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A Report of the Science-Policy Interface

Sustainable Land 
Management contribution 
to successful land-based 
climate change adaptation 
and mitigation

The report provides scientifically sound practical guidance for selecting SLM 
practices that help address DLDD, climate change adaptation and mitigation, 
and for creating an enabling environment for their large-scale implementation 
considering local realities. It targets a broad audience from scientists, policy makers, 
landowners, community stakeholders and enterprises.
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In its decision 21/COP.12 the Conference of the Parties (COP) to the United Nations 
Convention to Combat Desertification (UNCCD) decided to adopt the Science-Policy 
Interface (SPI) work programme for the biennium 2016–2017, which requested the SPI 
to undertake work to highlight the science-based synergistic potential of sustainable land 
management (SLM) practices to address desertification/land degradation and drought 
(DLDD), climate change mitigation and adaptation (objective 2). Sustainable land manage-
ment (SLM) represents a holistic approach to achieving long-term productive ecosystems 
by integrating biophysical, sociocultural and economic needs and values. SLM is one of 
the main mechanisms to achieve land degradation neutrality. To foster and facilitate the 
adoption of SLM practices that address desertification/land degradation and drought while 
mitigating climate change and enhancing climate change adaptation, the Science-Policy 
Interface assessed the synergistic potential of SLM practices while also critically evaluating 
the possible trade-offs between the different objectives. The assessment provides a scien-
tifically sound basis to understand the potential of SLM to contribute to multiple objectives 
and provides practical guidance for creating an enabling environment for the selection and 
large-scale implementation of effective, locally adapted SLM practices.

In accordance with the rules and procedures established by the UNCCD Conference of the 
Parties (COP), the report was prepared by an author team of 5 lead authors and 7 contributing 
authors. In December 2016, following a competitive public tender, the Basque Centre for Climate 
Change (BC3) was commissioned to prepare this report in association with the Mediterranean 
Center for Environmental Studies and the SPI. A scoping meeting was held on 19-20 December 
2016 in Bonn, Germany; SPI members as well as representatives of BC3, external experts in 
SLM, climate change and sustainable development participated in the meeting. 

Following an intensive assessment of technical documents and peer-reviewed scientific 
literature, a draft produced by the authors underwent a three step review process, including 
an internal review (7 reviewers), and external scientific peer-review (6 reviewers) as well as 
a review by the Bureau of the COP. The lead authors have ensured that all government and 
expert review comments received appropriate consideration. 
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The advancing threat of land degradation, combined with the effects of climate change, 
continues to put the security and stability of the world’s population at risk. To build a more 
secure, sustainable and resilient future, we need to design and implement innovative 
approaches and practices that address the global challenges from a multi-dimensional 
perspective.

Sustainable Land Management (SLM) is the obvious solution that equips us with the 
tools to respond to the most pressing environmental issues. SLM helps to build resilient 
and productive ecosystems by integrating biophysical, socio-cultural and economic needs 
and values, and forms one of the main mechanisms to achieve Land Degradation Neutrality 
(LDN). SLM provides opportunities to recover tens of Gt of the lost carbon in the world’s 
agricultural and degraded soils, while enhancing land-based climate change adaptation.

In its new report, the SPI categorises and assesses a diverse array of SLM practices 
and identifies their potential to create synergies between combating Desertification, Land 
Degradation and Drought (DLDD), and achieving climate change mitigation and adaptation 
goals. While outlining potential solutions for combating desertification and land degrada-
tion, the report stresses the need to recognise that an one-size-fits-all SLM solution does 
not exist. The design and benefits of SLM practices primarily depend on the highly variable 
local environmental, socioeconomic and cultural conditions. As confirmed by well-estab-
lished knowledge base, built upon dedicated research and practical experiences, “good SLM 
practices” blend a variety of approaches that help increase and stabilize crop productivity, 
ensure ecological sustainability and holistically address DLDD, climate change adaptation 
and mitigation.

The adoption of SLM practices is still implemented by only a limited number of innova-
tive land users and practitioners. To scale up the implementation of SLM, we need to ensure 
the involvement of scientists, policy makers, land users and owners, community activists 
and entrepreneurs from the initial assessment stage and up to the long-term maintenance. 
The sustained support of all stakeholders throughout the process, from the design of SLM 
projects all the way to implementation and monitoring, is instrumental to the wider accep-
tance of SLM practices.

Thanks to the SPI’s scientific assessment presented in this report, we can develop a 
new basis for action to pilot, test and validate new solutions built on innovation. Practice 
confirms that implementing SLM is the key to providing sustainable livelihoods for millions 
of people, maintaining or increasing environmental sustainability, and ultimately achieving 
the global LDN vision, while contributing to climate change adaptation and mitigation.

Foreword

Monique Barbut 
Executive Secretary
United Nations Convention to Combat Desertification
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Sustainable Land Management (SLM) represents a holistic approach to achiev-
ing long-term productive ecosystems by integrating biophysical, socio-cultural 
and economic needs and values. SLM is one of the main mechanisms to achieve 
Land Degradation Neutrality (LDN).

To foster and facilitate the adoption of SLM practices that address DLDD while 
mitigating climate change and enhancing climate change adaptation, this report 
assesses the synergistic potential of SLM practices while also critically evaluat-
ing the possible trade-offs between the different objectives. The assessment 
provides a scientifically-sound basis to understand SLM’s potential to contribute 
to multiple objectives, and provides practical guidance for creating an enabling 
environment for selection and large-scale implementation of effective, locally-
adapted SLM practices.

Overall objective

The objective of the present report is to “highlight the science-based syn-
ergistic potential of SLM practices to address DLDD, climate change mitigation 
and adaptation” as a contribution to the UNCCD’s Science Policy Interface (SPI) 
work programme 2016-2017. By doing so, the linkages between SLM practices to 
address DLDD, climate change adaptation and mitigation, and resulting synergies 
and trade-offs, are considered. 

Executive Summary
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Key messages

SLM as land-based solutions for desertification, land 

degradation, drought, climate change adaptation and 

mitigation 

Land provides vital environmental functions and ecosystem services, including 
provisioning, regulating, supporting and cultural services. These ecosystem 
services support production of food, feed, fuel, and fibre to society, regulates 
risks of natural hazards, and provides cultural and spiritual services for 
human well-being. Desertification, Land Degradation, Drought (DLDD) and 
climate change can negatively affect ecosystem service provision, with severe 
implications for sustaining livelihoods and humans’ well-being.

There is increasing scientific evidence of the potential advantages of adopt-
ing SLM technologies and practices as land-based solutions to simultaneously 
address DLDD, climate change adaptation and mitigation, while often achieving 
other co-benefits, such as protection of biodiversity and securing the quantity 
and quality of soil and water resources. So far, assessments of SLM adoption 
have been generally focused on specific technologies and single benefits (i.e., yield 
improvement strategies; soil quality; climate change adaption and/or mitigation, 
etc.), leaving out other potential environmental impacts, synergies and trade-offs. 
Therefore, comprehensive multi-objective assessments, including assessments 
of co-benefits, trade-offs, barriers for implementation and enabling conditions are 
needed to further underpin scientific conclusions.

Few generalisations can be made of findings from local SLM impact studies, 
because their effectiveness is inherently dependent on the local socio-economic, 
environmental and cultural context. Therefore, reliable quantitative assessments 
of the global impacts of SLM are difficult to make, and were not the objective of this 
report. Nevertheless, there is widespread scientific evidence of the advantages of 
single SLM practices to simultaneously address DLDD, climate change adaptation 
and mitigation, based on empirical, site-specific research. This assessment report 
provides many local examples, based on which it concludes that the most efficient 
in terms of their simultaneous contribution to address DLDD, climate change miti-
gation and adaptation, are combinations of SLM practices that aim to:



Sustainable Land Management contribution to successful land-based climate change adaptation and mitigation5

5

•• Increase and stabilise crop productivity through combinations of vegetation 
management, crop diversification, soil fertility and sustainable water manage-
ment practices. Although the adoption of these practices might have a modest 
impact on climate change mitigation in drylands, they positively contribute to 
climate change adaptation, water management and addressing DLDD, which 
are a priority in these regions.

•• Increase productivity in grazing lands through combinations of vegetation 
and animal waste management, prioritising the use of indigenous species, di-
versifying and selecting the most appropriate species for particular areas con-
sidering their resilience to forecasted climate change (adaptive management), 
and by managing the timing and severity of grazing to ensure that the carrying 
capacity is not exceeded in order to avoid overgrazing. 

•• Maintain or increase forest cover through afforestation, reforestation, and 
sustainable and adaptive management, while reducing deforestation, in par-
ticular in the tropical forests. These practices have a significant potential for 
climate change mitigation and biodiversity preservation while preventing land 
degradation and to increase the resilience of forest-dependent communities. 
Enhancing forest carbon stocks and forest cover with the most appropriated 
mix of species, and prioritising the use of indigenous species, in combination 
with watershed management and assisted regeneration practices, will enable 
managed and unmanaged forest ecosystems to adapt to extreme events, such 
as heatwaves, droughts, floods, landslides, and sand and dust storms, as well 
as pest and disease control.

•• Promote agroforestry practices such as plantations of crop combinations un-
der multipurpose tree systems, intercropping with green covers in perennial 
woody crops, and inclusion of livestock, which contributes to achieving multi-
ple benefits. The adoption of mixed systems contributes to increased soil qual-
ity and carbon sequestration, maintains soil fertility and nutrient cycling and 
controls soil erosion, while providing food and income to local communities 
and enhancing resilience to climate change.
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Increasing Soil Organic Carbon (SOC) stocks is key to most SLM practices, and 
provides synergies for addressing DLDD, climate change adaptation and mitiga-
tion. Besides contributing to climate change mitigation by removing CO2 from the 
atmosphere, enhancing organic carbon in soils improves soil health and fertility, 
water and nutrient retention capacity, food production potential and resilience 
to drought. The potential and magnitude of each of these benefits will depend 
on the baseline conditions, and local environmental, socio-economic and cultural 
conditions.

SLM practices have a strong potential to enhance SOC sequestration, although 
estimates of this potential should consider the full Greenhouse Gas (GHG) balance, 
including possible interactions between the carbon and nitrogen cycles that could 
affect the net climate change mitigation potential of applied practices. Even when 
the mitigation potential of SLM is not fully achieved, its impact on SOC should be 
considered, since increasing SOC has crucial positive benefits for achieving LDN, 
climate change adaptation, food security, and protecting biodiversity.

Large-scale adoption of SLM practices in all managed ecosystems (irrigated 
and rainfed croplands, grazing lands, forests and woodlands) could theoretically 
sequester about 1–2Gt Carbon per year globally within 30–50 years, although esti-
mates vary in magnitude depending on which land-use categories, management 
practices, and GHG fluxes are included. At any site, the rate of SOC sequestration 
through SLM practices declines over time and declines as the saturatioin level is 
approached. The main carbon sequestration potential is in degraded soils. In soils 
with high SOC content, preventing SOC losses is priority. Overall, SLM provides 
an opportunity to recover between 21 to 51 Gt of the lost carbon in the world’s 
agricultural and degraded soils. The achievable local or regional SOC sequestration 
may be higher or lower than the theoretical SOC sequestration potential based on 
local environmental, socio-economic, cultural and institutional contexts. 

Databases such as the World Overview of Conservation Approaches and 
Technologies (WOCAT), TERRAFRICA, the World Bank sourcebook, and the 
Voluntary Guidelines for Sustainable Soil Management (VGSSM) provide compre-
hensive recommendations and examples of SLM practices. The combined imple-
mentation of practices that address both soil and water conservation, the diver-
sification of cropping systems, the integration of crop and livestock systems, and 
agroforestry are most effective and should be prioritised.
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Barriers for SLM adoption and implementation

Despite scientific advances in understanding the causes and outcomes of 
land degradation, adoption of SLM practices is mostly limited to a minority of 
innovative land-users and practitioners. Although principles and practices of 
SLM are well-known and increasingly promoted at the policy and development 
cooperation level, land degradation is still increasing and becoming a major global 
threat. This demonstrates the wide gap existing between acknowledgement of 
the need for SLM and the implementation of successful SLM practices. 

Identified barriers for the implementation of SLM are related to technologi-
cal, ecological, institutional, economic and socio-cultural aspects:

•• Lack of access to appropriate technologies, practises or equipment is a major 
barrier in many countries. This may either due to a lack of access to knowl-
edge and information on SLM options and their proper implementation, or be-
cause of insufficient resources in land, labour, inputs, biomass, energy, water 
or plants.

•• SLM practises that are technically effective or suitable for one specific site lo-
cation are not necessarily the best option for other site locations with different 
biophysical constraints and socio-economic contexts. It is therefore impor-
tant to have area- and case-specific technological packages accompanied 
by the necessary capacity-building measures and resources for appropriate 
implementation. Often, knowledge gaps of the ecological implications at 
different spatial and time scales make it difficult to select the most suitable 
SLM options.

•• Environmental constraints for implementation of certain SLM practices. As 
local environmental characteristics (climate, topography, soil quality) often 
determine the success or failure of SLM practices, initial characterisation of 
baseline conditions will help to select the most suitable land use and/or man-
agement option, depending on local conditions and considering both on-site 
and off-site benefits. 

•• Institutional and governance issues are often major barriers that hinder the 
adoption of SLM practices. For example, governance structures that aggravate 
or inhibit decision-making at different scales neither encourage cross-sectoral 
planning, nor address land tenure issues, but cause instability over time. There 
is an urgent need for well-trained and effective extension services to facili-
tate and guide implementation, monitoring and evaluation of the impact of 
local SLM practices.
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•• Limited finance and access to capital for implementation and maintenance of 
SLM. Economic considerations and incentives schemes are two of the land-
users’ primary motivations for selecting SLM technologies and practises, 
including a strong dependence on external subsidies for implementation and 
maintenance. 

Opportunities and enabling conditions for upscaling SLM

For successful upscaling and to foster large-scale implementation of SLM, 
more attention must be paid to the social system from the first involvement 
stage, up to long-term maintenance. Ensuring stakeholder participation through-
out decision-making processes, from the design of SLM projects all the way to 
implementation and monitoring, will increase the likelihood of acceptance and 
implementation of SLM. From start to end, the process should be highly solution-
oriented, emphasise SLM, and combat a local-participatory approach with global 
knowledge sharing.

More comprehensive multi-objective assessments, including: co-benefits, 
trade-offs, barriers for implementation and enabling conditions of single or 
combined SLM technologies, and practises, are still lacking.  Using existing 
experiences to learn, we must promote future research on how to foster syner-
gies focusing on comparative and more integrated studies. This will be essential 
for scaling up SLM technologies, while still tailoring them to specific ecological and 
socio-economic realities.

A framework that assesses co-benefits and trade-offs also promotes the 
adoption of more coherent SLM choices at different scales (in time and space) 
of implementation. Such frameworks will facilitate moving towards developing 
strategies and processes that involve stakeholders at all levels, link bottom-up 
experience with science-based data and knowledge, and make the best SLM 
choices to simultaneously address climate change adaptation and mitigation and 
land degradation. Simultaneously addressing these multiple objectives and goals 
could  be facilitated by a pragmatic and integrated framework to track the best 
technical choices and to promote the necessary enabling environments and co-
benefits, as well as by addressing trade-offs at the appropriated scales and taking 
specific circumstances into account.
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Scientific evidence shows that SLM practices, if widely adopted, as a means to 
prevent, reduce or revert land degradation and in achieving the LDN (SDG 15.3), 
also contribute to adapting to, and mitigating, climate change. Furthermore, they 
help to maintain biodiversity, and they contribute to other SDGs in a number of 
ways, by alleviating poverty, and foster economic prosperity for land-dependent 
communities. However, one size does not fit all; specific circumstances need to 
be carefully taken into account, and there are no silver-bullet SLM solutions. Each 
environmental and sociocultural context requires assessment of the most appro-
priated ways to achieve multiple benefits and to reduce trade-offs through SLM.
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SLM forms 
one of 

the main 
mechanisms 

to achieve 
Land 

Degradation 
Neutrality 

(LDN).
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Sustainable Land 
Management 

(SLM) represents a 
holistic approach to 
preserve ecosystem 

services in long-
term productive 

ecosystems 
by integrating 

biophysical, 
socio-cultural and 

economic needs and 
values.
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IUCN	 International Union for Conservation of Nature
LBA	 Land Based Approach
LDN	 Land Degradation Neutrality
LULUCF	 Land-Use, Land-Use Change and Forestry
MA	 Millennium Ecosystem Assessment
NAP	 National Adaptation Plan
NAPA	 National Adaptation Programme of Action
NBS	 Nature Based Solutions
NDC	 Nationally Determined Contribution
NPP	 Net Primary Production
NT	 No Tillage
RAPTA	 Guidelines for Embedding Resilience, Adaptation and Transformation
SDG	 Sustainable Development Goal
SFM	 Sustainable Forest Management
SLM	 Sustainable Land Management
SOC	 Soil Organic Carbon
SPI	 Science-Policy Interface of the UNCCD
SWC	 Soil and Water Conservation
UN	 United Nations
UNCCD 	 United Nations Convention to Combat Desertification 
UNEP	 United Nations Environment Programme
UNFCCC	 United Nations Framework Convention on Climate Change
UNGA	 United Nations General Assembly
USD 	 United States Dollars
WOCAT	 World Overview of Conservation Approaches and Technologies
WoS	 Web of Science
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Climate change mitigation and 
adaptation

Community based adaptation 
(CBA)

Climate change mitigation is an anthropogenic intervention 
to reduce the sources or enhance the sinks of greenhouse 
gases. Climate change adaptation is an adjustment in natural or 
human systems in response to actual or expected climatic stim-
uli or their effects, which moderates harm or exploits beneficial 
opportunities (IPCC, 2001a).

Process focused on the communities (local scale) that are most 
vulnerable to climate change, based on the premise of under-
standing how climate change will affect the local environment 
and a community’s assets and capacities (Reid & Hug, 2007). 
Development of the discourse and practise of CBA brings the 
importance of local communities and their knowledge and 
local capacity for action when faced with particular shocks and 
stresses to the forefront. It is based on the premise that local 
communities have the skills, experience, local knowledge and 
networks to undertake locally appropriate activities that increase 
resilience and reduce vulnerability to a range of factors, including 
climate change. Ayers & Forsyth (2009) associate CBA with the 
following characteristics: operating at the local level (i.e. neigh-
bourhood, settlement, village) in communities that are vulnerable 
to the impacts of climate change; identifying and implementing 
community-based development activities that strengthen the 
capacity of local people to adapt; generating adaptation strate-
gies through participatory processes involving local stakehold-
ers; building on existing cultural norms and addressing local 
development concerns that underlie vulnerability. CBA is often 
seen as a response to top-down adaptation that fails to engage 
with the needs of the most vulnerable members of society (Boyd 
et al., 2009). CBA is considered by some as a sister concept to the 
Ecosystem-based approach (Reid, 2015).

GLOSSARY OF KEY TERMS
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Desertification, Land 
Degradation and Drought 
(DLDD)

Drylands

Ecosystem-based Adaptation

Ecosystem-based approach 
(EbA)

Ecosystem-based Mitigation 
approaches

In the context of DLDD, Land degradation means the reduction 
or loss of the biological or economic productivity and complex-
ity of rainfed cropland, irrigated cropland, or range, pasture, for-
est and woodlands resulting from land uses or from a process 
or combination of processes, including processes arising from 
human activities and habitation patterns, such as: (i) soil erosion 
caused by wind and/or water; (ii) deterioration of the physical, 
chemical and biological or economic properties of soil; and (iii) 
long-term loss of natural vegetation (Article 1(f); UNCCD, 1994). 
Desertification is defined as the land degradation in arid, semi-
arid and dry sub-humid areas resulting from various factors, 
including climatic variations and human activities (Article 1(a); 
UNCCD, 1994). Drought is characterised by a deficiency of pre-
cipitation that results in a water shortage, and like land degra-
dation, occurs throughout the world, including in humid regions 
(UNCCD, 2013).

Tropical and temperate areas with an aridity index of less than 
0.65 (MA, 2005).

Sustainably managing, conserving and restoring ecosystems, 
etc. to provide the services that allow people to adapt to climate 
change (Collins et al., 2009). It can be considered an application of 
the EbA focus on bolstering the resiliency of natural ecosystems, 
so they are prepared for the impacts of climate change (types 
provided in Box 1), and it is still being developed and tested in 
the field.

Strategy for the integrated management of land, water and liv-
ing resources that promotes conservation and sustainable use in 
an equitable way, a term being widely used in the framework of 
Convention on Biodiversity (CBD) (adapted from CBD, 1992). An 
EbA recognises that humans, with their cultural diversity, are an 
integral component of ecosystems.

Use of ecosystems for their carbon storage and sequestration 
service to aid in climate change mitigation, where emissions are 
reduced and sinks are increased through the creation, restoration 
and management of ecosystems (e.g. forest restoration, peat 
conservation; adapted from IPCC, 2014) .
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Ecosystem Services (ES)

Integrated Land Management 
(ILM)

Land-based Approaches (LBA)

Benefits people obtain from ecosystems (MA, 2005). These 
include: a) provisioning services, such as supply of nutritious 
food and water; b) regulating services such as climate change 
mitigation, flood management and disease control; c) cultural 
services, such as spiritual, recreational, and cultural benefits; and 
d) supporting services, such as nutrient cycling, that maintain 
the conditions for life on Earth (Orr et al., 2017). Furthermore, a 
defined healthy ecosystem means that it can provide supporting, 
regulating and cultural services. Ecosystems provide a variety 
of services, such as drinking water, habitat, shelter, food, raw 
materials, genetic materials, a barrier against natural disasters 
and the formation and regeneration of the natural resources in 
the ecosystem that people depend on for their livelihoods.

Way of managing the landscape that involves collaboration 
among multiple stakeholders from different sectors and social 
groups, with the purpose of achieving sustainable landscapes. 
It can take a wide array of forms, depending on the governance 
structure, size and scope, number and types of stakeholders 
involved (e.g., producer and community organizations, private 
companies, civil society, government agencies), and the intensity 
of cooperation. In some cases, there may simply be informa-
tion sharing and consultation; in others, more formal arrange-
ments with shared decision-making and joint implementation of 
activities may be required (adapted from Estrada-Carmona et al., 
2014; Reed et al., 2017). 

Land-based Approaches have the potential to simultane-
ously increase food security and humans’ wellbeing, protect or 
enhance biodiversity, enable adaptation to climate change, and 
contribute to climate change mitigation, since restoring the soils 
of degraded ecosystems has the potential to store between 1.5 
and 4 billion tons of CO2 annually (adapted from IPCC, 2007). In 
the context of the United Nations Framework Convention for 
Climate Change (UNFCCC) overall objective (UNFCCC 1992)1, 
LBAs to climate change mitigation (mitigation options in the 
Agriculture, Forestry and Other Land-use sector) issues were ini-
tially introduced from the climate-change mitigation perspective, 

1	  “…stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthro-

pogenic interference with the climate system. Such a level should be achieved within a timeframe sufficient to allow eco-

systems to adapt naturally to climate change, to ensure that food production is not threatened and to enable economic 

development to proceed in a sustainable manner”.
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by representing an opportunity to reduce the rate of the build-
up of carbon dioxide in the atmosphere by taking advantage of 
the fact that carbon can accumulate in vegetation and soils in 
terrestrial systems. This opportunity was brought into focus 
at the Third Conference of the Parties (COP) of the UNFCCC in 
Kyoto in 1997. The Kyoto Protocol included provisions related 
to Land-use, Land-Use Change and Forestry (LULUCF) activi-
ties for Annex I Parties to take afforestation, reforestation, and 
deforestation and other agreed LULUCF activities (such as forest 
management, cropland management, grazing land management 
and revegetation) into account in meeting their commitments 
under its Article 3. The further development of the modalities to 
implement these provisions were negotiated later, and resulted 
in the Marrakesh Accords at its COP.7. Such negotiations were 
informed by a Special Report from the Intergovernmental Panel 
on Climate Change (IPCC) on LULUCF (UNFCCC, 1992)2. Although 
land-related adaptation issues are less prominent, they are not 
of lesser importance.  Land-based approaches are therefore con-
sidered as a multiple-win adaptation and mitigation option that 
can simultaneously address the objectives of the three conven-
tions. This should be recognised across the three Rio Conventions 
(UNCCD, 2015 and  Cowie and Schneider, 2007).

In the present report, and differently from the DLDD concept, land 
degradation is understood more broadly, with ‘land’ interpreted to 
include soils, vegetation, geomorphology, wildlife habitats and water; 
and ‘degradation’ implying adverse consequences for humanity and 
ecological systems (Adeel et al., 2005; Conacher, 2009). Land degra-
dation therefore implies a persistent reduction of land’s productivity 
(Adeel et al., 2005) expressed by a declining provision of the land’s 
ecosystem services, including provisioning and regulating services.

A state whereby the amount and quality of land resources neces-
sary to support ecosystem functions and services and enhance 
food security remains stable or increases within specified tem-
poral and spatial scales and ecosystems (UNCCD, 2015).

The objective to achieve a land degradation-neutral world (United 
Nations General Assembly, 2015b). 

[cont.] Land-based Approaches 
(LBA) 

Land Degradation

Land Degradation Neutrality 
(LDN)

LDN target (global)

2	  United Nations Framework Convention on Climate Change (UNFCCC): 1992. 
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The terms “Landscapes,” “Landscape Approaches” and “Integrated 
Landscape Management,” and other similar “landscape-focused” ter-
minology, underpin much of the discourse in contemporary research 
and donor and development circles related to conservation, agricul-
ture and other land-uses. The plethora of terms is both confusing and 
yet pervasive. As such, an agreed understanding on what such “land-
scape approaches” conceptually represent or actually look like on the 
ground remains elusive. In an attempt to provide a guiding framework 
to landscape approach, the Center for International Forestry Research 
(CIFOR) and partner institutions described  10 principles  that char-
acterise such an approach (Sayer et al., 2013). These 10 principles 
emphasise adaptive management, stakeholder engagement and 
dialogue, and multiple objectives. To successfully achieve the desired 
multifunctionality in a landscape approach, more attention needs 
to be paid to both design and implementation. This asks for special 
attention to: multifunctionality, trans-disciplinarity, participation, 
complexity, and sustainability (Freeman et al., 2015). Just as there are 
many varying definitions and interpretations of landscapes, the term 
“landscape approach” also has been widely applied. For example, an 
Eco-Agriculture Policy Focus brief provides a list of 80 terms related to 
integrated land management, many of which can be synonymous or 
overlap with the concept of a landscape approach (Scherr et al., 2013). 
In practise, a large range of initiatives can be categorised under the 
umbrella of landscape approaches. 

Type of activity being carried out on a unit of land, in urban, rural 
and conservation settings (IPCC, 2006). In this report five major 
land-use types will be considered: cropland, grazing land, for-
estland, mixed land and others (adapted from Smith et al., 2014; 
WOCAT, 2002 ). 

All Parties from the Paris Agreement are to undertake and com-
municate ambitious efforts to the global response to climate 
change. They need to communicate them as defined in Articles 4, 
7, 9, 10, 11 and 13, with the aim of achieving the purpose of this 
Agreement as set forth in Article 2. The efforts of all Parties will 
represent a progression over time, while recognising the need to 
support developing country Parties for the effective implemen-
tation of this Agreement (UNFCCC, 2015).

Landscape-focused terminology

Land Use

Nationally Determined 
Contributions (NDCs)

http://www.pnas.org/content/110/21/8349.full.pdf+html
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Nature-Based Solutions (NBS)

Reclamation

Rehabilitation

Resilience

Restoration

Use of nature in tackling challenges such as climate change, 
food security, water resources, or disaster risk management 
has been introduced, which encompasses a wider definition 
of how to conserve and use biodiversity in a sustainable man-
ner. By going beyond the threshold of traditional biodiversity 
conservation principles, this concept intends to additionally 
integrate societal factors, such as poverty alleviation, socio-
economic development, and efficient governance principles. 
The International Union for Conservation of Nature (IUCN) is 
currently developing guidance on what type of interventions 
should be considered as a “nature-based solution” (Cohen-
Shacham et al., 2016). Other groups are also discussing the 
definition of the concept of NBS, such as the Horizon 2020 
Advisory Group (AG) for Societal Challenge 5 “Climate Action, 
Environment, Resource Efficiency and Raw Materials” (Balian 
et al., 2014). 

Actions undertaken with the aim of returning degraded land 
to a useful state. While not all reclamation projects enhance 
natural capital, those that are more ecologically-based can 
qualify as rehabilitation, or even restoration (adapted from 
IPCC, 2007).

Actions undertaken with the aim of reinstating ecosystem 
functionality, where the focus is on provision of goods and 
services rather than restoration (McDonald et al., 2016).

The ability of a system to absorb disturbance and reorganise 
itself, so as to essentially retain the same function, structure, 
and feedbacks. Resilience is a neutral property, neither good 
nor bad (adapted from IPCC, 2007).

The process of assisting the recovery of an ecosystem that 
has been degraded. Restoration seeks to re-establish the 
pre-existing ecological structure and function, including biotic 
integrity (adapted from IPCC, 2007).



Sustainable Land Management contribution to successful land-based climate change adaptation and mitigation23

23

Mitigation potentials (e.g. reducing GHG emissions per unit of 
land/animal, or per unit of product; (Smith et al., 2014). They can 
be classified by (i) their technical mitigation potential; (ii) ease of 
implementation (acceptance or adoption by land manager); or (iii) 
timescale for implementation. These mitigation options can have 
additive positive effects, but can also work in opposition.

The  Sustainable Development Goals  (SDGs), officially known 
as  Transforming our world: the 2030 Agenda for Sustainable 
Development,  is a set of 17 “Global Goals” with 169 targets 
between them. Spearheaded by the  United Nations  through a 
deliberative process involving its 193 Member States, as well 
as global civil society, the goals are contained in paragraph 54, 
United Nations Resolution A/RES/70/1 dated 25 September 
2015 (Smith et al., 2014).

SDG 15: to protect, restore and promote sustainable use of 
terrestrial ecosystems, sustainably manage forests, combat 
desertification, and halt and reverse land degradation and biodi-
versity loss. Target 15.3 aims, by 2020, to combat desertification, 
and restore degraded land and soil, including land affected by 
desertification, drought and floods, and strives to achieve a land-
degradation neutral world, sustainably manage forests, combat 
desertification, and halt and reverse land degradation and halt 
biodiversity loss (Smith et al., 2014).

Sustainable land management combines technologies, policies 
and activities, aimed at integrating socio-economic principles 
with environmental concerns, so as to simultaneously: main-
tain or enhance production/services (Productivity); reduce the 
level of production risk (Security); protect the potential of natu-
ral resources, and prevent degradation of soil and water qual-
ity (Protection); be economically viable (Viability); and socially 
acceptable (Acceptability)3. In this report, this term is not only 
restricted to drylands, but applies globally.

Supply-side mitigation options

Sustainable Development Goals 
(SDGs)

Sustainable Development Goal 
(SDG) 15 and 15.3 target

Sustainable Land Management 
(SLM) practices

3	  The International Framework for the Evaluation of Sustainable Land Management (FESLM) Working Party, Nairobi 

(1991).
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Sustainable Land 
Management 

(SLM) represents a 
holistic approach to 
preserve ecosystem 

services in long-term 
productive ecosystems 

by integrating 
biophysical, socio-

cultural and economic 
needs and values.



Chapter 1
Scientific evidence shows 
that SLM practices, if widely 
adopted, help to prevent, 
reduce or revert land 
degradation and achieve 
LDN,  contribute to climate 
change adaptation and 
mitigation, protect biodiversity, 
achieve multiple sustainable 
development goals, and 
increase human well-being 
globally.
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1.	 INTRODUCTION 

Human development and environmental 
sustainability are highly interlinked and threat-
ened by the major anthropogenic-driven envi-
ronmental challenges of our time. Scientific 
evidence shows that atmospheric, geological, 
geomorphological, hydrological, biospheric and 
other earth system processes, are heavily 
altered by the human intervention. As a result, 
there is a consensus that we are in a new 
human-dominated geological epoch (Lewis & 
Maslin, 2015). Direct human interactions with 
the natural environment, especially in the 
domain of socio-ecological systems, are 

complex and happen at multiple scales. These 
scales ranges from the local land owners, and 
regional and national land-use planning, to the 
global demand and supply of services and trade 
patterns. It is thus of primary importance to 
enhance our understanding of the interlinkages 
between climate change, land degradation and 
biodiversity loss, to subsequently improve our 
capacity to respond to these challenges. Indeed, 
scientists, policy makers and other social actors 
are increasingly recognising the need to identify 
and pursue synergies among Global Change 
issues, especially related to DLDD, and climate 
change mitigation and adaptation (see Box 1). 

BOX 1:
Science Policy Interface objective 2. Specific mandate for the report

Objective two of the Science-Policy Interface (SPI) work program for the biennium 2016-2017 requests the 
SPI to “Highlight the science-based synergistic potential of sustainable land management (SLM) practices to 
address DLDD, climate change mitigation and adaptation” (UNCCD 2015b). The SPI work programme for the 
biennium 2016-2017 was approved by the twelfth session of the UNCCD (COP12)4.

1.1 Report objectives and contents

1.1.1	Report objectives

This report addresses the potential for 
Sustainable Land Management (SLM) practices 
to create synergies between management 
of DLDD and climate change mitigation and 
adaptation. 

Why land-use based actions? Land provides 
vital resources to society, such as food, fuel, 

fibres and many other so-called Ecosystem 
Services (ES) that support production functions, 
regulate risks of natural hazards, or provide 
cultural and spiritual services (MA, 2005; Figure 
1., see subchapter 1.2.3 Other approaches). 
However, conventional land use practices have 
interfered with natural processes that maintain 
these natural systems. This is partially reflected 
through the decline in the provision of ecosys-
tem goods and services. It is therefore critical 
that land-use decision-making consider all pos-
sible synergies and trade-offs across spatial 
and temporal scales.

4	 http://www.unccd.int/en/programmes/Science/International-Scientific-Advice/Documents/SPI_WP2016-2017.pdf
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This will help to address issues related to 
DLDD, which lies at the heart of many devel-
opment challenges related to reduced land 
productivity, food insecurity, climate change 
through greenhouse emissions, migration, and 
many other social and economic problems.

Why is there a need to respond now? Globally, 
large areas of land are being affected by land 
degradation, often caused by unsustain-
able land-use practices that occur in all cli-
matic regions (Conacher, 2009; UNCCD, 2015). 
Although the world’s drylands continue to be 

the most vulnerable and threatened by DLDD, 
the scope of this report goes beyond drylands, 
since land degradation is a global phenomenon, 
with 78% of total degraded land located in other 
terrestrial ecosystems5. 

5	 UN General Assembly, 2012. High-level meeting on 

addressing desertification, land degradation and drought in 

the context of sustainable development and poverty eradi-

cation. A/65/861.
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FIGURE 1: 

Multiple ecosystem services, goods and benefits provided by land (after MA, 2005; UNEP-
WCMC, 2011).



Sustainable Land Management contribution to successful land-based climate change adaptation and mitigation

29

According to “A global initiative for sustain-
able land management,” (MA, 2005), around 
10-20% of drylands and 24% of the world’s pro-
ductive lands are degraded. Many of the people 
affected by land degradation live in developing 
countries where the need to increase agricul-
tural production is greatest. Land degradation, 
desertification and climate change alone, or 
interactively, can affect the regulation, support, 
provisioning and cultural services of terrestrial 
ecosystems (Noble et al., 2014; Reed & Stringer, 
2015). Mismanagement of land already threat-
ens, and will continue to threaten, future global 
food and energy security (World Bank, 2008), 
enhance water insecurity (MA, 2005), hamper 
capacities to adapt to, and mitigate, climate 
change (Neely et al., 2009), and also alter biodi-
versity. SLM practices, combined with rehabili-
tation activities, can be an opportunity to create 
green jobs and enhance rural economic activity, 
as recently demonstrated in a sustainable busi-
ness case in Ghana (The New Economy, 2014).

How to respond? How do we sustainably 
develop to meet future society demands with-
out further degrading our finite land and water 
resources? SLM practices can be seen as a 
vehicle to optimise the contributions of land-
use based actions in line with the objectives of 
the UNFCCC, UNCCD and CBD, and to broadly 
contribute to sustainable development. Despite 
improved knowledge of the processes and 
effects of land degradation, on the one hand, 

and climate change on the other, there is still 
poor understanding of the complex interactions 
between the two and their impacts on human 
well-being. However, recent experiences 
regarding land management practices show 
that important synergies can be obtained while 
designing approaches, policies and practices 
on the ground to combat DLDD, to adapt to or 
mitigate the effects of climate change, and to 
prevent the loss of biodiversity.

Pursuant to UNCCD Decision 3/COP.12, 
which aims to make Sustainable Development 
Goal (SDG) target 15.3 (see Box 1.2) on striv-
ing to achieve Land Degradation Neutrality 
(LDN) one of the central objectives of the 
2016-2017 work programme of the UNCCD’s 
SPI, a Scientific Conceptual Framework for Land 
Degradation Neutrality (LDN), has been devel-
oped. The SDG target 15.3 is also relevant to 
the other Rio Conventions6. In addition, a new 
opportunity is emerging from the strong com-
mitment of governments to adapt to, and 
combat, climate change after the Paris United 
Nations Framework Convention for Climate 
Change (UNFCCC) Conference of the Parties in 
2015 (COP21), through Nationally Determined 
Contributions (NDCs) that widely include land-
based actions (see Chapter 1.4). In this con-
text, SLM could form an integral component of 
efforts to achieve LDN, while ensuring ecologi-
cally responsible land management practices 
that can also contribute to actions on climate 

6	 And pursuant to paragraph 74(f) of the UN General 

Assembly resolution 2030 Agenda for Sustainable 

Development, which explicitly states that SDG implementa-

tion “will build on existing platforms and processes, where 

these exist, avoid duplication and respond to national cir-

cumstances, capacities, needs and priorities”(UNGA, 2015), 

looking for common vehicles to implement SDG 15.3 while 

contributing to the respective objectives of the three Río 

Conventions should be a major step forward.

ABOUT 24% OF GLOBAL LAND AREA 

HAS BEEN DEGRADING OVER THE LAST 

25 YEARS, DIRECTLY AFFECTING THE 

LIVELIHOODS OF 1.5 BILLION PEOPLE 

(Bai et al., 2008).
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change adaptation and mitigation, and gen-
erate other co-benefits such as biodiversity 
conservation. Preliminary studies predict huge 
costs of future land degradation and emphasise 
the need to invest in SLM rehabilitation and res-
toration measures that can reduce the loss of 
productive land and contribute to achieving the 
Land Degradation Neutrality (LDN) target (ELD, 
2013; UNGA, 2015b).

1.1.2	Report structure and contents

In this report, the potential for SLM practices 
to address both land degradation and climate 
change adaptation and mitigation, is demon-
strated through a selection of SLM technolo-
gies and practices clustered by land types (see 
Chapter 2), which are qualitatively assessed 
based on existing literature and expert judg-
ments. This includes a preliminary attempt to 
address other co-benefits (i.e. biodiversity), as 
well as qualitative consideration of cost. Finally, 
aspects related to opportunities, barriers and 
enabling environments, as well as trade-offs 
and barriers to SLM implementation are also 
addressed (see Chapter 4). 

The objective of this report is not to give an 
exhaustive classification of current SLM tech-
nologies and practices or to propose new ones. 
Instead, the report aims to illustrate the poten-
tial of different groups of SLM technologies 
under specific land use types, and to highlight 
the importance of land-based solutions. The 
report seeks to target a broad audience that 
includes scientists, policy makers and other 
social actors, such as land owners, community 
stakeholders and small and medium enter-
prises (SMEs). 

1.2 SLM: definition, history and relevant con-
cepts

1.2.1	Defining SLM 

According to the UN Earth Summit of 1992, 
SLM is “the use of land resources, including 
soils, water, animals and plants, for the produc-
tion of goods to meet changing human needs, 
while simultaneously ensuring the long-term 
productive potential of these resources and 
the maintenance of their environmental func-
tions”. Dumanski & Smyth (1993) indicated 
that the objective of SLM  is to harmonise the 
complimentary goals of providing environmen-
tal, economic, and social  opportunities  for the 
benefit of present and future generations, while 
maintaining and enhancing the  quality  of land 
(soil, water and air) resources.

Today, SLM represents a holistic approach 
to achieving long-term productive ecosystems 
by integrating biophysical, socio-cultural and 
economic needs and values (Holling, 2001; 
Schwilch et al., 2009).

ALONG WITH REHABILITATION AND 

RESTORATION, SLM FORMS ONE OF THE 

MAIN MECHANISMS TO ACHIEVE LAND 

DEGRADATION NEUTRALITY (LDN)		

(Orr et al., 2017).
 					   

SLM encompasses soil, water and vegetation 
conservation measures, and is based on the 
key principles of enhancing the productivity 
and protection of natural resources, while being 
economically viable and socially acceptable 
(Schwilch et al., 2014). 

https://www.giz.de/fachexpertise/downloads/eld2014-en-eld-a-global-initiative-for-slm.pdf
https://www.giz.de/fachexpertise/downloads/eld2014-en-eld-a-global-initiative-for-slm.pdf
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The potential multiple benefits provided by 
SLM practices are widely accepted and docu-
mented within the scientific community (e.g. 
Novara et al., 2013; Batjes, 2014; Schwilch et al., 
2014;  Tejada & Benítez, 2014; Garcia-Franco 
et al., 2015; Giger et al., 2015; Mekonnen et 
al., 2015; Ndah et al., 2015; van Leeuwen et al., 
2015; Almagro et al., 2016; Kust et al., 2016). 
However, in order to increase the success of 
SLM, recent studies indicate that considering 
non-linear ecosystem dynamics and the finan-
cial viability of investments, as a pre-requisite 
for SLM design and implementation, will be fun-
damental (Sietz et al., 2017).

1.2.2	SLM history 

The concept of SLM emerged more than 
twenty years ago7 and has been promoted ever 
since, as illustrated by the increased number of 
publications on this topic (Figure 2). SLM was 
introduced to address technical, ecological and 
biophysical aspects, as well as economic and 
socio-cultural dimensions (Dumanski & Smyth, 
1993; FAO, 1993; Hurni et al., 2006; IAASTAD, 
2008). In addition, it encourages an integrated, 
holistic perspective of land management, 
including environmental, economic and socio-
cultural aspects (Schwilch et al., 2011). 

7	  In this paper, the terms ‘sustainable land management’ 

and ”land degradation” apply globally, not only restricted to 

drylands.
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At an international scale, the Millennium 
Ecosystem Assessment reviewed SLM options 
available to dryland communities (MA, 2005), 
and the World Overview of Conservation 
Approaches and Technologies (WOCAT) docu-
mented and evaluated SLM options, building 
on, and sharing, local knowledge between com-
parable contexts around the world (Liniger et 
al., 2007; Schwilch et al., 2009; Schwilch et al., 
2011).

1.2.3	Other approaches

In order to reflect on the historical back-
ground of SLM, it is important to note that the 
concept of sustainability in the context of natu-
ral resources management has been considered 
through several definitions, characterised by 
specific objectives or priorities of organizations 
or initiatives over time. The majority of actions 
taken on land degradation and climate change 
were designed to address one or few of the 
ecosystem services provided by land systems. 
For example, climate change mitigation actions 
aim primarily to enhance climate regulation. 
However, it is critical to preserve ecosystem 
functionality as a whole to ensure that all its 
services will be maintained. Related to this, a 
number of new concepts and paradigms have 
appeared during the last decade, related directly 
or indirectly to land-use, such as: ecosystem 
services (MA, 2005, Figure 1); ecosystem-based 
approach (CBD); ecosystem-based adapta-
tion; ecosystem-based mitigation; land-based 
(adaptation, mitigation) approach (IPCC, 2007); 
integrated land management; integrated land-
scape management; landscape approach (Sayer 
et al., 2013); nature-based solutions (Balian et 
al., 2014). All these concepts, while still consid-
ered for different purposes, converge towards 
striving for a sustainable interaction between 
natural and human systems. 

The integrated management of the natural 
capital of land, water and living resources can 
help policy makers and other stakeholders 
to successfully implement a series of coordi-
nated and integrated SLM practices. This might 
be achieved through a combination of “eco-
system adaptation approaches”, “landscape 
approaches” (synonymous with “integrated 
landscape management”) or “land-based adap-
tion and mitigation approaches”. These should 
aim to simultaneously increase food security 
and livelihoods, protect or enhance biodiver-
sity, enable adaptation to climate change and 
contribute to climate change mitigation. In the 
late 1980s, it was identified that the imposition 
of top-down ideas and practices failed to ade-
quately take the issues of contextual specificity 
and local knowledge into account while working 
on development programmes (Scott, 1998). 

HOWEVER, IN ORDER FOR INTEGRATED 

MANAGEMENT TO BE SUCCESSFUL, TRANS-

DISCIPLINARY EFFORTS AND LEADERSHIP 

IS REQUIRED AT ALL LEVELS OF DECISION-

MAKING, FROM GLOBAL POLICY MAKERS 

TO COMMUNITY LEADERS, AND FROM 

SCIENTISTS TO FARMERS.

Engaging private sector investments, net-
working and partnership-building is required, 
as well. Not only top-down, but also more 
bottom-up approaches are necessary. For 
example, Community-Based Adaptation (CBA) 
and Nature-Based Solutions (NBS) at a local 
level could be options for preserving and 
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recovering ecosystem services, and therefore 
also for addressing land degradation and cli-
mate change causes and impacts at this scale.  

SLM is commonly considered as the main 
approach to prevent, mitigate and reverse land 
degradation, but it can also serve as an inte-
gral climate change adaptation strategy, being 
based on the statement that the more healthy 
and resilient the system is, the less vulnerable 
and more adaptive it will be to external changes 
and forces, including climate.  In that regard, 
SLM can be considered a land-based approach, 
which includes the concepts of both Ecosystem-
Based Adaptation (EBA) and Community-Based 
Approach (CBA). 

1.2.4	LDN concept

Although the principles and practices of SLM 
are well known and SLM has been widely pro-
moted through many land-use projects in differ-
ent countries, land degradation is still growing 
and becoming a major global threat. The UNCCD 
considered that the problem of slow adoption 
of SLM could be addressed by inclusion of LDN 
as a Sustainable Development Goal (Lal et al., 
2012). The concept of LDN8 was first raised at 
the Rio+20 conference of the United Nations, 
and recorded in the resulting document “The 
Future We Want” (UN article 206, 2012): “We 
recognized the need for urgent action to reverse 
land degradation. In view of this, we will strive 
to achieve a land-degradation neutral world in 
the context of sustainable development.” The 
LDN goal can serve as a target for SLM and 
overall indicator for the success of SLM (Kust et 
al., 2016).

8	  See Chapter 4, LDN conceptual framework

1.2.5	LDN and SDG targets

On the 25th of September 2015, the 
Sustainable Development Goals (SDGs) were 
formally adopted by the UN General Assembly. 
SDG 15 explicitly stresses to “sustainably man-
age forests, combat desertification, and halt and 
reverse land degradation and halt biodiversity 
loss” (Box 1.).  The centrality of land in address-
ing a number of sustainable development chal-
lenges was politically recognised, including 
challenges relating to poverty, food, water and 
energy security, human health, migration, con-
flict tackling climate change and biodiversity 
loss (Thomas et al., 2012). 

The 2030 goal for the LDN set by political 
decision-makers is less than 15 years away, 
leaving a challenging timeframe for action. One 
important step towards LDN has been taken by 
the UNCCD in decisions adopted at its twelfth 
Conference of the Parties (COP) in 2015. Parties 
decided to integrate LDN into the implementa-
tion process of the UNCCD, noting that: “striving 
to achieve SDG target 15.3 is a strong vehicle 
for driving the implementation of the UNCCD” 
(UNCCD, 2015a, decision 3). At the same time, 
SDG target 15.3 is relevant to the other Rio 
Conventions as well. 

Achieving LDN through SLM underpins and 
catalyses the achievement of SDG 15 and 13 
and their related targets (see Figure 3). For 
example, SDG 13 on climate change is par-
ticularly relevant to the UNFCCC, while multiple 
relationships and feedbacks between land and 
climate systems are noted in literature (e.g. 
Reed & Stringer, 2016). 
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BOX 2:
Sustainable Development Goal (SDG) target 15.3

SDG 15 includes the target 15.3 to “combat desertification, restore degraded land and soil, including land 
affected by desertification, drought and floods, and strive to achieve a land degradation-neutral world” by 
2030 (UNGA, 2015a).

Stabilize GHGs in the 
atmosphere at a level that 
would prevent dangerous 
anthropogenic 
interference with the 
climate system (Art.2)

Combat desertification 
and mitigate the effects of 
drought in countries 
experiencing serious 
drought and/or 
desertification (Art. 2)

Conservation of biological 
diversity, the sustainable 
use of its components and 
the fair and equitable 
sharing of the benefits 
arising out of the 
utilization of genetic 
resources (Art. 1)

SLM

 
DLDD

EbA
Adaptation

Mitigation

AFOLU sector

LDN targets AICHI targets

Sustainable 
Development
Goals 

Sustainably manage forests, combat desertification, halt 
and reverse land degradation, halt biodiversity loss
Target 15.3: combat desertification, restore degraded land and soil, 
including land effected by desertification, droughts and floods, and strive 
to achieve a land degradation-neutral world

Conservation 
of biological 

diversity

NDCs targets

FIGURE 3: 

SLM as a holistic vehicle to achieve the objectives of the three Rio Conventions, and the SDG 15 
(15.3) and SDG 13 primarily, but also relevant for SDG 1, 2, 3, 6 and SDG 13.
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Biodiversity-related targets under SDG 15 
show clear links to the CBD, with biodiversity 
supporting many of the processes that underpin 
the ecosystem functioning of land. Developing 
interconnected actions that span the interests 
of the Rio Conventions will be vital in moving 
towards LDN, especially at national level, where 
cross-compliance in actions across different 
conventions will be necessary. Such interplay 
creates a number of challenges and opportuni-
ties, many of which are well-reflected in existing 
literature. In addition to contributing to achieve 
LDN, SLM can contribute to SDG2 (zero hunger) 
and SDG6 (clean water and sanitation), to some 
extent.

Harnessing possible synergies could lead to 
a pragmatic, integrated framework of comple-
mentary rehabilitation, restoration and SLM 
measures to achieve LDN. It could also stimulate 
actions at a national level that enhance human 
well-being. Developing such synergies will be 
vital in the post-2015 development context as 
countries seek both policy alignment and cost-
effective action (Akhtar-Schuster et al., 2016). 
However, this requires careful assessment and 
evaluation, since sometimes trade-offs may 
already exist or emerge between different envi-
ronmental, economic and socio-cultural objec-
tives (see, for example, Cowie et al., 2011).

1.3	 Climate change: the role of land-use and 
SLM in the context of Nationally Determined 
Contributions (NDCs) 

Despite two decades of effort to curb emis-
sions of CO2 and other greenhouse gases (GHGs), 
emissions grew faster during the 2000s than in 
the 1990s (Le Quéré et al., 2013), and by 2010 
had reached ~50 Gt CO2 equivalent (CO2eq) yr−1 
(Peters et al., 2013a).  The continuing rise in 
emissions is a growing threat for meeting the 

international goal of limiting warming to less 
than 2°C in comparison with the pre-industrial 
era. The objective of UNFCCC’s Paris Agreement 
is to strengthen the global response to cli-
mate change by keeping a global temperature 
rise this century well below 2°C above pre-
industrial levels, and to pursue efforts to limit 
the temperature increase even further, to 
1.5°C. Delivering this level of ambition requires 
immediate and dramatic emissions cuts in all 
sectors. The Agreement establishes a binding 
obligation to all Parties to put forward nation-
ally determined contributions (NDCs) that for-
mulate a country’s mitigation strategies and 
goals. To have more than fifty percent chance 
of limiting warming below 2°C, most recent 
scenarios from integrated assessment models 
(IAMs) require large-scale deployment of nega-
tive emissions technologies (Smith et al., 2016). 
In that context, the land sector has significant 
mitigation potential through increasing carbon 
stocks in biomass and soil and reducing GHG 
emissions. Moreover, and most importantly, the 
land sector is central to ensuring a secure liveli-
hood and food sovereignty, and to maintaining 
ecosystem integrity. 

According to the IPCC (2014), and broadly 
confirmed by more recent analysis of the IPCC 
datasets (Tubiello et al., 2015) and Food and 
Agriculture Organization of the United Nations 
(FAO) data (Federici et al., 2015), net emissions 
from land-use changes represented ≈ 10-12% 
of total GHG emissions around the year 2005. 
Beyond the mitigation potential related to 
reducing emissions from land-use changes, 
the Land-use, Land-use Change and Forestry 
(LULUCF) sector also provides a relevant contri-
bution through the conservation and enhance-
ment of carbon sinks (e.g. cropland management, 
grazing land management, forest management, 
forest expansion) and through the provision of 
renewable energy and materials. Soil carbon 
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stock is the largest potential sink, mitigating 
~1.2 GtCO2e yr-1 in 2030 at USD 20/ tCO2e (Smith 
et al., 2014; Williamson, 2016), although its 
effects are easily reversed with intensive tillage 
or soil disturbance, and there are still important 
uncertainties about long-term stability of soil 
organic carbon and possible saturation effects. 
Reducing the land-use change for the benefit 
of expanding agricultural lands worldwide has 
the potential to mitigate 1.71–4.31 Gt CO2 yr-1 
by 2030, at a price of USD 20/tCO2e (Carter et 
al., 2015). Historically, global LULUCF net emis-
sions decreased from 1.54±1.06 GtCO2e yr-1 in 
1990 to 0.01±0.86 GtCO2e yr-1 in 2010 (Grassi 
et al., 2017)

In preparation for the COP21 in Paris, by 15 
December 2015, 187 countries9 (representing 
around 95% of global GHG emissions in 2010) 
had submitted their emission reduction tar-
gets in the Intended Nationally Determined 
Contributions (I-NDCs). Of those countries, 
more than 100 of them explicitly mention a 
mitigation role of the Land-use, Land-use 
change and Forestry (LULUCF) sector (Admiral 
et al., 2015; Forsell et al., 2016).  The NDC 
bottom-up approach, grounded in country lead-
ership, was vital to producing a successful out-
come at COP21, where INDCs were turned into 
Nationally Determined Contributions (NDCs). 
Unless a Party specifies otherwise, its INDC will 
become its first NDC upon submitting its instru-
ment of ratification for the Paris Agreement. (I)
NDCs outline countries’ climate change priori-
ties for the post-2020 period. 

9	 160 Parties to the UNFCCC, as the EU submitted one 

INDC on behalf of its 28 Member States

Parties are expecting a significant contribu-
tion from LULUCF in meeting the individually 
proposed NDC mitigation targets. According to 
Grassi et al., (2017) the full implementation of 
announced NDCs would turn the LULUCF sector 
globally from a net source during 1990-2010 
(1.3±1.1 GtCO2e yr-1), to a net sink by 2030 (up 
to -1.1±0.5 GtCO2e yr-1). A wide range of LULUCF 
mitigation options are being put forward by 
the Parties to reduce emissions and increase 
removals from the LULUCF sector. Options such 
as reducing deforestation, increasing affores-
tation, improving sustainable forest manage-
ment, and enhancements of forest carbon stock 
are mentioned. It should also be noted that a 
number of Parties have provided joint commit-
ments for the LULUCF and agricultural sector 
(e.g. Mauritania, Namibia). As these two sec-
tors are highly interlinked, Parties have to care-
fully consider cross-sectoral implications when 
implementing mitigation options, as well as in 
developing projections that are consistent and 
feasible for both sectors.

The Food and Agriculture Organization of 
the United Nations (FAO) has analysed the 
INDCs and found that the agricultural sectors 
(crops, livestock, fisheries and aquaculture, as 
well as forestry) feature prominently in meeting 
national mitigation goals (FAO, 2016) by June 
2016 (see Box 3). 
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BOX 3: 
Agriculture and LULUCF in NDCs: an analysis by FAO.

Agriculture and land-use, land-use change and forestry (LULUCF) are among the most frequently included 
sectors in countries’ mitigation contributions (targets and/or actions). When considered together, 89 percent 
of countries cover agriculture and/or LULUCF. When countries that mention bioenergy as a mitigation strategy 
are included, this percentage increases to 92 percent. 

The mitigation potential of agriculture and/ or LULUCF is prominently acknowledged at all levels of socio-
economic development and among developing countries in all regions. Eighty-six percent of the developing 
countries, 88 percent of the countries in transition, and 98 percent of developed countries include agriculture 
and/or LULUCF in their mitigation contributions. Among developing countries, both sectors together are fea-
tured most prominently in Eastern and South-Eastern Asia (100 percent), SSA (96 percent), LAC (91 percent) 
and Southern Asia (89 percent). In Northern Africa, Western Asia and Oceania, 69 percent and 50 percent of the 
developing countries include both sectors in their mitigation contributions. 

In total, 148 countries include agriculture (crops, livestock) in their mitigation contributions. Seventy-one 
percent of the developing countries, 88 percent of the economies in transition and 98 percent of the developed 
countries include agriculture in their mitigation contributions. Countries that include agriculture collectively 
account for 92 percent of global agricultural GHG emissions. Among all developing countries, agriculture is 
featured most prominently in SSA (84 percent), Southern Asia (78 percent), Eastern and South-Eastern Asia 
(77 percent), LAC (72 percent) and Northern Africa and Western Asia (69 percent). In Oceania, 21 percent of the 
developing countries include agriculture in the mitigation contributions. 

In total, 157 countries include LULUCF in their mitigation contributions. 80 percent of the developing coun-
tries, 75 percent of the countries whose economies are in transition and 98 percent of the developed countries 
consider LULUCF within their mitigation contributions. Among all developing countries, LULUCF is featured 
most prominently in Sub-Saharan Africa (94 percent). LULUCF is also included in the mitigation contributions 
of many developing countries in South Asia (89 percent), Latin America and the Caribbean (88 percent), Eastern 
and South-Eastern Asia (85 percent). The corresponding figures are more modest in Northern Africa and 
Western Asia (44 percent) and Oceania (43 percent).

Countries rarely include quantified sector-specific targets for agriculture and/or LULUCF. Nevertheless, for-
estry is the second most-referenced sector for Non-GHG targets. Many countries consider mitigation in agri-
culture and/or LULUCF as part of an economy-wide GHG target.

Several countries include specific policies and measures when outlining how to achieve their intended mitiga-
tion contributions. Policies and measures put forward by countries in agriculture and LULUCF focus, in par-
ticular, on cropland management, livestock management, grazing land management forest management and 
restoration, afforestation/reforestation and reducing deforestation.
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Interestingly, the agriculture and LULUCF 
sectors are most often referred to in the NDCs 
as providing adaptation-mitigation synergies, 
as well as socio-economic and environmental 
co-benefits (FAO, 2016). Up to 57 countries 
endorse or even prioritise actions based on the 
potential synergies between mitigation and 
adaptation. Thirty-two countries (including 40 
percent of the LDCs) refer to climate-smart 
agriculture in their INDCs. One-fourth of the 
countries mention social, economic and envi-
ronmental co-benefits, particularly rural devel-
opment and health, poverty reduction and job 
creation, and conservation of ecosystems and 
biodiversity. With regard to gender equality, 
agricultural sectors are highlighted – more so 
than any other sector – as providing opportuni-
ties for empowering women and reducing their 
vulnerability to climate change.
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Scientific evidence shows 
that SLM practices, if 

widely adopted, help to 
prevent, reduce or revert 

land degradation and 
achieve LDN,  contribute to 
climate change adaptation 

and mitigation, protect 
biodiversity, achieve 
multiple sustainable 

development goals, and 
increase human well-being 

globally.
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More than one 
hundred SLM 
technologies can 
avoid, reduce and/
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desertification 
while contributing 
to climate change 
mitigation and 
adaptation.
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2.1	 Introducing SLM technologies

Many SLM practices are suitable vehicles to 
simultaneously address the causes and conse-
quences of land degradation, desertification and 
climate change in managed systems. Principles 
and SLM solutions from a scientific and tech-
nical perspective are well-known. In practise, 
guidance for identification and implementation 
of SLM practices is being provided by differ-
ent organisations and initiatives, using similar 
but different criteria, in accordance with their 
specific objectives and area of implementa-
tion. Table 1 includes the criteria used by some 
of the most prominent ones: World Overview 
of Conservation Approaches and Technologies 
(WOCAT) database, the World Bank, TerraAfrica 
and FAO. All of them are considering tech-
nologies and approaches or strategies for SLM 
implementation, generally guided by few prin-
ciples. Monitoring and evaluation of the imple-
mented SLM practices and technologies in dif-
ferent stages (short-, medium- and long-term) 
for each system and for appropriate represen-
tative indicators of progress, is crucial to assess 
the effectiveness of the intervention within 
each specific socio-ecosystem. However, often 
only scant quantitative information is available 
on actual impacts at different spatial and tem-
poral scales. 

Based on previous efforts to identify and 
systematically describe and share SLM prac-
tices to address land degradation and climate 
change adaptation and mitigation globally (i.e. 
WOCAT database; World Bank SLM source book) 
and regionally (i.e TerraAfrica), this report identi-
fies more than one hundred SLM technologies 
from literature and existing databases (such as 
the WOCAT database), to illustrate the most 
common technologies or strategies to address 
DLDD and climate change adaptation and 
mitigation in different land-use types. Special 
attention when identifying the SLM practices 
is given to drylands, due to the importance of 
desertification in those lands.  For the assess-
ment of SLM practices, in this report, all SLM 
practices are associated with five major land-
use types (WOCAT, 2002; see Box 4): cropland, 
grazing land, forestland, mixed land and oth-
ers. These land use types correspond broadly 
to the land-use categories that the IPCC 2006 
Greenhouse Gas (GHG) Inventory Guidelines 
(IPCC, 2006) used and they are the basis for the 
GHGs Inventories that countries regularly report 
to the UNFCCC (Forest lands, croplands, grass-
lands, wetlands, settlements, other lands) (see 
Box 4). 
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TABLE 1: 

Sustainable Land Management:  principles and technologies/strategies by World Overview of 
Conservation Approaches and Technologies (WOCAT), the World Bank, TerraAfrica.

Source Criteria

World Bank

Sustainable Land 
Management 
Sourcebook.  The 
International Bank for 
Reconstruction and 
Development / The 
World Bank. 2008

Principles:
•	 Buildup of soil organic matter and related biological activity 
•	 Integrated plant nutrition management 
•	 Better crop management 
•	 Better rainwater management
•	 Improvement of soil rooting depth and permeability
•	 Reclamation

Strategies: 
•	 Intensify existing farm production patterns through increased use of inputs or better 

quality inputs.
•	 Diversify production, with emphasis on greater market orientation and added value, 

involving a shift to new, generally higher-value products.
•	 Increase farm size (an option limited to a few areas where additional land resources are 

still available).
•	 Increase off-farm income to supplement farm activities and provide financing for addi-

tional input use.
•	 Exit from agriculture, in many cases by migrating from rural areas

Technologies: Improvement of plant varieties; Conservation farming practices; Minimum tillage; 
Organic farming: Integrated pest management; Precision agriculture; Fertilizer use.

WOCAT
Where the land is 
greener
Wocat.net

•	 SLM technologies are agronomic, vegetative, structural and management measures that 
control land degradation and enhance productivity in the field.

•	 SLM approaches are ways and means of support that help to introduce, implement, adapt 
and apply SLM technologies in the field.

TERRAFRICA 

http://www.terrafrica.
org/sustainable-
land-management-
platform/

Principles: 
•	 land-user-driven and participatory approaches
•	 integrated use of natural resources at ecosystem and farming systems levels
•	 multilevel and multi-stakeholder involvement 
•	 targeted policy and institutional support

SLM technologies that aim to increase productivity, improving livelihoods and enhancing eco-
systems broadly grouped into 8 categories: Integrated Soil Fertility Management; Conservation 
Agriculture; Cross-Slope Barriers; Rainwater Harvesting; Smallholder Irrigation; Agroforestry; 
Sustainable Forestry; Range and Pasture Management. 
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BOX 4:
Five major land use types definition according to WOCAT (adapted from WOCAT 2002) 

Cropland: annual cropping, perennial cropping, tree and shrub cropping.
Grazing land: extensive and intensive grazing lands.
Forest/woodland: natural forest, forest plantations, other.
Mixed: agroforestry (cropland and forest), agro-pastoralism (cropland and grazing land), agro-silvo-pastoral-
ism (cropland, grazing land and forest), silvo-pastoralism (forest and grazing land), other.
Other land: mines and extractive industries, settlements, roads, infrastructure network, others (wastelands, 
deserts, glaciers).

The following figure illustrates different land use types and categories that are documented in the literature 
and existing data bases and platforms in land use. 

Land Use Categories

Cropland

Grasslands

Forest land

Wetlands

Settlements

Other land

Supply-side mitigation 
options in the AFOLU sector

Cropland management

Grazing land management

Forestry

Integrated systems

Livestock

Land Use Types

Cropland

Grazing land

Forest/Woodland

Mixed

Other land

IPCC WOCAT

Technical solutions
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Fourteen groups of SLM (see box 6, tables 
2 to 6 and Annex 1) technologies were identi-
fied, based on existing initiatives and databases 
(WOCAT, TerraAfrica, World Bank SLM Source 
Book, CSA FAO, IPCC Assessment Reports and 
peer-reviewed papers cited in the sub-chapter 
below), and are described in the next sub-
chapter. These SLM technologies can avoid, 
reduce, and/or reverse land degradation and 
desertification to different degrees, and in many 
cases, they also correspond to broad supply-
side mitigation options (Smith et al., 2014; see 
Box 5), and climate change adaptation options 
suggested by the IPCC (Noble et al., 2014)10. 
Furthermore, they assist in mitigation activities 

10	 Land-based adaptation options, such as Ecosystem-

based Adaptation and water management. Adaptation 

options are less narrowly defined by IPCC than mitigation 

options.

that were defined under the Kyoto Protocol 
(Kyoto Protocol, 1997: Article 3.3. and Article 
3.4) (i.e. afforestation, reforestation, forest 
management, cropland management, grazing 
land management and revegetation), whose 
definitions and accounting rules were adopted 
by the UNFCCC COP11.   As stated in Chapter 
1, the objective of this report is not to give an 
exhaustive classification of current SLM tech-
nologies and practices, or to propose new ones. 
Instead, the report aims to illustrate the poten-
tial of different groups of SLM technologies 
under specific land use types to address land 
degradation, desertification and climate change 
adaptation and mitigation. 

11	 Accounting of LULUCF activities under the Kyoto 

Protocol refers to applying the guidance contained in deci-

sion 16/CMP.1: (in the first commitment period) or decision 

2/CMP.7: (in the second commitment period).

BOX 5:
Types of supply-side mitigation options in the AFOLU sector (Smith et al., 2014)

Forestry: reducing deforestation, afforestation / reforestation, forest management, forest restoration
Cropland management: plant management, nutrient management, tillage/residues management, water man-
agement, rice management, rewet peatlands drained for agriculture, set-aside and land use change, biochar 
application.

Grazing Land Management: plant management, animal management, fire management, revegetation, organic 
soils—restoration, degraded soils—restoration, bio solid applications.

Livestock:  livestock feeding, livestock breeding and other long-term management, manure management.

Integrated systems: agroforestry (including agro-pastoral and agro-silvo-pastoral systems), other mixed bio-
mass production systems.
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For the purpose of this report, and in order 
to make better use of SLM technologies in each 
circumstance, while also considering the time 
dimension in the intervention, avoiding implies 
the employment of SLM measures that main-
tain natural resources and their environmental 
and productive function on the land that may be 
at risk of degradation. Reducing implies inter-
ventions intended to reduce ongoing degrada-
tion. This comes at a stage when degradation 
has already begun. The main aim then is to 
halt further degradation, and to start improv-
ing resources and their ecosystem functions. 
Reduction impacts tend to be noticeable in the 
short- to medium-term; the observed impact 
then provides a strong incentive for further 
efforts. Reversion, for example through reha-
bilitation, is required when the land is already 
degraded to such an extent that the original use 
is no longer possible. In this situation, the land 
has become practically unproductive and the 
ecosystem is seriously disturbed. Rehabilitation 
usually implies high investment costs with 
medium- to long-term benefits.

2.2	 Evaluated SLM technologies  

Although most SLM technologies are rather 
specific to a certain land-use type, i.e., animal 
management only relates to grazing lands, other 
groups can apply to different land use types, i.e., 
managing soil fertility and vegetation manage-
ment can be related to croplands and grazing 
lands. In implementing SLM technologies, the 
interrelationship and interdependence of bio-
physical factors, such as soil quality, water avail-
ability, weather and climate change, biodiversity 
changes (losses or gains) have to be carefully 

looked into at different scales12). Moreover, eco-
nomic and socio-cultural factors, such as tradi-
tional values or land use rights, have to be taken 
into account, as well. In this chapter, the techni-
cal appraisal of identified technologies applied 
to address land degradation and climate change 
in the context of different land-uses is explored, 
while the socio-economic and policy context is 
explored in subsequent chapters.

2.3	 Croplands

Inappropriate agricultural practices on vul-
nerable soils and marginal production areas are 
a common cause of soil degradation, causing 
compaction, loss of organic matter and nutri-
ents, surface capping, erosion, acidification 
or secondary salinization13. This is even more 
problematic in the case of drylands, where land 
degradation, nutrient deficiencies, and increas-
ing water scarcity and drought represent further 
constraints.

The most common SLM technologies to 
address land degradation in croplands are 
related to preventing soil erosion (soil erosion 
control and cross-slope barriers), soil dete-
rioration (integrated soil fertility management, 
minimum soil disturbance by tillage), improving 

12	  Implementation of certain SLM practices in a catch-

ments headwater can affect water availability in down-

stream parts positively and negatively

13	 Soil salinization occurs when water-soluble salts accu-

mulate in the soil to a level that has an impact on agricultural 

production, environmental health, and economics. In the 

early stages, salinity affects the metabolism of soil organ-

isms and reduces soil productivity, but in advanced stages, 

it destroys all vegetation and other organisms living in the 

soil, consequently transforming fertile and productive land 

into barren and desertified lands
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productivity and biodiversity (vegetation man-
agement, pest and disease control, use of 
sustainable irrigation systems, drainage and 
water harvesting). Broadly, these SLM tech-
nologies correspond to land-based mitigation 
options driven by agricultural demand (cropland 
management: plant management, rice man-
agement, nutrient management, biochar and 

bio-solids application, tillage/residue manage-
ment and plant water management) (Smith et 
al., 2014; see table 2). Enhanced physical (water 
retention) and chemical (fertility and carbon 
sequestration) soil properties have a positive 
effect on preventing land degradation, while 
enhancing mitigation and adaptation to climate 
change for agroecosystems.

 

TABLE 2: 

Number of SLM technologies per technology group considered for croplands in relation to climate 
change land-based mitigation options, as defined by IPCC.

Croplands Nº

SLM technology group Land based mitigation options 
(Cropland management) 54

Soil erosion control Plant management and water management 19

Minimum soil disturbance Tillage/residues management 5

Integrated soil fertility management Nutrient, rice and water management, and bio-solid and biochar 
application 8

Vegetation management Plant management and water management 8

Pest and diseases control Plant management 5

Water harvesting Water management 9

Erosion control and water harvesting in southern Spain © Carolina Boix Fayos 
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2.3.1	Soil erosion control 

Soil erosion by wind or water leads to the 
loss of surface soil layers, rich in organic and 
mineral nutrient pools, resulting in partial or 
complete loss of soil horizons and possible 
exposure of growth-limiting subsoil, and can 
cause off-site impacts, such as damage to pri-
vate and public infrastructure, reduced water 
quality and increased sedimentation of rivers, 
deltas and reservoirs. The process of soil ero-
sion is accelerated by human activities, resulting 
in less soil covered by crops, natural vegetation 
or crop residues, tillage and other field opera-
tions, and reduced soil stability, leading to soil 
creep and landslides. 

GLASOD (Global Assessment of Human-
induced Soil Degradation from: ISRIC, 1991) 
figures show that almost 40% of the agricultural 
land sector was affected by human-induced 
soil degradation. A review by Ravi et al. (2010) 
asserts that soil erosion is the most widespread 
form of land degradation in drylands, with wind 
and water erosion contributing to 87% of the 
degraded land. Technologies for mitigating soil 
erosion are well-known and have been proven 
to be effective in experimental plots, but their 
adoption requires fine-tuning at local scales 
(Lal, 2001). However, erosion rates on agri-
cultural lands are still high across much of the 
world today, related to the lack of economic 
incentives for today´s farmers to conserve the 
soil resource for future generations (FAO and 
ITPS, 2015) and the lack of farmers and other 
community stakeholders’ awareness of the 
importance of preserving soils (Schwilch et al., 
2012b). 

Soil erosion control is the practice of pre-
venting or controlling wind or water erosion. Soil 
erosion, defined as the detachment, transporta-
tion and re-deposition of soil particles by wind 

or water, can be reduced or prevented by tech-
nologies that decrease both wind and runoff 
velocities. Water erosion control measures often 
require reduction of surface runoff  through 
structural and/or vegetative barriers, and/or by 
increasing soil cover (e.g., cover crops, mulch-
ing), and are important techniques in prevent-
ing  water pollution,  soil loss and human  prop-
erty loss. Cross-slope barriers are measures on 
sloping lands in the form of earth or soil bunds, 
stone lines, and/or vegetative strips for reduc-
ing runoff velocity and soil loss, thereby con-
tributing to soil, water and nutrient conserva-
tion. These measures reduce steepness and/or 
length of slope. While cross-slope barriers are 
primarily intended to reduce soil erosion, they 
also enable or ease cultivation between the bar-
riers, which are usually sited along contours, and 
enhance infiltration, thus increasing water har-
vest. Likewise, wind erosion can be reduced or 
prevented by technologies that decrease wind 
velocity (windbreaks and wind barriers), change 
the roughness of the topsoil layer (maintain 
stable aggregates or clods on the soil surface, 
mulching with vegetation residues, crop covers, 
etc), or reshape land to reduce erosion on knolls 
where converging wind flows cause increased 
velocity (Tibke, 1988).

Vegetative measures to prevent or control 
soil erosion can be used alone or in combina-
tion with one another, and include: grass strips; 
shrub and tree buffers; riparian vegetation; 
grassed waterways that can be established 
along contours, at the edge of crop fields or along 
streams or other water bodies to reduce runoff 
velocity and sediment transport and to enhance 
sediment deposition (Mekonen et al., 2015). 
The benefits of soil erosion control have been 
demonstrated by multiple studies. For example: 
using tree or shrub buffers as vegetative bar-
riers between farmlands and rivers traps and 
prevents transported sediment from reaching 
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nearby streams and waterways (Leguedois et al., 
2008; Zhang et al., 2010); planting new hedges 
(Mutegi et al., 2008; Donjadee & Tingsanchali, 
2013); creating grassed waterways enhances 
infiltration and reduces sediment transport 
and gully formation by decreasing flow veloc-
ity (Bracmort et al., 2004; Fiener & Auerswald, 
2006; Dermisis et al., 2010).  Field shelterbelts 
using trees can provide extra protection against 
wind erosion no matter which cropping system 
is used, avoiding top soil losses by reducing the 
wind velocity for distances up to 30 times the 
height of the trees and trapping snow in cold 
regions, which increases soil moisture. This 
measure might increase crop yields that can 
compensate the yield losses associated with 
taking land out of crop production for shelter-
belt plantings. In some cases, emergency con-
trols for wind erosion are applied, which involve 
increasing the surface roughness of a field or 
covering the soil with straw or manure. Another 
positive side effect of such vegetative soil ero-
sion control technologies, especially if they pro-
vide nectar (via flowering plants), is that they 
can increase the number of pollinators, and thus 
enhance crop production (especially if these 
fields are not subject to the use of pesticides; 
IPBES, 2016). Such vegetative barriers can also 
support the re-establishment and maintenance 
of biodiversity, while helping – if suitable syner-
gies occur – to control pest and diseases of the 
main crop. 

Structural measures include bench terraces, 
sloping terraces, bunds and banks, and graded 
and level ditches.  A global synthesis on terrac-
ing practices (Wei et al., 2016) suggests that 
diverse terracing practices play a positive role 
in erosion control, as well as runoff reduction, 
biomass accumulation, soil water recharge, and 
nutrient enhancement. 

Since all erosion control technologies involve 
the retention of soil, these techniques could 
have an effect not only on preventing on-site 
soil erosion, but also on avoiding carbon losses, 
promoting water recharge, and increasing 
productivity. In addition, the establishment of 
perennial woody vegetation (shrubs and trees) 
or grasses also increases SOC and carbon 
sequestration in woody biomass, and involves 
other co-benefits (such as increases in biodiver-
sity, including insects and plant species). On the 
other hand, there is still scientific discussion on 
the net effect of soil erosion on carbon dynam-
ics at larger scales, including deposition and 
possible long-term burial of eroded carbon and 
dynamic replacement of carbon at eroded sites 
(Wang et al., 2017), Annex 1 lists some case 
study examples illustrating SLM technologies, 
including:

Structural measures: soil bund with contour 
cultivation; semi-circular bunds (for crops and 
forest/rangeland; vegetated earth-banked 
terraces; soil/stone bunds; progressive bench 
terrace; rockwall terracing; terracing and check-
dams in watersheds; traditional cut-off drain; 
haraghie stone bund; stone lines and stone 
walls.

Vegetative measures: vegetative strips; 
paved and grassed waterways; tree rows and 
grass strips to sustain filtering; shelterbelts 
and windbreaks; live hedges; living fences and 
windbreaks.

Combined or integrated: gully control and 
catchment protection; integrated runoff water 
management; river bank stabilisation; water-
spreading weirs.
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2.3.2	Minimum soil disturbance

Conventional tillage often implies com-
pletely inverting the soil profile by using a 
mouldboard plough, or frequent ploughing with 
cultivators, discs, chisels, or other ploughing 
equipment. Depending on the combination of 
climatic and soil characteristics, conventional 
tillage can have a positive or negative effect on 
soil moisture status and its availability for crops. 
Conventional tillage has proven to be effective 
for weed and pest control, but has a detrimental 
impact on the soil’s physical quality, increment-
ing soil erosion and degradation (Poesen et al., 
1997; Stavi, 2013; Martínez-Mena et al., 2008). 
Regarding climate change mitigation, despite 
potentially increasing crop yields in the short 
run, conventional tillage often tends to limit crop 
productivity in the long run, increase soil organic 
matter mineralisation, and thus CO2 emissions 
from soils, (Smith et al., 2008) and compromise 
soil water retention. 

All minimum soil disturbance technologies, 
often implemented to maintain or increase soil 
quality (i.e., soil organic matter, soil biological 
activity) can often also contribute to soil ero-
sion control and are considered climate change 
adaptation and mitigation options. Although 
these technologies have advantages such as 
improving productivity, providing long term 
application, increasing soil organic carbon (SOC) 
storage in depleted and degraded agricultural 
lands, off-setting anthropogenic emissions, and 
improving the environment (Lal, 2015), they can 
also have disadvantages such as incrementing 
pesticide use. These technologies are agro-
nomic measures and vary between zero tillage 
(No-till), reduced (minimum) tillage, mulch till-
age, ridge tillage and contour tillage. Controlled 
traffic farming reduces disturbance – especially 
compaction – by farm machinery by restricting 
machinery to permanent tracks. No tillage (NT) 

is a soil cultivation system in which seeds are 
deposited directly into untilled soil. To do so, 
narrow slot trenches or bands of sufficient width 
and depth are opened to obtain proper seed 
coverage. Minimum tillage implies a reduced 
level of soil manipulation, avoiding soil inver-
sion through shallow ploughing or by reducing 
the number of passes per year. In mulch tillage 
systems, the soil is prepared or tilled in such a 
way that the crop or plant residues are left to 
cover the soil surface to a maximum extent. 
Ridge or strip tillage involves planting crops in 
rows. Contour tillage refers to ploughing and/or 
seeding along the slope following its elevation 
contour lines. 

Non-tillage or reduced tillage systems, if 
well-implemented, generally show higher yields 
than conventional tillage systems, especially 
in well-drained soils prone to surface runoff 
and accelerated erosion (Zhang et al., 2009; 
Moraru & Rusu, 2013). However, there are also 
examples of significant reductions in yields, 
particularly within the first years after conver-
sion from conventional tillage to non-tillage due 
to poor establishment, nitrogen (N) deficiency, 
herbicide-resistant weeds, disease harboured in 
stubble, lower soil temperature, allelochemicals 
and volatile fatty acids released from decom-
posing stubble in wet soils (anaerobic condi-
tions) among others (Farina et al., 2011; Soler et 
al., 2011; Verhulst et al., 2011; Martínez-Mena 
et al., 2013). Several recent studies, including a 
meta-analysis (Vicente-Vicente et al., 2016) on 
Mediterranean agroecosystems indicate that 
conversion from conventional tillage to reduced 
tillage, combined with green manure, is suit-
able for increasing soil carbon stocks without 
enhancing GHG emissions from soils in woody 
and non-woody crops (Guardia et al., 2016; 
Sanz-Cobena et al., 2016; Almagro et al., 2017; 
Pardo et al., 2017). Of note is the fact that soils 
were only sampled to a depth of 30 cm or less 
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across these studies, even though crop roots 
often extend much deeper, which could explain 
the consistent accrual of SOC. On the contrary, 
in studies in which soils have been sampled 
deeper, no consistent accrual of SOC between 
soil depth layers was observed between con-
ventional and reduced tillage systems. While 
Baker et al. (2007) observed higher organic car-
bon concentrations in the top soil (first 30 cm) in 
non-tilled soil, the opposite occurred in deeper 
soil layers (below 30 cm) for conventional till-
age, suggesting that the distribution of SOC 
can change with depth depending on the tillage 
system. Therefore, more research is needed 
on soil carbon accumulation at deeper depths 
under different tillage regimes (Kravchenko & 
Robertson, 2010), and special attention should 
be paid when comparing SOC stocks under dif-
ferent tillage intensity levels (especially when 
no tillage is considered) because this should be 
performed on an equivalent soil mass-depth 
basis (Ellert & Bettany, 1995) and should not 
be limited to the superficial soil layers. Apart 
from CO2, other greenhouse gases (GHGs), 
notably nitrous oxide (N2O) and methane (CH4), 
have been reported to be influenced by tillage 
regimes (Busari et al., 2015). Some authors 
also indicate that adopting reduced or no-till 
may also decrease emissions of N2O, but the 
effect should not be overemphasised, as it may 
depend primarily on soil types and climatic con-
ditions (Marland et al., 2001). In addition, there 
is still conflicting scientific evidence as to how 
no-till affects the flux of N2O and CH4 from soils 
(Kaharabata et al., 2003; MacKenzie et al., 1998; 
Ussiri et al., 2009). It may have some posi-
tive effects, such as reduced soil erosion (see 
Chapter 5) while improving water conservation 
and carbon accumulation in some cases, but it 
is likely to support the further spread of indus-
trialised large-scale agriculture. For example, 
no-tillage when considered in conventional 
large agricultural operations today is associated 

with the typical and well-known environmen-
tal impacts of industrial agriculture with high 
external inputs, including the use of herbicides 
and expensive machinery. Geographically, 
the potential of no-till agriculture is limited in 
drought-prone areas, particularly in the semi-
arid tropics where annual rainfall is less than 
800 mm and the dry season lasts for over five 
months (Gattinger et al., 2011). 

Cover crops (including when used as green 
manure) and mulching are important soil man-
agement options used for increasing soil qual-
ity, water content and organic carbon stocks 
in agricultural systems, and in some cases for 
increasing biodiversity. A meta-analysis that 
recently quantified the potential for cover crops 
to enhance SOC for the first time, found a mean 
annual SOC sequestration of 0.32 ± 0.08 Mg 
ha-1 yr-1 reaching a total mean accumulation of 
16.7 Mg ha-1 (Poeplau & Don, 2015). Almagro 
and Martínez-Mena (2014) demonstrated the 
potential of green manure incorporation in semi-
arid Mediterranean woody crops as an efficient 
tool for recovering previous soil organic carbon 
losses derived from land-use change. Kaye & 
Quemada (2017) estimated that widespread 
adoption of cover crops might mitigate 10 % of 
agricultural GHGs emissions. Recent field obser-
vations also indicated that cover crops resulted 
in the stabilisation of sandy soils against wind 
erosion (Kuwait Institute for Scientific Research, 
2017).

These technologies of minimum distur-
bance and cover crops can be implemented on 
their own, or be easily combined to promote 
synergies in addressing land degradation and 
climate change adaptation and mitigation. In 
this regard, since the late 1990s, there has 
been greater emphasis on a system approach to 
non- or minimum-tillage farming, called “con-
servation agriculture” (CA). CA encompasses 
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a system of practices: retaining crop residues 
as surface mulch, including cover crops in the 
rotation cycle, causing minimal or no soil dis-
turbance, and improving soil fertility. This inte-
grated vision (system of practices) of combining 
several minimum soil disturbance technologies, 
including improved soil fertility in poor soils 
(That can be also achieved by providing three 
to five years for soil restoration phase while 
converting from long-term conventional tillage 
to conservation agriculture), could minimise soil 
erosion risks, conserve soil water, sequester 
carbon and promote sustainable intensification. 
However, there are also several studies, in dry-
lands in particular, where a consistent and mea-
surable increase in SOC under CA has not been 
observed.  A sufficient quantity of crop residue 
mulch, use of a cover crop (preferably legumi-
nous with a deep root system), adequate soil 
fertility, and proper crop rotations are essential 
components of a complete CA package14 (Lal, 
2015).

Examples are included in Annex 1 to illus-
trate the application of the technologies, and 
include: 

•• Non-tillage or reduced tillage: direct 
planting; no-till technology; strip till-
age. 

•• Cover crops and mulching: mulching in 
croplands; permanent soil cover. 

14	 For example, the amount of biomass carbon required to 

maintain the SOC at the antecedent level differs between 

soils, climates, management systems, etc.

2.3.3	Integrated soil fertility management

Integrated soil fertility management com-
bines different methods for managing nutrients 
and water. The emergence of fertilizers in agri-
culture has dramatically increased global agri-
cultural productivity and has simplified manage-
ment by providing crops with readily-available 
nitrogen. Studies have found that continuous 
nitrogen additions to soils in agricultural sys-
tems decrease soil microbial activity (Ramirez et 
al., 2012) and increase the turnover of the labile 
soil carbon pool (Neff et al., 2002). Nitrogen 
applied in fertilizers and manures is not always 
used efficiently by crops. Improving this effi-
ciency can reduce emissions of N2O generated 
by soil microbes with nitrogen surplus. In many 
places around the world, overuse of synthetic 
nitrogen fertilizers is causing soil acidification, 
eutrophication of surface waters and increased 
decomposition of soil organic matter, leading to 
loss of soil function in over-fertilized soils (Tian 
et al., 2012). 

Nutrient management that combines the 
use of chemical and organic soil additives 
(Integrated soil fertility management) has a 
moderate impact on overall soil quality, soil ero-
sion control, water retention and accumulation 
of soil organic carbon. It also reduces N leakage 
into the environment, reduces N pollution and 
mitigates greenhouse gas emissions (Stavi et 
al., 2016). A recent review of integrated nutri-
ent management studies (see Table 3) indi-
cates that nutrient management can lead to 
significant increases in crop yields, while sub-
stantially reducing reactive N losses and GHG 
emissions, becoming a “win–win” opportunity 
that simultaneously increases crop production 
and reduces environmental impact (Wu & Ma, 
2015). However, the review also emphasises 
that the methodology is site-specific and must 
be tailored to local circumstances.  Furthermore, 
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integrated soil fertility management (organic 
fertilizers versus synthetic fertilizers) and the 
form of the applied fertilizers (for example, liq-
uid organic fertilizers) could lead to variations in 

GHG emissions. For example, an increase in the 
use of slow-release N synthetic fertilizers may 
reduce N2O emissions (Smith et al., 1997).

Reference Effects Country

Prasad et al. (2002) Rice/groundnut:  INM significantly increased grain yield of rice by 1.3 t 
ha−1, and pod yields of groundnut by 0.3 t ha−1 India

Jagathjothi et al. (2011) Finger millet: INM markedly increased grain (3.3 t ha−1) and straw yield 
(5.9 t ha−1) over all other India

Singh (2002) Cluster bean/wheat: INM increased cluster bean seed yield by 0.6 t ha−1 
and grain yield of succeeding wheat crop by 0.3 t ha−1 India

TABLE 3: 

Examples of effects of integrated nutrient management (INM) on crop performance.

Precision agriculture and nutrient budget-
ing, by facilitating more efficient use of fertil-
izers, can reduce emissions associated with 
excess application (Vitousek et al., 2009) as well 
as reduce cost. Practices that improve N-use 
efficiency include: adjusting application rates 
based on precise estimation of crop needs (e.g., 
precision farming); using slow-release fertil-
izer forms or nitrification inhibitors; avoiding 
time delays between N application and plant N 
uptake (improved timing); placing the N more 
precisely into the soil to make it more accessible 
to crops roots; avoiding excess N applications, or 
eliminating N applications where possible (Cole 
et al., 1997; Dalal et al., 2003; Paustian et al., 
2004; Robertson, 2004; Monteny et al., 2006). 
However, precision agriculture, often by using 
synthetic fertilizers, does not replenish organic 
matter stocks and therefore results in less soil 
quality.  Although the economic and manage-
ment constraints on biochar additions are not as 
well known (Wolf et al., 2010), the global tech-
nical potential for climate change mitigation are 
estimated to lie in the range of 1–1.8 Pg CO2e 
yr−1 (Paustian et al., 2016).

Also, adding plant-derived carbon from 
external sources, such as composts and bio-
char, can be considered a land-based mitiga-
tion option where amendments are applied for 
improved management of nitrogen, increased 
water retention and soil carbon stocks. Among 
the organic soil-nutrient additives, livestock 
manures are predominant. Aguilera et al., (2013) 
found that, for a large range of Mediterranean 
copping systems, there was a higher carbon 
sequestration gain with compost than with raw 
manure. The study also finds that carbon accu-
mulation leads to an improvement in soil qual-
ity and protection against erosion, which are 
especially important benefits in desertification-
prone Mediterranean agroecosystems. In addi-
tion, direct N2O emissions from the soil could 
possibly be lower for organic than for synthetic 
fertilizers under Mediterranean conditions 
(Aguilera et al., 2013). Recent developments 
suggest that biochar, obtained from the pyroly-
sis of crop residues or other biomass, can con-
sistently increase crop N-use efficiency while 
greatly (over 25%) reducing direct N2O emissions 
from N fertilizers (Liu et al., 2012; Huang et al., 
2013), as well as enhance soil fertility (Woolf et 
al., 2010) and water retention (Obia et al., 2016). 
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Examples to illustrate the technologies are 
included in Annex 1, and include: 

•• Precision agriculture (changing fertilizer 
application rate, fertilizer type, timing, 
and precision application, inhibitors, 
micro-fertilization and seed priming); 

•• Production and use of organic fertilizers 
(compost, bio-humus, green manure-
straw) 

•• And biochar: application of organic fer-
tilizers; production and application of 
bio-humus; biochar soil amendment 
to increase biomass productivity and 
sequester carbon;  composting using 
indigenous microorganism and appli-
cation; planting pits for soil fertilization 
and moisture improvement; straw re-
tention in rice paddies.

2.3.4	Vegetation management

Crop production over recent decades was 
increased by enlarging crop areas, but also by 
increasing harvest frequency through several 
vegetation management practices (i.e., crop 
rotation, intercropping and multi-cropping).  
However, increasing harvest frequency or 
annual crop rotations can either reduce or 
increase soil quality (i.e., soil organic matter), 
depending on the effectiveness of the manage-
ment practices followed. Soil organic matter 
content can be increased through: better crop 
varieties (or grassland) species mixtures with 

greater root mass or deeper roots (Kell, 2012); 
improved crop rotations where carbon inputs 
are increased over a rotation (Burney et al., 
2010); greater residue retention (Wilhelm et al., 
2004); use of cover crops during fallow periods 
to provide year-round carbon inputs (Burney 
et al., 2010; Poeplau & Don, 2015) and use of 
green permanent covers (Vicente-Vicente et 
al., 2016). In addition, some practices, such as 
green covers, protect the soil against erosion 
while increasing water availability and retention 
(Celano et al., 2011; Palese et al., 2014; Almagro 
et al., 2016) and increasing biodiversity (Plaza-
Bonilla et al., 2015). In this regard, some esti-
mates point to SOC increases between 44% and 
85% in topsoil (0–15 cm) in olive groves after 
100 years of cover crop management (Nieto 
et al., 2013), and preliminary estimations sug-
gest an increase in soil carbon sequestration of 
around 1 tonne carbon ha-1 yr-1 in olive orchards 
under Mediterranean conditions due to the 
adoption of plant covers (Vicente-Vicente et al., 
2016).

Some case examples are included in Annex 
1 to illustrate the technologies, including choice 
of species/variety, multiple- and intercropping, 
crop rotation and set-aside/long-fellow periods, 
perennial woody crops, green permanent soil 
cover and improved seed survival (see Annex 
1): choice plant species/varieties; crop rotation; 
traditional shifting cultivation; multiple crop-
ping; intercropping; long-term fallow or set-
aside; perennial cropping systems; green cover 
in perennial woody crops;  seed priming.
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2.3.5	Integrated Pest Management 

Integrated pest management is defined by 
the simultaneous and flexible use of a range of 
means, including tillage, mechanical (installing 
insect traps), and cultural (variety selection, fal-
lowing, crop rotation, inter-cropping, vegetation 
strips, cover cropping, etc.) measures (Pretty 
& Bharucha, 2015). Integrated pest manage-
ment effectively controls weeds and pathogens 
that can affect crop yields. At the same time, 
depending on the combination or selection of 
means, integrated pest management could 
have a synergistic effect on overall soil quality, 
soil erosion control, soil organic carbon pool, 

environmental quality or greenhouse gas emis-
sions, and soil biodiversity (e.g., by introducing 
herbaceous and/or tree buffer strips to host 
beneficial insects).

Some case examples are included in Annex 1 
to illustrate the technologies, and include: trees 
as buffer zones; application of biological agents 
to increase crop resistance; biological pest con-
trol; integrated production and pest manage-
ment; use of phyto-pesticides. 

BOX 6:
Crusting and surface sealing in the African sub-tropics croplands

Crusting and surface sealing are widespread in the African sub-tropics and can be readily ameliorated, opening 
up the possibility for significant increases in food production in the region. 

It is caused by the following factors (Morin, 1993): the generally low organic matter contents of the soils, result-
ing from high temperature and cultivation; the heavy raindrop impact that commonly occurs during intensive 
rainstorms; the weak topsoil structure of most cultivated soil types; widespread destruction of the vegetation 
cover, which protects the soil surface from the impact of heavy rain.

Effective management to overcome crusting depends heavily on a local community’s infrastructure, culture 
and means. Western methods cannot simply be copied and applied under African conditions. Agricultural 
development to increase food production should be gradual and handled wisely, while preserving the local 
community life. Developing effective management systems for specific local conditions demands a quantita-
tive, in-depth understanding of particular soil restrictions of which crust formation and surface sealing are key 
aspects. Management technologies for crusted soil are based on three methods for augmenting infiltration 
(Morin, 1993): conservation farming; the use of soil amendments; tillage management. These methods may be 
used separately or be combined.

(Smith et al., 2014)
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2.3.6	Water management

Improving soil moisture management is 
crucial for the sustainable improvement of 
food production and water supply (Shaxson & 
Barber, 2003). Better water management, cou-
pled with improved soil and crop management, 
can increase agricultural productivity in rainfed 
areas with currently low yields by more than 
double. With climate change and increasing food 
prices, even more emphasis needs to be placed 
on addressing water management in rainfed 
agriculture as a key determinant for agricultural 
production and productivity (ETWWA, 2010).

Reduction of a soil’s capacity to accept, 
retain, release and transmit water reduces bio-
mass productivity, regardless of whether they 
are crops, pasture species, shrubs or trees.  
In arid and semi-arid conditions, sustainable 
irrigation systems can result in adaptation to 
droughts15 and economic benefits by water 
savings, while contributing to reduce soil CO2 
emissions by decreasing microbial activity in 
response to decreased soil moisture levels 

15	  For effective drought management, it is necessary to 

develop region-specific drought management actions. For 

different climatic regions:In Arid areas (Frequency is once 

every 2 to 3 years. Persistence / successive droughts: -2-3 

consecutive yrs.). Mitigation options:  Intensive rain water 

harvesting/ water conservation; Recycling of wastewater, 

particularly for supplemental irrigation; Micro-irrigation 

(sprinkler/ drop systems); Measures for evaporation reduc-

tion from tanks/reservoirs; subsoil drip irrigation systems; 

Inter-basin water transfer

•• In Semi-Arid areas (Frequency is once every 4 to 5 years. 

Persistence droughts: 2-3 consecutive yrs.). Mitigation 

actions: Creation of water storages (tanks/reservoir); 

Intensive water conservation/ rain water harvesting (key 

lines; swales); Ground water Recharge; Inter-basin water 

transfer; Recycling of waste water to use in irrigation/other.

(Butenschoen et al., 2011; Arroita et al., 2013; 
Zornoza et al., 2016). Water efficiency can be 
improved through management practices that 
reduce water requirements and evaporation 
from the soil (such as adding mulch as ground-
cover, which could also reduce soil erosion; 
see Box 7.) and include: more precise irrigation 
scheduling and rates, fixing leaks in dryland irri-
gation systems, improving application technol-
ogies (e.g., drip irrigation; sub soil drip irrigation; 
irrigation at night to avoid evaporation losses) 
and using intermittent irrigation in rice paddies. 
Improving water efficiency can therefore be 
seen as both a climate change adaptation and 
a mitigation measure. Some irrigation systems, 
however, can increase soil salinity in dry regions 
with high salt content in the subsoil (Setia et 
al., 2011). Rain water collection could increase 
supplemental irrigation at critical crop growth 
stages by harvesting rainwater in structures 
such as small dams (Akhtar et al., 2016), or 
retention structures in fields (ponds and small 
ditches). Energy savings through the design of 
the irrigation systems, including where water 
is not limited, is also indirectly contributing to 
mitigating climate change. 

•• In Sub-humid areas (Frequency is once every 6 to 

9 years. Persistence/ successive droughts: 2-consecu-

tive yrs.): Mitigation actions: Increase in Water storages   

(Carryover storage); Water conservation/ in-situ water 

retention through gully checks and stop dams;  Ground 

water Recharge; Within stream water storages and Water 

diversions;  Recycling of waste water to use in irrigation/

other (Dr. Rajendra Prasad  Pandey )
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Water storage and flood moderation tech-
nologies provide for management of excessive 
water supply caused by rainfall, overuse of irri-
gation water, canal seepage or floods. Water 
retention capability can affect an entire land-
scape, e.g., increasing water storage capacity 
with man-made structures that increase flood 
storage capacity. The water retention capacity 
of an agricultural landscape can be improved by: 
checking and rebuilding old drainage systems; 
establishing a variable water flow regime; reha-
bilitating and reconstructing/adapting morpho-
logical structures in rivers; adopting ad hoc crop 
rotations and association and agricultural prac-
tices (tillage systems, soil cover management, 
etc.); setting up flood control reservoirs, typi-
cally with large capacity and designed to only 
take up water levels that have been reached. 

Some case examples are included to illus-
trate the technologies (Annex 1):

Use of sustainable irrigation systems: 
Cascading Rock Irrigation Channel, Micro-
irrigation systems, Spate irrigation, Spiral water 
pumps. 

Water harvesting: Water harvesting, recharge 
of groundwater; water collection to enable off-
season irrigation, water harvesting from con-
centrated runoff for irrigation purposes.

Drainage: Sub-surface drainage, mid-season 
rice paddy drainage.
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BOX 7:
Techniques to minimizing water stress and improving water resources

Improving restricted rainfall infiltration: Improving the infiltration capacity of the soil surface, Using surface 
residue covers to increase infiltration and reduce runoff,  Mechanisms by which surface residue covers enhance 
rainwater infiltration, Surface residue covers, Fallowing under cover crops or natural vegetation, Temporary 
closure of grazing lands and subsequent protection, Increasing the period for infiltration by detaining runoff 
with physical structures.

Contour field operations: Surface irregularities formed by contour field operations, Conditions favouring the 
adoption of contour field operations, Narrowly-spaced contour planting ridges and tied ridges, Impermeable 
and permeable contour barriers at discrete intervals downslope, Permeable cross-slope barriers, Bench-type 
terraces, Deep tillage to increase subsoil porosity and permeability.

Reducing water losses from evaporation and excessive transpiration: Minimising evaporation from the soil 
surface, Reducing excessive transpiration, Subsoil drip irrigation systems and/or irrigation at night, Weed con-
trol, Windbreaks, Conditions favouring the adoption of windbreaks, Shade.

Reducing rainwater drainage beyond the rooting zone: Increasing available water capacity of soil, Dry planting, 
Improving plant nutrition for early root development, Introducing deep-rooting crops.

Improving soils with restricted rooting: Mechanical disruption of shallow root-restricting layers, Mechanical 
disruption of moderately deep root-restricting layers,  Mechanical disruption of very deep root-restricting lay-
ers in the subsoil, Chemical solutions to restricted root growth.

Maximising usefulness of low and erratic rainfall: Use of drought-resistant and drought-escaping crops and 
varieties, Increasing crop water-use efficiency, Selecting water-efficient crops, Adjusting plant population to 
expected rainfall, Applying fertilizers, Weed control, Seed priming, Early planting, Accumulating moisture from 
one season to the next, Water harvesting, Zaï pits or Tassa, Half-moons , Contour stone lines, Contour earth 
ridges and bunds, Retention ditches, Retention pits, Retention basins, Farm ponds, Floodwater harvesting and 
Water spreading. 

Collaborative stakeholder participation

(Shaxson & Barber. 2003)
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2.4	 Forest/Woodland

According to FAO (2015), in 2010, forests 
covered about 31 percent of the world’s total 
land area and provided livelihoods for more 
than 1 billion people. Forest loss is therefore not 
only of concern to conservationists. According 
to the World Bank, around 1 billion people in 
the developing world either directly or indirectly 
depend on goods and services from forests, 
which provide an essential safety net to many 
of the world’s poorest people (Mansourian et 
al., 2005). Recent estimates based on official 
country data and international methodologies 
that quantified the overall net emissions from 
forests over the period 1991–2015 for the first 
time (1.52 Gt CO2 yr-1), highlighted the signifi-
cant role of deforestation as a net source (4.04 
Gt CO2 yr-1) and the importance of remaining for-
ests as a net sink (-2.52 Gt CO2 yr-1; Federici et 
al., (2015), of global CO2.

It is well known that forests play a crucial role 
in: water protection and reducing water-related 
risks (i.e., local floods and droughts and help-
ing to prevent desertification and salinezation); 
soil protection and conservation; conservation 
of biodiversity; climate change mitigation and 
adaptation; food, fibre and energy supply and 
other ecosystem services. However, the world’s 
forests continue to decline as human population 
grows and demand for food and land increases. 
However, the rate of net forest loss has been 
cut by over 50 % (FAO, 2015), and forests and 
forest management have changed substan-
tially. Deforestation affected an estimated 13 
million hectares per year between 2000 and 
2010, but thanks to afforestation and natural 
expansion, the net forest loss was 5.2 million 
hectares per year (FAO, 2015). Notwithstanding, 
not only land use conversions are leading to for-
est loss; other drivers such as fire, windstorms 
(Lindroth et al., 2009), pests and climate change 

are also significantly contributing to loss of for-
ests around the world. Reversing this damage 
is a huge and complex challenge. Despite the 
fact that many drivers of forest loss (deforesta-
tion) are outside the forest (i.e., need of land for 
agriculture, extractive activities, infrastructures) 
(Kissinger et al., 2012), the drivers inside the 
forest must be addressed, as well. Sustainable 
Forest Management (SFM) constitutes a set of 
practices that can also be considered within the 
realm of SLM. Adaptive SFM approaches will 
help to reduce forest vulnerability and maintain 
forest productivity, and specific management 
practices can also be adopted to help mitigate 
climate change. In addition, establishing new 
forests in former arable or pasture lands or re-
establishing former forests on degraded lands 
are also contributing to SLM practices. 

The most common SLM technologies to 
address land degradation in forest and wood-
lands are related to preventing soil erosion 
(afforestation/reforestation, soil protection, 
grazing pressure management, drainage and 
infiltration) and improving productivity and bio-
diversity (forest management and restoration, 
pest and disease control) (Table 4). Broadly, 
these SLM technologies pertain to forestry-
driven mitigation options (reducing deforesta-
tion, forest management, forest restoration and 
afforestation/reforestation). Despite the adap-
tive capacity of the forest to climate change 
without human intervention, it can be enhanced 
(Bolte et al., 2009) by conserving or improving 
forest stand structures and forest composition 
for forest functioning and composition, in a way 
that the resulting forest is better-adapted to cli-
mate change impacts. 
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2.4.1	Reducing deforestation

Humankind’s development from Neolithic 
until recent times had been largely based on the 

increase of agricultural lands, at the expense of 
natural ecosystems. Since the Neolithic onset, 
the world’s forest surface was reduced by 40% 
(Shvidenko et al., 2005). Deforestation has 

TABLE 4: 

Number of SLM technologies per technology group considered for woodlands/forest in relation 
to climate change land based mitigation options as defined by IPCC.

(Smith et al., 2014)

Forest / Woodland Nº

SLM technical solution Land-based agriculture mitigation options (Forestry) 26

Reducing deforestation Reducing deforestation 2

Afforestation/Reforestation Afforestation/Reforestation 5

Sustainable forest management Forest management 9

Forest restoration Forest restoration/Forest management 1

Fire, pest and diseases control Reducing deforestation 2

Soil erosion control Afforestation/Reforestation, forest restoration, forest management, 
reducing deforestation 6

Water management; Drainage Afforestation/Reforestation 1

Taibilla catchment, Spain © Joris de Vente
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caused the release of large quantities of CO2 
into the atmosphere. SLM practices aiming to 
reduce deforestation may have the greatest 
potential to mitigate climate change by reducing 
emissions of GHGs, but also by protecting soils, 
preserving biodiversity, providing food security 
and making forest-dependent communities 
more resilient.

Some case examples are included to illus-
trate the technologies (Annex 1): establishment 
of protected forest areas; reducing slash and 
burn agriculture.

2.4.2	Afforestation/Reforestation

Throughout the history of agriculture, over 
cropping and/or poor agricultural practices have 
led to land degradation in agricultural lands and 
abandonment. Abandoned agricultural lands 
could naturally recover through forests (natural 
regeneration) or through artificial plantations 
(afforestation). Afforestation increases biomass 
accumulation (both above ground and below 
ground), soil organic carbon accumulation, and 
the related increase in soil biological activity, 
ecosystem biodiversity (including soil biodiver-
sity) and derived ecosystem services, such as 
soil and water conservation, carbon sequestra-
tion potential, and often aesthetic and cultural 
values. 

Because arable soils usually have a much 
lesser SOC content than forests or grasslands, 
changes in land use through afforestation will 
lead to a gradual accumulation of SOC that will 
depend on the species and planting techniques. 
This is the case of afforestation by natural colo-
nisation after abandonment of arable lands in 
temperate regions (Poulton et al., 2003). In 
many cases, reductions in N2O emissions can 
also appear due to the cessation of external fer-
tilization after conversion. However, an accurate 
selection of arable lands where afforestation 
can be implemented is essential for the success 
of the activity and to avoid perverse outcomes.

In Europe, long-term afforestation projects 
in Southern Europe were assessed for their 
degree of success and the provision of eco-
systems services (Bautista & Alloza, 2009). In 
a case of afforestation in extremely degraded 
lands in a semi-arid climate undergoing ecologi-
cal restoration measures, ten years after resto-
ration, the provision of ecosystem services (e.g., 
soil and water conservation, nutrient cycling, 
carbon sequestration and biodiversity) was 
significantly improved in comparison with the 
degraded ecosystem (Valdecantos et al., 2016).  

Some examples of SLM technologies are 
provided in Annex 1: afforestation with species 
mix at different scales; reforestation in former 
forest lands; forest establishment in semi-arid 
land; reintroduction of forest cover after wild-
fires; land reclamation by introducing native for-
est species.
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2.4.3	Sustainable forest management

Sustainable forest management involves 
policies and technical standards for the respon-
sible management of natural and planted for-
ests. Principles of forest management combine 
both forest productivity and forest conservation. 

According to FAO16: “Managing forests sus-
tainably means increasing their benefits, includ-
ing timber and food, to meet society’s needs in 
a way that conserves and maintains forest eco-
systems for the benefit of present and future 
generations”. However, forest exploitation (i.e., 
logging) often conflicts with the basic principle 
of sustainability, and thus, planted forests can 
play an important role in relieving the pressures 
from goods and services provided by indigenous 
forests (Evans, 2009).

Logging and fire are the major causes of 
forest degradation in the tropics (Bryan et al., 
2013). Logging practices may negatively affect 
soil physical properties and nutrient levels (soil 
and litter), both in tropical (e.g., Olander et al., 
2005; Villela et al., 2006; Alexander & Cruz, 
2012) and in temperate forests (Perez et al., 
2009). Forest fires affect many physical, chemi-
cal, mineralogical and biological soil properties 
to different degrees, depending on fire regime 
(Certini, 2005). The increased frequency of fires 
in the same forest contributes to land degrada-
tion and reduces the resilience of the biomes 
to natural disturbances. A meta-analysis of 57 
publications (Nave et al., 2011) showed that 
wildfires caused a significant decrease in soil 
carbon and N, whereas prescribed fires caused 
smaller reductions in carbon and N storage. 
Moreover, the recovery of both nutrient pools 
in the soil was generally faster. Forest fires pro-
duce charcoal, or black carbon, some of which 

16	 (http://www.fao.org/forestry/sfm/en/)

can be preserved over centuries and millennia 
in soils. In addition, the increased frequency of 
fires results in a decrease in soil fertility, espe-
cially in labile organic matter fractions, that per-
sists over the long term (Mayor et al., 2016). 

A large field study in the Amazon (225 forest 
plots) focused on the effects of anthropogenic 
forest disturbance (selective logging, fire and 
fragmentation) on soil carbon pools, showed 
that the first 30 cm of the soil pool did not differ 
between disturbed primary forests and undis-
turbed areas of forest, suggesting a resistance 
to impacts from selective logging and under-
story fires (Berenguer et al., 2014). Impacts of 
disturbances on the soil carbon are of particular 
concern in tropical forests located on organic 
soils and on steep easily eroded slopes.

An integrative adaptive forest management 
concept is suggested by Bolte et al., (2009) that 
should combine actions on different spatial 
scales, due to their interaction regarding GHG 
mitigation and forest adaptation. The stand 
level interventions suggested by them relate 
to the conservation of the forest structures 
even against successional pressure; active use 
of silvicultural methods (i.e., thinning, changing 
rotation periods) to change stand structures 
and composition (i.e., choice of species) better-
adapted to the changing climatic conditions.

Some examples of SLM technologies are 
provided in Annex 1: selective logging; adjust 
forest plantations rotation periods; short rota-
tion biomass production from forest; fuel-wood 
production; forest irrigation and fertilization; 
woodlots for biomass production; reducing log-
ging waste.
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2.4.4	Forest restoration

It is difficult to define “Restoration” in a way 
that encompasses all situations found in the 
literature and proactive. Generally, restoration 
is seen as synonymous with degradation: an 
undisturbed forest in a natural or historical con-
dition can be degraded, and a degraded forest 
can be restored to that natural or historical con-
dition (Santurf, 2005). A variety of approaches 
can be used to overcome forest degradation 
(Lamb & Gilmour, 2003): 

•• Restoration is used for situations where the 
intent is to bring an ecosystem as close as 
possible back to its original state. The site 
then contains most of the original plant and 
animal species, and has a structure and pro-
ductivity as was originally present.

•• Rehabilitation is used to enhance environ-
mental services, with a focus on provision 
of goods and services, rather that ecosys-
tem integrity. In this regard, the main objec-
tive is to regain the original productivity or 
structure, but not all the original biodiversity. 
This might be because commercial impera-
tives demand the use of certain agricultural 
or timber species to justify the rehabilitation 
effort, or because the site has become un-
suitable for some of the original species; 

•• Reclamation is used for situations where 
productivity or structure is regained, but bio-
diversity is not. In fact, native species may 
not be used at all. In such cases, there are 
few, if any, benefits to landscape biodiver-
sity, but there may be social or economic 
advantages or functional gains, such as im-
proved watershed protection.

The three approaches differ in the extent to 
which they enable the original biodiversity to be 
regained. They are similar, however, in that they 
all seek to establish a productive and stable new 

land use. Ecosystem integrity is promoted more 
by restoration than by rehabilitation. Forest 
landscape restoration is also defined as a pro-
cess that aims to regain ecological integrity and 
enhance “human well-being” (Mansourian et al., 
2005). This approach helps to achieve a balance 
between human needs and those of biodiversity 
by restoring a range of forest functions within 
a landscape and accepting the trade-offs that 
result. The term “human well-being” is neces-
sarily broad, and covers not only benefits such 
as the market value of forest products (e.g., 
timber or non-timber forest products) and other 
ecological services, such as watershed protec-
tion, but also a broader range of benefits that 
flow from them. The term “forest landscape res-
toration” incorporates both ecosystem integrity 
and human well-being (Lamb & Gilmour, 2003).

Some examples of assisted regeneration are 
provided in Annex 1. 

2.4.5	 Fire, pest and diseases control

Each year, wildfires destroy 6 to 14 million 
hectares of fire-sensitive forests worldwide 
(Rowell and Moore, 2000), a rate of loss and 
degradation comparable to that of destructive 
logging and agricultural conversion. At the same 
time, many fire-adapted forest ecosystems are 
fire-starved. Humans are altering natural fire 
regimes around the world. Page et al., (2002) 
estimated that 0.81 and 2.57 Gt of carbon 
were released into the atmosphere in 1997, 
as a result of burning peat and vegetation in 
Indonesia. This is equivalent to 13–40% of the 
mean annual global carbon emissions from fos-
sil fuels, and contributed greatly to the largest 
annual increase in atmospheric CO2 concentra-
tion detected since records began in 1957. The 
role of fire varies among different types of for-
est: in tropical dry forests, boreal forests and 
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some types of conifer forests, a certain amount 
of fire is an essential factor in the maintenance 
of forest structure, function and plant and ani-
mal composition; in tropical moist forest, fire is 
usually always detrimental (Moore et al., 2003). 

Pests can also be affected by climate change 
and lead to important CO2 emissions. A recent 
unprecedented case is the pine beetle out-
break in British Columbia, where Kurz et al., 
(2008) estimated that the cumulative impact 
in the affected region (374,000 km2  of forest) 
during 2000–2020 was 270 Mt of carbon (or 
36 g C m-2 yr-1) emitted into the atmosphere. The 
need for pest control treatments can often be 
minimised through experience-based forest 
management and long-term forestry practices. 
The pest control method(s) chosen will depend 
upon the kind and amount of control necessary, 
balanced with costs and benefits within legal, 
environmental and other constraints. There is 
considerable evidence that climate change will 
alter pest outbreak dynamics, but it is difficult 
to generalise overall consequences. Although 
there are examples of damaging pest outbreaks 
triggered by climate change, there are also 
examples of outbreaks that have been dimin-
ished by climate change. Given the unpredict-
ability of future climate change on insect out-
break dynamics, there is currently little useful 
advice on the direction that forest pest manage-
ment should take in the future in anticipation of 
climate change (Liebhold, 2012).

Some case examples are included in annex 1 
to illustrate the technologies: management for 
forest fire prevention; controlling anthropogenic 
disturbances, such as fire and pest outbreaks; 
control of wildfires in peatlands.

2.4.6 Soil erosion control

Erosion is a risk for soil fertility, and forest-
ers usually prevent it with adapted manage-
ment practices. Under forest conditions, sur-
face runoff and soil erosion are generally low 
because of the surface litter cover. Hydraulic 
conductivities are in excess of 15 mm hr-1, and 
erosion rates are generally less than 0.1 mg ha−1 
(Elliot et al., 1996). If the litter layer is disturbed, 
then runoff and erosion rates can increase by 
several magnitudes (i.e., by forest fires or litter 
extraction). Soil erosion, combined with other 
impacts from forest disturbance, such as soil 
compaction and forest fires, can reduce forest 
sustainability and soil productivity. Because the 
highest concentrations of nutrients and biota, 
and the maximum water-holding capacity are 
in the uppermost horizons, incremental removal 
of soil near the surface is more damaging than 
subsoil losses. Productivity may inevitably 
decline on most shallow forest hilly soils as ero-
sion causes root-restricting layers to be nearer 
the surface, and as organic matter is washed 
away. Consequently, the largest declines in pro-
ductivity are most likely to occur in marginal, dry 
environments (Elliot et al., 1996). Wind erosion 
is also a degradation risk, particularly in coastal 
sandy environments where dunes can be stabi-
lised through forest establishment (Bernabé et 
al., 2004). 

Global changes, particularly climate change, 
and changes in practices and demand for energy, 
increase or modify soil erosion risk. Models 
predict a higher frequency of extreme rainfall 
events, which are by far the primary drivers of 
soil erosion. High-intensity rainfall events are 
more damaging when soils are dry, and show 
low permeability and sparse vegetation cover. 
The forecasted higher occurrence and duration 
of heat waves and droughts during the summer 
season will increase the risk of heavy rainfall 
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events, when soils are dry during the autumn 
season. This risk is particularly high in areas that 
encounter violent autumn storms, such as those 
in Mediterranean climates. It will also multiply 
the combination of these strong rainfalls with 
episodes of forest decline and fires (Ventier et 
al., 2014). The adoption and combination of SLM 
practices, e.g., trees for watershed manage-
ment and the establishment of protected forest 
areas (see Annex 1), assists on preventing soil 
erosion risk.

Some examples of the SLM technologies 
are included in Annex 1: landslide prevention 
using drainage trenches lined with fast growing 
trees; trees for watershed management; trees 
on mountain slopes together with moisture 
accumulating trenches; afforestation and hill-
side terracing; hydro-mulching; mulching after 
forest fires.

2.4.7	 Water management; Drainage

The removal of excess water, either from the 
ground surface or from the root zone, is called 
drainage. Excess water may be caused by rain-
fall or by using too much irrigation water, but 
may also have other origins, such as canal seep-
age or floods.

Trees for bio-drainage illustrate the tech-
nologies (see Annex 1).

2.5	 Grazing lands

Grasslands on every continent have been 
degraded due to human activities, with about 
7.5% of grasslands having been degraded 
because of overgrazing (Conant, 2012).  
Production in pastoral systems is constrained by 
over-grazing, land degradation, climate variabil-
ity, and gaps in feed supply. These constraints 
are very pronounced in dryland grasslands (see 
Box 8.).

BOX 8:
Types of grazing lands

For the purpose of this report, grasslands are lands where grass or grass-like vegetation grows and is the 
dominant form of plant life, used interchangeably with the term grazing lands. It is a broader term that covers 
pasture, savannah, steppe, rangelands and hayfields.

Pasture: a field covered with grass or herbage and suitable for grazing by livestock.

Savannah: a flat grassland in tropical or subtropical regions with scattered trees. 

Steppe:  a temperate or tropical grassland that only has trees near lakes and rivers; located in places including 
southern Russia, central Asia, southern South America, the central United States and western Canada.

Hayfield: a field where grass or alfalfa are grown to be made into hay.

Rangelands are distinguished from pasture lands because they grow primarily native vegetation, rather than 
plants established by humans.
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The most common SLM technologies to 
address land degradation in grasslands (syn-
onymous with pastoral lands) are related to 
preventing soil erosion and deterioration (inte-
grated soil fertility management, grazing pres-
sure management), and improving productivity 
and biodiversity (animal waste management, 

vegetation management and the use of irriga-
tion). Broadly, these SLM technologies corre-
spond to the land-based agricultures’ demand-
driven mitigation options in grazing land 
(grazing land management: animal, plant and 
fire management) (Table 5). 

TABLE 5: 

Number of SLM technologies per technology group considered for grazing lands in relation to 
climate change land-based mitigation options as defined by IPCC.

Silvopastoral farm in Matiguas, Nicaragua © CIAT / Shadi Azadegan

Grazing lands Nº

SLM technical solution Land-based mitigation options
(Grazing land management) 16

Grazing pressure management Animal management 6

Integrated soil fertility management Plant and soil management 2

Vegetation management Plant and fire management 7

Animal waste management Animal management 1

(Smith et al., 2014)
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2.5.1	Grazing pressure management

Sustainable grazing management deter-
mines the carrying capacity meaning the 
maximum livestock or wildlife population that 
a habitat or ecosystem can support on a sus-
tainable basis, and manages the timing and 
severity of grazing to ensure that the carrying 
capacity is not exceeded. In livestock produc-
tion, the concept has been applied mainly to the 
management of arid and semi-arid rangeland 
regions of the world, such as pastoral systems 
in Africa where livestock are primarily depen-
dent on grazing resources for feed supply. This 
may involve the establishment of total grazing 
pressure fencing, strategic placement of water-
ing points or time-controlled rotational grazing.

Soil carbon dynamics in pastures highly 
depend on their management, with soil carbon 
increases or reductions observed for different 
combinations of animal densities and grazing 
frequency (Conant, 2012; Machmuller et al., 
2015). Under certain conditions, grazing can 
lead to increased annual net primary production 
over un-grazed areas, particularly with moder-
ate grazing in areas with a long evolutionary 
history of grazing and low primary production, 
but this does not always lead to an increase in 
soil carbon (e.g. Badini et al., 2007); grazing, like 
crop harvest, fundamentally leads to the rapid 
oxidation of carbon that would otherwise be 
eventually transferred to the soil. Henderson 
et al., (2015) estimated that the optimisation of 
grazing pressure could globally sequester 148 
Tg CO2 yr-1.

Some case examples are included to illus-
trate the technologies (annex 1): stocking den-
sity; area closure to grazing; communal grazing 
management; eco-graze practices; rotational 
grazing, rangeland resting.

2.5.2	Integrated soil fertility management

As for croplands, carbon storage in grazing 
lands can be improved by a variety of mea-
sures that promote productivity. For instance, 
alleviating nutrient deficiencies with fertilizers 
or organic amendments increases plant litter 
returns and, hence, soil carbon storage (Conant 
et al., 2001; Schnabel et al., 2001). Adding nitro-
gen, however, may stimulate N2O emissions 
(Conant et al., 2005) thereby offsetting some 
of the benefits. Similarly, irrigating grasslands 
can promote soil carbon gains (Conant et al., 
2001). Practices that tailor nutrient additions 
to plant uptake, similar to precision agriculture, 
can reduce emissions of N2O (Dalal et al., 2003), 
but may be complicated in terms of separation 
of faeces and urine from livestock.

Some examples of the SLM technologies 
are included in Annex 1: nutrient management; 
manure separation to better distribute organic 
matter technologies. 

2.6	 Vegetation management

Introducing grass species with higher pro-
ductivity or carbon allocation to deeper roots 
has been shown to increase soil carbon. For 
example, the establishment of deep-rooted 
grasses in savannahs has been reported to yield 
very high rates of soil carbon accrual, up to 1 m 
in depth (Fisher et al., 1994), although the appli-
cability of these results has not been widely 
confirmed (Davidson et al., 1995; Conant et al., 
2001). Introducing legumes into grazing lands 
can promote soil carbon storage (Soussana et 
al., 2004) by enhancing productivity from asso-
ciated N inputs, while reducing N2O emissions 
from soils if the biological N2 fixation reduces 
the need for N fertilizer. However, care has to 
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be taken when introducing non- native species, 
particularly, with exotic invasive grass species, 
because although a substantial increase in net 
primary productivity is generally observed in the 
system, they reduce native plant diversity and 
can drive rapid shifts in the soil environment 
from surrounding native communities (Gibbons 
et al., 2017). 

Lands used for grazing also emit GHGs 
from the livestock, notably CH4 from ruminants 
and their manures. Reducing the frequency or 
intensity of fires in grasslands typically leads 
to increased tree and shrub cover, resulting 
in higher landscape carbon density in soil and 
biomass (Scholes & van der Merwe, 1996). 
Nonetheless, the effectiveness of this practice 
might vary depending on the environmental 
context where implemented. While this woody 
plant encroachment mechanism has a high 
initial impact, it saturates after 20–50 years. 
After that time, CH4 and N2O emissions are 
still avoided, and for as long as the fires are 
suppressed.

Some case examples are included in Annex 
1 to illustrate the technologies: range pitting 
and reseeding; grazing land rehabilitation with 
shrubs plantation; improved use of fire for 
sustainable grassland management; improved 
fodder production on degraded pastureland; 
cut-and-carry fodder production; creation of a 
perennial grass seed area; off-season irrigation 
of fields and pastures.

2.6.1	Animal waste management

Animal Waste Management Systems are 
designed for the proper handling, storage, and 
utilisation of wastes generated from animal 
confinement operations, which include a means 
of collecting, scraping, or washing wastes from 
confinement areas into appropriate waste stor-
age structures, and management of storage and 
application to reduce gaseous emissions and 
nutrient loss.

To illustrate the technologies, Annex 1 
describes improved cattle shed for urine 
collection.

Intercropping, Sidama, Ethiopia © ILRI / Kettema Yilma
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Mixed Nº

SLM technical solution Integrated systems (Agroforestry) 5

Agroforestry systems Agroforestry (including agro-pastoral and agrosilvopastoral
systems) 4

Agri-pastoral systems Agroforestry (including agro-pastoral and agrosilvopastoral
systems) 1

2.7	 Mixed

In the present report, the systems that 
combine trees with crops and/or animals as 
productive systems are considered mixed sys-
tems (agroforestry systems and agro-pastoral 
systems). Broadly these SLM technologies are 
mitigation options in the AFOLU sector (Smith 
et al., 2014; see Table 6).

TABLE 6: 

Number of SLM technologies per technology group considered for mixed in relation to 
climate change land-based mitigation options as defined by IPCC.

(Smith et al., 2014)

Agroforestry, argan trees and barley fields,  Sidi Ifni Province, Morocco © IRD / Geneviève Michon
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2.7.1	Agroforestry systems

According to the World Agroforestry Centre, 
agroforestry is defined as land-use systems 
and practices where woody perennials are 
deliberately integrated with crops and/or ani-
mals within the same land management unit 17.  

Agroforestry practices, according to Nair (1993), 
range from simple forms of shifting cultivation 
to complex hedgerow intercropping systems; 
systems including varying densities of tree 
stands, ranging from widely-scattered trees in 
dryland cereal fields, to the high-density multi-
storied home gardens of the humid tropics or in 
an oasis; systems in which trees play a predom-
inantly service role (e.g., windbreaks) to those in 
which they predominantly provide commercial 
products (e.g., intercropping with plantation 
crops) (Nair 1993). Depending on the combina-
tions of trees, animals and crops, they are often 
classified into (Nair, 1985): Agri-silviculture 
(crops, including shrubs/vines combined with 
trees); silvo-pastoral (pasture/animals and 
trees); and agro-silvo-pastoral (crops, pasture/
animals and trees). Agroforestry land-use is a 
common practise worldwide and a great variety 
of systems and practices exist under different 
climatic conditions, from tropical to hyper-arid 
areas. For example, the traditional Acacia sene-
gal-based agroforestry system for gum arabic 
production was recognised and considered as 
one of the most successful forms of natural for-
est management in the tropical drylands, and 
regarded as sustainable in terms of its environ-
mental, social and economic benefits (Gaafar 
et al., 2006). Another example in temperate 
regions are the so-called “dehesas” (in Spain) 

17	 e.g. Agroforestry system dominated by Acacia senegal, 

developed through protection of all naturally regenerating 

trees with improvement of soil properties through presence 

of trees, application of manure and a fallow rotation (https://

qt.wocat.net/qt_summary.php?lang=english&qt_id=619

and “montados” (in Portugal), which consist 
of combining oak trees with animal grazing or 
cereal crops. Inter-cropping and home gardens 
in oasis and river valleys are a common practice 
in hyper-arid climate zones.

When properly managed, agroforestry sys-
tems can be very beneficial for land users and 
their environments (Marques et al., 2016). One 
of the most widely-acclaimed advantages of 
agroforestry is its potential for conserving the 
soil and maintaining its fertility and productiv-
ity, while ensuring subsistence and/or providing 
market products. This is particularly relevant in 
the tropics, where soils are generally inherently 
poor and less productive than in the temperate 
zones (Nair, 1984; Young, 1989). To some extent, 
forest cover (natural or through proper arrange-
ments, such as hedgerows) can: i) reduce ero-
sion to low levels; ii) maintain or increase the 
soil organic matter; iii) improve water retention; 
and iv) intercept, absorb, and recycle nutrients 
in the soil that would otherwise be lost, through 
leaching by the tree root systems (Nair, 1993). 
The inclusion of trees in agroforestry systems 
(e.g., N-fixing leguminous), may specifically 
enhance SOC storage. However, SOC sequestra-
tion rates observed are highly variable, and only 
a very limited number of field experiments have 
been specifically designed to rigorously test the 
effects of agroforestry practices on SOC (Lorenz 
& Lal, 2014). However, depending on the spe-
cies, effects such as nutrient and moisture com-
petition with crops and grasses can emerge. It 
remains to be studied whether agroforestry 
systems can be specifically designed and man-
aged to maximise belowground carbon seques-
tration, by exploring the carbon storage poten-
tial in the entire mineral soil profile through the 
inclusion of trees and their associated root-
derived carbon inputs (Lorenz & Lal, 2014).
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Silvo-arable systems (trees and crops) have 
the potential to contribute to the increased sus-
tainability of agriculture and enhancement of 
biodiversity, whilst preserving landscapes that 
are both culturally important and aesthetically 
pleasing (Eichhorn et al., 2006; Mosqera et al., 
2012). There may be environmental benefits 
to silvo-arable systems at the regional scale. 
Increased tree planting could absorb greater 
amounts of carbon, and therefore mitigate 
future increases in atmospheric CO2 (Herzog, 
1994). The search for alternative energy sources 
has led to consider silvo-arable systems as a 
source of bio-fuels (Herzog 1994; Hall, 1997). 
The use of trees for fodder production and as 
a means of combating erosion in fields previ-
ously sown purely with annual fodder crops is 
also increasing (Dupraz & Newman, 1997). Also 
in Africa, agroforestry in general may increase 
farm profitability through the improvement and 
diversification of output per unit area of tree/

crop/livestock, by protecting against the dam-
aging effects of wind or water flow, thereby 
substantially contributing to climate change 
adaptation and mitigation (Mbow et al., 2014). 
In India, as in many other countries, agrofor-
estry is also seen as a unique opportunity to 
combine the twin objectives of climate change 
adaptation and mitigation (Dhyani et al., 2016). 

In order to optimise agroforestry for cli-
mate change adaptation and mitigation, there 
is a need for more integrated management 
approaches to increase benefits and reduce 
negative impacts on climate (Figure 4). In addi-
tion, agroforestry systems can meaningfully 
reduce the pressure on natural forests for 
energy needs. On the other hand, uncertainties 
related to future climates, land use and land 
cover, soil fertility in drier environments and 
pests and diseases, pose challenges to the geo-
graphical expansion of agroforestry practices.

FIGURE 4: 

Examples of positive or negative implications of agroforestry practice for adaptation to or 
mitigation of climate change.

                                           Mitigation

Positive Negative

Positive
Soil carbon sequestration, improved 
water holding capacities, use of 
manure instead, mixed agroforestry 
for commercial products, income 
diversification with trees, reduced 
nitrogen fertilizer, fire management.

Dependence on biomass energy, 
overuse of ecosystem services, 
increased use of mineral fertilizers, 
poor management of nitrogen and 
manure, over extraction of non-timber 
products, timber extraction.

Negative Integral protection of forest reserves, 
limited rights to agroforestry trees, 
forest plantation excluding harvest.

Use of forest fires for pastoral and 
land management, tree exclusion in 
farming lands.

(Mbow et al., 2014)
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Some case examples are included in Annex 
1 to illustrate the technologies: plantation crop 
combinations; multi-purpose trees on crop 
lands; animal draft zero-tillage; home gardens; 

orchard with integrated grazing and fodder pro-
duction (Silvo-pastoralism); traditional Acacia 
senegal-based agroforestry system.
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2.7.2	Agri-pastoral systems

This is a diversified form of pastoralism 
that integrates crop farming in different forms. 
Pastoralism is an economic and social sys-
tem frequently adopted where severe condi-
tions for agriculture exist, such as in drylands 
or steep slope areas in temperate climates. It is 
characterised by a complex set of practices and 
knowledge that has permitted the maintenance 
of a sustainable equilibrium among pastures, 
livestock and people. The types of livestock kept 
by pastoralists varies according to climate, envi-
ronment, water and other natural resources, and 
geographical area, and may include cattle, cam-
els, goats, sheep, yaks, horses, llamas, alpacas, 
reindeer and vicunas. These practices often 
encompass grazing or feeding of crop residues 
and grazing of fallow land (agro-pastoralism), 
which includes nomads and transhumant (agro)-
pastoralist communities. 

These agri-pastoral systems are particularly 
wide-spread in drylands; with a long tradition in 
Africa and the Mediterranean Basin; less wide-
spread in Asia (mostly restricted to roadside 
and fallow grazing, and rice straw feeding) and 
Latin America, although these areas show an 
increase in the trend. These systems are facing 
constraints (such as access to land and water 
points, market access, growing population pres-
sure) and new challenges (such as conflict avoid-
ance, expansion of trade and growing demand of 
proteins over the world, equitable access to land, 
including protection of customary services; Rota 
& Sperrandini, 2009).  

In remote and degraded areas, or under harsh 
climates, this breeding plays a crucial role in the 
farming economy, thanks to its ability to exploit 
marginal areas. Along with the limited labour and 
capital required for their growth, this is the only 
possible primary activity capable of preventing 

land abandonment, especially in south-eastern 
Mediterranean regions (Enne et al., 2004). Grain-
based feedlot forages are often produced on 
less suitable lands for crop production (Peters 
et al., 2013b). For example, sheep and goats 
play a crucial role in the farming economy of the 
Mediterranean basin, thanks to their ability to 
exploit marginal areas, and as well for the limited 
labour and capital requirements for their man-
agement. Yet overgrazing (Enne et al., 2004) and 
changes in soil bulk density and soil nutrient pro-
files are a major concern of dryland grain produc-
ers considering grazing sheep on cereal stubble 
fields. Some scientific studies’ results show no 
detrimental impact of grazing sheep on small 
grain residue (e.g. Hatfied et al., 2007), suggest-
ing a strong potential for grazing sheep on grain 
stubble without adversely impacting soil bulk 
density or nutrient profiles. However, additional 
research must be done to determine optimum 
stocking rate, season of grazing, and environ-
mental conditions, particularly soil moisture, to 
determine when grazing should occur without 
negatively impacting soil bulk density.

There is a tendency towards sustainable 
intensification of forage-based systems as a 
measure to mitigate GHG emissions from live-
stock production, while providing a number of 
co-benefits, including increased productivity, 
reduced erosion, improved soil quality and nutri-
ent and water use efficiency; however, ex-situ 
environmental costs and benefits vary widely 
with respect to GHG emissions and impacts on 
biodiversity and water (Peters et al., 2013c). To 
best select agro-pastoral practices, assessing 
environmental impacts, land suitability for graz-
ing, and estimating the optimal stocking rate is 
essential. 

The  Annex 1 illustrates technologic exam-
ples: incorporating sheep into dryland grain pro-
duction systems.
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More than one 
hundred SLM 

technologies can 
avoid, reduce and/

or reverse land 
degradation and 

desertification 
while contributing 
to climate change 

mitigation and 
adaptation.



A selected set 
of variables to 
qualitatively 
compare the 
impacts of 
groups and/or 
individual SLM 
practices.

Chapter 3
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Many overviews and assessments of SLM 
have focused on specific technologies like water 
harvesting techniques, and yield improve-
ment strategies or specific impacts, such as 
enhanced soil quality; climate change adapta-
tion or mitigation, etc. However, there is a need 
for more comprehensive and multi-objective 
assessments, including those that consider co-
benefits and trade-offs. As indicated already in 
Chapter 2, technologies aiming to address land 
degradation (prevent, reduce or revert) can often 
improve resilience (contributing to adaptation 
to climate change), increase carbon stocks and 
reduce GHG emissions (contributing to climate 
change mitigation). This chapter attempts to 
qualitatively and simultaneously assess the 
positive relative impacts of the SLM technolo-
gies and practices considered (see Chapter 2) in 
addressing DLDD, climate change adaptation, 
climate change mitigation and safeguarding 
biodiversity, including a qualitative indication of 
their cost. While trade-offs are considered, they 
are not systematically included in the qualita-
tive assessment. Although this exercise is lim-
ited due the selection of the SLM technologies 
considered in this report, it is noteworthy to 
highlight that thirty-five percent of the practices 
considered in Annex 1 are commonly imple-
mented in drylands. 

3.1	 Qualitative evaluation of SLM 
technologies and practices 

3.1.1	Approach

For the qualitative assessment, a set of “vari-
ables” (Box 9) were selected, considering the 
assessments undertaken by Smith et al., (2013), 
Kanter et al., (2016), Marques et al., (2016), and 
Stavi et al., (2016) in relation to land degrada-
tion, climate change adaptation and mitigation, 
incling impact on biodiversity as a co-benefit18. 
The qualitative assessment presented below 
should be seen as providing initial and general 
guidelines informing on how to approach tech-
nical choices when specific practices are looked 
at in specific cases. 

FOR EACH GROUP OF PRACTICES 

(TABLES 7 TO 10), SCORES OF 

INDIVIDUAL TECHNOLOGIES 

CONSIDERED ARE AVERAGED TO 

ASSIGN AN INDICATIVE SCORE 

TO THE GROUPS THAT ARE 

PRESENTED IN POLAR GRAPHS 

(FIGURES 5 TO 8).

18	 Although biodiversity also can contribute to addressing 

land degradation and climate change adaptation and miti-

gation, up to some extent.
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BOX 9:
Variables and scoring considered in the qualitative assessment of the SLM technologies

Specific variables or qualities are selected (and grouped with colours) to indicate the
degree to which the SLM technology can contribute in addressing DLDD, climate
change adaptation and mitigation, as well as its impact on biodiversity.

In each case levels assigned are: 1 (in figures) or * (in tables) = low or non-impact; 2 (in figures)
or ** (in tables) = medium impact; and 3 (in figures) or *** (in tables) = high impact.

•	 Soil fertility and structure: sustaining plant growth, 
creation and storage of soil organic matter is favored.

•	 Soil erosion control: prevention of loss, retention and 
protection of soil.

•	 Yield/productivity: productivity increase, this relates 
to food security.

•	 Water availability and retention capacity: water reten-
tion capacity and availability is increased, including 
resilience to droughts.

•	 Soil organic carbon increase and storage: soil organic 
carbon levels are increased or preserved.

•	 Greenhouse gas emission reductions: non-CO2 green 
gases emissions are decreased, in particular nitrous 
oxide and amethane.

In addition:  increased or protected biodiversity, includ-
ing plants, animals and/or soil fauna; cost indication (low, 
moderate or high) for implementation.

A score for each technology is assigned by considering 
the scientific literature referred to in Chapter 2.2 for each 
group of technological solutions and land-use type infor-
mation, the examples included in Chapter 2.2, Annex 1, and the team of authors’ expert judgement. The score 
does not prejudge, nor can it be applied directly to specific circumstances; rather, it constitutes an indication 
based on the information considered (specific assessments should be conducted for specific applicability in 
particular cases beyond the present report). 

Desertification, land 
degradation, drought
• Soil fertility and structure
• Soil erosion control

Climate change 
adaptation
• Yield/productivity
• Water availability      
   and retention capacity

Climate change 
mitigation
• Soil organic carbon 
   increase and storage
• Greenhouse gas 
   emission reduction

- Biodiversity +
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 This is beneficial for comparative purposes, 
giving an idea of how technologies compare in 
SLM, although it also has some limitations. This 
is because technologies are assessed individu-
ally, while combinations of technologies are not 
considered in the assessment. Individual SLM 
technology scores referred to the variables 
associated (Box 9) with DLDD, climate change 
adaptation and mitigation, and biodiversity, and 
are shown in the tables. All the tables for indi-
vidual technologies include an indication of the 
relative cost for their establishment in terms 
of low, medium or high costs, based on the lit-
erature and indicative information in consulted 
databases (WOCAT).

3.2	 Qualitative assessment results

3.2.1	Croplands

Group of technologies (Figure 5)

When considering SLM technologies, veg-
etation management and soil fertility manage-
ment have moderate to high impact on soil 
structure and fertility. soil erosion control and 
on climate change adaptation (in particular, 
increasing yield) and mitigation (by increasing 
soil organic carbon). Soil fertility management, 
however depending on the technology and 
how it is applied, could lead to an increase or 
decrease in non-CO2 GHGs (see Chapter 2). Soil 
erosion control technologies, primarily indicated 
for avoiding losses in top soil, score high for soil 
erosion control, with a moderate score in yield/

productivity, but have a lower impact on soil fer-
tility/structure, water availability/retention and 
soil organic carbon. However, combined with 
green cover, their mitigation potential could 
increase.

Minimum soil disturbance technologies have 
a high impact on erosion control and score mod-
erate to high in soil fertility/structure, and also 
seem to have less impact on climate change 
mitigation than soil fertility management and 
vegetation management technologies. Their 
lower score on mitigation is due to the disparate 
results in soil organic carbon increase by non-
tillage and green cover practices. In the case of 
pest and disease control practices, they have a 
moderate impact on climate change mitigation 
and on yield productivity (adaptation), but low 
or no impact on land degradation (soil erosion 
control and fertility). Specific cases scored mod-
erate to high for water availability/retention, 
although this was not explicitly recognised in 
the literature. Water management technologies 
considered (irrigation and drainage) have low to 
moderate impact on some aspects of climate 
change adaptation and mitigation, since soil 
organic carbon cannot be increased by increas-
ing yield/productivity. However, non-CO2 gases 
can increase or decrease depending on the cir-
cumstances (see Chapter 2). While in this group 
drainage can have a positive impact on GHGs, 
this aspect still requires careful assessment, 
since drainage may reduce CH4 emissions, but 
can increase N2O. The above can change if new 
technologies are included, for example, flooding 
control technologies. 
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FIGURE 5: 

Qualitative assessment of SLM groups of technologies in croplands. A scale for positive impact 
from one to three (1: low or none; 2: moderate; 3: high) is used to qualify each of the SLM prac-
tices considered (Chapter 2.2 of this report) for each of the aspects selected above.
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Individual practices

Within the groups’ technologies, some prac-
tices contribute more than others to addressing 
land degradation and climate change. Other co-
benefits could be considered, a possible addi-
tional benefit being conservation of biodiversity 
or increasing biodiversity in low biodiversity 
systems. In Table 7, each practise is qualita-
tively assessed. Technologies that have a high 
impact on at least two aspects (land degrada-
tion, climate change adaptation and mitigation) 
in most cases also have a positive impact on 
biodiversity (Table 7). This is especially true if 
these technologies are implemented after less 

sustainable or more conventional technologies, 
such as intensive mono-cropping technologies 
with overuse of mineral fertilizers, as was found 
for Mediterranean cropping systems (Aguilera 
et al., 2013; Aguilera et al., 2015), including 
semi-arid areas (de Vente, 2012; Almagro et al., 
2016). They encompass: i) soil fertility manage-
ment (application rate, type and time of fertil-
izers, in particular, organic fertilizers); ii) vegeta-
tion management technologies (permanent soil 
covers, such as green covers in perennial crops, 
crop rotation, multiple and inter-cropping, and 
the choice of species) and iii) minimum soil dis-
turbance (non-till or different forms of reduced 
till, green covers and mulching). 

TABLE 7: 

SLM technologies in croplands clustered in six groups of technologies reflected in Chapter 2.2. 
Addressing land degradation (LD), climate change adaptation and mitigation, co-benefits (biodi-
versity), and cost (investments): Low (1), moderate (2), high (3).
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Integrated soil fertility management 2,3 2,3 2,3 2,3 2,4 2,3 1,6
Aplication of organic fertilizers 3 3 3 2 1 2 2
Biochar soil amendment to increase biomass productivity, and 
sequester C 3 2 2 2 3 2 1

Changing fertilizer application rate, fertilizer type, timing, precision 
application, inhibitors 1 2 2 3 3 3 1

Composting using Indigenous Microorganism 3 2 2 2 3 2 3
Microfertilization 1 2 2 3 3 3 1
Planting pits for soil fertilisation and moisture improvement 2 3 2 2 1 2 1
Production and application of biohumus 3 2 3 2 3 2 2
Minimum soil disturbance 2,3 2,5 2,3 1,5 2,0 1,8 1,5
Direct planting 3 2 2 1 2 1 1
Mulching in croplands 2 3 3 1 2 2 1
No-till technology 3 3 2 2 3 2 2
Strip Tillage 1 2 2 2 1 2 2
Intgrated Pest Management 1,2 1,6 2,2 2 2,8 2 2,4
Application of biological agents to increase crop resistance 1 1 2 2 3 2 3
Biological pest control 1 1 2 2 3 2 3
Integrated production and pest management 2 2 2 2 3 2 2
Trees as Buffer Zones 1 3 3 2 2 2 3
Use of phytopesticides 1 1 2 2 3 2 1
Water management 1 1,1 1,6 1,5 1,3 1,6 1

Micro-irrigation systems 1 1 2 2 1 2 1

Mid-season paddy Water management; Drainage in rice paddies 1 1 1 2 3 1 1

Spate irrigation 1 2 2 1 1 2 1

Spiral water pumps 1 1 2 1 1 2 1

Subsurface drainage 1 1 1 2 1 1 1

Water harvesting from concentrated runoff for irrigation purposes 1 1 2 1 1 2 1
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Soil erosion control 1,7 2,7 2,0 1,1 1,3 1,9 1,2
Gully control and catchment protection 2 3 2 1 1 2 1
Haraghie Stone Bund 1 2 2 1 2 2 1
Integrated runoff water management 2 3 2 2 1 2 1
Living fences / windbreaks 2 3 2 1 2 2 2
Paved and grassed waterways 1 2 1 1 1 2 1
Progressive bench terrace 2 3 2 1 1 2 1
River bank stabilization 2 3 2 2 1 1 1
Rockwall Terracing 1 3 2 1 2 2 1
Semi-circular bunds (for crops and forest/rangeland) 2 3 2 1 1 2 1
Shelterbelts and windbreaks, live hedges 2 3 2 1 2 2 2
Soil /stone bunds 1 2 2 1 2 2 1
Soil Bund with Contour Cultivation 2 2 2 1 1 2 1
Stone lines and  Stone walls 1 3 1 1 1 2 1
Terracing in watershed 2 3 2 1 1 2 1
Traditional cut-off drain 2 3 2 1 1 2 1
Tree row and grass strip to sustain filtering 2 3 2 1 1 2 2
Vegetated earth-banked terraces 2 3 3 1 2 2 1
Vegetative strips 2 3 3 1 1 2 2
Water-spreading weirs 1 1 2 1 1 2 1
Vegetation management 2,3 1,8 2,4 1,7 2 2,3 1,5

Choice plant species/varieties 2 2 3 2 2 3 2

Crop rotation 2 1 2 2 2 3 1

Green cover in perennial woody crops 3 3 3 2 2 3 2

Long term fallow or set-aside 2 1 2 2 2 2 1

Multiple Cropping, intercropping 3 2 3 2 2 3 2

Perennial cropping systems 3 2 3 1 2 1 2

Permanent soil cover 3 3 3 2 1 2 2

Seed priming 2 2 2 2 3 2 1

Traditional Shifting Cultivation 1 1 1 1 2 2 1

TABLE 8: 

(cont.) SLM technologies in croplands clustered in six groups of technologies reflected in Chapter 
2.2. Addressing land degradation (LD), climate change adaptation and mitigation, co-benefits 
(biodiversity), and cost (investments): Low (1), moderate (2), high(3).
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A recent review on using cover crops to 
adapt and mitigate to climate change (Kaye & 
Quemada, 2017) showed that mixed, rather 
than single species cover could be more resilient 
to climate change; however the introduction 
of permanent covers could lead to extra cost 
for farmers, and its introduction might there-
fore require subsidies. On the other hand, care 
should be taken when introducing exotic species 
as permanent covers since they might threaten 
local biodiversity (i.e. invasive exotic species). 

Soil erosion control technologies and water 
management technologies that showed mod-
erate to low impact on land degradation and 
adaptation and mitigation of climate change 
might require extra investments by farmers 
and, unless the state provides subsidies, their 
adoption may be limited. Other studies also 
found similar results in a limited number of 
cases looking into i) the impacts on soil qual-
ity, water availability and biodiversity (Marques 
et al., 2016); ii) soil health and its benefits and 
trade-offs (Key et al., 2016); and iii) potentials 
for mitigation and other environmental co-ben-
efits (Smith et al., 2014). Technologies identi-
fied as beneficial for building soil quality, such 
as through nutrient management, cover crops, 
and crop rotation, are well-established and 
have been used for centuries, all likely resulting 
in positive impacts on carbon storage in the soil 
and water retention while improving crop yields.

Technologies can also be applied in combi-
nation, as is the case in conservation agricul-
ture, organic farming and integrated farming 
systems. For example, minimum tillage and 
soil protection may be combined with veg-
etation residues and rotation, and micro water-
harvesting techniques may even be combined 
with micro fertilization. In the case of semiarid 
areas in Africa, Marques et al., (2016) found that 
results were positive for these combinations 

of technologies. Overall, the most effective 
approach to SLM in arable agriculture should 
consider the implementation of a variety of 
complementary SLM measures involving the 
whole community or watershed. However, 
trade-offs in some cases will need to be con-
sidered carefully. For example, the possibility 
of reduced yields if pests cannot be controlled 
efficiently in the absence of chemical agents. 
Stavi et al., (2016), in comparing conventional 
and conservation agricultural systems, found 
that moderate-intensity and integrated farming 
systems are expected to provide satisfactory 
conditions for crop production, sustaining soil 
fertility and controlling erosion, and contribut-
ing to the mitigation of climate change and to 
food security and environmental quality, while 
conservation systems may sometimes result 
in lower yield. Stockmann et al., (2013) pointed 
out that, despite the potential for carbon stor-
age increase of some technologies in the long-
term, soil carbon sequestration cannot continue 
indefinitely, although the rates of sequestration 
can be high until a system reaches an equi-
librium, which can vary from 0.05 to 0.6 t C 
ha-1yr-1, depending on the prevailing climate and 
land-use.

3.2.2	Grazing lands

Group of technologies (Figure 6) 

Among the four groups of SLM technolo-
gies considered for grazing lands, vegetation 
management and the management of carry-
ing capacity practices lead to moderate posi-
tive impacts overall. Vegetation management 
leads to a higher impact in the case of soil 
organic carbon increase and yield productiv-
ity. Regarding integrated soil fertility manage-
ment, SLM practices seem to have the highest 
impact on soil organic carbon increase among 
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all the groups of practices considered. It is 
well-known that grassland management to 
enhance production (through sowing improved 
species, irrigation or fertilization), minimising 
the negative impacts of grazing or rehabilitat-
ing degraded lands, can each lead to carbon 
sequestration, with suggested averages of 
0.35 t C ha-1yr-1 (Conant et al., 2001), and 

between 0.02 and 0.8 t Cha-1yr-1 (Stockmann 
et al., 2013), depending on the climatic region. 
SLM technologies that sequester carbon in 
grassland soils tend to maximise vegetative 
cover, reducing wind and water-induced erosion 
(Follett et al., 2001), and can lead to higher bio-
diversity (Bekessy & Wintle, 2008; Marques et 
al., 2016).
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FIGURE 6:

Qualitative assessment of SLM groups of technologies in grazing lands. A scale for positive 
impact from one to three (1: low or none; 2: moderate; 3: high) is used to qualify each of the SLM 
practices considered (Chapter 2.2 of this report) for each of the aspects selected above.
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Animal waste management may result in 
zero or negative impact on non-CO2 GHGs emis-
sions reductions, but could indirectly result 
in benefits when the manure is later used for 
fertilizing. Yet, quantifying the impacts of SLM 
practices on rangelands is challenging insofar 
as contrasting results in various ecosystem ser-
vices is concerned (Marques et al., 2016). 

Individual practices

Seeding and rehabilitation with shrubs, fol-
lowed by nutrients management, seem to be 
the most beneficial technologies for land deg-
radation prevention and reversion, as well as for 
climate change mitigation by increasing carbon 

storage (see Table 9). These practices also gen-
erally imply positive impacts on biodiversity, 
although they might imply extra cost. However, 
some trade-offs are being observed, such as the 
introduction of non-native invasive grass spe-
cies in pasture lands, which might result in lega-
cies that affect soil-microbial associations of 
native gasses and inhibit their growth in invaded 
communities (Jordan et al., 2012), and can also 
cause environmentally-invasive weeds beyond 
pasture lands (Driscoll et al., 2014). Prevailing or 
historical land use often needs to be considered; 
for example, the introduction of new grazing 
practices may displace traditional existing prac-
tices (balance between grazers versus browsers 
in southern African prairies).   
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Animal waste management 1,0 1,0 2,0 1,0 1,0 2,0 1,0

Improved cattleshed for urine collection 1 1 2 1 1 2 1

Grazing pressure management 2,0 2,0 2,2 2,0 1,8 2,2 1,7

Area closure to grazing 2 2 3 2 2 2 3

Communal grazing management 2 2 2 2 3 2 1

Ecograze 2 2 2 2 1 3 2

Rangeland resting 2 2 2 2 1 2 1

Rotational grazing 2 2 2 2 1 2 2

Stocking density 2 2 2 2 3 2 1

Integrated soil fertility management 2,0 2,0 2,5 1,0 2,0 2,5 1,0

Manure separation to better distribute organic matter 2 2 2 1 3 2 1

Nutrient management 2 2 3 1 1 3 1

Vegetation management 1,9 2,0 2,3 1,6 1,7 2,4 1,4

Creation of a perennial grass seed area (CACILM) 3 3 3 2 2 3 2

Cut-and-carry fodder production 2 2 2 1 1 2 1

Grazing land rehabilitation with shrubs plantation 2 3 3 2 2 3 2

Improved fodder production on degraded pastureland 2 2 2 2 2 3 1

Improved use of fire for sustainable grassland management. 1 1 2 1 2 2 1

Off-season irrigation of fields and pastures as a mechanism for 
pasture improvement 1 1 2 1 1 2 1

Range pitting and reseeding 2 2 2 2 2 2 2

 

TABLE 9: 

SLM practices in grazing lands considered clustered in four groups of technologies reflected in 
Chapter 2.2. Addressing land degradation (LD), climate change adaptation and mitigation, co-
benefits (biodiversity), and cost (investments): Low (1), moderate (2), high (3).
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    Rotational grazing, eco-graze, lowering 
stocking density, rangeland resting and com-
munal grazing that combine these practices 
have a moderate impact on degradation and 
on contribution to climate change adaptation 
and mitigation. This is in line with the findings 
of Papanastasis et al., (2015) in Mediterranean 
rangelands, which show that effective rehabili-
tation can be achieved if grazing management is 
adjusted from heavy to moderate grazing, with-
out depriving these areas from livestock use 
which may otherwise have led to social unrest. 

The use of grazing-free periods is a tradi-
tional practise that used to be respected by 
cattle holders, but is no longer common. In addi-
tion, according to reports, grazing-free periods 
also led to an increase in fodder production, 
and provided other ecological benefits, particu-
larly related to soil organic matter, increases in 
biodiversity, and reduced erosion (Marques et 
al., 2016). In West Africa, grazing management 
(including rotational grazing, adjusting socking 
densities and controlled grazing) had positive 
impacts on mitigation and adaptation to climate 
change, as well as on food security (Amole & 
Ayantunde, 2016). In this case, forage conser-
vation (cut and carry fodder production) resulted 
in moderate to high impacts on food security 
and climate change adaptation, and moderate 
impact on mitigation. While nutrient manage-
ment implies an increase in productivity and soil 
quality, in particular when organic fertilizers and 
manure are used, it may result in a trade-off in 
non-CO2 GHG emissions (while off-site emission 
reductions will need to be carefully considered).

3.2.3	Forest / woodlands

Group of technologies (Figure 7)

Among the seven groups of technologies 
considered, the groups related to protecting 
forests, such as reducing or avoiding emissions 
from deforestation, lead to high or moderate 
impacts on all three aspects considered, in par-
ticular, in relation to climate change mitigation, 
and have strong co-benefits in conserving bio-
diversity. This is followed by forest restoration 
and afforestation/ reforestation. While sustain-
able forest management practices, including 
fire and pest control, lead to moderate impacts 
in most aspects, due to higher emissions of 
CO2 and non-CO2 GHGs, fire control has a high 
impact on climate change mitigation. In some 
cases, pest control could be very relevant to pre-
vent carbon losses (see Chapter 2). The groups 
of practices related to soil erosion control have 
a higher impact on preventing or reversing land 
degradation and climate change adaptation 
when compared with climate change mitigation. 
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FIGURE 7: 

Qualitative assessment of SLM groups of technologies in forest/woodlands. A scale for positive 
impact from one to three (1: low or none; 2: moderate; 3: high) is used to qualify each of the SLM 
practices considered (Chapter 2.2 of this report) for each of the selected aspects above. 
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Individual practices

Interventions to reduce deforestation and 
forest degradation have the largest and most 
immediate carbon stock impact in the short 
term per ha and per year globally (Smith et al., 
2008). This is due to the fact that large carbon 
stocks (about 350-900 tCO2/ha) are not emit-
ted when deforestation is prevented. SLM prac-
tices aiming to reduce deforestation can have 
the greatest potential for land-based climate 
change mitigation. Furthermore, practices can 
also protect soils and biodiversity, and provide 
food security and resilience to forest-depen-
dent communities. The most effective option 
is the protection of natural forests (preventive 
measures), in particular in the tropics, as these 
may have a high impact on land degradation 
prevention and land-based climate change miti-
gation and adaptation, as well as on biodiversity 
conservation. The costs of reduced deforesta-
tion depend on the cause(s) of deforestation 
(timber or fuelwood extraction, conversion to 
agriculture, settlement, or infrastructure), the 
associated returns from non-forest land-use, 
the returns from potential alternative forest 
uses, and any compensation paid to the indi-
vidual, institutional landowner or community to 
change land-use practices (Smith et al., 2014). 
These causes, however, vary among countries 
and regions (Sathaye et al., 2007; Wolosin et 
al., 2016). In some cases, providing alterna-
tive options for small farmers to reduce slash 
and burn agriculture is a promising practise to 
reduce deforestation, although it may reduce 
their access to food from subsidence agricul-
tural practices. Forest restoration practices, 
such as assisted natural regeneration, provide 
an opportunity for reversing land degradation 
and recovering biodiversity, forest functions 
and services, particularly if implemented at 
landscape scale (forest landscape restoration) 

(Uriarte & Chazon, 2016). Restoration methods 
based on, or which consider, natural regen-
eration also provide low-cost opportunities for 
conserving biodiversity (Latawiec et al., 2016), 
sequestering carbon (Mukul et al., 2016), and 
protecting soils and watersheds (Locatelli et al., 
2015). Such measures could be very relevant in 
the case of dry forests. 

In general, afforestation and reforestation 
has the potential to increase carbon storage and 
provide goods in all cases. However, depending 
on the planting and soil preparation, it might 
result in soil degradation and poor biodiversity; 
for example, biomass clearing and site prepa-
ration prior to afforestation may lead to short-
term carbon losses on that site. Afforestation 
might be foreseen in degraded agricultural 
lands, which limit the introduction of certain 
species and could result in low-success prac-
tices. However, in some cases, such as affor-
estation with a species mix at different scales, 
reforestation that considers the reintroduction 
of native forest species and the reintroduction 
of forest cover after wildfires, can lead to bet-
ter soil quality and erosion control, as well as 
improved water retention capacities (Maestre 
et al., 2004; Martinez-Palacios et al., 2015). In 
highly degraded dry forests, active restoration 
approaches, such as multi-species planting and 
nurse tree methods (Medawatte et al., 2004) 
may be more appropriate than reforestation 
interventions based on conventional mono spe-
cific plantations. The same applies to afforesta-
tion measures (Marques et al., 2016). However, 
such active restoration approaches are costly 
and require sufficient ecological knowledge 
for their effective implementation (Lamb et al., 
2005), preventing those practices from being 
adopted, and leading to a continuation of land 
degradation (Vilagrosa et al., 2009). 
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Forest management activities that increase 
stand-level forest carbon stocks may include 
harvest systems that maintain partial forest 
cover (such as selective logging, thinning, etc.), 
thereby minimising losses of dead organic mat-
ter or soil carbon by reducing soil erosion, and by 
avoiding slash burning and other high-emission 
activities (Nabuurs et al., 2008). Adjusting rota-
tion periods and planting after harvest or natural 
disturbances accelerate tree growth and reduce 
carbon losses relative to natural regeneration. 
Often, these practices include an increased use 
of fertilizers that cause higher N2O emissions. 
Adopting integrative adaptive forest manage-
ment (Bolte el al., 2009) could make forests 

more resilient to climate change, and indirectly, 
to a greater extent than if it were not adopted, 
mitigation in the long term (see Table 12). 

Fire and pest control can also provide high 
mitigation benefits, especially in areas where 
fires are a frequent part of forest dynamics. 
Drainage of forest soils, and specifically of peat-
lands, may lead to substantial carbon loss due 
to enhanced respiration, but moderate drainage, 
for example by using bio drainage, can lead to 
increased peat carbon accumulation (Minkkinen 
et al., 2002).

TABLE 10: 

SLM practices in forests/woodlands considered clustered in seven groups of technologies 
reflected in Chapter 2.2. Addressing land degradation (LD), climate change adaptation and miti-
gation, co-benefits (biodiversity), and cost (investments): Low (1), moderate (2), high (3)
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Afforestation/Reforestation 1,2 2,2 2,8 1,8 1,4 2 2

Afforestation with species mix at different scales 1 2 3 2 2 2 2

Forest establishment in semi-arid land 2 3 2 1 1 2 1

Land reclamation by introdcing forest native species 1 2 3 2 1 2 3

Reforestation in former forest lands 1 2 3 2 2 2 2

Reintroduction of forest cover after wildfires 1 2 3 2 1 2 2

Drainage 2,0 1,0 2,0 1,0 1,0 2,0 1,0

Trees for bio-drainage 2 1 2 1 1 2 1

Fire control, pest and diseases control 1,3 1,7 2,0 2,3 2,3 1,7 2,0

Control of wildfires in peatlands 2 2 2 3 1 1 2

Controlling anthropogenic disturbances such as fire and pest 
outbreaks 1 1 2 1 3 2 2

Management for forest fire prevention 1 2 2 3 3 2 2

Forest restoration 2,0 2,0 3,0 2,0 1,0 2,0 2,0

Assisted regeneration 2 2 3 2 1 2 2

Reducing deforestation 2,5 2,5 2,5 3,0 2,0 2,0 3,0

Establisment of protected forest areas 3 3 3 3 2 2 3

Reducing slash and burn agriculture 2 2 2 3 2 2 3

Soil erosion control 2,0 2,5 1,8 1,5 1,5 2,3 1,0

Afforestation and Hillside Terracing 2 3 2 2 1 2 1

Hydromulching 2 2 1 1 2 2 1

Landslide prevention using drainage trenches lined with fast growing 
trees 2 3 2 2 2 2 1

Mulching after forest fires 2 2 2 1 1 2 1

Trees for watershed management 2 2 2 1 1 3 1

Trees on mountain slopes together with moisture accumulating 
trenches 2 3 2 2 2 3 1

Sustainable forest management 1,1 1,1 1,7 1,4 1,3 1,7 1,0

Adjust forest plantations rotation periods 2 2 3 1 2 2 1

Forest irrigation and fertilisation 1 1 3 1 1 3 1

Fuelwood production  1 1 1 2 1 1 1

Reducing logging waste 1 1 2 2 1 1 1

Selective logging 1 1 1 1 2 1 1

Short rotation biomass production from forest: 1 1 1 1 1 2 1

Woodlots for biomass production 1 1 1 2 1 2 1
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3.2.4	Mixed

Group of technologies (Figure 8)

Agroforestry systems embrace a wide range 
of practices that can improve land productivity 
providing a favourable micro-climate, perma-
nent vegetative cover, improved soil structure 
and organic carbon content, increased infiltra-
tion and enhanced fertility (Branca et al., 2011).
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Biodiversity

Water availability / 
retention

Non CO2 
GHGs reduction

Soil fertility / structure

Soil erosion 
control

Yield / 
productivity

Soil organic 
carbon

FIGURE 8: 

Qualitative assessment of SLM groups of technologies in mixed systems. A scale for positive 
impact from one to three (1: low or none; 2: moderate; 3: high) is used to qualify each of the SLM 
practices considered (Chapter 2.2 of this report) for each of the selected aspects above.
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Agri-pastoral systems result in moderate 
impact. They can indirectly enhance resilience 
and land-based climate change mitigation by 
reducing grazing pressures elsewhere.

Individual practices

This might be rephrased as: “Agroforestry 
practices that highly affect soil quality and 
control soil erosion, such as planting crop com-
binations under multipurpose tree19 systems, 
and that can support carbon sequestration and 
provide food and income to communities, thus 
making them more resilient to climate change. 
In general, all agroforestry practices considered 

19	 Trees that are deliberately grown and managed for 

more than one output. They may supply food in the form 

of  fruit,  nuts, or  leaves; while at the same time supply-

ing firewood, add nitrogen to the soil, or supply some other 

combination of multiple outputs.

can have relatively significant positive impacts 
on all aspects considered in Table 10. 

Incorporating sheep into dryland grain pro-
duction systems, such as sheep-cereal farm-
ing, is an original Mediterranean system which 
probably appeared in the Middle Ages, during 
a critical economic situation as a diversifica-
tion response to reduce risk and optimise food 
and feed production (Correal et al., 2006). The 
system provides better outcomes on marginal 
drylands, where cereal yields are low and animal 
production is economically more interesting. 
The practice of sheep-cereal organic farming 
in marginal areas could both support the pres-
ervation of local cereal races and local sheep 
and goat breeds, which are better adapted and 
more productive under difficult conditions than 
selected races and breeds, and can also be justi-
fied by the originality and quality of their final 
products.

TABLE 11: 

SLM practices in mixed systems are clustered in two groups of technologies reflected in Chapter 
2.2. Addressing land degradation (LD), climate change adaptation and mitigation, co-benefits 
(biodiversity), and cost (investments): Low (1), moderate (2), high (3).
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Agri-pastoral systems 2,0 2,0 2,0 1,0 2,0 2,0 1,0

Incorporating sheep into dryland grain production systems 2 2 2 1 2 2 1

Agroforestry systems 2,8 2,5 3,0 2,0 2,3 2,3 2,0

Animal Draft Zero-Tillage 3 2 3 2 1 2 2

Home gardens  3 3 3 2 2 2 2

Orchard with integrated grazing and fodder production 
(Silvo-pastoralism) 2 2 3 2 3 2 2

Plantation crop combinations, multipurpose trees on crop lands 3 3 3 2 3 3 2

3.3	 Technically-promising technologies 

In croplands, SLM technologies aimed at 
increasing and stabilising crop productivity, in 
particular in developing countries, including i) 
agronomy (multi-cropping and inter-cropping, 
green cover in perennial woody crops), ii) inte-
grated soil fertility management (production 
and application of bio-humus), and iii) agrofor-
estry (in particular, multiple cropping, intercrop-
ping and green covers in perennial woody crops) 
can generally prove to be optimal solutions to 
simultaneously address land degradation and 
climate change adaptation and mitigation. These 
technologies tend to show significant adapta-
tion potential (i.e., by maintaining or enhancing 
food security) in humid and in semiarid areas, 
but may show smaller mitigation co-benefits 
in drylands where addressing land degradation 
and adapting to climate change has higher rel-
evance as a goal than mitigating climate change. 

In grazing lands, SLM practices that increase 
productivity (such as perennial seed grass areas 
or rehabilitation of grasslands in particular, 
including woody vegetation) can be seen as 
promising solutions. In particular, they show 
significant potential for land-based climate 
change mitigation and in addressing land deg-
radation, but also in adapting to climate change 

(i.e., by increasing yields). Their implementation, 
however, may also imply extra costs and techni-
cal knowledge, which could slow down, or even 
entirely prevent, their implementation in areas 
dependent on lower-cost practices for manag-
ing carrying capacity (for example, area closure 
for grazing or rotational grazing). 

In forest/woodlands, SLM practices aiming 
to reduce deforestation of primary forest, in 
particular in the tropics, show significant miti-
gation potential, all while preventing land deg-
radation, ensuring biodiversity co-benefits and 
enhancing resilience of forest-dependent com-
munities. Finally, diverse mixed systems, such 
as agroforestry, including crop combinations 
with multipurpose trees, also emerge as an 
optimal solution to simultaneously address land 
degradation and climate change adaptation and 
mitigation at a relatively low cost.

In the case of croplands, second-best 
technology options that in general imply low 
investment include integrated soil fertility 
management by: i) applying organic fertilizer 
(most economically viable if the farmer has 
free access to organic fertilizers), ii) changing 
fertilizer applications (types, rates and timing) 
and micro-fertilization, iii) vegetation man-
agement technologies (such as choice of crop 
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species, permanent soil cover and perennial 
crops), iv) mulching technologies as minimum 
disturbance technologies, v) trees as buffers to 
support pest control, and vi) soil erosion con-
trol technologies (e.g., vegetated earth-banked 
terraces or vegetative strips). Recent literature 
and studies show that some technologies, such 
biochar amendment may have wide geographi-
cal applicability (Paustian et al., 2016), and are 
becoming promising for climate change mitiga-
tion in multiple regions. In woodlands and for-
ests, second-best options that emerged were 
management practices to prevent forest fire, 
although they might have a high cost, soil ero-
sion control by introducing trees with moisture 
retention trenches that have - if established 
with local man power – a relatively low cost. For 
grazing lands, second-best options seem to rely 
on nutrient management at relatively low cost. 
In the case of mix systems, home gardens and 
orchard grazing are combined with fodder pro-
duction, also at a low cost.

Economic considerations

Economic reasons are key determinants in 
land users’ decisions to adopt SLM technolo-
gies. Giger et al., (2015) evaluated the cost of 
258 technologies for which these data were 
available in the WOCAT database and found a 
median cost of USD500/ha. Many of the prac-
tices imply low to moderate costs, but the 
amount varies considerably (less than $20 to 
over $5000/ha) due to the great diversity of 
measures and of contexts in which they are 
implemented. The highest median establish-
ment costs, as well as median maintenance 
costs, were reported for technologies involving 
combined vegetative/management measures 
that included high-cost afforestation projects. 
It was also found that, in order to make invest-
ments, land users need stable economic condi-
tions and secure tenure rights, as adoption of 
measures is generally a gradual process that 
lasts for many years. They also found that land 
users’ most frequently mentioned motivations 
for adopting a given SLM technology are: i) pro-
duction (24%), ii) increased profitability (20%) and 
iii) well-being and livelihood improvement (20%). 
Marques et al., (2016) observed that the most 
frequent weaknesses observed for SLM adop-
tion are usually stakeholders’ lack of awareness 
and the strong dependence on external subsi-
dies and technical support. Therefore, it seems 
that economic considerations are a primary 
motivation for SLM implementation on the part 
of land users. 
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of variables to 

qualitatively 
compare the impacts 

of groups and/
or individual SLM 

practices.



Accelerating SLM 
knowledge exchange 
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multi-stakeholder 
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The land-based SLM technologies consid-
ered in Chapter 2 are qualitatively assessed 
in relation to their potential biophysical and 
technical contribution to addressing land deg-
radation and climate change adaptation and 
mitigation, including some considerations on 
biodiversity impacts and cost in Chapter 3. This 
Chapter, recognising that the adoption of SLM 
practices is still slow, explores general aspects 
related to barriers and the creation of enabling 
environments for SLM implementation. In addi-
tion, some general guidelines are proposed to 
inform the selection, promotion and enabling 
conditions for the implementation of SLM. 

Although principles and practices of SLM 
are well-known, and SLM has been widely 
promoted through many land-use projects in 
different countries, land degradation is still 
increasing and becoming a major global threat. 
SLM is increasingly promoted at the policy and 
development cooperation level (World Bank, 
2008). Its actual use, however, remains lim-
ited to a minority of innovative land users and 
those practising sustainable traditional systems 
(Critchley, 2007; Liniger et al., 2007), evidencing 
that there is still a wide gap between acknowl-
edgement of the need for SLM and implementa-
tion of successful SLM practices. 

This gap can be addressed when moving 
towards reaching adoption/implementation 
of SLM, by considering and promoting enabling 
conditions20; for example, through engage-
ment of all relevant sectors of government and 
other stakeholder groups during the evaluation, 
selection, and implementation phases, thereby 
paying particular attention to marginalised 

20	  Enabling environments in this context include institu-

tional, policy and legal frameworks; awareness and capacity 

building; cross-sectorial collaboration; financial and mate-

rial support; appropriated stakeholder participation.

and vulnerable populations, and also ensur-
ing a gender-balanced approach (see below 
“multi-stakeholder participation and learn-
ing process” at the opportunities and enabling 
conditions sub-chapter).  Noting that SLM tar-
gets and indicators are mostly site-, region or 
country-specific,

 IT WILL NOT BE POSSIBLE TO 

EXPORT SLM SOLUTIONS FROM 

ONE SITE TO ANOTHER WITHOUT 

ANALYSING THE TECHNICAL AND 

SITE-SPECIFIC ENVIRONMENTAL, 

SOCIAL AND INSTITUTIONAL 

ASPECTS AND ADAPTING SLM 

MANAGEMENT TO THESE GIVEN 

REALITIES.
						    

In this regard, developing a framework to assess 
co-benefits and trade-offs of SLM could allow 
regulators, policy-makers and land managers to 
deliver more coherent land-management strat-
egies that could improve the benefits and co-
benefits at the specific time and space scales 
considered. Recent attempts to provide such 
types of frameworks include general method-
ological frameworks for monitoring and assess-
ment of SLM across scales (Reed et al., 2011; 
Schwilch et al., 2012b) and specific frameworks 
for drylands (Bestelmeyer et al., 2015). At the 
global level, the recently proposed LDN concep-
tual framework (Orr et. al., 2017) encourages 
the integration of LDN interventions into exist-
ing national land-use planning (see Box 10.) 
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BOX 10: 
LDN conceptual framework

The recently proposed LDN conceptual framework (Orr et. al., 2017) encourages the integration of 
LDN interventions into existing national land-use planning. Furthermore, the conceptual framework 
proposes a response hierarchy to avoid > reduce > reverse land degradation to articulate the priorities 
in planning interventions at the landscape scale, thereby considering all land units of each land type 
and their interactions and ecological trajectories, so that LDN interventions can be optimised in order 
to maintain, or exceed, no net loss per land type. 

FIGURE 9:  

Land Degradation Neutrality conceptual framework. (Orr et al., 2017).
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Scaling up and integrating SLM technolo-
gies and practices, in the context of providing 
multiple ecosystem services, should become 
an opportunity to achieve the LDN target by 
addressing DLDD, all while promoting climate 
change adaptation and mitigation. 

Barriers for implementation
Even though techniques for SLM are known, 

mainstreaming technically-identified best SLM 
practices frequently faces several barriers or 
bottlenecks (constraints) (Smith et al., 2008; 
Akhtar-Schuster et al., 2011; Reed & Stringer, 
2015; Hussey et al., 2017). It can be hypoth-
esised that the barriers for the implementation 
of SLM are related to technological, ecologi-
cal, institutional, economic and socio-cultural 
aspects. Some authors also recognise that, 
despite significant progress in the scientific 
understanding and prevention of land degra-
dation in recent years (see Chapter 2 and 3), 
advances in understanding the socio-cultural, 
institutional, sectorial, financial, legal and 
knowledge barriers to combating land degra-
dation and achieving SLM, need to be further 
explored and understood (Akhtar-Schuster et 
al., 2010). 

Technical barriers: SLM practices that are 
technically effective or possible in one specific 
location are not necessarily also the best option 
in other locations, because of different biophys-
ical constrains or the lack of specific machinery 
required. For example, the inherent vulnerability 
of soils to degradation under various land-use 
options sometimes limits the level of applica-
tion and success of “a priori” SLM technologies. 
It is therefore important to have area- and case-
specific technological packages, accompanied 
by the necessary capacity-building measures 
and resources for appropriate implementation. 

Ecological barriers: Availability of land and 
water for different uses need to be balanced, 
considering short- and long-term needs and 
planning priorities (time scales), and global dif-
ferences in resource uses. Consequently, limited 
resources can become an ecological barrier, 
and the decision on how to use them needs to 
balance ecological integrity and societal needs 
(Jackson, 2009). Local environmental charac-
teristics (climate, topography, soil quality) often 
determine success or failure of SLM practices. 
From this consideration, the potential to miti-
gate climate change held by some land-based 
options can be highly determined by specific 
ecological conditions, even within the same 
region or cropping system (Baker et al., 2007; 
Chatterjee & Lal, 2009). 

IN THIS REGARD, INITIAL 

CHARACTERISATION OF BASELINE 

CONDITIONS WILL HELP TO SELECT 

THE MOST SUITABLE LAND USE 

AND/OR MANAGEMENT OPTION, 

DEPENDING ON LOCAL CONDITIONS 

AND CONSIDERING BOTH ON-SITE 

AND OFF-SITE BENEFITS.



4. Creating enabling environments for the implementation of SLM practices

104

Often, there are knowledge gaps about the 
ecological implications of different spatial con-
figurations and time scales for application of 
potentially suitable SLM options available.

Institutional barriers: Institutional and gover-
nance issues are often major barriers that hin-
der the adoption of SLM practices. For example, 
governance structures that aggravate or inhibit 
decision-making at different scales do not 
encourage cross-sectorial planning and cause 
instability over time. The inability to accommo-
date traditional governance mechanisms and 
access rights recognised by indigenous people 
and local communities, including collective 
rights, can further prevent successful cross-
sectorial planning (Runsten & Tapio-Biström, 
2011; Shames et al., 2011; Scherr et al., 2012). 
Therefore, the progressive promotion of trans-
parent and accountable governance and swift 
institutional establishment are very impor-
tant for the implementation of SLM practices. 
Competent institutions, endowed with flexibil-
ity and dedicated to land planning and follow-
up of the implemented SLM practices would 
ensure the suitability, feasibility and effective-
ness of the intervention in the long term.  This 
includes the need to promote clear land tenure 
and land-use rights regulations at a certain level 
of enforcement. Often, the lack of institutional 
capacity (as a means for securing creation of 
equal institutions among social groups and indi-
viduals) can also reduce the feasibility of certain 
SLM practices in the near future, especially in 
areas where small-scale farmers or forest users 
are the main stakeholders. 

A first step towards improving land tenure 
regulations could be the progressive adoption 
of the Voluntary Guidelines on the Responsible 
Governance of Tenure of Land, Fisheries, Forests 
(FAO, 2012).

Socio-economic and cultural barriers: SLM 
based on scientific knowledge alone may not be 
suitable for the socio-cultural context that they 
are needed in, and that may significantly limit 
their acceptability and effectiveness. Financial 
and economic aspects are often put forward 
as primary obstacles (ELD, 2015), although 
they can also create opportunities (see Box 
11). Financial concerns include lack of access 
to loans and credit, high transaction costs or 
reduced income. Poverty is characterised not 
only by low income, but also by limited access 
to decision-making levels, social organisations, 
low levels of education and reduced access to 
resources (e.g., land or technology) and markets 
(Ferweda, 2015). 

THERE IS A NEED TO RAISE THE 

NATIONAL PRIORITY ON THE EFFECTIVE 

IMPLEMENTATION OF LAND LAWS AND, 

ESPECIALLY, TO PROMOTE LAND TENURE 

SYSTEMS THAT WILL ENCOURAGE 

INVESTMENT IN SLM RELATED ACTIVITIES.
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Low levels of literacy, education, and lan-
guage skills create barriers to valuing complex 
environmental goods, as well as creating dif-
ficulties for using traditional survey techniques 
like questionnaires and interviews. Better 

access to information, increasing awareness and 
more deliberative and participatory approaches 
to data collection may help to overcome these 
issues. Cultural (including spiritual and religious) 
values and social acceptance can determine 
the feasibility of the SLM technologies. It is 
sometimes necessary to adapt SLM practices 
to legal, political, and economic contexts in 
order to enable the adoption of the most eco-
nomically desirable option, as well as to remove 
existing barriers to adoption. Removing barriers 
to adoption requires a good understanding of 
landholders’ attitudes, behaviours, and incen-
tives regarding the adoption of SLM (ELD, 2015). 

THE STAKEHOLDERS’ PERCEPTION OF 

THE PROBLEMS OF DLDD AND CLIMATE 

CHANGE, AS WELL THE PERCEPTION OF 

THE IMPACTS OF SLM ALSO STRONGLY 

DETERMINE THEIR SOCIAL ACCEPTANCE.

BOX 11: 
The Economics of Land Degradation (ELD).

The ELD Initiative has compiled financial and economic findings and recommendations from available literature, 
recent case studies and key ELD partners to guide the way to achieving the goals of improved food, energy, and 
water security. First assessments show that: 
SLM approaches and techniques can reduce or even halt land degradation, and can enhance the productivity of 
degraded lands and provide economic benefits and higher return on investments; 
Scenarios based on different development pathway options indicate that the adoption of SLM-enabling envi-
ronments can provide an additional USD 75.6 trillion annually.

Source: ELD, 2015.
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4.1	 Opportunities and enabling conditions for 
upscaling SLM

SLM practices and restoration or rehabilita-
tion measures of land have been demonstrated 
to be effective in many scientific projects 
and small-scale environmental experiments 
and pilots. Biophysical information has been 
obtained in many cases, but social capital to 
support its implementation is often lacking. 
Various implementation and research projects 
(GEF, 2009; Zdruli et al., 2010; Schwilch et al., 
2012a) have addressed the challenge of upscal-
ing SLM, providing numerous recommendations 
and possible approaches. These indicate that, 

FOR SUCCESSFUL UPSCALING 

OF LAND MANAGEMENT, MORE 

ATTENTION MUST BE PAID TO THE 

SOCIAL SYSTEM FROM THE FIRST 

INVOLVEMENT STAGE, UP TO THE 

LONG-TERM MAINTENANCE.

Expanded training of researchers, SLM spe-
cialists, agricultural advisors, governmental 
staff and others may be required. SLM strate-
gies that are adapted to the local context bear 
great potential for upscaling and replication. 

Approaches for upscaling SLM range 
from sophisticated decision support systems 
(Ananda & Herath, 2009; Kellon & Arvai, 2011) 
to improved enabling environments (i.e., through 
land policies and subsidies focused on water, 
environment, and poverty) (Akhtar-Schuster et 
al., 2011) and promotion of social or sustain-
ability-oriented learning processes (Leeuwis 
& Pyburn, 2002; Rist et al., 2006; Tàbara & 

Pahl-Wostl, 2007; Armitage et al., 2008; Reed 
et al., 2010). While all are useful and cover many 
key aspects, there is an apparent lack of prac-
tical, structured, yet flexible methodologies for 
fostering SLM in diverse contexts (Schwilch et 
al., 2012a). Continued monitoring and evalu-
ation through land users and researchers will 
help to prove the multifaceted benefits of SLM. 
In this context, moving towards implementa-
tion of the LDN target could become a policy 
instrument to promote the implementation and 
upscaling of SLM, while balancing land degrada-
tion and restoration/rehabilitation/reclamation 
processes at global, regional, national and local 
levels (Kust et al., 2016), and will need to be fur-
ther explored.

Cross-sectorial linkages. 

Integrating land degradation and SLM 
issues across sectors, levels and stakeholder 
groups, making it a consideration in policy in 
all related areas (e.g., water, energy, poverty), 
can also open new and previously inaccessible 
funding sources. Shifts in addressing land-use 

GIVEN THE CONTINUING TRENDS IN 

INCREASING LAND DEGRADATION (MA, 

2005) AND ITS PRONOUNCED LINKS WITH 

CLIMATE CHANGE, BIODIVERSITY LOSS, 

POVERTY, HEALTH, FOOD, WATER AND 

ENERGY INSECURITY, AS WELL AS HUMAN 

DISPLACEMENT, THERE IS AN URGENCY 

TO MAINSTREAM LAND ISSUES INTO 

NATIONAL CROSS-SECTORIAL POLICIES. 
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management are taking place. These consider 
the landscape (including institutional, policy, 
financial, knowledge, planning and regulatory 
aspects) as a whole, along with the traditionally 
studied biophysical and socio-economic chal-
lenges posed by land degradation. An example in 
the context of developing countries is provided 
by Akhtar-Schuster et al., (2011), who show that 
these holistic approaches should also take note 
of the different temporal (short, medium- and 
long-term) and spatial (local, national, regional 
global) scales across which land degradation, 
SLM and policy operate. Mainstreaming is cur-
rently hampered by the insufficient provision of 
scientifically-validated national monitoring and 
reporting, the results of which are rarely made 
available in a politically accessible cross-sectoral 
format (Akhtar-Schuster et al., 2010). There are 
increasing examples of generating an enabling 
environment by creating sustainable business 
cases based on sustainable development, or 
rehabilitation or restoration projects across 
sectors initiated by SMEs (see, for example, 
initiatives by Common land Foundation21 or the 
Forest and Farm Facility22) and through training 
of future business leaders (https://www.rsm.nl/
enable/about-us/).

Policy incentives for SLM implementation. 
Di Gregorio et al., (2017) found that effective 
Climate Policy Integration in the land-use sec-
tor requires i) internal climate policy coherence 
between mitigation and adaptation objectives 
and policies; ii) external climate policy coher-
ence between climate change and development 
objectives; iii) vertical policy integration to main-
stream climate change into sectoral policies; 
iv) horizontal policy integration by overarching 

21	  www.commonland.com

22	  http://www.fao.org/partnerships/

forest-farm-facility/91934/en/

governance structures for cross-sectoral coor-
dination. These four characteristics are all nec-
essary to develop enabling policy environments 
that facilitate climate-resilient land-use path-
ways that combine the aims of climate change 
adaptation, mitigation and sustainable develop-
ment. The best way to achieve win–win situa-
tions is through a type of climate policy integra-
tion that considers both potential trade-offs 
and mutual benefits between adaptation and 
mitigation when mainstreaming climate change 
into land-use planning and policies (Locatelli et 
al., 2015).  These lessons can inform broader 
land-use policy design to promote SLM. 

Multi-stakeholder participation and learn-
ing process. Fostering structured participatory 
approaches, moving beyond simple promotion 
of SLM technologies, is necessary to maximise 
its benefit to human welfare demands (Nkonya 
et al., 2011). In this regard, transdisciplinary 
approaches23 are gaining importance in devel-
opment (Pohl et al., 2010; Roux et al., 2010) and 
sustainability (Lang et al., 2012) research. 

COLLABORATING WITH LAND USERS 

AND OTHER STAKEHOLDERS IS 

CONSIDERED A PRECONDITION FOR 

SUCCESSFUL SLM.

While the traditional concept of knowledge 
and technology transfer from researchers to 
agricultural advisors, and then to land users, is 
still practised in many areas, the shortcomings 
of this one-way approach are increasingly rec-
ognised (Gabathuler et al., 2011). In this sense, 
the Department of Environmental Affairs from 

23	  Involving stakeholders in the design and 

implementation.

http://www.commonland.com/
http://www.fao.org/partnerships/forest-farm-facility/91934/en/
http://www.fao.org/partnerships/forest-farm-facility/91934/en/
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the Republic of South Africa has demonstrated 
the importance of combining several approaches 
and agents (from institutional arrangement, 
funding, landowner’s engagement and capac-
ity building) in many successful initiatives 
related to Natural Resources Management (e.g., 
Working for Land, Working for Forest; Working 
for Ecosystems24; Working for Water, among 
others). 

Integrating diverse stakeholder perspec-
tives, beginning with the design of SLM projects 
all the way to implementation and monitoring 
(Gonsalves et al., 2005), thereby ensuring that 
their knowledge is fully integrated through-
out the process (Stringer et al., 2007), will 
increase the likelihood for their acceptance and 
implementation of SLM (de Vente et al., 2017). 
Although still not common practise (Schwilch et 
al., 2012b), the crucial importance of integrat-
ing knowledge from land users, technicians, 

24	 https://www.environment.gov.za/projectsprogrammes

governmental and non-governmental offi-
cials and decision makers at all levels, locally, 
nationally, regionally and globally, is increas-
ingly acknowledged (Hurni, 2000; Hemmati, 
2002; Bouwen & Taillieu, 2004). While stake-
holder involvement is clearly important and 
can lead to greater acceptance and adoption 
of SLM (de Vente et al., 2016, Figure 4.2.), it 
does not guarantee successful SLM practices 
on its own (Scott, 2011). Stakeholders must 
be included in the negotiation of sustainability 
goals, the selection of relevant SLM strategies, 
as well as in the selection of indicators for SLM 
progress monitoring. In addition, the quality of 
decisions made through stakeholder participa-
tion is strongly dependent on the nature of the 
decision-making process and the participants 
involved. In this regard, social learning (see 
Box 4.3) has gained prominence in projects and 
studies on sustainable agriculture and natural 
resource management (Armitage et al., 2008; 
Schneider et al., 2009).

BOX 12: 
Social learning: beyond simple stakeholders’ participation

Reed et al., (2010) recently defined social learning as: “a change in understanding that goes beyond the 
individual to become situated within wider social units or communities of practice through social inter-
actions between actors within social networks”. Schneider et al., (2009) suggest that social learning 
comprises co-production of knowledge by land users, technicians, and researchers through a shared 
learning space that is essential for jointly moving towards more SLM. Some researchers expand the 
social learning concept to include people’s actions, not just changes in their understanding (Garmendia 
& Stagl, 2010), what is widely levelled as transdisciplinary approaches. The current literature still lacks 
discussions on suggested ways for assessing whether, and to what extent, social learning is actually 
taking place (Schwilch et al., 2012a).
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Reed (2008) asserts that relevant participa-
tion should be considered as early as possible 
and throughout the decision-making process, 
representing relevant stakeholders systemati-
cally. In addition, the author stresses the impor-
tance of having clear objectives from the start, 
and should not overlook the benefits of highly 
skilled facilitation. Instead, the process should 
be institutionalised, creating organisational cul-
tures that facilitate decision-making. Although 
this may seem risky, there is growing evidence 
that, if well-designed, these risks may be well 
worth taking. Liniger et al., (2011) indicate that 
this will require an SLM practices selection pro-
cess in three steps, where: i) stakeholders recog-
nise that SLM solutions are available locally and 
that outside (technical) solutions are not always 

necessary; ii) these locally available solutions 
are carefully assessed; and iii) the interaction 
and learning process facilitates future collabo-
ration and joint action. Some recommendations 
for the design of participatory process are pro-
vided by de Vente et al., 2016 (Figure 10) based 
on empirical evidence from 24 participatory pro-
cesses in drylands. RAPTA guidelines (O´Connell 
et al., 2016) applied in the context of the Global 
Environmental Facility (GEF) projects provide 
seven iterative steps to facilitate the design 
and implementation of sustainable develop-
ment projects: scoping, engagement and gov-
ernance, theory of change, system description, 
system assessment, options and pathways, and 
learning.

FIGURE 10: 

Summary of recommendations for the design of participatory processes in environmental man-
agement to achieve more beneficial environmental and social outcomes based on assessment of 
24 dryland cases (de Vente et al., 2016).

•• Information gain and learning
•• Mutual gains (win-win) and sustainable solutions, 

goal attainment
•• Increased trust and acceptance

Recommendations			   Expected outcomes

Select your participants carefully

•• Increased problem ownership and participation
•• Increased trustMake participation attractive and easy

•• Increased trust
•• Increased acceptance and implementation of 

solutions
Foster trust among participants

•• Information gain, learning
•• Mutual gains (win-win), flexible solutions
•• Goal attainment, increased trust

Provide participants with relevant information and 
actual decision-making power

•• Mutual gains (win-win), flexible, sustainable, and 
socially equitable solutions and conflict resolution

•• Increased trust and goal attainment

Use professional independent facilitation and struc-
tured methods of information aggregation

•• Increased trust and implementation of solutionsPromote long-term commitment of all participants

•• Increased trust
•• Increased participation
•• Learning

Adapt language, location and process design to the 
participants

Expected outcomesRecommendations
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In summary, the crucial aspects for creating 
the enabling environment(s) necessary for the 
successful design, adoption and implementa-
tion of SLM technologies and practices to sup-
port the DLDD and climate change adaptation 
and mitigation include: institutional, policy, and 
legal frameworks; awareness, capacity building, 
training; cross-sectoral collaboration; financial 
or material support; appropriated stakeholder 
participation at all levels of the decision-making 
process. 

4.2	 Visualising main steps towards SLM 
adoption

In many cases, the lack of a framework to 
assess co-benefits and trade-offs for identify-
ing and promoting enabling conditions limits 
the ability of regulators, policy-makers and land 
managers to move towards more coherent SLM 
choices at different scales (in time and space) of 
implementation. Presenting information that is 

relevant for the analysis and delineation of pos-
sible trade-offs in a comprehensive format is 
critical for effective communication of results. 
Well-designed visualisations of multiple indi-
cator values can be a powerful and an intuitive 
means of conveying large amounts of complex 
data, facilitating a deeper understanding of the 
interactions among indicators in order to sup-
port better decision-making (Marques et al., 
2016). 

This visualisation begins with assessment 
of land degradation status, climate vulnerabili-
ties and potential for mitigation (from techni-
cal to socio-economic feasibility) of a piece of 
land. The next step is selection of the best SLM 
technologies, taking into account the socio-
economic viability (of technologies on their own 
or in combination), and then looking for how 
to strengthen the enabling conditions for their 
implementation. The main simplified steps that 
could be considered in these processes are indi-
cated below in Figure 11.
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FIGURE 11: 

Iterative key steps for the successful design and adoption of SLM.
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practices by appropriate policy 
instruments that enhance land 
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The objective of this report is to “Highlight 
the science-based synergistic potential of SLM 
practices to address DLDD, climate change mit-
igation and adaptation”. Therefore, this report 
considered the linkages between SLM practices 
to address DLDD, climate change adaptation 
and mitigation, as well as the resulting syner-
gies and trade-offs. 

SLM technologies are well-known from 
the scientific and technical perspective, and 
practical guidance for identification and imple-
mentation of SLM is being provided by differ-
ent organisations and initiatives, in particular 
at local scales. Several recent publications 
based on global databases, such as WOCAT and 
large projects made a standardised attempt 
to assess specific cases of SLM technologies 
and practices (Schwilch et al., 2012b; Liniger et 
al., 2017). Moreover, there are ongoing efforts 
(such as by the Economics of Land Degradation 
Initiative) to develop an approach to establish-
ing economic valuation and cost-benefit analy-
ses that can help identify economically desir-
able SLM options. 

There is increasing scientific evidence of the 
potential advantages of adopting SLM tech-
nologies and practices as land-based solutions 
to simultaneously address land degradation 
and climate change adaptation and mitigation, 
while often achieving other co-benefits, such 
as protection of biodiversity.  For example, SLM 
technologies aiming to address DLDD (prevent, 
reduce or revert) can often improve resilience, 
contributing to adaptation to climate change, 
and increase carbon stocks while reducing 
GHG emissions, which contributes to climate 
change mitigation. However, many overviews 
and assessments of SLM have focused only on 
specific technologies and single impacts (i.e., 
yield-improving strategies; soil quality; climate 
change adaption or mitigation, etc.). In this 

regard, this report is a first attempt to provide 
a more comprehensive multi-objective qualita-
tive assessment of SLM technologies, including 
co-benefits, trade-offs, barriers for implemen-
tation, and enabling conditions, which is lacking 
to date. Although the results from the present 
report may be limited by the number of SLM 
practices or combinations of practices selected, 
it was proved that 

SLM TECHNOLOGIES HAVE THE 

POTENTIAL TO SIMULTANEOUSLY 

ADDRESS CHALLENGES POSED BY 

LAND DEGRADATION, DROUGHT AND 

CLIMATE CHANGE ADAPTATION AND 

MITIGATION. 

The main findings from this report are sum-
marised in the following lines: 

SLM technologies aimed at increasing and 
stabilising crop productivity, in particular in 
developing countries, including vegetation 
management practices (multi-cropping and 
inter-cropping, green cover in perennial woody 
crops), integrated soil fertility management 
(such as production and application of bio-
humus), can be considered technically optimal 
solutions to simultaneously address DLDD and 
climate change adaptation and mitigation with 
generally low investments. Although they tend 
to show significant adaptation potential (i.e., 
by maintaining or enhancing food security) in 
humid and in semiarid areas, it leads to smaller 
mitigation co-benefits in drylands where land 
degradation and adaptation to climate change 
may be of higher priority. Also, integrated 
soil fertility management by applying organic 
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fertilizer and/or adjusting fertilizer applications, 
choice of crop species, permanent soil cover in 
perennial crops, mulching, some pest control 
practices, soil erosion control technologies (e.g., 
vegetated earth-banked terraces or vegeta-
tive strips) and water management (improving 
water efficiency and collection) can be consid-
ered technically suitable solutions to simulta-
neously address land degradation and climate 
change adaptation and mitigation with gener-
ally low investments.

SLM practices that increase productivity in 
grazing lands (such as adjusting grazing inten-
sity, vegetation and animal waste manage-
ment, prioritising the use of indigenous species, 
permanent ground cover, agroforestry, fodder 
crops, water harvesting or integrated nutrient 
management) also show significant potential 
for land-based climate change mitigation and 
for addressing land degradation. However, this 
may imply extra costs and require that practi-
tioners have increasing technical knowledge. In 
this case, lower cost practices, such as manag-
ing the timing and severity of grazing to ensure 
that the carrying capacity is not surpassed (for 
example, area closure for grazing or rotational 
grazing) or diversifying and selecting the most 
appropriate species for specific areas consider-
ing its resilience to forecasted climate change 
(adaptive management) could be more suitable.

SLM practices aiming to maintain or 
increase forest cover through afforestation, 
reforestation, and sustainable and adaptive 
management, while reducing deforestation, in 
particular in tropical forests. These practices 
have a significant potential for climate change 
mitigation and biodiversity preservation, while 
preventing land degradation and increasing the 
resilience of forest-dependent communities. 
Enhancing forest carbon stocks and forest cover 
with the most appropriated mix of species, and 

prioritising the use of indigenous species, in 
combination with watershed management and 
assisted regeneration practices, will enable 
managed and unmanaged forest ecosystems 
to adapt to extreme events such as heatwaves, 
droughts, floods, landslides, and sand and dust 
storms, as well as pest and disease control.

Promoting agroforestry practices such as 
plantations of crop combinations under multi-
purpose tree systems, intercropping with green 
covers in perennial woody crops, and inclusion 
of livestock contribute to achieving multiple 
benefits. The adoption of mixed systems con-
tributes to increased soil quality and carbon 
sequestration, maintains soil fertility and nutri-
ent cycling and controls soil erosion, while pro-
viding food and income to local communities 
and enhancing resilience to climate change.

Combining SLM technologies and 
approaches (e.g., through forest landscape res-
toration, integrated land-use approaches, eco-
system adaptation approaches, conservation 
agriculture approaches, etc.) can easily include, 
and maximise if well-designed, both contribu-
tions to land-based climate change adaption 
and mitigation, and addressing land degrada-
tion. Often, it will also result in other co-ben-
efits, such protecting or enhancing biodiversity.

Increasing Soil Organic Carbon (SOC) stocks is 
key to most SLM practices and provides synergies 
for addressing DLDD, climate change adaptation 
and mitigation. Besides contributing to climate 
change mitigation by removing CO2 from the 
atmosphere, enhancing organic carbon in soils 
improves soil health and fertility, water and nutri-
ent retention capacity, food production potential 
and resilience to drought. The potential and mag-
nitude of each of these benefits will depend on 
the baseline conditions, and local environmental, 
socio-economic and cultural conditions.
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SLM practices have a high potential to 
enhance SOC sequestration, although esti-
mates of this potential should consider the 
full Greenhouse Gas (GHG) balance, including 
possible interactions between the carbon and 
nitrogen cycles that could affect the net climate 
change mitigation potential of applied practices. 
Even when the mitigation potential of SLM is 
not fully achieved, its impact on SOC should 
be considered, since increasing SOC has crucial 
positive benefits for achieving LDN, climate 
change adaptation, food security, and protect-
ing biodiversity.

Large scale adoption of SLM practices in 
all managed ecosystems (irrigated and rainfed 
croplands, grazing lands, forests and wood-
lands) could theoretically sequester about 
1–2Gt Carbon per year globally within 30–50 
years, although estimates vary in magnitude, 
depending on which land-use categories, man-
agement practices, and GHG fluxes are included. 
At any site, the rate of SOC sequestration 
depends on current SOC stocks and declines 
over time as the saturation level is approached; 
main carbon sequestration potential is in 
degraded soils. In soils with high SOC content, 
preventing SOC losses is priority. Overall, SLM 
provides an opportunity to recover between 21 
to 51 Gt of the lost carbon in the world’s agri-
cultural and degraded soils. The achievable local 
or regional SOC sequestration may be higher or 
lower than the theoretical SOC sequestration 
potential, based on local environmental, socio-
economic, cultural and institutional contexts. 

Databases such as the World Overview of 
Conservation Approaches and Technologies 
(WOCAT), TERRAFRICA, the World Bank 
sourcebook, and the Voluntary Guidelines for 
Sustainable Soil Management (VGSSM) pro-
vide comprehensive recommendations and 
examples of SLM practices. The combined 

implementation of practices that address both 
soil and water conservation, the diversification 
of cropping systems, the integration of crop and 
livestock systems, and agroforestry, are the 
most effective and should be prioritised.

5.1	 Barriers for SLM adoption and 
implementation

Despite scientific advances in understand-
ing the causes and outcomes of land degra-
dation, the adoption of SLM practices is still 
limited to a minority of innovative land users 
and practitioners in sustainable traditional 
systems. Although principles and practices of 
SLM are well-known and increasingly promoted 
at the policy and development cooperation level, 
land degradation is still increasing and becom-
ing a major global threat. This evidences the 
wide gap existing between the acknowledge-
ment of the need for SLM and the implementa-
tion of successful SLM practices. 

IDENTIFIED BARRIERS TO THE 

IMPLEMENTATION OF SLM ARE 

RELATED TO TECHNOLOGICAL, 

ECOLOGICAL, INSTITUTIONAL, 

ECONOMIC AND SOCIO-CULTURAL 

ASPECTS.
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Lack of access to appropriate technolo-
gies, practices, or equipment is a major barrier 
in many countries. This can either be due to a 
lack of access to knowledge and information 
on SLM options and their proper implementa-
tion, or because of insufficient resources in land, 
labour, inputs, biomass, energy, water or plants.

Empirical site specific research is a central 
component of SLM science, but provides lim-
ited opportunities for generalisation because 
results are inherently context-dependent. SLM 
practices that are technically effective or suit-
able for one specific location are not necessar-
ily the best option for other site locations with 
different biophysical constraints and socio-
economic contexts. Additionally, there are often 
knowledge gaps on the ecological implications 
of different spatial configurations and time 
scales for application of potentially suitable 
SLM options available. It is therefore important 
to have area- and case-specific technologi-
cal packages, accompanied by the necessary 
capacity-building measures and resources for 
appropriate implementation. Often, knowledge 
gaps on the ecological implications at different 
spatial and time scales make it difficult to select 
the most suitable SLM options.

Environmental conditions can form a con-
straint for implementation of certain SLM prac-
tices. As local environmental characteristics 
(climate, topography, soil quality) often deter-
mine success or failure of SLM practices, initial 
characterisation of baseline conditions will help 
to select the most suitable land-use and/or 
management option, depending on local condi-
tions and considering both on-site and off-site 
benefits. 

Institutional and governance issues are 
often major barriers that hinder the adoption 
of SLM practices. For example, governance 

structures that aggravate or inhibit decision-
making at different scales neither encourage 
cross-sectoral planning, nor address land ten-
ure issues; rather, they cause instability over 
time. There is an urgent need for well-trained 
and effective extension services to facilitate 
and guide implementation, monitoring and 
evaluation of the impact of local SLM practices. 

Limited finance and access to capital for 
implementation and maintenance of SLM. 
Economic considerations and incentives 
schemes are two of the land-users’ primary 
motivations for selecting SLM technologies 
and practices, including the strong dependence 
on external subsidies for implementation and 
maintenance. 

5.2	 Opportunities and enabling conditions for 
upscaling SLM

•• For successful upscaling of SLM, more atten-
tion must be paid to the social system from the 
first involvement stage, up to the long-term 
maintenance. Ensuring stakeholder participa-
tion throughout decision-making processes, 
from the design of SLM projects all the way to 
implementation and monitoring, will increase 
the likelihood for acceptance and implementa-
tion of SLM. From start to finish, the process 
should be highly solution-oriented, emphasis-
ing SLM and combining a local, participatory 
approach with global knowledge sharing.

•• Integrating and mainstreaming SLM as land-
based solutions towards addressing land 
degradation and climate change adaptation 
and mitigation across sectors, levels and 
stakeholder groups, making it a consideration 
in policy in all related areas (e.g., water, land 
planning, energy, poverty) can facilitate adop-
tion, and also open new and previously inac-
cessible funding sources.
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•• The lack of a framework to assess the co-
benefits and trade-offs and of information 
to support the promotion of enabling con-
ditions for optimal SLM technologies and 
practices limits the ability of regulators, 
policy-makers and land managers to move 
towards more coherent SLM choices at dif-
ferent scales (in time and space) of imple-
mentation. 

SLM WILL NOT ONLY PREVENT, REDUCE 

OR REVERT CHALLENGES POSED BY DLDD 

(SUPPORTING THE LDN TARGET), BUT CAN 

ALSO HELP TO MAINTAIN BIODIVERSITY, 

ALLEVIATE POVERTY, AND FOSTER 

ECONOMIC PROSPERITY, CONTRIBUTING TO 

THE SEVERAL SDGS IN A NUMBER OF WAYS. 

Adoption of SLM that meets the need of 
addressing land degradation and adapting to, 
and mitigating, climate change, requires more 
transdisciplinary approaches, including new 
tools that can lead to better informed decision-
making and effective knowledge-exchange 
mechanisms that facilitate new learning and 
behaviour change.

Some general supporting steps identified 
begin with assessment of the status of land 
under survey as well as the site-specific climate 
vulnerability and mitigation potentials (thereby 
considering technical and socio-economically 
feasible aspects). In the next step, the best site-
specific SLM technologies should be selected, 
taking into account the socio-economic viability 
(of technologies on their own or in combina-
tion). Finally, measures should be identified 

that would strengthen the enabling conditions 
for their implementation. While designing the 
process, engaging most relevant stakeholders, 
through well designed stakeholder participa-
tion processes, should be considered at the dif-
ferent stages. This will likely lead to successful 
adoption and implementation of SLM towards 
achieving the DLDD goal and LDN target, as well 
as progress towards land-based climate change 
adaptation and mitigation goals. Nonetheless, 
it is important to bear in mind that this process 
should be tailored to specific circumstances to 
ensure that the best SLM practices are selected 
and successfully implemented in each case.

5.3	 Recommendations for future research or 
assessments of existing knowledge

Learning from experience while promot-
ing future research on how to foster synergies, 
focusing increasingly on comparative and more 
integrated studies, while single case studies 
will be essential to understand how to imple-
ment and scale SLM technologies out and up, 
while tailoring them to specific ecological and 
socio-economic realities.

Developing strategies and participatory 
processes to involve stakeholders at all levels, 
from farmers to local organisations, linking 
land management assessment and knowledge 
exchange, and integrating science-based data 
and stakeholder perspectives on both biophysi-
cal and socio-economic attributes to select the 
best SLM practices (and with an integrated 
evaluation tool).
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Successfully 
addressing DLDD, 

climate change 
adaptation and 

mitigation requires 
sustaining and 
scaling up the 

implementation of 
SLM practices by 

appropriate policy 
instruments that 

enhance land user’s 
livelihoods.
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Annex

Annex 1. Case examples 
to illustrate technologies 
from Chapter 2

SLM technology groups: 
(1)Integrated soil fertility management, 
(2) Minimum soil disturbance, 
(3) Pest and diseases control, 
(4) Soil erosion control, 
(5) Vegetation management, 
(6) Water management, 
(7) Reducing deforestation, 
(8) Afforestation and reforestation, 
(9) Sustainable forest management, 
(10) Forest restoration, 
(11) Grazing pressure management, 
(12) Animal waste management, 
(13) Agroforestry (trees combined with crops, grasses and/or animals),
(14) Agropastoralism (animals grazing in croplands). 
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SLM TECHNOLOGY 
CASE

 DESCRIPTION  REFERENCE
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Application of 
organic fertilizers

Organic fertilizer (compost; straw pen 
manure with litter or household waste) 
to enhance productivity by improving the 
structure and fertility of the soil, as well 
as its capacity for infiltration and water 
retention. It stimulates biological activ-
ity in the soil and increases yields and 
production.

WOCAT database reference: 

T_MLI009en 

Biochar soil amend-
ment to increase 
biomass productiv-
ity, and sequester C

Application of fine-grained charcoal as an 
amendment to improve the soil qual-
ity and mitigate GHG emissions from 
croplands.

WOCAT database reference: 

T_ITA017en 

Production and 
application of 
bio-humus

Use soil red worms for processing fresh 
manure filled into a trench. 

WOCAT database reference: 

T_KYR006en 

Planting pits for 
soil fertilization 
and moisture 
improvement

The planting pits are filled with organic 
vegetative material mixed with decom-
posing manure to form a reservoir 
of nutrients. The main objective is to 
improve soil fertility, reducing soil ero-
sion, improving moisture infiltration and 
retention, and enabling the plantation to 
withstand the dry months.

WOCAT database reference: 

T_UGA026en 

Changing fertilizer 
application rate, fer-
tilizer type, timing, 
precision applica-
tion, inhibitors

Look for the optimum synthetic fertilizer 
type, application rate and timing. This is a 
common practice in intensive agriculture 
of crops and orchards, in particular where 
N leakage to the water table is a problem 
to water pollution.

van Alphen, B.J. 2000. 

Precision Nitrogen 

fertilization: a case study for 

Dutch arable farming. http://

edepot.wur.nl/314598.
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Straw retention in 
rice paddies

Rice yield and nitrogen utilization effi-
ciency under alternative straw manage-
ment Practices.

Eagle, J.A., Bird, J.A., Horwath, 

W.R., Linquist, B.A., Brouder, 

S.M., Hill, J.E. and van KesseL, 

C. 2000. Rice Yield and 

Nitrogen Utilization Efficiency 

under Alternative Straw 

Management Practices. 

Agronomy Journal, 92, 

1096–1103. 

Composting 
using Indigenous 
Microorganism and 
application

By taking advantage of natural process 
of decomposition of organic matter by 
microorganism’s compost is produced 
from weeds and bio waste available 
in the farm. Compost is a rich source 
of organic matter which improves soil 
tilth. Its decomposition slowly releases 
available nutrients for plant uptake. The 
compost is used later on side or in nearby 
cropland farms.

WOCAT database reference: 

T_PHI063en 

Micro-fertilization 
and seed priming

Micro-fertilization is the application of 
small amounts of mineral fertilizer to the 
planting hole.

WOCAT database reference: 

T_MLI001en 
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Strip Tillage Cropping system for maize which reduces 
the reworking of the soil to the stripes, in 
which the seeds are planted.

WOCAT database reference: 

T_SWI007en

Permanent soil 
cover

Maintenance of continuous soil cover 
alternating crops and cover crops 
as a practice to improve soil quality 
and reduce diffuse agricultural water 
pollution.

WOCAT database reference: 

T_ITA010en

No-till technology Growing crops (or pastures) without 
disturbing the soil through tillage, direct 
seeding/planting.

WOCAT database reference: 

T_MOR010en 
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Direct planting Leaving crop residues on the soil surface 
and subsequent planting through the 
mulch.

WOCAT database 

reference:T_GHA001en 

Mulching in 
croplands

Mulching involves spreading waste crop 
after harvesting. Covering the soil with 
mulch protects it against wind and water 
erosion and provides nutrients which 
has a positive effect on yields and food 
security. 

WOCAT database reference: 

T_NIG079en
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Integrated pro-
duction and pest 
management  

All available techniques for combatting 
pests, while eliminating or keeping pesti-
cide use at economically justified levels. It 
reduces risks to human and animal health 
and to the environment.

WOCAT database reference: 

T_MLI021en 

Application of 
biological agents 
to increase crop 
resistance

Use of biological agents as facilitators 
and soil amendments. 

WOCAT database reference: 

T_GRE013en 

Use of 
phyto-pesticides

Using environmentally friendly phyto-
pesticides, made from natural plant 
extracts (potatoes, onions or tomato 
stalks as well as from garlic, pepper, dan-
delion, common wormwood and thorn 
apple extracts) to help combat pests and 
diseases.

WOCAT database reference: 

T_TAJ380en 

Biological pest 
control

Ecological engineering aiming primarily 
at the regulation of pest species, through 
the provision of habitats for their natural 
enemies. Other ecosystem services, such 
as pollination may simultaneously be 
enhanced.

WOCAT database reference: 

T_PHI065en 

Trees as buffer 
zones

Tree rows established to prevent pest 
from crossing in between blocks. Further, 
the technology provides haven for flora 
and fauna which are endemic in the area.

WOCAT database reference: 

T_PHI054en 
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Soil Bund with 
Contour Cultivation

It is a structural measure with an 
embankment of soil or stones or soil and 
stones, constructed along the contour 
and stabilized with vegetative measures 
(grass and fodder trees).

WOCAT database reference: 

T_ETH043en 

Vegetated earth-
banked terraces

Earth-banked terraces are constructed 
by carefully removing a superficial soil 
layer from one part of a field, concen-
trating it on the lower end of that field 
in order to reduce slope gradient and 
length. Another terrace is created directly 
downslope to form a cascade of terraces.

WOCAT_QT_Summary-T_

SPA002en

Soil /stone bunds Stone bund is an embankment of stone 
constructed across the slope following 
the contour.

WOCAT database reference: 

T_ETH028en 

Stone lines / Stone 
walls 

Stone constructions along contours that 
are and do not pond runoff water but 
instead, they slow down the speed, filter 
it and spread the water over the field, 
thus enhancing water infiltration and 
reducing soil erosion. Usually are built in 
series running along the slope.

WOCAT database reference: 

T_KEN660en 

Rockwall Terracing Rockwall terracing refers to the piling of 
stones or rocks along contour lines to 
reduce soil erosion in hilly areas.

WOCAT database reference: 

T_PHI049en 

Traditional cut-off 
drain

Graded ditch out of soil and stones to 
protect the fields below from water 
runoff. It can be done across several land 
uses types.

WOCAT database reference: 

T_ETH031en 

SLM TECHNOLOGY 
CASE

 DESCRIPTION  REFERENCE



Sustainable Land Management contribution to successful land-based climate change adaptation and mitigation 151

151

LA
N

D 
US

E:
 C

RO
PL

AN
D

TE
CH

N
OL

OG
Y 

GR
OU

P:
  S

oi
l e

ro
si

on
 co

nt
ro

l S
tru

ct
ur

al
 m

ea
su

re
s

Terracing in 
watershed

Reshaping unproductive land into a series 
of levelled, gently-sloping platforms 
creates conditions suitable for cultivation 
and prevents accelerated erosion.

WOCAT database reference: 

T_AS632en 

Semi-circular bunds 
(for crops and 
forest/rangeland)

Semi-circular bunds are used to rehabili-
tate degraded, denuded and hardened 
land for crop growing, grazing or forestry. 
This technique involves building low 
embankments with compacted earth or 
stones in the form of a semi-circle with 
the opening perpendicular to the flow of 
water and arranged in staggered rows. 
They are constructed on gently to mod-
erately sloping pediments and plateau 
areas in order to rehabilitate areas that 
are degraded, denuded and/or affected 
by soil crusting.

WOCAT database reference: 

T_NIG071en 

Progressive bench 
terrace

Bench terraces are progressively 
expanded to form a fully developed ter-
race system in order to reduce runoff and 
soil erosion on medium- to high- angled 
loess slopes.

WOCAT database reference: 

T_CHN053en  

Haraghie stone bund A structure built from stone and soil, 
constructed along the contour of the crop 
area to minimize soil erosion and prevent 
runoff damage from downstream  fields.

WOCAT database reference: 

T_ETH046en 
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Shelterbelts and 
windbreaks, live 
hedges

Belts of trees, planted in a rectangular 
grid pattern or in strips within, and on 

WOCAT database reference: 

T_CHN048en 

Vegetative strips Within individual cropland plots, strips of 
land are marked out on the contour and 
left un-ploughed in order to form per-
manent, cross-slope barriers of naturally 
established grasses and herbs.

WOCAT database reference: 

T_PHI003en 

Tree row and grass 
strip to sustain 
filtering

Tree planting and establishment of grass 
strips along the river.  Grass is planted 
to stabilize steep slopes and to sup-
ply material for the construction of tea 
baskets. The vegetation prevents surface 
water and eroded soil flowing from the 
agricultural fields directly into the river. 
Therefore, sediments and chemicals used 
on the field are retained in the riparian 
soils and do not pollute the river.

WOCAT database reference: 

T_KEN654en 

Paved and grassed 
waterways

Artificial drainage channel constructed 
along the steepest slope to receive runoff 
from cutoff drains and graded structures 
and drain to the natural waterway safely. 
Vegetative waterway is constructed 
in areas where stone is not available 
and in gentle slopes. Paved waterways 
are suitable in steeper terrains and 
areas with large amount of stones. The 
waterway carries excess water to the 
river, reservoirs or gullies safely without 
creating erosion.

WOCAT database reference: 

T_ETH051en 

Living fences / 
windbreaks

Planting of herbaceous plants or trees 
along property boundaries to serve as 
windbreaks and as sources of fodder and 
fuel.

WOCAT database reference: 

T_PHI013en 
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River bank 
stabilization

Plantation of long root trees in lower 
catchment areas and tree plantation to 
stabilize riverbank are most common 
practices. They can be considered also as 
revegetation measures and can be done 
across several land uses types.

WOCAT database reference: 

T_KEN664en  

WOCAT database reference: 

T_AS23en  

Water-spreading 
weirs

Structures that span the entire width of 
a valley to spread floodwater over the 
adjacent land area. 

WOCAT database reference: 

T_CHA001en 

Gully control 
and catchment 
protection

Integrated gully treatment consisting of 
several simple practices including stone 
and wooden check dams, cut-off drains 
and reforestation in sediment traps.

WOCAT database reference: 

T_BOL004en

Integrated runoff 
water management

Integrated runoff water management is 
a system of integrated runoff water and 
drainage management that allows cul-
tivation in a swampy valley bottom. The 
System divides the land into raised beds 
which are separated by furrows, acting as 
drainage channels. 

WOCAT database reference: 

T_UGA005en 
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Seed priming Seed priming consists of soaking seeds 
for 8 hours prior to sowing and micro 
fertilization is the application of small 
amounts of mineral fertilizer to the plant-
ing hole.

WOCAT database reference: 

T_MLI001en 

Choice plant 
species/varieties

Introducing vegetable species and 
varieties using succession planting. For 
example, maintaining a large number of 
mango and garcinia genetic resources in 
Western Ghats (India).

Sthapit, B., Lamers, H. and 

Rao, R. 2013. Custodian 

farmers of agricultural 

biodiversity: selected profiles 

from South East Asia. 

Proceedings of the Workshop 

on Custodian Farmers of 

Agricultural Biodiversity. 

11-12 February. Biodiversity 

International. New Dehli, 

India.
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Traditional shifting 
cultivation

It is a rain-fed cultivation practice for 
subsistence, where natural vegetation is 
cleared off by slash-and-burn, to grow 
mixed annual crop for one year and then 
the land is left fallow for 3-5 years for 
natural regeneration. In certain type of 
tropical soils this practice could trigger 
soil organic carbon depletion.

WOCAT database reference: 

T_BAN003en 

Long term fallow or 
set-aside

Arable land that is set aside or not 
cultivated for an extended period. In the 
first two to three years the arable land 
becomes overgrown with annual and 
biennial plants (weedy fallow). In the 
next five to seven years rhizomatous 
plants dominate and, as the soil becomes 
more compact, are supplanted by loosely 
bunched and, later, densely bunched 
grasses. Then the vegetation typical for 
natural meadow or steppe conditions 
develops. 

Scatena, F.N., et al. 1996. 

Cropping and fallowing 

sequences of small farms in 

the “terra firme” landscape of 

the Brazilian Amazon: a case 

study from Santarem, Para. 

Ecological Economics, 29-40.

Multiple Cropping, 
intercropping

It is an agronomic practice that consist in 
growing two or more crops on the same 
land simultaneously in a given growing 
season. 

WOCAT database reference: 

T_TAN001en 

WOCAT database reference: 

T_ETH011en

WOCAT database reference: 

T_TAJ007en

Green cover in 
perennial woody 
crops

Perennial grasses in orchards and vine-
yards between rows to provide perma-
nent soil cover. 

McGourty, G. 1994. Cover 

crops for North Coast 

vineyards. Practical Winery & 

Vineyard 15 (2), 8–15.
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Perennial cropping 
systems

Woody crops such olive groves, fruit trees 
or vineyards. Organic and conventional 
perennial cropping systems, including 
citrus, subtropical trees, other fruit trees, 
tree nuts, vineyards, and olives. 

Aguilera, E., Guzmán, G. and 

Alonso, A. 2015. Greenhouse 

gas emissions from 

conventional and organic 

cropping systems in Spain. II. 

Fruit tree orchards. Agronomy 

for Sustainable Development, 

35 (2), 725–737

Crop rotation It is an agronomic practice that consists 
in the successive cultivation of differ-
ent crops in a specified order on the 
same fields, in contrast to a one-crop 
system or to haphazard crop succes-
sions. Throughout human history, wher-
ever food crops have been produced, 
some kind of rotation cropping appears 
to have been practiced.

WOCAT database: 

T_CHL002en
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Cascading Rock 
Irrigation Channel

Irrigation channel constructed of stones 
and on rocky slopes to channel water 
runoff from the high mountains at the 
valley floor.

WOCAT database reference: 

T_TAJ371en 

Spate irrigation It is a traditional water diversion and 
spreading technique under which 
seasonal floods of short duration are 
diverted from ephemeral rivers (wadis) to 
irrigate cascades of leveled and bunded 
fields in the coastal plains. 

WOCAT database reference: 

T_ERI001en 

Spiral water pumps Method of pumping water by using an 
undershot water wheel which has a 
scoop connected to a spiral tube. Spiral 
water pumps can carry water from the 
river to fields that are up to 30 meters 
higher than the river without the input of 
electricity or fuel.

WOCAT database reference: 

T_TAJ394en 

Micro-irrigation 
systems 

Drip irrigation - delivering small amounts 
of water directly to the plants through 
pipes.

WOCAT database: 

T_MLI013en

https://global.britannica.com/topic/food
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Water harvesting 
from concentrated 
runoff for irrigation 
purposes

Water harvesting systems, collecting the 
runoff from hillslopes, can be found at 
regular distances to supply water points.

Frot, E., van Wesemael, B., 

Benet, A.S. and House, M.A., 

2008. Water harvesting 

potential in function of 

hillslope characteristics: A 

case study from the Sierra 

de Gador (Almeria province, 

south-east Spain). Journal 

of Arid Environments, 72(7), 

1213-1231. 

Water harvest Rainwater catchment system, such as 
roof rainwater catchment system feeding 
underground water tank.

WOCAT database reference: 

T_BOT004en 

Recharge of 
groundwater; water 
collection to enable 
off-season irrigation

Storage efficiency in off-seasons a water 
management practice in which water is 
applied in advance of the growing season.

Stone, L.R., Schlegel, A.J., 

Lamm, F.R. and Spurgeon, 

W.E. 1994. Storage efficiency 

of preplant irrigation. 

Journal of Soil and Water 

Conservation, 49 (1), 72-76.
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Sub-surface 
drainage

Sub-surface drainage on irrigated lands 
in saturated and salinized soils by means 
of sub-soil drainage pipes. It can be con-
sidered a land base agriculture mitigation 
option, where through water drainage 
management N runoff leaching results id 
reduce N2O emissions. 

WOCAT database reference: 

T_RSA010af

Mid-season rice 
paddy drainage

Mid-season drainage involves the 
removal of surface flood water from the 
rice crop for about seven days towards 
the end of tillering.

http://www.climatetechwiki.

org/technology/

rice-mid-season-drainage
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Afforestation with 
species mix at dif-
ferent scales

Establishment of a forest or stand of 
trees in an area where there was no 
previous tree cover (in the last 50 years 
according to UNFCCC, 2002).

WOCAT database reference: 

T_ERI002en

Land reclamation by 
introducing native 
forest species

Native trees, shrubs and grasses planted 
through participatory action.

Martínez- Palacios, A., Prat, 

C. and Ríos-Patrón, E. 2015. 

Land reclamation by agave 

forestry with native species in 

the mountains of Michoacan 

state. In: Understanding 

Mountain Soils: A contribution 

from mountain areas to the 

International Year of Soils 

2015, by Romeo, R., Vita, 

A., Manuelli, S., Zanini, E., 

Freppaz, M. & Stanchi, S. (ed). 

pp 97-99. FAO. 2015.

Reforestation in 
former forest lands

Establishment of new forest areas in 
formerly (less than 50 years according to 
UNFCCC, 2002) deforested lands. 

Murthy, I.K., Alipuria, A.K.  and 

Ravindranath, N.H. 2012. 

Potential for increasing 

carbon sink in Himachal 

Pradesh, India. Tropical 

Ecology 53(3), 357-369.

Agrawal, A.. 1996. 

Reforestation in Ecuador’s 

Dry Forest. Desert Plants, pp 

12-14.

Reintroduction of 
forest cover after 
wildfires

Plantations after fire in the 
Mediterranean region.

WOCAT database reference: 

T_SP012en
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ment in semi-arid 
land

Project implemented to put into practice 
the best available restoration techniques 
for the restoration of semi-arid ecosys-
tems, to disseminate and transfer this 
technology to forest managers, to help 
in disseminating Forest Administration 
initiatives for 

Vilagrosa, A., Llorca, M., 

Llovet, J., Puértolas, J., Chirino, 

E., Bautista, S., Mayor, A. G., 

Urgeghe, A. M., Luis, V. C., 

Alloza, J. A., and Vallejo, V. R., 

2009. Restoration actions to 

combat desertification and 

the effects over ecosystem 

functionality.
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Trees for 
bio-drainage

Bio drainage systems make use of the 
evapotranspirative power of plants, 
especially of trees, to lower groundwater 
tables and it could be an alternative 
providing several advantages as the 
negative side effects of conventional 
drainage systems are reduced and, as 
they require less investment, may find 
quicker application. Biological systems 
provide for such an alternative, although 
the availability of land is a decisive factor 
in the eventual establishment of bio 
drainage systems. However, in most 
cases, in developing countries water 
scarcity is the predominant feature and 
not land scarcity. 

Heuperman, A.F.,  Kapoor, 

A.S. and Denecke, H.W.. 2002.

Biodrainage - Principles, 

Experiences and Applications. 

International Programme for 

Technology and Research in 

irrigation and Drainage Food 

and Agriculture Organization 

of the United Nations. 
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for forest fire 
prevention

Promotion of fire resistant species. Such 
as combination of clearing of fire-prone 
seeder species and planting of more fire-
resistant re-sprouting species directs the 
vegetation to later successional stages.

Jucker, M., Liniger, H., 

Valdecantos, A., and 

Schwilch, G., 2016. Impacts 

of Land Management 

on the Resilience of 

Mediterranean Dry Forests 

to Fire. Sustainability, 8, 981: 

http://dx.doi.org/10.3390/

su8100981. 
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Controlling anthro-
pogenic distur-
bances such as fire 
and pest outbreaks

Cleared strip network for fire preven-
tion: firebreak. The basic principle of a 
firebreak network is to split continuous 
forest areas (where a lot of fuel is built 
up) into smaller patches separated by 
vegetation-free strips in order to prevent 
large fores.

Xanthopoulos, G., Caballero, 

D., Galante, M., Alexandrian, 

D., Rigolot, E. and Marzano, 

R. 2006. Forest fuels 

management in Europe. In 

‘Fuels Management – How 

to Measure Success’, 28–30 

March 2006, Portland, OR. 

(Eds PL Andrews, BW Butler) 

USDA Forest Service, Rocky 

Mountain Research Station, 

Proceedings RMRS-P-41, 

29–46.

Control of wildfires 
in peatlands

Forest fire control comprises three activ-
ity components: prevent forest fire from 
occurring; extinguish forest fires rapidly 
while they are still small; use fire only for 
certain purposes and on a limited scale.

Adinugroho, W.C., Nyoman, 

I., Suryadiputra, N.,  Saharjo, 

B.J. and Siboro, L. 2005. 

Manual for the Control of Fire 

in Peatlands and Peatland 

Forest. Climate Change, 

Forests and Peatlands in 

Indonesia Project. Wetlands 

International - Indonesia 

Program.
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Assisted 
regeneration

Assisted natural regeneration (ANR) is 
a simple, low-cost forest restoration 
method that can effectively convert 
deforested lands of degraded vegetation 
to more productive forests. The method 
aims to accelerate, rather than replace, 
natural successional processes by 
removing or reducing barriers to natural 
forest regeneration such as soil degrada-
tion, competition with weedy species, 
and recurring disturbances (e.g., fire, 
grazing, and wood harvesting). Compared 
to conventional reforestation methods 
involving planting of tree seedlings, 
ANR offers significant cost advantages 
because it reduces or eliminates the 

WOCAT database reference: 

T_MO013en

Shono, K., Cadaweng, 

E. and Durst, P.. 2007. 

Application of Assisted 

Natural Regeneration to 

Restore Degraded Tropical 

Forestlands. Restoration 

Ecology, 5 (4), 620–626.
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Establishment of 
protected forest 
areas

Establishment of protected forest areas, 
such as natural and national parks. 
Protecting forest in reserves, and control-
ling other anthropogenic disturbances.

Wendland, K.J.,  Baumann, 

M., Lewis, D.J., Sieber, A. 

and  Radeloff, V.C. 2015. 

Protected Area Effectiveness 

in European Russia: A 

Postmatching Panel Data 

Analysis. Land Economics, 91 

(1), 149–168. ISSN 0023-

7639; E-ISSN 1

Reducing slash and 
burn agriculture

Traditional slash-and-burn agricultural 
cycles are characterized by the alterna-
tion of cropping and fallow phases, when 
secondary vegetation grows. At the end 
of fallow phases, trees are cut and burnt, 
and the ashes enrich the soil, thereby 
allowing a new.

Palm C., Vosti S.A., Sanchez 

P. and Ericksen J. (ed). 2005. 

Slash-and-Burn Agriculture. 

The search for alternatives 

Columbia University Press, 

464 pp.ISBN 0–231–

13450–9 (cloth : alk. paper) 

— ISBN 0–231–13451–7 

(pbk. : alk. paper). Http://www.

asb.cgiar.
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Trees for watershed 
management

Watershed management is the inte-
grated use of land, vegetation and water 
in a geographically discrete catchment 
or drainage area for the benefit of its 
residents, with the objective of main-
taining the hydrological services that 
the watershed provides and  of reduc-
ing or avoiding negative dowsream or 
groundwater.

Wolfgramm, B., Liniger, 

H.P. and Nazarmavloev, 

F. 2014. Integrated 

Watershed Management 

in Tajikistan. IWSM policy 

brief. University of Bern, 

Centre for Development and 

Environment (CDE), Berne, 

Switzerland.

Afforestation and 
Hillside Terracing

Tree plantations in combination with hill-
side terracing to protect upper catchment 
areas. The technology requires appre-
ciable expense, labor and expertise, but 
if maintained well, it results in multiple 
ecological and economic benefits: Soil 
cover has improved, water is conserved, 
the severe problems of soil erosion have 
been reduced, and dams further down-
stream are protected from siltation. Trees 
have become an important source of 
income for the rural communities, wood 
is a valuable resource mainly needed for 
construction, and also as fuel.

WOCAT database reference: 

T_ERI002en

Hydro-mulching The hydromulch is a complex mixture 
which basically contains water and wood 
or paper fibers. Additionally it can contain 
seeds, surfactants, seed-growing bios-
timulants, nutrients and a green colorant. 
Hydromulch is spread immediately after 
a wildfire in order to reduce overland flow 
and prevent soil erosion.

WOCAT database reference: 

T_POR005en

Landslide preven-
tion using drainage 
trenches lined with 
fast growing trees

The construction of linear gravel bed 
ditches lined with local tree species, at 
angles across a hill slope to channel the 
surface water.

Root, A.W. (1958). Prevention 

of landslides. Landslides and 

engineering practice./Ed. EB 

Eckel, 113-149.
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Mulching after for-
est fires

Forest slash mulch is spread immediately 
after a wildfire in order to prevent soil 
erosion and reduce overland flow. 

Prats, S.A., MacDonald, L.H., 

Monteiro, M., Ferreira, A.J.D., 

Coelho, C.O.A., and  Keizer, J.J. 

2012.  Effectiveness of forest 

residue mulching in reducing 

post-fire runoff and erosion 

in a pine and a eucalypt 

Trees on mountain 
slopes together with 
moisture accumulat-
ing trenches

Collecting rainwater in artificial trenches 
on hill and mountain slopes for the accu-
mulation of water in the soil around the 
roots of trees planted in the trenches.

WOCAT database reference: 

T_TUM003en
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Forest irrigation and 
fertilization

This could include the water can be col-
lected from fogs under favorable climatic 
conditions; and applying animal manure 
to forestland.

UNEP, 1997.Source Book of 

Alternative Technologies for 

Freshwater Augmentation 

in Latin America and the 

Caribbean. IETC Technical 

Publication Series by UNEP 

International Environmental 

Technology Centre, Osaka/

Shiga, Japan, 1997. Unit of 

Sustainable Development.

Estrela, M.J., Valiente, J.A., 

Corell, D., Fuentes, D., and 

Valdecantos, A. 2009. 

Prospective use of collected 

fog water in the restoration 

of degraded burned areas 

under dry Mediterranean 

conditions. Agricultural and 

forest meteorology, 149 (11), 

1896-1906.
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Selective logging Cutting out of trees that are mature or 
defective, or of inferior kinds to encour-
age the growth of the remaining trees in 
a forest or wood. 
Selective forest clearing aims in reducing 
the connectivity and the amount of (dead 
standing) fuel, as well as redu

WOCAT database reference: 

T_SP010en

WOCAT database reference: 

T_SP011en

Adjust forest 
plantations rotation 
periods

Short-rotation forestry is defined as 
the silvicultural practice under which 
high-density, sustainable plantations of 
fast-growing tree species produce woody 
biomass on agricultural land or on fertile 
but degraded forest land. Trees are grown 
either as single stems or as coppice 
systems, with a rotation period of less 
than 30 years and with an annual woody 
production of at least 10 tones of dry 
matter or 25 m3 per hectare.

Christersson, L. and Verma, 

K. 2006. Short-rotation 

forestry – a complement 

to “conventional” forestry. 

Unasylva - No. 223. An 

international journal 

of forestry and forest 

industries,57, 2006/1.

McKay, H. 2011. Short 

Rotation Forestry: review of 

growth and environmental 

impacts. Forest Research 

Monograph, 2, Forest 

Research, Surrey, p. 212.

Selective logging Cutting out of trees that are mature or 
defective, or of inferior kinds to encour-
age the growth of the remaining trees in 
a forest or wood.Selective forest clearing 
aims in reducing the connectivity and the 
amount of (dead standing) fuel, as well 
as redu

Valdecantos, A., Baeza, M. 

J. and Vallejo, V. R., 2009. 

Vegetation Management 

for Promoting Ecosystem 

resilience in Fire-Prone 

Mediterranean Shrublands. 

Restoration Ecology, 17(3), 

414-421. http://dx.doi.

org/10.1111/j.1526-

100X.2008.00401.x

Woodlots for bio-
mass production

A woodlot is a parcel of a woodland or 
forest capable of small-scale production 
of forest products (such as wood fuel, sap 
for maple syrup, sawlogs, and pulpwood) 
as well as recreational uses like bird 
watching, bushwalking, and wildflower 
appreciation.

Klemarczyk, R.J. and Hahn, 

T.C. 1994. Reassessment of 

biomass harvesting on small 

woodlots in New Hampshire. 

New Hampshire Timberland 

Owners Association.
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Reducing logging 
waste

RIL (Reduced Impact Logging) can be 
defined as ‘the intensively planned and 
carefully controlled implementation of 
timber harvesting operations to minimize 
the environmental impact on forest 
stands and soils’. It involves a number of 
practical measures, s

Elias. 2006. Financial analysis 

of RIL implementation in the 

forest concession area of 

PT. Suka Jaya Makmur, West 

Kalimantan and its future 

implementation options. In: 

The proceeding of ITTO-MoF 

Fuelwood 
production

Fuelwood refers to various forms of 
wood that are used as fuel for cook-
ing, heating or to drive steam-powered 
engines or turbines for electricity gen-
eration. Fuelwood remains the primary 
source of fuel for much of the world’s 
population. Unfortunately, overconsump-
tion of fuelwood has led to deforestation 
and habitat loss, and unless wood is 
burned in efficient furnaces, its combus-
tion contributes to emissions. Fuelwood 
can include firewood, charcoal, pelletized 
sawdust and wood chips

Pandey, J. C. et al. 2014. Pine 

Briquetting- An Endeavour 

for Green Fuel. Indian 

Forester, S.l., 478-482. ISSN 

2321-094X.

Forest irrigation and 
fertilization

This could include the water can be col-
lected from fogs under favorable climatic 
conditions; and applying animal manure 
to forestland.

Estrela, M. J., Valiente, J. 

A., Corell, D., Fuentes, D., 

and Valdecantos, A. 2009. 

Prospective use of collected 

fog water in the restoration 

of degraded burned areas 

under dry Mediterranean 

conditions. Agricultural and 

forest meteorology, 149 (11), 

1896-1
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Short rotation 
biomass production 
from forest

Willow biomass production under 
conditions of low-input agriculture on 
marginal soils Willow was planted using 
a pole cutting system, on sites that were 
unsuitable for food crops.

Stolarski, M.J., Szczukowski, 

S., Tworkowski, J. and Klasa,A. 

2011.Willow biomass 

production under conditions 

of low-input agriculture on 

marginal soils, Forest Ecology 

and Management, 262(8), 

1558-1566, ISSN 0378-112.
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Improved cattle 
shed for urine 
collection

Collection of cattle urine in improved 
cattle sheds for use as liquid manure and 
organic pesticide

WOCAT database reference: 

T_NEP001en
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Stocking density Ultra-high stock density grazing system: 
this grazing management practice is gen-
erally characterised by high stock density 
(i.e. number of animals/unit area) in a 
small camp of mature forage and short 
grazing periods and most importantly 
long forage recovery (regrowth) periods

Truter, W., Toit, L.D., Smith, 

H., Trytsman, G. and Lund, 

A. 2016. Conservation 

agriculture: Ultra-high stock 

density grazing systems. 

In: SA Graan/Grain. October 

2016.

Rotational grazing Management system based on the 
subdivision of the grazing area into a 
number of enclosures and the successive 
grazing of these paddocks by animals in 
a rotation

Axel, R.  2001. An evaluation 

of open rotational grazing. 

Agricola,12, 94-98.

Eco-graze An ecologically sound and practical 
grazing management system, based on 
rotation, wet season resting and getting 
the right balance between stock numbers 
and the forage resource. 

Ash, A. Corfield, J. and Ksiksi, 

T . 1992. The Ecograze 

Project - developing 

guidelines to better manage 

grazing country. CSIRO. ISBN 

0-9579842-0-0
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Rangeland resting Stopping grazing for pre-established 
periods of time

Sghaier, M., 

Ouessar, M., Catacutan, D.C. 

andBriki, M. Context of oum 

zessar watershed Tunisia. 

Afromaison project. In: 

Observatoire du Sahara et du 

Sahel.

Area closure to 
grazing

Area closure is a land management 
practice aiming to address severe soil 
degradation, loss of vegetation cover and 
low water holding capacity of degraded 
lands by rehabilitating and restoring the 
natural resource bases (soil, vegeta-
tion and soil water) and enhancing the 
productive and environmental functions 
through community consultation and 
collective actions

WLRC, 2015. Area Closure. 

Rehabilitation of Degraded 

Lands and Grasslands.  Brief 

No. 2. Water & Land Resource 

Centre

Communal grazing 
management

Improve grazing capacity by applying 
rotation

Tinoziva, H., Prisca, M., 

Charles, M. and  Edson, G., 

2013. Influence of Communal 

Area Grazing Management 

System on the Nutritive 

Value of Forages Selected by 

Cattle in a Semi-Arid area of 

Zimbabwe. Greener Journal 

of Agricultural Sciences, 3 (9), 

663-668.
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Manure separation 
to better distribute 
organic matter

Separation of cow manure is a com-
mon practice on dairy farms in The 
Netherlands to improve the nutrient use 
efficiency

Gebrezgabher, S.A., 

Meuwissen, M.P., Kruseman, 

G., Lakner, D. and Oude 

Lansink, A.G.J.M. 2015. 

Factors influencing 

adoption of manure 

separation technology 

in the Netherlands, 

Journal of Environmental 

Management,150 (1).
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Nutrient 
management

Nutrient Management on Pastures and 
Haylands: The primary goal of nutrient 
management is to promote biomass pro-
ductivity that provides profit for produc-
ers while minimizing negative environ-
mental impacts. Additional goals include 
improvement of soil quality, increased 
soil carbon (C) sequestration, and provid-
ing important ecosystem services

Wood, C.W., Moore, P.A., 

Joern, B.C., Jackson, R.D. 

and Cabrera, M.L. 2012. 

Nutrient Management on 

Pastures and Haylands. 

Conservation outcomes from 

pastureland and hayland 

practices : assessment, 

recommendations, and 

knowledge gaps, 25.
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Range pitting and 
reseeding

Technique used to restore degraded 
rangelands (steppe areas). Small shallow 
‘pits’ are scooped out by the action of 
inclined metal disks (similar to the disks 
of a disk plough). A seed hopper mounted 
on the top of the implement releases 
small quantities of range-plant seeds 
into the pits and an attached light harrow 
covers the seeds with a thin layer of 
loose topsoil.

WOCAT database reference: 

T_SYR002en

Off-season irriga-
tion of fields and 
pastures

Early irrigation of fields and pastures to 
retain soil moisture during the dry season 
as a mechanism for pasture improvement

Chamma, D.D. 2014. 

Fostering the use of on-farm 

ponds and roof catchments 

for off-season small-scale 

irrigation in ethiopia. Fourth 

newsletter of the Afrhinet 

project.

Improved fod-
der production 
on degraded 
pastureland

Transformation of degraded pastureland 
to high quality fodder plot. Grass and 
legumes are planted on degraded pasture 
land in fenced fodder plots

 WOCAT database reference: 

T_UGA029en

Grazing land rehabil-
itation with shrubs 
plantation

Rehabilitation measures, including eye-
brow pits and live fencing to reestablish a 
protective vegetative cover

 WOCAT database reference: 

T_NEP013en
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Cut-and-carry fod-
der production

Highly productive and sustainable cut-
and-carry system

Tanner, J.C., Owen, E., 

Winugroho, M. and Gill M. 

1995. Cut and carry feeding 

of indigenous grass in 

Indonesian sheep production: 

effect of forage wilting and 

quantity of forage offered 

on intake and on yield of 

compost made from refusals 

and excreta. 

Creation of a peren-
nial grass seed area 

Improvement of pastures through 
planting perennial legumes, cereals and 
grasses and creating seed banks

Nadezhda, F. 2016. Creating 

varieties of the perennial 

cereal grasses by the 

polycross method in northern 

kazakhstan. Ekin Journal of 

Crop Breeding and Genetics 

2(1):30-35.

Improved use of 
fire for sustain-
able grassland 
management

Prescribed burning is the process of plan-
ning and applying fire to a predetermined 
area, under specific environmental condi-
tions, to achieve a desired outcome.

Stubbendieck, J., Volesky, 

J. and Ortmann, J. 2007.

Grassland Management with 

prescribed fire. In: The board 

of Regents of the University 

of Nebraska.

Nailsma’s Carbon program. 

(https://www.nailsma.

org.au/developing-new- 

educational-resources- 

savanna- burninghtml.html)  
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Incorporating sheep 
into dryland grain 
production systems

Pastoral system dominated by fallow.   At 
least two criteria may allow to differenti-
ate the current agropastoral systems 
from traditional nomadic pastoralism: 
(i) most small ruminant producers now 
have a permanent settled base, and i¡) 
livestock eeding is much more dependent 
on cultivated crops or heir eed. Crop 
and ivestock production have become 
more closely integrate. Under sedentary 
mixed farming, sheep and goats are kept 
in small flocks as a supplement o crop 
production. The main arable crops grown 
are cereals, mainly barley and legumes. 
Alternate cropping, with a allow every 
other year, is often practised but he area 
cultivated varies rom year o year depend-
ing on the rainfall

Nefzaoui, A. and Ben 

Salem, H. 1999. Pastoral 

systems dominated by 

cereal-fallow combination 

in North Africa and West 

Asia.  In: Etienne M. (ed.). 

Dynamics and sustainability 

of Mediterranean pastoral 

systems. Zaragoza : CIHEAM, 

1999. p. 199-212. Cahiers 

Option.
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Animal Draft 
Zero-Tillage

The three elements, namely trees, ani-
mals and crops, can be integrated in what 
are called agri-sylvo-pastoral systems 
and are illustrated by home gardens 
involving animals as well as scattered 
trees on croplands used for grazing after 
harvests.

Kaoma-Sprenkels, C., 

Stevens, P.A. and Wanders, 

A.A. 1999. IMAG-DLO 

and conservation tillage: 

Activities and experiences. 

In: Kaumbutho P G and 

Simalenga T E (eds), 1999. 

Conservation tillage with 

animal traction. A resource 

book of the Animal Traction 

Netw.

Home gardens Home gardens, containing tree, shrub, 
herbs, vine, tuber layers as well as 
poultry, produce food for household con-
sumption as well as an additional income

Keller, H. 2003. International/

Cambodia.Handbook 

for Home Gardening in 

Cambodia: The Complete 

Manual for Vegetable and 

Fruit Production. Phnom 

Penh: Helen Keller Worldwide.
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Orchard with inte-
grated grazing and 
fodder production 
(Silvo-pastoralism)

Increased productivity of the land by 
planting fruit trees and conserving the 
land by restricting the access of livestock

Stephens, M.., Donaghy, 

P. and Griffiths, J. 2010. 

Silvopastoralism — an 

opportunity waiting, Farming 

Ahead January 2010 No. 216. 

Montagnini, F., Muhammad, 

I. and Murgueitio, E.2013 

Silvopastoral systems and 

climate change mitigation in 

Latin America. Bois et forêts 

des Tropiques, 316 (2).

Plantation crop 
combinations, 
multipurpose trees 
on crop lands

Agroforestry is a collective name for 
land-use systems and technologies 
where woody perennials (trees, shrubs, 
palms, bamboos, etc.) are deliberately 
used on the same land-management 
units as agricultural crops and/or ani-
mals, in some form of spatial arragament 
or temporal sequence

WOCAT database reference: 

T_ITA012en
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This report assesses the synergistic potential of SLM practices while also critically 
evaluating the possible trade-offs between addressing desertification, land degradation 
and drought (DLDD), climate change mitigation and adaptation. The assessment 
provides a scientifically sound basis to understand SLM’s potential to contribute 
to multiple objectives, and provides practical guidance for creating an enabling 
environment for selection and large-scale implementation of effective, locally-adapted 
SLM practices.

In accordance with the rules and procedures established by the UNCCD Conference of 
the Parties (COP), the report was prepared by an author team of 5 lead authors and 
7 contributing authors. In December 2016, following a competitive public tender, the 
Basque Centre for Climate Change (BC3) was commissioned to prepare this report in 
association with the Mediterranean Center for Environmental Studies and the SPI. A 
scoping meeting was held on 19-20 December 2016 in Bonn, Germany; SPI members 
as well as representatives of BC3, external experts in SLM, climate change and 
sustainable development participated in the meeting. 

Following an intensive assessment of technical documents and peer-reviewed 
scientific literature, a draft produced by the authors underwent a three step review 
process, including an internal review (7 reviewers), and external scientific peer-review (6 
reviewers) as well as a review by the Bureau of the COP. The lead authors have ensured 
that all government and expert review comments received appropriate consideration. 

Scientific evidence shows that SLM practices, if 
widely adopted, help to prevent, reduce or revert land 
degradation and achieve land degradation neutrality 
(LDN),  contribute to climate change adaptation and 
mitigation, protect biodiversity, achieve multiple 
sustainable development goals, and increase human 
well-being globally.

The mission of the UNCCD Science-Policy Interface 
(SPI) is to facilitate a two-way dialogue between 
scientists and policy makers in order to ensure the 
delivery of science-based, policy-relevant informa-
tion, knowledge and advice.

UNITED NATIONS CONVENTION TO COMBAT DESERTIFICATION
Platz der Vereinten Nationen 1, 53113 Bonn, Germany
Postal Address: PO Box 260129, 53153 Bonn, Germany
Tel. +49 (0) 228 815 2800
Fax: +49 (0) 228 815 2898/99
E-mail: secretariat@unccd.int	  Web-site: www.unccd.int
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