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Abstract—The active development of the concept of sustainable land management (SLM) is inextricably
linked with approaches to land degradation neutrality (LDN). It is considered that so-called good land man-
agement practices make it possible to prevent or reduce the risk of land degradation and reverse it while main-
taining the productivity potential and ecosystem functions. Based on analysis of the correspondence of good
practices to SLM parameters and the hierarchy and typology of land management developed on this basis
(with the categories of practice, model, type, class), it is shown that individual practices and technologies do
not always lead to the achievement of land degradation neutrality and, conversely, it is not always achieved by
sustainable land management approach. SLM modeling using qualitative rating scales and radar charts has
shown high effectiveness in visualizing the integrity of models and adjusting them to achieve the best result.
An improved typology is proposed with three main classes of land management: simple, supported, and
expanded. Particular attention is paid to the other forms class, which includes natural functioning, long-term
abandonment of land, and destructive land management. An algorithm scheme to recognize sustainable land
management in the case of land degradation is proposed, as is an inverse algorithm to achieve land degrada-
tion for different land management models. A hypothesis has been put forward about the landscape—ecolog-
ical framework of SLM, which makes it possible to explain the causes of the discrepancy between the esti-
mates of LDN for objects of different scales: achieving land degradation neutrality in a certain territory is pos-
sible not so much by continuous coverage of this territory with good SLM practices as by preserving the
framework of SLM models, types, and classes.

Keywords: land resources, land degradation neutrality (LDN), land management typology, landscape—eco-
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Sustainable land management (SLM) is an inte-
grated approach to addressing the problems of land
resource degradation and maintaining the potential of
land productivity and ecosystem functions. The for-
mation of the SLM concept began in the late 1980s
and early 1990s and was associated with the prepara-
tion of the UN Conference on Environment and
Development in Rio de Janeiro in 1992. The Frame-
work for Evaluating Sustainable Land Management
[1, 2] formulated five basic assumptions that define
SLM as a combination of technologies, strategies, and
actions to integrate simultaneously socioeconomic
principles with environmental concerns to maintain or
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improve production/services, reduce production
risks, protect the potential of natural resources, and
prevent soil and water degradation, while being eco-
nomically viable and socially acceptable.

The recent active development of the concept of
sustainable land management is inextricably linked
with the application of land degradation neutrality
(LDN) approaches in accordance with Goal 15 of the
2030 Agenda for Sustainable Development, adopted
in 2015: “Protect, restore, and promote sustainable
use of terrestrial ecosystems, sustainably manage for-
ests, combat desertification, and halt and reverse land
degradation and halt biodiversity loss” [3]. It is com-
monly considered that technologies and practices of
sustainable land management can prevent, reduce the
risk, and mitigate adverse effects of irrational use and
reverse land degradation [4—7].

Despite the huge number of works (according to
Google Scholar, more than 1.6 million on the hashtag
“sustainable land management” for 2010—2022), with
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all the variety of approaches and elaboration of the
SLM issue, the understanding of the sustainability of
land management and its interpretation remains
debatable. Even the translations of the term itself into
Russian differ: ycmoiiuueoe 3zemaenonvzoeanue (sus-
tainable land use), pauuonasvHoe UCHOAb308AHUE
3emens (rational use of lands), ycmoiiuueoe ynpasnenue
3emenbHbiMU pecypcamu (Sustainable management of
land resources). Different authors interpret SLM
through different approaches: integrated soil fertility
management [8], conservation agriculture and
improved pasture management [9], improved water
and forest management [10], conservation of natural
resources for food production [11], increased soil
organic carbon [12], restoration of ecosystems in gen-
eral [13]. The Food and Agriculture Organization of
the United Nations (FAO) considers SLLM as a path to
minimize land degradation, restore degraded areas,
and ensure the optimal use of land resources for the
benefit of present and future generations [14]. An
important aspect is the reflection of the economic
component of sustainable land management. The
Economics of Land Degradation Initiative defines
SLM as a set of possible technologies, practices, and
approaches to manage land resources at the local level,
and numerous projects on the economic valuation of
ecosystem services confirm that investments in sus-
tainable land management successfully pay off [15].
To date, the most accepted and succinct definition of
SLM is “the use of land resources, including soil,
water, animals, and plants, for the production of goods
to meet changing human needs, while simultaneously
ensuring the long-term productive potential of these
resources and the maintenance of their environmental
functions” [16, p. 46].

Therefore, on the one hand, the concept of sus-
tainable land management has become widespread,
while on the other hand, existing approaches do not
make it possible to determine the sustainability of
a particular land management practice and technol-
ogy. The authors rely mainly on environmental indica-
tors, such as soil erosion rates or water quality; how-
ever, these parameters are not always decisive for the
selection of best SLM practices and depend mainly on
the type of land management and natural area. Gener-
ally accepted criteria for the effectiveness of the
applied measures and the sustainability of impacts are
not formulated. As a rule, they are established by
expert assessment depending on the target direction
of a particular technology at the local level, the degree
of land degradation, the risk of degradation processes,
and the need for radical intervention to combat land
degradation and preserve ecosystem functions. For
example, article [17] considers the introduction of
SLM practices and technologies as a way to mitigate
the negative impact of droughts on the productivity
of farmland, pastures, forests, and forest plantations.
Works [7, 12] show that sustainable land management
practices contribute to the maintenance and increase
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in the reserves of soil organic carbon, which is consid-
ered as one of the main indicators of the state of
an ecosystem and a key criterion for selecting SLM
technologies.

The concept of land degradation neutrality has
made it possible to reassess sustainable land manage-
ment approaches, as evidenced by a large number
of works over the past 5—7 years (more than 17500 on
the hashtag “sustainable land management land deg-
radation neutrality” according to Google Scholar).
According to the definition approved by the 12th Con-
ference of the Parties of the United Nations Conven-
tion to Combat Desertification (UNCCD) [18], land
degradation neutrality (LDN) is “a state whereby the
amount and quality of land resources necessary to
support ecosystem functions and services and enhance
food security remains stable or increases within speci-
fied temporal and spatial scales and ecosystems.”
The development of this concept made it possible to
propose consideration of ways to achieve LDN
through a hierarchy of responses—activities aimed
at avoiding, reducing, and reversing land degradation
[6]. We suggest evaluating the effectiveness of these
measures (SLM practices and technologies) through
achieving land degradation neutrality in a specific area
[19]. Work [7] emphasizes that sustainable land man-
agement is one of the main mechanisms for achieving
LDN. The possibility of choosing the best practices
for sustainable land management and modeling the
achievement of land degradation neutrality at various
levels is shown in article [20], and work [21] demon-
strates the possibility of using the “LDN index” as a
simple and effective tool indicating effective land pol-
icy and the reduction of land degradation risks in a
region or farm. Finally, based on the integrated con-
sideration of the SLM and LDN approaches, we for-
mulated and for the first time proposed for use in Rus-
sia a definition of the concept of land degradation,
referring to any categories of lands and farmlands: “a
set of a wide range of natural and anthropogenic
causes, phenomena, and processes leading to a
decrease in the economic and/or natural potential of
lands and the ecosystem services they provide or their
resistance to negative impacts” [22, p. 63].

However, despite these direct proposals and the
apparent simplicity of the working hypotheses, no
algorithms have yet been developed for applying LDN
approaches to assessing SLM. The cause was revealed
through a detailed analysis of land management types
[20]. It has been found that not all so-called good land
management practices contribute to the achievement
of land degradation neutrality, and, conversely, not
every case of neutrality is necessarily associated with
any land management model. This, at first glance,
paradoxical and unexpected conclusion made it possi-
ble to rethink the relationship between SLM and LDN
and formulate the objectives of this work:
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+ analysis of the substantive compliance of sets
of good practices with SLM parameters;

+ analysis of the interrelations between LDN and
SLM and development of approaches to the typology
of SLM models;

* development of an algorithm for recognizing
SLM in the case of achieving LDN and vice versa;

 formulation of a hypothesis about the SLM land-
scape—ecological framework.

Materials and methods. The objects of our study are
the so-called “successful” (best and good) practices
and technologies of sustainable land management,
described in various sources, mainly on international
knowledge exchange platforms. The main global plat-
form that implements SLM approaches is the
WOCAT network (World Overview of Conservation
Approaches and Technologies) [23]—a global data-
base recommended by the UNCCD for documenting,
evaluating, disseminating, and exchanging experience
in applying best practices for land degradation preven-
tion and land and water resource conservation. This
database contains more than 2000 successful practices
from 133 countries.

FAO also provides numerous scientific reference
materials and databases for both professionals and local
land users: FAOSTAT, TERRASTAT, AQUASTAT, and
FORIS; they contain information on agriculture,
land, water, and forests. They summarize the data of
the Land Resources Information Management Sys-
tems (LRIMS), the Global Terrestrial Observing Sys-
tem (GTOS), the FAO/UNESCO Digital Soil Map of
the World, the FAO/IIASA Global Survey of Agro-
ecological Zones (GAEZ), the Forest Resources
Assessment (FRA), the Land Cover Network (GLCN),
and the program “Land Degradation: Land Degrada-
tion Assessment in Drylands” (LADA). International
initiatives such as the Asia—Pacific Agroforestry Net-
work (APAN), the Asia Watershed Management Net-
work (WATMAN), the Integrated Saline Soil
Management Network (SPUSH), and the Central
Asian Countries Initiative for Land Management
(CACILM) provide detailed descriptions of good land
management practices and experience in combating
land degradation at the local and regional levels.

There are no similar network resources in Russia
yet; however, educational and specialized scientific
publications have accumulated extensive experience in
the development, implementation, and dissemination
of practices aimed at combating water and wind soil
erosion; waterlogging, salinization, alkalinization,
and compaction of soils; and soil and water pollution.
Technologies to determine the optimal relation of
mineral fertilizers, the calculation of the allowable
load on pastures, the creation of structures for protec-
tive forest belts, forest management, etc., are
described. An example of one of the most actively
developing databases on the exchange of experience in
the application of resource-saving technologies is the
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Agroecocommission platform (good practices using
precision farming technologies, mineral and organic
fertilizers, and soil organic carbon reserves monitor-
ing) [24].

The methodology for the analysis of good land
management practices and models within the frame-
work of this study relies on our previously published
approaches to the typology of land management
objects [20, 25]. Let us recall the most significant of
them.

The notions of land management object and land
management model are defined. A land management
object is understood as an integral landscape and eco-
nomic object with definite boundaries on the ground,
within which the effectiveness of the applied practices
and the achievement of LDN are assessed. A land
management model means the central image of a set of
practices and technologies (as opposed to particular
local practices) that have similar technological meth-
ods, natural and socioeconomic conditions, potential
land degradation risks (including anthropogenic
impacts), and the possibility and ways to achieve land
degradation.

A set of nine features to recognize land manage-
ment sustainability is proposed: natural negative
impact, anthropogenic negative impact, degradation
risk, natural/initial potential, self-restoration ability,
artificial balance/restoration, adaptation technolo-
gies, innovative technologies for capacity building,
and sufficiency of resources and socioeconomic con-
ditions. Approaches to the typology of SLM models
are formulated, and a hierarchy of land management
practices is described with the identification of the
categories of practice, model, type, and class. The clas-
sification is based on the nature of the resources used
(natural, supported, expanded), and the types, on the
leading feature for a given class.

Approbation of the approaches listed has shown
that the identification of types and classes of SLM
models is progressive since it makes it possible to sub-
stantiate the recommendations for choosing specific
practices. At the same time, their implementation is
difficult due to the unfinished system of expert assess-
ment of the land management sustainability parame-
ters and the lack of clear algorithms for LDN identifi-
cation.

To improve the approaches, we developed a quali-
tative scale based on five generalized SLM parameters,
assessed by the degree of their manifestation (see
Table 1). The integral evaluation and visualization
of the results was performed using radar charts (Fig. 1).

Analysis of sets of land management practices. Since
it is difficult to reflect the full results of the analysis of
different practices and models within the framework
of an individual article, we will show them using some
examples, demonstrating the impact of individual and
integrated practices on the sustainability of land man-
agement models. Three models are considered below:
Vol. 92
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Table 1. Qualitative scale for characterizing the degree of manifestation of the evaluation parameters

Degree of manifestation

Generalized land management sustainability parameters | ,one or
low medium high very high

very low
(1) Adverse natural processes and phenomena (current), NP 5 4 3 2 1
(2) Adverse anthropogenic impacts and resultant pro- 5 4 3 2 1
cesses (current), AP
(3) Risk of development of degradation phenomena 5 4 3 2 1
(potential degradation processes), Rk
(4) Natural and/or expanded land potential, LP 1 2 3 4 5
(5) Ability of lands for self-restoration, adaptation 1 2 3 4 5
technologies, compensatory and restoration measures, R

restoration and maintenance of mountain pastures
(see Fig. la), irrigation on saline soils (see Fig. 1b),
and antierosion farming systems on rainfed lands (see
Fig. 1c). The diagrams help us to come to the follow-
ing conclusions.

Any practice described by individual polygons
always has better characteristics than the initial state,
assumed as “business-as-usual”—the initial state
without the use of good practices and characterized by
the worst characteristics of the parameters estimated
(“1” on the accepted scale). The area of each polygon
can be considered as a relative measure of the overall
effectiveness of the respective practice. Each practice
is focused, as a rule, on enhancing only certain param-
eters of the model, for example, reducing the intensity
of adverse anthropogenic and natural processes, pre-
venting risks, and increasing the adaptive capacity or
self-restoration ability; other parameters may be
improved indirectly or not affected at all by a particu-
lar practice.

An SLM model is a set of good practices, and only
their combination can lead to an increase in the sus-
tainability of the model as a whole. In this system, the
integrity of the SLM model is described by the total
area of the figure, including the outer perimeter of all
polygons. The acuteness of the angles of the final fig-
ure can serve as a sign of an imbalance in the set of
practices chosen for a particular case.

When striving for the highest possible sustainabil-
ity, an SLM model should include practices that have
maximum values in all parameters. This is achieved by
adding practices aimed at improving the missing
parameters. The examples provided deliberately do
not represent all the practices that fit the selected
models to demonstrate the synergistic and cumulative
effects of amplification. For example, the grazing
model could be complemented by fencing practices
that aim to enhance the self-restoration of the ecosys-
tem and reduce risks to a minimum; the irrigation
model, by a technology for the use of salt-tolerant

crops, which is distinguished not only by reducing
risks but also by increasing the potential for restoration
and reducing the negative impact of natural processes;
and the antierosion model, by terracing of slopes,
which reduces the risks and negative consequences of
anthropogenic processes and increases the potential of
the system.

Although some practices do not reflect improve-
ment to the greatest extent in some selected parame-
ters, they nonetheless strengthen the overall sustain-
ability weight of the respective SLM model and its
integral or synergistic effectiveness. These, in particu-
lar, include many practices aimed at improving or
restoring and maintaining infrastructure (roads, com-
munications, and other fundamental structures, as
well as engineering measures).

Pentagrams of sustainable land management mod-
els are presented schematically to reflect the principle
of the study, although it is obvious that the parameters
of the model can be expanded to the original nine fea-
tures or more (for example, to include socioeconomic
efficiency parameters); qualitative scales can also be
modified (for example, to include more than five
ranks of the proposed nominative scale, to reflect
numerical values, etc.).

The approach proposed for modeling and visualiz-
ing SLM makes it possible to characterize practices,
techniques, and technologies in a new way from the
standpoint of their success or sustainability: each prac-
tice is considered as part of a specific SLM model and
is aimed at improving its parameters/features. The
sustainability of a land management model is deter-
mined proceeding from a comprehensive analysis of
the practices assessed within the boundaries of a terri-
tory on quantitative and qualitative scales. It is also
important to identify bottlenecks in land management
and justify the introduction of a necessary set of prac-
tices (technologies) aimed at implementing sustain-
ability parameters (reduction of risks and the intensity
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(@)

= == Qverseeding of fodder leguminous grasses
with the application of mineral fertilizers

= == = Grazing restriction and pasture
rotation
Creation of drinking points

R

= = Transfer of livestock to paddocks
in conjunction with the cultivation
of fruit trees on terraces

e Restoration of grazing lands using
perennial fodder shrubs

= Without using good practices

(b)

rvovnn Cleaning of collector—
drainage systems

=+ == Fine or drip irrigation
Curved furrow irrigation

= == = Sprinkler irrigation

= = Selection of crop rotations with

less water-intensive crops
= WVithout using good practices

(©

= = = Direct seeding

voonnne Organic farming
Grass-field crop rotations

= = Minimum processing

=+ = Protective forest belts

= Vithout using good practices
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AP

LP Rk

Fig. 1. Examples of analysis of models of sustainable land management. (a) Restoration and maintenance of the productivity of
mountain pastures; (b) irrigated agriculture on saline soils; (c) anti-erosion systems of agriculture; NP AP, Rk, LP, R (see desig-

nations in Table 1).

of negative processes, compensatory measures, or self-
restoration maintenance).

LDN and SLM nexus: Improving the typology of land
management models. As was noted above, the modern
development of the SLM concept is inextricably
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linked with the application of LDN approaches. How-
ever, testing the working hypothesis that any practice
of sustainable land management or their combination
leads to the achievement of land degradation neutral-
ity and that the fact of established neutrality testifies to
the sustainability of land management has shown that
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this seemingly obvious thesis is not always observed
and cannot be considered as an axiom. [20]. The main
cause of the discrepancy lies primarily in the fact that
the establishment of land degradation neutrality is
carried out without a semantic analysis of the balance
of ecosystem functions and services and is based on
formal features alone. The latter are usually signs of
negative dynamics of land cover, productivity, and soil
organic carbon reserves (global indicators of LDN) or
their analogues and additional indicators of the
national and local levels [6, 20, 21, 26]. The above
examples of land management models clearly demon-
strate that the sustainability of land management is
also significantly influenced by conceptual features:
the risk of degradation, the natural and actual poten-
tial of lands, their restoration ability, and natural pro-
cesses and phenomena.

Generalization of the results of the analysis of var-
ious land management models made it possible to
improve our typology [20]. The updated version (Fig. 2)
retains (with minor changes) the three main SLM
classes—simple, supported, and expanded. Each of
them is considered from the standpoint of exploited
resources, potential (natural and current), restoration
ability, the possibility of achieving LDN in the short or
long term (see Fig. 2a), risks, degradation processes,
and the set of SLM practices (see Fig. 2b). Particular
attention is paid to the class other forms (the attribution
of which to SLM is questionable), which includes nat-
ural functioning; long-term abandonment of land;
and destructive land management, which leads to
a complete or partial loss of the natural potential.

In the context of this typology and the above meth-
odology for analyzing SLM models, it can be con-
cluded that individual practices cannot always be clas-
sified as sustainable, especially in cases where active
measures are needed to rehabilitate or maintain the
current (expanded) potential of the land or when prac-
tices are poorly coordinated with each other or are
aimed at different purposes (for example, obtaining
economic or environmental benefits). This confirms
once again that the use of the term sustainable land
management (or SLM practices) in relation to specific
practices or technologies does not make sense since it
refers only to land management models. Such models
include a set of elements (practices, technologies) that
it would be better to term as successful or best.

Compared to the information in [20], the principle
of typifying SLM models (within the corresponding
classes) is also preserved—according to the leading
features of the observed natural or current potential;
however, the updated typology seems to be more rig-
orous and justified. It is proposed to assess the poten-
tial of land using a comparison with the initial state
(LDN baseline) and to select accordingly a set of good
practices for an SLM model of a particular type.
In this case, the proposed approach is fully consistent
with the concept of land degradation neutrality in
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relation to the requirements on the “baseline” [6, 27].
An example of such a typology for the grazing model
of sustainable land management is shown in Fig. 3.
We see that the SLM type with high natural potential
corresponds to a low risk of degradation and a mini-
mum set of measures necessary to achieve land degra-
dation neutrality. On the contrary, for the SLM type
with low natural potential, an expanded set of mea-
sures is required for achieving LDN and reducing the
risks of land degradation.

The refined typology of SLM models made it pos-
sible to specify the cases when the achievement of
LDN should be considered as a sign of SLM (Fig. 4a)
and the cases when a set of good practices will lead to
the achievement of LDN (Fig. 4b). To this end, addi-
tional notions of active and passive land management
practices are introduced into the algorithms. By pas-
sive ones, we mean the actual absence of any special
actions aimed at maintaining natural or anthropo-
genic ecosystems. In some cases (for example, pro-
tected areas or fallow lands, which we attribute to other
Jforms), such situations can also be considered as a way
of land management, even sometimes aimed at restor-
ing or not deteriorating land. However, their distinc-
tive feature is the absence (or cessation) of direct
anthropogenic intervention at a given point in time.
Active practices in any case involve some form of
external influence or ecosystem change. Figure 4a
shows that in the case of establishing land degradation
neutrality on formal grounds (indicators), only active
land management practices in combination with self-
restoration and sufficient compensatory and support-
ing measures can be characterized as models of sus-
tainable land management.

Conditionally sustainable are models in which,
even in the case of passive practices, natural processes
contribute to the achievement of LDN according to
formal indicators (old-growth forests, long-term fal-
lows). Figure 4b demonstrates that, despite a certain
set of good active practices, LDN cannot be achieved
if compensatory measures are insufficient or not coor-
dinated or if these practices do not account for the
necessary length of the self-restoration period of natu-
ral systems. On the contrary, in some passive prac-
tices, the achievement of LDN is quite possible, both
in the case of trends perceived as positive and in the
case of negative processes.

The proposed algorithms for matching LDN and
SLM are clearly confirmed by the latest works [28,
29], which show that the dynamics of land degradation
is largely due to natural or natural—anthropogenic fac-
tors and processes (for example, the climatic factor
[29], Holocene landscape dynamics [28], and changes
in hydrology and hydrogeology under the develop-
ment of irrigation systems [30]), which have a higher
transformative potential than individual land manage-
ment practices. The latter act as triggers for these pro-
cesses, changing them in a positive or negative direc-
No. 3
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Land management classes

Sustainable land management
L

| Simple

| The natural resources of terrestrial
ecosystems are exploited in full or

| in part with the expectation

| of their self-restoration

| Typical examples: logging,
| extensive pastoralism, protected areas

|
| With a high natural potential and
a high restoration ability, combined
| with a relatively small load, LDN
| anda relatively high quality
| of land are achieved

| In other cases, when the critical load

| is exceeded, LDN is not reached,

| the system is destabilized and requires
| additional support (in the short term)
| or “rest” (in the long term)

Supported

Natural resources of terrestrial
ecosystems in full or in part cannot
be used sustainably without additional
support (external resources,
technologies, compensation
measures, etc.)

-

ypical examples: rainfed agriculture,
managed forests, pasture rotation

|

|

|

|

|

|

|

|

|

|

|

|

I The current potential consists

| approximately equally of the natural
| and anthropogenic components,

| the risks of loss of which are equally

| important for achieving LDN: LDN

| and relatively high quality of land

| is achieved in case of compensatory

| measures, adequate loads, and intensity
| of degradation processes

: (in the short or long term)

|
|
|
|

In the absence of these measures,
LDN is not achieved

Expanded

For a more complete use of limited

(for a specific economic situation)
natural resources, additional integrated
measures are applied to intensify or
expand the range of exploited ecosystem
services (in addition to supporting
measures)

Typical examples: irrigated agriculture,
agroforestry, intensive pastoralism,
eatland development, desert

|
|
|
|
|
|
|
|
|
|
|
|
| p
| development
|
|
|
|
|
|
|
|
|
|
|
|
|

The current potential consists of the
natural and, to a large extent,
anthropogenic components. The risk

of losing the latter is especially important
from the point of view of LDN: LDN
and relatively high land quality

are achieved in case of continuous ¢
apacity building measures in the long
term

In the absence of these measures,
LDN is not achieved

Land management classes

Sustainable land management
A

I The main risks and degradation
processes are associated with
natural processes and their
combinations in various forms,
caused by violations of natural regimes
and functioning, imbalance

The main risks and degradation
processes are associated both
with natural phenomena and
processes caused by exceeding
the critical load on ecosystems
and with naturelike processes and

291

Other forms

- Natural functioning (with increasing
potential or the stable state).
Example: protected areas, old-growth
forests. As a rule, there is no need

for SLM practices.

LDN is achieved

- Abandonment of land for various
reasons (usually with

increasing potential).

Example: long-term deposits.

Variations are possible in the application
of SLM practices. LDN is achieved

- Destructive land management
(complete or partial loss of natural
potential). Examples: mining
dumps, workings, industrial and
transport facilities, anthropogenic
salt marshes, and badlands.

Natural disasters (landslides,
mudflows, volcanic eruptions, etc.).
SLM practices for reclamation

are required. LDN is achieved formally,
with long-term persistence of poor
land quality

| of ecosystems phenomena caused by additional

|
|
|
|
|
|
|
|
|
| | measures and technologies
| Examples: violations of the periods |
| of self-restoration of the vegetation |
| cover, intensification of “sleeping” | | Examples: destruction of the agronomic
|| structure of soils, disruption
| of restorative successions, reduction
|| inspecies diversity, simplification
| of the structures of natural systems
|
|
|
|
|
|
|

| negative processes and phenomena
| (soil erosion, waterlogging,
| salinization, etc.)

SLM practices (measures for LDN
conservation or restoration):
prevention and reduction of risks,

|

|

: SLM practices (measures for the
| reducing the intensity of negative

|

|

|

conservation and restoration of LDN):
prevention and reduction of risks,
expansion of compensation measures,
development of new technologies,

| use of special methods and resources;

| in special cases, restoration

and stimulating positive processes
and phenomena aimed
at self-restoration

prevention and reduction of risks,
full or partial replacement of a set

of integral measures, change in land
management type, development

of new technologies; in special cases,
reduction of the current potential

to the adaptive one or restoration

Other forms
1
| | Expanded | - Natural functioning. SLM practices
| | I are aimed at preventing indirect risks
| | Risks and degradation processes are |
ainly associated wi e
|| mainl iated with th | )
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Fig. 2. Land management classes. (a) Exploited resources, potential, resilience, and the possibility of achieving LDN in the
future; (b) risks, degradation processes, and the set of SLM practices.

tion, and determine the intensity and type of processes
and regimes established using global or additional
indicators [31] (soil erosion, salinization and desalini-
zation, soil compaction and structuring, accumula-
tion or loss of organic matter). Respectively, in addi-
tion to assessing the possibility and degree of achieving
LDN according to formal indicators, it is also import-
ant to assess the risks of not achieving land degrada-
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tion neutrality (see Figs. 2a, 3, 4b). The risks of non-
achievement of LDN can manifest themselves against
the background of the widespread use of good prac-
tices and land management models, which seems to be
still another promising research topic.

Thus, the thesis discussed above was confirmed
that land degradation neutrality and sustainable land
management are not always in direct correspondence,
Vol. 92
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Fig. 3. SLM types. Schematic diagram (by the example of the SLM model for grazing livestock) of the formation of an integral
set of good practices depending on the initial state (baseline) and the hierarchy of compensatory measures. The arrows indicate
the direction of change in the risk of degradation: light color corresponds to low risk; intense color corresponds to high risk.

which makes it necessary to consider each specific
case. The developed typology of SLM models and the
proposed recognition algorithms will help with this.

SLM landscape—ecological frame. The practical
application of the algorithms for comparative analysis
of SLM and LDN based on the developed typology of
SLM models made it possible to draw attention once
again to the fact that the scale of the problem under
consideration plays an important role in establishing
land degradation [32, 33]. Thus, individual adminis-
trative regions, areas, and countries can be considered
to have achieved land degradation, although at the
level of their farms, landscapes, and localities it may be
absent, even within potentially sustainable objects, for
example, biosphere reserves.

Understanding the causes of this phenomenon
with account for the proposed typology of sustainable
land management, as well as the geographical analysis
of the spread of its practices, together with the features
of the modern management system in Russia, have

HERALD OF THE RUSSIAN ACADEMY OF SCIENCES

made it possible to put forward a hypothesis that the
possibility of achieving LDN in a certain territory
is due not so much to the continuous coverage of this
territory by good practices of sustainable land man-
agement as to the preservation of the ecological frame-
work of SLM models, types, and classes. Such a frame-
work includes two types of basic elements: sites where
neutrality is achieved (we call them cores) and a spa-
tially distributed structure of SLM models, where
neutrality can be achieved through the selection of
a set of appropriate land management practices and
technologies. This framework (if the appropriate
structure and a given number of cores are preserved),
apparently, should allow us, at a minimal cost, to
maintain the sustainability of land management and
its specific models in the territory, which are distin-
guished by high natural potential or efficient land
management technologies. These include, for exam-
ple, tracts of arable land on which adaptive landscape
and soil-conservation technologies are used, a net-
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Fig. 4. Relationship between sustainable land management and land degradation neutrality. (a) SLM recognition algorithm in the
case of LDN establishment; (b) inverse algorithm for the possibility of establishing LDN for different SLM models.

work of shelter belts, hydrological networks of river
basins with their floodplains and valleys, protected
natural areas, and the ecological corridors between
them.

It seems that to predict more correctly the sustain-
ability of land management and achieve land degrada-
tion neutrality in specific areas, this hypothesis should
be developed in the directions that follow from the
developed SLM typology and algorithms for identify-
ing SLM models using LDN approaches:

» Substantiation of the boundaries of the SLM
landscape—ecological frameworks for territories with

HERALD OF THE RUSSIAN ACADEMY OF SCIENCES

similar natural conditions (for example, within the
boundaries of watersheds, soil districts, and regions)
and/or types of economic activity (arable farming,
pasture lands).

* Consideration of the cores of the land-
scape—ecological frameworks of SLM as the main ter-
ritorial elements within which the goal of achieving
LDN is reached and which can serve as local models
(gravity points) for the long-term maintenance and
expansion of the natural potential of the territory.

* Analysis of the role of SLM landscape—ecologi-
cal frameworks in reducing land degradation risks and
Vol. 92
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obtaining multiple benefits, in particular, in the field
of biodiversity conservation, climate change mitiga-
tion and adaptation, and reduction of social and eco-
nomic vulnerability.

» Study of the heterogeneity of the frameworks in
connection with the differentiation of SLM models
and cores in terms of the uneven spatial and temporal
effect of their application: for example, watering of
previously drained peatlands in Belarus and the Rus-
sian Non-Chernozem region (water reclamation) has
a significant spatial effect. Others, such as soil-saving
no-till direct sowing technologies, have a long-term
cumulative effect associated with the restoration of
naturelike soils. Still others have both a cumulative
and a spatial effect, including on adjacent and even
remote territories (the creation of a system of forest
belts on individual agricultural tracts or vast territo-
ries).

» Study of the heterogeneity of the frameworks in
the context of their constituent SLM models since
a framework can be represented by homogeneous or
different classes of sustainable land management
models (simple, supported, expanded, etc.). It is nec-
essary to understand this to determine how to achieve
neutrality within a particular framework.

» Assessment of the sustainability of homogeneous
and heterogeneous frameworks: while in the condi-
tions of individual farms it is enough to monitor the
sustainability of specific models to maintain SLM, for
heterogeneous objects it is the landscape—ecological
framework that requires monitoring and not individ-
ual clusters of LDN and SLM models, and even less
so, individual good practices. This approach is deter-
mined by the dynamism of land management systems,
their susceptibility to external factors (melioration,
development, climate change), and the interaction of
its elements, characterized by a change in risks and
processes (in the event of such changes, the proposed
approaches involve adjusting the set of practices,
including the hierarchy of measures to maintain, mit-
igate, restore, and, in special cases, review the SLM
models implemented in problem clusters).

* Dynamics of the formation of frameworks and
the characteristic time for the implementation of
adaptation measures and technologies.

* Development of approaches to assessing the
impact of socioeconomic factors on the effectiveness
of land management practices.

* % %

The active development of the concept of sustain-
able land management in recent years is inextricably
linked with the application of land degradation neu-
trality approaches. It is generally accepted in land
management science and practice that SLM technol-
ogies and practices can mitigate the adverse effects of
unsustainable land management and achieve land
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degradation neutrality. However, studies show that
positive effects are not always observed. To under-
stand the causes of these discrepancies, an analysis of
good land management practices described in special-
ized international databases for the exchange of infor-
mation on SLM parameters was carried out and ways
to describe SLM models using visualization tools were
demonstrated.

Previously published [21] approaches to the typol-
ogy of land management objects have been confirmed:
the main terminology, the prospects of a semantic
description of sustainability (unsustainability) through
a set of features, and a hierarchy of land management
methods with the identification of the categories of
practice, model, type, and class. A qualitative scale for
assessing the degree of the manifestation of features of
sustainable land management has been proposed, and,
on its basis, an assessment has been made of the set of
land management practices for three selected SLM
models: restoration and maintenance of mountain
pastures, irrigation on saline soils, and anti-erosion
farming systems on rainfed lands.

SLM modeling using the proposed method has
demonstrated its high efficiency in visualizing models
and adjusting them to achieve the best result and
integrity of SLM approaches in relation to specific
models. The given examples of visualized models of
sustainable land management clearly demonstrate the
causes of the possible inconsistency in achieving the
goals of LDN and SLM practices. It was revealed that
the sustainability of land management, in addition to
achieving land degradation neutrality with the help of
certain technologies, is influenced by parameters such
as the risk of degradation, the natural and actual
potential of lands, their restoration ability, and natural
processes and phenomena.

An improved typology of land management classes
is proposed: simple, supported, and expanded. A sche-
matic diagram of the identification of types of sustainable
land management based on a hierarchy of measures
and an assessment of the initial state (baseline) of land
degradation neutrality has been drawn up. Assigning
a practice to one type or another makes it possible to
put forward proposals for an adequate set of suc-
cessful measures to improve the SLM model and
achieve LDN.

An algorithm scheme for recognizing SLM in the
case of achieving LDN, as well as an inverse algorithm
for the possibility of achieving LDN with different
SLM models, has been developed. Emphasis is placed
on the need to assess the risks of not achieving neutral-
ity. A hypothesis has been put forward about the land-
scape—ecological framework of SLM, which makes it
possible to explain the causes of the discrepancy
between the LDN estimates for objects of different
scale levels. It has been established that the achieve-
ment of land degradation neutrality in a certain area is
largely due to the preservation of the framework of
Vol. 92
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models, types, and classes of land management.
Promising directions for the further development of
this hypothesis are proposed, concerning the determi-
nation of the dimensions of landscape—ecological
frameworks, their composition, dynamics, applicabil-
ity for various objects, and monitoring of their state.
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