio Conventions. integrated data systems and harmonized methodologies
promoted by the Handboo i ofmion language and platform for reporting under the UNCCD, the

Diversity (CBD). Thi ce thegeporting burden and increase coherence across national strategies.

book is itself a product of regional collaboration and is designed to foster
a common methodological reference for Central Asian countries and the

Regional cooperati

context-seffSitive diagnostic and decision-support approach, rather than by creating an alternative reporting
framework. Yt builds on the achievements of the LDN Target Setting Programme, addresses methodological
gaps and institutional constraints identified by countries, and offers a unified algorithm that is both
scientifically rigorous and adaptable to the diverse conditions of Central Asia. In this way, it empowers
national and local stakeholders to manage land resources proactively, ensuring that the objective of neutrality
is matched by the capacity to achieve it.



