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Foreword
Life on our planet depends on ecological connectivity - not only for nature, but for people. 
The unimpeded movement of species and flow of natural processes that sustain life 
on Earth is vital for the health of our ecosystems, the productivity of our landscapes, 
the survival of plant and animal species and the well-being of communities around the 
world. When these connections are lost, it is people - particularly those who depend 
directly on the land for their food, water and livelihoods - who are most affected. 

This Global Land Outlook Thematic Report on Ecological Connectivity and Land 
Restoration, jointly prepared by the United Nations Convention to Combat Desertification 
(UNCCD) and the Convention on the Conservation of Migratory Species of Wild Animals 
(CMS), shines a spotlight on the linkages between land degradation and connectivity 
loss and the critical importance of integrated solutions that prioritise sustainable 
land management and restoration while strengthening ecological connectivity. These 
efforts offer hope—hope for a future in which connected healthy ecosystems sustain 
life, support biodiversity, and ensure long-term access to food for people, clean water 
and climate resilience.

Agricultural intensification, infrastructure development, climate change, pollution and 
human conflicts fragment landscapes, degrade ecosystems and threaten biodiversity, 
undermining the resilience of both people and nature. Land restoration approaches 
that also promote ecological connectivity can restore vital ecosystem functions and 
deliver tangible benefits. These synergies not only help degraded ecosystems recover 
and thrive but also reinforce the services they provide - such as food production, water 
regulation, species movement and diversity and protection against extreme weather.

Restoring ecological connectivity is therefore critical, not just for conserving resilient 
landscapes, supporting biodiversity, enhancing climate adaptation and ensuring the 

provision of vital ecosystem services, but for supporting human health, food security and sustainable development. 
Reconnecting fragmented landscapes can deliver multiple benefits by enhancing carbon storage, improving water 
quality and securing access to critical resources for local populations. It is also key to achieving Target 2 of the 
Kunming-Montreal Global Biodiversity Framework, which calls for at least 30 per cent of degraded ecosystems to 
be under effective restoration by 2030 to enhance biodiversity and ecosystem functions and services, ecological 
integrity and connectivity.

This report provides a strong scientific foundation and evidence base for enhancing ecological connectivity, 
grounded in a comprehensive analysis of the natural and social processes that shape our landscapes, from 
hydrological cycles and energy fluxes to population dynamics and socio-ecological linkages. It highlights good 
practices from around the world and provides policy-relevant recommendations. Among these, the report 
emphasises that effective restoration requires inclusive governance frameworks that engage local communities, 
integrate traditional knowledge and ensure the equitable sharing of benefits. 

As we enter the second half of the UN Decade on Ecosystem Restoration (2021–2030), the urgency to act has never 
been greater. This is our window of opportunity to reverse decades of land degradation, reconnect fragmented 
landscapes and and build a future where people and nature thrive together. We extend our heartfelt gratitude to the 
authors, contributors and reviewers of this report, as well as to the sponsors for their generous financial support.  
We hope this report will inspire and guide action - to restore to connect and connect to restore - delivering lasting 
benefits for people and the planet.

Yasmine Fouad,  
UNCCD Executive Secretary

Amy Fraenkel,  
CMS Executive Secretary
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Connectivity is a critical yet frequently overlooked attribute of well-functioning ecological processes, which are 
essential for the survival of species, human well-being and the health of landscapes. All natural processes that 
support life on Earth take place within complex social-ecological systems in which humans and nature interact and 
influence each other. This multi-dimensional connectivity provides a framework for understanding the complex 
and dynamic interactions between society and the environment.

Ecological connectivity is far more than the movements of animals between different habitats. It is a broad concept 
that considers the biotic and abiotic structures and functions that support healthy populations and the delivery of 
ecosystem services that underpin our societies and economies. For instance, clean air and water, pollination and 
pest control, soil erosion and flood control and climate regulation are all dependent on ecological connectivity.

Connectivity allows for the flow of resources, information and species, enhancing the resilience of both social 
and ecological systems in the face of climate change, land degradation and biodiversity loss. This includes 
ecological processes that connect communities, ecosystems and landscapes, such as:

•	 water-mediated transfers of matter, energy and organisms within the hydrological cycle,

•	 regulation of energy fluxes, such as solar, wind and water;

•	 unimpeded movement of species on land, in water and in the air, including the exchange of genetic material and the 
dispersal of individuals among populations;

•	 spatial and temporal linkages associated with migratory patterns and climate change-induced range shifts;

•	 communication, collaboration and knowledge exchange, which for humans can lead to restorative measures that 
enhance connectivity.

Human activities have significantly altered most landscapes, resulting in the loss of biodiversity and 
ecosystem services and, in some cases, the creation of novel ecosystems. Consequently, landscapes are 
becoming increasingly fragmented, thereby eroding the natural structures and processes that support ecological 
connectivity. The most prominent drivers of fragmentation are changes in land use and the overexploitation of 
natural resources to meet the ever-increasing demand for food, water, energy and raw materials. These pressures 
are exacerbated by the expansion of infrastructure to deliver these goods and services, as well as climate change, 
invasive species and pollution which also contribute to the loss of ecological connectivity.

Executive 
Summary

Photo: ©Yusuf Ahmad / ICRAF
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When ecosystems and landscapes are degraded and fragmented, they lose their ability to support wildlife, 
regulate nutrient and water cycles and withstand environmental stressors. This makes them more vulnerable to 
drought, desertification and further land degradation which has significant costs to society. However, sustainable 
land management and ecosystem restoration have the potential to restore biodiversity habitat and enhance 
ecological connectivity, thereby strengthening the resilience of people and nature. Greater investment and 
incentives for regenerative land management practices that re-establish connectivity are critical to mitigating and 
adapting to the impacts of multiple, interconnected crises.

‘Connect to restore, restore to connect’ serves as a guiding principle for the design, implementation and 
monitoring of large-scale landscape conservation, recognising that connectivity and restoration are mutually 
reinforcing. It emphasises that maintaining or enhancing connectivity is crucial for effective restoration, and 
conversely, that restoring the health and productivity of the land can improve ecological connectivity. This could 
involve removing barriers that impede the movement of species or water flows, conserving wildlife corridors, 
restoring habitats and managing soils to support nutrient cycling and vegetation recovery.

Addressing the current extent of land degradation and fragmentation requires the strategic, systematic and 
holistic combination of nature-based solutions adapted to local social-ecological contexts. This involves 
radical changes to the way we use and manage land resources, such as soil, water and biodiversity, to create 
more connected and resilient ecosystems and landscapes. A first step is to integrate sustainable land and water 
management and ecological connectivity considerations into key policy areas and economic sectors, such as 
agriculture, forestry, water management, extractive industries, ecotourism, nature conservation and urban planning. 
Implementation and monitoring must also consider any new challenges that may arise from restored connectivity, 
such as the spread of fire, invasive species and diseases.

Ecosystems and landscapes that are well-connected, such as networks of protected areas, are considerably 
more resilient to disasters, stresses and shocks. For instance, unimpeded water and nutrient cycling can enhance 
drought resilience, while connected vegetation cover can regulate the local climate by maintaining moisture levels 
and reducing heat stress. Reconnecting natural and agricultural landscapes, such as through agroforestry and 
regenerative agriculture, can improve soil health, farm productivity and food security. Restoring wetland and 
riparian ecosystems – reconnecting 'blue lifelines' – improves hydrologic and aquatic connectivity, enabling fish 
and amphibians to migrate between their breeding and feeding grounds.

Technical measures to restore degraded land and enhance ecological connectivity cannot be implemented in 
isolation. Without due consideration of local conditions and knowledge, as well as incentives, supportive policies 
and inclusive decision-making, ecological connectivity and land restoration initiatives are likely to encounter 
significant challenges. Increased attention to data collection, participatory governance, gender equality, land 
rights and the participation of Indigenous Peoples and local communities can help to ensure that these initiatives 
contribute to broader goals, such as reducing poverty and promoting more equitable and sustainable development.

Photo: ©Will Parson / Alliance for the Chesapeake Bay
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1

This report focuses on land as an interconnected socio-
ecological system, which encompasses freshwater 
cycles, as well as terrestrial and freshwater biodiversity. 
It also considers the connections between these 
systems through the natural and social processes that 
support ecological connectivity. It explores the potential 
of enhanced ecological connectivity to promote 
sustainable land management and restoration, 
addressing global environmental crises such as 
desertification, land degradation and drought (DLDD), 
biodiversity loss and climate change.

The Link Between Healthy Land and 
Ecological Connectivity

DLDD are among the most pressing contemporary 
environmental challenges, threatening food security, 
biodiversity and water availability, as well as the livelihoods 
of billions of people.1 2 3 Climate change is exacerbating 
these issues by increasing the frequency and intensity 
of droughts,4 while unsustainable land use continues 
to fragment natural habitats and reduces ecosystem 
resilience.5 Against this backdrop of interconnected 
challenges, ecological connectivity is receiving increasing 
attention as it plays a pivotal role in determining the 
resilience of ecosystems and human communities.6 

Ecological connectivity is defined as “the unimpeded 
movement of species, connection of habitats without 
hindrance and flow of natural processes that sustain 

life on Earth".7 These processes include the flow of 
organisms, propagules and genes, as well as the flow 
of energy, nutrients, water, sediments, information, 
knowledge, culture and cooperation.8 These are all vital 
for functioning ecosystems that support people and their 
economies. Without urgent action, the breakdown of 
ecological connectivity will accelerate the loss of fertile 
land, intensify desertification and reduce the resilience of 
people, ecosystems and economies to droughts.

Over the past few decades, the concept of ecological 
connectivity has become increasingly relevant in 
environmental science and policy, playing a key role 
in responses to species loss, habitat fragmentation, 
changes in land use and climate change. The loss 
of connectivity worldwide is attributed to increasing 
socio-economic pressures on land use, as well as other 
direct and indirect human-caused impacts. This can 
impede or even prevent ecological processes at various 
scales, affecting the overall functionality and health of 
ecosystems.9 Consequences include declines in soil 
health and productivity,10 water quality,11 the ability of 
ecosystems to adapt and recover from disturbances,12 
interrupted gene flows,13 species extinction and 
the loss of vital ecological interactions needed for 
community stability.14 Fragmentation also affects 
trophic interactions, shifting species assemblages, 
resource use patterns, and consequently nutrient 
cycles and energy flows. 15 

Introduction

Photo: ©Adobe Stock
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The loss of connectivity has detrimental impacts 
on landscape productivity and resilience, making 
it more vulnerable to DLDD. Maintaining ecological 
connectivity, by contrast, is synonymous with 
maintaining processes such as nutrient and mineral 
flow, pollination, seed dispersal, the free flow of 
rivers, the transmission of genetic material, animal 
movement, and species adaptation to environmental 
change.16 17 When ecosystems and landscapes remain 
connected, they are more resilient to environmental 
stressors, recover faster and can provide key regulatory 
services more effectively.18

Ecological connectivity encourages policymakers to 
reconsider nature conservation as more than merely 
increasing the number and size of protected areas. By 
understanding how the natural world and ecological 
processes are interconnected and not confined within 
the boundaries of human geographies, we can move 
towards more sustainable landscape management 
and development. A holistic and integrated approach 
prioritises sustainable land and water management 
and restoration, while also strengthening ecological 
connectivity. In the global policy context, connectivity 
and restoration initiatives align closely with goals 
and targets, such as the Kunming-Montreal Global 
Biodiversity Framework (GBF), Land Degradation 
Neutrality (LDN) and climate adaptation strategies, 
which have been agreed to ensure that land use 
decisions support both people and nature.

The Policy Context for Ecological 
Connectivity

The United Nations General Assembly (UNGA) 
proclaimed the period between 2021 and 2030 the 
Decade of Ecosystem Restoration to recognise the 
urgent need to prevent, halt and reverse degradation. 
Prioritising ecological connectivity as part of the 
land restoration agenda will play an important role in 
ensuring that ecosystems and landscapes regain their 
functionality and capacity to meet societal needs, and 
achieve the Sustainable Development Goals (SDGs).19 
Several multilateral environmental agreements and 
international organisations have incorporated ecological 
connectivity into their policy frameworks (Table 1).

Structure and Objectives of the Report 

This Global Land Outlook Thematic Report on Ecological 
Connectivity and Land Restoration explores the intricate 
relationships between DLDD and ecological connectivity. 
It provides insights into how sustainably managing 
healthy landscapes and restoring degraded land and 
water resources can reconnect fragmented ecosystems 
('restore to connect'),20 while enhancing connectivity can 
increase landscape resilience to impacts of degradation 
and climate change ('connect to restore').21 

Chapter 2 examines the functional dimensions of 
ecological connectivity, the key natural processes 
contributing to ecological connectivity and the drivers 
of fragmentation.

Chapter 3 outlines the current state of DLDD, explores 
their interlinkages with ecological connectivity and 
how tackling these issues simultaneously can create 
a reinforcing cycle that strengthens the resilience of 
ecosystems and communities. 

Chapter 4 presents land-based approaches and 
technical measures. It showcases successful case 
studies that integrate land restoration with ecological 
connectivity to deliver multiple benefits. 

Chapter 5 discusses the enabling environment required 
to implement these approaches and measures. 

Chapter 6 offers some concluding remarks with an 
indication of the potential roles and responsibilities of 
various stakeholder groups engaged in connectivity 
and restoration efforts around the world.Photo: ©Steve Prorak
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TABLE 1  

Ecological Connectivity in International Policy Frameworks

UN General Assembly In 2021, Resolution 75/271, 'Nature knows no borders: transboundary cooperation a key factor for biodiversity 
conservation, restoration and sustainable use', for the first time recognised the importance of ecological 
connectivity in maintaining healthy ecosystems and habitats. The resolution affirms that connectivity is 
necessary for conserving, restoring and sustainably using biodiversity, and for ensuring that nature can continue 
to provide people with ecosystem services. While encouraging Member States to implement the UN Decade 
on Ecosystem Restoration (2021–2030), the General Assembly also urges them to maintain and enhance 
connectivity within and beyond protected areas and to employ other area-based conservation measures that 
contribute to their healthy functioning.

International Union 
for the Conservation 
of Nature (IUCN)

In 2021, the IUCN adopted various resolutions (e.g. 07322 and 08123). Policy Resolution 073, 'Ecological 
connectivity conservation in the post-2020 global biodiversity framework: from local to international levels', 
emphasises the importance of ecological networks and corridors in sustaining biodiversity and the contributions 
of nature to people. It recommends that all IUCN members conserve connectivity by documenting it across 
ecosystems, informing policies, laws and plans, identifying key drivers of fragmentation and building synergies 
across institutions and borders to implement solutions.24 Resolution 071, 'Wildlife-friendly linear infrastructure', 
recognises the importance of avoiding and mitigating the fragmentation caused by linear infrastructure, such as 
roads, railways and canals, in order to conserve ecological connectivity.25

Convention on Migratory 
Species (CMS)

In the context of the Convention on Migratory Species (CMS), connectivity is an expression of entire migration 
systems, as it enables the functioning of the migration process and the conditions that maintain the cyclical and 
predictable movements of animals. Article III4(b) of the convention text emphasises the importance of Parties 
endeavouring “to prevent, remove, compensate for or minimise, as appropriate, the adverse effects of activities or 
obstacles that seriously impede or prevent the migration of the species” listed in Appendix 1. Species migration 
can only be achieved if animals can access the sites, habitats, food resources and breeding conditions they need 
at different stages of their life cycles and journeys.26 The CMS and its family of agreements provide a specialised 
framework for cooperative efforts on ecological connectivity in relation to the conservation needs of migratory 
species. The convention's new strategic plan for 2024–2032 includes the following goal: “The habitats and 
ranges of migratory species are maintained and restored, supporting their connectivity”.27

United Nations 
Convention to Combat 
Desertification (UNCCD)

In technical documents, the UNCCD references ecological connectivity as a means of achieving SDG target 
15.3: Land Degradation Neutrality (LDN).28 Maintaining or enhancing the quantity and quality of land resources 
necessary to support ecosystem functions and services, and enhancing food security, are ways in which 
ecological connectivity can contribute to LDN. At the 15th Conference of the Parties to the UNCCD in 2022, 
the Land, Life and Legacy Declaration was adopted. This encourages the signatory countries to consider the 
'connectivity of ecosystems' in order to speed up their commitment to achieving land degradation neutrality by 
2030.29

Convention on Biological 
Diversity (CBD)

In 2022, the CBD adopted the Kunming-Montreal Global Biodiversity Framework (GBF), with ecological 
connectivity being central to Goal A and Targets 2, 3 and 12. Target 2 calls for the restoration of 30% of degraded 
land, freshwater and ocean areas to benefit biodiversity, ecosystem functions and services, and ecological 
integrity and connectivity. Target 3 aims to effectively conserve and manage 30% of land, freshwater and of 
ocean areas by 2030, through ecologically connected and representative systems. Target 12 emphasises the 
importance of maintaining and enhancing connectivity in urban and non-urban environments to ensure the 
persistence of biodiversity and ecosystem services. Target 4 includes maintaining and restoring genetic diversity 
to maintain their adaptive potential.30

United Nations 
Framework Convention 
on Climate Change 
(UNFCCC)

In the context of the UNFCCC, the 2021 Glasgow Leaders' Declaration on Forests and Land Use commits to 
halting deforestation and restoring degraded landscapes, thereby reinforcing the importance of large-scale 
connectivity efforts.31 The Sharm el-Sheikh Adaptation Agenda (2022), meanwhile, calls for 2.5 billion hectares 
of land to be restored and for landscape connectivity to be improved in order to build resilience against extreme 
climate events.32

Ramsar - The Convention 
on Wetlands and United 
Nations Educational, 
Scientific and Cultural 
Organization (UNESCO)

Annex 3 of Ramsar Resolution XI.12 recognises the fundamental connection between the health of humans, 
domestic livestock and wildlife, and calls for ecosystem-based approaches to be implemented.33 Resolution 
VI.23 focuses on maintaining hydrological functions and linkages across catchments and floodplains.34 
Meanwhile, Resolution XIV.6 encourages the Ramsar Secretariat to “contribute to ongoing efforts to improve 
ecological connectivity of the world’s flyways for migratory birds and potentially of other taxa”.35 Alongside 
UNESCO's Man and the Biosphere Programme and World Heritage designations, these resolutions provide 
scalable governance models that support cross-border corridors, large-scale restoration projects and strategies 
that balance biodiversity, water and cultural values. The Ramsar Convention, UNESCO's Man and the Biosphere 
Programme and the World Heritage Programme also offer valuable case studies in the form of implemented 
resolutions and site-level management plans that support integrated, land-based ecological connectivity. 
Reviewing and scaling up these experiences could strengthen global restoration strategies.
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2

This chapter explores the many dimensions of 
ecological connectivity that are essential for maintaining 
and restoring ecosystem functions and the benefits 
they provide. It explains why it has been defined as 
"the unimpeded movement of species, connection 
of habitats without hindrance and flow of natural 
processes that sustain life on Earth".36 It describes 
several of these natural and socio-ecological processes 
and discusses the difference between structural and 
functional connectivity. It also sets out the main drivers 
of connectivity loss and its impacts on ecosystems.

2.1 

The Flow of Natural Processes 
and Movement of Species
Over the past few decades, human activities have 
transformed around 32% of the Earth’s land surface,37 
profoundly fragmenting landscapes and seascapes and 
undermining the productivity, functioning and resilience 
of ecosystems. Ecological connectivity has gradually 
become a key topic in environmental science and policy 
discussions, as it is essential for responding to species 
loss, habitat fragmentation, land use changes, climate 
change and maintaining vital ecosystem services for 
human well-being.38 39

Ecological connectivity not only enables the movement 
of animals and the connection of habitats without 

hindrance, but also allows for the unimpeded flow of 
the natural processes that sustain life on Earth. These 
processes include various fluxes, such as the movement 
of organisms, propagules, genes, energy and materials 
like nutrients, water and sediments. These processes 
depend on both structural and functional connectivity.

Understanding the dynamics and interactions of these 
processes and how they connect and interrelate within 
social-ecological systems helps us to understand how 
degradation and fragmentation affect not only adjacent 
ecological systems, but also systems functioning at 
much wider scales, including transcontinental and 
transoceanic systems.40 Thus, ecological connectivity is 
a broad concept that can be applied to different contexts 
and circumstances, depending on the scale and social-
ecological processes under consideration.41 Figure 
1 shows a simplified connected and fragmented 
landscape with various land uses. It highlights 
structural elements and different approaches (green) 
and functional elements (yellow) that contribute 
to and are associated with ecological connectivity. 
These include hydrological connectivity, energy fluxes, 
population connectivity, communicative transmissions 
of non-human organisms, species movement, 
migratory connectivity, climate connectivity and socio-
ecological connectivity. These are outlined further 
below. The orange labels in the fragmented landscape 
highlight some of the barriers and disturbances, as 
well as their consequences on ecological connectivity.

The Multiple 
Dimensions 
of Ecological 
Connectivity

Photo: ©Dewald Kisrten
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FIGURE 1 
This figure presents a simplified example of a connected landscape, illustrating key structural elements and different approaches 
and functional elements that support ecological connectivity and ecosystem processes.
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Structural connectivity refers to the extent to which 
elements of a landscape or system are physically 
linked, based on their physical features, configuration, 
interrelations, extent and spatial distribution.42 Structural 
connectivity is relatively straightforward to understand, 
measure and communicate. For example, the state of 
a landscape or habitat can often be observed via aerial 
photographs or satellite images of the Earth's surface 
or through other mapping methods.43 44 However, these 
methods do not take into consideration how organisms 
effectively move across the landscape.

Functional connectivity, on the other hand, is the 
degree to which landscapes facilitate the movement of 
organisms or the flow of natural processes. It also takes 
into account the behaviour patterns of the organisms 
themselves.45 It includes the combined effects of 
landscape or ecosystem structure, and how organisms 
and ecological processes respond to this structure. This 
means that the same landscape will have different levels 
of functional connectivity for different ecological flows, 
species and organisms, as their ability to move through or 
between the landscape matrix (permeability) can change 
based on several factors. For wildlife, these factors 
can include an individual's condition and motivation 
to move, the social organisation of the population, the 
level of risks encountered and differential vulnerability 
to risks, including natural predation and anthropogenic 
disturbance.46 47 

Socio-Ecological Connectivity

Ecosystems and landscapes comprise social and 
ecological components, all of which are influenced by 
external forces and adapt as they interact with each 
other in a dynamic network of interdependencies and 
feedback loops.48 49 Managing ecological connectivity 
requires an understanding of, and governance over, 
cross-boundary ecological processes, as well as the 
coordination of management actions across different 
levels of society, policy sectors and scales.

To fully understand dynamic landscape processes, it 
is necessary to analyse the patterns of both ecological 
and social systems and their complex interactions. 
In an urban setting with a growing population, for 
example, both physical structures and demographic 
patterns change over time and space. A comprehensive 
assessment of the flow of ecosystem services in a 
dynamic urban landscape requires an evaluation of 
how ecological processes, green and blue spaces 
and biodiversity, which are all supported by ecological 
connectivity in the city, are related to people, their well-
being and their activities.50

Social connectivity refers to the connections between 
people, such as communication, the exchange of goods 
and ideas and cultural exchange,51 as well as cooperation, 
including the exchange of information between 
institutions and the exchange of knowledge between 
different fields of interest and sectors of expertise.52 
Socio-ecological connectivity expresses the ecological 
linkages between different users and communities who 
share natural resources. For instance, a community of 
small-scale fishermen could influence a neighbouring 
fishing community located a considerable distance 
away if they impact shared fish stocks.53 Similarly, 
pastoralists moving across country boundaries along 
traditional migration routes influence vegetation and 
soil health in these areas.54 The protection of forests 
by users in one area can influence species movement 
between countries and across continents, enhance 
water regulation and contribute to ecological stability 
far beyond the forest ecosystem.55

These socio-ecological dynamics can be influenced 
by traditional and other cultural values. Migratory 
animal species connect places with each other and, 
consequently, people. Many migratory species are 
culturally and economically important to Indigenous 
Peoples and local communities, who often suffer the 
most if these species decline. This is referred to as 
'cultural connectivity', acknowledging the contributions 
that migratory species make to spiritual and religious 
life, cognitive development, aesthetic and recreational 
experiences as well as the cultural significance and 
symbolic importance that traditional communities 
associate with them.56 57 Cultural values must be 
considered in connectivity management strategies, 
recognising the fundamental role of exchange and 
collaboration.58

Discovering mutual ecological connections between 
local communities, even where social ties are relatively 
weak, highlights the importance of adopting a landscape 
perspective and collaborative approaches.59 This also 
involves considering the potential negative effects of 
greater ecological connectivity. Although ecological 
connectivity can also mitigate human disease risk, 
connected social-ecological systems can facilitate 
the transmission of diseases and pathogens among 
and between animals and humans.60 The spread 
of Swine Fever among free-ranging wild boar (Sus 
scrofa) in Belgium, Germany, Italy and Switzerland 
was facilitated by habitat connectivity.61 In the 
United States, forest connectivity has contributed to 
the spread of Lyme disease, which is transmitted by 
Ixodes ticks.62 
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Hydrological Connectivity

Hydrological connectivity refers to the transfer of 
matter, energy and organisms within or between 
elements of the hydrological cycle.63 This type of 
connectivity spans all scales, from local to global, 
and can exhibit significant temporal complexity.64 65 
Wetlands, rivers, streams and ponds, for example, 
exhibit considerable inter-annual variability and may be 
more connected in wetter years than in drier years.66 
Hydrological connectivity can be divided into three 
components: longitudinal connectivity (upstream–
downstream), lateral connectivity (land–water) 
and vertical connectivity (atmosphere–surface–
groundwater).

 

•	 Longitudinal connectivity involves the flow of water 
from upstream to downstream in river systems, 
facilitating processes such as the migration of 
organisms, the transport of sediments and nutrient 
cycling. Upstream areas, such as headwaters 
or wetlands, help to regulate water quality 
downstream.67 

•	 Lateral connectivity refers to the interactions 
between aquatic and terrestrial ecosystems, 
including deltas and floodplains. This encompasses 
the movement of materials, organisms and energy 
between landscapes and waterscapes, for instance 
via runoff, subsurface flows or anthropogenic 
drainage. It also includes fluxes such as the 
deposition of water, sediments and organisms in 
floodplains during overbank flooding.68 69 

•	 Vertical connectivity is vital for regulating climate 
and water cycles, describing interactions between 
groundwater systems, surface water, deep water 
and the atmosphere. This includes processes 
such as evapotranspiration, infiltration and 
precipitation,70 as well as the interplay between 
groundwater and surface water, which affects 
water availability and soil moisture.71

FIGURE 3 
This is a basic representation of the hydrological cycle and the various components of hydrological connectivity.

Photo: ©Will Parson @ Alliance for the Chesapeake Bay
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Human activities have significantly altered hydrological 
connectivity at local, regional and global scales.72 Even 
minor alterations can have significant consequences 
for the health of ecosystems and landscapes.73 
Humans influence hydrological connectivity through 
activities such as extracting groundwater, building 
dams and channels, regulating water flow and 
developing floodplains and riparian areas.74 75 

Due to the complex nature of hydrological connectivity, 
changes to it can have both beneficial or detrimental 
impacts on the wider ecosystem depending on 
the landscape and flows under consideration. On 
the one hand, hydrologically connected habitats 
facilitate species dispersal and gene exchange, 
enhancing genetic diversity and species resilience to 
environmental stressors.76 77 In this instance, reduced 
connectivity can isolate populations and create genetic 
bottlenecks78 with profound implications for human 
populations that depend on the natural functioning 
of such systems for food security (e.g. fisheries and 
nutrient deposition in floodplains), water quantity and 
quality (e.g. access to drinking water and irrigation), 
sanitation and other ecosystem services.79 80

While hydrological connectivity offers important 
benefits for ecosystem health and resilience, it is also 
important to consider and manage potential downsides. 
Increased hydrological connectivity, for instance, can 
also facilitate the transport of pollutants, sediment and 
excess nutrients. For instance, degraded soils as well 
as urban infrastructure and sealed surfaces increase 
stormwater runoff, which can elevate nutrient levels in 
freshwater bodies,81 82 83 contributing to eutrophication.84 
These changes in runoff patterns and volumes can 
have significant effects on soil integrity, vegetation 
production, seedling dispersal and establishment,85 86 
which directly impact the ecological balance.87 88 89 

Fluxes of Energy

Fluxes of energy, such as sunlight, wind and water, are 
another important aspect of ecological connectivity. 
Human activities that alter or obstruct these flows, 
increasing or decreasing them beyond their natural 
levels, can diminish the functional aspects of 
connectivity. The dispersal of seeds, pollen, spores 
and other propagules depends heavily on wind 
energy,90 which plays an important role in determining 
the distribution and reproduction of species.91 For 
instance, in a chronically deforested landscape in the 
United Kingdom, the seeds and pollen of the common 
ash (Fraxinus excelsior) are typically dispersed by wind 

over tens of kilometres, thereby contributing to genetic 
connectivity in a highly fragmented landscape.92

Other manifestations of energy fluxes in the environment 
may include the scouring of river sediments by hydraulic 
energy and changes in ocean currents that determine 
colonisation zones and migration pathways of 
organisms, from the largest to the smallest.93 94 Sunlight is 
fundamental to sustaining life on Earth. Obstructions that 
prevent light from reaching plant communities reducing 
photosynthesis can impact ecological connectivity. 
Vertical obstructions, such as trees and buildings, can 
lead to understorey vegetation receiving insufficient 
light, which suppresses plant growth and influences 
soil structure and microhabitats.95 This can have 
consequences further along the food chain, impacting 
herbivores relying on understory plants and changing 
the behaviour and movement patterns of pollinators.96 97 
Significant decreases in vegetative cover due to changes 
in land use can also influence heat fluxes, increasing land 
surface temperatures, creating thermal stress which 
affects the photosynthetic efficiency of plants.98 Changes 
in vegetation also influence the radiative properties of 
surfaces, thereby affecting the energy balance and local 
climatic conditions.99 

Population Connectivity

The exchange of genes, propagules and larvae, as well 
as the dispersal of individuals among populations, 
is referred to as population connectivity. This is 
relevant when assessing the health and productivity, 
as well as the genetic and evolutionary processes, of 
populations.100 101 One of the key aspects of population 
connectivity is its relationship to genetic diversity 
within populations,102 which is crucial in the face of 
mounting environmental pressures.103 Small, isolated 
populations can lead to the accumulation of harmful 
mutations and genetic erosion. Less genetically 
diverse species also tend to have considerably shorter 
lifespans than more diverse populations, often due to 
the negative effects of inbreeding.104 

Range expansions can greatly improve the fitness of 
populations.105 The structure of the landscape strongly 
affects the distances travelled by plant seeds, regardless 
of whether they are dispersed by abiotic factors, such 
as wind, or by animals. Any type of disturbance, such 
as habitat fragmentation or modification by invasive 
plant species, is likely to alter the patterns of seed 
movement and potentially affect the genetic structure 
of plant populations. Evidence shows that the loss of 
even a single animal species that assists in the long-
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distance dispersal of seeds can significantly reduce plant 
population connectivity across large areas.106 107

Communicative Transmissions

Collective systems, ranging from multicellular 
organisms to social insect colonies, have evolved 
numerous mechanisms for sharing information. 
Examples include the waggle dance of honey bees, 
which is used to communicate the location of food 
sources, and the use of hormones by plant cells 
to communicate environmental stressors, such as 
drought.108 

In underground networks, plant roots, bacteria and 
fungal mycelium interact with each other, delivering 
chemical signals and information109 that support 
a mutually sustaining relationship between plants 
and fungi.110 With an estimated five billion tonnes of 
carbon passing from plants to fungi annually below 
ground, it is clear that these networks are vital for life 
on the surface.111 This type of connectivity within the 
soil is essential for healthy plant communities, yet 
it is vulnerable to threats from human-induced soil 
disturbances, such as tillage, drainage, compaction, 
deforestation and the use of inputs that alter soil 
chemistry.112 Interrupting these forms of connectivity 
could have unforeseen consequences for the 
ecological fitness and evolutionary trajectory of many 
communities of organisms.

Volatile organic compounds (VOCs) play a crucial role 
in plant communication and interactions with their 
environment, including protection against abiotic 
and biotic stressors (e.g. herbivores, pathogens and 
competitors) and the capacity to attract pollinators, 
seed dispersers, beneficial microbes and predators/
parasitoids.113 114 Pheromones are another chemical 
signal that influences the behaviour and population 
dynamics of plants and animals.115 This type of 
connectivity can be affected by physical obstructions 
and discontinuities as well as noise and light pollution.

Science continues to make new discoveries about the 
variety of communication methods exhibited by non-
human life forms. Unimpeded sound transmission 
through air, water or ground is important for animal 
communication, informing social behaviours, territorial 
integrity and echolocation of food.116 Recent studies 
have investigated the potential of broadcasting 
soundscapes to support the restoration of disturbed 
areas by encouraging recolonisation by animals, 
microbes and propagules.117 

Movement of Species

Unimpeded movement refers to the ability of species 
to move freely from place to place on land, in water and 
in the air. This allows them to access resources such 
as food, water, shelter and mates for reproduction. 
This type of connectivity plays a key role in the 
resilience and adaptation of species to climate change, 
as it enables plant and animal species to follow shifts 
in the range of climatically favourable environments.118 
Depending on the species, animal movements can 
influence the landscape they cross and facilitate many 
functions, such as pollination, seed dispersal, pest 
control and maintaining the openness of forest canopies, 
among others.119

Ecological connectivity facilitates and maintains 
these movements, which take place across spatial 
and temporal scales (daily, seasonal, annual, multi-
generational or evolutionary), including:

•	 Daily movements during the day or night, which 
allow for roaming and travel among relatively close 
sites for the purpose of locating resources and 
carrying out daily activities. For instance, eastern 
grey squirrels (Sciurus carolinensis) forage among 
nearby trees and ground surfaces to collect nuts 
and seeds. These movement patterns are often 
influenced by environmental factors, such as 
the availability of food and the structure of the 
habitat.120

•	 Dispersal movements, unlike migration, usually 
involve a one-way relocation to an area with more 
suitable conditions.121 Dandelion (Taraxacum 
officinale), for example, use the wind to disperse 
their seeds and spread to new areas.122 Dispersal 
movements are crucial for maintaining genetic 
diversity within populations, reducing the risk of 
extinction due to genetic isolation or inbreeding, 
overcoming competition and shortages of breeding 
individuals and enabling species to colonise new 
habitats.123 

•	 Migratory movements include cyclical and seasonal 
migrations. For example, the annual migration of 
blue wildebeest (Connochaetes taurinus) in East 
Africa is in response to seasonal rainfall patterns 
and the availability of resources as they search for 
fresh grazing grounds. Migratory animals move 
across space and time, connecting continents, 
oceans, countries, habitats and sites as they do so. 
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Their migrations are often regular and predictable 
within the annual cycle. The survival of migratory 
species is closely linked to their ability to migrate, 
which depends on their access to suitable sites 
and habitats along their migratory route.

Many of these migrations are disappearing at 
an alarming rate, primarily due to infrastructure 
development and the construction of fences and 
other barriers in areas experiencing high levels of 
human-wildlife conflict.124 125 While fences threaten 
all ecosystems, dryland systems are particularly 
vulnerable to their negative impacts because they 
cause significant reductions in wildlife movement, 
affecting the ecosystem’s capacity to respond to 
unpredictable rainfall patterns.126 For birds that fly 
long distances twice a year between breeding and 
non-breeding sites, the removal of any key staging 
sites can lead to population collapse. 

Migratory Movement of Monarch Butterflies

Monarch butterflies play a vital role in North American 
grassland ecosystems. As they migrate across vast 
distances, they pollinate wildflowers and provide food 
for birds, insects and small animals.127 Every year, they 
migrate to California, Mexico and Florida to overwinter 
before returning north in spring and summer to 
breed. However, their habitats are under increasing 
threat. Deforestation is shrinking their overwintering 
habitats, while the loss of native grasslands and the 
intensification of agriculture, coupled with pesticide 
use, are reducing the number of nectar-producing 
plants and milkweed, which are essential for 
feeding and breeding.128 In order to avoid extinction, 
habitats are being restored along Monarch migration 
corridors. This involves maintaining sufficient 
milkweed in breeding areas and preserving forested 
overwintering sites. It also involves creating stepping 
stones of feeding habitat to ensure continuous 
access to nectar-producing plants during their long 
migrations.129 Focusing on habitat connectivity means 
that even small patches of habitat restoration, placed 
strategically, can significantly reduce the risk of 
Monarch extinction.

•	 Long-term geographic shifts in population range 
over multiple generations are often caused by 
external factors, such as changing environmental 
conditions and human pressures.130 131 One example 
is the American pika (Ochotona princeps), which 
is losing its alpine habitat due to global warming 
and is increasingly moving to higher elevations as 
temperatures rise. Over generations, these slow 
shifts in range can significantly alter the distribution 
of species and the composition of ecosystems.132

Migratory Connectivity

Migratory connectivity is a special type of ecological 
connectivity. It can be broadly understood as the spatial 
and temporal linkages of individuals and populations 
between seasons or different stages of their migration 
cycles.133

While ecological connectivity generally refers to the 
ease of movement across geographical areas, with 
easier movement indicating stronger connectivity, 
migratory connectivity refers to the retention of 
population structure in areas where individuals spend 
different parts of their annual life cycle and the effect 
of conditions and events in one area on populations in 
another.134 135 It therefore focuses on how processes 
and events occurring in one geographical area are 
transmitted to a physically distant location through 
the migration of individuals and their associations. 
Migratory connectivity is 'strong' when individuals 
stay together in an area and collectively migrate to a 
wintering area, and 'weak' when they are spread among 
many different areas.136 

Understanding migratory connectivity patterns 
is essential for assessing individual behaviours, 
population dynamics and the evolution of migratory 
populations.137 Consideration of migratory connectivity 
is essential for conservation and management plans, 
including species recovery programmes, integrated 
land use planning and the development of networks 
of protected areas and other effective area-based 
conservation measures.138

Photo: ©Envato Elements



16
The Multiple Dimensions of Ecological Connectivity

GLOBAL LAND OUTLOOK    Thematic Report on Ecological Connectivity and Land Restoration

 
Climate Connectivity

From a species perspective, ecological connectivity 
enables them to shift their ranges in search of more 
favourable climates.139 140 For example, wetter and 
warmer winters have made some historically important 
breeding and wintering areas unsuitable for migratory 
birds, which have instead chosen to 'short stop', 
ending their migration closer to their breeding grounds 
rather than continuing to their former wintering 
areas. Affected populations are forced to change 
their migration times and/or destinations to maintain 
their migratory cycle.141 The ability of a landscape to 
promote or hinder species movement and ecological 
flows in response to a changing climate is referred to 
as climate connectivity.142 

Strengthening ecological connectivity facilitates 
the dispersal and colonisation of species when 
their distribution changes, thereby increasing their 
resilience to climate change.143 As part of a larger 
effort to make protected areas climate resilient, 
Mexico has identified key biodiversity areas and 
proposed climate corridors as key connectivity 
routes that allow species to move between habitat 
fragments while avoiding major human disturbances, 
thereby helping flora and fauna track suitable climatic 
conditions under global change. They have developed 
a framework for a participatory approach to the 
development of climate corridors.144 145

2.2

Causes and Consequences 
of Connectivity Loss
Human activities have altered landscapes to an 
unprecedented degree, often resulting in the creation 
of new ecosystems.146 147 These landscapes and 
ecosystems are becoming increasingly fragmented, 
which erodes natural processes and contributes to the 
loss of ecological connectivity.148 149

Changes in land, freshwater and sea use, as well as 
the exploitation of natural resources, have been the 
dominant drivers of ecological fragmentation in recent 
decades, often exacerbated by climate change. Other 
important drivers include pollution, alien and invasive 
species,150 151 152 urbanisation and the expansion of 
human development,153 including energy, water and 
transportation infrastructure. These factors have had 
a significant impact on ecosystems and the services 
they provide.154 However, not all ecosystems are 
affected equally by these drivers. Tropical forests, for 
instance, are being converted into agricultural land 
much faster than other ecosystems.155 

Agriculture and Forestry 

The demand for agricultural and forestry commodities 
is increasing due to population growth and economic 
development.156 Current short-term management 
practices can enhance provisioning services, such as 
food and timber production, while reducing regulating 
and supporting services that undermine connectivity 
and biodiversity.157 158 

FIGURE 3
One way of measuring the connectivity of protected area systems is by using the Protected Connected (ProtConn) Index, (Saura 
et al. 2017), which is available on the European Commission's (EC) Joint Research Centre's (JRC) Digital Observatory for Protected 
Areas (DOPA). It assesses the percentage of an area covered by connected protected lands, and it is computed and available at the 
level of countries and terrestrial ecoregions.703
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Poor land management, deforestation, cultivating 
marginal land and using agricultural chemicals can 
affect ecosystems and landscape level processes in 
various ways:

1.	 Production landscapes tend to have lower overall 
plant biomass. 

2.	 Important resources required by some species, 
such as fruit, seeds, insects, pollinators, detritus, 
nectar and fungi, are no longer available.

3.	 Habitats become fragmented, which has a 
disproportionate effect on small organisms with 
lower dispersal abilities.

4.	 Land use change alters the local climate.

5.	 Land conversion for agriculture leads to the 
expansion of linear transport and energy 
infrastructure, which drives further fragmentation 
and opens new areas up to exploitative land uses, 
such as unsustainable timber harvesting or hunting.

6.	 Lower plant biomass, exposed soils and agricultural 
chemicals can lead to soil erosion and acidification, 
which compromises hydrological and biological 
functioning.159

7.	 Irrigation can lead to the salinisation of soils, 
leaving them degraded and unproductive.160

8.	 Grazing beyond the carrying capacity of rangelands 
can lead to a decline in land health and productivity 
in the medium to long term.161

9.	 Drylands are particularly vulnerable to 
overcultivation and overstocking which, when 
coupled with drought, can lead to more exposed 
soils. This creates a negative spiral where rainfall 
is reduced as a result of increased bare ground and 
vegetation declines.162 163

These human factors can have a significant impact on 
ecological connectivity. Healthy soil processes play a 
vital role in carbon storage, net primary productivity 
and plant growth. Degraded soils often have reduced 
organic matter content and infiltration capacity,164 as 
well as lower diversity and abundance of soil biota.165 
Low organic matter and nutrient content weakens 
soil structure, which affects water retention and 
infiltration.166 Reduced soil microbial activity affects 
nutrient cycling and other biophysical processes, 
resulting in isolated patches of vegetation. This 
further fragments landscapes and limits the ability 
of organisms to move, thrive and reproduce within 
connected ecological networks.167 168 

Reduced vegetation cover also impacts the ability of 
ecosystems to retain and distribute water effectively, 
disrupting hydrological connectivity.169 The loss of soil 
due to wind and water erosion, as well as diminished 
infiltration capacity, can further alter hydrological 
connectivity by increasing water runoff and decreasing 
groundwater recharge. Crusted or compacted soils 
further exacerbate runoff, which can increase peak 
flows and contribute to flooding.170 171 

The intensification and expansion of agriculture 
disproportionately impacts specific functional 
groups, with the highest losses typically occurring 
at the highest trophic levels. This can lead to the 
restructuring of ecological communities, which has 
considerable effects on the functioning and structure 
of ecosystems. For instance, large carnivores play 
a vital role in regulating populations of species at 
lower trophic levels, while large herbivores mitigate 
the risk of human diseases carried by rodents.172 The 
loss of certain functional groups can result in shifts 
in species composition, with non-native or colonising 
species replacing endemic ones.173 In highly degraded 
and fragmented agricultural landscapes, reduced seed 
dispersal impacts plant populations and community 
persistence.174 These drastic changes often have legacy 
or biotic lag effects on biodiversity, including ecological 
memory effects, colonisation credit and extinction 
debt, whereby changes in ecosystems and ecological 
connectivity are not immediately evident. 175 

Photo: ©2024_AfDB_MADAGASCAR_PEJAA_BLP_Félix_Vigné
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Urbanisation 

Urbanisation can introduce drastic changes to both 
structural and functional connectivity. Unregulated and 
unplanned urban and peri-urban expansion is driving 
land use change in many countries around the world. 
The size of urban areas has increased from 33 million 
hectares in 1992 to 71 million hectares in 2015.176 
Around one third of the global urban population live in 
informal settlements.177 These areas often lack secure 
tenure and access to basic services, making them 
highly vulnerable to environmental risks, including 
droughts, floods, landslides, water scarcity, pollution 
and ecosystem degradation.178 179 180 

Due to their high demand for food, water and 
other natural resources, urban areas are highly 
dependent on goods and services from rural areas. 
The pollution generated by cities, largely due to 
poor waste management, can have a considerable 
impact beyond their borders.181 These urban-rural 
linkages can lead to land degradation in rural areas, 
the creation of exurban residential areas and new 
transport and communication structures to facilitate 
these connections.182 Barriers such as buildings, roads 
and walls and fences pose a particular challenge to 
ecological connectivity, especially for mammals, in 
both urban and rural areas.183 The predominance of 
impervious surfaces in urban environments, such as 
asphalt and concrete, causes ambient and surface 
temperatures in cities to be higher than in surrounding 
rural areas. This phenomenon is known as the 'heat 
island effect'.184

Urban areas can have positive or negative impacts on 
species movement. Some highly adaptable species 
can thrive in urban environments, showing increased 
mobility and gene flows.185 In contrast, species 
with more specific habitat requirements experience 
significant movement barriers186 187 and genetic 
isolation, resulting in reduced genetic diversity and 
increased inbreeding.188 Furthermore, some studies 
have indicated that human disturbance at the urban-
rural interface, for instance in the form of hunting or 
recreation, can have a greater adverse impact on 
animal movement than habitat modification.189 

Impermeable surfaces190 and the construction of 
channels and other structures alongside urban rivers 
and other bodies of water can affect hydrological 
connectivity, limiting the movement of water and 
aquatic species and disrupting their reproductive 
and feeding behaviours.191 Urbanisation can also 

alter energy flow dynamics and disrupt natural 
energy transfer processes.192 Higher temperatures in 
cities compared to the surrounding areas influence 
evaporation and rainfall patterns (hydrological 
connectivity),193 act as a barrier to species movement, 
impede genetic exchanges (population connectivity) 
and disrupt traditional migratory routes and timings.194 
Finally, artificial lighting, higher ambient temperatures 
and reflective surfaces – such as windows –195 
found in urban areas can mislead wildlife, disrupting 
their natural behaviours and turning these areas 
into ecological traps. Many species use natural light 
cues for navigation and foraging. Urban lights can 
attract some species to these areas, where they face 
a higher risk of predation and mortality.196 Reflective 
surfaces can mimic bodies of water, leading them into 
inhospitable environments with a lack of resources.197 
Increased pollution, road traffic and noise disturbance 
in urban areas also contribute to habitat degradation.198

Photo: ©Nelemson Guevara
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Infrastructure Development 

The transport sector plays a vital role in the 
global economy and is essential for economic 
development.199 Linear infrastructure, such as railways, 
roads, canals, pipelines, walls and fences, is being 
constructed at a record rate in previously undeveloped 
areas, particularly in tropical regions. It is expected 
that around 25 million kilometres of new roads will be 
constructed across the world by 2050, 90% of which 
will be in developing countries.200 This will lead to 
land degradation, deforestation and fragmentation 
through direct land clearing for infrastructure as well 
as indirectly by attracting settlements, agriculture 
and secondary road development (creating what is 
known as the 'fishbone effect'201). This increased 
accessibility to natural or protected areas can lead to 
increased poaching202 and can impact the livelihoods 
of those who directly depend on forest resources.203 
204 The stabilisation of rivers through levees and pinch 
points to allow for transportation and utility crossings 
leads to 'structural starvation', eroding the health and 
complexity of river ecosystems.205

Perceived Environmental Impact of the Kenya 
Standard Gauge Railway (SGR) 206

The Kenya Standard Gauge Railway (SGR) is an 
ambitious transport infrastructure project that forms 
part of Kenya’s Vision 2030. It is also part of a broader 
plan to revitalise and connect the Eastern African SGR 
network, which extends from Tanzania and Kenya to 
Uganda, Burundi, Rwanda, Ethiopia and South Sudan. 
Construction of the first two phases in Kenya began 
in 2014 with the building of a railway line through 
eight counties from Mombasa to Narok. Several 
safety protection measures were installed along the 
SGR, including speed limits, safety buffers, earth 
embankments, fencing, underpasses, bridges, flyovers 
and culverts, particularly in areas with high human and 
wildlife population densities. Additionally, a noise barrier 
was installed within Nairobi National Park.

Following the completion of these phases, a study 
assessed the perceptions of local communities, 
the government and civil society actors. Despite 
the protection measures, these stakeholders 
reported negative ecological effects, highlighting 
the importance of considering socio-ecological 
connectivity. They were particularly concerned about 
ecosystem degradation caused by soil, water and 
air contamination. In Tsavo National Park, some of 
the underpasses were used by local communities 
to graze livestock, leading to considerable soil 
degradation in some areas. Community Forest 
Associations observed that sediment eroded from 
the rail embankments blocked streams and reduced 
their size in Kilindini, affecting the development and 
germination of mangrove seeds along the coast. In 
Narok County, the underpasses caused gulley erosion 
and sediment transport blocked rivers, leading to the 
siltation of Lake Magadi. Some also reported the 
spread of invasive alien plants along the SGR corridor, 
as well as the reappearance of invasive plants due to 
soil disturbance during construction. They were also 
concerned about the fragmentation of ecosystems. 
Underpasses created to support wildlife movement 
were blocked by illegal settlers and converted for 
agricultural use. They believed that the traffic noise 
made the wildlife more aggressive and that human-
wildlife conflict intensified as the animals moved 
away from the railway line and roads towards human 
settlements. Quarrying and construction also removed 
considerable vegetation and forest cover.

Transport infrastructure development can have 
various impacts on ecological connectivity, that can be 
avoided or at least mitigated when well-planned. For 
example, roads and bridges alter natural water flows, 
disrupting the hydrological connectivity of rivers and 
streams and affecting the distribution of water with Photo: ©Antony Trivet
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significant socio-economic impacts on human and 
animal communities that depend on these resources.207 
Railways and roads can act as barriers to species 
movement, influencing genetic flow and population 
stability or causing wildlife-vehicle collisions.208 209 
Although transport infrastructure is a major cause of 
landscape fragmentation, the surrounding areas can 
still support connectivity by promoting new movement 
and dispersal patterns for various species, including 
plants, pollinators and small mammals, which can 
improve habitat connectivity at local scales.210 211 
Transport networks can also enhance socio-ecological 
connectivity, facilitating positive human interactions 
with the environment and supporting the effective 
sharing of ecological resources and knowledge. At 
the same time, this enhanced connectivity created by 
transport infrastructure can contribute to the spread of 
invasive species212 and parasites or pathogens, which 
affects both ecosystem and human health.213

Water infrastructure, such as dams, reservoirs and 
other diversions, impacts flow regimes, leading to 
the degradation of freshwater ecosystems and the 
associated decline of habitats and species. These 
structural transformations disrupt both longitudinal 
and lateral connectivity.214 Almost 60% of the world's 
rivers are already divided into sections by dam projects, 
which have a negative impact on 93% of natural river 
flows in terms of volume. This considerably affects the 
ecological functioning of river basins, with devastating 
consequences for communities that depend on these 
natural resources for their livelihoods. For instance, in 
the Amazon basin, freshwater connectivity contributes 
around US$200 million to the fishing sector annually 
and provides employment for 200,000 fisher folk.215 

Furthermore, extracting groundwater and redirecting 
surface water for human use can reduce overall water 
storage in aquifers and stream baseflows. This alters 
groundwater regimes and the vertical connectivity 
between groundwater and surface water availability. 
This can reduce river flows, increase the duration 
and frequency of low baseflows and promote land 
subsidence.216 It can also contribute to the pollution 
of watercourses. Any infrastructure that alters natural 
flow regimes can result in river basins drying up and the 
loss of wetlands, leaving local communities vulnerable 
to droughts and floods. 217 218

The Impact of Damming on the Mekong River 

The Mekong River is home to the world’s largest inland 
fishery219, which is valued at an estimated US$17 
billion each year.220 It provides income to nearly two-
thirds of households in the Lower Mekong Basin221 
and accounts for more than half of the animal protein 
consumed in the region.222 The health of the Mekong 
fishery sector depends on connectivity. Of the 899 
recorded fish species in the basin, over one-third are 
migratory.223 One migration route, between the Tonle 
Sap Lake nursery and the main stem of the river, is 
home to one of the largest annual animal migrations 
on Earth.224

As well as supporting fisheries, the river carries vast 
quantities of nutrients and sediment downstream 
each year. This provides the foundation for productive 
agriculture in one of the world's most fertile deltas.225 
However, the construction of dams and other river 
barriers for hydropower and irrigation in recent 
decades has increasingly disrupted the river’s 
natural functions.226 These structures impede the 
flow of sediment and nutrients, resulting in the loss 
of farmland in the Mekong Delta. They also fragment 
the river system, disrupting migratory pathways and 
altering the natural flood cycle, which is essential for 
fish reproduction and maintaining habitat.227

These changes have contributed to a significant 
decrease in fish populations. For example, fish 
stocks in Tonle Sap Lake dropped by 88 per cent 
between 2003 and 2019.228 One study suggested 
that a reduction in wild-capture fisheries by 50 per 
cent would necessitate replacing them with more 
resource-intensive sources of protein, such as farmed 
fish, beef and pork. This would lead to dramatically 
higher greenhouse gas emissions, water pollution 
and land use changes.229 In Lao PDR, declining fish 
catches have already forced many fishermen to adopt 
unsustainable agricultural practices, accelerating land 
conversion and environmental degradation.230

Photo: ©Galyna Andrushko



21
The Multiple Dimensions of Ecological Connectivity

GLOBAL LAND OUTLOOK    Thematic Report on Ecological Connectivity and Land Restoration

Energy infrastructure is expanding exponentially 
as societies transition away from fossil fuels to 
cleaner, renewable energy systems. In order to 
achieve emission reduction targets, the development 
of renewable energy sources, especially solar and 
wind, and their required infrastructure is accelerating 
worldwide. However, negative impacts include habitat 
loss due to land clearance; electrocution and turbine 
blade collision mortality; and vibration, noise, light and 
dust pollution.231 

Large-scale wind, hydropower and solar plants 
can fragment the landscape, disrupting ecological 
continuity and having a cumulative impact on species 
populations.232 Hydropower can alter the natural flow 
of rivers, reducing the size and fertility of floodplains 
and affecting downstream habitats.233 Dams can also 
influence stream temperatures, thereby affecting 
habitat availability.234 The water required for many 
renewable technology systems can contribute to 
the overexploitation of water resources, impacting 
freshwater availability and hydrology in arid areas.235 236

The electromagnetic radiation emitted by electricity 
transmission infrastructure can interfere with 
animal reproduction, migration and plant growth.237 
Additionally, many renewable energy technologies, 
such as large-scale concentrated solar power plants 
and bioenergy crops, require significant land areas 
that cannot usually be used for other purposes.238 
This can disrupt landscape patterns on a large scale, 
fragmenting habitats, disrupting ecological corridors 
and impeding the movement of species and the flow 
of genetic material.239 Ground-mounted photovoltaic 
solar sites, for example, have been found to alter 
the flight paths of bats and fragment their habitat.240 
Energy infrastructure can also disrupt migratory 
behaviour by prolonging migration distances or 
distracting species from their natural routes.241 

Renewable energy infrastructure can have both positive 
and negative impacts on socio-ecological connectivity. 
For example, it can reduce carbon emissions, improve 
economic opportunities and diversify livelihoods. 
However, it can also lead to conflicts over resource 
allocation and land use, particularly in areas where 
communities depend heavily on natural resources for 
their livelihoods.242 243 244

Grasslands under Threat: Energy 
Development in the Great Plains of the United 
States 245 246

The grassland states of the United States are an 
important source of energy, providing coal, natural 
gas, oil and wind power. Seven of the 12 US states 
that produced more energy than they consumed 
are located within the Great Plains. Although coal 
production has declined, the development of natural 
gas and renewable energy increased, particularly 
wind power generated by over 42,300 turbines. 
This has had a significant impact on the grassland 
ecosystem. Energy production, together with the 
required infrastructure — such as roads, pipelines, 
electricity transmission and distribution lines— has 
led to direct habitat loss. While surface coal mines 
cause significant disturbance over several hundred 
hectares, the main reason for large-scale grassland 
conversion was biofuel production. Federal subsidies 
encouraged the conversion of 526,000 hectares 
in Iowa, Minnesota, Nebraska and South Dakota, 
which considerably reduced the nesting habitat of 
grassland birds and honeybees. The conversion of 
smaller areas, when considered cumulatively, had 
significant regional impacts. For instance, converting 
3 million hectares of land for oil and gas development 
between 2000 and 2012 reduced dry biomass by 10 
billion kilograms across central North America. The 
resulting fragmentation of the landscape negatively 
affects seed dispersal and animal movement, 
threatening genetic diversity, population connectivity 
and viability. Furthermore, studies on the prairie 
chicken (Tympanuchus pallidicinctus) have observed 
behavioural changes within 8 km of wind turbines.

Energy production in the Great Plains grasslands can 
also impact aquatic ecosystems. Waste products from 
energy production, such as the toxic chemicals used 
for hydraulic fracturing, as well as ice melters, dust 
suppressants and soil stabilisers applied to roads, can 
have a significant effect on soil and water resources. 
Soil disturbance can also lead to sediment pollution 
in streams and wetlands. Grassland ecosystems rely 
on vegetation to prevent soil erosion. The construction 
of roads to expand energy infrastructure can lead to 
significant soil erosion, altering nutrient cycling and 
creating opportunities for early successional plant 
species that thrive in disturbed soil. Many of these 
species in the Great Plains are non-native and the 
loss of native vegetation can have a snowball effect 
on soil biological communities, insects and wildlife. 
The recovery of many grasslands in the Great Plains 
is expected to take many decades.
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Climate Change 

Climate change is the most intensifying threat to 
global biodiversity.247 Rising temperatures, droughts, 
changes in rainfall patterns and natural fire regimes, 
phenological shifts and other impacts caused or 
exacerbated by climate change require a range of 
adaptation strategies from humans and other species, 
248 which can be supported by ecological connectivity. 

Many terrestrial, freshwater, coastal and marine 
species have already begun to alter their geographic 
ranges, seasonal rhythms and migration patterns in 
response to ongoing environmental change.249 Similar 
considerations apply to plant species. Although plants 
are sedentary, vegetation ranges tend to shift due 
to changes in climate, with some species capable 
of colonising areas considerably distant from their 
original habitats (Figure 4).250 However, plant migration 
can be significantly constrained by the loss of suitable 
habitats for colonisation and by dispersal barriers. If 
this kind of reduced connectivity impedes species' 
ability to migrate and escape the consequences of 
climate change, they may ultimately become extinct.251 

Fire is an important component of many ecosystems. 
However, changes in fire seasonality, intensity or 
frequency, can alter vegetation structures and the 
provision of ecosystem services. The frequency of 
wildfires is expected to increase with climate change. 

More frequent fires can considerably alter landscapes 
and encourage the growth of non-native, fire-tolerant 
species, creating faster fire cycles and causing native 
species to decline.252 253 Modified vegetation cover also 
affects water cycles and hydrological connectivity. 
Intense fires can degrade soils and increase runoff, 
disrupting infiltration and reducing the land’s ability to 
absorb water.254 While many species have adapted to 
natural fire regimes, abrupt changes can lead to habitat 
loss and fragmentation, which negatively impacts 
species movement and population connectivity by 
isolating populations and reducing gene flow.255 256 

The relationship between ecological connectivity, fire 
risk and other disturbances is complex and depends on 
the characteristics of the ecosystem. In fire-dependent 
ecosystems, ecological connectivity ensures that 
natural fire regimes support natural regeneration. 
However, in areas with high fuel loads, for example 
due to fire suppression, high connectivity can also 
lead to devastating and difficult-to-control wildfires 
that can threaten livelihoods and biodiversity.257 258 In 
highly fragmented landscapes, fire progression can be 
obstructed, further altering the landscape due to fire 
suppression.259 Ecological connectivity is an important 
consideration when re-establishing vegetation and 
wildlife in post-fire environments.

Changes in precipitation and storm events will also 
impact hydrological connectivity.260 In arid systems, 
changes in precipitation, including extreme weather 
events such as droughts, can alter river flow and 
morphology, weakening the connectivity between 
lakes and rivers. This can lead to the degradation of 
hydrological functions, water quality and essential 
ecosystem services.261

Invasive Species 

Biological invasion is defined as “the process of 
transporting (moving) and introducing a species 
outside of its natural range by human activities, 
either intentionally or unintentionally, to new regions 
where it may become established and spread”.262 
This can involve non-native species introduced by 
humans to areas outside their natural range, as 
well as native species shifting their range without 
human involvement. For example, in southern Africa, 
mismanaged land, disrupted fire regimes, declining 
wild grazer and browser populations, livestock 
overgrazing and climate change have all led to native 
woody plants encroaching on the landscape.263 264 265 

FIGURE 4
The geographic range and abundance of boreal tree and plant 
species in North America has changed from 9,000 years ago 
until now. Increasing colour intensity indicates an increase in 
pollen concentration, suggesting that southern pine species 
have migrated towards the southeast, while spruce and birch 
have migrated north. © Earth Observatory, NASA704
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This has had considerable negative effects on the 
hydrology, soils,266 biodiversity and livelihoods that are 
dependent on livestock farming and tourism.267 268 

Invasive species can quickly reduce ecological 
connectivity for native species. They may have different 
root structures and higher evapotranspiration rates than 
native species, resulting in different water uptake. This 
can influence soil moisture269 and thus hydrological 
connectivity. Invasives can also restrict the growth of native 
plant species, thus reducing habitat availability for wildlife 
that relies on native plants and altering the structure 
of food webs.270 Many invasive species are better at 
adapting to climate change than native plants.271  272 The 
presence of invasive species can drive extinction through 
predation, for example, of ground-nesting birds on islands, 
and negatively impact the recovery or re-establishment 
of native species following disturbance. Invasive species 
can also attract disturbance. For instance, introducing 
non-native grass species, such as cheatgrass (Bromus 
tectorum), can significantly increase fuel loads, thereby 
increasing the risk and intensity of fires when compared 
to native species. Cheatgrass's ability to thrive following 
fires ensures it outcompetes native flora that are not 
adapted to frequent fire disturbance.273 274 Invasive 
species present a particular management challenge for 
initiatives to enhance ecological connectivity, since more 
connected landscapes can also support the spread of 
invasive species.

The impact of invasive species on socio-ecological 
connectivity is more nuanced. On the one hand, they can 
provide ecosystem services, such as fodder, fuelwood 
or timber, as well as cultural services. However, they 
can also harm livelihoods and decrease the availability 
of important natural resources used by farms and 
households, thereby reducing their income and making 
them more vulnerable to environmental change. They 
can also impact human health and safety.275 

The Cross-Ecosystem Impacts of Invasive Species 705

A recent study assessed the impact of invasive species on ecosystems. Assuming that all ecosystems are connected and 
exchange living and non-living organisms (e.g. nutrients, chemicals and organic matter), the researchers identified three main 
pathways through which invasive species can have a cascading effect beyond the ecosystem they invade. These pathways 
are: (1) altering the magnitude of spatial flows, (2) altering the quality of spatial flows and (3) introducing new flows.

The authors used the example of the lake trout (Salvelinus namaycush) invading North American lakes to illustrate these 
cascading cross-ecosystem impacts altering the magnitude of spatial flows. The lake trout preys on the native Yellowstone 
cutthroat trout (O. clarkii bouvieri), which migrates around 50 km from lakes to rivers. This has considerably reduced the abundance 
of the native species and impacted nutrient cycles to the extent that it has drastically reduced river otter populations, which are 
important ecosystem engineers. The absence or reduced abundance of the native trout has also impacted food webs, with bears 
shifting their diet from 10% to 50% juvenile elk (Cervus canadensis). 

To demonstrate the effect on spatial flow quality, the impact of Japanese knotweed (Reynoutria japonica) was compared 
with that of the invasive river red gum (Eucalyptus camaldulensis). Japanese knotweed has a low carbon-to-nitrogen ratio 
and structural content, resulting in higher leaf litter breakdown in freshwater ecosystems. This has a positive impact on food 
webs and community structures, species richness and the fitness and production of freshwater organisms. In contrast, the 
invasive river red gum tree has a much higher C:N and structural content, which reduces leaf breakdown and the richness 
and efficiency of streams, as well as the fitness and production of organisms.

One example of an invasive species creating novel flows is the Melaleuca quinquenervia plant, also known as the broad-
leaved paperbark, which has displaced native plants in Florida, reducing the home range of Florida panthers (Puma concolor 
coryi) by 16%. Consequently, the panthers had to travel further in search of habitat and resources, establishing new 
connections between ecosystems.

Photo: ©Envato Elements
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Pollution and Contamination

Pollution is often a consequence of some of the other 
human activities mentioned above. For instance, 
urbanisation and the industrial and domestic activities 
that result from it are a significant source of pollution. 
Around 80% of wastewater is discharged into waterways 
without adequate prior treatment. Agriculture can also 
contribute to pollution in multiple ways, affecting the 
quality and connectivity of ecosystems. Increased 
nitrogen deposition can lead to the eutrophication of 
soils and water, impacting vegetation composition 
and faunal diversity. Furthermore, the widespread use 
of antibiotics and pesticides can influence various 
soil processes such as rainwater infiltration, the 
decomposition of organic matter and the activity of 
soil organisms. This reduces functional connectivity 
and impacts plant biodiversity.276 277 Spillages of oil 
and other contaminants, including mercury, plastics, 
metals and paper, resulting from industrial activities, 
mining, energy production and waste management can 
impact vegetation, terrestrial and aquatic biodiversity, 
as well as the quality of water, soil and air.278

Contamination in freshwater systems reduces habitat 
quality and causes fragmentation, disrupting the 
movement and foraging efficiency of organisms.279 
280 Polluted soils with heavy metals can limit their 
primary functions and cause bioaccumulation along 
the food chain, posing risks to humans and animals.281 
Light pollution can affect the behaviour of nocturnal 
migratory species that depend on dark environments 
for foraging, breeding and migration. This can lead to 
habitat fragmentation and reduced connectivity among 
and between populations.282 For instance, bats, which 
play an important role in seed dispersal, have exhibited 
a notable decrease in activity in illuminated areas, 
resulting in adverse effects on forest regeneration and 
habitat connectivity.283 The cumulative impacts of light 
pollution can affect the wider landscape by altering 
the behaviour of keystone species and ecological 
engineers, thereby altering habitat structure and 
ecosystem functions.284 Similarly, noise pollution can 
impact ecological connectivity by influencing foraging 
behaviour,285 pollination, seed dispersal,286 animal 
communication287 and causing animals to avoid 
certain habitats. 288 

As with the spread of invasive species, enhanced 
ecological connectivity can facilitate the spread of 
pollutants. For instance, increased surface runoff 
resulting from soil degradation and urbanisation 
can cause more sediments and nutrients to enter 
bodies of water and groundwater, thereby triggering 
eutrophication.289

Storks Transporting Pollutants between 
Morocco and Spain 706

Enhanced connectivity can also contribute to pollution. 
White storks (Ciconia ciconia) are known opportunists, 
often foraging in landfills, where food is constantly 
accessible and requires little energy to obtain. A 
study analysing the movements of storks wintering 
in Morocco and Spain's Iberian Peninsula found 
that landfills were important nodes in the ecological 
connectivity of white storks. The storks then used 
wetlands or rice fields to rest, drink and forage further. 
This can lead to contaminants being transported by 
bio vectors into conservation areas. Landfills can be 
a source of antibiotic-resistant bacteria and genes, 
which can be distributed by storks. White storks can 
also ingest plastic, seeds and aquatic invertebrates, 
some of which can be invasive, and transport them 
to other terrestrial or aquatic habitats. The authors 
found a particularly high level of connectivity between 
landfills and saltpans, irrigated areas and rice fields 
in Southern Spain, which could also impact human 
health. The storks then moved from the rice fields to 
areas containing fish farms, marshes, ponds, dams 
and rivers, potentially spreading contaminants and 
pollutants further afield.

Photo: ©Envato Elements
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Human Conflict

The number of armed, state-based conflicts doubled 
between 2010 and 2020, with 82.4 million people being 
forcibly displaced in that time.290 Human conflict has 
direct and indirect impacts on ecosystem functioning, 
land and biodiversity,291 ranging from highly negative to 
highly positive. Positive effects mainly arise from the 
temporary suspension or disruption of intensive land 
uses, which can temporarily protect and regenerate 
land productivity. 292 

However, the negative environmental impact of war 
and conflict can be substantial. In 2022, the military 
accounted for 5.5% of global carbon emissions.293 
Conflict can also result in investments being redirected 
away from environmental causes,294 thereby weakening 
conservation and other environmental programmes.295 
Furthermore, it can exacerbate the loss of biodiversity 
and connectivity by the sheer destruction of the 
landscape and the contaminated residue of war.296 

The direct effects of conflict include the degradation 
of fertile land, the contamination of water sources and 
the destruction of forests. Removal of vegetation can 
encourage the growth of invasive species, which can 
have an impact on ecological connectivity. Munitions 
can pollute soil and water with hazardous chemicals 
and heavy metals, thereby affecting the environment 
and human health.297 This can lead to large-scale land 
degradation and habitat destruction, disrupting broader 
ecological networks and influencing vegetation through 
changes in herbivory and predator–prey relationships. 
Conflict also has indirect effects on other ecosystems 

due to the displacement of people, leading to changes 
in land use in other areas and shifts in resource 
demand and exploitation, as well as increases in illegal 
resource extraction and poaching.298 

Impacts of Colombia’s Armed Conflict on 
Forests Conservation

In Colombia, unequal access to land and the government's 
failure to protect the rights of peasants lay at the heart of 
the 52-year-long armed conflict.299 During this period, the 
FARC (Fuerzas Armadas Revolucionarias de Colombia) 
maintained control over large swathes of primary 
forest. These dense forests provided the guerrilla group 
with strategic protection and their presence prevented 
agribusiness and mining companies from entering the 
area. As violence escalated, many smallholder farmers 
also migrated away from FARC-controlled regions, 
abandoning large tracts of land. While some of these 
depopulated areas saw forests regrow, this was offset 
by conflict-related deforestation, particularly the clearing 
of land for timber, fuel and illicit crop cultivation.300 

The 2016 peace agreement ended the conflict and 
resulted in the FARC's withdrawal from the forest. 
Although the agreement dedicates its first chapter to 
comprehensive rural land reform, it lacks provisions 
for forest conservation or governance. This meant that 
the conversion of forests into pasture land became 
profitable and was largely unchecked in regions with 
weak local governance.301 The influx of large-scale 
ranchers further consolidated land ownership in the 
hands of the wealthy elite,302 causing a sharp increase 
in deforestation and a decline in forest ecosystem 
connectivity between 2016 and 2021.303 
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3

The 2019 global assessment report on biodiversity 
and ecosystem services, produced by the 
Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES), showed 
that maintaining and restoring connectivity is essential 
for many ecological systems to function and provide 
ecosystem services.304 Sustainable management and 
restoration of degraded land can reconnect fragmented 
ecosystems, improve key functions, reinforce natural 
processes and enable species movement.305 

This chapter explores how sustainable land 
management and ecological connectivity can 
support each other to create healthier, more resilient 
ecosystems. First, it discusses the important role of 
land in addressing environmental and socio-economic 
challenges, before outlining how the sustainable 
management of land resources can support ecological 
connectivity and how considering ecological 
connectivity in sustainable land management can 
enhance restoration success.

3.1

Land at the Heart of 
Environmental and Socio-
Economic Challenges 
Land is a fundamental asset and a source of income, 
food security, livelihoods, shelter and cultural identity.306 
Healthy, functioning ecosystems are essential for life on 
Earth, yet they are increasingly being degraded due to  
profit-driven, short-sighted exploitation by humans.307

Parties reporting under the UNCCD estimate that one 
out of every five hectares of land globally is degraded, 
affecting approximately 3.2 billion people worldwide, with 
a disproportionate impact on vulnerable groups. Land 
Degradation Neutrality (LDN), enshrined in SDG target 
15.3, is a concept designed to enhance and maintain the 
land resource base, striving for no netloss of healthy and 
productive land.308 309

Connect to 
Restore and 
Restore to 
Connect

Land degradation is defined as “the reduction or 
loss of the biological or economic productivity and 
complexity of rainfed cropland, irrigated cropland, 
or range, pasture, forest and woodlands resulting 
from a combination of pressures, including land 
use and management practices.” 707
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Land Degradation Neutrality (LDN) is defined 
as “a state whereby the amount and quality of 
land resources necessary to support ecosystem 
functions and services and to enhance food 
security, remain stable or increase within 
specified temporal and spatial scales and 
ecosystems.” 310 LDN starts from the premise 
that land is limited and thus interventions in each 
land type should ensure, at a minimum, no net 
loss into the future.311 312 According to the LDN 
response hierarchy — an overarching framework 
designed to guide decision-makers in planning 
measures to achieve LDN — interventions should 
be targeted at avoiding, reducing and reversing 
land degradation in order to improve land-based 
natural capital.313

FIGURE 5 
The proportion of degraded land over the total land area was 
reported by the Parties to the UNCCD. Data was generated 
by 120 countries. For the remaining 47 countries, the UNCCD 
generated estimates based on default data, with the respective 
countries' permission to publish the data. Permission to 
generate data based on default data was not granted for 
countries in dark grey.314

The ability to tackle multiple, overlapping global crises, 
including soil erosion, climate change, food insecurity, 
water scarcity and biodiversity loss, will largely depend 
on the trajectory of decisions made regarding land use 
and management practices.315 316 

3.2

Sustainable Land Management 
and Restoration for 
Enhanced Connectivity
Sustainable management and restoration of degraded 
land can enhance its functioning, improve connectivity 
and contribute to the recovery of its ecological integrity.

According to the World Overview of Conservation 
Approaches and Technologies (WOCAT) 
sustainable land management is defined 
as “the use of land resources including soils, 
water, animals and plants, for the production of 
goods to meet changing human needs, while 
simultaneously ensuring the long-term productive 
potential of these resources and ensuring their 
environmental functions.” Sustainable land 
management approaches can avoid degradation 
in natural ecosystems, reduce degradation on 
managed land and contribute to reversing past 
degradation.317 

In line with the UNCCD’s Global Land Outlook 
and the UN Decade on Ecosystem Restoration, 
this report defines land restoration broadly 
as a “continuum of activities that avoid, reduce 
and reverse land degradation with the explicit 
objective of meeting human needs and improving 
biosphere stewardship. The priority is to avoid 
degradation by eliminating the drivers and 
expanding conservation and protected areas; 
reduce degradation through the adoption 
of sustainable land and water management 
practices in production landscapes; and reverse 
degradation through the passive or active 
restoration of biodiversity and ecosystem 
functions. Restoration activities, tailored to local 
conditions and societal choices, aim to regenerate 
natural capital for the benefit of human health 
and livelihoods, environmental and planetary 
resilience as well as to promote greater equity, 
social justice and shared prosperity.”318
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Sustainable land management contributes to 
enhanced ecological connectivity by: 

1.	 Restoring soil and hydrological connectivity. 
Healthy soil provides the basis for many ecosystem 
services. For example, soil microbes play a key role in 
biochemical cycling and influence many processes 
that regulate plant diversity and productivity,319 and 
thus the functioning and response of terrestrial 
ecosystems to global change.320 Sustainable land 
management and restoration can also contribute 
to hydrological connectivity by enhancing water 
retention and soil stability and by reconnecting 
natural water cycles.321 322

2.	 Large-scale land restoration can strengthen 
climate resilience. Restoring and sustainably 
managing land can help species migrate and persist 
in a changing environment, as well as strengthen 
the resilience of humans and their livelihoods.323  
It also enhances carbon storage.

3.	 Using existing land more efficiently and reducing 
the need for land conversion. Taking a sustainable 
and restorative approach to land management 
can enhance land productivity and prevent the 
clearing and degradation of new areas and intact 
ecosystems,324 which can further disrupt ecological 
connectivity. 

4.	 Reconnecting fragmented habitats and ecological 
corridors. Sustainable land management and 
restoration can contribute to the rebuilding of 
ecological corridors and stepping stone habitats, 
preventing further degradation and fragmentation. 
In the case of birds, these attributes can provide 
staging sites for migratory movements.325 326 

Restore to Connect - The Yellowstone to 
Yukon Initiative

The Yellowstone to Yukon Initiative (Y2Y) is one of 
the world's longest-running and largest landscape 
restoration projects. For over 30 years, Y2Y has worked 
alongside local communities to restore and conserve 
ecosystem functions across a 3,400 km stretch of the 
Rocky Mountains. Unlike earlier fortress conservation 
models, Y2Y focuses on establishing inclusive 
governance processes and long-term partnerships 
with local stakeholders, particularly First Nations 
communities.327 

As its name suggests, ecological connectivity lies at 
the heart of the initiative's mission. To advance this 
goal, Y2Y has acquired land for conservation purposes 
and collaborated with landowners to restore habitats 
on private land. Consequently, the area of formally 
protected land within the region has increased by 80 
per cent, alongside significant gains in other types of 
conserved land. With funding from various foundations, 
corporations and government agencies, the initiative 
has treated hundreds of acres for invasive plant 
species, replanted sections of disused roads, restored 
riparian vegetation and constructed 177 wildlife over- 
and under-passes to facilitate species movement.328 
These interventions have reduced wildlife-vehicle 
collisions by over 90 per cent329 and contributed to the 
increased population and range of grizzly bears and 
gray wolves, both of which are endangered keystone 
species.330 At the same time, its inclusive governance 
approach has fostered greater social connectivity and 
knowledge sharing among stakeholders.331

Increases in protected areas (green) and other 
conservation areas (yellow) in North America as a 

result of the Yellowstone to Yukon Initiative.332
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3.3

Ecological Connectivity 
Delivers Multiple Benefits
Ecological connectivity can contribute to avoiding, 
reducing and reversing land degradation. Understanding 
and managing the integrity of land-based connectivity 
is central to land use planning and management 
decisions, recognising the suite of benefits that accrue 
from a fully functioning ecosystem.333 334 Ecological 
connectivity can contribute to sustainable land 
management and restoration in the following ways:

1.	 Supporting ecosystem stability and recovery. 
Connected ecosystems are considerably more 
resilient to shocks and environmental stressors.335 
The complete recovery of social-ecological 
systems requires species and abiotic processes 
to persist in order to support natural regeneration, 
which is considerably enhanced by ecological 
connectivity.336 337

2.	 Connected and intact ecosystems improve water 
and nutrient cycling and contribute to drought 
resilience. Connected native vegetation helps to 
regulate the local climate by maintaining moisture 
levels and reducing heat stress. While some 
vegetation can reduce net groundwater recharge by 
increasing withdrawals, healthy natural vegetation 
can support connected landscapes and enhance 
water availability. This can buffer against droughts 
and reduce the risk of desertification.338

3.	 Connectivity benefits land productivity and food 
security. Reconnecting natural and agricultural 
landscapes, for instance through agroforestry and 
regenerative agriculture, can support pollination 
and pest control, and improve soil health and crop 
resilience. This can enhance food security and 
support the resilience of communities dependent 
on natural resources for their livelihoods and 
culture.339

While some restoration efforts focus on structural 
components and returning an ecosystem to a state 
similar to its pre-degradation condition in terms of 
physical arrangement and species composition, they 
often fail to ensure the ecosystem's ability to sustain 
and maintain ecological processes.340 341 The success of 
these efforts depends on maintaining or re-establishing 
the natural flow of water, energy, species and nutrients 
across landscapes, as well as enhancing the functioning 
of social-ecological systems.342 Similarly, connectivity-
based conservation strategies must be combined with 
sustainable land management to ensure long-term 
resilience. Efforts to both improve land condition and 
ecological connectivity can generate multiple benefits, 
creating more resilient landscapes and enhancing 
ecosystem services for biodiversity and human well-
being. 

FIGURE 6 
Reinforcing connections between sustainable 
land management, restoration and ecological 
connectivity and the enabling conditions required.
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4

Supporting ecological connectivity requires multiple 
land-based solutions at different levels and scales. 
These must be adapted to local social and ecological 
circumstances, integrating supply- and demand-
side dynamics in a strategic and holistic manner that 
considers entire landscapes.343 344 This chapter explores 
practical solutions that can be implemented to restore 
land and enhance connectivity. For each approach, 
the chapter outlines the potential benefits in terms of 
enhanced ecological connectivity.

The approaches and measures presented in this 
chapter are indicative only and may not be suitable 
for all ecosystems or local contexts. Integrated and 
participatory land use planning, alongside a robust 
evidence base, can best inform decision-making 
processes. Chapter 5 outlines further enabling 
conditions that can contribute to the success and 
sustainability of these approaches.

Positive impacts on ecological processes 
that influence air quality. 

Positive impacts on flows of water and 
their quality.

Positive impacts on ecological processes 
related to land and soils.

Positive impacts on biodiversity and 
habitat that support species movements, 
migration and population connectivity.

Positive impacts on nature’s contribution 
to people and socio-ecological 
connectivity.

Land-Based 
Approaches and 
Measures for 
Restoration and 
Connectivity 
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4.1

Sustainable Agriculture: 
Cultivating Resilience 
and Connectivity
The world's population is expected to reach 9.7 billion 
by 2050. This will put considerable pressure on food 
production systems, protected and conservation areas 
and land and water resources.345 In spite of agriculture's 
significant impact on land and natural resources, it 
also has the potential to contribute to healthier and 
more connected landscapes.

Agriculture is the backbone of many of the world's 
poorest and most vulnerable communities. 

A multidimensional approach focusing on risk 
mitigation — such as reducing crop failures, promoting 
equitable food distribution and access, supporting 
pollination and enhancing agrobiodiversity  is required 
to ensure subsistence and support community 
farmlands. 

Sustainable agricultural practices can improve soil 
health and water retention, helping to maintain the 
functional ecological networks that contribute to more 
connected and resilient ecosystems. These practices 
can also contribute to the integration of biodiversity into 
farmland, conserving linear and stepping stone corridors 
for species and enhancing natural flows.346 The table 
below outlines some of the approaches that have been 
adopted to increase sustainable agricultural production 
and support multiple environmental objectives.

TABLE 2
A description of some agricultural approaches and their potential benefits for enhanced ecological connectivity.

Approach Description Potential Benefits

Conservation 
Agriculture
Improved Ground 
Cover 347

Minimum Tillage 348

Crop Rotation 349

A set of technologies based on the above approaches, 
including minimum soil disturbance, permanent soil 
cover, diversified crop rotation and integrated weed 
management. The aim is to reduce and/or reverse the 
negative effects of conventional farming practices, such 
as soil erosion, declines in soil organic matter, water loss, 
physical degradation of the soil and increased fuel use.350

Any measure aimed at improving ground cover, 
such as adding dead material or mulch or planting 
vegetation.351

Minimum tillage involves planting crops after a light, 
shallow and non-inversion tillage of the soil.352

Crop rotation involves using different types of crops  
in the same field over successive seasons.353

Improved carbon sequestration reduces concentrations of 
greenhouse gases (GHGs), which affects energy flows.
Reduced emissions
Reduced runoff
Reduced evaporation losses
Improved hydrological connectivity can reduce erosion and 
turbidity in streams
Reduced wind erosion
Higher soil moisture354

Improved soil structure, soil temperature and nutrient retention 
Improved soil health and fertility by enhancing water retention 
organic matter content
Habitat improvement and creation of microhabitats 
Reduced disturbance of soil biota
Maintenance of habitat
Higher species diversity
Enhanced disaster resilience and lower crop insurance losses355

Reduced vulnerability to floods and droughts
Reduced need for fertilisers, labour and fuel costs
Higher crop yields and diversified livelihoods

Agroecology 356 There is no single, dominant definition of agroecology 
as countries and institutions have adapted the term to 
local contexts and priorities. For this report, we consider 
agroecology as an interdisciplinary science drawing on 
biological, agricultural sciences and social sciences, 
integrating these with traditional and farmer knowledge 
in some of its applications.357 An agroecosystem should 
mimic the functioning of local ecosystems, exhibiting 
tight nutrient cycling, a complex structure and enhanced 
biodiversity. Practices involved may include crop rotation, 
polycultures, agroforestry systems, cover crops and 
mulching, green manures and crop-livestock mixtures.358 
A guide to agroecology developed by the international 
High-Level Panel of Experts on Food Security and 
Nutrition (HLPE) in 2019 outlines 13 agroecological 
principles.359 

Improved carbon sequestration reduces concentrations of 
GHGs, which affects energy flows.

Enhanced soil moisture
Increased water use efficiency360

Improved structure and nutrient cycling

More diverse habitat for above and below ground 
biodiversity

Dependency on agrochemical inputs and energy is reduced, 
which cuts costs and disruption to landscapes.
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Regenerative 
Agriculture 361 362

Regenerative agriculture is a holistic land management 
practice that aims to improve soil health and nutrient 
availability, as well as the resilience of crops. It supports 
climate change mitigation and adaptation by improving 
soil carbon sequestration and water retention and 
restoring degraded soil biodiversity.363 Examples of 
such practices include reduced tillage, reduced use of 
fertiliser and chemicals, cover crops and integrated 
crop-livestock systems.

Improved carbon sequestration reduces concentrations of 
GHGs, which affects energy flows.
Reduced runoff and thus erosion and pollution
Improved water retention and infiltration
Reduced erosion
Increased biomass production enhancing soil fertility

Supported habitat and species diversity

Enhanced resilience of communities to climate change and 
improved social and economic wellbeing
Higher crop yields and optimised land use efficiency 
Livelihood diversification

Regenerative 
Grazing 
Management 364 365

Regenerative grazing management is an agricultural 
practice that uses principles of soil health and adaptive 
livestock management to improve farm profitability, 
human health, ecosystem health and food system 
resilience. A component of regenerative agriculture, 
it is characterised by short periods of dense grazing 
followed by long periods of forage rest, the reduction 
or elimination of synthetic inputs and tillage, increased 
diversity of plant, animal and microbial life and the 
generation of sufficient revenue to build viable farm 
businesses and fairly compensate farm labour.

Improved carbon sequestration reduces concentrations of 
GHGs, which affects energy flows

Enhanced water retention

Enhanced soil structure and biology 
Enhanced nutrient availability 
Increased diversity of plant, animal and microbial life 
Enhanced diversity and abundance of perennial, productive 
forage grasses enhancing resource availability and habitat 
quality
Local resilience to extreme weather events 
Reduced input costs

Irrigation 
Management 366

Irrigation management involves regulating the use of 
irrigation water in order to maximise efficiency without 
wasting water, nutrients, soil or energy, sacrificing crop 
yields or increasing salinity.367

If renewable energy powered, reduced emissions368 369

Reduced extraction of groundwater and surface water

Reduced irrigation-caused salinity disrupting soil functions370 

Enhanced productivity levels and resilience to drought

Water Harvesting 
and Soil Moisture 
Management 371 372

Microcatchments
Contour bunds
Planting pits or Zaï

Water harvesting involves collecting runoff from roofs 
and ground surfaces for productive use. Here, the 
focus is on water harvesting for plant production.

Improved carbon sequestration reduces concentrations of 
GHGs, which affects energy flows
Reduced evaporation
Enhanced infiltration and soil moisture
Reduced erosion
Enhanced fertility and productivity
Enhanced vegetation improving resource availability and 
habitat quality 

Increased yields373

Windbreaks 374 Windbreaks are a line of trees or shrubs planted 
around the edges of fields on farms to provide shelter 
from the wind and protect the soil from erosion.375

Filtered wind-blown soil particles
Controlled ambient temperatures
Reduced crop water use
Reduced runoff

Reduced soil erosion

Enhanced pollination
Woody cover and food for wildlife contribute to stepping 
stones in a landscape
Increased crop yields 
Energy conservation
Aesthetic value

Integrated 
Soil Fertility 
Management 
(ISFM) 376 377

ISFM improves soil quality by combining soil fertility 
amendments with soil and water conservation 
measures. Its approach focuses on maximising the 
use of organic fertiliser, such as manure and compost 
application, nitrogen-fixing green manure and cover 
crops; minimising nutrient loss; and judicious use of 
inorganic fertiliser.378

Reduced emissions from fertiliser use 

Improved soil water retention

Improved soil structure
Increased nutrient replenishment
Increased soil microbiota379

Supported vegetation 
Agronomic efficiency and enhanced productivity, nutritious 
food and fuelwood, income for smallholders.

Vertical Agriculture, 
Hydroponics & 
Aquaponics

In vertical agriculture, crops are grown in vertically 
stacked layers or integrated into structures such as 
buildings. This method allows for intensive agricultural 
production with minimal land requirements.380

Hydroponics involves growing plants in nutrient-rich 
water solutions rather than soil. This can lead to higher 
yield rates and fewer pests and diseases.381 
Aquaponics combines aquaculture (the raising of fish) with 
hydroponics, creating a symbiotic environment in which 
fish waste provides nutrients for plant growth, while the 
plants help to filter and purify the water for the fish.382

Reduced emissions from fertilisers and pesticides383

Reduced water demand and extraction due to recycling of 
water384 385

More efficient use of land resources reducing conversion / 
degradation386

Reduced soil pollution and erosion387

Enhanced pollination in urban environments 
Reduced habitat degradation from conversion

Local food production and economies388
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It is important to consider the suitability of management 
approaches for specific ecosystems. For example, 
when it comes to the restoration and sustainable 
management of arid ecosystems, the consideration of 
ecohydrology is often particularly important. Traditional 
agricultural practices commonly use terracing, contour 
lines and micro-catchments to manage hydrological 
connectivity in drylands. These methods can enhance 
infiltration, improve the microclimate and biological 
activity, protect soil carbon and nitrogen and support 
the growth of perennial herbaceous plants.389 390 

The presence of natural vegetation or areas with 
low levels of exploitation can support ecological 
connectivity. Maintaining diverse vegetation in 
agricultural areas can help reduce the risk of land 
degradation and fragmentation.391 These multi-
functional, multi-storey landscapes can provide 
significant ecosystem, social and economic benefits,392 
and act as stepping stones to connect natural 
processes within a wider landscape.

Mechanised Micro-Water Harvesting in Jordan 
393 394

A large part of eastern and southern Jordan is covered 
by the 'Badia', a dry rangeland and desert landscape 
where less than 200 mm of rain falls per year. This 
area is vital for agropastoralists. Overgrazing and 
highly mechanised monoculture agriculture have 
considerably degraded the soils and native vegetation, 
decreasing biodiversity. This was further exacerbated 
by political conflict and the subsequent migration of 
livestock herders to the area. The amount of palatable 
dry biomass in the Badia halved between the 1990s 
and 2010. Reduced vegetation cover decreased the 
retention and infiltration of rainwater, increasing 
hydrological connectivity and driving surface runoff 
and erosion. Rill and gulley erosion contributed to 
rainwater draining quickly from watersheds. This 
further exacerbated Jordan's existing water scarcity, as 
it is already one of the most water-scarce countries in 
the world, with demand from various sectors growing 
quickly. The lack of vegetation and degraded soils led 
to considerable evaporation losses, affecting vertical 
hydrological connectivity and the water balance across 
large areas. This issue is expected to be exacerbated 
by climate change, which is predicted to reduce rainfall 
and increase temperatures.

In this particularly dry environment, mechanised micro-
water harvesting (MWH) was used to rehabilitate 
vegetation by planting native shrub seedlings. Soil 
moisture levels were much higher in the water 
harvesting pits than in the interspaces. Where 
surface runoff exceeded the soil's water holding 
capacity, the pits supported deep percolation into 
the fractured bedrock, contributing to groundwater 
recharge. By accumulating runoff and making it 
available to the seedlings over a longer period, the pits 
supported plant growth and heat stress regulation. 
The microbiota of the soil in the pits was enhanced, 
with a higher abundance of fungi and bacteria and 
improved prokaryotic diversity, which can positively 
affect communicative transmissions. The pits and the 
resulting infiltration and leaching also resulted in lower 
salinity. Soils with enhanced microbial communities 
were expected to improve the long-term stability and 
functionality of the ecosystem.

Photo: ©Adobe Stock
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Rangelands play an important role in enhancing 
ecological connectivity by influencing various socio-
ecological processes, such as wildlife migration395 
and the livelihoods of pastoralists.396 When managed 
sustainably, these extensive, often biodiversity-rich 
areas can contribute to conserving plant species and 
enhancing the resilience of ecosystems and their 
ability to recover from disturbances.397 

Sustainable grazing management involves adapting 
stocking density and the duration and timing of grazing, 
thereby contributing to a shifting mosaic of land uses 
that reduces negative environmental impacts. This can 
be complemented by other management tools, such as 
fire management in fire-dependent ecosystems. This 
can enhance structural heterogeneity and contribute to 
profitable livestock production and rangeland health.398

Agroecological Practices Enhancing Coffee 
Production in the Atlantic Forest of Brazil 399

In the Zona da Mata region of Minas Gerais, Brazil, 
coffee (Coffea arabica L.) is a key cash crop for 
farmers. The area's main land uses are pasture for 
livestock production, coffee fields and secondary forest 
patches. Since the 1980s, the area has undergone a 
transformation, driven by farmers' organisations, a 
local NGO (the Center for Alternative Technologies 
of Zona da Mata, or CTA-ZM) and a university (the 
Federal University of Viçosa), who have introduced 
agroecological practices. These included minimising 
the use of agrochemicals, as well as using manure and 
intercropping trees, rather than weeding.

In 2021, a study assessed the benefits to the ecosystem 
of these practices in three municipalities of Zona da 
Mata (Araponga, Divino and Espera Feliz) that connect 
two nature reserves. These municipalities are located 
within the Atlantic Forest biome, which is ranked fifth 
on the list of the world's biodiversity hotspots. Despite 
having a much higher weeding intensity and using 
considerable external inputs, conventional farms did 
not achieve higher productivity or better soil chemical 
quality. Fields that used agroecological principles and 
relied on biodiversity achieved similar yields and soil 
nutrients and higher levels of soil biological quality. 
The higher species richness in the agroecological 
fields was associated with enhanced soil cover, litter 
thickness and structural diversity. This created a more 
favourable environment for the microbiota responsible 
for cycling carbon and nutrients. The presence of 
diverse plant communities and reduced weeding 
supports pollinators, providing a natural means of 
pest control. Higher biodiversity also attracted more 
associated biodiversity, enhancing multi-trophic 
diversity. The agroecological fields also had higher 
functional richness. Where the yields of agroecological 
farms could not match those of conventional farms, 
reduced costs of external inputs compensated for the 
difference in profitability. Combining agroecology with 
agroforestry and more diverse coffee systems can 
also generate additional income streams.

Photo: ©Envato Elements
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4.2

Restoring Connectivity 
in Forest Landscapes
Deforestation and forest degradation account for 
almost 12% of global greenhouse gas emissions and 
significantly contribute to land degradation, disrupted 
water and carbon cycles, fragmented ecosystems and 
biodiversity loss.400 Sustainable forestry can support 
connected wildlife habitats, the free movement of 
species and well-connected ecological processes.

TABLE 3
A description of some sustainable forest management approaches and their potential benefits for enhanced ecological connectivity.

Approach Description Potential Benefits

Forest 
Conservation 
401 402

The careful management and sustainable use of existing 
forest areas. The aim is to protect, maintain and restore 
the health of forests, ensuring their long-term viability. 
Activities include preventing deforestation, tackling 
degradation and promoting the overall health of forest 
ecosystems.403

Carbon sequestration and climate regulation
Enhanced air quality, particularly with regard to the 
concentration of pollutants in the atmosphere.
Decreased runoff (capturing nutrients and sediments), 
enhanced infiltration and groundwater recharge.404

Enhanced nutrient cycling, shaping the chemical properties of 
the soil and the biological interactions within it.405

Enhanced microbial activity and communicative 
transmissions.406

Maintained habitat quality, species movement and population 
connectivity.407

Enhanced health and resilience to climate hazards
Safeguarded livelihoods
Social and cultural benefits

Reforestation 
408 409

Reforestation involves the deliberate and strategic 
replanting of trees in areas that have undergone 
deforestation or experienced a significant reduction 
in tree cover. This proactive approach aims to restore 
areas that were once forested but have subsequently 
been cleared, either due to human activities or natural 
events.410

Carbon sequestration and climate regulation
Enhanced air quality (especially in terms of the concentration 
of pollutants in the atmosphere) 
Decreased runoff (capturing nutrients and sediments), 
enhanced infiltration and groundwater recharge411

Enhanced nutrient cycling, shaping the chemical properties of 
the soil and the biological interactions within it. 412

Enhanced microbial activity413 and communicative 
transmissions
Enhanced habitat for wildlife
Reestablished connectivity between habitats (movement and 
gene flow) 414

Enhanced resilience to climate hazards
Safeguarded livelihoods
Social and cultural benefits

Agroforestry415 416  
and Silviculture

Dynamic, ecologically based natural resource 
management systems that integrate trees and wooded 
areas into farms and productive landscapes in order to 
diversify agricultural production.

Carbon sequestration

Improved infiltration

Reversed habitat degradation
Improved land productivity, organic carbon content, soil 
structure, microbial activity and enhanced microclimate
Trees can provide habitats, food resources, breeding sites and 
landscape linkages.417 

Diversified food and income sources

Assisted Natural 
Regeneration 418

and Applied 
Nucleation 419

Assisted natural regeneration is a technique that 
combines active planting with passive restoration, 
allowing native trees and vegetation to recover naturally 
by removing barriers, such as alien invasive species.420

Applied nucleation is a technique that integrates tree 
planting and natural succession to restore and regrow 
forests. Trees are planted in clusters, or 'tree islands', to 
reduce costs and labour.

Enhanced carbon sequestration and sinks
Ambient temperature regulation
Decreased runoff (capturing nutrients and sediments), 
enhanced infiltration and groundwater recharge421

Enhanced soil cover and fertility422

Scattered tree canopies act as nurseries, attract birds and 
other key seed dispersing animals
Habitat provision
Cost-efficient way of regenerating forest  
Job opportunities for communities
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When done correctly, reforestation can achieve several 
objectives in addition to restoring connectivity, such as 
conserving biodiversity, sequestering carbon, retaining 
water, producing timber and supplying fuel wood.423 
In naturally forested landscapes, reforestation is 
important for restoring connectivity for forest-
dependent species. While continuously linked areas 
of forest habitat are ideal for the movement of many 
species, even small patches of suitable habitat between 
remnant forests can provide functional connectivity.424 
However, inappropriate afforestation that simplifies, 
fragments or destroys important natural habitats, such 
as peatlands, can reduce ecological connectivity and 
biodiversity richness and limit carbon sequestration.

The location and design of reforestation projects 
and programmes is important. In large, degraded 
landscapes, proximity to other restoration sites 
improves landscape permeability, enabling species 
movement.425 Planting trees on steep slopes limits 
erosion and improves water infiltration, contributing 
to restored hydrological connectivity often at the 
scale of the watershed. Meanwhile, planting a variety 
of tree species promotes the connectivity of diverse 
biota associated with the trees.426 Ecosystems with 
complex food webs containing multiple pollinators 
and seed dispersers for each plant species, multiple 
food sources for each animal species and multiple 
predators to regulate prey populations tend to be more 
resilient to disturbance.427 428 Selecting tree species 
that are likely to be resilient in the face of future climate 
change, or that are adapted to the projected conditions, 
will ensure the long-term success of the restoration 
project or programme.

Indigenous Agroforestry in Bolivia 429

The land inhabited by the Tsimane', Mosetene, Leco 
and Tacana indigenous communities in Bolivia 
covers around one million hectares, intersecting two 
protected areas: Madidi and Pilón Lajas. This area 
boasts considerable biodiversity, which is under 
threat from illegal deforestation for agriculture and 
settlements as well as from gold mining. These 
activities have a significant negative impact on the 
livelihoods of these indigenous groups, locking 
them into a cycle of poverty. A project implemented 
by the Wildlife Conservation Society and supported 
by the Association of Organic Cacao Producers 
of Mapiri (APCAO MAPIRI), the Association of 
Ecological Coffee Producers of Larecaja (APCERL), 
the Association of Producers of Indigenous Leco 
Cacao (CHOCOLECOS) and the Fundación Teko 
Kavi, supported 271 indigenous cocoa and coffee 
producers in implementing sustainable agroforestry 
practices. These focused on creating a diverse 
forest canopy alongside cocoa and coffee crops. 
Key practices included planting diverse native 
canopy shade trees, managing the soil and pruning. 
The project also implemented digital solutions to 
strengthen Indigenous land tenure and collaboration 
between Indigenous communities and national 
park authorities, preventing illegal encroachment 
onto their land. The higher diversity of native 
species in the agroforestry plots resulted in greater 
carbon capture and improved habitat quality, 
increasing avian diversity by 22% (69% higher than 
in monoculture fields). At the same time, cacao 
production increased by 85% and coffee production 
by 203%, considerably enhancing the socioeconomic 
connectivity and income of Indigenous farmers (by 
an average of 102% for cacao producers).
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The Great Green Wall of Africa and migratory birds: Restoring land to allow birds to fly - a matter of 
connectivity 430 431

The Great Green Wall of Africa is a flagship initiative aimed at combatting soil erosion in sub-Saharan Africa. It seeks to 
improve soil quality and agricultural productivity, the basis of local communities' livelihoods and to create a mosaic of 
restored, productive green landscapes across the sub-Saharan region. The initiative involves more than simply planting 
a wall of trees; it incorporates a variety of Sustainable Land Management (SLM) practices. As part of the Great Green 
Wall Initiative, countries have implemented various SLM methods, including forestry and agricultural activities such as 
reforestation, restoration, agroforestry, Zaï and assisted natural regeneration; water management activities such as 
irrigation, water provision and watershed management; and soil enhancement techniques such as dune fixing, wind or fire 
breaks and terraces.

Comprising a variety of restored and productive landscapes, the Great Green Wall has the potential to support the restoration 
and improvement of ecological connectivity on many different scales. Envisioned as a vast corridor of revitalised lands, the 
Wall counteracts the lack of ecological connectivity between West and East Africa. It fosters renewed natural processes 
and ecosystem functions in the landscape, ranging from nutrient cycling to climate resilience, at surface and sub-surface 
levels. Furthermore, these restoration projects could restore the ecological connectivity necessary to support processes 
that occur on an even larger scale, such as the remarkable bird migrations that take place along the African-Eurasian flyway.

Within the Palaearctic-African avian migratory system, the Sahara 
Desert and the Mediterranean Sea are the main ecological barriers that 
migrants encounter, in addition to other threats that birds face, such as 
illegal killing and capture. The progressive expansion of these barriers 
can lead to significant demographic declines among migrants, whose 
maximum potential flight range may quickly become insufficient for 
crossing them effectively. In this context, initiatives that address soil 
erosion and degradation, known as 'regreening', can provide habitats
for migrants during their northbound migration, allowing them to rest and feed. By doing so, these interventions can help 
maintain the functional connectivity necessary for birds to complete their migratory cycles.

These benefits can be maximised by choosing the right types of vegetation. It is important to select plants that are endemic 
to the area, providing value and utility for local people, as well as adequate energy sources for birds. Examples include trees 
with edible berries or fruits or those that are rich in nectar. In turn, the choice of bird-friendly plants benefits sustainable 
agriculture because the presence of birds favours pollination, seed dispersal and the consumption of agricultural pests. 
Trends in the populations of birds using the habitats of the Great Green Wall could act as an indicator of land use 
sustainability, in the same way that the EU uses the Wild Bird Indicator.

Afforestation initiatives must be carefully planned and 
implemented. Afforestation, particularly the planting 
of non-native species or in areas that are naturally 
devoid of trees, can undermine attempts to restore the 
land and enhance ecological connectivity. Plantation 
monocultures fail to replicate the structure and diversity 
of native ecosystems.432 They provide a suitable 
habitat for only a narrow range of other species and 
consume significant amounts of water, depleting soil 
nutrients and putting greater pressure on surrounding 
agricultural landscapes.433 This homogenisation can 
have far-reaching impacts along the trophic hierarchy, 
reducing overall biodiversity and habitat availability 
(for example, for migratory birds in grasslands and 
wetlands) and influencing species migration.434 435 It 
can also lead to changes in soil microbial communities, 
influencing soil health and nutrient flows,436 as well as 
hydrological connectivity — especially if water-intensive 
trees are introduced to treeless ecosystems.437 

In addition, care should be taken to avoid favouring 
the introduction or increased spread of invasive non-
native species or the spread of plant pathogens when 
establishing nurseries for restoration initiatives.438 
Due to climate change, causing many species to shift 
their ranges in pursuit of suitable climatic conditions, 
novel species may arrive at restoration sites. It is 
important to differentiate between non-native invasive 
species and more friendly climate migrants and to 
adjust management accordingly, either encouraging or 
discouraging the new species.439
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4.3

Water Management: 
Reconnecting Blue Lifelines 
Water availability and flow are key factors in 
maintaining healthy, connected landscapes. Effective 
water management is crucial for preventing land 
degradation and the collapse of ecosystems, given 
the interconnected nature of terrestrial and aquatic 
ecosystems.440 Improved hydrological connectivity 
and integrated water resource management can help 
landscapes to regain moisture, thereby enhancing soil 
health and resilience against droughts. Riparian and 
wetland ecosystems provide vital regulating services 
and often serve as critical refuges for flora and fauna.

TABLE 4
A description of some integrated water management approaches and their potential benefits for enhanced ecological connectivity.

Approach Description Potential Benefits

River and Stream 
Naturation 441

Bank and bed 
renaturation
Stream 
daylighting
Bioengineering 
techniques
Natural 
regeneration

Stream and river renaturation aims to restore the 
river's natural dynamics.

Daylighting: This technique involves removing 
layers of concrete to recreate the natural shape and 
dynamics of streams.

Bioengineering: This recreates the natural course of 
a river and connects it to its landscape, facilitating 
floodplain and riparian corridor revegetation, riverbank 
stabilisation and riverbed restoration.

Natural processes such as vegetation, wood or 
beaver structures can be used to ensure 'active' 
channels and floodplains.442

Reduced ambient temperatures and pollution

Eliminated barriers to water flows443 
Enhanced water retention, infiltration and groundwater recharge444

Stabilised water temperature
Enhanced lateral connectivity for managing floodwaters and 
storing water and nutrients445

Reduced pollution and soil erosion
Stabilised soils 
Increased nutrients and organic matter due to connectivity 
with floodplains 446

Enhanced habitat, movement and propagation of biota
Food, shelter, nesting and breeding areas for wildlife
Stimulated local economies and job creation
Recreation and social interaction

Bioretention 
Areas 447

Bioswales and 
rain gardens
Detention ponds
Retention ponds
Permeable 
pavements

Bioretention areas are typically designed as shallow, 
vegetated depressions that intercept, infiltrate and 
divert rainwater, treat stormwater and alter water 
volume and velocity.

Bioswales and rain gardens: These are shallow, 
densely vegetated ground depressions containing a 
variety of trees, shrubs and grasses.

Detention ponds: Deeper bioretention areas with less 
biological diversity.

Retention ponds: A permanent body of water with 
vegetated edges. 

Permeable pavements: An alternative to traditional 
paving materials such as asphalt, pervious concrete, 
interlocking pavers and plastic grid pavers.

Reduced surface and air temperatures
Carbon sequestration and storage
Removed pollutants from stormwater and soils from 
surrounding vegetation
Balanced water table, enhanced infiltration and groundwater 
recharge
Enhanced soil structure and microbial activity through organic 
matter accumulation448

Habitats and improved ecological connectivity
Food and pollination

Social interaction, local economy and job creation

Natural Inland 
Wetlands449

Drainage 
reduction
Improving lateral 
connectivity
Maintenance and 
cleaning

Removal of drainage systems, artificial berms and 
canals that drained or disconnected wetlands and 
floodplains, in order to restore lateral connections 
between bodies of water and wetlands and to restore 
natural hydrological conditions. Controlling undesired 
invasive plants may be necessary.

Carbon sequestration 
Reduced ambient temperatures
Attenuated stormwater
Removed pollutants
Enhanced groundwater recharge
Enhanced water retention and soil moisture
Reduced soil erosion from water 
Enhanced soil stability from vegetation

Key habitats for local and migratory species

Building materials and food for communities
Supported local economies (e.g. tourism)
Enhanced resilience against floods and droughts 

Photo: ©Jim Henderson
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Constructed 
/ Artificial 
Wetlands 450

Surface 
constructed 
wetlands
Subsurface 
gravel wetlands
Floating 
wetlands
Treatment 
wetlands 451

Constructed/artificial wetlands are engineered systems 
designed to use natural processes (e.g. wetland 
vegetation, soils and their microbial assemblages) to 
treat wastewater and perform other functions.

Surface constructed wetlands clean water through a 
series of planted marshes and engineered soils.

Horizontal subsurface flow constructed wetlands: 
Water is slowly pumped through subsurface gravel 
beds and filtered through the root zone and soil.

Constructed floating wetlands: Plants are installed on 
floating structures in existing bodies of water to filter 
out contaminants.

Treatment wetlands utilise native plants, soil, porous media 
and bacteria to remove pollutants from wastewater.

Carbon sequestration

Reduced organic, inorganic and excess nutrient contaminants
Enhanced groundwater recharge 
Reduced soil erosion from water 
Enhanced soil stability from vegetation
Habitat for species 
Healthy multifunctional landscapes,
connected to the larger landscape mosaic 

Scenic, recreational, educational, psychological and economic 
value to communities 
Resilience to water shortages

River 
Floodplains 452

Levee setback
Oxbows
Incised 
floodplains
Horticultural 
restoration

River floodplains provide additional space for rivers to 
safely accommodate higher water levels.

Levee setback: Relocating a levee further back in the 
floodplain to provide extra space for flooding. 

Oxbow: Re-connection of a historical river meander 
that has been cut off from the main channel, either 
naturally or through human intervention.

Incised floodplains: A new, meandering stream 
channel is excavated on the original floodplain by 
raising the elevation of the stream bed.

Horticultural restoration in floodplains: Planting 
nursery-grown trees and shrubs.453

Reduced ambient temperatures
Carbon sequestration and storage
Reduced pollution
Controlled water temperatures
Room for seasonal water fluctuations
Mitigated soil erosion 
Facilitated sediment and nutrient transport and storage
Habitat for wildlife, birds and other animals
Important conduits for wildlife movement

Scenic and cultural value
Opportunities for tourism, fishing and sustainable agriculture 
practices

Overcoming 
Barriers
Fish passes 454

Fish passes are structures designed to help aquatic 
organisms migrate upstream or downstream over 
obstructions such as dams and weirs. Examples 
include 'fish ladders', 'fishways', 'fish passes' and 'fish 
stairs'. 

Enhanced nutrient cycling455

Maintained natural hydrological processes456

Supported migration457

Maintained genetic diversity458

Enhanced aquatic foodwebs459

Supported fisheries460 and cultural values

Most efforts to restore riparian ecosystems focused 
on recreating simplified streams have met with limited 
success. Streams have been altered for so long 
that there is often little knowledge of their historic 
condition. Restoration practitioners and river scientists 
are beginning to recognise the full potential of these 
ecosystems, moving away from the perception that an 
ideal stream is a meandering, single-thread channel 
towards more complex wetland-stream complexes. 
There is a growing focus on using natural processes, 

such as vegetation, wood and beaver structures, to 
ensure 'active' channels and floodplains that support 
higher ecological connectivity and value at a significantly 
lower cost with fewer technological inputs. This kind 
of restoration can enhance carbon sequestration and 
stabilise stream flow and temperature in the face 
of global warming and drought, as well as capture 
nutrients. Restored wetlands, floodplains and streams 
can serve as natural infrastructure, reducing flood 
damage.461 

Photo: ©Envato Elements
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Beavers Supporting Restoration and 
Enhancing Connectivity 462 463

Beavers are well-known ecosystem engineers that 
build dams out of wood, mud and stone, creating 
wetlands and ponds. They also dig canals from these 
wetlands and ponds into the surrounding landscape, 
thereby increasing their area of influence. These 
structures slow the flow of water and store it, which 
can support riparian vegetation in dry conditions and 
make river landscapes more resilient to drought. 
Studies from the United States further demonstrate 
the important role of beaver structures in protecting 
riparian vegetation during wildfires, creating 'emerald 
refuges', particularly for species unable to escape fire. 
The dams, ponds and canals keep vegetation hydrated, 
creating a fire-resistant barrier. Therefore, the wetlands 
created by beavers can enhance the resilience of 
ecosystems to droughts, floods and fires, which are 
expected to increase with climate change. The Bridge 
Creek Wilderness Area in Oregon, United States, 
is an example of where conservation authorities 
have successfully partnered with beavers to restore 
riverscapes. The installation of stick and post dams 
by beavers has led to a dramatic improvement in the 
quality and quantity of the aquatic habitat, restoring the 
hydrological functionality.

Ponds created by beavers in a burnt landscape in Idaho 
(Photo: Creative Commons Attribution Only –  

Joe Wheaton 2018) 464

Both communities and practitioners are becoming 
more aware of the limitations of traditional water 
infrastructure. Recent approaches focus on removing 
these constraints by setting back levees, removing 
pinch points and structures from floodplains, 
redesigning crossings and bridges to allow for more 
dynamic channels and restoring native riparian 
vegetation. When a dam is no longer needed for its 
original purpose or when the benefits of a dam and 
reservoir can be achieved through alternative means, 
the removal of the dam may be a desirable option, 
offering significant environmental benefits including 
the restoration of longitudinal connectivity.465 These 
approaches can often provide a greater return on 
investment, support climate change adaptation and 
resilience to floods and have considerable long-term 
ecological recovery benefits.466 The resulting periodic 
inundation of the floodplain ensures that plants can 
access groundwater and that sediment dynamics 
and related nutrient exchanges are re-established. 
It also gives fish greater mobility through the matrix 
of habitats, among other effects. Provided there is a 
sufficiently variable flow regime that incorporates the 
necessary volumes of water and periodic flood events, 
and the project is conducted on a sufficiently large 
geographic scale, restoring hydrological connectivity 
can be the most important action to enable the 
ecosystem to recover naturally over time.467 468

Photo: ©Envato Elements
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Removing Dams in Europe: The Case of the 
Danube River in Ukraine

Enhanced river connectivity is a key component of the 
recently finalised EU Nature Restoration Law, which 
aims to remove barriers and restore at least 25,000 
km of rivers by 2030.469 Dam Removal Europe is a 
collaborative initiative involving organisations such as 
WWF, The Rivers Trust, The Nature Conservancy, the 
European Rivers Network, Rewilding Europe, Wetlands 
International and the World Fish Migration Foundation. 
It also includes volunteers, river practitioners, 
biologists and others interested in restoring freshwater 
ecosystems. The network has over 5,000 members, 
who aim to restore free-flowing rivers by identifying 
changemakers who can drive dam removal initiatives, 
sharing solutions, raising awareness as well as 
recording existing and removed barriers across 
Europe. They also produce annual reports, connect 
practitioners and support organisations in finding 
funding for dam removal.470

The Dam Removal Website showcases the removal 
of ten dams in the Ukrainian part of the Danube 
River Delta as one example. Spanning 4,000 km², the 
Danube River Delta is the largest natural river delta in 
Europe and one of the largest remaining wetlands. 
Spanning Moldova, Romania and Ukraine, it offers 
diverse habitats to over 300 species of birds and 
100 species of fish. As part of a broader initiative by 
Bulgaria, Romania, Ukraine and Moldova to restore 
the Danube River Delta and establish a Lower Danube 
Green Corridor, Ukraine removed ten dams from the 
Kogilnik, Sarata and Kagach rivers in 2019. This will 
restore natural hydrological processes and create 
free-flowing rivers, generating around 20 km of new 
habitats such as flooded meadows. This would have a 
positive impact on water quality and several species of 
wildlife, including frogs, carp, otters and many breeding 
and migratory birds. It would also reduce damage 
caused by flooding to agricultural land and roads, 
prevent soil erosion and store considerable amounts 
of carbon. The carbon sequestration potential alone 
was estimated at EUR 29 million annually for the entire 
Danube basin. Local fishermen are also expected to 
benefit from increased fish populations.471 472

Riparian areas deserve special attention in restoration 
projects because they are a highly effective and 
often inexpensive means of promoting ecological 
connectivity. Rivers, streams and ephemeral 
drainage systems in arid regions are important 
for the movement of animals, sediments, water 
and nutrients. Riparian areas also provide suitable 
soils for moisture-dependent plants and accessible 
water for many animals, which can be crucial in arid 
regions and during droughts.473 474 As riparian areas 

tend to span temperature and moisture gradients, 
a riparian corridor can act as a climate corridor, 
connecting low (often warm) and high (often cool) 
elevations.475 Restoring riparian areas can increase the 
connectivity of ecological networks and sustainably 
managed landscapes to urban areas. Riparian areas 
are particularly well-suited to restoring connectivity 
because of their linear dimensions.476 Almost every 
nation has policies for protecting rivers and limiting 
flood risks and the vegetation along degraded riparian 
corridors can be rapidly restored due to the rich, moist 
soil that supports new growth.477 

In urban environments, restoring streams that were 
forced underground as storm water conveyance 
structures or building swales to manage flooding 
can recreate aquatic and riparian habitats that offer 
significant protection from storms. They can also provide 
passages and corridors for terrestrial and aquatic 
species, increase water infiltration and groundwater 
recharge and enhance vertical connectivity.478 
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Stream Daylighting in Seoul, Republic of Korea

About 600 years ago, the Cheong Gye Cheon stream in Seoul was known as the 'valley of clean water'. However, during 
the industrialisation period, the stream became increasingly polluted and the surrounding area was dominated by informal 
settlements, which were characterised by considerable degradation. Starting in 1967, six kilometres of the stream were 
covered by concrete to make way for a 10-lane road and the area became an industrial hub. Years later, when industry 
moved to the outskirts of Seoul, the area had deteriorated considerably, raising hygiene concerns around the polluted 
stream beneath the road and posing safety hazards due to ageing infrastructure. This, together with growing demands from 
citizens, scholars and environmental activists for an improved living environment, led to the development of the Cheong 
Gye Cheon Restoration Project in 2002. The project aimed to transform the area into a vibrant space. This began with the 
demolition of the existing road and stream-covering structures. Sufficient water to ensure good quality was taken from the 
Han River, 15 km upstream and from the groundwater in the subway tunnels. In close collaboration with the public, it was 
decided that the northern side of the stream would become a promenade for citizens, while the southern side would focus 
on ecology, including creating habitats for birds, fish and plants.479 

The restored stream offers flood protection against a 200-year flood event, with flow rates of 118 mm per hour. Biodiversity 
has increased by 639% compared to before the restoration project and temperatures alongside the stream are 3.3°C to 5.9°C 
cooler than those on surrounding streets, which helps to mitigate the heat island effect. Air pollution from small particles has 
also decreased by 35%, considerably reducing the risk of respiratory diseases. Removing the road also had a positive impact on 
public transport usage and the area's tourism and recreational potential contributes up to 2.1 billion won (£1.9 million) per day 
to Seoul's economy.480

The Cheong Gye Cheon channel in Seoul before and after daylighting. 481

As rivers are important for water storage, supply and 
purification as well as for transport and commerce, 
finding a balance between the continued demand on 
water courses and the restoration of river connectivity 
is challenging yet vital. This requires collaboration and 
coordination between many stakeholders.482 

4.4

Conservation Strategies 
for Enhancing Ecological 
Connectivity 
The IPBES global assessment report found that, while the 
overall coverage of protected and conserved areas has 
increased over the past decade, the connectivity of these 
areas remains inadequate. Weak connectivity within 
and between these areas leaves the land vulnerable 
to further degradation and hinders species' ability to 
move and adapt to environmental changes, including 
climate change. The assessment concludes that future 
protected area targets and management strategies will 
be more effective if they prioritise connectivity. 483 

Much of the science of ecological connectivity focuses 
on establishing connections and facilitating the 
movement, migration and genetic flow of species 
between areas of high biodiversity value, such as 
protected areas and key biodiversity areas. Photo: ©Sophie N.
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TABLE 5
A description of conservation strategies and their potential benefits for enhanced ecological connectivity.

Approach Description Potential Benefits

Protected Area 484 A clearly defined geographical space that is recognised, 
dedicated and managed through legal or other means 
to achieve the long-term conservation of nature, along 
with the associated ecosystem services and cultural 
values.485

Carbon sequestration and storage
Reduced air pollution
Purification and detoxification of water 
Water / waterflow regulation
Soil formation, nutrient cycling, primary production
Erosion and soil fertility regulation
Nursery habitats, seed dispersal, species interactions
Genetic, species and habitat diversity
Pollination
Enhanced resilience against natural hazards
Provisioning of raw material and medicinal resources
Opportunities for recreation and tourism
Aesthetic values

Rewilding 486 Restores self-sustaining, complex ecosystems with 
interlinked ecological processes, while minimising or 
gradually reducing human intervention. It emphasises 
the emotional experience of wild nature and wild 
ecosystems without human intervention.487 488 It often 
involves reintroducing wildlife or species that act as 
food-web proxies where the original native species are 
extinct.489 490 

Increased carbon sequestration

See stream naturation in 4.3

Soil stabilisation and reduced erosion491

Increased soil aeration and enhanced nutrient cycling from 
wildlife grazing492

Diverse vegetation increases litter inputs493

Enhanced species and habitat diversity 
Potential to connect areas with high biodiversity

Improved human health and wellbeing

Ecological 
Corridors 494

An ecological corridor is a clearly defined geographical 
area that is managed in the long term to maintain or 
restore effective ecological connectivity.495 

Improved air quality
Carbon sequestration
Regulated water flow
Improved water quality and filtered pollutants
Reduced soil erosion
Pathway to restore degraded land and promote the growth of 
native vegetation
Facilitated movement of various species 
Maintained genetic diversity
Supported pollinators

Access to green spaces and recreational opportunities

Removal of 
Fences 496 497

Fences are removed or modified in favour of 'wildlife-
sensitive land use planning', with the aim of conserving 
landscapes that cater for the needs of both people and 
wildlife.

Enhanced vegetation

Enhanced connectivity and wildlife movement
Supported climate adaptation by wildlife

Potential for community involvement

Management of 
Invasive Species 
498

Strategies to address biological invasions include 
preventing the arrival of new alien species at high risk of 
becoming invasive, detecting and responding rapidly to 
new invasions, containing invasions where eradication 
is not feasible, reducing the extent and impact of 
widespread invasive species and restoring areas 
degraded by invasive species.499

Note that benefits can vary considerably based on context, 
management and the species involved (native and alien).

Enhanced freshwater quality and surface water availability500

Restoration of natural soil dynamics501

Enhanced pollination
Safeguarded native biodiversity
Enhanced resource availability for species through 
reestablishment of native vegetation

Reduced losses in agriculture and forestry

Fire Management 
502

Activities associated with fire-prone land, including 
the use of fire to achieve land management goals and 
objectives as well as activities related to fire suppression 
and/or prescribed burning.503

In some cases, potential for reduced emissions from avoided 
high intensity wildfires

Increased water use efficiency by plants

Increased soil sorption capability
Enhanced proliferation of microbial communities
Improved habitat quality through regeneration of some 
vegetation species
Increased forage and grazing for wildlife
Prevention of bush encroachment and control of alien 
invasives (species dependent)
Reduced vegetative fuel load can reduce risk of uncontrollable 
fires and the associated socio-economic damages
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Conservation efforts play a critical role in maintaining 
and restoring connectivity. These efforts not only 
protect existing natural areas but also help to restore 
degraded areas by conserving corridors that reconnect 
fragmented habitats. Conservation approaches, from 
protected areas and ecological corridors to controlling 
invasive species and removing barriers such as fences, 
can contribute to resilient ecosystems and enhanced 
connectivity. Protected areas provide important 
refuges for wildlife and vegetation, supporting the 
restoration of surrounding areas, playing a key role in 
maintaining ecological integrity as well as sustaining 
biodiversity and ecosystem services in the long term.504

An ecological network is a widely recognised approach 
to restoring ecological connectivity. It may include a 
system of protected and conserved areas as well as the 
ecological corridors that connect them. Alternatively, it 
may comprise an international system of sites that are 
critical to the movements of migratory species, such 
as flyways and swimways. Defining a network requires 
a holistic view of the interconnectedness of areas, sites 
and corridors within the wider landscape matrix, taking 
into account the ecological processes that bind them 
together.505 Studying the interactions between species 
and habitat patches improves our understanding 
of the dynamics of recovering ecosystems and 
helps us to identify priority areas for restoration.506 
The first critical phase is identifying core areas, 
which are areas of high natural value based on their 
biodiversity (e.g. internationally important proportions 
of biogeographical populations) or their ecological 
functioning. Network analysis of connectivity data507 
can be used to determine sites with high ecological 
connectivity, including protected areas, hotspots and 
bottlenecks, ecologically intact and key biodiversity 
areas, as well as other effective area-based conservation 
measures (OECMs), private areas and wilderness.508 
Buffer zones are also important for providing 'reserve 
capacity’ in times of ecological distress and disruption, as 
well as for distributing risks over a number of sites. Based 
on these sites and the identified ecological processes, 
linkages can be conserved and actions to avoid, reduce 
and reverse land degradation can be implemented to 
enhance wider landscape connectivity and increase 
socio-ecological benefits.

Many human-made barriers restrict the movement 
of species or ecological processes or cause direct 
mortality. These barriers are often linear, such as 
roads, railways, canals, power lines, pipelines, fences 
and dams.509 The direct and indirect impacts of linear 
infrastructure on ecological connectivity are well 
documented. These include habitat fragmentation and 

the segregation of animal populations, as well as habitat 
degradation and the introduction of pollutants.510 511 
The mitigation hierarchy (avoid, reduce and reverse) 
provides a framework for addressing the impact of 
such infrastructure on ecological connectivity. Where 
possible, new or expanded infrastructure should 
be avoided. When this is not possible, tools are 
available to minimise its impact and mitigate residual 
impacts. Existing infrastructure can be removed and 
the land restored. Lastly, investments can be made 
in the surrounding landscape to compensate for the 
unavoidable impacts of infrastructure. Environmental 
impact assessments and spatial planning tools can 
be used to identify risks and prevent environmentally 
harmful development.512 

Fences often form large networks of barriers across 
landscapes, obstructing the movement of large 
mammals.513 514 Modifying fences to ease crossing or 
removing them completely is an example of mitigation 
which can improve access to seasonally used areas 
for wide-ranging species.515 516 Restoring large areas of 
land to a fenceless state will benefit ecosystems and 
improve the services they provide.

Photo: ©Rudmer Zwerver
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FIGURE 7
Once an ecological network has been defined, actions to avoid, 
reduce and reverse land degradation can expand to the wider 
landscape to further increase socio-ecological benefits.  

Fence Modification and Migratory Mammals 
in Central Asia 517

Published in 2019, the CMS Central Asian Mammals 
Migration and Linear Infrastructure Atlas maps 
and analyses the impact of linear infrastructure on 
large migratory mammals in Central Asia. Created 
by a group of experts, the document identified 
that, of all types of linear infrastructure (including 
roads, railways, pipelines and fences), fences 
are the most harmful barrier for large mammals. 
They cause direct injury and death, cut animals 
off from vital resources and lead to die-offs and 
the genetic isolation of populations. In 2014, the 
CMS published the 'Guidelines for Addressing the 
Impact of Linear Infrastructure on Large Migratory 
Mammals in Central Asia' as part of the Central Asian 
Mammals Initiative (CAMI). This document provides 
background information on the migratory patterns 
of Central Asian mammals such as khulans (Equus 
hemionus), saiga antelopes (Saiga tatarica), goitered 
gazelles (Gazella subgutturosa) and Mongolian 
gazelles (Procapra gutturosa), wild camels (Camelus 
ferus) and so on. It outlines the related legislation 
and requirements for considering migratory species 
in linear infrastructure planning in eight countries. It 
further recommends ways to avoid and mitigate the 
impacts of linear infrastructure.

Despite the dramatic impact of fences on migratory 
wildlife, the guidelines found that none of the 
analysed countries required an impact assessment 
of fences. Through advising its parties and 
organising technical expertise, the CMS Secretariat 
has facilitated the removal of fences along the 
Trans-Mongolian Railway and the modification 
of the border fence between Kazakhstan and 
Uzbekistan. This has created passages for wildlife 
in a defined area. More recently, the 14th CMS 
Conference of the Parties (COP14) reaffirmed its 
long-standing commitment to connectivity, focusing 
on addressing knowledge gaps relating to habitats, 
areas, corridors and networked sites of the greatest 
global importance for the conservation of migratory 
species. The conference also strengthened its focus 
on addressing threats to connectivity, including 
those posed by existing and planned infrastructure, 
by integrating the needs of species into national 
spatial planning processes. The conference also 
identified opportunities for mitigating barriers 
to migration and pinpointing mortality hotspots 
and bottlenecks and prioritised the restoration of 
connectivity and the planning of new infrastructure 
using a green infrastructure approach.

1.	 Core areas are isolated in an otherwise degraded,  
fragmented landscape.

2.	 Core areas are connected by ecological corridors.

3.	 Sustainable land management incorporated across the  
landscape supports a more permeable ecological network.
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Wildlife crossing structures, such as overpasses 
and underpasses, with guiding fencing, are the most 
effective means of facilitating the safe passage of 
animals across roads and railways.518 While these 
structures are most cost-effective when included 
in original construction plans, they can also be 
retrofitted.519 520

Flyovers to Improve Connectivity near 
Kaziranga National Park, India 521

The construction of new highways and the expansion 
of existing infrastructure pose a significant threat 
to ecological connectivity, particularly when these 
projects interfere with the migration routes of wide-
ranging, endangered mammals. However, adequate 
resources and a commitment to conservation can 
minimise these impacts. India’s Kaziranga National 
Park is home to populations of Bengal tigers (Panthera 
tigris tigris), Asian elephants (Elephas maximus), 
one-horned rhinoceroses (Rhinoceros unicornis) and 
countless other species of wildlife. National Highway 
37 (NH-37) runs along the southern border of the park, 
connecting the state of Assam to the rest of India. NH-
37 is in need of widening and the planning process has 
involved numerous NGOs, research institutions and 
government agencies. Given the extreme ecological 
and biocultural importance of Kaziranga and its 
wildlife, the widened highway must be built in such a 
way as to avoid wildlife-vehicle collisions. 

Traditionally, impact mitigation has been achieved by 
constructing small wildlife overpasses or underpasses 
at 'hotspots', where collisions occur most frequently. 
In the case of NH-37, however, the government has 
pledged to take a bolder approach. As of 2024, the 
National Highways Authority of India was reported 
to be preparing a project that would include a 35 km 
flyover. This structure, divided into three sections, will 
leave the underlying forest intact while vehicles travel 
on the elevated surface. The flyover will be the largest 
in India and a prime example of large-scale investment 
in nature conservation. The concept of the mitigation 
hierarchy, where full avoidance is the first choice, 
should be employed when considering whether to build 
new infrastructure. In the case of NH-37, where the 
highway is at capacity and must be expanded, planners 
have determined that the cost of degrading natural 
habitats and connectivity would be higher than the cost 
of the flyover. This kind of cost-benefit analysis is at the 
heart of decisions to preserve connectivity rather than 
relying on restoration after damage has occurred.

Integrated land use planning and modelling, especially 
based on remote sensing, can help identify barriers that 
need to be removed or modified in order to achieve the 
best restoration outcomes.522 In some cases, removing 
a barrier that has a significant impact on an ecological 
process may be the most appropriate measure to ensure 
the effectiveness of an ecological corridor. Therefore, a 
strategic spatial analysis of options is needed to optimise 
restoration design and implementation.

4.5

Greening Cities and Buildings
The connectivity of green (and blue) spaces in cities 
varies greatly. The need for urban greening has been 
recognised globally due to motivations to improve 
habitat conditions and ecosystem processes within 
cities, growing concern about the potential impact 
of frequent droughts and climate change on urban 
populations and increasing evidence that cities have 
outgrown the natural ecosystems that previously 
supported them.523 

The adoption of the concept of 'working with nature' 
rather than against it is spreading quickly. Urban design 
strategies can be employed to increase ecological 
permeability throughout a city and tie urban nature to 
the surrounding landscape. Nature-based solutions 
(NbS) can offer multiple co-benefits that enhance 
ecosystems and their services and contribute to the 
wellbeing and health of urban residents. They are often 
most effective when planned and implemented in an 
integrated way. In complex urban environments, there 
is no single solution. Therefore, it is vital to understand 
the local ecology and biodiversity, as well as the 
challenges to ecological connectivity and resilience, in 
order to identify practical ways to use NbS and embed 
them in policies, planning, projects and programmes.524 

Photo: ©Unsplash
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TABLE 6
A description of nature-based solutions for green cities and buildings and their potential benefits for enhanced ecological connectivity.

Approach Description Potential Benefits

Urban Forests 525

Phytoremediation 
forest
Ecological forest 
corridors

Urban forests are often established along drainage 
lines.

A phytoremediation forest consists of trees and shrubs 
with specific metabolic qualities that enable them to 
clean polluted soils, including those in landfills and 
abandoned urban areas.

Ecological forest corridors can also be established in 
upland areas to link important habitats. These forests 
should be structurally complex and species-rich to 
facilitate movement for various species.

Reduced urban heat island effect and air pollution
Carbon sequestration
Protected rivers due to intercepted runoff, enhanced infiltration 
and reduced flooding
Regulated water cycles (retention, infiltration, evapotranspiration)
Cleaned soils
Enhanced soil structure and fertility due to organic matter 
deposition526

Connectivity and safe movement of species in the landscape
Habitat provision
Reduced light and noise pollution facilitating communicative 
transmissions
Enhanced property values, recreational opportunities, health and 
community stewardship over the environment527

Urban Green 
Corridors528

Street tree 
canopies
Green avenues
Urban green 
corridors

The most efficient way to create green corridors in 
urban areas is to plant green avenues and boulevards. 
This involves planting trees in open spaces alongside 
streets, open train tracks and other transport and 
infrastructure corridors.These street trees provide 
corridors for the daily movement of insects, birds and 
small mammals between forest remnants, riparian 
vegetation and other green spaces.529

Temperature regulation, shade and supported local microclimate
Improved air quality from absorbed pollution
Reduced stormwater runoff and pollution
Improved water quality

Stepping stones for biodiversity / enhanced connectivity 

Promoted social interaction
Reduced noise

Open Green 
Spaces 530

Pocket parks
Natural 
playgrounds
Residential 
gardens

Pocket parks are small open spaces located throughout 
urban areas.

Playgrounds containing trees, flowers, rocks and water 
features can help children to develop sensory and tactile 
perception, creativity and an appreciation of nature.
If they are integrated into larger green infrastructure 
networks, residential gardens can have a significant 
impact on reducing stormwater.

Enhanced heat regulation 
Enhanced air quality531

Urban flood risk management through enhanced infiltration, 
water retention and reduced runoff
Habitat and critical refugia for biodiversity
Stepping stones for biodiversity
Increased property values
Mental wellbeing and physical health
Social interaction / urban gardening 

Green 
Infrastructure 532

Extensive and 
intensive green 
roofs
Ground-based 
green facades
Facade-bounded 
greening
Plant towers

Extensive green roofs consist of several horizontal layers; a 
bioengineered growth medium; membranes to support and 
control plant roots; and buffers to collect, filter, store, reuse or 
discharge water. There are also structural and insulation layers. 

Intensive green roofs have a thicker substrate layer that 
supports a greater variety of vegetation.

Ground-based green facades are a type of green wall 
consisting of climbing plants that are rooted in ground 
planters. 
Facade-bound greening uses technology for irrigation and 
special substrates to reduce the weight of green facades.

Heat regulation 
Reduced air pollution
Captured and stored rainwater
Reduced drought impacts by promoting the reuse of water 
stored in roofs

Habitats for species, birds, bees and other pollinators

Opportunities for gardening and recreation
Reduced building energy bills

Considering biodiversity values and ecological 
connectivity in urban planning is becoming increasingly 
important. Although urban areas are generally considered 
to be an unfavourable habitat for wildlife, some green (and 
blue) spaces in cities provide vital refuges and feeding 
grounds that can contribute to ecological connectivity. 
While these green spaces are generally too small to 
sustain viable populations of species, they can serve 
as vital stopovers.533 534 Areas with intermediate or high 
vegetation coverage tend to have higher species diversity. 
Strategically planned green (and blue) infrastructure can 
enhance landscape connectivity, while also contributing to 
cleaner air and water and regulated temperatures. 535 536

Connectivity mapping tools can be used to model the 
strength of connectivity among open spaces. The resulting 
maps can inform strategic decisions on the creation of 

new parks and the planting of street trees, enhancing 
ecological connectivity and enabling municipalities to 
compare their performance in providing green spaces for 
natural processes, wildlife and human wellbeing.537 538

Urban areas are complex social-ecological systems 
and managing ecosystem services in urban 
landscapes is challenging due to high social diversity 
and spatial heterogeneity in land use. The integration 
of human behaviour into ecological processes, with 
a focus on both ecological and social connectivity in 
urban environments, has attracted significant interest 
from urban planners, scientists and conservationists. 
In order to make cities more resilient and sustainable, 
we need a better understanding of how to enhance 
ecological connectivity and the flow of ecosystem 
services across social-ecological systems.539
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The Green Roofs of Basel, Switzerland 540 541 542 543

Switzerland is one of the leading countries in the 
systematic implementation of green roofs, with an 
average of 5.71 m² per person in Basel in 2019. A 
systematic assessment in 2006 found that the city 
had 1,711 extensive and 218 intensive green roofs, 
covering 23% of its flat roofs. Since then, around 100 
green roofs, equating to 80,000 m², have been added 
annually. Unlike many other cities implementing 
green roofs, Basel insists on using native plants, 
soils and seeds. Consequently, the green roofs in 
Basel resemble nature-rich grasslands. Green roof 
development in Basel began in the 1990s. It was 
one of the solutions financed by a fund for energy-
saving measures, which residents voted to allocate 
part of their bills to. Compared to other countries, 
Basel has scaled up its efforts by making green 
roofs a legal requirement for all new and renovated 
buildings with slopes of less than 10 degrees and by 
subsidising their implementation. During the design 
and implementation process, the city or developers 
must collaborate closely with scientists. Green roofs 
can provide insulation, remove pollutants, enhance 
water retention and provide a habitat for biodiversity, 
thereby enhancing the quality of life for residents. 
Carefully choosing substrate depth and drainage 
regimes can create different microhabitats above 
and below the soil surface, enhancing the diversity of 
plant and wildlife species that colonise green roofs. 
Initially, green roofs made use of unused space, but 
this has changed with the boom in renewable energy, 
creating competition for roof space. To resolve this 
conflict, many cities are starting to combine green 
roofs with elevated solar panels, which protect the 
plants from the sun and wind while the plants help 
cool the solar panels.

A Whole-of-Society Approach to Urban 
Greening: The Case of Singapore

Singapore is a city-state and the most urbanised area 
in Southeast Asia. It is also one of the world's leading 
commercial hubs, boasting one of the five busiest 
ports and the fourth-largest financial centre. In a mere 
five decades, the country has transitioned from being 
a developing to a developed nation by prioritising both 
economic development and environmental sustainability. 
The first Singapore Green Plan was published in 1992, 
followed by a new 10-year plan in 2002 which introduced 
a national approach to integrated planning. This was 
followed by the Sustainable Singapore Blueprint in 2009, 
which set out key strategies for sustainable development 
and five-year plans to make Singapore a more liveable 
city. Additionally, the country has a variety of policies, 
regulations, standards, pricing systems, demonstration 
projects, information management systems and 
initiatives to raise awareness of environmental issues.544

The Singapore Green Plan 2030 takes a whole-of-
nation approach to promoting sustainable development 
and achieving the SDGs and other key international 
commitments. It is based on five main pillars: City 
in Nature, Energy Reset, Sustainable Living, Green 
Economy and Resilient Future.545 As part of the 'City in 
Nature' pillar, the city-state intends to expand the network 
of protected areas, enhance the natural features of 
gardens and parks, restore more natural habitats within 
the urban landscape, strengthen connectivity between 
green spaces and improve animal management and 
veterinary care, all in close collaboration with the local 
community. Four nature reserves protect Singapore’s 
native ecosystems and vital ecosystem services. They 
are surrounded by nature parks, which act as a buffer 
against urbanisation, and ecological corridors to connect 
reserves, parks and gardens. By 2030, the government 
aims to ensure that every household is within a 10-minute 
walk of a park.546 547

By 2023, Singapore had opened new parks, developed 
species recovery plans for 120 plant and animal species 
and achieved its target of restoring 30 hectares of 
habitats. The target was then increased to 80 hectares 
by 2030. An Ecological Profiling Exercise (EPE) had 
also been completed. The EPE aimed to improve 
understanding of the ecological profile of green spaces 
and their contribution to ecological connectivity. The 
authority responsible for national parks is also working 
to naturalise bodies of water, and daylight concrete 
canals to transform them into natural reservoirs and 
floodplains to provide flood protection and promote 
biodiversity. Over 500,000 trees have been planted as 
part of the OneMillionTrees initiative since its inception 
in 2020, with 90,000 trees planted in industrial estates. 
Furthermore, Singapore has become the world leader in 
vertical greening, boasting approximately 155 hectares 
of skyrise greenery.548
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Community Gardens Enhancing Socio-
Ecological Connectivity in the United States 549

A study conducted in New York, Chicago and Baltimore 
examined the contribution of community gardens to 
networks of biophysical and social connectivity in urban 
landscapes. In all three cities, community gardens 
were found to play an important role in enhancing 
food security, fostering a sense of community, building 
social cohesion and supporting low-income and 
minority communities. These gardens support social 
connectivity and ecological interactions between biotic 
and abiotic features in the environment. In addition to 
fostering social connections, the gardens established 
various ecological networks that support the flow 
of ecosystem services. The tighter the clusters, as 
in New York, the higher the connectivity. However, in 
dense cities such as New York, these flows struggled 
to extend beyond the clusters of gardens. In less 
dense cities, such as Baltimore, community gardens 
created linkages in broader ecological networks, 
including parks, residential gardens and other green 
spaces beyond the clusters. The hot and cold spot 
analysis used in the study can inform urban planning 
to enhance ecological connectivity. Taking social and 
biophysical features into account can help to create 
socio-ecological networks that increase resilience to 
environmental and demographic changes.

4.6

Responsible Industry
The industrial sector, which includes the energy, mining, 
transport, waste management and manufacturing 
industries, plays a significant role in the stewardship 
of land and ecosystems worldwide. Transformative 
action requires a paradigm shift towards more 
responsible industrial practices. Adopting sustainable 
land use practices, circular economy principles and 
nature-based solutions enables industries to minimise 
their ecological footprint while actively contributing to 
land restoration and ecological connectivity.

Pollution from brownfield sites or mining areas can 
travel great distances, affecting soils, water and air 
far from the source. Restoring these areas offers 
opportunities for improved land management and 
enhanced ecological connectivity. Firstly, brownfield 
sites can be used for urbanisation and other 
developments, thus avoiding the further conversion 
of natural areas and fragmentation of landscapes. For 
instance, the European Commission has adopted an 
initiative to support 'no net land take by 2050', based on 
the reuse of brownfield sites.550 Secondly, brownfield 
sites and mining areas can be restored to enhance 
biodiversity and ecosystem services, as well as to 
support climate change mitigation and adaptation. 
Studies from Australia suggest that landfill sites can 
contribute to environmental rehabilitation by creating 
habitats and improving ecological connectivity, 
particularly in densely populated areas. Geographic 
information system (GIS) tools can be used to identify 
areas with considerable restoration potential.551 This 
can reduce the risk of further pollution from mining 
sites due to climate-related hazards, such as droughts, 
floods and wildfires, which can mobilise contaminated 
materials, thereby increasing exposure to animals and 
humans. Thirdly, some brownfield sites may serve as 
biodiversity refuges that have been established through 
natural succession, warranting their conservation.552 553
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TABLE 7
A description of approaches that support more responsible industry and their potential benefits for enhanced ecological connectivity.

Approach Description Potential Benefits

Restoration of 
garbage areas 
and “brown 
fields” 554

Post mining 
restoration
Restoration 
of polluted or 
abandoned 
industrial sites

Converting abandoned industrial areas, such as mines 
and landfills, into green spaces is one option. This can 
involve reforestation, rewilding, creating wetlands and 
replacing lost habitats.555

Reduced emissions and air pollution 
Enhanced carbon sequestration556

Reduced heat island effect
Enhanced water quality and aquatic ecosystems557

Reduced runoff and enhanced infiltration through the creation 
of permeable surfaces558

Reduced pollution and soil remediation559

Stabilised soil, enhanced organic matter and microbial diversity
Habitat provision
Reduced land conversion for urbanisation560

Stepping stones enhancing ecological connectivity
Increased property values561, improved public health562 and 
recreational value

Quarry Lakes 563 Suitable abandoned mining pits can be converted 
into reservoirs to provide critical groundwater aquifer 
recharge or water storage for local areas.

Temperature regulation

Water storage for water scarce periods
Reduced flood risk
Enhanced groundwater recharge564

Habitat creation and resource availability that can support 
species movement565

Recreational value566

Road 
Decommissioning 
and Restoration 
of Abandoned 
Infrastructure 567

Formal closure of any road that is not regularly 
inspected and maintained. Decommissioning stream 
crossings by removing culverts to prevent erosion and 
pollution of the downstream environment, as well as 
seeding and mulching exposed areas and planting 
native and/or naturalised species.

Enhanced carbon sequestration
Reduced emissions
Improved air quality
Slowed overland flow reduces flood risk and pollution
Improved infiltration to shallow and deep groundwater 

Reduced soil erosion

Enhanced habitat availability from native and naturalised species
Removal of barriers to species movement

Phytocapping 568 Phytocapping involves planting native species as a 
vegetated cover over rock piles, tailings or bare earth 
surfaces in order to reduce acid mine drainage. This 
vegetation absorbs infiltrating water, thereby reducing 
the leaching of contaminants into the local water 
supply.

Reduced windblown erosion and air pollution

Improved water quality by reducing leaching into the local 
water supply
Enhanced infiltration

Reduced erosion and pollution

Improved biodiversity by increasing native and naturalised species

Health benefits

Nature-Positive 
Energy 569

Wildlife-friendly 
wind turbines 
and energy 
transmission lines
Fish-friendly 
hydropower
Pollinator-friendly 
solar
Agrivoltaics
Solar gardens

Nature-positive energy is defined as an energy system 
that minimises environmental harm and actively 
contributes to the restoration and enhancement of 
natural ecosystems. This approach incorporates 
conservation goals into energy planning, guaranteeing 
that the development of renewable energy supports 
biodiversity and the health of ecosystems.570 

Carbon sequestration
Reduced air pollution 

Enhanced soil moisture from shading

Conservation of habitat and creation of new microhabitats
Reduced conversion
Protected vegetation

Enhanced community acceptance
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Transforming Landfills to Functional  
Ecosystems

Sydney Olympic Park in Australia was a nearly 
800-hectare landfill site between 1950 and 2001, 
containing 100 million tonnes of waste of various 
levels of toxicity. Today, Sydney Olympic Park is an 
urban biodiversity hotspot, home to a wetland system 
that provides a variety of ecosystem services. For 
example, it filters pollutants, regulates water flows and 
sequesters carbon, while also maintaining pollination 
services for plant and animal populations.571 572

The transformation of the landfill site began when 
Sydney was awarded the 2000 Olympic Games. It 
was Australia’s largest urban land remediation project 
to date, involving the reconstruction of an entire 
landscape once the waste had been removed. The aim 
was to create functional ecosystems that resemble 
nature within an urban parkland setting. This involved 
remediating 160 hectares of contaminated land, 
removing 9 million cubic metres of waste and 400 
tonnes of contaminated soil and restoring some of the 
remaining estuarine wetlands and eucalyptus forests. 
It also involved daylighting a 2 km stormwater canal 
and creating an estuarine creek with salt marshes. 
The tidal flushing of the wetlands was restored to 
enhance the habitat of protected migratory shorebirds. 
New habitats were constructed, including wetland, 
grassland, forest, saltmarsh and intertidal areas, as 
well as over 90 freshwater ponds and wetlands for 
the endangered Green and Golden Bell Frog (Litoria 
aurea).573 Today, the park is home to over 400 native 
plant species, more than 250 native vertebrates, 
including over 200 native bird species, as well as bats, 
reptiles, invertebrates, fish and frogs, some of which 
are endangered or threatened. Around 300 hectares 
of the park specifically provide and protect habitat for 
species of conservation concern and have become an 
important stepping stone for migratory and nomadic 
species. 574

Mine Restoration in Germany 575 576

Germany’s industrial strength was largely built on the 
extraction of mineral resources. Since the 19th century 
and particularly after unification in 1871, mining, 
especially coal mining, had increased considerably, 
transforming the landscape. Coal production peaked 
in the 1960s at over 140 million tonnes per year, after 
which it decreased as imports of coal and petroleum 
increased. Most of the domestic coal production 
came from the Ruhr area, which became one of the 
largest industrial regions in Europe. However, due to 
the considerable air and water pollution, the region 
soon became known as the 'coal scuttle' (Kohlenpott). 
Sinkholes as deep as 20 metres were created, causing 
water runoff issues that threatened neighbourhoods 
and damaged homes. Starting in the 1960s, concerns 
about the environmental impact of mining grew, 
leading to the closure of many mines. These were 
then transformed into agricultural fields, lakes or 
forests. The International Architecture Exhibition 
Emscher Park (IBA Emscher Park, 1989–1999) was 
a major programme of structural changes to the Ruhr 
region. This involved reconstructing the landscape to 
create the Emscher Landscape Park as well as the 
ecological restoration of the Emscher river system. 
The aim was to improve the area's social value for 
housing, employment, recreation and showcasing 
industrial cultural heritage. In total, 800 km² were 
rehabilitated, transforming the region of 2.3 million 
inhabitants from the 'coal scuttle' into an area with a 
new ecological and social identity and considerably 
enhancing socio-ecological connectivity. Based 
on the IBA Emscher Park experience, guidelines 
for the rehabilitation of former industrial sites 
were developed and implemented in other parts of 
Germany and Europe.

Taking ecosystem functioning and ecological 
connectivity into account when planning and constructing 
roads can considerably reduce fragmentation and make 
the transport sector more sustainable. For instance, 
incorporating erosion control, slope stabilisation and the 
creation of green corridors into the transport planning 
process can mitigate some of the connectivity-related 
challenges associated with road infrastructure. Good 
drainage planning and placement, taking into account 
water flows and fisheries, can help retain water in dry 
areas, enhance groundwater recharge and remove 
unwanted standing water. Quarries and borrow 
areas can be rehabilitated and various options are 
available for managing waste, dust and noise pollution. 
Furthermore, innovative technologies are available to 
reduce emissions, waste, energy consumption and 
disruption. Roads that are no longer required should be 
decommissioned, with the area being restored to a more 
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Enhancing Nature around Roads: The Case of 
Keyn Glas, UK 577 578

National Highways and Arup, a global consulting 
firm, have adopted a unique regenerative approach to 
the management and restoration of landscapes and 
habitats along the A30 in Cornwall, United Kingdom. 
Keyn Glas, which is Cornish for 'green ridge', is a 
road mitigation scheme that takes a landscape-
based approach, implementing a series of individual 
projects on surrounding farmland and estates up to 
three kilometres from the road. These projects include 
natural flood management solutions, pond restoration, 
the creation of flower-rich grasslands and hedgerows, 
woodland and wetland restoration, green bridges 
and wildlife crossings and the restoration of historic 
ecological corridors. Together, these interventions 
enhance biodiversity and contribute to climate change 
adaptation and mitigation.

Arup used Condatis, a GIS-based tool developed by 
the University of Liverpool, to assess the landscape 
and identify the areas with the greatest potential for 
enhancing ecological connectivity and generating 
net gain in biodiversity. Arup collaborated with the 
Cornwall Wildlife Trust to adapt individual projects to 
the local context, existing agricultural practices and 
farm assets. National Highways funded restoration 
initiatives on individual farms, with farmers agreeing to 
sustainably manage their land for 10 years.

The first phase of the scheme connected 32 habitat 
patches across nine farms. According to the UK 
Government’s Biodiversity Net Gain Calculator, this was 
estimated to result in a 250% net gain in biodiversity. 
Biodiversity management in eight woodlands was 
improved and eight kilometres of field boundaries 
comprising traditional hedges, hedgerows and fences 
were created. Together, these initiatives are expected 
to absorb around 10 tonnes of CO₂ every year. The 
catchment approach to water management reduced 
runoff and flooding, while enhancing water quality.

natural state through measures such as revegetation 
and the removal of road infrastructure (e.g. bridges, 
drainage systems, embankments and cuttings), as 
well as the restoration of natural slopes.579

In order to meet climate change mitigation targets, a 
transition to renewable energy systems is unavoidable. 
Renewable energy is crucial for improving access to 
energy for the 750 million people without electricity, 
enhancing their well-being and prosperity.580 There is 
growing awareness that the development of renewable 
energy sources should also have a positive impact on 
biodiversity, contributing to healthier ecosystems. In 
order to reduce land conversion and fragmentation, 
energy developers and practitioners are increasingly 
trying to integrate renewable energy production with 
other land uses. Pilot projects are exploring the use of 
offshore wind farms as coral habitats, solar panels to 
enhance food production, vegetation and surrounding 
habitats581 and integrated green roofs or shade for 
water bodies to reduce evaporation.

Minimising the Impact of Energy 
Infrastructure Development on Birds

Each year, over 1.5 million birds migrate across the 
Red Sea and the Rift Valley. The increasing density of 
electricity and renewable energy infrastructure is killing 
birds in flight, with potentially thousands dying each 
year across the region.582 The impact varies by species, 
with fast-flying, heavy-bodied birds being particularly 
affected by power lines crossing their flight paths. 
Soaring birds, particularly birds of prey, are also highly 
susceptible to collisions with wind turbines. Many of 
these species are already endangered and have low 
reproductive rates. 583 

Deaths from energy infrastructure could be 
considerably reduced at relatively low cost by taking 
bird migration routes into account when planning sites. 
For example, power lines could be routed away from 
wetlands and other areas with high concentrations 
of birds, cross flight paths at non-right-angles and 
coloured to enhance visibility.584 Similarly, wind turbines 
could be placed away from major bird migration routes. 
As part of broader efforts to protect globally significant 
bird migration corridors, BirdLife International has 
developed an online tool that identifies locations 
where different types of energy infrastructure would 
have a relatively low impact on migratory birds.585 
Consequently, future energy infrastructure can be 
planned to cause less harm without significantly 
impacting the supply of renewable energy. 
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5

Technical solutions for implementing sustainable land 
management, restoring degraded land and enhancing 
ecological connectivity cannot be implemented in 
isolation. Without due consideration of local conditions, 
traditional knowledge and inclusive decision-making, 
supportive policies for sustainable land management 
and connectivity initiatives will struggle to succeed. 

While some of the approaches and measures 
outlined above are ‘do no harm’ approaches that 
can be implemented immediately, the restoration 
of entire landscapes requires long-term, large-scale 
implementation to realise their full benefits. This 
necessitates sustained financing, monitoring and 
research to communicate impact and transboundary 
collaboration. 

Paying attention to inclusive governance, gender 
equality, land rights and the involvement of Indigenous 
Peoples and local communities can ensure that land 
and connectivity restoration initiatives contribute to 
broader goals, such as reducing poverty and achieving 
sustainable development.

5.1

Inclusive and Participatory 
Governance Frameworks
As land degradation is rarely the result of a single cause, 
restoration efforts must address multiple pressures, 
drivers and complexities. This requires long-term 
planning as well as the immediate implementation of 
well-known and proven techniques and principles (such 
as crop rotation, organic fertilisation, agroforestry, 
protection against soil erosion) to address land 
degradation and fragmentation. These efforts must 
also consider policy instruments, development sectors, 
institutional responses and the engagement of 
government and society in a coordinated manner.586 587 
The success of restoration initiatives depends on their 
long-term durability, since natural processes require 
sustained effort to recover. Good governance and 
land management policies are also essential.588 589  
Focusing on connectivity can improve the strategic 
choices of those involved across multiple levels of 
governance, enhancing cooperation and providing a 

Creating an 
Enabling 
Environment 
for Land 
Restoration 
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Connectivity
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stronger foundation for long-term sustainability.590 
Creating a supportive policy environment for land 
restoration and enhanced ecological connectivity 
requires action at various governance levels and 
spatial scales.

Governance at the Global Level: Working 
Together and Enhancing Synergies

To avoid negative trade-off effects that could 
unintentionally disrupt ecological connectivity, 
synergies are required between international, regional 
and national level commitments to address land 
degradation, climate change and biodiversity loss. Such 
trade-offs may arise from competing demands for land 
use or from prioritising certain ecosystem services 
over others. This can exacerbate habitat degradation 
and fragmentation and disrupt natural processes. 
For instance, the extensive cultivation of bioenergy 
crops or tree plantations for carbon sequestration can 
transform complex ecosystems into monocultures, 
thereby disrupting ecological networks.591 592 What 
is needed are integrative management approaches 
that recognise the interconnectedness of ecosystem 
functions and integrate biodiversity conservation, 
climate change and land management goals within a 
cohesive implementation framework.593 

Ecological processes do not stop at geopolitical 
boundaries. Connectivity and restoration require 
transboundary and international cooperation.594 In 
the Mekong River Basin, which supports over 60 
million people across six countries, deforestation and 
upstream dam construction have reduced, and are 
expected to continue reducing, water availability and 
quality downstream, threatening livelihoods, such 
as agriculture and fishing, as well as biodiversity.595 
Sand and dust storms typically originate in deserts 
or degraded areas, but their impacts are often felt 
thousands of kilometres away, with fine dust particles 
degrading air quality and affecting human health, 
disrupting social and economic activities in areas far 
from their sources.596 

In regions such as the Sahel and the Horn of Africa, 
pastoralist communities migrate across borders in response 
to droughts, changing grazing conditions and scarce 
resources,597 which can lead to conflicts, displacement and 
tensions between neighbouring countries. Wildlife also 
moves or migrates across borders. The Serengeti-Mara 
ecosystem, which is shared by Tanzania and Kenya, 
is home to the world’s largest terrestrial migration: 
over 1.3 million wildebeest, zebras and gazelles move 
seasonally in search of fresh grazing land.598 

Supporting Local Livelihoods to Support Conservation708 709 710 711 712 713 

The Kavango-Zambezi Transfrontier Conservation Area (KAZA TFCA) is one of the world's largest transboundary 
conservation areas, covering nearly 520,000 km² across the Okavango and Zambezi river basins in Angola, Botswana, 
Namibia, Zambia and Zimbabwe. The area is home to over 3,000 plant species, 100 of which are endemic to the sub-region. 
It also has substantial populations of wild dogs and elephants, with an estimated 250,000 elephants – around 50% of the 
world's savannah elephant population. Although several protected areas are linked by corridors, the KAZA TFCA is also 
home to around 2.5 million people who rely heavily on rain-fed subsistence agriculture and livestock production. Poaching 
and illegal logging are increasing, while poor harvests and poverty are forcing smallholder farmers to convert valuable 
habitats into agricultural fields, thereby exacerbating human-wildlife conflict. Local communities and their livelihoods are 
also under considerable pressure due to the impacts of climate change, weather extremes, droughts and water scarcity.

The KAZA ARISE Project is funded by the German Federal Ministry for Economic Cooperation and Development 
(BMZ) through the Engagement Global Programme and is implemented by the World Wildlife Fund (WWF) Germany in 
collaboration with local partners in Namibia, Zambia and Zimbabwe. The project aims to enhance both food security and 
habitat protection, acknowledging that 'only those who have enough food are interested in conservation'. Building on the 
idea that improved livelihoods for local communities can lead to better conservation, the project has supported 2,300 
smallholder farming families and 225 livestock herders operating outside ecological corridors.

The project provided farmers with knowledge of sustainable agricultural practices and the resources needed for new farming 
methods, securing their long-term livelihoods. In Zimbabwe, farmers were provided with equipment to reduce tillage and 
improved seeds, which considerably reduced erosion and enhanced soil structure. Separate, distant boreholes were used to 
reduce human-wildlife conflict. In Namibia, farmers implemented agroecology in their fields and backyard gardens to enhance 
soil fertility by using composting, mulching and biochar. They also improved their rangeland management and livestock practices 
by using mobile livestock enclosures (kraals), for example, to protect animals at night while their manure and urine revitalised the 
soil. In Zambia, the project supported livestock health workers and trained farmers in conservation agriculture. The project also 
established joint working groups across the three countries, organised exchange visits to share knowledge and experiences and 
integrated agriculture into Transboundary Natural Resource Management (TRNRM) forums.
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The proposed airport at Portugal’s Tagus Estuary 
highlighted the complex interdependence of migratory 
bird conservation across international borders. 

The Black-tailed Godwit (Limosa limosa) is a species that 
breeds in the Netherlands and relies on the estuary as a 
crucial non-breeding site. Damage to any intermediate 
habitats along a migratory species' route, including 
breeding, wintering or staging areas, can undermine 
conservation investments made elsewhere. Concerned 
about the impact on godwit populations, Dutch local 
authorities — who invest heavily in agri-environment 
schemes to support breeding success — petitioned 
the Portuguese government to reconsider its airport 
plans, leading to the project's cancellation following a 
national court case.599 600 601 Shared resources require 
shared solutions, necessitating strong transboundary 
cooperation, data sharing, joint policy frameworks 
(including procedures for preventing, managing and 
resolving conflicts) and resource mobilisation.

Integrated Planning to Create a Vision at the 
National Level

Governments are responsible for developing a national 
vision and governance framework that aligns with 
international commitments and addresses local 
challenges. This framework should set out how these 
challenges will be addressed and commitments 
achieved . This requires leadership and a clear mandate 
and is ideally facilitated by high-level government 
institutions, that can bring together sector ministries 
to guarantee integrated and inter-sectoral planning.

Getting the Planning Right: Integration is Key 

Integrated land use planning intentionally “assesses 
and assigns the use of resources, taking into account 
different uses, and demands from different users, 
including all agricultural sectors - pastoral, crop and 
forests - as well as industry and other interested 
parties”.602 It takes into account the biophysical and 
socio-economic factors, including demographic 
trends, infrastructure requirements, valuable natural 
resources, critical ecosystem services, geophysical 
constraints and administrative boundaries.603 Modern 
land use plans indicate which types of land use 
changes and development are permitted in specific 
areas, the standards development must meet and 
where particular environmental safeguards apply. 
Land use planning is a useful tool for mainstreaming 
environmental targets, such as sustainable land 
management, ecosystem restoration and ecological 
connectivity, into decision-making processes that 

impact the landscape.604 Ideally, land use plans 
should be guided by a long-term vision that aligns 
different sectors and governance levels in order to 
achieve maximum impact. Several aspects must be 
considered in integrated land use planning to address 
land degradation and enhance ecological connectivity.

Considering Ecological Connectivity in  
Integrated Land Use Planning: The Ridge  
to Reef Concept 605 606

Some Small Island Developing States (SIDS) have 
adopted context-specific integrated approaches to 
planning that focus on ecological connectivity. These 
islands are characterised by considerable variations in 
topography, climate and soil types, typically with high 
biodiversity and limited space for human settlements 
and economic activities. This makes them dependent 
on a healthy natural environment for socio-economic 
development, requiring consultation and planning in 
order to maintain and enhance connectivity processes 
and ecosystem services. The Reef to Ridge approach 
is a ‘whole-of-ecosystem’ planning and management 
strategy for SIDS that recognises and leverages the 
close connections between terrestrial, freshwater and 
marine ecosystems, ensuring effective cross-sectoral 
coordination. 

Integrated land use planning should consider and 
address the drivers of environmental change, 
providing integrated, multi-sectoral solutions. Many 
land degradation and connectivity issues arise from 
fragmented governance and sector-specific decision-
making. Integrated land use planning can ensure 

Photo: ©Envato Elements
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that decisions account for environmental, social 
and economic factors, thereby promoting long-term 
resilience.607 Implementing isolated restoration actions 
will not deliver the ecological connectivity needed to 
increase landscape integrity and resilience.608 Integrated 
approaches that harmonise sectoral development 
policies can support the restoration of ecosystem 
functionality, particularly in human-modified and 
production landscapes, while minimising 'environment-
development' trade-offs.609 The importance of land use 
planning across sectors is particularly evident in the 
development of linear infrastructure (e.g. roads and 
railways) and the expansion of urban areas, both of 
which are major causes of connectivity loss.610 

Integrated land use planning must consider multiple 
drivers of fragmentation and degradation while ensuring 
socio-economic, ecological and cultural benefits and 
realising the plurality of values associated with nature’s 
contribution to people.611 In order to enhance ecological 
connectivity on a landscape scale, the planning 
process involves multiple land units, which often have 
different land uses, jurisdictions and land tenure rights.612 
Integrated land use planning should be a participatory 
process involving broad stakeholder input in order to 
maximise win-win solutions for human well-being 
and sustainability. When assessing the social and 
economic context, important considerations include 
land tenure, poverty, the pressure to convert land for 
productive use, the capacity of local governments, 
social acceptance and political support.613 The success 
of sustainable land management and restoration for 
enhanced connectivity relies on community support 
and delivering socio-economic benefits.614 

Ecological Connectivity is Front and Centre in 
South African Land Use Planning 615 616

The Republic of South Africa has become a world 
leader in integrated land use planning. The nation, 
which covers an area of over 1.2 million km², adopted 
the National Environmental Management Act and the 
Biodiversity Act in 2004. This landmark legislation 
required planners in every province to draft a bioregional 
conservation plan. These plans are fundamental to 
land use decision-making at local, municipal and 
provincial levels, influencing everything from habitat 
restoration to public works projects. Furthermore, the 
Spatial Planning and Land Use Management Act of 
2013 categorises land use zoning and regulations.

This land use scheme covers rural and industrial 
development, conservation areas and more. A recent 
global assessment of connectivity conservation plans 
found that South African jurisdictions had produced 
dozens of plans calling for the legal protection or 
restoration of ecological corridors, largely as a result of 
this national legislation. In the northernmost province 
of Limpopo, for instance, planners identified four 
large-scale ecological corridors connecting significant 
protected areas and other critical biodiversity sites. 
Numerous smaller corridors were modelled using 
least-cost pathway analysis and manual refinement. 
From a large-scale planning perspective, these riparian 
and terrestrial corridors offer significant natural 
resilience in the face of climate change. Furthermore, 
they help government agencies in Limpopo prioritise 
areas for biodiversity conservation.

Integrated land use planning should be based on 
the best available data in order to support decision-
making and prioritise solutions. An important step in 
landscape planning is to prioritise areas for restoration 
based on connectivity needs and opportunities, as 
this is critical for achieving the best possible outcome 
at regional, national and subnational levels.617 It is 
fundamental to understand which areas are the most 
critical for supporting ecological flows and migratory 
animal movements that depend on networks of 
areas (often distributed across multiple countries). 
Mapping connectivity and the state of degradation, 
using methods such as least-cost path analysis helps 
identify where proposed developments are likely to 
impede connectivity and establish spatial priorities for 
restoring or preserving connectivity within landscapes. 
This can inform the allocation of resources to areas 
where they will have the greatest impact, as well as 
guide the design of connected landscapes by natural 
resource agencies, city and county planners, NGOs, 
and other entities. Photo: ©Envato Elements
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It is considerably more efficient to act before land is 
degraded than to initiate complex and costly restoration 
initiatives afterwards.618 Focusing on restoring functional 
connectivity, as well as structural connectivity, helps to 
identify areas with important ecological functions. This 
is particularly valuable for addressing the more extensive 
systems of functional sites, ecological networks and 
'green infrastructure'.619 620 

Planning for Connectivity for Jaguars in South 
America 621

Jaguars (Panthera onca) are wide-ranging carnivores at 
the top of the food web, found from Argentina to Mexico. 
Over 20 years ago, the Wildlife Conservation Society 
and the Universidad Nacional Autonóma de México 
brought together a group of jaguar experts to develop 
a comprehensive conservation plan for the species. 
After identifying over 50 jaguar population centres, the 
group undertook a genetic assessment that provided 
evidence of genetic exchange across the species' range. 
These findings led to the Jaguar Corridor Initiative, 
which aims to maintain and restore connectivity and 
gene flow across the jaguar's entire range. The initiative 
modelled connectivity among the population centres 
and identified 182 corridors covering 4.5 million km². 
Sixty-seven per cent of population centres and 46 per 
cent of the associated corridors were under some level 
of protection. The researchers then used a set of criteria 
to prioritise the conservation of jaguar populations and 
corridors, providing guidance for practical conservation 
efforts led largely by the non-profit organisation 
Panthera. The Jaguar Corridor Initiative can serve as a 
blueprint for conservation work, enabling species such 
as the jaguar to move across their entire range.

In a parallel effort, researchers in South America 
developed a connectivity model for the Maya Forest 
in Belize, identifying key sites for jaguar conservation. 
The model considers known jaguar locations, habitat 
suitability, the availability of prey, patch size and 
configuration and impact variables, such as road 
density and human population density. As drought, 
exacerbated by climate change, threatens the region's 
resilience, an additional analysis identified areas most 
susceptible to drought. The model predicts areas 
suitable for movement and identifies pinch points and 
barriers. It also helps prioritise areas where improving 
forest cover, promoting sustainable, drought-resistant 
agroforestry activities and reducing the effects 
of barriers would be most effective in increasing 
connectivity between jaguar populations. Spatial 
models are key tools for conservation and restoration 
planning, as they help prioritise areas for protection. 
The two connectivity modelling approaches for jaguar 
population centres described above can be applied or 
adapted to range-wide conservation and restoration 
planning for other 'umbrella' species.

Putting Plans into Practice: Adapting 
Policy and Legal Frameworks 

In order to scale up sustainable land management 
and restoration for ecological connectivity, these 
concepts must be integrated into environmental, 
social and economic policies.622 Any policy or legal 
framework must be based on sound science and 
the application of the precautionary principle and 
adhere to principles of good governance - including 
the meaningful participation of Indigenous Peoples 
and local communities, adhering to social safeguards 
and ensuring Free Prior and Informed Consent, equity, 
fairness, transparency and benefit sharing.

EU Green Infrastructure Strategy: One Solution 
for Multiple Objectives

The EU Green Infrastructure Strategy recognises that 
green infrastructure and nature-based solutions can 
contribute significantly to achieving multiple policy 
objectives and that investments in green infrastructure 
and restoration typically offer low cost-benefit ratios. 
Adopted in 2013, the Strategy is the EU's primary 
policy instrument on green infrastructure and aims to 
promote its deployment in urban and rural areas to halt 
biodiversity loss and ensure the delivery of ecosystem 
services. It also contributes to Target 2 of the EU 
Biodiversity Strategy. Guiding the implementation 
of green infrastructure at regional, national and local 
levels, the Strategy aims to restore ecosystem health, 
ensure the connectivity of natural areas and support 
natural habitats and healthy species populations to 
ensure the delivery of a range of ecosystem services. A 
key feature of the Strategy is its aim to integrate green 
infrastructure into other relevant policy areas, including 
the Common Agricultural Policy, the Water Framework 
Directive, the Floods Directive, the Adaptation Strategy, 
the Marine Strategy Framework Directive, the Mapping 
and Assessment of Ecosystem Services (MAES) 
initiative and urban planning policies.

Photo: ©CuatroK77
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5.2

Engaging Local Communities 
and Integrating Traditional 
Knowledge
Although transboundary and national governance 
frameworks establish the broader policy context, local 
communities and organisations are at the forefront of 
implementation.623 Due to the complexity of managing 
ecological connectivity at a national level with social and 
geographical complexities, governments in many regions 
lack the resources and capacity to effectively manage 
vast landscapes. It is often community-led governance 
structures, cooperatives and local NGOs that implement 
programmes, monitor land health and ecological 
connectivity and mediate conflicts over resources.624 

Biological Corridors in Costa Rica: Participatory Connectivity Restoration714 715 716

In Costa Rica, biological corridors are used to restore ecological connectivity and re-establish ecological processes in areas 
with different land ownership and usage. This involves a participatory process with all local stakeholders. Costa Rica has 
promoted biological corridors since 1990, beginning with the establishment of the Talamanca-Caribe Corridor. In 2006, 
the process of institutionalising biological corridors as a strategy for conserving and restoring biodiversity began with the 
establishment of the National Bio-Corridor Programme (PNCB) (Executive Order 33106 of the Ministry of Environment, 
Energy and Telecommunications). In 2018, the Second Strategic Plan of the National Programme of Biological Corridors for 
the period 2018–2025 was approved. The programme's mission is: “Promoting ecological connectivity and social integration 
for the conservation, restoration and sustainable use of natural resources for human well-being”.

According to the Second Strategic Plan, biological corridors are defined as “continental, marine-coastal and island delimited 
territory whose primary purpose is to provide connectivity between protected wild areas, as well as between landscapes, 
ecosystems and habitats, natural or modified, being rural or urban to ensure the maintenance of biodiversity and ecological 
and evolutionary processes; providing spaces of social agreement to promote investment in the conservation and sustainable 
use of biodiversity in those spaces" (Art 4. Executive Order N°40043 of Ministry of Environment and Energy). The Plan 
introduces two new types of biological corridor: inter-urban biological corridors (IBCs) and coastal-marine biological 
corridors (CBMCs) (Article 5, Executive Decree 40043, Ministry of Environment and Energy). The goals of the Strategic 
Plan include increasing the extent of natural cover and green spaces (known as 'Trama Verde') in IBCs through restoration, 
recovery and/or reforestation. Carbon emission reduction strategies are applied in biological corridors to benefit soil 
restoration and conservation. In this regard, biological corridors provide opportunities to establish mitigation projects that 
promote carbon sinks through soil management.

Biological corridors contribute to the conservation and restoration of biodiversity, as well as to sustainable development and 
socio-ecological benefits, by improving the quality of life for communities dependent on local biodiversity. Recognising this, 
they were established in close collaboration with local stakeholders. As most of the land is privately owned and cultivated, 
securing the support of farmers and landowners is essential. Landowners are encouraged to participate in the corridors 
by allocating land for conservation, agroforestry and reforestation. This is supported by Payment for Ecosystem Services 
(PES) which prioritise and target specific areas to increase forest cover and connectivity within the corridor.

The involvement of local communities, stakeholders and landowners in the management of the biological corridor is essential. 
Participatory platforms known as Local Committees of Biological Corridors establish goals for the sustainable use of natural 
resources. These committees facilitate governance, negotiation and dialogue. They support partners and civil society at local 
levels in drawing up corridor management regimes. The success of a biological corridor depends greatly on the composition 
and functioning of the local committee. Widespread participation and the representation of diverse interests and sectors can 
facilitate the integration of their perspectives on the use and conservation of natural resources within the corridor. Over 40 
individuals from the local committees, environmental and scientific NGOs, regional agencies, the national government and 
universities were involved in drafting the management plan for the Amistosa Biological Corridor. Costa Rica currently has 44 
biological corridors representing 33% of its land area, 26 of which already have a management plan in place.

Photo: ©Envato Elements
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Sustainable land management is most effective when 
top-down policies align with bottom-up actions and 
when socio-ecological connectivity is considered 
and enhanced. Nature creates many different values, 
often associated with Indigenous Peoples’ and local 
communities’ world views, that are not considered 
in policymaking. They often overlook the non-market 
values of nature’s contribution to people and their 
livelihoods.625 To ensure that national and regional 
policies are responsive to local realities, governance 
frameworks must recognise and incorporate local 
knowledge and needs into decision-making processes. 
They must also strengthen local governance 
structures, such as community forestry groups and 
water user associations and improve capacity building 
efforts to enhance communities' ability to manage 
land sustainably and engage in policy dialogues. 
Equitable benefit sharing and a just transition to more 
sustainable management practices and restoration, 
that considers potential alternative income streams for 
impacted communities, must also be ensured. In many 
regions, the success of connectivity and restoration 
projects and programmes depends on effective and 
equitable collaboration with Indigenous Peoples and 
local communities.626

Secure land tenure and resource rights are crucial for 
incentivising sustainable management practices.627 
Tenure security — the assurance that individuals, 
communities, organisations or the private sector have 
long-term rights to use, manage and benefit from land 
— is one of the most important factors in encouraging 
sustainable land use and restoration.628 When tenure is 
unclear or insecure, communities are often discouraged 
from investing in management practices that could 
support ecological connectivity, as they fear eviction 
or loss of income. Conversely, secure tenure has been 
linked to the increased adoption of practices such as 
agroforestry, soil conservation and reforestation.629

It is crucial to recognise the importance of Indigenous 
lands and leadership in achieving landscape 
connectivity and restoration.630 Indigenous Peoples and 
local communities often possess in-depth knowledge 
of ecological interactions. Strengthening their role in 
land stewardship can include recognising the territorial 
rights of Indigenous Peoples and local communities,631 
involving them in leading or co-leading partnerships632 
and acknowledging their knowledge, innovations, 
practices, institutions and values.633 It is also crucial to 
include Indigenous Peoples and local communities in 
scientific studies, impact assessments and monitoring 
activities.634 

The Value of Traditional Management 
Practices: Sacred Groves in Ghana635

Sacred groves are small areas of pristine forest or 
habitat that are protected by local religious or cultural 
organisations. These small pockets of biodiversity are 
maintained by traditional institutions, often without 
government involvement, and can help to preserve 
natural forests and rare species for religious, cultural 
and medicinal purposes. They are protected on 
religious or cultural grounds – for example to maintain 
water courses, plants or animals for traditional deities 
or royal burial grounds – and enforced by strict 
customary laws or beliefs.

It is estimated that Ghana has around 2,000 to 3,000 
sacred groves, mostly in the south of the country. 
These areas can range in size from a single tree or 
rock to several hectares. Together, the sacred groves 
in Ghana form the most extensive connected forest 
cover outside of protected areas. Local communities 
have established rules and taboos regarding the 
use of natural resources within the groves, which 
can differ from one grove to another. For instance, 
hunting, farming and collecting snails is forbidden in 
the Numafoa and Kobri sacred groves in the village of 
Nanhini in south-west Ghana, while gathering medicines 
and tapping palms for wine is permitted. Although 
these rules have no legal basis, they are strong enough 
to ensure adherence. This often leads to reservoirs of 
biodiversity being maintained across generations, in 
contrast to the degradation in the surrounding areas. 
In the case of the Tamale sacred grove in northern 
Ghana, for example, the community's protective 
measures transformed the open canopy forest into a 
canopy forest, further increasing the area's already rich 
biodiversity and providing a refuge for native species 
that can no longer be found anywhere else in the 
region. Studies of the Jaagbo sacred grove revealed 
220 plant species, compared to just 60 species found 
in neighbouring areas. It is also estimated that the last 
specimens of southern marginal forest types, as well 
as inner-zone subtypes of dry semi-deciduous forest, 
are found in Ghana's sacred groves. 

These traditionally maintained remnants of natural 
ecosystems play an important role in conserving and 
restoring flora and fauna. However, sacred groves 
and other traditional management methods are 
under considerable pressure due to rapid population 
growth, associated migration and resettlement 
and urbanisation. This leads to increased resource 
exploitation and agricultural encroachment, as well as 
the erosion of traditional beliefs and practices.
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Women play a vital part in managing land and water 
resources and must be involved in decisions about 
ecological connectivity.636 637 Many societies have 
gender-specific roles built into their environmental 
resource management. Understanding the cultural 
context in which efforts to restore ecological 
connectivity are implemented638 and analysing gender 
dynamics and inequalities can help identify appropriate 
entry points and strategies to ensure women's 
involvement and empowerment.639 Conditions that 
enable equitable participation and benefits for women 
and men should be created, acknowledging the 
important role women play in the management of 
natural resources.

5.3

Financing Large-Scale 
Initiatives to Restore Land 
and Ecological Connectivity 
In the long term, supporting the restoration of 
ecological connectivity requires considerable and 
sustained investment, integrating innovative financial 
instruments and leveraging public-private partnerships 
and blended finance. It is also essential to ensure that 
funding reaches local actors, who are best positioned 
to implement solutions on the ground. Currently, there 
is no systematic approach to financing the scale of 
restoration required to recover ecological connectivity. 
Various options are being explored in different 
countries.

Public Funding: Governments play a critical role 
in providing the initial funding required for land 
restoration, conservation and improving ecosystem 
connectivity. Some governments have allocated 
direct funding for large-scale restoration projects. 
For instance, China's Grain-for-Green programme 
has restored over 30 million hectares of degraded 
land by providing subsidies to farmers for planting 
trees.640 Other countries have developed Payment for 
Ecosystem Services (PES) schemes. Programmes 
such as Costa Rica’s PES scheme compensate 
farmers and landowners for maintaining forests and 
safeguarding ecosystem services.641 International 
funds and multilateral financing mechanisms can 
provide essential resources, particularly for developing 
countries, where budget constraints can limit the 
scope of large-scale restoration projects. The Global 
Environment Facility (GEF) and the Green Climate 
Fund (GCF), for example, have supported projects 

such as the African Great Green Wall Initiative, which 
aims to restore 100 million hectares of degraded land 
across the Sahel which could benefit the connectivity 
of migratory species.

Incentivising Watershed Management: An 
Example from Jesus de Otoro, Honduras 642

The Programme for Sustainable Agriculture in the 
Hillsides of Central America (PASOLAC), based 
in Jesús de Otoro, established a Payment for 
Environmental Services (PES) scheme to incentivise 
sustainable watershed management. In the 1990s, 
the town experienced significant problems with 
water quality and access, fuelling conflict between 
upstream coffee producers and downstream residents 
concerned about drinking water pollution. The scheme 
compensated landowners for adopting sustainable 
land management practices and conserving forest 
cover. These practices included avoiding slash-and-
burn techniques, practising agroforestry, building 
irrigation ditches and terraces, constructing vegetation 
fences, using organic fertiliser, managing waste and 
recycling, practising organic agriculture and conserving 
existing forests. The scheme was administered by a 
local NGO, whose members were elected in general 
assemblies in the ten different areas of the town. The 
NGO signed agreements with funders, setting out the 
commitments of upstream land users and the payment 
amounts, which were determined based on the 
practices adopted. Each household was then charged 
3.6% of the estimated willingness to pay per month. 
The municipality was also expected to contribute 1% 
of its annual income.
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Examples of Large-Scale Donor Funding to 
Enhance Ecological Connectivity 643

The Amazon Sustainable Landscapes Programme 
and the Global Wildlife Programme, both of which 
are funded by the Global Environment Facility (GEF) 
and led by the World Bank, focus on supporting 
national efforts to enhance landscape connectivity. 
The specific methods employed to achieve this vary 
from country to country. For instance, a national-level 
project in the Colombian Amazon under the Amazon 
Sustainable Landscapes Programme aims to enhance 
forest connectivity and the resilience of people and 
wildlife by investing in low-carbon development. 
Another project in Ecuador involves establishing 
corridors and management mechanisms to conserve 
the surrounding ecosystems in the long term.

Private Finance: The private sector is becoming more 
aware of the risks posed by land degradation and 
fragmentation to supply chains, water supply and long-
term economic stability. Evidence that sustainable land 
management and restoration can contribute to yields and 
makes business-sense can incentivise the private sector 
to scale up success stories, especially in agricultural 
production. Sustainable finance mechanisms and 
impact investment funds are channelling investments 
towards regenerative agriculture, sustainable forestry 
and biodiversity conservation. Some companies have 
introduced sustainable supply chain programmes to 
encourage smallholder farmers to adopt sustainable 
practices, thereby ensuring long-term productivity and 
ecosystem health.644 Financial institutions are issuing 
green bonds to support land restoration, reforestation 
and watershed protection projects. The World Bank’s 
Green Bond Initiative has financed climate-smart 
agriculture and land restoration projects worldwide.645 
By combining public and private investment, blended 
finance mechanisms help to reduce the risk associated 
with sustainable land management projects. The Land 
Degradation Neutrality (LDN) Fund, which is managed 
by Mirova in collaboration with the UN Convention to 
Combat Desertification (UNCCD), mobilises private 
investment in sustainable land management and 
restoration projects.646 647

Incentivising the Recovery of Degraded Land 
for Soy Production in the Cerrado, Brazil 648

Brazil is one of the world's leading soy producers, 
accounting for 30% of global production in 2020/21. 
Half of Brazil’s soy production takes place in the Cerrado 
region, which has considerable natural value due to its 
biodiversity and water reserves. It is estimated that 
the amount of land used for soy production in Brazil 
will increase by 10.3 million hectares between 2021 
and 2030. To avoid clearing native vegetation, this 
growth could be achieved by increasing productivity in 
existing cleared areas, such as degraded pasture land. 
In the Cerrado region, around 18.5 million hectares 
of cleared land are available to support soy crop 
production, of which 7 million hectares are considered 
degraded. The Reverte Programme, implemented by 
the Nature Conservancy, supports rural producers in 
the Cerrado region in rehabilitating degraded areas 
using regenerative agricultural practices, integrated 
crop-livestock systems, integrated pest management, 
intercropped harvests and input protocols.

Financial tools and incentives play an important 
role in the project. TNC collaborated with Itaú BBA 
to improve access to finance and establish socio-
environmental and agronomic criteria for obtaining 
credit. The two main criteria for accessing financing 
under the programme are the non-conversion of native 
vegetation and ensuring that grain production does 
not exceed 25% of the total property area. Qualified 
technical experts evaluate the state of degradation 
and support the implementation of environmental 
and agricultural practices in line with the programme, 
ensuring that any implemented practices enhance 
native vegetation, avoid soil degradation and increase 
productivity in former degraded areas. In return for 
implementing these sustainable practices, participants 
can access loans with favourable payment terms and 
interest rates, with a disbursement period of seven to 
ten years. Of the 144,600 hectares that will be restored 
in the first phase of the project, over 31,000 hectares 
will be restored using funds from the US$32.7 million 
credit line.
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Financing Catchment Management of the 
Wyre Catchment, UK 649 650

The Wyre is a 45 km-long river which originates in 
the Forest of Bowland in north Lancashire and flows 
towards the Irish Sea near Blackpool. As part of a 
collaborative initiative, the Rivers Trust, the Wyre Rivers 
Trust, Triodos Bank UK, the Environment Agency, 
United Utilities, Flood Re, Co-op Insurance and the 
Esmée Fairbairn Foundation are set to implement 
over 1,000 targeted measures, including woodland 
creation, bunded hedgerows, ponds and leaky dams, 
across 70 hectares and 10 landholdings. These 
measures are designed to manage peak flows and 
mitigate flood risk within the Wyre catchment. This 
initiative was launched following the flooding of 
5,200 homes and the disruption of power to 43,000 
households caused by Storm Desmond in 2015. The 
Wyre Catchment Natural Flood Management Project 
will implement nature-based solutions using a blend 
of public and private finance. Nine investors were 
involved in providing an £850k loan from Triodos Bank 
UK. The Woodland Trust provided grant funding of 
£627,500. The annual management costs and the loan 
were financed through payments for improving water 
quality, among other sources.

A group of potential buyers, consisting of the 
Environment Agency, Flood Re, United Utilities and Co-
op Insurance, initiated the project. These buyers were 
interested in natural flood management to support 
existing grey infrastructure and reduce damage to 
their physical assets during floods, amongst other 
objectives. Two additional buyers, Wyre Council and 
the North West Regional Flood and Coastal Committee 
(RFCC), later joined the group. The buyers pay land 
managers steadily increasing rates to implement and 
maintain nature-based solutions through an initial nine-
year contract. The initial capital costs were paid by 
external investors, which reduced the capital delivery 
risk for the buyers. After the sixth year, the buyers 
make outcome-based payments based on monitoring 
data and the Wyre Rivers Trust's assessment of the 
performance in delivering ecosystem services. If the 
project is successful, the contracts can be extended 
for periods of up to 50 years. As well as enhancing 
natural flood management, the project is also expected 
to improve carbon sequestration, water quality and 
biodiversity.

Community-Based Finance: For financing to be effective, 
local stakeholders, including Indigenous Peoples and 
local communities, smallholder farmers, pastoralists 
and grassroots conservation groups, must have access 
to flexible, long-term funding designed to support their 
needs. Local communities in rural areas often face 
considerable barriers when trying to access funding to 

implement measures that support sustainable land 
management and enhanced connectivity due to their 
limited organisational capacity.651 Consequently, they 
frequently depend on donor funding to implement 
restoration projects and programmes, reverting 
to unsustainable practices once project support 
concludes.652 This issue is exacerbated by the absence 
of local markets for certified products and ecosystem 
services.653 Local communities must benefit from 
restoration efforts to incentivise the maintenance 
of good practices in the long term and enhance 
ecological connectivity. These benefits can include 
monetary incentives, in-kind benefits, income from 
diversified livelihoods,654 655 access to markets and 
key services, such as electricity.656 Decentralised and 
community-based funding mechanisms can address 
some of these barriers, enhancing local ownership and 
autonomy in prioritising management and restoration 
actions based on specific needs and local contexts,657 
thereby improving their standard of living.658 

Community Finance in Germany’s Organic  
Sector 659

Considerable investments are required to transform 
agri-food systems and shift towards regenerative 
agricultural practices. Private finance has emerged 
as an important source of funding, particularly for 
small and medium-sized enterprises (SMEs), to 
complement public funding. However, increasing 
awareness of sustainable production and 
consumption has also led to the emergence of 
community-based finance as another potential 
source of funding. These models involve citizens or 
consumers in financing more sustainable agricultural 
practices. These models can increase SMEs' 
financial independence from credit institutions and 
ensure funding for initiatives that may struggle to 
access credit, since community investors are often 
more willing to accept low financial returns and a 
lack of collateral. Although it is still a niche market, 
community financing is being used more and more 
in the German organic food sector to complement 
or substitute traditional credit financing. Various 
models are employed, including pure financing 
instruments such as direct loans, crowdfunding 
or profit participation; financing models based on 
legal forms such as cooperatives; financing through 
intermediary organisations to pool citizen capital 
such as land purchase cooperatives or citizen 
shareholder corporations; and other mechanisms 
including leasing, sponsorship and community-
supported agriculture (CSA).



63
Creating an Enabling Environment for Land Restoration and Ecological Connectivity

GLOBAL LAND OUTLOOK    Thematic Report on Ecological Connectivity and Land Restoration

Enhancing Access to Finance Through  
Microloans

Kiva and Root Capital are two organisations that aim 
to improve smallholders' access to finance using 
community-based financing. Kiva operates using a 
crowdfunding model and works with lending partners 
to reduce the administrative burden of screening 
borrowers, disbursing funds and carrying out other 
administrative duties. Kiva has partnered with over 
77 lending organisations, primarily microfinance 
institutions, non-profits and social enterprises, and has 
disbursed around US$2 billion to 5 million borrowers. 
These partners are committed to enhancing financial 
inclusion for the 1.4 billion people worldwide without 
access to banking services. They support borrowers 
in creating savings accounts and offer financial 
literacy programmes, business management training, 
healthcare screening and peer support. Once a 
smallholder has applied for a loan, their request is 
posted on the Kiva website, where citizens from 
around the world can contribute to the cause. Kiva 
then transfers the funds to the lending partners, who 
disburse them to the borrower. Once the smallholder 
has achieved their goal and is able to earn a profit, they 
repay the loan through the lending partner. Over 96% of 
loans are repaid.660 661

Root Capital focuses on supporting agricultural 
enterprises in countries experiencing economic and 
political instability, climate shocks and extreme market 
fluctuations , which requires an increased risk appetite. 
Their work is based on four pillars designed to enhance 
rural resilience: access to finance, next-generation 
jobs, climate action and women's empowerment. Root 
Capital is an impact-first investor that uses donations 
to support small, growing agricultural businesses. Over 
the last 20 years, Root Capital has supported 1,000 
businesses, positively impacting 2.3 million farming 
families.662 663

To create accessible, long-term, results-oriented 
funding streams that prioritise ecosystem health, 
community resilience and sustainable livelihoods, 
governments, businesses and financial institutions 
must work together. This requires an enhanced 
understanding of, and guidelines for, considering 
ecological connectivity in restoration, biodiversity and 
climate change adaptation projects and programmes.

5.4

Research and Monitoring for 
Informed Decision Making
To ensure effective plans, legislation and regulations, 
as well as projects and programmes, planners, 
decision-makers and project/programme developers 
must be supported by the best available knowledge.

Evidence-Based Decision-Making

There is a significant research gap manifest in the limited 
integration and optimisation of ecological networks and 
the application of ecological connectivity for different 
ecological flows. Although considerable research has 
been conducted on ecological connectivity in terms 
of wildlife movement and hydrological functions, 
the contribution of other natural flows to ecosystem 
functioning and the drivers disrupting these processes, 
has received considerably less attention, despite 
these flows playing a vital role in maintaining healthy 
ecosystems. Consequently, there is a lack of policy-
relevant information on connectivity in more complex 
and human-modified social-ecological systems, such as 
urban areas and agricultural landscapes.

Another knowledge gap concerns the applicability, costs 
and benefits of nature-based solutions, such as those 
described in Chapter 4. While certain approaches, such 
as regenerative agriculture and grazing management, 
have received increasing attention from farmers 
and researchers, large-scale and long-term studies 
demonstrating their contribution to ecosystems and 
people are still limited. As these practices are adopted 
more widely, diligent monitoring of their positive and 
negative impacts in different contexts can contribute to a 
better understanding of the challenges and opportunities.

While the ultimate objective of efforts to enhance 
ecological connectivity should be to preserve and restore 
functional connectivity, monitoring these attributes 
is often more time-consuming, labour-intensive and 
costly than modelling structural connectivity.664 665 
Consequently, country-level monitoring (e.g. for reporting 
progress towards international agreements) and past 
research have focused on structural connectivity data 
and indicators derived from remote sensing. This 
monitoring primarily involves measuring changes in 
landscape composition and configuration over time,666 
which only provides limited information on the state 
of ecological flows and the extent to which structural 
elements support these processes.
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An overview of trends in land degradation and 
fragmentation over time would be an asset for 
policymakers. Data on the state of ecosystems is often 
patchy, with considerable bias towards areas where 
substantial research has been conducted. Remotely 
sensed data can be a useful and relatively cost-effective 
way of identifying changes in land cover, as in the case of 
land degradation indicators. If these data sets could be 
analysed more frequently and used in combination with 
other data, it would allow for the more accurate detection 
of changes in connectivity and degradation processes. 
Considering both processes in tandem could help to 
identify areas at risk whose further decline could be 
prevented through sustainable land management, as well 
as areas that require intervention to avoid catastrophic 
disruption to ecological processes. This dual monitoring 
approach could also help to identify hotspots and cold 
spots, enabling initiatives to prioritise connectivity 
measures.667 

Enhanced Monitoring for Adaptive Management

The optimal approach to restoring connectivity is often 
unclear. Implementing a variety of strategies, alongside 
systematic monitoring and evaluation, enhances 
our understanding and increases the likelihood of 
achieving successful outcomes.

Monitoring is essential for adaptive management - a 
structured, science-based approach to improving 
our understanding, reducing uncertainties and 
adjusting restoration strategies.668 The benefits of 
adaptive management are numerous: it can engage 
and empower communities and organisations to 
take action; guide monitoring efforts; make a case 
for methodical data management and reporting; and 
improve understanding of the effects of actions. 
Ultimately, adaptive management provides decision-
makers and stakeholders with greater certainty and 
leads to course corrections and better decision-making. 
Sharing lessons learnt with other communities working 
towards similar goals will promote the restoration of 
connectivity at a landscape level.669 

The complexity of landscape interactions, coupled 
with the limited availability of data, makes it difficult 
to monitor ecological connectivity. While there are a 
few established monitoring frameworks for species 
movement, ecological corridors and protected areas, 
there are still no systematic assessment protocols that 
incorporate the majority of the key elements of structural 
and functional connectivity. Annex 1 illustrates some 
of the essential variables and indicators of change that 
could be used to evaluate connectivity within complex 

social-ecological landscapes. Taking into account the 
relevant spatial scales and their relationships enables 
more effective design and implementation, as well as 
supports decision-making at different levels.

Effective management and use of monitoring data 
depends on information being findable, accessible, 
interoperable and reusable (FAIR).670 Data on DLDD, 
land restoration and ecological connectivity is 
often fragmented and there is limited collaboration, 
coordination and knowledge sharing between 
institutions working on these issues. Restoring land to 
enhance ecological connectivity requires information 
on various ecological parameters, including soil 
quality, hydrology and biodiversity as well as socio-
economic metrics.671 Standardising, harmonising and 
sharing data is vital to ensure interoperability and 
the exchange of reliable information on connectivity 
and restoration progress.672 This can also facilitate 
collaboration among government, non-governmental 
and community-based organisations, driving a unified 
approach towards achieving land restoration and 
ecological connectivity goals.

Scientific research can provide data-driven solutions, 
while traditional knowledge offers time-tested, place-
based land management practices. Combining 
these knowledge systems enhances resilience and 
the effectiveness of connectivity initiatives.673 674 
This ensures that implemented solutions are locally 
appropriate, strengthen community trust and are self-
sustaining. Involving communities — men, women 
and young people — in monitoring connectivity can 
increase their support for restoration projects and 
programmes, enhancing community awareness and 
engagement with environmental issues.675 Collecting 
data on plant and animal species at fine resolutions 
can inform connectivity assessments at a local level. 
If this is done across broad spatial scales by involving 
many communities over many years, it is possible to 
make inferences about landscape-level connectivity 
and species responses to environmental changes.676

Digital Solutions and Technologies 

Digital tools and platforms can support regular 
monitoring and assessment of the risk of land 
degradation and fragmentation, enabling proactive 
measures to mitigate social and economic impacts.677 
One fundamental technological advancement used 
in land restoration and ecological connectivity is 
remote sensing. It has considerably enhanced 
ecosystem management, enabling land managers 
to assess ecosystem dynamics at relevant scales 
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over time and adopt integrated land use planning and 
adaptive management practices.678 679 Participatory 
geographic information systems are a mapping and 
scenario planning approach that incorporates the 
ecological knowledge and values of local communities 
and experts in specific fields. Engaging with local 
stakeholders can improve understanding of complex 
ecological and social dynamics and identify ecological 
opportunities adapted to complex, multi-scale human 
interactions. 680 681

Supporting Digitalisation and Data Driven 
Decision-Making: The SMART Way 682 683

SMART is a suite of software and analytical tools 
designed for a variety of conservation applications. The 
platform standardises and streamlines the collection, 
visualisation, analysis, storage and reporting of various 
types of data, including those relating to biodiversity 
conservation, tourism management, law enforcement 
and intelligence, as well as natural resource use, 
performance and threat level assessments. It facilitates 
the dissemination of critical field-level information 
to key decision-makers and can be customised for 
various contexts and requirements. SMART also has a 
specific mobile app called SMART Collect to support 
citizen science and community reporting.

The Albany Biosphere Initiative (ABI) in the Eastern 
Cape of South Africa, implemented by the Conservation 
Landscapes Institute and the Wilderness Foundation 
Africa, used SMART to support their goals of restoring, 
protecting and connecting functional ecosystems 
covering state, private and community land, including 
the Addo Elephant National Park and the Great Fish 
River Reserve. The initiative aims to establish robust 
monitoring protocols and comprehensive baseline 
data to support planning, identify the implementation 
needs, facilitate periodic impact assessments and 
enable adaptive management on a day-to-day basis. 
SMART was used to standardise data collection 
across wildlife areas and capture the state of health 
of the intervening land. Ecologists and managers of 
the game reserves were brought together to discuss 
key data collection needs, existing requirements and 
individual research and monitoring objectives, ranging 
from water and waste management to game counts 
and vegetation surveys. Based on these workshops, 
standardised models and a data collection framework 
tailored to their needs were developed, saving valuable 
time and human resources in a large, under-resourced 
landscape. Adjustments to the framework and models 
can be made after the first round of reporting. The 
Initiative has started planting native vegetation and is 
using SMART to record the growth and survival rates 
of new plants.

Innovations in digital technology can facilitate the 
integration of different data sources and automate data 
collection and analysis. Recent studies have assessed 
the potential of combining blockchain technology 
with geospatial data and cloud-based solutions 
to enhance the efficiency of land administration 
processes.684 This can be used to support land use 
planning, improve coordination between institutions 
and sectors and prevent conflicts over land use that 
could undermine restoration and connectivity-related 
goals. Artificial intelligence, supported by a robust 
ethical framework,685 can streamline environmental 
data management processes,686 optimise resource 
use and help to identify the most suitable management 
interventions.687 It can also support land restoration by 
optimising the use of drones for automated assisted 
natural regeneration.688
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6

Ecological connectivity, in all of its diversity, supports the productivity and resilience of the natural systems that 
underpin the health and wealth of our societies. There is increasing awareness of the importance of integrating 
measures to restore and enhance ecological connectivity into landscape management, taking into account its 
structural and functional dimensions at all levels of land use planning. While targeted interventions can help to 
preserve certain species or habitats, we urgently need to conserve, restore and sustainably manage land and 
water resources beyond protected areas. This includes the interconnected processes and ecological flows that 
contribute to human wellbeing and a healthy environment.

Desertification, land degradation and drought fragment landscapes and impede connectivity processes. This 
exacerbates the loss of vital support services such as healthy soils, forests and watersheds which provide clean 
water, air and food and act as buffers against disasters. Restoring ecological connectivity enables flora and fauna 
to migrate and maintain healthy populations, facilitating the exchange of genes and thereby increasing their 
resilience and adaptability. These species interact across landscapes, maintaining key ecological processes that 
replenish natural capital and provide benefits that enrich lives and livelihoods. 

Restoring degraded land can help to reconnect isolated patches within a landscape, re-establishing connectivity 
to safeguard important ecosystem services. 

•	 Buffer zones, wildlife corridors and riparian strips that link natural areas facilitate species movement and 
enhance resilience by enabling range shifts in response to climate change or natural disturbances. 

•	 Restoring wetland and riparian ecosystems – reconnecting ‘blue lifelines’ – improves hydrological and aquatic 
connectivity, enabling fish and amphibians to migrate between their breeding and feeding grounds. 

•	 Reconnecting natural and agricultural landscapes, such as through agroforestry and regenerative agriculture, 
can improve soil health, farm productivity and food security.

•	 Nature-based solutions to enhance connectivity in urban and peri-urban areas can include parks, forests and 
green belts, terraces and constructed wetlands, the renaturation of streams, additional green and blue spaces 
and strategic wildlife corridors. 

•	 Economic incentives, regulation, impact assessments and corporate responsibility in the energy, mining, 
transport and manufacturing sectors can help to minimise their ecological footprint while actively contributing 
to land restoration and greater ecological connectivity.

Conclusion 
Photo: ©Adobe Stock
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Sustainable land management and restoration are active processes that foster resilience and connectivity 
within landscapes. These practices ensure that ecosystems and species, including humans, have the capacity to 
adapt, survive and thrive. ‘Connect to restore and restore to connect’ represents a paradigm shift in how we use and 
manage land, water and biodiversity resources. It requires a combination of quick action using proven technical 
approaches and an integrated, participatory planning process with committed leadership by a strong government 
entity to restore entire landscapes. Raising awareness of and building capacities to implement specific roles and 
responsibilities is a first step towards transformational changes that will reinstate ecological connectivity and 
engage diverse stakeholders in land and ecosystem restoration. 

•	 Governments at all levels can demonstrate leadership by establishing normative frameworks, enforcing 
regulations, promoting responsible governance, providing stability and security for all citizens, financing 
ecosystem restoration and sustainable land use and creating the necessary infrastructure to monitor results. 
This involves integrating ecological connectivity into land administration and institutions responsible for land, 
water, climate and biodiversity planning, as well as creating incentives for sustainable management practices 
and monitoring progress towards connectivity and restoration commitments.

•	 Private sector actors should minimise their land footprint by investing in sustainable and transparent supply 
chains and supporting large-scale restoration efforts that enhance connectivity. This entails a shift from short-term 
extractive models to long-term investments in regenerative land management, avoiding, reducing and reversing 
land degradation and fragmentation. This may require incentives and regulations that transform business models 
and supply chains, such as participation in certification schemes for sustainable products. Technology providers 
and start-ups could offer imagery and analytics for precision agriculture, as well as tools for monitoring changes 
in land use and fragmentation, such as dashboards and apps for citizen science with real-time data, or the use of 
artificial intelligence, drones and sensors for the precise monitoring of connectivity indicators.

•	 Local communities, Indigenous Peoples and smallholder farmers are the frontline stewards of land, water 
and biodiversity. Their traditional knowledge, human rights and development priorities must be recognised and 
supported by providing them with secure land tenure, building their capacities and giving them direct financial 
access. Their observations and understanding of the land, biodiversity and seasonal patterns can contribute 
significantly to the design, implementation and monitoring of connectivity and restoration initiatives. They can 
also play a pivotal role in collecting relevant land use data, including information on nature-positive agricultural 
practices, soil health and water availability, crop and livestock rotations and overall land productivity.

•	 International organisations and donors can support the integration of ecological connectivity into the 
landscape restoration and conservation initiatives that they fund and implement while ensuring that financial 
mechanisms are accessible to local stakeholders and aligned with national development priorities. They 
can also contribute to more effective monitoring, beyond their own projects and programmes, by providing 
guidance on the use of indicators through open-access platforms, such as SEPAL, Trends.Earth and Global 
Forest Watch, which facilitate data exchange and technical assistance.

•	 Civil society organisations and academia also play a critical role in collecting data and developing standardised 
monitoring frameworks that facilitate knowledge exchange, stimulate innovation and create practical tools that 
ensure transparency and accountability in restoration and conservation initiatives. They can provide third-party 
assessments and audits and train local stakeholders in project design, implementation and monitoring techniques 
and data analysis. In addition to making their findings accessible to governments and the private sector, they can 
raise public awareness and educate young people about the importance of ecological connectivity and restoration.

Ecological connectivity is not an abstract concept, rather it is comparable to the cardiovascular system of a living 
planet. Connectivity enables water and nutrients to flow, vegetation to grow, seeds to disperse, animals to migrate and 
cultures to flourish. However, as these networks are increasingly being severed, we find ourselves at a crossroads. 
Focusing solely on maintaining pockets of connected ecosystems through ecological corridors and protected areas 
will not be sufficient to achieve land degradation, biodiversity and climate change targets if surrounding areas continue 
to be severely degraded and fragmented. A holistic approach, adapted to local realities and challenges, should be 
adopted  integrating connectivity considerations into broader development priorities that rely on land use planning, 
landscape management, biodiversity conservation and ecosystem restoration initiatives.
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Annex 1

Monitoring Ecological 
Connectivity

Monitoring is essential for measuring progress towards goals and targets relating to ecological connectivity 
and land restoration. It facilitates iterative learning and the adoption of adaptive management practices, thereby 
enhancing the effectiveness of conservation and restoration projects and programmes. However, effective 
monitoring of ecological connectivity is hindered by the complexity of the interactions between biophysical and 
socioeconomic variables that shape a landscape and its management, coupled with a lack of available data.

While there are a few established monitoring frameworks for species movement, ecological corridors and 
protected areas, there are no systematic assessment protocols that incorporate the majority of the key elements 
of structural and functional connectivity. Figure 8 illustrates some of the essential variables and indicators of 
change that could be employed to evaluate ecological connectivity within complex social-ecological landscapes. 
These indicators can be adapted to different contexts and spatial scales and further refined using guidance from 
existing monitoring frameworks relating to agricultural biodiversity, rangeland health, ecological corridors and 
protected areas, nature-based solutions and integrated land use planning. They can also be used for national 
reporting under the Rio conventions.

The choice of variables and indicators to monitor ecological connectivity depends on the nature and objectives 
of the interventions implemented and resource availability. Some illustrative monitoring scenarios have been 
developed as part of Annex 1 to showcase how different variables and indicators can be combined to meet specific 
monitoring objectives. It is also necessary to consider the relevant spatial scales and their relationships to enable 
more effective design and implementation. At the management unit level, land users (whether acting individually 
or collectively) typically require contextual data to evaluate the effectiveness of their efforts on a project scale. 
This may include:

•	 basic or core indicators of profitability and productivity;

•	 process indicators to provide insights into efficiency and quality of the implementation; and

•	 impact indicators to assess the overall performance of management interventions.

At the landscape level, data is needed to inform integrated land use planning. This ensures that different sectors 
and stakeholders work towards a common goal and that limited resources are allocated cost-effectively and 
efficiently. The data should also guide management units in permitted or encouraged land uses and management 
practices, promoting functional and connected landscapes. At the national and regional levels, information on 
the health of ecosystems (e.g. fragmentation, degradation and the impact of climate change) is required to support 
the management of shared natural resources, whether within or across national borders. For example, enhanced 
cooperation on transboundary watershed management and shared protected areas, aligned with landscape-level 
planning, can significantly boost efforts to restore ecological connectivity. 
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FIGURE 8 
Some variables and key indicators that can support the development of context and scale-specific monitoring frameworks for 
ecological connectivity.
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Illustrative Monitoring Scenarios for Ecological Connectivity

Nature-Positive, Integrated and Sustainable Agriculture 

Integrated management practices, such as those that combine agroforestry 
with agroecological crop-livestock systems, can be employed in croplands and 
rangelands to reduce fragmentation and re-establish structural and functional 
ecological connectivity. Key considerations at the management unit level include the 
extent to which the existing vegetation contributes to (i) reconnecting fragmented 
land parcels, (ii) conserving wildlife corridors or facilitating wildlife movement, (iii) 
providing riparian buffer zones, and (iv) enhancing soil and water conservation. 
Monitoring objectives typically include:

•	 Assessing the extent by which diversified land use and management practices 
support agricultural productivity and resilience.

•	 Monitoring the contribution of sustainable food production to biodiversity 
conservation and the provision of key ecosystem services.

Potential Indicators

Category Indicator Method

Productivity 
and Resilience

Crop and Livestock Species 
Production Volumes
Incomes
Carrying Capacity & Stocking 
Rates
Land Degradation & Productivity 
Connectivity & Permeability
Structural Features (Hedgerows, 
Shelterbelts, Riparian Buffers, 
Wetlands etc.)

Remote Sensing & GIS (NDVI, LiDAR), 
reported & economic data, farmer 
surveys

Biodiversity Structural Vegetation Diversity
Pollination Abundance & Diversity
Soil Health, Diversity & Microbial 
Activity
Abundance & Movement of 
Indicator Species
Abundance of Pests & Invasive 
Species

Biodiversity assessments (transects, 
scorecards, camera traps, passive 
acoustic monitoring, traps, netting, 
tagging), remote sensing and GIS 
(vegetation classifications, spectral 
diversity), soil sampling

Ecosystem 
Services

Above and Below Ground Carbon
Microclimate Regulation
Soil Nutrients
Soil Erosion
Bare Ground & Litter Depth
Soil Moisture
Infiltration & Runoff Capture

Soil, water & vegetation assays, remote 
sensing and GIS (LiDAR, USLE)
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indicators. https://csc.hutton.ac.uk/resource/Handbook_of_
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Ecker, K.T., Meier, E.S. & Tillé, Y. (2023). Integrating spatial 
and ecological information into comprehensive biodiversity 
monitoring on agricultural land. Environmental Monitoring 
and Assessment, 195(10), 1161. https://link.springer.com/
article/10.1007/s10661-023-11618-7

OECD (2023). Guidelines for the Development of an OECD 
Farmland Habitat Biodiversity Indicator. OECD, Paris. 
https://www.oecd.org/content/dam/oecd/en/publications/
reports/2023/07/guidelines-for-the-development-
of-an-oecd-farmland-habitat-biodiversity-indicator_
e4e022e4/09d45d55-en.pdf

BfN (2024). Monitoring of high nature value farmland. German 
Federal Agency for Nature Conservation. https://www.bfn.
de/en/monitoring-high-nature-value-farmland 

Ruck, A. et al. (2024). Farmland biodiversity monitoring through 
citizen science: A review of existing approaches and future 
opportunities. Ambio, 53(2), 257-275. https://link.springer.
com/article/10.1007/s13280-023-01929-x

Roilo, S. et al. (2024). The untapped potential of camera traps 
for farmland biodiversity monitoring: current practice and 
outstanding agroecological questions. Remote sensing 
in ecology and conservation, Volume 11, Issue 3.. https://
zslpublications.onlinelibrary.wiley.com/doi/full/10.1002/
rse2.426 

IEEP (2024). Advancing biodiversity monitoring in agricultural 
landscapes. Institute for European Environmental Policy, 
Brussels. https://ieep.eu/wp-content/uploads/2024/06/
Advancing-biodiversity-monitoring-in-agricultural-
landscapes-IEEP-2024.pdf
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Ecological Corridors and Protected Areas

Protected areas alone cannot sustain biodiversity if they are isolated. Wildlife 
needs connected habitats in order to move around, find food, breed and adapt to 
environmental changes. This often necessitates the establishment, restoration and 
management of ecological corridors to link existing protected areas, buffer zones 
and community-managed lands. The main aim is to reconnect fragmented habitats 
within and between protected areas, enabling gene flow and seasonal migration 
for key species and facilitating range shifts to build climate resilience. This also 
encourages multi-stakeholder engagement in conservation and management 
initiatives. Monitoring objectives typically include:

•	 Assessing improvements in physical linkages within and between protected 
areas.

•	 Monitoring wildlife responses to enhanced ecological connectivity (e.g. 
movement and genetic exchange).

•	 Assessing the quality and resilience of biodiversity habitats to support the 
conservation and restoration of ecological corridors.

•	 Tracking community perceptions and involvement in the management of 
ecological corridors.

Potential Indicators

Category Indicator Method

Physical 
Linkages

Percentage of Area Protected 
Land Cover Change & 
Fragmentation
Permeability (Corridor 
Configuration & Condition)
Linear Infrastructure (Fences, 
Roads, Rail)
Reductions in Disturbance 
(Roadkill, Poaching, HWC)

Remote sensing & GIS (land cover 
change detection), spatial corridor 
modelling (e.g. linkage mapper), 
barrier analysis, transect counts, point 
surveys, bioacoustics monitoring

Wildlife 
Responses

Species Distribution & Abundance
Species Movement
Gene Flow
Recolonisation
Population Health

Transects, biodiversity scorecards, 
camera traps, passive acoustic 
monitoring, traps, netting, GPS 
tagging/collars, attractants, 
environmental DNA sampling, canopy 
surveys), genetic sampling

Habitat Quality 
and Resilience

Landscape Composition & 
Condition (Vegetation Complexity, 
Canopy Structure, Hydrological 
Connectivity & Invasive Species)
Above and Below Ground Carbon
Frequency & Severity of Fire & 
Water Stress 

Periodic field surveys, remote 
sensing and GIS (LiDAR, vegetation 
classifications, spectral diversity, burn 
scar detection), streamflow analysis

Community 
Perceptions 
and 
Involvement

Land Use Type
IPLC Engagement & Partnerships
Benefits from Conservation & 
SLM

Stakeholder mapping and surveys, 
participatory workshops, policy review

Additional Resources

Hilty, J. et al. (2020). Guidelines for conserving connectivity 
through ecological networks and corridors. IUCN, Gland. 
https://iucn.org/resources/publication/guidelines-
conserving-connectivity-through-ecological-networks-and-
corridors

Wang, Y., Lu, Z., Sheng, Y., & Zhou, Y. (2020). Remote sensing 
applications in monitoring of protected areas. Remote 
Sensing, 12(9), 1370. https://www.mdpi.com/2072-
4292/12/9/1370 

Gregory, A. et al. (2021). Toward best management practices 
for ecological corridors. Land, 10(2), 140. https://www.mdpi.
com/2073-445X/10/2/140 

Keeley, A., Beier, P. & Jenness, J.S. (2021). Connectivity metrics 
for conservation planning and monitoring. Biological 
Conservation, 255, 109008. https://www.sciencedirect.com/
science/article/pii/S0006320721000604 

Theobald, D.M., Keeley, A.T., Laur, A. & Tabor, G. (2022). A simple 
and practical measure of the connectivity of protected area 
networks: the ProNet metric. Conservation Science and 
Practice, 4(11), e12823. https://conbio.onlinelibrary.wiley.
com/doi/10.1111/csp2.12823 

Dalton, D. et al. (2024). A framework for monitoring 
biodiversity in protected areas and other effective 
area-based conservation measures. IUCN, Gland.  
https://iucn.org/resources/publication/framework-monitoring-
biodiversity-protected-areas-and-other-effective-area

Yang, W., Kedron, P. & Frazier, A.E. (2024). Percentage of 
area protected can substitute for more complicated 
structural metrics when monitoring protected area 
connectivity. Ecological Indicators, 158, 111387. 
https://www.sciencedirect.com/science/article/pii/
S1470160X23015297?via%3Dihub 

Keeley, A. et al. (2025). Monitoring Ecological Corridors for 
Nature and People. Ecoevorixiv. https://doi.org/10.32942/
X25K82

Gatti, R.C. (2025). Ecological Peace Corridors: A new 
conservation strategy to protect human and biological 
diversity. Biological Conservation, 302, 110947. 
https://www.sciencedirect.com/science/article/pii/
S0006320724005123 

Ecological Corridors And Connectivity Resources Library 
hosted by the Global Wildlife Program and the Amazon 
Sustainable Landscapes, funded by the Global Environment 
Facility and led by the World Bank. https://spatialagent.org/
ECCRL/
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Integrated Land Use Planning

Landscapes are often characterised by a variety of land uses, including croplands, 
plantations, forests, urban areas, industrial sites, protected areas and bodies of water. 
Without proper planning and coordination, managing these diverse land uses can lead 
to landscape fragmentation and disrupt natural ecological processes. Integrated Land 
Use Planning (ILUP) aims to harmonise these uses, creating a cohesive mosaic that 
supports human needs and ecological connectivity. A wide range of data is required to 
inform negotiations, balance trade-offs and make well-informed decisions that enhance 
connectivity.

Key considerations for monitoring ILUP processes include comprehensive land use zoning, 
strategic decisions about the placement of stepping stones, corridors and other approaches 
and stakeholder engagement in designing and adopting management practices that 
support livelihoods and ecological connectivity. The main aim is to ensure structural 
and functional connectivity across the landscape. This enables species movement and 
genetic flow, as well as the delivery of other ecosystem services, such as water cycling and 
pollination. These services support resilient natural systems alongside productive land use. 
Monitoring objectives typically include:

•	 Mapping and assessing changes in the landscape configuration and condition.

•	 Ensuring that existing land uses do not compromise the natural resource base 
needed for human wellbeing in the medium- to long-term.

•	 Monitoring the flow of key ecosystem processes and services between land use 
types.

•	 Assessing ecosystem integrity following interventions to enhance ecological 
connectivity.

•	 Monitoring social involvement, human wellbeing and nature’s contribution to people.

Potential Indicators

Category Indicator Method

Landscape 
Configuration 
and Condition

Ecosystem Type
Land Use/Cover Change
Land Fragmentation
Land Degradation
Connectivity between Patches 
(Stepping Stone Density)

Remote sensing and GIS (NDVI, bare 
ground, erosion gully detection), 
landscape connectivity modeling 
(landscape graphs, circuit modelling, 
least cost analysis), expert 
assessments, citizen science

Sustainable 
Resource Base

Vegetation Stocks (Harvestable 
Woody Biomass, Herbaceous 
Biomass, Above Ground Carbon), 
Regrowth & Harvested Biomass
Water Supply & Extraction 
(Groundwater & Surface Water)

Crop yield monitoring, carbon inventory 
sampling, water sampling and sensors 

Flow of 
Ecosystem 
Processes

Movement of Indicator Species 
Gene Flows
Pollinator Abundance, Diversity & 
Distribution
Population Synchrony

Pollinator transects, biodiversity 
scorecards, camera traps, passive 
acoustic monitoring, traps, netting, 
GPS tagging/collars, attractants, 
environmental DNA sampling, canopy 
surveys, genetic sampling

Ecosystem 
Integrity

Land Productivity
Soil Organic Carbon
Soil Moisture/Infiltration
Vegetation Water Content
Invasive Species Abundance

Field surveys, soil testing, hydrological 
sensors, NDVI (via remote sensing) 

Human 
Wellbeing and 
Involvement

Participation in Planning 
Workshops
Capacity Building
Land Tenure Security
Dependence on Natural 
Resources
Income & Livelihoods

Stakeholder surveys, workshops, 
census information

Additional Resources
Rudnick, D. et al. (2012). The role of landscape connectivity in 

planning and implementing conservation and restoration 
priorities. Issues in Ecology. https://scholars.unh.edu/geog_
facpub/19/ 

Scolozzi, R. & Geneletti, D. (2012). Assessing habitat 
connectivity for land-use planning: a method integrating 
landscape graphs and Delphi survey. Journal of 
Environmental Planning and Management, 55(6), 813-830. 
https://www.tandfonline.com/doi/abs/10.1080/09640568.
2011.628823 

Parrott, L. et al. (2019). Planning for ecological connectivity 
across scales of governance in a multifunctional regional 
landscape. Ecosystems and People, 15(1), 204-213. https://
www.tandfonline.com/doi/full/10.1080/26395916.2019.1
649726 

Jalkanen, J., Toivonen, T. & Moilanen, A. (2020). Identification 
of ecological networks for land-use planning with spatial 
conservation prioritization. Landscape Ecology, 35, 353-
371. https://link.springer.com/article/10.1007/s10980-019-
00950-4 

FAO (2020). Framework for integrated land use planning -  
An innovative approach. FAO, Rome.

	 https://openknowledge.fao.org/items/6adb6c14-e656-
4e7a-96d9-44a7f88d446b 

Jennings, M.K. et al. (2020). Planning for dynamic connectivity: 
operationalizing robust decision-making and prioritization 
across landscapes experiencing climate and land-use 
change. Land, 9(10), 341. https://www.mdpi.com/2073-
445X/9/10/341 

Sedy, K. et al. (2022). A Methodology for Standardised 
Monitoring of Ecological Connectivity – Guidelines for 
the Analysis of Structural and Functional Connectivity, 
Danube Transnational Programme DTP3-314-2.3 
SaveGREEN project, Environment Agency Austria, 
Vienna, Austria. https://dtp.interreg-danube.eu/
uploads/media/approved_project_output/0001/56/
dc86e1c6e3dac3299b3b411262b93dcd0210f85f.pdf 

Hordley, L.A. et al. (2022). Developing a national indicator of 
functional connectivity. Ecological Indicators, 136, 108610.

	 https://www.sciencedirect.com/science/article/pii/
S1470160X22000814?via%3Dihub 

Perrin, M., Bertrand, N. & Vanpeene, S. (2022). Ecological 
connectivity in spatial planning: From the EU framework 
to its territorial implementation in the French context. 
Environmental Science & Policy, 129, 118-125. https://
www.sciencedirect.com/science/article/abs/pii/
S146290112100366X

Godínez-Gómez, O., Correa Ayram, C. A., Goicolea, T. & Saura, 
S. (2025). Makurhini: An R package for comprehensive 
analysis of landscape fragmentation and connectivity 
(3.0.0). Zenodo. https://doi.org/10.5281/zenodo.14940436
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Nature-based Solutions in Urban Landscapes 

The highly fragmented nature of urban landscapes poses significant challenges 
to biodiversity conservation, the functioning of ecological processes and climate 
resilience. Reconnecting these spaces and processes requires a coordinated 
approach involving pocket parks, green roofs, greenways, riparian buffer zones 
and networks of ecological corridors. Green and blue infrastructure are nature-
based solutions that can link existing parks, natural areas and waterways, thereby 
enhancing structural and functional connectivity within cities and their surrounding 
areas. The main aim is to enhance and restore ecological connectivity within the 
urban matrix, thereby improving ecosystem services, supporting species movement 
and creating more liveable, resilient urban environments. Monitoring objectives 
typically include:

•	 Assessing green (blue) spaces in the urban landscape and identifying 
opportunities to enhance ecological connectivity. 

•	 Monitoring the extent to which connectivity and restoration initiatives contribute 
to biodiversity conservation.

•	 Monitoring provisioned ecosystem services, such as air and water quality, 
temperature regulation and stormwater retention.

•	 Monitoring public access to and usage of green and blue spaces and evaluating 
stakeholder perceptions to assess co-benefits for human wellbeing.

Potential Indicators

Category Indicator Method

Green (Blue) 
Spaces 

Green Area (Size, Vegetation 
Complexity & Proximity to 
Surrounding Green Area)
Land Fragmentation & 
Permeability
Number, Length & Quality of 
Corridors (e.g. Green Streets, 
Vegetated Pathways, Waterways 
& Riparian Buffers)
Barriers (Roads, Railways, 
Buildings, etc.)
Imperviousness 

Remote sensing and GIS (land cover 
change), landscape connectivity 
modeling (landscape graphs, circuit 
modelling, least cost analysis), 
landscape metrics software 

Biodiversity 
Conservation

Species Movement & Habitat 
(Distribution, Abundance, 
Composition & Reproduction)
Genetic Flows of Selected Species
Pollinator Abundance & Diversity
Invasive Species Abundance
Vegetation Structure & Diversity

Camera traps, bird point counts, 
pollinator surveys, acoustic sensors, 
eDNA, biodiversity plot sampling, flora/
fauna inventories, remote sensing

Ecosystem 
Services

Water Infiltration, Flood & 
Stormwater Regulation, Water 
Quality
NO2 & PM Concentrations
Temperature (Air & Surface)
Above & Below Ground Carbon

Microclimate sensors (universal 
thermal climate index), soil, water & 
vegetation assessments

Public 
Inclusion and 
Access

Public Access & Usage Rates of 
Green (Blue) Spaces
Community Perception of Life 
Quality Improvement & 
Connection to Nature
Involvement in Planning and 
Monitoring (Capacity Building, 
Workshops etc.)

Public/stakeholder surveys, 
attendance records, proximity analysis, 
user surveys

Additional Resources
Andersson, E. et al. (2014). Reconnecting cities to the biosphere: 

stewardship of green infrastructure and urban ecosystem 
services. Ambio, 43, 445-453. https://link.springer.com/
article/10.1007/s13280-014-0506-y 

Childers, D.L. et al. (2019). Urban Ecological Infrastructure: An 
inclusive concept for the non-built urban environment. Elem 
Sci Anth, 7, 46. https://online.ucpress.edu/elementa/article/
doi/10.1525/elementa.385/112509/Urban-Ecological-
Infrastructure-An-inclusive 

Greenaway, G., Lee, T. & Kahal, N. (2019). Planning to Connect: A 
Guide to Incorporating Ecological Connectivity into Municipal 
Planning. Miistakis Institute, Calgary. https://www.rockies.ca/
files/reports/planning_for_ecological_connectivity.pdf 

Furberg, D., Ban, Y. & Mörtberg, U. (2020). Monitoring urban green 
infrastructure changes and impact on habitat connectivity using 
high-resolution satellite data. Remote Sensing, 12(18), 3072. 
https://www.mdpi.com/2072-4292/12/18/3072 

Andrade, A. et al. (2020). IUCN global standard for nature-based 
solutions. IUCN-2020-020. https://iucn.org/our-work/topic/
iucn-global-standard-nature-based-solutions 

Firkowski, C.R. et al. (2021). Monitoring social–ecological 
networks for biodiversity and ecosystem services in human-
dominated landscapes. Facets, 6(1), 1670-1692. https://www.
facetsjournal.com/doi/10.1139/facets-2020-0114 

Hardy, C. et al. (2022). Ecosystem connectivity for liveable cities: 
a connectivity benefits Framework for Urban Planning.Ecology 
and Society, Volume 27, Issue 2.. https://ecologyandsociety.org/
vol27/iss2/art36/ 

Kirk, H. et al. (2023). Ecological connectivity as a planning 
tool for the conservation of wildlife in cities. MethodsX, 10, 
101989. https://www.sciencedirect.com/science/article/pii/
S2215016122003636 

Langemeyer, J. et al. (2024). Planning, Designing and Monitoring 
of Nature-based Solutions: Guidelines to urban transformations 
Bogotá, D.C.: Instituto de Investigación de Recursos Biológicos 
Alexander von Humboldt, Interlace. https://interlace-hub.com/
sites/default/files/uploads/planning-designing-and-monitoring-
nature-based-solutions-guidelines-urban-transformations.pdf 

Wang, D., Xu, P.Y., An, B.W. & Guo, Q.P. (2024). Urban 
green infrastructure: Bridging biodiversity conservation 
and sustainable urban development through adaptive 
management approach. Frontiers in Ecology and Evolution, 
12, 1440477. https://www.frontiersin.org/journals/ecology-
and-evolution/articles/10.3389/fevo.2024.1440477/full 

Aleixo, C. et al. (2024). Urban Green Connectivity Assessment: 
A Comparative Study of Datasets in European Cities. 
Remote Sensing, 16(5), 771. https://www.mdpi.com/2072-
4292/16/5/771 

Marion, S. & Hoskins, H. (2024). Review of opportunities for 
urban biodiversity monitoring (Guidance report). JNCC 
Report 754, JNCC, Peterborough. https://hub.jncc.gov.uk/
assets/476b6b62-cea8-48e6-931e-b597d8b3d8b9 

Pierce, J.R. et al. (2024). Urban Nature Indexes tool offers 
comprehensive and flexible approach to monitoring urban 
ecological performance. Urban Sustainability, 4(1), 22. https://
www.nature.com/articles/s42949-024-00143-2 

Sharma, M., Pasha, M.K.S. & Chassot, O. (2025). Building urban 
ecological networks for conservation in the ASEAN region: A 
discussion paper on increasing connectivity amongst urban 
protected areas, OECMs, and green and blue spaces. IUCN, 
Gland. https://iucn.org/sites/default/files/2025-04/building-
urban-ecological-networks-for-conservation-in-the-asean-
region-compressed.pdf 

Torne, D.J. (2025). Analyzing Urban Ecological Connectivity–A 
Comparative Study. https://www.uni-bremen.de/fileadmin/
user_upload/sites/artec/Publikationen/artec_Paper/236_
artec_paper.pdf
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Annex 2

Glossary

Agroecology - Science that draws on biological and agricultural sciences, and in some of its applications social 
science, and integrates these with traditional knowledge and farmers’ knowledge. Agroecosystems should mimic 
the functioning of local ecosystems, thus exhibiting tight nutrient cycling, complex structure and enhanced 
biodiversity. It can involve practices such as crop rotation, polycultures, agroforestry systems, cover crops and 
mulching, green manures, crop-livestock mixtures.689

Biological diversity - The variability among living organisms from all sources including, inter alia, terrestrial, 
marine and other aquatic ecosystems and the ecological complexes of which they are part; this includes diversity 
within species, between species and of ecosystems.690

Ecological connectivity - The unimpeded movement of species, connection of habitats without hindrance and the 
flow of natural processes that sustain life on Earth.691

Ecological corridor - Clearly defined geographical space that is governed and managed over the long term to 
maintain or restore effective ecological connectivity.692

Ecological integrity - The ability of an ecological system to support and maintain a community of organisms that 
has species composition, diversity and functional organisation comparable to those of natural habitats within a 
region.693 

Ecological networks - A system of core habitats (protected areas, OECMs and other intact natural areas), 
connected by ecological corridors, which is established, restored as needed and maintained to conserve biological 
diversity in systems that have been fragmented.694

Land degradation - The reduction or loss of the biological or economic productivity and complexity of rainfed 
cropland, irrigated cropland, or range, pasture, forest and woodlands resulting from a combination of pressures, 
including land use and management practices.695

Land Degradation Neutrality (LDN) - A state whereby the amount and quality of land resources, necessary 
to support ecosystem functions and services and enhance food security, remains stable or increases within 
specified temporal and spatial scales and ecosystems. The aim of land degradation neutrality (LDN) is to maintain 
or enhance land-based natural capital and its associated ecosystem services. Neutrality implies no net loss of the 
land-based natural capital relative to a reference state, or baseline.696

Land restoration - Continuum of activities that avoid, reduce and reverse land degradation with the explicit 
objective of meeting human needs and improving biosphere stewardship. The priority is to avoid degradation by 
eliminating the drivers and expanding conservation and protected areas; reduce degradation through the adoption 
of sustainable land and water management practices in production landscapes; and reverse degradation through 
the passive or active restoration of biodiversity and ecosystem functions. Restoration activities, tailored to local 
conditions and societal choices, aim to regenerate natural capital for the benefit of human health and livelihoods, 
environmental and planetary resilience as well as to promote greater equity, social justice and shared prosperity.697
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Land-use planning - The systematic assessment of land and water potential, alternatives for land use and 
economic and social conditions in order to select and adopt the best land-use options. Integrated land-use 
planning (ILUP) - Assesses and assigns the use of resources, taking into account different uses and demands 
from different users, including all agricultural sectors - pastoral, crop and forests - as well as industry and other 
interested parties.698

Nature-based Solutions (NbS) - Actions aimed at protecting, conserving, restoring and sustainably managing 
natural or modified terrestrial, freshwater, coastal and marine ecosystems, which address social, economic and 
environmental challenges effectively and adaptively, while simultaneously providing human well-being, ecosystem 
services, resilience and biodiversity benefits.699 

Other Effective Area-based Conservation Measures (OECM) - A geographically defined area other than a 
Protected Area, which is governed and managed in ways that achieve positive and sustained long-term outcomes 
for the in situ conservation of biodiversity, with associated ecosystem functions and services and where applicable, 
cultural, spiritual, socioeconomic and other locally relevant values.700 

Protected areas (PA) - A clearly defined geographical space, recognised, dedicated and managed, through legal 
or other effective means, to achieve the long-term conservation of nature with associated ecosystem services and 
cultural values.701 

Rewilding - The process of rebuilding, following major human disturbance, a natural ecosystem by restoring 
natural processes and the complete or near complete food web at all trophic levels as a self-sustaining and 
resilient ecosystem with biota that would have been present had the disturbance not occurred.702

Sustainable Land Management (SLM) - The use of land resources including soils, water, animals and plants, for 
the production of goods to meet changing human needs, while simultaneously ensuring the long-term productive 
potential of these resources and ensuring their environmental functions. Sustainable land management 
approaches can avoid degradation in healthy ecosystems, reduce degradation on managed land and contribute 
to reversing past degradation.
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The United Nations Convention to Combat Desertification (UNCCD) recognizes 
that addressing and reversing land degradation is one of the key sustainable 
development priorities for many countries, particularly in the developing world. 
In response, the UNCCD secretariat produces strategic communications publications 
under the brand of the Global Land Outlook (GLO) to facilitate insights, debate, and 
discourse on a transformative vision for land management policy, planning and 
practice at various scales.

The aim of the GLO is to communicate and raise awareness of evidence-based, 
policy-relevant information and trends to a variety of stakeholders, including 
national governments formulating their responses to commitments to better 
manage and restore land resources, including the SDGs and associated targets, 
such as Land Degradation Neutrality (LDN). The evidence presented in the GLO 
reports demonstrates that informed and responsible decision making can if more 
widely adopted help to reverse the current worrying trends in the state of our land 
resources.

All GLO reports and working papers, can be found at:  
https://www.unccd.int/resources/global-land-outlook/overview

United Nations Convention to Combat Desertification (UNCCD)

Platz der Vereinten Nationen 1 
D-53113 Bonn, Germany 
Tel: +49 (0) 228 815 2873

www.unccd.int

https://www.unccd.int/resources/global-land-outlook/overview
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