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Executive summary
Land protection policies differ between regions and 
countries from barely existent to well defined (established 
but incomplete). However, their implementation has 
many shortcomings. Often, national policies addressing 
socioeconomic development (e.g. economic incentives 
for agricultural, bioenergy and urban development) have 
overlooked land degradation side effects. As long as economic 
growth is not decoupled from environmental degradation, 
sustainable use and management of land requires policy 
frameworks that better integrate land management governance 
across sectors, especially in developing countries. This chapter 
analyses the effectiveness of policies and policy approaches 
addressing land quality dynamics in five case studies 
having different socioeconomic and physical contexts and 
management approaches. The intention is to draw messages 
for policy and decision makers when dealing with complex 
land issues in a context of competing interests and scarcity of 
resources. {15.4}

Land degradation is likely to be aggravated as long as 
effective land and soil management policy frameworks 
are not established at national and international levels 
(established but incomplete). Global trade and land 
acquisitions, including land grabbing, have direct consequences 
on the livelihoods of local people and international food trade 
markets. {15.1, 15.2}

Land degradation and lack of policy action may accelerate 
migration in some regions (well established). The 
Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services notes “by 2050, an estimated 4 billion 
people will live in the drylands and until then it is likely that 
land degradation and climate change will have forced 50-700 
million people to migrate”. This will result in increased hardship 
for most areas in Africa, South Asia, the Middle East, and 
North Africa that will be impacted by rapid population growth, 
low per capita gross domestic product (GDP), limited options 
for agricultural expansion, increased water stress and high 
biodiversity losses. {15.1}

Land degradation and desertification could be prevented 
within the context of local social, economic and political 
conditions (well established). Sustainable land management 
practices can reverse even severe desertification processes. 
But the implementation of such practices necessitates policy 
frameworks that support the involvement and compensation 
of local people with public money or through public-private 
partnerships, including direct financing from the private sector 
alone. Such incentives, however, are country specific and 
depend on financial resources available. {15.2.1}

Land is a key source of ecosystem functions and services. 
Consequently, land-use change is the major direct driver 
of the loss of ecosystems services and biodiversity (well 
established). In 2017, the estimated global ecosystem services 
losses due to land degradation were between US$6.3 trillion 
and US$10.6 trillion per year. This estimated loss is equal to 
10-17 per cent of global GDP (US$63 trillion in 2010), while 
halting and reversing current trends of land degradation could 

generate up to US$1.4 trillion per year in economic benefits if 
sustainable land management policies would be implemented. 
{15.2; 15.2.2}

Land policy frameworks to tackle risk to human health from 
soil contamination are scattered and incomplete (established 
but incomplete). The ‘polluter pays’ principle is not widely 
applied and the cost of remediation is very high, preventing 
its implementation even in developed countries. Lack of 
knowledge and data gaps further hinder its implementation. 
Hence a reconsideration of that principle, or otherwise a strong 
commitment from the government (local, regional, national) to 
act, is needed to safeguard public health. The contamination of 
land with heavy metals, pesticides, organic pollutants and other 
toxic substances severely threatens humans as they are taken 
up by plants used for food. These effects are even more severe 
in developing countries that are faced with lack of financial 
resources and expertise to tackle soil pollution. {15.2.3, 15.2.4}

Sustainable land management is a major instrument for 
climate change mitigation because it improves carbon 
sequestration in the soil (well established). This is why land 
and soil policy gained increasing international recognition with 
respect to climate change negotiations of the 23rd Conference 
of the Parties to the United Nations Framework Convention 
on Climate Change (UNFCCC COP 23) held in Paris in 2015 
when the ‘4 per 1000 Initiative’ was launched by the French 
Government. The initiative promotes enhancement of soil 
quality, carbon sequestration and soil conservation through 
improved agricultural practices that mitigate climate change. 
{15.3.1, 15.4}

High-consumption lifestyles, especially in developed 
economies, aggravated by food waste, and rapid population 
growth rates have negative consequences for land and its 
resources (established but incomplete). The increased demand 
for food and biofuels will trigger agricultural intensification 
such that biomass production is expected to double by 2050. 
Policies need to steer sustainable intensification through 
conservation agriculture practices to mitigate negative effects 
on soil health and on the environment. {15.2.4}

Land-use planning, sustainable use of land resources and 
sustainable land management are the answers to balance 
production with environmental protection (well established). 
Sustainable intensification practices attempt to integrate 
increasing crop yields with maintaining soil fertility and 
improving water-use efficiency. Annually, US$75.6 trillion 
can be gained from implementing global policies that enable 
sustainable land management. Among many other  
sustainable land management practices, conservation 
agriculture that includes also zero tillage provides a good 
example of technologies that maintain land quality, enhance 
soil carbon sequestration, mitigate climate change, protect 
biodiversity and sustain productivity. Policies, economic 
analysis, science and farming incentives, however, are all 
necessary to support implementation of these technologies, 
especially for small landowners, in particular those in the 
developing countries. {15.2.4}
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Land management, restoration and policies need to be 
tailored according to local conditions (well established). 
Experience has shown that ‘one-size-fits-all’ is not an option to 
promote sustainable land management worldwide. Success 
of policy implementation depends on a number of factors that 
consider an integrated landscape approach well-matched to 
socioeconomic and natural characteristics supported by good 
levels of governance and stakeholder engagement.  
{15.2.4, 15.2.5}

Implementing the right actions to combat land degradation 
and support sustainable land management policies has a 
direct effect on the livelihoods of millions of people across 
the planet (well established). This imperative will become more 
difficult and costlier if no action is taken urgently. Unfortunately, 
there is still a disconnect between consumers and the 
ecosystems that provide the food and other commodities  
they depend upon. {15.5}

Land is a finite resource that is under human pressure, 
especially from urban sprawl (established but incomplete). 
Chaotic urban expansion has been observed worldwide mostly 
on fertile and productive lands and, by 2050, about 80 per cent 
of the productive soils are at risk of being lost as each year 
about 20 million ha of agricultural land is converted into urban 
and industrial developments. The situation along the coastal 
areas is worst. It is therefore imperative that land-use policies 
should define a proper allocation of land resources between 
competing interests. Cities play a major role in land-use 
changes, so municipal and city planners need to coordinate 
their actions with a large number of stakeholders, including civil 
society and establishing public-private partnerships, to ensure 
sustainable spatial planning, policy coherence, implementation 
and conflict resolution for both urban settlements and 
responsible food systems. {4.2.5, 15.3.3}
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15.1	 Introduction

As noted in chapter 8, land plays a crucial role within the 
‘Healthy Planet, Healthy People’ theme and underpins global 
efforts towards sustainable development. Consequently, 
sustainable land management (SLM) is not only essential 
to promoting and maintaining the great diversity of nature’s 
contribution to people but also in tackling poverty and hunger.

At the international level, the Sustainable Development Goals 
(SDGs) emphasize the need for SLM among stakeholders for 
the protection of natural ecosystems that are on the verge 
of collapse, including increased climate-induced natural 
disasters. SDG 15 is directly related to the analysis in Chapter 
8. Furthermore, SDG target 15.3 focuses on land by demanding 
action against land degradation and efforts to achieve a 
land degradation-neutral world. Although land management 
is explicitly targeted in SDG 15.3, it is paramount for food 
security (SDG 2), climate action (SDG 13) and also has many 
interconnections with SDGs 1, 3, 6, 7, 11 and 12 (Figure 15.1).

Source: Akhtar-Schuster et al. (2017).

Box 15.1: The Concepts of Land and Soil

The concepts land and soil are not synonyms. Land represents 
the terrestrial solid part of the earth that is not permanently 
under water and offers an endless set of services and functions 
from biomass production to urban living habitats. It comprises 
soil, vegetation, other biota, and the ecological and hydrological 
processes operating on it. Soil is the unconsolidated material 
on the land surface that has been formed by mineral particles, 
organic matter, water, air and living organisms simultaneously 
interacting over time. Ecological processes in the soil ensure 
biomass production, nutrient cycling, carbon sequestration, 
water filtration and buffering, cooling and hosting biodiversity.

1.1 Eradicate extreme poverty
1.2 Halve % people in poverty
1.4 Ensure equal rights to 
 resources, ownership over land
1.5  Build resilience, reduce vulnerability

15.1 Ensure conservation of
 ecosystems and their services
15.2 Promote sustainable 
 management of forests
15.4 Ensure conservation of
 mountain ecosystems
15.5 Reduce degradation of 
 natural habitats
15.8 Reduce impact of 
 invasive alien species
15.9 Integrate ecosystem and 
 biodiversity values in policy

13.1 Strengthen resilience to
 climate-related hazards
13.2 Integrate climate change 
 measures in policy

7.2 Increase share of
 renewable energy

12.3 Halve per capita global
 food waste

2.1 End hunger, ensure access to food
2.2 End all forms of malnutrition
2.3 Double agricultural productivity
 and incomes
2.4 Ensure sustainable food 
 production systems

6.1 Achieve access to safe drinking 
 water for all
6.4 Increase water-use efficiency
6.5 Implement integrated water 
 resources management
6.6 Protect and restore 
 water-related ecosystemsAchieve land

degradation
neutrality

15.3

Figure 15.1: Linkage between the land-related SDG target 15.3 and other SDGs

The driving forces and pressures (see Chapter 2) on land and 
its resources emanating from population growth, urbanization, 
economic development, technology and innovation, and 
climate change have elicited responses at global, regional and 
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national levels. At the global level, several responses directly 
or indirectly related to sustainable land and soil management 
have been initiated as shown in Table 15.1.

This chapter provides a comprehensive overview of the current 
Land and Soil policy framework and the related shortcomings, 
especially in terms of policy cohesion and implementation, as 
well as overall effectiveness. The subsequent sections present 
case studies of different sets of legal and policy instruments, 
economic tools and incentives, as well as policies and 
programmes implemented across different countries. The case 
studies were selected based on the criteria of regional balance, 
different spatial scales, type of policies and/or governance 
arrangements, plus their relevance to state and trends of land 
resources as detailed in Chapter 8 of this report.

15.2	 Key policies and governance approaches

An overview of key policies and respective case studies is 
provided in Table 15.2. The cases reflect the variety of driving 
forces, economic sectors and processes affecting land 
degradation, and are used as illustrative examples of policy 
instruments covering a diverse range of spatial scales and 
time frames of implementation. Despite addressing important 
drivers and respective policy approaches, the cases here do not 

Year Milestone

1981 2015 FAO World Soil Charter 

1988 Intergovernmental Panel on Climate Change (IPCC)

1992 United Nations Conference on Environment and Development

Rio Declaration

Agenda 21

Global Environment Facility

United Nations Convention to Combat Desertification (UNCCD)

United Nations Framework Convention on Climate Change (UNFCCC)

Convention on Biological Diversity (CBD)

1997 Kyoto Protocol

2000 Millennium Development Goals (MDGs)

2005 Millennium Ecosystem Assessment

2008 UNCCD’s Zero Net Land Degradation and Land Degradation Neutrality Initiative

2011 Global Soil Partnership initiated (FAO/European Union)

2012 Rio+20

2015 Sustainable Development Goals (SDGs) and Post-2015 Development Agenda 

Intergovernmental Technical Panel on Soils (ITPS) of the Global Soil Partnership (GSP)

Land and Soils integrated in the Open Working Group of the Sustainable Development Goals

Regional Soil Partnerships of the GSP

International Year of Soils declared by the United Nations General Assembly

The Economics of Land Degradation

UNFCCC Paris Agreement

2017 (United Nations Economic and Social Council ) United Nations Strategic Plan for Forests 2017-2030

FAO Voluntary Guidelines for Sustainable Soil Management

2018 UNCCD’s Land Degradation Neutrality Fund a public-private partnership for blended finance

Table 15.1: Recent milestones in land governance and sustainable development
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address two further key aspects of land degradation that were 
pointed out in Chapter 8, namely insecure land tenure systems 
and land grabbing issues on the one side (Section 8.5.3), 
and teleconnections and spillover effects of consumption 
of land-based products (food, bioenergy) in one country on 
land resources depletion in other countries (Section 8.4.1). 
Both these issues severely affect the social dimension of land 
degradation impacts (IPBES 2018a). 

15.2.1	 Funding programmes and standard setting for best 
management practices

Sustainable land management is strongly influenced by policy 
frameworks that differ between countries and regions. A 
main driver is land-use change that has distinct economic 
and environmental consequences. Economic gains often are 
responsible for environmental degradation and, in many cases, 
not all stakeholders benefit from such gains (Castella et al. 
2013). The case study below looks at these dynamics.

Case study: Strengthening foreign direct investment 
management and social and environmental  
safeguards in Lao People’s Democratic Republic  
(Lao PDR).
Foreign investments in Lao People’s Democratic Republic have a 
direct impact on the economic growth of the country and account 
for more than 50 per cent of gross domestic product (GDP), 
but they also raise serious environmental issues as the country 
has been experiencing significant forest depletion since the 
1980s. Forests covered nearly 50 per cent of the country in 1982 
(Phompila et al. 2017), but had declined to 41.5 per cent by 2013.

There are a number of factors that have influenced forest 
decline (Food and Agriculture Organization of the United Nations 
[FAO] 2010). They derive mostly from economic activities, such 
as forest land conversion for agriculture, mostly cash crops, 
and urban sprawl associated with infrastructure expansion 
and hydropower production. Other driving forces accelerating 
deforestation include uncontrolled hunting and logging as well 
as cleared forest areas converted to livestock grazing (United 
Nations Development Programme [UNDP] 2014). Economic 
activities emanating from forest land conversion for agriculture 
have triggered an increase in the number of land deals in Lao 
PDR 50-fold from 2000 to 2009 (Schonweger et al. 2012). The 
value of approved foreign and domestic investment projects 
exceeded US$29 billion by March 2018. All except for US$3.9 

billion of this total was generated through foreign investment 
(US$8.5 billion) or joint ventures (US$16.6 billion) (UNDP-United 
Nations Environment Programme (UNEP) Poverty-Environment 
Initiative, UNDP and UNEP 2018).

The second largest type of land concession is related to 
agricultural investments. Between 1990 and 2007, the area 
of plantations, especially rubber plantations, increased 
dramatically from 1,000 ha to over 200,000 ha (Phimmavong 
et al. 2009). As of 2012, these covered more than 330,000 ha. 
An early study found that 85 per cent of all investment in 
agricultural concessions came from foreign investors, the five 
most important being from China (about 50 per cent), Thailand, 
Viet Nam, Republic of Korea and India (Wellmann 2012). 
Estimates of the area given to land concessions alone vary 
between 330,000 ha and 3.5 million ha, but the government 
has reported that 1.1 million ha was a conservative estimate. 
This is equivalent to 5 per cent of national territory or 18 per 
cent more than the total arable land in Lao People’s Democratic 
Republic (Global Witness 2013). Thirteen per cent of all villages 
in Lao PDR have at least one concession within their village 
boundaries (Wellmann 2012).

Vast parts of communal lands that lack tenure titles are the 
target of big foreign companies, which have expanded their land 
acquisitions in Lao People’s Democratic Republic. Unfortunately, 
this process is accompanied with a new poverty type that 
affects local people who become dependent on new investors 
for all of their basic livelihood needs (Messerli et al. 2015). In 
one case, 25 villages were displaced due to a land concession 
to a Vietnamese rubber company and local communities were 
prevented from accessing the natural resources upon which 
they based their livelihood (UNDP and UNEP 2013).

In response to the challenges presented by sustainable 
development of the environment and natural resources, and at 
the invitation of the Government of Lao People’s Democratic 
Republic, the joint United Nations Development Programme-
United Nations Environment Programme (UNDP-UNEP) Poverty-
Environment Initiative supported the government from 2009 to 
2015 in developing tools to guide promotion, screening, approval, 
monitoring and compliance enforcement of investments, 
and helped build the capacity of institutions to engage with 
impacted communities and respond to unintended social and 
environmental impacts of investments in key natural resource 
sectors. Table 15.3 gives a summary of the assessment criteria.

Governance approach Policy instrument(s) Case studies

Policy mix: command and control, and 
economic incentives.

Funding programmes and standard setting for 
best management practices.

Strengthening foreign direct investment 
management and social and environmental 
safeguards in Lao People’s Democratic Republic

Policy mix: Command and control, plus 
economic incentives.

Planning and compensation for halting 
desertification.

The Great Green Wall Project in China. 

Command and control. Setting threshold values for policy on 
remediation of contaminated sites.

Remedial treatment of Agent Orange-
contaminated land in Viet Nam.

Promotion of innovation. Provision of consultancy and networking for 
agricultural innovation.

Conservation agriculture and no-tillage 
cultivation in Australia.

Enabling actors. Stakeholder network creation for responsible 
food systems and minimizing food waste.

Milan Urban Food Policy Pact. 

Table 15.2: Typology of policy and governance approaches described in this chapter
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Criterion Description References

Success or failure Success criteria include: benefits derived from the Poverty-Environment Initiative: a first green and 
pro-poor, quality investment management system; the assessment of development options; greater 
understanding of positive and negative investment implications; awareness of investors’ degree of 
compliance; improved accountability; and the introduction of the ‘green-growth’ concept. Although 
training events and capacity-building took place, several relevant actors, at national and local levels, 
are not empowered to understand and enforce an equitable investment management system. 
Notwithstanding capacity-building events, uneven governmental capacity remains a challenge, but 
officials are showing commitment and appreciation. The lack of clear assignment of responsibilities in 
investment management remains unaddressed.

Tavera 
(2015)

Independence of 
evaluation

The assessment of this Lao PDR experience is part of the Initiative’s independent midterm evaluation. 
Phase I (2009-2012) and Phase II (2012-2015) have been evaluated by an independent consultant at 
the request of the United Nations Development Programme Country Office. 

Key actors The Poverty-Environment Initiative country team worked closely with the Lao PDR National 
Assembly, the Ministry of Planning and Investment, the Department of Environment and Social 
Impact Assessment, the Ministry of Natural Resources and Environment, the Investment Promotion 
Department and the National Economic Research Institute.

Baseline Before the commencement of the programme in 2011, annual average GDP growth was 7.9 per cent 
in the preceding decade (Lao People’s Democratic Republic, Ministry of Planning and Investment 
2011), while the poverty level was 27 per cent in 2007 (World Bank 2010). In 2010, Lao PDR had a GDP 
per capita of US$1,101. 

Time frame Phase I took place from 2009 to 2012, Phase II from 2012 to 2015. Phase III (2016-2018) is not 
included in this case study.

Constraining 
factors

There is an urgent need to build poverty-environment awareness and capacity within the National 
Assembly to make its normative work effective. Although technical staff of the National Assembly 
received training on compliance, the capacity-building efforts of the Initiative are limited and need to 
be sustained and expanded. Capacity needs to be strengthened also at the ministerial and, especially, 
local levels – fundamental for implementation and often hard to reach. Inter-ministerial and vertical 
coordination (especially with provinces) should be improved to achieve integrated development and 
equitable investment management.

Enabling factors Governmental commitment and involvement are major enabling factors, in particular with respect to 
the National Assembly, but also with the Investment Promotion Department and development-related 
ministries (the participation of the Ministry of Planning and Investment was fundamental). Shared 
and increased poverty-environment awareness by reference managers and staff resulted from the 
Initiative’s efforts and allowed for the prioritization of equitable investment management. Improved 
assessments and investment data management had started to inform decision-making and create 
understanding of whether investments were economically beneficial for communities. 

Cost-effectiveness Foreign direct investments are forecast to lead the country’s development and comprise a significant 
share of its GDP. Their proper management is an important contribution to sustainable and equitable 
economic growth. 

Equity Management of foreign direct investments directly addresses equity with regard to impacted 
communities. Unregulated investing led to cases of village displacement, land grabbing or segregation 
of resources vital to the livelihood of inhabitants, without necessarily contributing to the country’s 
development (creating local jobs or providing significant revenues to the national government). With 
the support of the Poverty-Environment Initiative, Lao PDR was able to provide a legal framework and 
safety net to bind investments to more equitable conditions. This work also contributed to creating 
awareness among decision makers about equitable sustainable development and to orient the 
National Assembly and future national development strategies towards this aim. This was already 
clear during Phase I, which saw the 7th Five-Year National Socio-Economic Development Plan (2011-
2015) integrate poverty-environment issues and highlight the objectives of quality growth and equity.

Lao People’s 
Democratic 
Republic, 
Ministry of 
Planning 
and 
Investment 
(2011)

Co-benefits Tackling the equity dimension in investment management also has external positive implications 
on the environmental side. It promotes more inclusive and sustainable land management and 
prevents the depletion of natural resources and biodiversity loss. These practices lead to economic 
benefits being more fairly distributed among local communities. These points highlight how all three 
dimensions of sustainable development (economic, social and environmental) are addressed. The Lao 
PDR case also provides a relevant example of foreign direct investment management for sustainable 
development that can be shared through South-South learning. The Lao PDR experience has further 
informed the work of the Poverty-Environment Initiative country projects in Myanmar, Mongolia and 
Philippines, in particular on investments in extractive industries. 

Choi and 
Gankhuyag 
(2016)

Table 15.3: Summary of the assessment criteria for foreign investments
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An independent evaluation of the joint UNDP-UNEP Poverty-
Environment Initiative programme conducted in 2016 rated 
its performance as “highly satisfactory”. The effectiveness of 
this equitable and comprehensive legal framework is, however, 
subject to implementation and enforcement that go beyond 
the programme. The main obstacles to enforcement are 
lack of institutional capacity, tools and funds for investment 
monitoring. There are efforts to fill the information gap 
including improving database management for monitoring 
compliance. Yet, poor institutional coordination still prevents 
this data from generating consistent action on compliance and 
enforcement. There is also limited opportunity for community 
inputs into the national decision-making process (Tavera 2015; 
Tavera, Alderman and Nordin 2016). On the other hand, the 
conditions for equitable and sustainable growth have been laid. 
The policy effort was successful in providing comprehensive 
and fair tools and processes to enable quality investments and 
safeguard communities. There is now a legal framework to 
empower these actors to take part in development processes, 
and the country is moving one step closer to ensuring 
that investment is judged by the quality of its social and 
environmental benefits – and not just its benefits in economic 
terms. Community engagement was also enabled (UNDP 
2016). These efforts in the investment sector also contributed 
to increasing decision makers’ awareness and political 
prioritization of sustainable development.

15.2.2	 Planning and compensation for halting 
desertification

The success of any strategy for combating desertification 
depends on the implementation of sustainable land and 
water management practices adapted to the specific local 
geo-biophysical and socioeconomic situation. Well-managed 
soils slow down the process of land degradation, regulate 
the water cycle, safeguard biodiversity, conserve landscape 
multifunctionality and improve the provision of ecosystem 
services (United Nations Convention to Combat Desertification 
[UNCCD] 2017a; Zdruli and Zucca 2018).

The general policy approach for combating desertification 
in terms of the DPSIR framework (section 1.6) needs to 
tackle the pressure derived from land cover losses, which in 
many cases are driven by economic incentives to increase 
agricultural production. Effective policy approaches generally 

combine command-and-control policies (in extreme cases, 
forcing farmers to stop farming) and offering incentives, such 
as subsidized tree planting. The Land Degradation Neutrality 
approach, included in SDG 15.3 and endorsed by the UNCCD, 
and the Economics of Land Degradation Initiative have become 
the mainstream strategic instruments to reduce net losses 
of land resources and ensure their sustainable management 
(Akhtar-Schuster et al. 2017; UNCCD 2017a); they also address 
climate change (Sanz et al. 2017). A set of management 
practices – including sustainable soil/land and water 
management, afforestation and reforestation, agroecology, 
pasture improvement and controlled grazing, watershed 
management, water harvesting and sustainable agricultural 
practices – have been implemented in support of this goal 
(Rojo et al. 2012; Schwilch, Liniger and Hurni 2014;  
Teshome et al. 2015; Marques et al. 2016).

Land restoration projects are usually funded with public 
money and follow top-down approaches (Marques et al. 
2016). The top-down approach is traditionally applied by 
national governments, and as such these instruments are 
often called ‘command-and-control’ or regulatory instruments 
(King and Mori 2007; Weber, Driessen and Runhaar 2014). 
The government defines the rules and norms, and has the 
right to apply sanctions in those cases where rules are not 
implemented. Examples of regulatory instruments include 
standards, bans, permits, zoning and use restrictions 
(Lambin et al. 2014; Weber Driessen and Runhaar 2014). 
The ‘command-and-control’ approach is often implemented 
especially in the developing countries, as can be seen in the 
following case study.

Case study: The Great Green Wall to effectively decrease 
dust storm intensity in China
The Chinese Great Green Wall (GGW) is one of the most 
ambitious projects to combat desertification and control dust 
storms, similar to the Sahara Great Green Wall stretching from 
Dakar to Djibouti. The project was originally named the Three 
North Shelterbelt Forest programme, as launched in 1978; it 
still retains that same name but is also called the GGW. It is 
expected to continue until 2050. The programme name has 
become a common term in China, as the largest afforestation 
project in the country (Huang et al. 2016). It was designed to 
cover a total area of 4.1 million km2 (or 42.7 per cent of the 
total land area of the country Figure 15.2 (Wang et al. 2010). 

Criterion Description References

Transboundary 
issues

A more binding investment regulation system might lead investors to flee to other countries 
with a laxer framework and where standards for compliance are lower. To avoid this, investment 
management performance should be enhanced, and working with the whole region could harmonize 
standards. The Lao PDR experience could serve countries beyond Asia and the Pacific, as it is relevant 
to global efforts to promote inclusive and greener economic growth. 

Possible 
improvements

v	Realize a financial sustainability strategy for investment management, owned by the Investment 
Promotion Department and the Ministry of Finance, to make investment management 
sustainable.

v	Enhance data sharing among relevant ministries to promote coordination for management of 
investments.

v	Strengthen enforcement for compliance.
v	Intensify training and ownership of tools for all actors involved, especially at the local level.
v	Improve management of foreign direct investments in the whole region to avoid investors fleeing 

to contexts with lower standards.
v	Strengthen communities’ participation.
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Source: Source: O’Callaghan (2014).
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Figure 15.2: The extent of the Great Green Wall in northern China

Criterion Description References
Success or 
failure

Chinese researchers and government officials have reported that afforestation has successfully 
combated desertification, accelerated soil carbon sequestration and decreased soil erosion. By 
2012, the programme had reportedly increased the tree cover from 5 per cent to 12.4 per cent in 
the programme area, with the cumulative tree planting area reaching 26.47 million ha. The policy 
showed success in that it reversed the trend of land degradation such that in many places soil 
carbon sinks are starting to increase. Vegetation cover increased in the GGW region compared to 
non-GGW regions, which led to a reduction of the dust storm intensity in northern China. During the 
project, desert expansion has been reduced to about 10 km2 per year. In addition, about 1,060 km2 of 
desert per year is transformed in a good condition.
Critics of the programme, however, claim that it may have failed to meet its goals to date. One 
reason is that the observed decrease of dust storm intensity may simply be a consequence of 
climatic variability. Second, the programme was implemented only on a small portion of the 
affected areas and even not those that are known as core areas for dust storm sources. Third, 
not all of the planted trees and shrubs survived beyond the lifetime of the programme because 
of mismanagement and/or lack of water. A further point of critique was related to the overuse of 
groundwater by planting varieties that were not well suited to the arid areas. 

Piao et al. (2007); 
Wang et al. (2010); 
State Forestry 
Administration 
(2011); Deng, Liu 
and Shangguan 
(2014); Sternberg, 
Rueff and 
Middleton (2015); 
Tan and Li (2015); 
Feng et al. (2016); 
Jiang (2016); 
Ahrends et al. 
(2017)

Independence of 
evaluation

There has been no independent evaluation, other than those conducted by Chinese researchers 
reported above.

Key Actors The key actor and investor is the Government of China, with 18 ministries and agencies of 
the central government and local authorities involved in various aspects of policy formulation 
concerning desertification control. The State Forestry Administration (SFA) is responsible for 
coordinating activities among these ministries. The local residents and communities have been 
involved in afforestation, grassland establishment and related activities. The programme additionally 
looks for the dynamic cooperation of non-governmental domestic and international entities, 
including the broad involvement of the private sector.

Lu and Wang 
(2003); State 
Forestry 
Administration 
(2011);
Yin and Yin (2010)

Baseline Since 1980, dust storm events were classified into ten grades (0-9) according to a visibility range 
that was being monitored at meteorological stations. The so-called Dust Storm Index (DSI) is equal 
to the mid value of the visibility for each grade. Despite considerable annual variation, a strong 
decrease of DSI has been observed since 1985. Also, the number of sandstorm days decreased and 
reached a low level in 1996. However, because of the complex interactions with vegetation, it was 
not possible to draw a clear, one-to-one cause-effect relationship between the implementation of the 
policy and the decrease of dust storm events. 

Tan and Li (2015);
Xiaoming et al. 
(2016)

Time frame 1978-2050

Table 15.4: Summary of the assessment criteria for desertification and dust control in China
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Criterion Description References
Constraining 
factors

The excessive population growth of human and livestock is a challenge to the limited ecological 
carrying capacity in desertification-prone areas around the world (Pan et al. 2013) including in China. 
In the past decade alone, China invested more than US$100 billion into six key forestry programmes. 
However, returns for the large-scale tree planting investment in marginal areas may be low or take 
a long time to materialize. Another shortcoming is related to lack of interest from farmers after 
the trees have been planted, and lack of knowledge in forest management. Less supervision from 
local governmental offices and the size of subsidy levels were issues that limited the policy impact 
effect. Overall, the lower subsidies did not offer a strong motivation for farmers to participate in the 
programme despite the large amounts of money invested in ecosystem payment schemes to meet 
Chinese Government ambitions. 

Ahrends et al. 
(2017) ;
Xu, Song and 
Song (2017)

Enabling factors A large number of institutional and administrative capacities have underpinned success to date. 
Since 1997, the SFA has established several institutions dealing with desertification, including 
the National Bureau to Combat Desertification, the National Desertification Monitoring Centre, a 
National Training Centre for Combating Desertification, and a National Research and Development 
Centre for Combating Desertification – all to conduct research and implement policy programmes 
on desertification issues. Moreover, in June 2009, the Institute of Desertification was established 
by the Chinese Forest Academy, which is also under the SFA. The government strongly supports 
desertification mitigation programmes by allocating significant funding (US$4 billion total during the 
initial 28 years). Several compensatory measures to increase vegetation have been implemented, 
including cash incentives to farmers willing to plant trees and shrubs.

Jiang (2016)

Cost 
effectiveness

“For the period from 2002 to 2006 the Three North Shelterbelt Forest Project has used 4,147 million 
yuan (US$545.6 million) of investment, created 2,840 million yuan (US$373.7 million) of ecological 
benefits, and 8,060 million yuan (US$1,060.5 million) of economic benefits.” Direct costs of 
desertification are estimated at 64.2 billion yuan (Chinese Yuan Renminbi - CNY) annually (US$7.7 
billion), while indirect costs of desertification are estimated at 288.9 billion yuan annually. Finally, 
the analysis shows that the costs of the rehabilitation of the lands degraded due to land use cover 
change are significantly lower than the costs of inaction, with returns of up to 4.7 times for every 
yuan invested over a 30-year period. 

Deng and Li 
(2016);
Jiang (2016)

Equity Desertification control has mostly depended on the administration, specialists and other social 
elites for decision-making, while the local people are often inactively participating in the decision-
making process. For instance, the local communities did not have the right to decide on control 
measures of the ‘Sand Control Law’.
In order to enhance land restoration of degraded areas, the government allocated land-use rights to 
local people for up to 70 years. This type of policy improved the land tenure issues and increased 
interest from local people. Government resettled farmers and herders on degraded lands and 
provided subsidies and compensations for those who participated in restoration activities. However, 
there is no systematic compensation method or proper regulations in land desertification control to 
support local people.

(Jiang 2016)

Co-benefits Polycyclic aromatic hydrocarbons, also known as polyaromatic hydrocarbons, are organic 
compounds containing only carbon and hydrogen and can be dangerous to human health with 
cancer being the primary health risk from exposure to them. The implementation of the Three North 
Shelterbelt Forest Project resulted in atmospheric removal and long-term reduction trends of two 
polycyclic aromatic hydrocarbon species, phenanthrene and benzo[a]pyrene.
A series of studies on the health effects of dust storms in north-western China show that dust 
events were significantly associated with respiratory and cardiovascular hospitalization (after 
adjusted the effect of SO2 and/or NO2). Events like this are also recorded in India, where in May 2018 
it turned to be deadly. Based on published research (e.g. Tan and Li 2015; Wang et al. 2012), the 
frequency and severity of dust storm events have diminished over time thanks to the interventions 
of the GGW project that, according to the statistical data from National Meteorological Information 
Center, China (e.g. Tan and Li 2015), has positively affected the health status of the people living in 
the region and beyond.
The other social-economic benefit of the project has been the development of tourism and 
increasing employment opportunities for local people. 

Aunan and Pan 
(2004);
Li and Huntsinger 
(2011);
Huang et al. 
(2016)

Transboundary 
issues

From the global assessment report on sand and dust storms, it is clear that sand and dust storms 
from the desert areas of China and Mongolia affect the air and ocean quality as far as Korea, Japan, 
Pacific Islands and North America (e.g. https://youtu.be/jGPuCeEILeM). Furthermore, there is a 
Regional Master Plan for the Prevention and Control of Dust and Sandstorms in Northeast Asia, a 
project involving the governments of China, Japan, Mongolia and Republic of Korea. The goal is to 
mitigate health effects deriving from dust storms from this region outside north-west China (e.g. 
in Japan, Korea), emphasizing the long-range transport and the transboundary nature of these 
events and the need for regional cooperation. Desert dust also plays an integral role in the Earth 
system affecting air chemistry and climate processes, soil characteristics and water quality, nutrient 
dynamics and biogeochemical cycling in both oceanic and terrestrial environments.

Goudie and 
Middleton 
(2006); Abiodun 
et al. (2012); 
UNEP, World 
Meteorological 
Organization 
[WMO] and 
UNCCD (2016)

Possible 
improvements

Research data from similar ecological areas in the Loess Plateau in China showed that there is 
competition for water resources between the afforested vegetation and the human water needs. 
Hence government decisions and policies to combat desertification must be compliant with 
ecological and people’s socioeconomic demands without disturbing the water balance in these 
areas. This could be achieved by protecting local vegetation in desertification-prone lands and 
planting suitable vegetation according to local conditions or in specific cases leaving the land to 
recover without human disturbance.
While considering multiple ecosystem services and their potential consequences rather than 
focusing only on a few services and ignoring other influences, GGW could be a role model for other 
regions with similar natural conditions. However, the reduction of production of agricultural goods 
coming along with GGW implementation triggers an increase in agricultural production elsewhere, 
either within the country or abroad. Respective spillover effects on potential land degradation 
associated with intensified agricultural production have not been analysed adequately to date.

Xiaoming et al. 
(2016)

Ahrends et al. 
(2017)
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GGW is not the only project in China dealing with afforestation. 
For instance, the Grain for Green programme is being 
implemented over millions of hectares of crop- and grassland 
that are degraded or were at high risk of degradation had 
the farmland practices in use continued (Shuai et al. 2015; 
Xiaoming et al. 2016). Another example is the Beijing-Tianjin 
Sand Source Control programme that looks at ecological 
restoration and implementation of different types of 
management practices ranging from controlled grazing and 
associated restrictions to cropland conversion to forest or 
grassland not being used for grazing (Middleton and Kang 
2017). The experience gained from the Three North Shelterbelt 
Forest programme was crucial for drafting the National Action 
Plan (NAP) to combat desertification in China. The first NAP 
was prepared in 1996, coinciding with the creation of the 
UNCCD, and was revised in 2003. It was the first NAP in the 
world to have a monitoring follow-up system to measure the 
trends of desertification.

The public-private partnership mode, especially with the Elion 
Resources Group Foundation, is proving very successful. 
In 2015, the UNCCD awarded the Elion Foundation with the 
prestigious Land for Life Award for improving the livelihoods 
of 100,000 farmers and herders in the Kubuqi Desert in Inner 
Mongolia and for recovering 11,000 km2 of degraded land into 
productive areas and promoting the production of green energy.

The GGW’s trees provide a barrier against desert winds and 
help hold moisture in the air and soil, allowing plants to grow. 
In spite of the very high costs of its implementation, this 
programme is cost-effective especially for improving human 
health, biodiversity and livelihoods. Therefore, the Chinese 
Government plans to expand the reforestation programmes.

15.2.3	 Setting threshold values for policy and overall 
governance on remediation of contaminated land

Pollution is the world’s leading environmental cause of disease 
and premature death (Landrigan et al. 2018), and increasing 
land contamination globally is affecting the sustainability of the 
land resources and their ability to support life systems (Plant 
et al. 2001; Ballabio et al. 2018; Rodríguez-Eugenio, McLaughlin 
and Pennock 2018). Approximately 342,000 contaminated 
sites were identified in Western Europe (European Environment 
Agency [EEA] 2014), while in the United States the Office of 
Land and Emergency Management (OLEM) oversees 540,000 
contaminated sites, impacting 9.3 million ha (Pierzynski 
and Brajendra eds. 2017) and the Environmental Protection 
Agency manages approximately 1,400 highly contaminated 
sites (United States Environmental Protection Agency 
2014). Contaminated land containing substances that are 
potentially hazardous to public health and the environment 
is found in many places around the world (Tóth et al. 2016). 
Land contamination results from mining, industrial activities, 
military action, farming, chemical and oil spills and waste 
disposal (Rodríguez-Eugenio, McLaughlin and Pennock 2018). 
Secondary soil salinization through excess or unsuitable 
irrigation is a further, yet unexplored process that threatens 
human health (Hamidov, Helmin and Balla 2016).

The Stockholm Convention on Persistent Organic Pollutants 
(POPs), which entered into force in 2004, is one of the 
Multilateral Environmental Agreements dealing with global 
policies and treaties to protect human health and the 

environment. It asks its Parties to adopt measures to eliminate 
POP releases (UNDP 2009). Many countries have already 
ratified this convention and are implementing various land 
remediation policies in compliance with the global treaty. 
Other conventions dealing with hazardous waste movements 
between countries and imports of hazardous chemicals 
include the Basel and Rotterdam Conventions, which have 
also been ratified by a number of Parties, but have significantly 
different obligations (Secretariat of the Basel, Rotterdam and 
Stockholm Conventions 2018).

Generally, land remediation policies adopt mandatory command-
and-control approaches, mainly utilizing the ‘polluter pays’ 
principle (Rodrigues et al. 2009). Nevertheless, in most cases 
public financial resources are required to clean already polluted 
areas for the benefit to the common good. Within the DPSIR 
framework (Section 1.6), this policy approach targets the state 
of the environment, intending to reduce the quantity of pollutants 
in the soil. Several national governments have taken concrete 
steps, including the establishment of relevant policies and 
institutional frameworks, for the remediation of contaminated 
lands (Rodrigues et al. 2009; EEA 2014). A good example comes 
from China, which in 2018 approved a new law on soil pollution 
prevention due to enter into force in January 2019 (Xinhua 
2018). The case study below examines the remedial treatment 
of Agent Orange-contaminated land in Viet Nam as adequate 
data are available to evaluate the policy outcomes, in contrast to 
many other sites where such data are missing.

Case study: Viet Nam remedial treatment of Agent  
Orange-contaminated land 
Viet Nam has some of the worst contaminated lands in the 
world (Lupi and Hoa 2015), which occurred as a result of 
2,3,7,8-Tetrachlorodibenzodioxin (TCDD or Agent Orange) 
contamination as a result of the Viet Nam (or Second 
Indochina) War (1955-1975). During this war (1961-1972), 
the United States army used herbicides (Agent Orange) 
against Vietnamese military installations and this eventually 
resulted in land contamination, and destruction of vegetation 
and crops. Decades after the conflict, the Government of 
Viet Nam initiated the dioxin decontamination programme 
(Environmental remediation of dioxin contaminated hotspots 
in Viet Nam) as part of its National Implementation Plan 
(NIP), developed in line with the regulations of the Stockholm 
Convention. The programme aims to decontaminate the 
most heavily polluted areas, to plant trees on 300,000 ha of 
contaminated land, to help all dioxin victims, offer allowances 
and health insurance for people with disabilities and enhance 
research into the effects of toxic chemicals. Table 15.5 
provides a summary of the assessment criteria.

Viet Nam has implemented the land remediation policy 
backed by a complete framework of laws and regulations with 
supports from the United States of America, UNDP and some 
philanthropic foundations. Overall, the policy is positive and 
effective in meeting its initial objectives, but this is a process 
that should be based on a long-term strategic planning and 
monitoring programme. Note that this is a particular case, so 
policies that should address contaminated lands must reflect 
local conditions, national regulatory frameworks accomplished 
by internationally agreed conventions. Budgetary constraints 
and limitations should not be the justification for non-action 
when public health and the well-being of entire communities 
and ecosystems are at stake.
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Criterion Description References

Success or 
failure

There are very few cases where dioxin-polluted soil has been effectively decontaminated and it 
appeared that the only viable solution in most countries has been land filling. The United States 
Environmental Protection Agency (EPA) states that, “remediation technologies for the clean-up 
of dioxin-contaminated soils and sediments are still being developed, and many of the accepted 
techniques rely on thermal destruction.” The Viet Nam case shows some sort of success, as the 
spreading of TCDD in the environment was minimized thanks to the correct implementation of 
the NIP plan. 

United Nations 
Industrial 
Development 
Organization [UNIDO] 
(2012); Lupi and Hoa 
(2015) 

Independence 
of evaluation

Most of the evaluation work has been carried out by independent assessments commissioned by 
UNDP, USAID and UNIDO.

United States Agency 
for International 
Development [USAID] 
(2010); UNIDO (2012); 
Lupi and Hoa (2015)

Key actors The key actors in the implementation of the policy include the Ministries of Defence, Environment 
and Natural Resources, Office 33 Committee, and the Department of Health. Stakeholders that 
provided the technical and financial assistance were also considered as key actors and included 
USAID, Czech experts, Bill & Melinda Gates Foundation and the Ford Foundation. 

Lupi and Hoa (2015)

Baseline About 45.000 m3 of Agent Orange were sprayed by the United States military in about 10 per cent 
of the then South Viet Nam territory. About 4.8 million Vietnamese people were impacted by the 
contamination. Over 3 million Vietnamese were exposed to health challenges as a result of the 
contamination. In response to this, the United States Congress made a financial commitment of 
US$59.5 million for decontamination of the affected lands and related health-care activities in 
Viet Nam between 2007 and 2012. The estimated volume of dioxin in hotspots released to the 
environment was 1,736 g I-TEQ, while the volumes of soil remediated at Bien Hoa, Da Nang and 
Phu Cat were at least 100,000 m3, 70,000 m3 and 2,500 m3, respectively. 

Lupi and Hoa (2015)

Time frame The process of remedial treatment of the Agent Orange-contaminated land commenced in 1999 
with the issuing of Decision 33 which established the National Steering Committee 33 charged 
with the responsibility of coordination of all Agent Orange-related matters. This was followed by 
the ratification of the Stockholm Convention, which targeted the phasing out POPs. The time frame 
for the evaluation of success or failure of the Agent Orange remedial activities was five years.

Constraining 
factors

The constraining factors include poor planning and absence of a robust regulatory framework 
regarding dioxin contamination, inadequate data on dioxin-contaminated lands and weak 
technological capacities. Other factors are the weak capacities of government ministries and 
departments for coordination of remediation activities and limited funds available. 

UNDP (2009)

Enabling 
factors

There are several enabling factors, including the political will on the part of the government, which 
promoted the establishment of the relevant policy and institutional framework for the implementation 
and coordination of remedial activities. The support of the United States Government and the 
philanthropic support from the Bill & Melinda Gates Foundation and the Ford Foundation were critical 
enabling factors that facilitated the remedial treatment of contaminated lands.

Cost-
effectiveness

There is little information on the cost-effectiveness of the land remediation programmes, both 
in Viet Nam and elsewhere. However, an evaluation of cost-effectiveness of a land remediation 
programme in the Dominican Republic in a lead-contaminated site indicates that remediation 
activities reduced health burden associated with land contamination to an acceptable cost and 
thresholds in line with World Health Organization (WHO) standards. 

Ericson et al. (2018)

Equity The involvement of the local communities both in designing project-supported activities and their 
implementation promoted local participation and ownership, which helped to promote the equity 
dimension of the policy. Another policy equity dimension is the promotion of access to land that 
has become usable after the implementation of the remediation programmes.

Lupi and Hoa (2015)

Co-benefits People and communities affected by dioxin contamination may benefit from employment 
opportunities during remediation activities. Also, business activities around the airport have 
benefited from remediation as more viable lands were made available. The project generated 
considerable health benefits for the country. Without action, the dioxin contamination would have 
spread, posing severe risk to human health and the environment. Apart from neutralizing the 
dioxin contamination, a considerable part of the project also focused on health education and risk 
reduction activities among the communities in the vicinity of the contaminated hotspots. This 
promoted positive health among the people.

University of 
the West of 
England, Science 
Communication Unit 
(2013)

Transboundary 
issues

There are no potential transboundary issues in the implementation of the policy, despite the fact 
that neighbouring countries were also affected during the Viet Nam war by the same form of 
contamination. 

Possible 
improvements

Viet Nam has demonstrated a strong commitment to land remediation policy, but it is not clear 
what quantity of the contaminated lands have been remediated. This is an important variable 
needed to accurately assess the policy effectiveness of the decontamination programme.

Table 15.5: Summary of the assessment criteria for land decontamination in Viet Nam
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15.2.4	 Provision of consultancy and networking for 
agricultural innovation

One generic policy type is the promotion of innovation by 
land users and farmers alike. It uses instruments such 
as incentives and provision of education and extension 
services. Some of the innovation technologies that have 
expanded over the last two decades include no-tillage (NT) 
and conservation agriculture (CA). In fact, the two practices 
are complementary to each other and accomplish similar 
goals. While NT is not a primary practice in CA, CA is based 
on two other principles – the introduction of cover crops 
and crop rotations (Kassam and Friedrich 2011). NT and 
CA were initially developed to combat soil erosion; however, 
they can also optimize crop production, promote soil health 
by keeping soil organic matter and nutrients in place, and by 
improving water and air quality. NT and CA are both seen as 
community-driven development processes of acceptance of 
new principles of agriculture. Yet their global share is limited. 
NT is primarily practised in North America (32 per cent of 
the global area under NT) and South America (45 per cent). 
CA, on the other hand, covers about 11 per cent of the total 
cropland globally and like NT is most widely located in North 
and South America that together have 76.6 per cent of the 
total CA area. Europe is lagging behind with only about 7 
million ha, largely found in Russian Federation, France, Spain 
and Italy (FAO 2016).

NT and CA farming are seen as very promising in terms of 
soil quality, carbon sequestration and environmental benefits 
(Reicosky 2015; Haddaway et al. 2017), though perhaps less 
economically beneficial at least in the first years of farming 
as yields tend to be lower than with conventional agriculture 
(Vastola et al. 2017) – but with time this gap can narrow. The 
drawback of NT and CA is an increased use of herbicides 
that goes along with reduced tillage.

Examples of policy instruments include decreased fertilizer 
taxes and governmental subsidies to farmers that have 
adopted NT (Lankoski, Ollikainen and Uusitalo 2004). Within the 
DPSIR framework (Section 1.6), this policy approach is mostly 
aimed at the pressure, to implement new tillage technologies 
that cause minimum soil disturbance, improve soil water 
retention capacity and provide erosion control (Dumanski et 
al. 2006; Serraj and Sidique 2012). The long-term application 
of NT and CA practices depends greatly on economic viability 
for farmers, especially those in developing countries (Krueger 
2012). They rely largely on government subsides, in particular 
for the acquisition of agricultural machinery that is suitable for 
such farming. The International Food Policy Research Institute 
(IFPRI) projects a big gain associated with adoption of NT 
cultivation in South Asia and the Pacific as a whole – with up to 
32 per cent higher yields of maize and 47 per cent for wheat as 
compared with baseline scenario (Rosegrant et al. 2014).

Case study: no-tillage cultivation in Western Australia
By the late 1970s, arable farming was severely challenged in 
Western Australia because of drought and soil compaction. 
Between the 1980s and early 1990s, Australian farmers 
attempted to identify ways of overcoming the negative 
consequences of the drought by implementing NT systems 
(Bellotti and Rochecouste 2014). With the seeming benefits of 
NT, the adoption rate among other farmers increased reaching 
around 80-90 per cent by 2008 (Bellotti and Rochecouste 
2014). Table 15.6 gives a summary of the assessment criteria.

The Australian NT implementation was rated effective in soil 
and water conservation, pest, diseases and weed control, as 
well as in plant nutrient availability. This is demonstrated in 
the New South Wales NT programme, where NT contributed 
to improvement in soil fertility, stabilization of soil acidity, as 
well as increase in soil organic carbon content (Bellotti and 
Rochecouste 2014).
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Criterion Description References
Success or 
failure

It is recognized that in Australia NT implementation leads to a profound improvement in soil 
water conservation, increasing the amount of soil water available for crop growth and nutrient 
uptake. New South Wales farmers adopted an NT programme as a strategy to stem soil nutrient 
losses from long-term conventional farming practices. The fertility of the soil at the sites improved 
considerably while soil acidity was stabilized. In addition, there was marked improvement in the 
organic carbon content of the soil. All these critical positive contributions of NT are key indicators 
for measuring success or failure.

Bellotti and 
Rochecouste 
(2014)

Independence 
of evaluation

Bellotti and Rochecouste (2014) implemented independent evaluations of the NT programme from 
Australian No-Till farming associations in 2014. 

Bellotti and 
Rochecouste (2014)

Key actors The key actors of the Australia NT programme include farmers, Western Australian No Tillage 
Farmers Association and the Australian Government, which offered tax credit incentives to farmers 
practising NT agriculture as well as the farmers advisers

Baseline The International Food Policy Research Institute (IFPRI) projects a big gain associated with 
adoption of NT cultivation in South Asia and the Pacific. The Economics of Land Degradation 
Initiative reports positive data of NT technology implementation in Tajikistan. Nevertheless, for 
Australia these figures might be lower taking into account the adoption rate of NT technology. 
Therefore, the potential for expansion of NT in Australia is considered negligible. 

Rakhmon (2016)

Time frame The introduction of the NT commenced between early 1960 and 1980, which was described as the 
awareness period. Subsequently, farmers experimented with NT techniques resulting in its rapid 
adoption and diffusion.

Constraining 
factors

NT cultivation requires more nitrogen fertilizers for use, especially during the first 2-3 years of 
NT, which constitutes a serious constraint to farmers with poor access to inputs. The use of 
herbicides is also a principal requirement for any NT system. In many cases, the use of non-
selective herbicides such as glyphosate is associated with NT systems. Extensive use of such 
herbicides may cause negative impacts on biodiversity and human health. For example, in Europe 
the future permission to use glyphosate as herbicide in agriculture is currently under heavy scrutiny 
because of its implications on biodiversity and even possible adverse effects on human health. If 
permission is not to be extended in the future, the adoption of NT systems might decrease. Future 
developments in precision agriculture as a new farming system that optimizes returns by reducing 
inputs enabled by big data technologies and new sensors may, however, allow for dramatic 
reductions of herbicide needs. 

Trigo et al. (2009)

Enabling 
factors

There are several enabling factors for NT adoption in Australia. These include the perceived 
need for change and the changing complexity of farming. This has helped farmers to quickly 
understand the skill requirements for the successful practice of NT and they were quick to respond 
to the skill requirements in the context of NT in Australia. NT systems are also understood as 
promising instruments for climate change adaptation in agriculture. This thinking has promoted the 
widespread adoption and support for NT farming among stakeholders.

Bellotti and 
Rochecouste 
(2014);
Lal (2014); 
Rosegrant et al. 
(2014)

Cost-
effectiveness

Evidence shows that NT is cost-effective, with several soil improvement and agronomic advantages. 
It is noted that NT improves farm operating budgets. This can vary across locations. There is also 
some evidence in many areas that, under conditions of good management, NT and CA positively 
lessen yield variability across seasons, especially in areas with poor rainfall.

Serraj and Sidique 
2012;
Swella et al. 2015

Equity As far as introduction of NT farming requires large capital investments in new equipment, poor 
farmers are unlikely to be able to afford this technology. However, statistics show no difference in 
extent of NT implementation between states in Australia, thus proving affordability of the system for 
most (80-90 per cent) farmers. There are no losers in NT agriculture in the real sense of it. However, 
farmers are the main gainers. Under NT agriculture, farmers have the opportunity to intensify 
cropping as much as possible due to the absence of fallowing in the NT as a CA practice.

Bellotti and 
Rochecouste 
(2014)

Co-benefits NT practices enhance easy management of crop, soil and water conservation and improvements 
in crop yield, as well as saving of energy, cost and time, and therefore generally contribute to 
intensification of agriculture. The co-benefits of NT in this context include the farmers, governments 
and the general public that benefits from increased food production and sustainability of land 
resources and the environment.

Giller et al. (2015)

Transboundary 
issues

NT transboundary issues is in the areas of its contribution to reduction of global warming. NT 
contributes to reduction in albedo in cropland areas and thus has great potential for global cooling 
and reduction of global warming. NT also reduces the emission of nitrous oxide (N2O), which is a 
potent greenhouse gas, by as much as 40-70 per cent, depending on rotation. 

Wallheimer (2010); 
Omonode et al. 
(2011)

Possible 
improvements

NT farming is suggested to be compatible with other technological innovations. IFPRI projections 
for 2050 suggests testing the following combinations of schemes: (i) NT + water harvesting; (ii) NT 
+ precision agriculture; (iii) NT + heat tolerance; and (iv) NT + drought tolerance. In wetter regions 
such combinations could compensate some decline of yields reported for areas under NT. 

Rosegrant et al. 
(2014)

Table 15.6: Summary of the assessment criteria for NT implementation in Australia
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15.2.5	 Responsible food policy systems to minimize food 
waste and promote stakeholder networking

The current food system is causing the potentially irreversible 
depletion of soils, water and biodiversity towards an 
irrecoverable degree (UNCCD 2017a, see Section 4.4.3). This 
also brings increased inequalities in accessing sufficient, 
fresh and healthy food, as well as a growing epidemic of (mal)
nutrition-related illnesses, such as obesity, diabetes and heart 
disease (Rush and Yan 2017).

One attempt to address these challenges brought about the 
development of urban food policies aimed at integrating food 
issues and waste (Campoy-Muñoz, Cardenete and Delgado 
2017), which in turn could reduce the pressure on land. It is 
estimated that 30 per cent of all food produced is wasted (FAO 
2018); in the European Union alone, 88 million (metric) tons of 
food are lost annually (Stenmarck et al. 2016), amounting to 
a cost of €143 billion. Much of this loss comes from heavily 
populated urban areas. Hence, if losses were diminished more 
land would be available for environmentally friendly agricultural 
systems such as organic farming or agroecology with minor 
damages to the environment (Muller et al. 2017; Blakemore 
2018). Moreover, almost all the biggest cities in Europe (Zdruli 
2014) and around the world have expanded at the expense of the 
best soils suitable for crop production (Bren d’Amour et al. 2017).

The formal framing of urban food policy instruments was 
developed mostly in the last two decades. In the early 1990s, a 
few pioneering cities began to develop food strategies and food 
policy councils. Urban food policies represent actions on the 
part of city governments to deal with food-related challenges 
that require coordination between departments and policy 
areas, and the establishment of novel governance structures 
(International Panel of Experts on Sustainable Food Systems 
[IPESA-Food] 2017a).

Within the DPSIR framework (Section 1.6), this policy approach 
targets a set of natural resources drivers as well as rapid 
urbanization – to reduce unsustainable use of resources. 
Canada was one of the pioneering countries to develop an 

urban food policy in 1991 through the establishment of the 
Toronto Food Policy Council to advise the city on food policy 
issues, to serve as an advocate for community food security 
strategies, and to foster dialogue between stakeholders. Other 
urban food policies schemes are now being implemented 
around some European cities, such as Amsterdam, Ghent, 
Bristol, Edinburgh and London. A more detailed description is 
made in this chapter of the Milan Urban Food Policy Pact (De 
Cunto et al. 2017).

Case study: City collaboration on urban food good 
practices (Milan Urban Food Policy Pact)
A typical example of the city collaboration on urban food good 
practices is the Milan Urban Food Policy Pact (MUFPP), which 
came about in October in 2015. This is an international policy 
pact signed by a number of cities around the world committed to 
improving the sustainability of food systems and agricultural land 
uses in urban areas (Clinton et al. 2018). The current food regime 
may no longer be sustainable given its negative and potentially 
irreversible impacts on natural resources, which are currently 
on course to reach an irrecoverable degree (UNCCD 2017a). A 
transformation in food production distribution and consumption 
patterns is necessary to accomplish the needed changes in the 
current food regime and diminish its negative impacts on land and 
public health. Therefore, urban food policies have been conceived 
as having the potential to effect the needed changes in the global 
food sector both in terms of food safety and food security and 
natural resources use and management (Milan Urban Food 
Policy Pact 2018).

Box 15.2: UNCCD Statement on food system

“Our food system has put the focus on short-term production 
and profit rather than long-term environmental sustainability. 
The modern agricultural system has resulted in huge 
increases while soil, the basis for global food security, is being 
contaminated, degraded, and eroded in many areas, resulting in 
long-term declines in productivity”.

(UNCCD 2017a)
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By 2030, the United Nations goal is to reach zero hunger 
(SDG 2). SDG 15 (life on land) is relevant to meeting the zero-
hunger goal, but this can only happen with the active support 
of cities. The MUFPP, currently signed by 167 cities, commits 
signatories to develop sustainable policies, programmes and 
initiatives across all sectors that impact urban food systems in 
six thematic clusters: “(i) governance or ensuring an enabling 
environment for effective action; (ii) sustainable diets and 
nutrition; (iii) social and economic equity; (iv) food production 
including urban rural linkages; (v) food supply and distribution; 

and (vi) food waste prevention, reduction and management” 
(Forster et al. eds. 2015). The MUFPP Framework for Action 
is voluntary and aims to accelerate city collaboration and 
enhance sustainable food systems while recognizing cities’ 
diversity in terms of objectives and targets (Forster et al. eds. 
2015). All these objectives are closely linked to environmental 
protection and biodiversity conservation (Table 15.7). A typical 
example of MUFPP outcomes is the case study in Mexico 
on sugar-sweetened beverages tax (Colchero et al. 2016), 
described below.

Criterion Description References

Success or failure The MUFPP consolidates the role of cities as key actors in the global food system and 
promotes collaboration linkages among them. Two years after its launch at EXPO 2015 
Milan Universal Exposition ‘Feeding the Planet Energy for Life’, as part of the landmark 
document Carta di Milano signed by United Nations Secretary-General Ban Ki-Moon on 16 
October 2015, the pact is proving to be a useful instrument to promote collaboration among 
cities on food policies and helping them better implement land-use planning and enhanced 
environmental sustainability.

European 
Association for the 
Study of Obesity 
(2015)

Independence of 
evaluation

Although there is no evidence yet of the implementation of an impact assessment of the 
Milan Urban Food Policy Pact, one of the foremost independent impact evaluations of it was 
implemented in Mexico.

Colchero et al. 
(2016)

Key actors The key actors in the MUFPP include the city mayors who signed the pact, and the civil 
society organization in the cities, private sector and research communities.

Baseline Available data shows that as much as 43 gallons of soft drinks are consumed per capita 
per year in Mexico. In addition, Mexican schoolchildren between the ages of 5 and 11 years 
consumed 20.7 per cent of energy drinks with about half of them sugar-sweetened, while 
the majority (64 per cent) of Mexican adults are overweight, 28 per cent obese and 11 per 
cent of Mexicans have type 2 diabetes.

Flores et al. (2010); 
Bronwell et al. 
(2011); WHO (2015) 

Time frame This initiative was launched in January 2014 by the Mexican Government and the 
independent evaluation was conducted in 2016.

Constraining factors The constraining factors as identified by the Pact include the  governance system within 
some cities with weak capacities of institutions and government departments, as well as 
poor stakeholder participation at the city level. Another constraining factor is the divergent 
cities policies that affect municipal authority or jurisdiction. 

Forster et al. eds. 
(2015)

Enabling factors The key enabling factors of the MUFPP implementation in Mexico are the evidence-based 
results framework of the Pact as well as availability of funding.

IPES-Food (2017b)

Cost effectiveness Thavorncharoensap (2017) examined the cost-effectiveness of obesity prevention and 
control through beverages taxes. Results showed that beverages taxes are a relevant 
and cost-effective measure for prevention and control of obesity. A few city cases reveal 
some techniques or actions that would result in cost-effective policies. These include 
microgardens, multiple cooperative start-ups, mobile apps, family shops, popular restaurant 
programmes and the promotion of urban agriculture.

Forster et al. eds. 
(2015);
FAO (2017); 
Thavorncharoensap 
(2017)

Equity Six recommended actions are promoted for social and economic equity: (i) the use of 
social protection mechanisms such as cash and food transfers to vulnerable populations to 
increase access to food; (ii) reorientation of school feeding programmes to provide healthy 
food; (iii) promotion of decent employment; (iv) encouragement and support for social 
and solidarity economic activities; (v) promotion of networks and support for grass-roots 
activities; and (vi) promotion of participatory education, training and research.

Forster et al. eds. 
(2015)

Co-benefits The co-benefits of the policy include local residents who receive support from the city 
government in many aspects of everyday life, including increased green areas and 
biodiversity, promotion of local economy that creates jobs, solidarity among inhabitants, 
better quality food, upgrading of abandoned areas, waste recycling and management, and 
the creation of a diverse urban landscape for recreation. Furthermore, the policy also dealt 
successfully with the heat waves and islands inside the city.

Forster et al. eds. 
(2015)

Transboundary 
issues

This network has the capacity to convene local governments and enhance their role in a 
multilevel governance structure providing a multi stakeholder platform for communication 
and exchange of successful implemented policies.

Cinzia and Licomati 
(2017)

Possible 
improvements

There are gaps in certain critical areas, including the need for improvement in the level of 
collaboration among key government departments in the implementation of the Pact, policy 
coherence and the inclusion of all critical stakeholders in the implementation of the food 
policy.

Forster et al. eds. 
(2015)

Table 15.7: Summary of the assessment criteria on Milan Urban Food Policy Pact and it impacts in Mexico
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The MUFPP has implications for the environment, economy, 
social equity and health of urban populations, and their linkage 
with rural and urban agriculture. An increasing number of cities 
are involved in this initiative and many more are expected 
to join the effort. The third Annual Gathering and Mayors’ 
Summit of MUFPP was held in Valencia, Spain in October 2017 
involving more than 400 mayors, experts and city delegates. 
They called on United Nation agencies to recognize their role 
in shaping a sustainable food system and create a better living 
environment inside and outside the cities. The policy efficiency 
of the Pact in Mexico is reflected with increased awareness 
among the local people on the health consequences of 
excess use of sweetened soft drinks and the need to return to 
traditional food systems.

15.3	 Indicators 

Land management is explicitly targeted in SDG 15.3 and also 
has many interconnections with other SDGs, namely SDGs 1, 2, 
3, 6, 7, 11, 12 and 13. The SDGs include a total of 244 indicators 
for which general agreement was reached. Based on data 
availability and relevance to land and soil policies, three SDG 
indicators stand out as most relevant for this chapter  
(Table 15.8): 

1.	 Proportion of land degraded over total land area (Indicator 
15.3.1),

2.	 Terrestrial protected areas as a percentage of total land 
area (Indicator 15.3.2), and

3.	 Ratio of land consumption rate to population growth rate 
(Indicator 11.3.1).

Indicator Rationale for 
selection

Addressed in 
Part A: Yes/No
How:

Addressed in the 
case studies:
Yes/No
Which

Connection 
with the SDGs 
or MEAs

Data sources Causal chains 
to policies and 
other variables 
impacting the 
indicator

1. Proportion of 
land degraded 
over total land 
area

SDG indicator 
15.3.1: There 
is scientific 
and political 
consensus 
as well as 
precedence and 
agreement.

Yes. Section 
4.4.3 on the food 
system; a ‘box’ 
on the Syrian 
Crises Box 9.4: 
Jordan faces 
a combined 
refugee and 
water crisis. 

Yes
2.2 Setting 
threshold values
2.3 Planning and 
compensation
2.4 Funding 
programme plus 
setting standards 
for best practice 
management
2.4 Provision of 
consultancy 

It is an 
indicator for 
SDG 15. ‘Land 
degradation’ 
is defined and 
discussed in 
UNCCD.

See following sources 
on land degradation: 
Gibbs and Salmon 
2015; Le, Nkonya 
and Mizarbaev 2016. 
FAO has the Global 
Land Degradation 
Information System 
(GLADIS); Sustainable 
Development Solutions 
Network [UNSDSN] 
(2014) noted that data 
on degraded land has 
been ‘patchy’. Also see 
UNCCD’s metadata.

IPBES (2018a) 
indicates that 
proportion of 
degraded land over 
total land continues 
to increase, mostly 
due to lack of 
policies or poor 
implementation.

2. Terrestrial 
protected areas 
as percentage 
of total land 
area

SDG indicators 
15.1.2 and 
15.4.1: There 
is scientific 
and political 
consensus 
as well as 
precedence and 
agreement.

No No SDG indicators 
15.1.2 and 
15.4.1.

The United Nations 
List of Protected Areas 
(International Union 
for Conservation of 
Nature [IUCN] 1994; 
IUCN 1998; Chape et 
al. 2003) are available 
online. There is also 
the World Database 
on Protected Areas. 
UNEP-WCMC has 
the Protected Planet 
Report. See (United 
Nations 2018).

Policies for the 
protected areas 
had overall positive 
impacts, especially 
in developed 
countries, with less 
pronounced results 
in the rest of the 
world.

3. Ratio of land 
consumption 
rate to 
population 
growth rate

Since land 
consumption is 
the strongest 
and mostly 
irreversible 
form of land 
degradation, 
its decoupling 
from population 
growth is the 
core step in 
maintaining 
land, also in 
relation to the 
nexus to the 
other SDGs.

Yes. 
Section 2.2

Yes.
2.1 Stakeholder 
Network creation

SDG indicator 
11.3.1

UN-Habitat for all 
countries of the 
world. Data for more 
than 300 cities are 
monitored by The City 
Prosperity Initiative, 
Lincoln Institute, 
University of New York 
and UN-Habitat.

Globally, land cover 
today is altered 
principally by 
direct human use. 
Evidence from a 
study on 120 cities 
revealed a three-
times faster growth 
of urban land 
cover compared 
to the growth of 
urban population. 
Other variables 
affecting the 
indicator are land 
degradation and 
crop production.

Table 15.8: Indicators for assessing land policy effectiveness and for measuring the progress towards the 
achievement of global environmental goals
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These were used in the assessment of policy effectiveness 
and for measuring progress towards internationally agreed 
environmental goals with special reference to land and soil.

15.3.1	 Indicator 1: Proportion of land degraded over total 
land

The expansion of human economic activities and the 
competing interest for land resources have dramatically 
increased the pressure on land and on terrestrial ecosystems 
(Figure 15.3) and in some cases accentuated political 
conflicts at local level (Organisation for Economic Co-
operation and Development [OECD] 2017). Estimates of global 
land degradation show that about 25 per cent of all land is 
degraded, 36 per cent is slightly or moderately degraded, while 
10 per cent is improving (FAO 2011; IPBES 2018b). The unit of 
measurement of this indicator is the area (ha or km2) of land 
that is degraded divided by the total land (UNCCD 2017b). This 
indicator is measured by adding all those areas that are subject 
to change, and whose conditions are considered as negative by 
national authorities when measuring and evaluating each of the 
following three sub-indicators:

v	land cover and land cover change,
v	land productivity, and
v	carbon stocks above and below ground.

The indicator is linked to several targets and commitments that 
have been agreed by global, regional and national governments 
to halt and reverse land degradation and restore degraded 
land (IPBES 2018b). These include, for instance, the Aichi 
Biodiversity Targets, the Bonn Challenge and related regional 

initiatives (e.g. 20x20, African Forest Landscape Restoration 
Initiative [AFR100] 2018), and SDG target 15.3.

The indicator addresses the nature of land degradation, which 
is expressed as “the reduction in the capacity of land to provide 
ecosystem goods and services over a period of time for its 
beneficiaries” (Nachtergaele et al. 2011; Zdruli 2014). Land 
degradation has direct impacts on the capacity for net biomass 
primary production, but socioeconomic factors play a major 
role in its occurrence – such as the link between urbanization 
and its related soil and air pollution (Prasad and Badarinth 
2004; Seto, Güneralpa and Hutyra 2012). In other cases, 
socioeconomic factors have hindered efforts to cope with 
land degradation (Lubwama 1999; Chasek et al. 2011). This 
is the case of urban sprawl or the expansion of solar panels 
promoted by renewable energy policies and lack of well-defined 
land-use planning guidelines that have accelerated these 
types of land-use changes at the expense of fertile soils that 
otherwise should be used for food production or preservation 
of nature-based contributions to people (Diaz et al. 2018).

Policy effectiveness in either halting or reversing the expansion 
of degraded areas over total land areas have produced limited 
results; globally, land degradation remains one of the most 
important degradation processes with huge consequences 
for food security, environmental consequences and threats to 
livelihoods (IPBES 2018b).

Figure 15.3 emphasizes the role of soil carbon sequestration 
as an important indicator directly linked to soil fertility and 
climate change mitigation. The 4 per 1000 Initiative is promoting 
carbon accumulation in the world soil at a rate of 0.4 per cent 

Source: World Bank (2018, p. 59).

Figure 15.3: Trends in land degradation and restoration worldwide
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Figure 15.4: Terrestrial protected area as a percentage of total land area per country (1990-2014)
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Source: World Bank (2018, p. 59).

per year to stop CO2 increase in the atmosphere which is 
major contributor to climate change. The initiative intends to 
reach its goals by implementing the principles of conservation 
agriculture and agroecology. The figure shows expansion of 
desertification in the Sahel, deforestation in Latin America and 
positive results in land restoration in southern China.

15.3.2	 Indicator 2: Terrestrial protected areas as a 
percentage of total land area

Since the mid-1990s, growing concerns over environmental 
degradation have led to the current emphasis on the roles 
that nature plays in maintaining societies (Butchart et al. 
2015; Diaz et al. 2018). In recognition of the significance of 
this, 193 Parties of the Convention on Biological Diversity 
(CBD) adopted the 20 Aichi Targets to be met by 2020. Aichi 
biodiversity target 11 is of particular relevance and commits 
to a 1.6 per cent increase (from 15.4 per cent to at least 
17 per cent) in protected areas by 2020 (CBD 2010). This 
could also contribute to reducing the loss of natural habitats 
(target 5), reducing human-induced species decline and 
extinction (target 12), and maintaining global carbon stocks 
(target 15). Countries have since agreed on the SDGs’ targets 
(United Nations 2015) for 2020 and beyond, and this is likely 
to drive the agenda on protected terrestrial areas in the 
coming decades (Allen et al. 2016). SDG 15 specifically refers 
to land resources and their management.

This indicator measures the proportion of terrestrial 
protected areas as a share of the total land area expressed 
as a percentage (United Nations 2015). The purpose of the 
indicator is to represent the extent to which terrestrial areas 
that offer ecosystem value in terms of conserving biodiversity, 
cultural heritage, scientific research, recreation and other 
valuable uses are protected, in their diversity and integrity, 
from unsustainable land uses (United Nations 2015).

The indicator is calculated using all the nationally designated 
protected areas recorded in the World Database on 
Protected Areas (WDPA) (United Nations Environment 

World Conservation Monitoring Centre 2018). World Bank 
(2017) data show that the surface area of protected areas 
for the period 1990-2014 increased from 8.2 per cent to 
14.8 per cent, indicating a positive trend reflecting the 
implementation of national and international policies for 
them (Figure 15.4).

Governance of protected areas, in particular primary 
forests, is particularly relevant because evidence points to 
the impacts of agricultural output prices on deforestation 
rates both inside and outside of protected areas (Deiro 
and Escobar 2012). Assunção, Gadour and Rocha (2015), 
in a study in the Amazon, found high correlations between 
deforestation rates and agricultural output prices, while 
Deiro and Escobar (2012) point out that “between 1981 and 
2010 an area of 45,000,000 hectares was downgraded or 
lost with almost 70 per cent of cases occurring since 2008”. 
The authors (Deiro and Escobar 2012), however, conclude 
that changes in conservation policies implemented between 
2004 and 2008 significantly contributed to the curbing of 
deforestation rates.

Location is another key influencing factor affecting 
protected areas. Joppa and Pfaff (2009) note that “the 
positioning of protected areas is not random; they are often 
located in areas that are inaccessible or unsuitable for 
agriculture, in remote and topographically challenging areas 
without transport links, such that they are unlikely to be 
under pressure from the developmental drivers of land use 
change”.

In general, there is scientific and political consensus, as well 
as precedence and agreement, on this indicator. However, 
evidence of the impacts of market prices, management 
effectiveness and factors specific to other sites have 
since led to the proposal to incorporate indicators that aid 
in the measurement of protected area conditions and/
or management effectiveness, including more equitable 
management and representative indicators of spatial 
coverage (e.g. forest area as a percentage of land area).
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15.3.3	 Indicator 3: Ratio of land consumption rate to 
population growth

In 2016, about 54.5 per cent of the global (human) population 
lived in urban areas and by 2030, the United Nations predicts 
that 60 per cent of the global population will be urban (United 
Nations 2016a). The total increase in urban population 
between 2000 and 2020 is estimated at 1.48 billion, of which 
1.35 billion will be concentrated in less-developed regions 
(United Nations 2012). As population growth increasingly 
consumes available land, cities expand far beyond their formal 
administrative boundaries and urban sprawl is visible around 
them (United Nations Human Settlements Programme [UN-
Habitat] 2017).

Land consumption rate is computed as a function of: (a) “The 
expansion of built-up area which can be directly measured; (b) 
the absolute extent of land that is subject to exploitation by 
agriculture, forestry or other economic activities; and (c) the 
over-intensive exploitation of land that is used for agriculture 
and forestry” (United Nations 2015). Population growth rate 
shows the increase of population in a country during a certain 
period, typically one year, expressed as a percentage of the 
population at the start of that period (World Bank 2017).  
(Figure 15.5).

The ratio of land consumption rate to population growth is a 
critical indicator that is closely connected with multiple SDGs. 
More directly, it is tied in with SDG 11, “Make cities and human 
settlements inclusive, safe, resilient and sustainable”. 

The changes in land consumption are largely driven by 
increases in transport infrastructure, poor urban and regional 
planning, and land speculation (UN-Habitat 2015). This in 
turn negatively impacts on the environment (per capita 
resource use and greenhouse gas emissions). For example, 
for every 10 per cent increase in urban sprawl, there is a 
5.7 per cent increase in per capita CO2 emissions and a 
9.6 per cent increase in per capita hazardous pollution. It 
also increases socioeconomic and spatial inequalities. For 
instance, 30 per cent of the global urban population  
(880 million people) lived in slum-like conditions in 2014;  
in sub-Saharan Africa, that proportion was 55 per cent  
(United Nations 2016b).

While evidence shows that poor spatial planning is one 
of the main factors leading to urban sprawl, effective 
policymaking is central to managing land consumption (Rosni 
and Noor 2016). Many governments rely on policies such 
as land-use restrictions (e.g. urban growth boundaries and 
minimum-lot zoning); price-based policies such as property 
taxes (Gyourko and Molloy 2015; Glaeser and Gyourko 
2017); and other regulatory systems composed of zoning 
ordinances, subdivision regulations and building codes, for 
controlling urban sprawl. Feng et al. (2016) conclude that the 
implementation of land-use planning policy in China played 
a major role in ensuring the lowest effective rate of change 
of sprawl. The potential of restoring and reutilizing former 
industrial and otherwise used land (brownfields) for mitigating 
land consumption is still underexplored in land planning and 
policies (Tobias et al. 2018).

Source: UN-Habitat (2015).
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Figure 15.5: Ratio of land consumption rate to population growth rate by region and period (1990-2015)
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Given the high rates of land consumption in the European 
Union – 275 ha of agricultural and natural habitats converted to 
urban sprawl and other forms of land take per day – the EU has 
endorsed a No Net Land Take by 2050 policy that intends to 
reduce land consumption throughout the Union, giving priority 
to greening areas and ecological corridors (University of the 
West of England, Science Communication Unit 2013).

Seto, Güneralpa and Hutyra (2012) state that varying causal 
factors make it difficult to observe this indicator on an 
international scale. The lack of standardized procedures in the 
delineation of spatial units and recognition of administrative 
boundaries lead to spatial inconsistencies (United Nations 
2018). UN-Habitat therefore proposed a minor revision of 
indicator 11.3.1 to “Ratio of land consumption rate to population 
growth rate, including the term Efficient land use”, where if the 
ratio is equal to or smaller than 1 it is qualified as efficient.

Other alternate indicators proposed include:

v	“Resources per capita invested in human settlement per 
km2” (by UNCDF)

v	“Percentage of cities with direct participation structure of 
civil society in urban planning and management, which 
operate regularly and democratically” (by United Nations 
Statistical System Organizations)

v	“Ratio of land consumption rate to urban population growth 
rate at comparable scale” (by UNFPA).

15.4	 Conclusions

Across the globe, while different land policies and initiatives 
have been adopted and implemented, it is however difficult 
to attribute progress in the thematic area to specific policy 
approaches for several reasons.

Firstly, the transboundary nature of land and its resources 
(Sikor et al. 2013) hinders the assessment of policy 
effectiveness. Many land resources such as forests cannot 
be managed at state level alone because they straddle 
international borders. Activities in one country often have 
effects on neighbouring countries’ land policies and initiatives. 
This hinders attribution of progress to a specific policy 
approach with respect to sustainable management of land 
and its resources (Creutzig 2017). Land tenure is also a 
constraining factor and global land acquisitions, or ‘land 
grabbing’, amounts to more than 42 million ha, mostly in Africa. 
Food-importing countries have accelerated their acquisitions to 
enhance food security globally.

Closely related to the above are the challenge of 
teleconnections. Demand for food in some places generates 
land uptake in others; for instance, Africa is a net contributor 
to the food needs of Europe (Bergmann and Holmberg 2016). 
In this context, sustainable land management policies in a 
country can be positively (or otherwise) impacted by demand 
from another country, which also makes it difficult to attribute 
progress to a specific policy approach. The regenerative 
capacity of land resources is another major obstacle to 
attribution of land policies. Food, water, forests and wildlife are 
all renewable resources. With or without any policy framework, 

some land resources such as forest systems can regenerate 
themselves, making attribution to specific forest conservation 
policy difficult.

The World Bank (2006) provides a set of principles, “where land 
and resource management policies have been successful” 
there is:

1.	 Local community participation in all aspects of the 
programme

2.	 Public support for private investment in soil and water 
conservation

3.	 Improvement and maintenance of roads
4.	 Sound macroeconomic management that does not 

discriminate against agriculture and natural resources
5.	 Robust local capacity-building by non-governmental 

organizations and other cooperative-type projects, and
6.	 Consistent efforts over at least a decade by concerned 

governments to increase not only land productivity but 
also awareness of environmental problems and possible 
solutions at local levels.

Some of these are conditions addressed in the case studies 
of this chapter. However, there are two emerging policy 
approaches which hold out promise for the future. The first 
policy approach involves the use of economic incentives to 
deal with environmental issues related to land, as the China 
case study (Section 15.2.2) demonstrates.

The second approach is the Sustainable Intensification of 
Land Use and Integrated Resource Management (Garnett 
et al. 2013), despite the criticism about the overall benefits 
of the agricultural intensification concept (Rasmussen et 
al. 2018). This approach is best described by technological 
advancements that ensure increases in crop production 
through implementation of sustainable land and water 
practices, such as conservation agriculture and no-tillage 
cultivation, as described in the Australia case study (Section 
15.2.4) as well as combined cropping systems such as 
legumes and cereals; agroforestry, agroecology (World Bank 
2006) and regenerative agriculture. One of the key lessons 
learned from the case studies is the importance of a robust 
institutional framework for policy implementation.

Across the case studies, the establishment of institutional and 
administrative capacities for policy implementation underpins 
the success of most of the key policies. The indicators are 
relevant to key interconnected international goals such as 
the SDGs and provide evidence of progress towards meeting 
the policy objectives. For instance, Indicator 2 on terrestrial 
protected areas as a percentage of total land area is connected 
to Aichi Biodiversity Targets 13, 11 and 5 and is also relevant to 
SDG 15 and its respective targets.

The case studies also indicate that evaluation of policy 
effectiveness in most cases has been commissioned by 
external stakeholders, while national governments that are 
often involved in policy design have not shown serious interest 
in policy evaluation. Land policy evaluation is important as 
it will provide significant lessons that can be useful in the 
refinement of policies and implementation of strategies.
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One obvious gap is the fact that most national land policies are 
not linked to international goals. This is important, especially 
from the point of view of the SDGs, when viewed against the 
background that the implementation of such policies will have 
little or no contribution to the attainment of international goals. 
The Kyoto Protocol did not even mention relation to the role 

of land and soil in climate change dynamics. When national 
governments ratify international conventions, it is important 
that these are backed up with relevant national policies 
accompanied by baseline indicators to track progress towards 
reaching policy goals.



Land and Soil Policy 395

15 15

References
Deng, X. and Li, Z. (2016). Economics of land degradation in China. In Economics of Land Degradation 
and Improvement: A Global Assessment for Sustainable Development. Nkonya, E., Mirzabaev, A. 
and von Braun, J. (eds.). chapter 13. 385-399. https://link.springer.com/content/pdf/10.1007%
2F978-3-319-19168-3_13.pdf 

Diaz, S., Pascual, U., Stenseke, M., Martín-López, B., Watson, R.T., Molnár, Z. et al. (2018). Assessing 
nature’s contribution to people. Science 359(6373), 270-272. https://doi.org/10.1126/science.
aap8826. 

Dumanski, J., Peiretti, R., Benites, J., McGarry, D. and Pieri, C. (2006). The paradigm of conservation 
tillage. Proceedings of World Association of Soil and Water Conservation P1(7), 58-64.  
http://www.unapcaem.org/publication/ConservationAgri/ParaOfCA.pdf. 

Ericson, B., Caravanos, J., Depratt, C., Santos, C., Cabral, M.G., Fuller, R. et al. (2018). Cost 
effectiveness of environmental lead risk mitigation in low- and middle-income countries. GeoHealth 
2(2), 87-101. https://doi.org/10.1002/2017GH000109. 

European Association for the Study of Obesity (2015). Carta Di Milano: 2015 Milan Declaration: A Call 
to Action on Obesity. Teddington. http://carta.milano.it/wp-content/uploads/2015/11/112.pdf. 

European Environment Agency (2014). Progress in Management of Contaminated Sites. Copenhagen. 
https://www.eea.europa.eu/downloads/a29faf166f9e45f78e3ae107e72d957c/1441389583/
assessment.pdf. 

Feng, L., Du, P., Zhu, L., Luo, J. and Adaku, E. (2016). Investigating sprawl along China’s urban fringe 
from a spatio‐temporal perspective. Applied Spatial Analysis and Policy 9(2), 233-250. https://doi.
org/10.1007/s12061-015-9149-z. 

Flores, M., Macias, N., Rivera, M., Lozada, A., Barquera, S., Rivera-Dommarco, J. et al. (2010). Dietary 
patterns in Mexican adults are associated with risk of being overweight or obese. The Journal of 
Nutrition 140(10), 1869–1873. https://doi.org/10.3945/jn.110.121533. 

Food and Agriculture Organization of the United Nations (2010). Global Forests Resources 
Assessment 2010: Country Report. Lao People’s Democratic Republic. Rome. http://www.fao.org/
forestry/20366-06af02af6c37e155d6de871dafdf77bbf.pdf. 

Food and Agriculture Organization of the United Nations (2011). The State of the World’s Land and 
Water Resources for Food and Agriculture: Managing Systems at Risk. Rome. http://www.fao.org/
docrep/017/i1688e/i1688e.pdf. 

Food and Agriculture Organization of the United Nations (2016). Conservation agriculture.  
http://www.fao.org/ag/ca/6c.html (Accessed: 6 November 2018).

Food and Agriculture Organization of the United Nations (2017). Voluntary Guidelines for Sustainable 
Soil Management. Rome. http://www.fao.org/3/a-bl813e.pdf. 

Food and Agriculture Organization of the United Nations (2018). Food loss and food waste.  
http://www.fao.org/food-loss-and-food-waste/en/ (Accessed: 6 November 2018).

Food and Agriculture Organization of the United Nations and Intergovernmental Technical Panel on 
Soils (2015). Status of the World’s Soil Resources: Main Report. Rome. http://www.fao.org/3/a-i5199e.
pdf. 

Forster, T., Egal, F., Escudero, A.G., Dubbeling, M. and Renting, H. (eds.) (2015). Milan Urban Food 
Policy Pact. Selected Good Practices from Cities. Milano: Fondazione Giangiacomo Feltrinelli.  
https://www.ruaf.org/sites/default/files/MUFPP_SelectedGoodPracticesfromCities.pdf. 

Garnett, T., Appleby, M.C., Balmford, A., Bateman, I.J., Benton, T.G., Bloomer, P. et al. (2013). 
Sustainable intensification in agriculture: Premises and policies. Science 341(6141), 33-34.  
https://doi.org/10.1126/science.1234485. 

Gibbs, H.K. and Salmon, J.M. (2015). Mapping the world’s degraded land. Applied Geography 57, 12-
21. https://doi.org/10.1016/j.apgeog.2014.11.024. 

Giller, K.E., Andersson, J.A., Corbeels, M., Kirkegaard, J., Mortensen, D., Erenstein, O. et al. (2015). 
Beyond conservation agriculture. Frontiers in Plant Science 6(872). https://doi.org/10.3389/
fpls.2015.00870. 

Glaeser, E.L. and Gyourko, J. (2017). The Economic Implications of Housing Supply. Cambridge, MA: 
National Bureau OF Economic Research. http://www.nber.org/papers/w23833.pdf. 

Global Witness (2013). Rubber Barons. How Vietnamese Companies and International Financiers 
are Driving a Land Grabbing Crisis in Cambodia and Laos. https://www.globalwitness.org/
documents/10525/rubber_barons_lores_0_1.pdf. 

Goudie, A.S. and Middleton, N.J. (2006). Desert Dust in the Global System. Springer.  
https://www.springer.com/gp/book/9783540323549. 

Gyourko, J. and Molloy, R. (2015). Regulation and housing supply. In Handbook of Regional and 
Urban Economics. Duranton, G., Henderson, J.V. and Strange, W. (eds.). Amsterdam: Elsevier Science 
Publishers. chapter 19. 1289‐1337. https://econpapers.repec.org/bookchap/eeeregchp/5-1289.htm 

Haddaway, N.R., Hedlund, K., Jackson, L.E., Kätterer, T., Lugato, E., Thomsen, I.K. et al. (2017). How 
does tillage intensity affect soil organic carbon? A systematic review. Environmental Evidence 6(30). 
https://doi.org/10.1186/s13750-017-0108-9. 

Hamidov, A., Helming, K. and Balla, D. (2016). Impact of agricultural land use in Central Asia: a review. 
Agronomy for Sustainable Development 36(1), 6. https://doi.org/10.1007/s13593-015-0337-7. 

Henríquez-Hernández, A.L., González-Antuña, A., Boada, L.D., Carranza, C., Pérez-Arellano, J.L., 
Almeida-González, M. et al. (2018). Pattern of blood concentrations of 47 elements in two populations 
from the same geographical area but with different geological origin and lifestyles: Canary Islands 
(Spain) vs. Morocco. Science of the Total Environment 636, 709-716. https://doi.org/10.1016/j.
scitotenv.2018.04.311. 

Huang, T., Zhang, X., Ling, Z., Zhang, L., Gao, H., Tian, C. et al. (2016). Impacts of large-scale land-use 
change on the uptake of polycyclic aromatic hydrocarbons in the artificial three northern regions 
shelter forest across northern China. Environmental Science & Technology 50(23), 12885‐12893. 
https://doi.org/10.1021/acs.est.6b04835. 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (2018a). 
Summary for Policymakers of the Regional Assessment Report on Biodiversity and Ecosystem 
Services for Europe and Central Asia of the Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services. Fischer, M., Rounsevell, M., Torre-Marin Rando, A., Mader, A., Church, 
A., Elbakidze, M. et al. (eds.). Bonn. https://www.ipbes.net/system/tdf/spm_2b_eca_digital_0.
pdf?file=1&type=node&id=28318. 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (2018b). 
Summary for Policymakers of the Assessment Report on Land Degradation and Restoration of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. Scholes, R., 
Montanarella, L., Brainich, A., Barger, N., ten Brink, B., Cantele, M. et al. (eds.). Bonn. https://www.ipbes.
net/system/tdf/spm_3bi_ldr_digital.pdf?file=1&type=node&id=28335. 

International Panel of Experts on Sustainable Food Systems (2017a). What Makes Urban Food Policy 
Happen? Insights from Five Case Studies: Executive Summary. London. http://www.ipes-food.org/
images/Reports/Cities_execsummary.pdf. 

Abiodun, B.J., Adeyewa, Z.D., Oguntunde, P.G., Salami, A.T. and Ajayi, V.O. (2012). Modeling the 
impacts of reforestation on future climate in West Africa. Theoretical and applied climatology  
110(1-2), 77-96. https://doi.org/10.1007/s00704-012-0614-1. 

African Forest Landscape Restoration Initiative (2018). Afr100. http://afr100.org/  
(Accessed: 6 November 2018).

Ahrends, A., Hollingsworth, P.M., Beckschäfer, P., Chen, H., Zomer, R.J., Zhang, L. et al. (2017). China’s 
fight to halt tree cover loss. Proceedings of the Royal Society B 284(1854). https://doi.org/10.1098/
rspb.2016.2559. 

Akhtar‐Schuster, M., Stringer, L.C., Erlewein, A., Metternicht, G., Minelli, S., Safriel, U. et al. (2017). 
Unpacking the concept of land degradation neutrality and addressing its operation through the 
Rio conventions. Journal of Environmental Management 195, 4-15. https://doi.org/10.1016/j.
jenvman.2016.09.044. 

Allen, C., Metternicht, G. and Wiedmann, T. (2016). National pathways to the global Sustainable 
Development Goals (SDGs): A comparative review of scenario modelling tools. Environmental Science 
and Policy 66, 199‐207. https://doi.org/10.1016/j.envsci.2016.09.008. 

American Museum of Natural History (2008). China’s great green wall: A dust antidote?  
https://www.amnh.org/explore/science-bulletins/(watch)/bio/news/china-s-great-green-wall-a-dust-
antidote (Accessed: 6 November 2018).

Assunção, J., Gandour, C. and Rocha, R. (2015). Deforestation slowdown in the Brazilian Amazon: 
Prices or policies? Environment and Development Economics 20(6), 697‐722. https://doi.org/10.1017/
S1355770X15000078. 

Aunan, K. and Pan, X.-C. (2004). Exposure-response functions for health effects of ambient air 
pollution applicable for China – a meta-analysis. Science of the Total Environment 329(1–3), 3-16. 
https://doi.org/10.1016/j.scitotenv.2004.03.008. 

Ballabio, C., Panagos, P., Lugato, E., Huang, J.-H., Orgiazzi, A., Jones, A. et al. (2018). Copper 
distribution in European topsoils: An assessment based on LUCAS soil survey. Science of the Total 
Environment 636, 282-298. https://doi.org/10.1016/j.scitotenv.2018.04.268. 

Bellotti, B. and Rochecouste, J.F. (2014). The development of conservation agriculture in Australia—
Farmers as innovators. International Soil and Water Conservation Research 2(1), 21‐34.  
https://doi.org/10.1016/S2095-6339(15)30011-3. 

Bergmann, L. and Holmberg, M. (2016). Land in Motion. Annals of the Association of American 
Geographers 106(4), 932-956. https://doi.org/10.1080/24694452.2016.1145537. 

Blakemore, R.J. (2018). Critical decline of earthworms from organic origins under intensive, humic 
SOM-depleting agriculture. Soil Systems 2(2), 33. https://doi.org/10.3390/soilsystems2020033. 

Bren d’Amour, C., Reitsma, F., Baiocchi, G., Barthel, S., Güneralp, B., Erb, K.-H. et al. (2017). Future 
urban land expansion and implications for global croplands. Proceedings of the National Academy of 
Sciences 114(34), 8939-8944. https://doi.org/10.1073/pnas.1606036114. 

Bronwell, K., Farley, T., Willet, W.C., Popkin, B.M., Chaloupka, F., Thompson, J.W. et al. (2011). The 
public health and economic benefits of taxing sugar-sweetened beverages. The New England Journal 
of Medicine 361(16), 1599–1605 https://doi.org/10.1056/NEJMhpr0905723. 

Butchart, S.H.M., Clarke, M., Smith, R.J., Sykes, R.E., Scharlemann, J.P.W., Harfoot, M. et al. (2015). 
Shortfalls and solutions for meeting national and global conservation area targets. Conservation 
Letters: Journal of the Society for Conservation Biology 8(5), 329-337. https://doi.org/10.1111/
conl.12158. 

Campoy-Muñoz, P., Cardenete, M.A. and Delgado, M.C. (2017). Economic impact assessment of food 
waste reduction on European countries through social accounting matrices. Resources, Conservation 
and Recycling 122, 202–209. https://doi.org/10.1016/j.resconrec.2017.02.010. 

Castella, J.-C., Lestrelin, G., Hett, C., Bourgoin, J., Fitriana Y.R., Heinimann, A. et al. (2013). Effects 
of landscape segregation on livelihood vulnerability: Moving from extensive shifting cultivation to 
rotational agriculture and natural forests in northern Laos. Human Ecology 41(1), 63–76.  
https://doi.org/10.1007/s10745-012-9538-8. 

Chape, S., Blyth, S., Fish, L., Fox, P. and Spalding, M.D. (2003). 2003 United Nations List of 
Protected Areas. Gland: International Union for Conservation of Nature. https://archive.org/
details/2003unitednation03chap/page/n3. 

Chasek, P., Essahli, W., Akthar‐Schuster, M., Stringer, L.C. and Thomas, R. (2011). Integrated land 
degradation monitoring and assessment: Horizontal knowledge management at the national and 
international levels. Land Degradation and Development 22(2), 272‐284. https://doi.org/10.1002/
ldr.1096. 

Choi. S. and Gankhuyag, U. (2016). Mining and sustainable development in the Asia Pacific region. 
Financing for the Sustainable Development Goals: The Role of Fiscal Reforms, Revenue Management 
and Sovereign Wealth Funds in the Extractives Sector. Bangkok, 7-8 December 2016.  
http://www.greengrowthknowledge.org/event/financing-sustainable-development-goals-sdgs-role-
fiscal-reforms-revenue-management-and 

Cinzia, T. and Licomati, S. (2017). The Milan urban food policy pact: The potential of food and the key 
role of cities in localizing SDGS. Journal of Universities and International Development Cooperation 1, 
372‐378. http://www.ojs.unito.it/index.php/junco/article/view/2173. 

Clinton, N., Stuhlmacher, M., Miles, A., Uludere Aragon, N., Wagner, M., Georgescu, M. et al. (2018). A 
global geospatial ecosystem services estimate of urban agriculture. Earth’s Future 6(1), 40-60.  
https://doi.org/10.1002/2017EF000536.

Colchero, M.A., Popkin, B.M., Rivera, J.A. and Ng, S.W. (2016). Beverage purchases from stores in 
Mexico under the excise tax on sugar sweetened beverages: Observational study. BMJ 352, 6704. 
https://doi.org/10.1136/bmj.h6704.

Convention on Biological Diversity (2010). X/2. The Strategic Plan for Biodiversity 2011-2020 and 
the Aichi Biodiversity Targets. Decision adopted by the Conference of Parties to the Convention on 
Biological Diversity at its Tenth Meeting. 29 October. UNEP/CBD/COP/DEC/X/2. https://www.cbd.int/
doc/decisions/cop-10/cop-10-dec-02-en.doc. 

Creutzig, F. (2017). Govern land as a global commons. Nature 546(7656), 28-29.  
https://doi.org/10.1038/546028a. 

De Cunto, A., Tegoni, C., Sonnino, R., Michel, C. and Lajili-Djalaï, F. (2017). Food in Cities: Study on 
Innovation for A Sustainable and Healthy Production, Delivery, and Consumption of Food in Cities. 
Brussels: European Commission. https://ec.europa.eu/research/openvision/pdf/rise/food_in_cities.
pdf. 

Deiro B. and Escobar, H. (2012). Brasil perdeu um RJ de áreas protegidas. Universidade Federal 
de Pernambuco http://www.estadao.com.br/noticias/impresso,brasil-perdeu-um-rj-de-areas-
protegidas,975519. 

Deng, L., Liu, G.b. and Shangguan, Z.P. (2014). Land-use conversion and changing soil carbon stocks 
in China’s ‘Grain-for-Green’ program: A synthesis. Global Change Biology 20(11), 3544–3556.  
https://doi.org/10.1111/gcb.12508. 



Policies, Goals, Objectives and Environmental Governance: An assessment of their effectiveness396

15 15

International Panel of Experts on Sustainable Food Systems (2017b). What Makes Urban Food 
Policy Happen? Insights from Five Case Studies. London. http://www.ipes-food.org/images/Reports/
Cities_full.pdf. 

International Union for Conservation of Nature (1994). 1993 United Nations List of National Parks and 
Protected Areas. Gland. http://wedocs.unep.org/bitstream/handle/20.500.11822/22735/1993_UN_
parks_protected_areas.pdf?sequence=1&isAllowed=y. 

International Union for Conservation of Nature (1998). 1997 United Nations List of Protected Areas. 
Gland. https://archive.org/details/1997unitednation97wcmc/page/n9. 

Jiang, H. (2016). Taking down the “Great Green Wall”: The science and policy discourse of 
desertification and its control in China. In The End of Desertification? Disputing Environmental Change 
in the Drylands. Behnke, R. and Mortimore, M. (eds.). Berlin: Springer. 513-536. https://link.springer.
com/chapter/10.1007/978-3-642-16014-1_19 

Joppa, L.N. and Pfaff, A. (2009). High and far: Biases in the location of protected areas. 4(12), e8273. 
https://doi.org/10.1371/journal.pone.0008273. 

Kassam, A. and Fridriech, T.H. (2011). Conservation agriculture: Principles, sustainable land 
management and ecosystem services. Società Italiana de Agronomia XL Convegno Nazionale, 
Università degli Studi Teramo. Rome, 7-9 September. http://www.fao.org/ag/ca/CA-Publications/
CA_Teramo_Kassam_Friedrich.pdf 

King, P.N. and Mori, H. (2007). Policy selection and diffusion theory. In International Review for 
Environmental Strategies: Best Practice on Environmental Policy in Asia and the Pacific. Hayama: 
Institute for Global Environmental Strategies. chapter 2. 17‐38. https://pub.iges.or.jp/pub_file/iresvol7-
117pdf/download 

Krueger, S. (2012). Conservation crusader: Paraguayan Rolf Derpsch helped expand no-till across 
globe. Corn and Soy Bean Digest http://www.cornandsoybeandigest.com/conservation/conservation-
crusader-paraguayan-rolf-derpsch-helped-expand-no-till-across-globe (Accessed: 6 November 2018).

Lal, R. (2014). Soil conservation and ecosystem services. International Soil and Water Conservation 
Research Journal 2(3), 36–47. https://doi.org/10.1016/S2095-6339(15)30021-6. 

Lambin, E.F., Meyfroidt, P., Rueda, X., Blackman, A., Börner, J., Cerutti, P.O. et al. (2014). Effectiveness 
and synergies of policy instruments for land use governance in tropical regions. Global Environmental 
Change 28, 129‐140. https://doi.org/10.1016/j.gloenvcha.2014.06.007.

Landrigan, P.J., Fuller, R., Acosta, N.J.R., Adeyi, O., Arnold, R., Basu, N. et al. (2018). The Lancet 
Commission on pollution and health. The Lancet 391(10119), 462-512. https://doi.org/10.1016/
S0140-6736(17)32345-0. 

Lankoski, J., Ollikainen, M. and Uusitalo, P. (2004). No-Till Technology: Benefits to Farmers and the 
Environment? Helsinki: University of Helsinki. https://helda.helsinki.fi/bitstream/handle/1975/635/
Discuss1.pdf?sequence=1. 

Lao People’s Democratic Republic, Ministry of Planning and Investment (2011). The 7th Five-Year 
National Socio-Economic Development Plan (2011-2015). Vientiane. http://www.la.undp.org/content/
dam/laopdr/docs/Reports%20and%20publications/LA_7th%20NSEDP_Eng.pdf. 

Le Q.B., Nkonya E. and Mirzabaev A. (2016). Biomass productivity- based mapping of global land 
degradation hotspots. In Economics of Land Degradation and Improvement – A Global Assessment for 
Sustainable Development. Nkonya, E., Mirzabaev, A. and von Braun, J. (eds.). Springer.  
https://link.springer.com/chapter/10.1007/978-3-319-19168-3_4#citeas 

Li, W. and Huntsinger, L. (2011). China’s grassland contract policy and its impacts on herder ability to 
benefit in inner Mongolia: Tragic feedbacks. Ecology and Society 16(2).  
https://www.ecologyandsociety.org/vol16/iss2/art1/. 

Lu, Q. and Wang, S. (2003). Dust‐Sand Storms in China: Disastrous effects and mitigation Strategies. 
The XII World Forestry Congress. Quebec City, 21-28 September. http://www.fao.org/docrep/ARTICLE/
WFC/XII/0859-B5.HTM 

Lubwama, F.B. (1999). Socio‐economic and gender issues affecting the adoption of conservation 
tillage practices. In Conservation Tillage with Animal Traction. Kaumbutho, P.G. and Simalenga, T.E. 
(eds.). Kampala: Animal Traction Network for Eastern and Southern Africa. 155-162.  
https://pdfs.semanticscholar.org/27b8/6afc8c3669f5e4afa448bb376946714bea3b.pdf 

Lupi, C. and Hoa, N.K. (2015). GEF/UNDP project Environmental Remediation of Dioxin Contaminated 
Hotspots in Viet Nam Terminal Evaluation Report. https://erc.undp.org/evaluation/documents/
download/8716. 

Marques, M.J., Schwilch, G., Lauterburg, N., Crittenden, S., Tesfai, M., Stolte, J. et al. (2016). 
Multifaceted impacts of sustainable land management in drylands: A review. Sustainability 8(2), 177. 
https://doi.org/10.3390/su8020177. 

Messerli, P., Bader, C., Hett, C., Epprecht, M. and Heinimann, A. (2015). Towards a spatial 
understanding of trade-offs in sustainable development: A meso-scale analysis of the nexus between 
land use, poverty, and environment in the Lao PDR. PloS one 10(7), e0133418.  
https://doi.org/10.1371/journal.pone.0133418. 

Middleton, N. and Kang, U. (2017). Sand and dust storms: Impact mitigation. Sustainability 9(6), 1053. 
https://doi.org/10.3390/su9061053

Milan Urban Food Policy Pact (2018). Milan urban food policy pact.  
https://www.milanurbanfoodpolicypact.org/ (Accessed: 6 November 2018).

Muller, A., Schader, C., El Haga Scialaba, N., Bruggemann, J., Isensee, A., Erb, K.H. et al. (2017). 
Strategies for feeding the world more sustainably with organic agriculture. Nature Communications 
8(1290). https://doi.org/10.1038/s41467-017-01410-w. 

Nachtergaele, F., Petri, M., Biancalani, R., van Lynden, G., van Velthuizen, H. and Bloise, M. (2011). 
Global Land Degradation Information System (GLADIS). Version 1.0. An Information Database for Land 
Degradation Assessment at Global Level. Rome: Food and Agriculture Organization of the United 
Nations.

O‘Callaghan, J. (2014). Will China‘s Great GREEN Wall save the country from dust storms? 100 billion 
tree project could halt advancing Gobi Desert. Daily Mail, https://www.dailymail.co.uk/sciencetech/
article-2874368/Will-China-s-Great-GREEN-Wall-save-country-dust-storms-100-billion-tree-project-
halt-advancing-Gobi-Desert.html. 

Omonode, R.A., Smith, D.R., Gál, A. and Vyn, T.J. (2011). Soil nitrous oxide emissions in corn following 
three decades of tillage and rotation treatments. Soil Science Society of America Journal 75(1), 152-
163. https://doi.org/10.2136/sssaj2009.0147. 

Organisation for Economic Co-operation and Development (2017). The Governance of Land Use in 
OECD Countries: Policy Analyses and Recommendations. Paris. https://www.oecd-ilibrary.org/urban-
rural-and-regional-development/the-governance-of-land-use-in-oecd-countries_9789264268609-en. 

Phimmavong, S., Ozarska, B., Midgley, S. and Keenan, R. (2009). Forest and plantation development in 
Laos: History, development and impact for rural communities. The International Forestry Review 11(4), 
501-513. https://www.jstor.org/stable/43739828?seq=1#metadata_info_tab_contents. 

Phompila, C., Lewis, M., Ostendorf, B. and Clarke, K. (2017). Forest cover changes in lao tropical 
forests: Physical and socio-economic factors are the most important drivers. Land Contamination & 
Reclamation 6(2), 23. https://doi.org/10.3390/land6020023. 

Piao, S., Fang, J., Friedlingstein, P., Ciais, P., Viovy, N. and Demarty, J. (2007). Growing season 
extension and its impact on terrestrial carbon cycle in the northern hemisphere over the past 2 
decades. Global Biogeochemical Cycles 21(3). https://doi.org/10.1029/2006GB002888 

Pierzynski, G. and Brajendra (eds.) (2017). Threats to Soils: Global Trends and Perspectives: 
A Contribution from the Intergovernmental Technical Panel on Soils, Global Soil Partnership 
Food and Agriculture Organization of the United Nations Global Land Outlook Working Paper. 
Bonn: United Nations Convention to Combat Desertification. https://static1.squarespace.
com/static/5694c48bd82d5e9597570999/t/5931752920099eabdb9b6a7a/1496413492935/
Threats+to+Soils__Pierzynski_Brajendra.pdf. 

Plant, J., Smith, D., Smith, B. and Williams, L. (2001). Environmental geochemistry at the global scale. 
Applied Geochemistry 16(11-12), 1291 –1308. https://doi.org/10.1016/S0883-2927(01)00036-1. 

Prasad, V.K. and Badarinth, K.V.S. (2004). Land use changes and trends in human appropriation of 
above ground net primary production (HANPP) in India (1961–98). The Geographical Journal 170(1), 
51-63. https://doi.org/10.1111/j.0016-7398.2004.05015.x 

Rakhmon, S. (2016). Tajikistan Case Study Policy Brief. Bonn: Economics of Land Degradation 
Initiative. http://repo.mel.cgiar.org/handle/20.500.11766/5107. 

Rasmussen, L.V., Coolsaet, B., Martin, A., Mertz, O., Pascual, U., Corbera, E. et al. (2018). Social-
ecological outcomes of agricultural intensification. Nature Sustainability 1, 275–282.  
https://doi.org/10.1038/s41893-018-0070-8. 

Reicosky, D.C. (2015). Conservation tillage is not conservation agriculture. Journal of Soil and Water 
Conservation 70(5), 103A–108A. https://doi.org/10.2489/jswc.70.5.103A. 

Rodrigues, S.M., Pereira, M.E., da Silva, F., Hursthouse, A.S. and Duarte, A.C. (2009). A review 
of regulatory decisions for environmental protection: Part I - challenges in the implementation 
of national soil policies. Environment Internantional 35(1), 202-213. https://doi.org/10.1016/j.
envint.2008.08.007. 

Rodríguez-Eugenio, N., McLaughlin, M. and Pennock, D. (2018). Soil Pollution: A Hidden Reality. Rome: 
Food and Agriculture Organization of the United Nations. http://www.fao.org/3/I9183EN/i9183en.pdf. 

Rojo, L., Bautista, S., Orr, B.J., Vallejo, R., Cortina, J. and Derak, M. (2012). Prevention and restoration 
actions to combat desertification. An integrated assessment: The PRACTICE Project. Science et 
Changements Planetaires - Secheresse 23(3), 219‐226. https://doi.org/10.1684/sec.2012.0351. 

Rosegrant, M.W., Koo, J., Cenacchi, N., Ringler, C., Robertson, R., Fisher, M. et al. (2014). Food Security 
in a World of Natural Resource Scarcity: The Role of Agricultural Technologies. Washington, D.C.: 
International Food Policy Research Institute. http://ebrary.ifpri.org/utils/getdownloaditem/collection/
p15738coll2/id/128022/filename/128233.pdf/mapsto/pdf/type/singleitem. 

Rosni, N.A. and Noor, A.P.D.N.M. (2016). A review of literature on urban sprawl: Assessment of factors 
and causes. Journal of Architecture, Planning and Construction Management 6(1), 12-35.  
http://journals.iium.edu.my/kaed/index.php/japcm. 

Rush, E.C. and Yan, M.R. (2017). Evolution not revolution: Nutrition and obesity. Nutrients 9(5), 519. 
https://doi.org/10.3390/nu9050519. 

Sanz, M.J., de Vente, J., Chotte, J.L., Bernoux, M., Kust, G., Ruiz, I. et al. (2017). Sustainable Land 
Management Contribution to Successful Land‐Based Climate Change Adaptation and Mitigation. A 
Report of the Science‐Policy Interface. Bonn: United Nations Convention to Combat Desertification. 
https://www.unccd.int/sites/default/files/documents/2017-09/UNCCD_Report_SLM.pdf. 

Schonweger, O., Heiniman, A., Epprecht, M., Lu, J. and Thalongsengchanh, P. (2012). Concessions and 
Leases in The Lao PDR: Taking Stock of Land Investments. Bern: University of Bern. https://catalogue.
nla.gov.au/Record/6571317. 

Schwilch, G., Liniger, H.P. and Hurni, H. (2014). Sustainable land management (SLM) practices in 
drylands: How do they address desertification threats? Journal of Environmental Management 54(5), 
983-1004. https://doi.org/10.1007/s00267-013-0071-3. 

Secretariat of the Basel, Rotterdam and Stockholm Conventions (2018). Synergies.  
http://www.brsmeas.org/ (Accessed: 6 November 2018).

Serraj, R. and Siddique, K. (2012). Conservation agriculture in dry areas. Field Crops Research 132, 1-6. 
https://doi.org/10.1016/j.fcr.2012.03.002. 

Seto, K.C., Güneralpa, B. and Hutyra, L.R. (2012). Global forecasts of urban expansion to 2030 and 
direct impacts on biodiversity and carbon pools. Proceedings of the National Academy of Sciences 
109(40), 16083-16088. https://doi.org/10.1073/pnas.1211658109. 

Shuai, W., Fu, B., Piao, S., Lü, Y., Ciais, P., Feng, X. et al. (2015). Reduced sediment transport in the 
Yellow River due to anthropogenic changes. Nature Geoscience 9, 38-41. https://doi.org/10.1038/
NGEO2602. 

Sikor, T., Auld, G., Bebbington, A.J., Benjaminsen, T.A., Gentry, B.S., Hunsberger, C. et al. (2013). Global 
land governance: From territory to flow? Current Opinion in Environmental Sustainability 5(5), 522-527. 
https://doi.org/10.1016/j.cosust.2013.06.006. 

State Forestry Administration (2011). A Bulletin of Status Quo of Desertification and Sandification in 
China. Beijing. https://www.documentcloud.org/documents/1237947-state-forestry-administration-
desertification.html. 

Stenmarck, Å., Jensen, C., Quested, T. and Moates, G. (2016). Estimates of European Food Waste 
Levels. Brussles: European Union. https://www.eu-fusions.org/phocadownload/Publications/
Estimates%20of%20European%20food%20waste%20levels.pdf. 

Sternberg T., Rueff, H. and Middleton, N. (2015). Contraction of the Gobi Desert, 2000–2012. Remote 
Sensing 7(2), 1346–1358. https://doi.org/10.3390/rs70201346. 

Sustainable Development Solutions Network (2014). Indicators for Sustainable Development Goals: A 
Report by the Leadership Council of the Sustainable Development Solutions Network.  
http://unsdsn.org/wp-content/uploads/2014/05/140522-SDSN-Indicator-Report.pdf. 

Swella, G.B., Ward, P.R., Siddique, K.H.M. and Flower, K.C. (2015). Combinations of tall standing and 
horizontal residue affect soil water dynamics in rainfed conservation agriculture systems. Soil and 
Tillage Research 147, 30-38. https://doi.org/10.1016/j.still.2014.11.004. 

Tan, M. and Li, X. (2015). Does the Green Great Wall effectively decrease dust storm intensity in 
China? A study based on NOAA NDVI and weather station data. Land Use Policy 43, 42‐47.  
https://doi.org/10.1016/j.landusepol.2014.10.017. 

Tavera, C. (2015). Lao PDR Country Study Report for the Independent Evaluation of the Scale-up 
Phase (2008-2013) of the UNDP-UNEP Poverty – Environment Initiative and Mid-term Evaluation of the 
Second Phase (2012–2014) of the Lao PDR PEI Country Programme. United Nations Development 
Programme and United Nations Environment Programme. http://www.unpei.org/sites/default/files/
dmdocuments/PEI%20Evaluation%20Final%20Report.pdf. 

Tavera, C., Alderman, C. and Nordin, N. (2016). Independent Evaluation of the Scale-up Phase (2008-
2013) of the UNDP-UNEP Poverty – Environment Initiative. http://www.unpei.org/sites/default/files/
dmdocuments/PEI%20Evaluation%20Final%20Report.pdf. 

Teshome, A., de Graaff, J., Ritsema, C. and Kassie, M. (2015). Farmers’ perceptions about the 
influence of land quality, land fragmentation and tenure systems on sustainable land management in 
the north western Ethiopian Highlands. Land degradation & development 27(4), 884-898.  
https://doi.org/10.1002/ldr.2298. 



Land and Soil Policy 397

15 15

Thavorncharoensap, M. (2017). Effectiveness of Obesity Prevention and Control. Tokyo: Asian 
Development Bank Institute. https://www.adb.org/sites/default/files/publication/226281/adbi-wp654.
pdf. 

Tobias, S., Conen, F., Duss, A., Wenzel, L.M., Buser, C. and Alewell, C. (2018). Soil sealing and 
unsealing: State of the art and examples. Land degradation & development 29(6), 2015-2024.  
https://doi.org/10.1002/ldr.2919. 

Tóth, G., Hermann, T., Szatmári, G. and Pásztor, L. (2016). Maps of heavy metals in the soils of the 
European Union and proposed priority areas for detailed assessment. Science of Total Environment 
565, 1054‐1062. https://doi.org/10.1016/j.scitotenv.2016.05.115. 

Trigo, E., Cap, E., Malach, V. and Villarreal, F. (2009). The Case of Zero-Tillage Technology in Argentina. 
IFPRI Discussion Paper. Washington, D.C.: International Food Policy Research Institute.  
http://www.ifpri.org/cdmref/p15738coll2/id/29503/filename/29504.pdf. 

United Nations (2012). World Urbanization Prospects: The 2011 Revision. New York, NY.  
http://www.un.org/en/development/desa/population/publications/pdf/urbanization/WUP2011_
Report.pdf. 

United Nations (2015). 17 goals to transform our world. https://www.un.org/sustainabledevelopment/
development-agenda/ (Accessed: 6 November 2018).

United Nations (2016a). The World’s Cities in 2016 – Data Booklet (ST/ESA/ SER.A/392). New York, 
NY. http://www.un.org/en/development/desa/population/publications/pdf/urbanization/the_worlds_
cities_in_2016_data_booklet.pdf. 

United Nations (2016b). Sustainable development goal 11: Make cities and human settlements 
inclusive, safe, resilient and sustainable: Progress and Info (2016). https://sustainabledevelopment.
un.org/sdg11 (Accessed: 6 November 2018 2018).

United Nations (2018). Metadata & Reference. http://data.un.org/DataMartInfo.aspx  
(Accessed: 6 November).

United Nations Convention to Combat Desertification (2017a). Global Land Outlook. Bonn.  
https://www.unccd.int/sites/default/files/documents/2017-09/GLO_Full_Report_low_res.pdf. 

United Nations Convention to Combat Desertification (2017b). Proportion of land that is degraded 
over total land area-indicator 15.3.1. https://knowledge.unccd.int/publications/proportion-land-
degraded-over-total-land-area-indicator-1531 (Accessed: 6 November 2018).

United Nations Development Programme (2009). Environmental remediation of dioxin contaminated 
hotspots in Viet Nam. http://www.vn.undp.org/content/vietnam/en/home/operations/projects/
closed-projects/environment_climate/Environmental-Remediation-of-Dioxin-Contaminated-Hotspots-
in-Vietnam.html (Accessed: 6 November 2018).

United Nations Development Programme (2014). Sustainable Forest and Land Management in the Dry 
Dipterocarp Forest Ecosystems of Southern Lao PDR. New York, NY. https://www.thegef.org/project/
sustainable-forest-and-land-management-dry-dipterocarp-forest-ecosystems-southern-lao-pdr. 

United Nations Development Programme (2016). Managing investment through a poverty 
and environment lens. http://www.la.undp.org/content/lao_pdr/en/home/presscenter/
pressreleases/2016/04/27/managing-investment-through-a-poverty-and-environment-lens/ 
(Accessed: 6 November 2018).

United Nations Development Programme and United Nations Environment Programme (2013). 
Stories of Change from the Joint UNDP-UNEP Poverty-Environment Initiative. Nairobi.  
https://europa.eu/capacity4dev/file/14433/download?token=4l8JgbBb.

United Nations Development Programme and United Nations Environment Programme (2018). Lao 
PDR. http://www.unpei.org/what-we-do/pei-countries/lao-pdr (Accessed: 6 November 2018).

United Nations Environment Programme, World Meteorological Organization and United Nations 
Convention to Combat Desertification (2016). Global Assessment of Sand and Dust Storms. Shepherd, 
G. (ed.). http://wedocs.unep.org/bitstream/handle/20.500.11822/7681/Global_Assessment_of_sand_
and_dust_storms_2016.pdf?sequence=1&isAllowed=y. 

United Nations Environment World Conservation Monitoring Centre (2018). World Database on 
Protected Areas. https://www.protectedplanet.net/c/world-database-on-protected-areas (Accessed: 
6 November 2018).

United Nations Human Settlements Programme (2015). 11.3 Sustainable urbanization.  
https://unhabitat.org/un-habitat-for-the-sustainable-development-goals/11-3-sustainable-
urbanization/ (Accessed: 2018 6 November).

United Nations Human Settlements Programme (2017). UN-Habitat Global Activities Report 2017: 
Strengthening Partnerships in Support of the New Urban Agenda and the Sustainable Development 
Goals. Nairobi. https://unhabitat.org/wp-content/uploads/2017/02/GAR2017-FINAL_web.pdf. 

United Nations Industrial Development Organization (2012). Introduction of BAT/BEP Methodology 
to Demonstrate Reduction or Elimination of Unintentionally Produced Persistent Organic Pollutants 
(UPOPs) Releases from the Industry in Vietnam. Vienna. https://vncpc.org/en/project/ap-dung-batbep-
trong-giam-phat-thai-upop-2/. 

United States Agency for International Development (2010). Environmental Remediation at Da Nang 
Airport Environmental Assessment in Compliance with 22 CFR 216. http://www.agentorangerecord.
com/images/uploads/modules/EA%20DNG.pdf. 

United States Environmental Protection Agency (2014). Protection & Restoring Land, Making a visible 
difference in communities, OSWER FY14 End of Year Accomplishments Report. https://www.epa.gov/
sites/production/files/2014-03/documents/oswer_fy13_accomplishment.pdf.

University of the West of England Bristol, Science Communication Unit (2013). Science for 
Environment Policy In‐Depth Report: Soil Contamination: Impacts on Human Health. European 
Commission. http://ec.europa.eu/environment/integration/research/newsalert/pdf/IR5_en.pdf. 

Vastola, A., Zdruli, P., D’Amico, M., Pappalardo, G., Viccaro, M., Di Napoli, F. et al. (2017). A 
comparative multidimensional evaluation of conservation agriculture systems: A case study from 
a Mediterranean area of Southern Italy. Land Use Policy 68, 326–333. https://doi.org/10.1016/j.
landusepol.2017.07.034. 

Wallheimer, B. (2010). No-till, rotation can limit greenhouse gas emissions from farm fields. Purdue 
University https://www.purdue.edu/newsroom/research/2010/101220VynNitrous.html  
(Accessed: 6 November 2018).

Wang, X.M., Zhang, C.X., Hasi, E. and Dong, Z.B. (2010). Has the three Norths Forest Shelterbelt 
Program solved the desertification and dust storm problems in arid and semiarid China? Journal of 
Arid Environments 74(1), 13-22. https://doi.org/10.1016/j.jaridenv.2009.08.001. 

Weber, M., Driessen, P.P. and Runhaar, H.A. (2014). Evaluating environmental policy instruments 
mixes: A methodology illustrated by noise policy in the Netherlands. Journal of Environmental 
Planning and Management 57(9), 1381‐1397. https://doi.org/10.1080/09640568.2013.808609. 

Wellmann, D. (2012). The Legal Framework of State Land Leases and Concessions in the Lao PDR. 
Integrated Rural Development in Poverty Regions of Laos. http://www.laolandissues.org/wp-content/
uploads/2012/03/Legal-Framework-of-Concessions-in-the-Lao-PDR-Discussion-paper-GIZ-Wellmann.
pdf. 

World Bank (2006). Sustainable Land Management: Challenges, Opportunities, and Trade-offs. 
Washington, D.C. https://openknowledge.worldbank.org/bitstream/handle/10986/7132/366540PAPE
R0Su11PUBLIC0as0of0July71.pdf?sequence=1&isAllowed=y. 

World Bank (2010). Lao PDR Development Report 2010: Natural Resource Management for Sustainable 
Development: Hydropower and Mining. Washington, D.C. http://siteresources.worldbank.org/
LAOPRDEXTN/Resources/293683-1301084874098/LDR2010_Full_Report.pdf. 

World Bank (2017). World Development Indicators. Washington, D.C. http://databank.worldbank.org/
data/reports.aspx?source=2&type=metadata&series=ER.LND.PTLD.ZS 

World Bank (2018). Atlas of Sustainable Development Goals: World Development 
Indicators. Washington, D.C. https://openknowledge.worldbank.org/bitstream/
handle/10986/29788/9781464812507.pdf?sequence=5&isAllowed=y. 

World Health Organization (2015). Global health observatory data repository. http://apps.who.int/gho/
data/node.main.%20A897A?lang=en (Accessed: 6 November 2018).

World Overview of Conservation Approaches and Technologies (2016). World overview of 
conservation approaches and technologies. https://www.wocat.net/en/  
(Accessed: 6 November 2018).

Xiaoming, F., Fu, B., Piao, S., Wang, S., Ciais, P., Zeng, Z. et al. (2016). Revegetation in China’s Loess 
Plateau is approaching sustainable water resource limits. Nature Climate Change 6, 1019-1022. 
https://doi.org/10.1038/NCLIMATE3092. 

Xinhua (2018). China focus: China adopts new law on soil pollution prevention.  
http://www.xinhuanet.com/english/2018-09/01/c_137434559.htm (Accessed: 6 November 2018).

Xu, D., Song, A. and Song, X. (2017). Assessing the effect of desertification controlling projects and 
policies in northern Shaanxi Province, China by integrating remote sensing and farmer investigation 
data. Frontiers of Earth Science 11(4), 689‐701. https://doi.org/10.1007/s11707-016-0601-4. 

Yin, R. and Yin, G. (2010). China’s primary programs of terrestrial ecosystem restoration: Initiation, 
implementation, and challenges. Environmental management 45(3), 429-441. https://doi.org/10.1007/
s00267-009-9373-x. 

Zdruli, P. (2014). Land resources of the Mediterranean: Status, pressures, trends and impacts on 
future regional development. Land Degradation and Development 25(4), 373-384.  
https://doi.org/10.1002/ldr.2150 

Zdruli, P. and Zucca, C. (2018). Maintaining soil health in dryland areas. In Managing Soil  
Health for Sustainable Agriculture. Cambridge Burleigh and Dods Science Publishing.  
https://shop.bdspublishing.com/checkout/Store/bds/Detail/WorkGroup/3-190-56261  
 
 



Lorem ipsum dolor sit amet, consectetuer adipiscing 

elit, sed diam nonummy nibh euismod tincidunt ut 

laoreet dolore magna aliquam erat volutpat. Ut wisi 

enim ad minim veniam, quis nostrud exerci tation 

ullamcorper suscipit lobortis nisl ut aliquip ex ea 

commodo consequat. Duis autem vel eum iriure dolor 

in hendrerit in vulputate velit esse molestie consequat, 

vel illum dolore eu feugiat nulla facilisis at vero eros et 

accumsan et iusto odio dignissim qui blandit praesent 

luptatum zzril delenit augue duis dolore te feugait nulla 

facilisi.

Lorem ipsum dolor sit amet, cons ectetuer adipiscing 

elit, sed diam nonummy nibh euismod tincidunt ut 

laoreet dolore magna aliquam erat volutpat. Ut wisi 

enim ad minim veniam, quis nostrud exerci tation 

ullamcorper suscipit lobortis nisl ut aliquip ex ea 

commodo consequat.

Published to coincide with the Fourth United Nations Environmental � 
Assembly, UN Environment’s sixth Global Environment Outlook 
�(2019) calls on decision makers to take bold and urgent action  
to �address pressing environmental issues to achieve the � 
Sustainable Development Goals as well as other Internationally 
�Agreed Environment Goals, such as the Paris Agreement.    

UN Environment launched the first Global Environment Outlook 
�(GEO) in 1997. By bringing together a community of hundreds of 
�scientists, peer reviewers and collaborating institutions and � 
partners, the GEO reports build on sound scientific knowledge � 
to provide governments, local authorities, businesses and  
�individual citizens with the information needed to guide � 
societies to a truly sustainable world by 2050.     

GEO-6 builds on the findings of previous GEO reports, including � 
the six regional assessments (2016), and outlines the current � 
state of the environment, illustrates possible future � 
environmental trends and analyses the effectiveness of � 
policies. This flagship report shows how governments can put � 
the world on the path to a truly sustainable future. It � 
emphasizes that urgent and inclusive action is needed by  
�decision makers at all levels to achieve a healthy planet with � 
healthy people.     

This title is also available as Open Access on  
Cambridge Core at www.cambridge.org/core

9781108707664   U
N

: G
EO

 6.  C
over.  C

  M
  Y  K

“The sixth Global Environment Outlook is an essential check-up for our planet. Like  
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