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Introduction 
Protection of land will play a key role in achieving 10 of the 17 Sustainable Development Goals (SDGs) 
(UNEP 2019). The interrelationships between SDGs have generally shown to be synergistic and effective 
in achieving all goals (Stafford-Smith et al 2017). In this background paper, we will discuss state of the 
land resources and wilderness, the policies and strategies for ensuring land and wilderness protection in 
rural areas and their impacts on protection of land and restoration of degraded lands. The discussion is 
not comprehensive. Instead, it focuses on two to three key policies and strategies for achieving rural 
development for land protection.  

As stipulated in the Terms of Reference (TOR), the discussion hinges around three research questions: 

1) What is the current status of protection of land in the light of pressures emanating from the three 
different dimensions of rural development, namely (a) agriculture, (b) non-agricultural activities, 
and (c) infrastructure and settlements?  

 
2) What are 2-3 strategic options in each of the three dimensions, including technologies, which could 

be used to protect lands and restore degraded lands, in the most cost-effective and sustainable 
manner? 

 
 

3) What are the impacts of implementing the 2-3 strategies on achieving the sustainable development 
goals (SDGs)? 
 

To underscore the centrality of SDG15 in achieving the 2030 Agenda for Sustainable Development, the 
following section discusses the relationship between SDG15 and 10 other SDGs. This is followed by 
discussion of the status of protection of land in agriculture, non-farm activities and infrastructure. Then 
discussion of strategic options for Land Protection and Wilderness in cost effective and sustainable 
manner is given. This is followed by discussion of the impacts of the strategies on achieving the SDGs. The 
last section of the paper reflects on the policy implications of the results.  

SDG15 relationship with other SDGs 
SDG15 aims to protect, restore and promote sustainable use of terrestrial ecosystems, sustainably 
manage forests, combat desertification as well as halt and reverse land degradation and the loss of 
biodiversity. 

Figure 1 summarizes the interlinkages of SDG 15 with 10 other SDGs. SDG15 is directly interlinked with 
SDG1 of no poverty since 75% of poor people rely on agriculture (World Bank 2015). This means land 
protection and restoration of degraded lands will contribute directly to achieving SDG1. Likewise 
achievement of SDG15 will directly enhance achievement of SDG2 (zero hunger) since agriculture 
accounts for 50% of habitable land (UNEP 2019). SDG3 (good health) is directly affected by achievement 
of SDG15 since food produced on land accounts for 97% of energy and 87% of protein consumed 
(FAOSTAT 2019).   
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Achievement of SDG15 will enhance achievement of SDG5 on gender equality since studies have shown 
that ownership and control of land by women enhances gender equality in developing countries, where 
gender inequality is more severe (Meinzen-Dick et al 2019). Achievement of SDG15.1, which specifically 
aims to “conserve and restore terrestrial and freshwater ecosystems” will directly improve water 
quality. For example, producing one kilogram of beef leads to excess nutrient runoff of 365.29g of 
phosphate equivalents (PO₄eq) (Poore & Nemecek 2018).The excess nutrient runoff ends in waterways 
and eventually degrades the quality of water (Mateo-Sagasta et al 2017).  

SDG7 on affordable clean energy is directly related to SDG15 since solid and liquid biofuels are produced 
on land. Liquid bioenergy accounted for 12.4% of total global energy consumption of 370 Exajoule (EJ) in 
2017 (World Bioenergy Association 2018). About 2.8 billion people or 31% of the global population use 
woodfuel for cooking and heating (UNDESA 2019a). Woodfuel, charcoal and other solid bioenergy is the 
largest of energy in developing countries (Reid et al 2020). 

SDG9 on industry, innovation and infrastructure is strongly anchored on land. SDG9.1 aims to “Develop 
quality, reliable, sustainable and resilient infrastructure, including regional and trans-border 
infrastructure, to support economic development and human well-being, with a focus on affordable and 
equitable access for all.” Sustainability of roads and telecommunication infrastructure heavily depend on 
land management. For example, the World Bank reported that US$18 billion loss is incurred per year 
due to destruction of transport, power, water and sanitation, and telecommunications infrastructure 
due to flooding in low and medium income countries (Hallegatte et al 2019).  Infrastructure destruction 
translates into an annual loss of $391 to $647 billion for households and firms – which use such 
infrastructure (Ibid).  Such destruction could be reduced significantly if there is protection of land cover. 
On the other hand, construction of roads and other infrastructure could contribute to soil erosion 
(Seutloali and Beckedahl  2015; Yousefi et al 2016).  

SDG9.2 aims to “Promote inclusive and sustainable industrialization”, in which value addition is one of 
its indicators. Agricultural value addition in least developed countries is still low and its improvement 
will enhance land protection and restoration. Agro-processing reduces post-harvest losses and increases 
shelf life – all of which contributes to land protection (Wilkinson and Rocha 2009). This is an aspect, 
which is consistent with SDG9.4 and aims to “upgrade all industries and infrastructures for 
sustainability.” 

SDG11 on sustainable cities and communities is strongly linked with land since building material are 
derived from land. Cities occupy only 0.5% of land area (OECD and European Commission 2020), but 
their indirect land use in rural areas is estimated to be 20 times higher than their direct land use (Zeng 
and Ramaswami 2020). SDG11.1 aims to achieve “safe and affordable housing” – a target which could 
be achieved by utilizing timber, non-metal material like quarry, sand and other land resources for 
building affordable houses in slums and other neighborhoods in cities. SDG11.3 aims to achieve 
“inclusive and sustainable urbanization.” The rapid urban growth and sprawl have direct impact on land 
degradation since they are turning fertile lands into settlement – leading to soil sealing and other forms 
of landuse/cover changes, which result into land degradation (Salvati et al 2018).  

SDG13 on climate action has a direct and strong linkage with SDG15 since food production accounts for 
26% of greenhouse gas (GHG) emission (Poore and Nemecek 2018). At the same time, terrestrial plants 
and soils absorb about 9.5 PgCO2e per year or 20% of anthropogenic GHG emissions (Le Quéré et al. 
(2015). This means land management practices have a direct and strong impact on climate change 
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mitigation. For example, climate-smart agriculture are designed to simultaneously increase agricultural 
productivity, enhance adaptation to and mitigation of climate change (van Wijk et al 2020). Forests also 
play a key role in mitigation of climate change. For example Pan et al (2011) estimated that established 
and re-growing forests sequestered 73 Petagrams (Pg) of carbon per year – equivalent to 60% of global 
fossil fuel emissions 126 Pg C in 1990-2007. 

SDG14 on life below water. Agriculture accounts for 78% of the global ocean and freshwater 
eutrophication 78% (Poore and Nemecek 2018). Nutrient use efficiency and other practices will reduce 
eutrophication and contribute to achieving SDG14. 

Figure 1: SDG15 interlinkages with other SDGs 

 

 

Direct and strong linkage with SDG15 

 

Weak and/or indirect linkage with SDG15 

Sources for each SDG: 1= World Bank 2015; 2= UNEP 2019; 3= FAO et al. 2020; 5=Meinzen-Dick et al 2019; 
6=Mateo-Sagasta et al (2017); 7=Reid et al 2020; 9=OECD & FAO. 2019; 11=Cecchini et al 2019; 13= Smith et al 
2019; 14=Anderson et al 2002 
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Current status of protection of land in agriculture, non-agricultural 
activities and infrastructure and settlements 
 

Agriculture 
Land degradation affects the most agriculture – which includes cropland, grazing land and forests. 
Recent estimates by Song et al. (2018) show that between 1982 and 2016, South America and Africa 
experienced loss of forest extent while all other regions experienced gain (Table 1). Short vegetation – 
which includes grasslands, cropland and all other types of vegetation shorter than 5 m – experienced the 
most severe degradation – especially in Europe, North America and Asia (Table 1). Bare land – which is 
the most degraded land decreased – underscoring progress in restoration of degraded lands.   

Table 1: Share of degraded lands by type of biome across world regions, 1982-2016 

Region Forest net change 
short vegetation net 
change  Bare land net change  

 000 km2 % of 1982 area 000 km2 % of 1982 area 000 km2 % of 1982 area 
South America -431 -4.92 431 6.02 10 0.58 
Africa -5 -0.11 303 2.60 -266 -1.98 
Oceania 16 2.35 -82 -1.78 78 2.81 
North America 378 6.50 -308 -2.38 -46 -0.95 
Asia 992 11.73 -501 -2.30 -440 -3.16 
Europe 741 27.25 -623 -9.86 -83 -12.43 
Global 1691 5.40 -780 -1.22 -747 -2.01 

Source: Computed from Song et al. 2018. 

Forest extent has increased in Europe, North America and most Asians sub-regions – underscoring 
success stories of land restoration and protection of non-degraded lands.  In addition to the biome level 
of agricultural degradation, there are specific types of degradation – including soil erosion, soil carbon 
and nutrient depletion, overgrazing, forest degradation, and soil and water pollution due to improper 
and/or over-application of fertilizer and other agrochemicals. The discussion below briefly explores each 
of these types of land degradation.  

Soil erosion affects agriculture and nonagricultural sectors. Sartori et al (2019) observed soil erosion 
increases food price by 0.4%–3.5% in the world. Panagos et al (2018) estimated that 12 million hectares 
of agricultural land in the European Union is affected by soil erosion – an aspect that has reduced crop 
yield by 0.43% - equivalent to annual loss of 1.25 billion euro. A study by Borrelli et al (2017) showed a 
5.3% decrease in soil erosion in high-income countries and an 11.7% increase in least developed 
economies.  

Soil carbon stock has been falling in all country groups, but for different reasons. At a global level, 
agricultural land area per capita has fallen by more than 50% from its level in 1961 (Ritchie and Roser 
2020). The decline is especially high in SSA – whose per capita agricultural land area is smaller than a 
third of its level in 1961 (Richtie and Roser 2020). With limited adoption of improved production 
technologies, declining per capita agricultural land area has translated into continuous farming, which is 
more serious in developing countries with high population density.  In high and middle-income 
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countries, use of heavy machinery and deep-plowing cause compaction and loss of soil organic matter 
(SOM). For example, Krauss et al (2020) conducted a 15-year experiment and observed that topsoil SOM 
and microbial biomass in Europe increased by 25% and 32% respectively in reduced tillage plots 
compared to those under conversional tillage. Similarly, a long-term experiment at Kabete Agricultural 
research Institute in Kenya observed declining yield – largely due to declining SOM for continuously 
cultivated plots (Nandwa and Bekunda 1998). 

Soil nutrient depletion is a serious problem in developing countries whose practices include low-external 
inputs (Titonell et al 2006; Grote et al 2005). The per hectare loss of soil nutrient is highest in SSA and it 
is estimated that the cost of restoration of mined nutrients is approximately 7% of the region’s GDP 
(Craswell and Vlek 2013).  

Soil, air and water pollution from agriculture and non-agricultural sources is increasingly becoming a 
challenge. Fertilizer over-application or improper application pollute soils, water and the atmosphere. 
This paper will focus on soil pollution and will not discuss water pollution from agriculture since 
Rosegrant in this volume addresses it.  Soil pollution reduces SOM, soils’ biodiversity and regulation 
capacity (Rodríguez-Eugenio et al 2018). Soil pollution is largely caused by agrochemicals and solid waste 
from agricultural and nonagricultural sectors. For example, in China, 16% of agricultural soils are 
polluted (FAO 2018). 
 
Overgrazing is a major problem in SSA, the Benelux, North and South of the Alps and Northwestern of 
France (Hocquette et al 2018), North America, and Australia (Asner et al 2010). Overgrazing is more 
serious in arid and semiarid areas (Steinfeld et al 2006). The increasing demand for livestock is driving 
the livestock population, which is responding to the growing middle-income population and 
urbanization in middle and low-income countries. This has increased the incentive for increasing 
livestock production and eventually grazing land area in many regions (Figure 2). Unfortunately, 
livestock products are land-intensive. For example, 163.6 m2 is required to produce 100gm of protein 
from grass-fed cattle compared to only 3.4m2 from peas (Poole and Nemecek 2018). Similarly, producing 
1000 kilocalories are produced from 119.49 m2 of land compared to only 0.76 m2 from rice (Ibid). The 
grazing land expansion has been encroaching on critical habitat – thus endangering biodiversity. For 
example, grazing land expansion is the leading cause of deforestation in the Amazon region (De Sy et al. 
2015; Henders, Persson, and Kastner 2015).  

Improvement of feed conversion efficiency and importation – mainly from the South America - have 
contributed to the reduction of the pasture and cropfeeds area reduction in West Europe and North 
America (Figure 1).  

Forest degradation occurs when forest loses ecosystem service provision capacity due to anthropogenic 
activities and/or environmental changes. In this case, forest biome does not change, but its density, 
functions and structure are altered (Gao et al 2020). Fires affected about 98 million hectares in 2015 
(FAO, 2020). Causes other than fires degraded 142 million hectares of forests between 2003 and 2012 
(van Lierop et al., 2015). 
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Figure 2: Change of grazing area across regions, 1967-2017 

 
Notes: (All regions are as defined by the United Nations): SE Asia=Southeast Asia; LAC=Latin America & 

Caribbean countries: SSA=sub-Saharan African countries; NENA=Near East and North Africa; 
NAM=North America. 

Source: Extracted from Ritchie and Roser (2019). 

Non-Agricultural Activities 
There is two-way cause-effect relationship between agriculture and non-agricultural sectors – which is 
built on the key role that land plays in life on land. Industrial and mining activities have been associated 
with soil contamination that arises from improper disposal of heavy metal (e.g. Cadmium, mercury, 
arsenic), persistent organic chemicals (FAO 2018). Additionally, some large and small-scale mining sites 
are located in rainforest and other biodiversity rich sites and their activities lead to loss of biodiversity 
(IRP 2019). Soil pollution threatens achievement of the following SDG goals: 1, 2, 3, 6, 9, 11, 12, 13, 14, 
15 and 17 (Ibid) – illustrating the intricate relationship of soils with non-agricultural sector. Landrigan et 
al (2018) observed that in 2016, 16.7 million people were exposed to mercury and the majority (65%) 
were African artisanal miners. The report further shows that annual losses due to environmental 
pollution are more than US$ 4.6 trillion, or 6.2% of the global GDP (Ibid). 
 
Solid waste that end up in landfills has been increasing rapidly with income (UNEP 2015) while quantity 
of solid waste is strongly correlated with per income (Kaza et al 2018). East accounts for the largest 
share of solid waste disposal while NENA and SSA account for the smallest share (Table 2). About 44% of 
solid waste is organic (Table 2) and 38% are recyclable products – plastics, metal, glass, paper and 
cardboard (Kaza et al 2018). 
Land degradation increases the cost of land-based products and this affects non-agricultural sectors. For 
example, deforestation contributes directly to the high price of timber and non-timber products. Studies 
have shown that the Amazon deforestation has caused water scarcity in Sao Paolo, where 
nonagricultural industries are directly affected (Nobre 2014). An assessment of the cost of land 
degradation have shown that the global cost of land degradation is 2007 US$296 billion per year 
(Nkonya et al 2016). The share of the cost is much larger on non-agricultural sectors, given that 
agriculture accounts for only 4% of the global DGP (World Bank 2018). For example soil erosion alone 
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causes food prices to increase by 0.4%–3.5% (Sartori et al 2019) – an aspect which affects almost all 
sectors. 
 
 
Table 2: Solid waste by region, 2016 

 Solid waste disposal 
Region  Percent organic Total (Billion tons) Tons per capita) Percent of total 
SSA 45 0.20 0.25 9.5 
LAC 46.81 0.22 0.42 10.2 
NAM 28.3 0.28 0.97 13.3 
East Asia 33.62 0.52 0.45 24.3 
Oceania 32.89 0.02 0.39 0.9 
South Asia 51.54 0.28 0.19 13.3 
SE Asia 41.4 0.08 0.32 3.7 
East Europe 39.29 0.13 0.48 5.9 
West Europe 28.4 0.22 0.6 10.2 
Central Asia 32.84 0.01 0.2 0.7 
NENA 54.98 0.17 0.39 8.1 
World 42.04 2.13 0.37  

Notes: (All regions are as defined by the United Nations): SE Asia=Southeast Asia; LAC=Latin America & Caribbean 
countries: SSA=sub-Saharan African countries; NENA=Near East and North Africa; NAM=North America. 

Source: Computed from Kaza et al (2018). 
 
Land degradation could cause flooding – which has been shown to have an annual cost of   $36.7 billion 
across both agricultural and nonagricultural sectors (International Disaster Database 2017).  For 
example, a two-year study in China, found that manufacturing accounted for 72% of total cost of 
flooding (Figure 3). Clearing land cover is a major contributor to flooding (Marshall et al 2009).  

Figure 3: Impact of flooding across agricultural and non-agricultural sectors in China 

 

Source: Extracted from Hu et al (2019). 
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Infrastructure and settlement 
Infrastructure development could lead to sustainable land management or to degradation. A classic 
example is the impact of construction of roads in the Amazon in the 1960s, which led to more severe 
deforestation (Nelson G, Hellerstein 1997; Pfaff et al 2007). A more recent study in the Democratic 
Republic of Congo (DRC) showed that road development caused reduction of more than 2% of forest 
cover, a total carbon stock loss of 316 TgC and a 16% agricultural expansion (Li et al., 2015). However, 
impact of infrastructure is affected by strength of institutions and policies of the host country. For 
example, for the past 30 years (1990-2020), forest extent in Europe and Asia has increased (FAO & UNEP 
2020) even though road density in Europe is among the highest in the world and road density in Asia has 
increased significantly during the same period (Carter et al 2020). 

In addition to population growth, urban sprawl has been driven by rural-urban migration – especially in 
developing countries. Additionally urban population densities have been falling in high income countries 
due to inner city populations moving to suburban areas. For example, population densities of 120 large 
cities around the world decreased by 2% per year between 1990 to 2000 due to urban sprawl (Angel et 
al., 2010). Eventually, high income have greater per capita built-up area and urban sprawl than low-
income countries (EC JRC 2018; Paresi et al 2016). The urban areas in low-income countries are getting 
denser with large slums as poor people are pushed out and live exposed to open spaces (Paresi et al 
2016).  If no changes in urban population densities occur, it is estimated that global built-up area would 
account for 0.73% of land area by 2030 and if urban population densities decrease, built up area will 
increase by 140% from their levels in 2010 (Angel et al 2011).  

In addition to degradation, the urban sprawl replaces agricultural land, which has direct impact on food 
security. For example, urban sprawl has claimed about 500,000 hectares of agricultural land in Spain 
from 1975-2008 (Barbero-Sierra, Marques, & Ruíz-Pérez 2013). A study of 76 South European countries 
showed that urban sprawl occurred on high quality agricultural land and contributed to land 
degradation (Salvati et al 2018).Additionally, expansion of urban extent is encroaching on natural 
habitat, protected areas – and thus loss of biodiversity (The Nature Conservancy 2018; McDonald et al. 
2020). Urban sprawl is also encroaching on critical ecosystems like wetlands; forest habitat (Hasse and 
Lathrop 2003;).  Likewise, urban expansion has led to a 25% decrease of the area of olive farms in Turkey 
in 2006 from its extent in 1985 (Doygun 2009). About 60% of the olive extent loss was due to building 
constructions, and 40% was due to residential gardens, roads and other urban infrastructure (Ibid).  

Beyond deforestation, construction of roads contribute to soil erosion and land degradation in general 
(Eisenbies et al. 2007; Xiao et al. 2017). The impact of road construction is worse when roads are 
planned without considering their impact on drainage and other land management objectives ((Xiao et 
al. 2017). Poorly planned and/or constructed roads lead to disturbance of natural drainage system.. The 
annual cost of destruction of transport, power, and water and sanitation infrastructure in low and 
medium-income countries is estimated to be US$18 billion (Hallegatte et al 2019).  Infrastructure 
destruction translates into an annual loss of $391 billion to $647 billion for households and firms – 
which use such infrastructure (Ibid).  On the other, construction of roads and other infrastructure could 
contribute to soil erosion (Seutloali and Beckedahl  2015; Yousefi et al 2016). Soil sealing in urban area is 
one of the leading drivers of flooding. This means, land protection and restoration will affect 
infrastructure and settlement favorably. 
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Wildfires, dust storms and other land degradation processes have affected cities so much so that their 
intensity and frequency are increasing. Air quality is now the most important environmental health 
hazard in cities (UNEP 2019). The recent Sahara dust storm and the California wildfires, which traveled 
across continents shows the impacts of land degradation and its effect on air quality knows no 
boundaries and its effect could be felts thousands of miles away from its sources (Çapraz and Deniz 
2020; Cabanatuan 2020). Poor indoor and outdoor air quality is estimated to cause 6.5 million deaths 
annually (World Health Organization [WHO] 2020). 

Strategic options for Land Protection and Wilderness in cost effective 
and sustainable manner 
Technologies for achieving zero net land degradation (SDG15.3). 
The discussion in this section examines the strategies, which could be used to achieve SDG15.3 goal of 
net zero land degradation. For brevity, the discussion focuses on cropland, grazing land and forest. Key 
technologies for protection of land and restoration of degraded lands for each of the three components 
of agriculture are discussed. Given that the type, extent and severity of land degradation differs across 
countries, strategies for restoration and protection of agricultural land differ. Such differences are 
reflected in the discussion. 

Restoration of degraded croplands:  

Technologies for addressing soil nutrient depletion: The approach to address this challenge is to design 
strategies for adoption of low-cost practices, which the smallholder farmers could afford. One of such 
technologies is integrated soil fertility management (ISFM) practice, which is a combination of improved 
germplasm, organic inputs and judicious amount of chemical fertilizer (Vanlauwe et al 2010). ISFM has 
an advantage over the conventional soil fertility management since it simultaneously increases profit, 
yield, SOM, and enhances long-term productivity compared to practices, which use only inorganic 
fertilizer (Vanlauwe et al 2010; Nkonya and Kato 2020). ISFM is even cheaper when agroforestry is used 
as the organic input since it could provide up to 80% of the recommended fertilizer rates in East and 
Southern Africa (Akinnifesi et al 2010).  ISFM which incorporates agroforestry reduces or completely 
eliminates the labor-intensive challenge of transporting manure and other house refuse from 
homestead or animal kraal to crop plots. It also addresses the challenge of manure production, which 
farmers with few or no livestock face. Other combinations of organic and inorganic could significantly 
contribute to restoration of degraded lands.  

Technologies for addressing declining soil organic matter (SOM) and compaction: SOM is one of the 
indicators used by UNCCD to monitor achievement of SDG15.3 (IRP 2019). Low-cost soil fertility 
management practices have been shown to work in low-income countries – which have experienced the 
highest loss of SOM (Zomer et al 2017). Farmer managed natural regeneration (FMNR), tree planting 
and protection have been used successfully on agricultural lands in the drylands of the Sahelian region 
(Carey 2020; Reij et al 2009). The practices reduce soil erosion, increase soil carbon, soil fertility and 
provide solid bioenergy and other non-timber forest products to poor households (Bayala et al 2020). 
Additionally, the FMNR and agroforestry practices have higher profit, and increase food and nutrition 
security (Montagnini, and Metzel 2017; Bayala et al 2020; Sharma et al 2016). In the tree planting 
programs, use of native trees have been shown to be more successful than those which use exotic tree 
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(Hänke et al 2016). One of the reasons for the success of using native trees is their higher survival rate 
and adaptation to local ecological conditions. 

The low-cost FMNR and other agroforestry practices are is important given that drylands – which are 
defined as climatic zones with the ratio of the long-term mean precipitation to potential 
evapotranspiration, is smaller than 0.65 – account for 40% of global land area and are home to 40% of 
the global population (Cherlet et al 2018).  

In high and middle-income countries with highest level of mechanization, adoption of conservation 
agriculture (CA) has increased rapidly in the last two decades (Figure 4). Conservation agriculture is a 
practice that minimizes soil disturbance, maintains permanent soil cover and diversification of plant 
species.  CA increases SOM, soil fertility in general  and reduces soil erosion by up to 75% on gently 
sloping soils (Panagos et al 2018). 

Figure 4: Adoption of conservation agriculture across regions 

 
Source: Extracted from Kassam et al (2019). 

Technologies for addressing overgrazing. Low-cost technologies for addressing overgrazing is rotational 
grazing. Bogaert et al (2017) observed that soil carbon stored in rotational grazing plots was 19% higher 
than on continuously grazed plots.  A global review also found that rotational grazing increased soil 
carbon by 25% (Byrnes et al 2018). Rotational grazing is possible on drylands, which have expansive 
rangelands. Rotational grazing is becoming less amenable in mixed crop-livestock systems and in areas 
with high human population density. This suggests for other livestock feeding systems. 

Intensification could reduce the area expansion to meet increasing meat and milk demand. Livestock 
production in high-income countries have been shifting to intensive systems, which depend on high-
energy feeds in zero-grazed animals. For example, even though zero-grazed livestock (landless) system 
accounts for only 2% of total tropical livestock unit (TLU) population in the world, it produces 45% of 
meat (Figure 5).  

Livestock production systems contribute significantly to total GHG emission and this challenge needs to 
be taken into account when addressing livestock-related land degradation. The two most important 
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GHG emission from livestock are nitrous oxide (N2O) and methane (CH4). Animal manure contribute 30% 
to 50% of the global agricultural nitrous oxide emission (Oenema et al 2005) and 12% to 41% of total 
agricultural methane emission (Chadwick et al 2011). Ruminants produce about 3.3 Gt CO2-equivalent 
annually (van Middelaar et al 2011). Rainfed mixed and grazing systems account for highest enteric 
methane emission (Figure 5).  

Figure 5: Contribution of production systems to total livestock population and enteric methane 
emission (Percent)  

 
Notes:  
 Grazing: grass only production systems, in which livestock production is the only production system. 
 Rainfed mixed system – livestock and crop production, in which >90% of non-livestock production is rainfed.  
 Irrigated mixed:>10% of non-livestock production is irrigated. 
 Landless:<10% of DM fed to livestock comes from feedstocks.  

Source: computed from Steinfeld et al (2006). 
 

Multi-pronged approaches are required to address the GHG emission and environmental pollution. 
Breeding programs have generated animal breeds with up to 20% less  enteric methane emission 
(González-Recio 2020). Strategies are used for increasing feed conversion efficiency – which in turn 
reduces Nitrogen (N) and Phosphorus (P) in excreta. Livestock solid waste  –i.e.,  slurry, farmyard and 
poultry manure management  –  could contribute to reducing GHG emission and environmental 
pollution. Open pit disposal and excessive application of manure on farm lead to high GHG emission. 
Strategies which have been used to reduce N2O and CH4 emission include nitrification inhibition, 
incorporation of manure into farm and modification of feeding strategies (Chadwick et al 2011).  

Ending deforestation and restoring degraded forests (SDG15.2). 

Deforestation is most serious in SSA and South America – where the largest share of forests are publicly 
owned or under community management (FAO 2020). Addressing deforestation and forest degradation 
requires tree-planting and protection programs. As discussed earlier, planting indigenous trees have 
always been successful than using non-native species (Hua et al 2015). Using native trees avoids the risk 
of disrupting local ecosystems. Additionally, trees with multiple functions are more likely to be widely 
adopted than single-purpose trees (Benz et al 2020).  
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Protection of biodiversity:  

Aichi target 11 and SDG15.1 set goals to protect biodiversity through protected area and other 
strategies. Specifically, Aichi Target 11 sets a goal of protected area to be 17% of total land area by 2020. 
At global level, this target has been achieved, but 55% of the countries in the world have not yet 
achieved the target (Figure 6). The biodiversity protection is largely a national level policy strategy. The 
key to successful conservation programs have been strong local institutions and incentives. Such 
incentives will help investors and other actors to internalize many externalities that negatively affect 
biodiversity (Altenburg & Assmann 2017). Market-based strategies – such as biodiversity offsets and co-
management and benefit sharing with communities surrounding protected areas have been more 
successful in promoting and expanding protected areas (Buschke et al 2019). Co-management with 
surrounding communities have also been successful in countries with strong local institutions (Oldekop 
et al 2016; Shafer 2020). For example, poaching in Mburo national park in Uganda decreased 
significantly after community involvement which was implemented through its program of neighbors as 
partners (Ullah and Kim 2020; Infield and Namara 2001). Other programs which have been successful 
are those which indigenous people or local people are given full control of management and benefits, 
but under conditions of protecting biodiversity. For example, 25,000 ha of northern part of Kruger 
National Park in South Africa was given to local Makuleke tribal group and has since been managed 
sustainably (Brockington et al., 2008).   

Private and community game reserves ecotourism have been shown to contribute to biodiversity 
conservation in both in high and low-income countries (Soares 2019). However privately owned 
community game reserves have high operational costs due to their small size (Quintas-Soriano, et al 
2020;  Lee and Du Preez 2016).  

Figure 6: Achievement of Aichi Target 11 across regions 

 
Notes: (All regions are as defined by the United Nations): SE Asia=Southeast Asia; LAC=Latin America & Caribbean 

countries: SSA=sub-Saharan African countries; NENA=Near East and North Africa; NAM=North America. 
Source: World Bank raw data - https://data.worldbank.org/indicator/ER.LND.PTLD.ZS  
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Strategy for implementing land restoration and protection 
 Strategy 1: Land tenure 
The strategies for protecting lands heavily gravitates around the land tenure system, institutions and 
policies. Studies have shown that landowners are more likely to invest in long-term land improvement if 
they have secure land tenure (Abdulai et al 2011; de Soto 2001). For example, a study in Peruvian 
indigenous communities showed that giving titles to indigenous people significantly reduced 
deforestation (Blackman et al 2017).  The definition of secure tenure is contextual. Majority of land owners 
in developing countries do not have formal land title, yet they have been observed to invest as much as 
those with formal title  if they perceived security of land ownership (Barrows and Roth 1990). This suggests 
the major driver of long-term land improvement investment is perception of security, regardless of formal 
land titling (Lawry et al. 2014). However, effectiveness of land tenure security is conditional on other 
factors discussed below in strategy 2, 3 and others.  
 
Strategy 2: Improvement of agricultural marketing and other rural services in low-income 
countries: Rural services play a pivotal role in adoption of improved technologies and market 
participation. The most critical rural services, which have direct impact on agriculture, include all-
weather roads, agricultural extension and veterinary services, agricultural market infrastructure, 
agricultural water, access to credit, and communication infrastructure technology. Studies have shown 
higher adoption rate of sustainable land management practices in countries with good rural services 
(Barrett et al 2002; UNEP 2019; IPBES 2018). Controlling for other confounding factors, Kihiu and 
Amuakwa-Mensah (2017) observed that access to markets increased investment in grazing land 
improvement in Africa.  

Decisions by landowners to increase and/or continue investing in land improvement is driven by 
expected returns from such investments. Remunerative returns are  enhanced when the producers have 
access to markets to buy inputs and sell their produce. This is possible when transaction costs are not 
prohibitively high. Poor market access increase transaction costs and reduce the returns and could 
significantly reduce incentives to invest in in land improvement even when land tenure is secure.  

The agricultural extension service plays key role in all countries since land management knowledge is 
dynamic – requiring constant communication between farmers and extension agents. For example, 
Agricultural education on the benefits of no-till and conservation agriculture have also been shown to be 
very effective in increasing adoption of CA and other tillage practices in Europe (Awada et al 2014). 

Investing in rural market improvement has its synergistic advantage since it addresses the overarching 
poverty reduction programs, which is given the highest priority in most low-income countries (Singh and 
Chudasama 2020). Access to information technology has helped to increase access to financial inclusion, 
agricultural extension services and market participation. For example, over 60% of adults in SSA have a 
mobile phone account and about 45% have smart mobile phones (GSMA 2020). The strategies for 
facilitating effectiveness of information technology is to enhance coverage in remote area, strengthen 
regulations to ensure mobile financial services are reliable and are not used for illegal and extortionary 
operations. Effective regulations are even more important given that extortionary mobile financial 
services are likely to harm more severely poor and less-educated users. However, governments need to 
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avoid over-taxing mobile service. For example, recently Uganda introduced social media tax which 
decreased mobile money transfer and phone internet use in general (GSMA 2020).  
Strategy 3: Land Policies, institutions and Strategies, which create incentives for investment in 
land improvement: 
Land policies: Without incentives for communities and individual farmers, achievement of sustainable 
forest and wilderness management may not be achieved even when there are secure land tenure and 
good market access (Bennett et al 2018). National and district-level land policies and institutions need to 
be designed in a way, which creates conducive environment and incentives for investment in land 
improvement. Land and soil policies formulation in developing and middle-income countries have seen 
an increase in recent years following the severe land degradation and food security challenges. Land 
tenure, land planning and subsidy policies are among the most prominent land and soil policies which 
have driven investment strategies in developed and developing countries.  

Subsidies to farmers have been widely used around the world to incentivize farmers to adopt 
sustainable land management practices. In the European Union, subsidies – or more specifically 
payment for ecosystem services have  been implemented through the common agricultural policy (CAP) 
– which rewards farmers who adopt sustainable land management practices (Pe’Er et al 2019).  In the 
US, the Conservation Reserve Program (CRP) is one of the most ambitious programs aimed at 
incentivizing farmers and ranchers to to comply with environmental regulations and guidelines for 
controlling soil erosion, protecting ecosystems, water and other environmental enhancement programs 
(Schulte et al 2017; Bigelow and Hellerstein 2020). This is done by paying landowners to fallow 
environmentally sensitive croplands for 10 to 15 years, after which farmers could reenroll their cropland 
or choose to plant crops or other uses (Bigelow and Daniel Hellerstein 2020). The CRP program has 
helped to improve biodiversity conservation though some negative effects have also been observed 
(Schulte et al 2017; Lituma and Buehler 2020).The Great Green Wall (GGW) in 1978 to combat 
desertification in northern China. The GGW created multiple enabling factors – including National 
Bureau to Combat Desertification, the National Desertification Monitoring Centre, and research and 
training centers and a forest academy (Jiang 2016). As a result of the large-scale investment in conducive 
environment, GGW increased tree cover from 5% in  1980 to 12.4% in 2012 and the total area planted 
with trees increased by about 27 million ha  (Sternberg et al 2015). Additionally, the government has 
invested about $4billion between 1978-2007 to implement the GGW and to compensate farmers who 
are willing to plant trees to replace other land uses (Ibid).  

In SSA, input subsidies have dominated soil improvement programs. The early efforts of subsidies did 
not target properly the needy farmers and disrupted development of more efficient private input 
market development (Jayne et al 2013). However, recent programs – dubbed as smart-subsidies made 
efforts to target poor farmers and to work through private input market systems (Jayne and Rashid 
2018). Consequently, they become more successful improving food security in the short-term. However, 
the smart input subsidies still do not effectively support adoption of organic soil fertility management, 
which could contribute to climate change mitigation (Jayne et al 2018). The subsidy programs could be 
improved further by treating them as payment for ecosystem services. For example, the subsidies could 
be made on condition that a farmer has adopted easily verifiable adoption of organic soil fertility 
management practice, which sequester significant amount of carbon. Examples of easily verifiable  
organic soil fertility management practices include agroforestry and soil and water conservation 
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structures (Nkonya et al 2018). Conditional fertilizer subsidies have been shown to be acceptable to 
smallholder farmers in Malawi  (Marenya et al 2014). 

On deforestation and restoration of degraded forests, the public good nature of forests and wilderness 
in general – collective management policies have shown to be more effective and efficient than 
individual or central government management (Poteete et al 2010). This means, the key strategy for 
achieving SDG15.2 is to enhance forest policies, which give mandate to local institutions to manage 
forests and for the local people to benefit from forest resources. Prime examples of impact of farmer 
groups on forest management articulated by Ostrom’s eight principles for managing common pool 
resources (commons) (Ostrom 1990; Ostrom 2008). Long-term research by the International Forest 
Research Institute (IFRI) have shown forest resource managed collectively in Africa, India and other parts 
of the world were more sustainably managed than those managed by central government or by 
individual farmers. Additionally, a recent FAO review of community forest management showed its 
effectiveness (Gilmour 2016). Similarly, extensive review by Roe et al (2008) showed community-based 
natural resource management (CBNRM) in Africa significantly improved forest and wilderness compared 
to individually managed approach. 

A recent approach, which better articulates community-forest management, is the Forest and 
Landscape Restoration (FLR) program. FLR operates on proven approaches of community involvement in 
decision-making and implementation and equitable benefit sharing (Gichuki et al 2019; Höhl et al 2020). 
FLR implemented on public land calls for long-term resource commitment and technical support to 
reflect the long-term of nature of tree life cycle (Ibid). Forest ownership plays key role in implementing 
FLR. Community forest management has been increasing in developing countries, but is at its lowest 
level in SSA (Figure 7) – where severity of deforestation is high. The strategies to enhance community 
forest management is required to help reduce deforestation and wilderness losses.  

Figure 7: Share of forest extent owned by community across regions 

 

Notes: (All regions are as defined by the United Nations): SE Asia=Southeast Asia; LAC=Latin America & Caribbean 
countries: SSA=sub-Saharan African countries; NENA=Near East and North Africa; NAM=North America. 

Source: Calculated from Gilmour 2016. 
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Addressing degradation on existing forests is equally important. Strong policies and investment 
commitments from public and private sources are required to address forest degradation. Like the case 
of deforestation discussed above, local communities play key role in addressing forest degradation. 
Figure 8 shows that about 60% of countries in SSA and LAC – where deforestation is highest – have 
sustainable forest management (SFM) policies at local level. This is a good indication that there is strong 
political will at achieving SFM. However, policies are just the first step to ending deforestation and 
achieving SFM. There are good policies, which remain on paper and are never implemented.  The 
discussion below shows the effective approaches in implementing good policies and strategies. 

Figure 8: Sustainable Forest Management Policies at National and Local level 

 

Notes: (All regions are as defined by the United Nations): SE Asia=Southeast Asia; LAC=Latin America & Caribbean 
countries: SSA=sub-Saharan African countries; NENA=Near East and North Africa; NAM=North America. 

Source: Extracted from FAO (2015) 
 

Enhancing government effectiveness:  Government effectiveness is defined as the quality of policy 
formulation and implementation, as well as quality of public and civil services and the degree of 
independence from political pressure (Kaufmann et al 2010). Government effectiveness is a major driver 
of land restoration and protection (Nkonya et al 2016). A good example is Niger - the country – which 
reported the lowest human development index (HDI) in 2019 (UNDP 2019). After experiencing severe 
deforestation, the Nigerien government passed the Rural Code statute, which gave land owners 
mandate to manage resources at local level (Carey 2020; Stickler 2012). Additionally, the 2004 forestry 
law gave landowners tree tenure for trees on their farmland (Adam, et al. 2006; Abdoulaye et al, 2005; 
Carey 2020). These and other changes improved Nigerien government effectiveness at a much higher 
rate than other countries in West Africa (Moussa et al 2016). The tree tenure incentivized landowners to 
plant and protect trees. The value of timber and non-timber forest products increased significantly, 
since deforestation created severe shortage (Specht et al 2015). There was no expensive government 
programs in implementing tree planting, and protection program (Carey 2020), yet Niger succeeded in 
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significantly reducing deforestation. Such institutional changes and incentives contributed to the 
regreening of the Sahel (Herrmann, et al 2005). The success story in Niger demonstrates that other 
countries – with higher HDI – could do even better. The results from Niger demonstrated the key role 
that incentives play in achieving sustainable forest and tree management even among the poorest 
landowners. Accordingly, the 2018 New York Declaration observed the key role which  governance plays 
in forest protection (UNDP 2018). Governance is weakest in sub-Saharan Africa (SSA) and South Asia 
where land degradation is more severe. Governance is highest in West Europe, North America and East 
Asia (World Bank 2019) where land degradation is lowest (Table 1).  

One of the most important strategies for increasing government effectiveness is decentralization and 
strengthening local institutions. As discussed earlier, giving mandate to local communities to manage 
natural resources is more effective than centralized management. A study covering eastern and western 
African countries at different levels of decentralization showed higher propensity of local communities 
to enact natural resource byelaws and regulations than in countries with lower degree of 
decentralization (Nkonya et al 2015). Similarly, a study in Uganda  showed that compliance with byelaws 
and regulation enacted by local councils was significantly higher than those enacted by higher 
authorities (Nkonya et al 2008). Ceddia et al (2014) also found that good governance was significantly 
correlated with agricultural intensification, which in turn led to contraction of agricultural land – 
resulting in sustainable intensification in South America. 

In middle and high-income countries where government effectiveness is high, the strong local 
institutions play pivotal role in implementing participatory natural resource management. For example, 
more than 95% of European Union forests are managed and governments effectively regulate human 
intervention (EEA 2016). Over 60% of EU’s forests are privately owned, but managed under government 
regulations (Ibid). Even though the largest share of forest area is under private ownership, the policies 
and regulations have been very effective because they were formulated collaboratively and with strong 
stakeholder participation and consensus building. The policies take into account the profit incentives of 
businesses and environmental objectives of the government and civil societies (Ibid).   
Strategic options for sustainable and cost-effective infrastructure and 
settlement pattern  
The land-specific technologies for achieving sustainable and cost-effective infrastructure and settlement 
pattern include:  

Sustainable urban planning Technologies.  
Innovations in remote sensing and high-resolution data have allowed planners to accurately develop 
greener cities (Hernández-Moreno 2009). Additionally, computer modelling have allowed planners to 
assess environmental impact of settlement development strategies. Environmental monitoring and 
evaluation have always been one of the overarching challenges in planning sustainable settlement and 
these new technologies are contributing to addressing this challenge.  Such technologies and data will 
also help to address a serious land degradation challenges. For example, road construction in urban and 
rural areas could cause serious erosion if not constructed in a way, which incorporates the hydrological 
and topographical features. Construction of roads that do not cause soil erosion is limited in developing 
countries due to limited human and financial resources (Seutloali and Beckedahl, 2015). The cheap or 
freely available remote sensing data have allowed developing countries to use high-resolution 



18 
 

topographical and hydrological data, which could help in designing and constructing roads that don’t  
cause oil erosion or encroach on critical habitats (Ibid).  

Construction accounts 40% of the natural resources extracted in high-income countries and 70% of the 
electric energy consumption (Franzoni 2011). This means, technologies for construction material have 
the potential to significantly reduce the negative environmental impacts of buildings. For example, 
super-hydrophobic cement is more durable and it changes its microstructure to make it absorb and 
reflect light – an attribute which could replace streetlights (Johnsson,). Similarly, LED (Light Emitting 
Diode) are being replaced with more energy efficient OLED (Organic LED). These are some of the 
examples of many innovations which are being used to build greener cities. 

 Metro and regional transportation system technologies:  
A significant number of innovations are coming into market, with favorable environmental impacts. 
Among these are self-healing concrete – which reduce number of energy-intensive repairs, vehicle to 
vehicle (V2V) communication, vehicle to infrastructure communication (V2I) and many others have been 
shown to increase road safety, energy-saving and other benefits (Hock et al 2019). Google map and 
other navigation technologies have also helped drivers to avoid traffic – which waste both time and 
energy (Choi et al 2016; Hay et al 2011). The Technologies of Personalized Transit (TPT) and Intelligent 
Transportation Systems (ITS) have been used to address the growing challenges of congested and unsafe 
urban transportation systems (Bekiaris 2019). Some ITS technologies have designed to minimize 
environmental impacts of transportation and energy consumption (Bento et al 2019; Barth and 
Boriboonsomsin 2009). 

Technologies for addressing soil sealing:  
Using permeable material for building pavement, roads and other infrastructure could help in 
addressing the growing soil-sealing problem. A study in Europe has shown that addressing soil sealing by 
using permeable material and green infrastructure and water harvesting strategies are more effective 
than mitigation and compensation (EU 2012). 

Strategy 1: Integrated and Green Urban and Infrastructure Development  
Green city planning has also gone beyond environment – as equity, inclusive and participatory planning 
and city management – are increasingly being included (Hatch 2019; Plastrik and Parzen. 2013). The 
inclusive, participatory strategy creates incentive mechanisms to encourage sustainable land use and 
protection of the environment and is consistent with SDG 11.3.1 “Enhance inclusive and sustainable 
urbanization and capacity for participatory, integrated and sustainable human settlement” and SDG 
11.3.2:  “…. direct participation structure of civil society in urban planning and management that operate 
regularly and democratically.” The inclusive and participatory planning creates understanding and 
justification of taking into account sustainable urban planning and it ensures that all key stakeholder 
needs are considered in zoning. The stakeholder involvement in planning and managing the urban socio-
economic dynamics have been shown to significant contribute to creating green cities (Hölscher et al., 
2019; EGC 2020). Such cities have implemented strict zoning – which protects open space, forests, 
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wildlife habitat, and watershed health1. For example, city centers are growing greener in high-income 
countries – contributing the improved urban biodiversity (Salvati et al 2016).  

Empirical evidence have shown that multi-pronged, inclusive and collaborative urban planning have 
reduced the negative effects of urban growth on land degradation in the Mediterranean regions of 
southern Europe and northern Africa (Salvati et al (2014). In developing countries – which are 
experiencing the most serious urban planning challenges, there are success stories, which demonstrate 
that even poor countries could achieve SDG13.1. Kigali city designed the Smart City Master Plan, which 
lays out sustainable urban development plans that meets the economic and social needs of the fast 
growing country (UN Habitat 2015). The city masterplan developed pedestrian and cycling corridors to 
enhance green public transit system. The private sector, local government, NGOs, civil society and 
investors are participating in this Kigali Master Plan implementation. In 2008, Kigali won the UN Habitat 
Scroll of Honor for successfully reducing slums, modernizing refuse collection, wastewater management, 
and providing housing. One of the most interesting feature was the dedication of one day for cleaning 
the city – all of which have made the city one the cleanest in sub-Saharan Africa.   One of the most 
interesting feature – which reflects consideration of the predominance of agricultural sector in the 
country’s economy, the Master Plan integrated urban and peri-urban horticulture. With guidance from 
the United Nations Food and Agriculture Organization (FAO), authorities are promoting production of 
fresh fruits and vegetables in well-designed zones. Incorporation of horticultural production in the city 
planning has contributed to increasing urban food and nutrition security as well as boosting farmers’ 
incomes.  

Transport planning is key to achieving green cities. The transportation system allows metro and sub-
urban residents to be sustainably connected. This is possible when the transport system plans prioritizes 
modes of transportation, which minimizes GHG emission. For example, giving mass transit system fast 
lane space – which is becoming common even in developing countries.  Additionally, transportation 
system planning need to plan for non-motorized transportation (walking, bicycle lanes, etc), which have 
both health and environmental benefits (Poswayo et al., 2019). These strategies will contribute to 
achieving SDG3.6 – which aims to reduce by half road fatalities and injuries by 2020. Likewise, the 
strategies will contribute to achieving SDG11.2 – which aims to increase access to safe and affordable, 
accessible and sustainable transportation and improving road safety in urban areas.   

Success of these programs will be realized if there is strong monitoring, evaluation mechanism, and 
incentive mechanism for those who perform better in achieving green city and infrastructure programs. 
Unfortunately, there is limited monitoring and evaluation of green infrastructure development and 
reward mechanisms in low- and middle-income countries (Schäffler and Swilling 2013). As shown above, 
such shortcomings could be used to using remote sensing data.  

 

Strategy 2: Market-Driven Smart Sustainable Urban and Infrastructure:  
The market-based approach in urban planning internalizes the environmental costs to ensure the 
market-oriented population assigns monetary value to natural resources and environment in decision-

 
1 The European Green Capital is based on 12 environmental indicators: Climate Change Mitigation; Climate change 

adaptation; Sustainable Urban Mobility;  Sustainable Land Use; Nature and Biodiversity; Air Quality; Noise; Waste;  
Water; Green Growth and Eco-innovation; Energy Performance and Governance (EGC 2020). 
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making processes (Dale and Hamilton 2007). This requires careful studies to determine the footprint of 
infrastructure and settlement development. The need for education and awareness creation also plays a 
key role in informing inhabitants and building sense of pride and environmental responsibility 
(Caramaschi 2014).  

The market-based approach in infrastructure and settlement planning is illustrated by the experience in 
Canada, which have shown that market-based approaches to developing sustainable infrastructure and 
settlement patterns work better than non-market forms of planning.  

 As articulated earlier, new technologies play pivotal role in operating market-oriented urban operations 
and in helping businesses to respond to fast-changing business environment. 

Strategy 3: Strong –Rural-urban food system:  

An international policy pact on rural-urban collaboration to ensure sustainable food systems was 
established in 2015 under the Milan Urban Food Policy Pact (MUFPP) (Clinton et al. 2018). It challenges 
urban policy makers and planners to enhance sustainable natural resource use and management, food 
safety and security food policies (Forster et al. 2015). Such objectives could be achieved through 
designing food supply and distribution systems, which reduce food waste, as well as coordinating the 
food supply and demand (Ibid). MUFPP is especially important in low-income countries – where road 
and marketing infrastructure bears the hallmark of export crop history, which ignored the food crop and 
livestock marketing system (Balat et al 2008; Mendes et al 2014). Under MUFPP and similar programs, 
the need to create a strong rural-urban relationship is growing as food tastes and preferences are 
changing fast in response to growing middle-class in urban areas (Hirvonen et al 2020; Béné et al 2019). 
Such changes creates a conducive environment for implementing bold strategies for realizing 
sustainable rural-urban food systems.  

The urban food system has responded to this new dynamics through a fast growth of supermarkets, 
which cater for the middle-income population (Reardon and Hopkins 2006). Unfortunately, the 
smallholder have not responded to the growing urban demand for high quality agricultural produce. This 
has forced the supermarkets to be importing high quality food – denying the smallholder farmers to 
exploit the emerging market. This means, smallholder farmers in developing countries need to be 
organized in groups to help them meet the high quantity and quality demand of urban consumers 
(Bizikova et al 2020; Balat et al 2008). 

The roads and market infrastructure discussed in strategy 1 above need to facilitate better connection 
between rural producers and urban consumers, in a way, which promote better access to domestic 
markets, which – as discussed earlier contributes to adoption of land improvement technologies. The 
ICT technologies which are currently widespread in rural areas should also be utilized to connect farmers 
to the urban market and for promoting collective marketing, all of which have been shown to enhance 
adoption of sustainable land management practices. The combination of the green and smart rural-
urban transportation and marketing infrastructure coupled with organized farmers will contribute to 
land protection (Bizikova et al 2020). 

Change diets to less meat and more plant-based food: Meat carbon footprint is quite high. A kilogram 
of grass-fed cattle produces 60 kgCO2-equiv (Poole and Nemecek 2018). In general, plant-based food 
carbon footprint is 10-50 lower than animal-based food (Ibid). This suggests that promoting plant-based 
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diets will significantly reduce food carbon footprint (Smith et al 2019). This strategy will contribute to 
achieving SDG13 of reducing the warming of 1.5oC. However, it will involve tradeoffs with SDG1 on food 
security (Smith et al 2019). For example, Frank et al (2017) estimated that reducing global warming to 
1.5 °C, could result to a loss of 110–285 kcal per capita per day in 2050 – increasing population with 
malnutrition by 80-200 million people. Such tradeoffs need to be taken into account as countries design 
their strategies for rural-urban food systems. 

Non-agricultural activities in urban and rural areas 
In this section, we concurrently discuss the technologies and strategies to highlight their strong 
relationship. The focus on land since terrestrial water aspects are covered by Rosegrant paper in this 
volume. 

Strategy 1: Eliminating soil pollution  
Polluter-pays principle strategy has  been used effectively in high income countries include (FAO 2018). 
Robust monitoring and evaluation (M&E) strategies are required to accurately determine liability and 
diffusion of pollution. However,  lack of data and M&E remains a challenge in many countries (UNEP 
2018). Data and M&E approaches for determining impacts of projects impacts on Environmental impact 
assessment (EIA): Strong EIA is required  to ensure new investments do not pollute the environment. EIA 
in many countries are under the Ministry of environment. Compliance with EIA recommendations 
heavily relies on a wide range of other ministries and departments – including the justice, law 
enforcement and others. Coordination of the ministries and department is critical in making EIA 
recommendations enforceable.  

Remediation and management of polluted soils. Remediation is required for cases whose pollution could 
be reversed. If irreversible, strategies need to be used to manage polluted soils to contain its negative 
environmental and health effects. Database and M&E would help in implementing of such challenges 
(UNEP 2017). As part of strategies to prevent soil pollution, is to integrate non-tradable ecosystem 
services in planning and development in general (UNEP 2017).  

Strategy 2: Nonfarm activities in rural areas  
Non-farm activities in rural areas are closely interlinked with land and agricultural production. Current 
efforts of rural industrialization – which many developing countries are pursuing, are crucial in 
modernizing the agricultural sector – which has limited processing and consequently high post-harvest 
losses. Ensuring that rural non-farm activities and industrialization support sustainable agricultural 
production, processing and consumption is key to land protection. Studies have shown that non-farm 
activities help farmers afford investing in landscape conservation (e.g. Barrett et al 2002; Issahaku and 
Abdul-Rahaman, 2019; Tanui et al 2013). With increasing population in urban and rural areas in 
developing countries, the need to diversify from agriculture to nonfarm activities could lead to a win-
win-win result – reducing the pressure on land, creating employment and reducing post-harvest losses. 
If done in a coordinated way, such strategy could lead to sustainable land management.  

Studies have shown that increasing access to credit, ICT and electricity enhances entrepreneurship and 
start-up of nonfarm activities (Alemu and Adesina 2017; Reardon et al 2007). Access to these resources 
help rural communities to exploit the demand-pull factor (Lebhart 2002; Möllers 2006). The rural non-
farm activities are attractive to the youth and other vulnerable groups since they could easily adopt ICT 
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technologies which help run small businesses as well as exploiting the growing high quality food and 
agricultural demand. The non-farm activities and rural industrialization will also help the youth to avoid 
the distress-push factors, in which rural population are pushed into poorly paying urban jobs – a 
phenomenon which is currently prevailing in many countries (UNESCO 2018).  

Strategy 3: Green industrial revolution: 
The European Union has recently announced its Green Deal (EGD) while South Korea has announced its 
Green New Deal (GND). Additionally, Germany is planning to restructure its energy and transportation 
sectors to make them greener. The United Kingdom has also announced its Green Industrial Revolution. 
Among other goals, the country will ban use of petrol and diesel cars by 2030. The Netherlands, Norway, 
France, the UK, Sweden, and Ireland have also announced plans to end petrol and diesel cars at different 
years spanning from 2025-40. These and other initiatives are demonstrating the new direction of 
decarbonization of industries and transportation sectors.  Achievement of these objectives will heavily 
rely on manufacturing. As shown in section 1, SDG9 (industries, innovations & infrastructure) is directly 
connected to SDG15 through the raw material used for manufacturing.  The Manufacturing sector has 
great potential for helping the world not to exceed the planetary boundaries (Altenburg, & Assmann 
2017). Manufacturing could help to produce labor-saving technologies which could help land users to 
adopt sustainable land management practices and technologies.  

Other strategies have been designed to achieve a greener industrial sector. The discussion below 
examines two strategies, which could help non-agricultural sectors to contribute to land protection and 
restoration of degraded lands 

(i) Circular economy: Innovations in organic recycling and reuse are gaining traction. Recycling has the 
potential to reduce natural resource use in all countries. Recycling strategies are driven by 
innovations, which decrease the cost of recycling practices. Recycling will reduce the landfill disposal 
which is contributing to the solid waste pollution and GHG emission. Education, regulations and 
incentives increase recycling among consumers in high-income countries.   

 
(ii) Bio-economy: Increasing bio-efficiency increases the value and duration of use of natural resources 

in the economy. Bio-economy also seeks to substitute fossil fuel energy with renewable resources 
(Heimann 2019). There are tradeoffs, which need to be taken into account. For example, biofuels 
could contribute to decarbonization but at the same time could lead to reduction of biodiversity and 
compete with food security objectives (Smith et al 2019). Efforts to educate consumers and enforce 
labeling and certification has been shown to be effective in changing consumer behavior (Price 
2014).  

(iii) Incentive mechanism to reward green technologies: Electric car programs are currently growing 
fast. The current large fuel subsidies – which in 2015 was US$5.2 trillion – or 6.5% of global GDP 
Globally) (Coady et al 2019)2 – could be used to incentivize generation and operation of green 
technologies  

 
 
 

 
2 The countries providing subsidies (with value in brackets are: China ($1.4 trillion), United States ($649 billion), 
Russia ($551 billion), European Union ($289 billion), and India ($209 billion) (Coady et al 2019). 
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Scenarios for SDG15 and Aichi Target 11 
The discussion in this section examines two scenarios of achieving SDG15 and Aichi Target 11. The 
baseline scenario assumes business as usual (BAU) when no action is taken to combat the ongoing land 
degradation. The optimistic scenario assumes that strategies in the three areas discussed above are 
implemented simultaneously to exploit their synergistic attributes in an effort to address land 
degradation and protect non-degraded lands.  

Scenarios for SDG15.1 and Aichi target 11 
Forest BAU: Since 1990, deforestation has claimed about 30% of global forest cover and 20% of standing 
forest has been degraded (Griscom et al 2017). The rate of deforestation has been increasing in tropical 
areas - especially in sub-Saharan Africa (SSA) and Latin America (FAO and UNEP 2020). Forest areas in 
temperate countries have increased – leading to the global total forest area to increase of forest area by 
23.6 million ha (Mha) between 2000-10 and by 3.1 Mha between 2011-19 (Ibid). One notable upside 
captured by the new assessment is that the area of forest in protected areas globally has increased by 
191 million hectares since 1990 and now 18 percent of the world's forests are located within protected 
areas, and South America is home to the highest share of protected area. This suggests the SDG15.2.1 
and Aichi Biodiversity targets to protect at least 17% of terrestrial area by 2020 has been surpassed at 
global level. The deforestation rate fell by about 40% from 7.8 Mha per year in 1990–2000 to 4.7 Mha 
per year in 2010–2020 (FAO 2020). Since 2015 when the SDG2030 were adopted, the annual rate of 
deforestation decreased by 17% from 12 Mha in 2010-15 to 10 Mha in 2015-20 (Ibid). However, the 
global level achievement is hiding the regional level challenges – especially in SSA and Latin America, 
where forest area has declined in the last decade (Ibid).  

Optimistic goal: The optimistic scenario is to completely eliminate deforestation and ensure sustainable 
forest management (SFM). The Bonn Challenge aims to bring 150 million hectares of deforested and 
degraded land into restoration by 2020 and 350 million hectares by 2030 (FAO & UNEP 2020). The focus 
will be in the tropical areas – especially SSA and Latin America – where deforestation is still high. Natural 
regeneration is cheapest approach and it is not surprising that 93% of forest area is based on natural 
regeneration and only 7% is planted forest (FAO 2020). As discussed earlier, designing policies and 
strategies, which give incentives to land users to invest in forest restoration, have worked in Niger and 
Europe.  

Agriculture 
Scenarios for SDG15.3 By 2030, combat desertification, restore degraded land and soil, including land 
affected by desertification, drought and floods, and strive to achieve a land degradation-neutral world.  

Agricultural land degradation BAU: Under BAU, about 25% of the agricultural land area is degraded (Le 
et al 2016).  Le at (2016) masked agricultural land, which receives large quantities of fertilizer and other 
inputs to mask degradation. Excluding areas with high input intensity, Table 3 shows that at global level, 
degraded cropland area as share of total cropland area will increase from 40% in 2020 to 50% in 2030 
under BAU. Degradation of grassland is more severe. At the global level, grassland degradation is 
expected to increase from 52% in 2020 to 66% in 2030 under BAU. The NENA region reported the 
highest rate of cropland and grassland degradation while Europe (both east and west) reported the 
lowest cropland degradation.  
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Table 3: Trend of cropland and grassland degradation, 2020 – 2030 under BAU 

 Cropland Grasslands 

 2020 2030 2020 2030 
 Percent degraded 
East Europe 21 26 22 28 
West Europe 22 28 32 40 
NAM 27 34 70 88 
Oceania 27 34 55 70 
SSA 35 44 52 66 
South Asia 36 46 55 70 
LAC 40 50 38 48 
World 40 50 52 66 
East Asia 48 60 38 48 
Central Asia 51 64 35 44 
SE Asia 51 64 55 70 
NENA 71 90 82 95 

Notes: (All regions are as defined by the United Nations): SE Asia=Southeast Asia; LAC=Latin America & Caribbean 
countries: SSA=sub-Saharan African countries; NENA=Near East and North Africa; NAM=North America. 

Source: Computed from Le et al (2016). 

Optimistic scenario: The optimistic scenario is consistent with the SDG15.3 of zero net land degradation. 
This implies restoration of all degraded cropland and grasslands. The strategies for achieving such 
optimistic scenario is dependent on how countries will design strategies for achieving such restoration.  

Figure 9: Cropland soil organic carbon (SOC) under BAU and optimistic scenario across regions  

 

 
Notes: (All regions are as defined by the United Nations): SE Asia=Southeast Asia; LAC=Latin America & Caribbean 

countries: SSA=sub-Saharan African countries; NENA=Near East and North Africa; NAM=North America. 
Source: Extracted from Zomer et al 2017. 
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Restoration of soil carbon is one of UNCCD’s indicator of SDG15.3. Figure 9 shows the baseline and 
optimistic scenarios of increasing soil carbon across regions. East Europe, Central Asia and West Europe 
has the lowest gap between BAU and optimistic scenario, while South Asia and sub-Saharan Africa have 
the widest gap. Technologies and strategies for helping countries achieve the optimistic scenarios have 
been discussed in the sections above.  

Scenarios for sustainable and cost-effective infrastructure and settlement pattern  
BAU: Under BAU, urban expansion will increase as shown in Figure 10.  

Figure 10: Urban expansion in 2030 under BAU 

 

Notes: (All regions are as defined by the United Nations): SE Asia=Southeast Asia; LAC=Latin America & Caribbean 
countries: SSA=sub-Saharan African countries; NENA=Near East and North Africa; NAM=North America. 

Source: Extracted from Seto et al 2012. 
 

Built-up areas account for about 0.6% of land surface and expected to reach 2% by 2050 if the current 
uncontrolled expansion is not checked (IPBES 2019). If current urban population growth remain stable, 
built up areas in 2050 is expected to triple in developing countries and increase by 30% in developed 
countries from their levels in 2000 (Ibid).  

Optimistic goals of reducing urban expansion and sprawl: 

 A study by UNDP-IRP (2018) showed that if all multiple strategies are applied, urban land use could be 
reduced by about 20 to 40% - depending on the country. The same strategies could reduce GHG 
emission from cities by 40% to 60% (Ibid).  

Scenarios for non-agricultural sectors 
BAU: Extraction of resources poses the danger of exceeding the planetary boundaries. The current 
annual resource extraction is increasing at a rate of 1.8% (Figure 11).  
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Optimistic scenario: Combined efforts circularity and bio-economy will help reduce the resource 
extraction from the baseline of 1.8% annual growth to 1.6%, which will lead to a reduction of annual 
resource extraction from 200 billion tons to 110 billion tons (Figure 11). This will significantly reduce soil 
pollution and other environmental effects. Additionally, reduced resource extraction will contribute to 
achieving the Aichi target 11 and other SDGs.  

 

Figure 11: Global annual resource extraction and growth rate under BAU and optimistic 
scenario, 2015-30 

 

 
Source: Extracted from IRP (2019). 
 

Conclusions: Priority Strategic Options 
Prioritization of strategic options is required to help countries to quickly and simultaneously achieve 
multiple Sustainable Development Goals (SDGs) and Aichi Target 11. The strategy for achieving SDG15.3 
– net zero land degradation – will increase agricultural productivity – thus directly enhance food and 
nutrition security; increase soil carbon sequestration and household income. This in turn will directly 
contribute to achievement of SDG2 – zero hunger; SDG3 – good health and wellbeing; SDG13 – climate 
change mitigation; and SDG1 – no poverty. Widespread adoption of these technologies is conditional on 
existence of policies and strategies, which build an efficient market infrastructure and incentives that, 
reward the adopters of sustainable natural resource use and management. Secure land tenure, and 
strong local institutions are also required to facilitate farm and community level adoption of sustainable 
land management (SLM) practices and achievement of SDG5 – gender equality. Additionally, exploiting 
the information technology and other innovations offers a big potential for enhancing diffusion of the 
SLM practices.  

On the infrastructure and settlement dimension, the priority is on enabling inclusive and participatory 
planning. This will allow all stakeholders to have a sense of ownership of the planning, management and 
governance processes of infrastructure and settlements.  In turn, this will lead to achievement a number 
of targets of SDG9 on industry, innovations and infrastructure as well as SDG7 – affordable and clean 
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energy. Similarly, the nonagricultural sector have the potential to generate technologies which will 
increase adoption of SLM practices as well as reducing its resource extraction, which in turn will 
facilitate achievement of several targets of SDG11 – sustainable cities and communities. The discussion 
below summarizes priority technologies and strategies for achieving the relevant SDGs in each of the 
three dimensions – agriculture, infrastructure and settlement and non-agricultural activities. 

Agriculture: Selection of the technologies which could be used to achieve SDG15.3 need to be based on 
their effectiveness, and existence of strong supporting rural services. For the low-income countries – 
where land degradation is most severe, integrated soil fertility management (ISFM), and agroforestry 
practices are low-cost practices which not only increase agricultural productivity, but reduce use of 
inorganic fertilizers, which are expensive and have the potential to pollute water and the environment in 
general. Conservation agriculture is another low-cost practice with significant environmental benefits 
related to reduction of GHG emission and enhancing long-term soil productivity.  

Combatting deforestation and forest degradation heavily gravitates around policies and institutions, 
which provide incentives for land users to securely invest in long-term tree planting and protection. This 
includes secure land tenure, local institutions to effectively manage community forests and national 
forests in which surrounding communities participate in management and benefit sharing.   

For livestock, intensification has socio-economic and environmental benefits that even smallholder 
farmers in developing countries have been able to realize. For example dairy productivity among 
smallholder farmers in Kenya is among the highest in developing countries (FAO 2011). However, 
intensification need to be accompanied by proper strategies for reducing the GHG emission and 
environmental pollution of solid waste – a challenge that is more serious in high-income countries.  

Infrastructure and settlements:  Emerging sustainable urban planning technologies have a large 
potential to build sustainable infrastructure and settlement. Innovative technologies – such as electric 
and/or hybrid cars, navigation systems and other innovations have been shown to simultaneously 
reduce GHG emission and accidents, improve mobility efficiency and coordinate complex transport 
systems – even in among poor communities in remote areas. For example, the information technology, 
and remote sensing are enhancing participation of the youth and other vulnerable groups – even those 
in poor communities in remote areas. Likewise, remote sensing and drone technologies are helping to 
capture low-cost or free longitudinal databases, which are highly relevant for monitoring and evaluation 
of the environmental processes – which in most cases change slowly. Additionally, impacts of 
interventions on the environment have a long have long-lag periods – thus highlighting the importance 
of capturing longitudinal data at low-cost.  

Effectiveness of infrastructure and settlement planning heavily gravitates around inclusive and 
participatory approaches in which all stakeholders are involved. Inclusive and participatory planning 
creates sense of belonging, understanding and justification of taking into account sustainable urban 
planning and it ensures that all key stakeholder needs are considered in zoning. The stakeholder 
involvement in planning and managing the urban socio-economic dynamics have been shown to 
significant contribute to creating green cities 

Non-agricultural activities: Manufacturing and other non-agricultural activities lead in innovations for 
preventing the world from exceeding the planetary boundaries. Additionally, these sectors account for a 
big share of resource extraction. Incentives for creating and adopting sustainable natural resource use 
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and management are required to help their widespread adoption. Innovations in circular economy and 
Bioeconomy will help in reducing the resource extraction, which in turn will enhance achievement of a 
number of SDGs. As for the other dimensions discussed above, inclusive and participatory governance 
have shown to be very effective in all countries.  
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