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5Threats and potential remedies

2. The trade-offs in multi-purpose land use

2.1 Introduction 

Ecosystem health is directly addressed in several SDGs, 
while it is an implicit requirement in others. With an 
expanding population and developing economies, 
the pressure on land for food production has been 
relentless and has often led to the loss of other essential 
ecosystem services (ESSs). Unsustainable pressure 
on natural resources threatens the very ecosystem 
services on which the global food system depends 
(Howe et al., 2014). Thus, conserving natural resources 
is fundamental to sustainable production in the long 
term, especially given the vulnerability of agriculture 
and fisheries to climate change (Berry et al., 2006).

Finding a just and sustainable trade-off between food 
production and one or more of the other ESS is about 
equitably optimizing a dynamic and complex 

socio-ecological system. Figure 2.1 shows on the 
vertical y-axis food production as a societal imperative 
and on the horizontal x-axis, other ESSs that are 
derived from land with variable value to on- and off-site 
stakeholders. For simplicity, we depict a linear trade-
off relationship but in fact, the shape of the trade-off 
curve will vary for the different ESSs and contexts. 
Finding satisfactory solutions for a simple trade-off with 
multiple stakeholder interests in mind is complex and 
this complexity increases exponentially as more ESSs 
are added to the mix (Schindler and Hilborn, 2015). 
To illustrate the trade-off dilemma, four representative 
ES services – climate change mitigation, water 
storage, biodiversity, and space for infrastructure – are 
considered here.
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Figure 2.1 Simplified visualization of key guiding principle in trade-offs in ecosystem services.

2.2  Land for food and  
climate change mitigation

Agriculture is the major consumer of the world’s land 
and water resources and is an important contributor 
to greenhouse gas (GHG) emissions (Alig et al., 2010). 
Land conversion to agriculture is the principal driver 
behind deforestation worldwide. Some 24% of global 
GHG emissions are attributable to agriculture (13%) 
which increased until 2010 (Smith et al., 2014), as well 
as land-use change (11%), which has been increasing 
since 2008 (Le Quéré et al., 2016). The scale of global 
emissions from agriculture and land-use change is 
increasing because of population growth, growing 
consumption of meat and dairy products, and the rising 
use of nitrogen fertilizers. Conversion to agricultural 
land presents a trade-off to society because the same 
land used for providing essential food, feed, fiber, and 
biofuels, could store large amounts of carbon in soils 
and biomass in its natural state and thereby mitigate 
climate change. Expanding croplands to meet the 
needs of a growing population, changing diets, and 

biofuel production comes at the cost of reduced 
carbon stocks in natural vegetation and soils (West et 
al., 2010). Leveraging the mitigation potential of the 
land sector is therefore important in meeting emission 
reduction targets, in addition to adapting to a changing 
climate (IPCC, 2014).

Different ecosystems store different amounts of carbon, 
depending on their species composition, soil types, 
climate, relief, and other biophysical features. The 
amount of carbon stored in plant biomass ranges from 
3 Gt in croplands to 212 Gt in tropical forests while soil 
carbon stocks range from 100 Gt for temperate forests 
to 471 Gt for boreal forests (Table 2.1). The boreal 
forests and wetland biomes have the highest density 
of carbon storage. Soils generally hold more carbon 
than vegetation across biomes and account for 81% of 
terrestrial carbon stock at the global level (Table 2.1). 
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Biomes

Area  

(million km2)

Carbon stocks (Gt C) and proportion in the ecosystem (%)

Vegetation Proportion (%) Soils Proportion (%) Total

Tropical forests 17.6 212 49.5 216 50.5 428

Temperate forests 10.4 59 37.1 100 62.9 159

Boreal forests 13.7 88 15.7 471 84.3 559

Tropical savannas 22.5 66 20.0 264 80.0 330

Temperate  
grasslands

12.5 9 3.0 295 97.0 304

Deserts 45.5 8 4.0 191 96.0 199

Tundra 9.5 6 4.7 121 95.3 127

Wetlands 3.5 15 6.3 225 93.8 240

Croplands 16 3 2.3 128 97.7 131

Total 151.2 466 2011 2477

Proportion (%) 19 81 100

Table 2.1 Carbon stocks in vegetation and top 1 meter of soils of world biomes. 

Source: Watson et al. (2000).

The average carbon loss resulting from converting 
natural ecosystems to croplands is highest in the 
tropics (120 t C ha-1) as tropical forests store much 
more above-ground biomass carbon than any other 
biome. Carbon–crop trade-off analysis shows that 
nearly three times as much carbon has been lost 

per tonne of crop yield in the tropics compared to 
temperate regions (Figure 2.2). The high carbon loss 
per unit crop yield in the tropics results from two 
factors: the combined highest average carbon loss from 
conversion and the lowest average crop yield values.
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Figure 2.2 Trade-off index showing change in carbon stock per unit of annual crop production.
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In meeting the demand for food, we rely on both the 
expansion and intensification of agricultural production. 
Intensification of agriculture is based on concentrated 
livestock production and increasing use of fertilizer and 
other inputs. Compared to land conversion, the relative 
contribution of agricultural operations to CO2 emissions 
in agricultural-based economies is very small – about 
4% – out of which 70% is due to energy use in fertilizer 
production (Vlek et al., 2004). Thus, in developing 
countries, conversion of natural vegetation to farmland 
is the primary source of non-fossil fuel emissions. While 
intensification adds to the agricultural sector’s GHG 
emissions, a central question is whether the cost of 
further intensification in terms of fertilizer-related CO2 
emissions can be justified by the carbon sequestration 
on agricultural land that is spared for reforestation.

A recent study indicates that increasing fertilizer 
consumption in developing countries (excluding China) 
by 20% could lead to cereal yields increase of 5–20% 
depending on crop and region (Table 2.2). 

The amount of land that communities could set 
aside for reforestation because of the increase in 
productivity ranges from 2 million ha for sub-Saharan 
Africa to 7 million ha for South Asia, while emissions 
from a 20% increase in fertilizer production range 
from 0.4 million t to 6.5 million t. Intensification would 
result in carbon sequestration that far outweighs 
the emissions associated with the production of 
extra fertilizer required to increase yields. A 1% GHG 
emission rate from the additional fertilizer (IPCC, 
2006) would not materially change this balance. The 
CO2 balance ranges from an average of 13 million 
t CO2 for sub-Saharan Africa to 41 million t CO2 for 
South Asia. There is, however, a wide variation in the 
amount of land spared per unit of CO2 emissions from 
increased fertilizer production. Due to the low usage of 
fertilizer, a 20% increase in sub-Saharan Africa would 
spare a mere 2 million ha whereas in South Asia with 
more than 10 times the fertilization rate of  
sub-Saharan Africa, it would spare 7 million ha. 

Source: West et al. (2010).
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Sub-Saharan 
Africa

Near East/ 
North Africa East Asia South Asia

Latin 
America and 

Caribbean
Total

Increase in cereal yield (%) from 20% increase in use of fertilizer

Rice 5.1 8.7 9.8 10.0 10.7 8.9

Wheat 11.0 11.1 NA 7.4 12.2 10.4

Maize 9.9 11.3 20.0 8.3 13.2 12.5

Potential spared land area 
(millions of ha)

2.0 2.7 6.1 7.0 5.0 22.9

CO
2
 emission from 20% increase in 

fertilizer production (millions of tonnes)
0.37 1.20 1.90 6.54 1.85 11.9

Potential CO
2
 sequestration by forest regeneration (Mt) on spared land

Low rate (4 tCO
2
 ha-1 yr-1) 8.1 10.7 24.8 28.4 20.3 92.3

High rate (9.5 tCO
2
 ha-1 yr-1) 19.2 25.3 58.5 67.2 47.9 218

CO
2
 balance (millions of tonnes) 7.7 9.5 22.9 21.9 18.4 80.4

Low 7.7 9.5 22.9 21.9 18.4 80.4

High 18.8 24.1 56.6 60.8 46.1 206

Average 13.3 16.8 39.8 41.2 32.3 143

Table 2.2 Potential carbon sequestration from reforestation of agricultural land that can be spared because of increasing 
fertilizer use by 20% on prime land. 

Source: Modified from Vlek et al. (2004); NA = data not available.

The designation of land to be targeted for sustainable 
intensification and that which should be spared or set 
aside for land restoration is an exercise in landscape 
management and requires community consensus 
building and concerted action. Failing to do so is a 
recipe for land degradation, a major concern in sub-
Saharan Africa (Vlek et al., 2010). More than 40% of 
Africa’s 220 million ha of farmland are losing at least 
30 kg per ha of nutrients annually, leading to annual 
losses of more than US$4 billion (IFDC, 2013). Hence, 
restoring degraded lands in Africa by replenishing 
nutrients, reducing soil erosion, and increasing water 
retention capacity, will be critical in meeting escalating 
food demands. 

In addition to the community effort in managing 
landscapes, the individual farmer can minimize the 
carbon footprint while producing food. Sustainable 
intensification by investing in soil through fertilizer and 
judicious use of crop residue and manure, combined 

with soil conservation measures, improved varieties with 
high genetic yield potential and nutrient use efficiency 
would improve food production and retain the natural 
resources essential to sustain this productivity (Braimoh 
et al., 2016). Adoption of sustainable intensification 
approaches are required to minimize trade-offs 
to society in our attempt to use land for food and 
climate mitigation. One such approach, conservation 
agriculture, has been widely adopted over the past 
decades (Vlek and Tamene, 2009; Powlsen et al., 
2016) although it consists of a variety of approaches 
with varying effects (Giller et al., 2009; Govaerts et 
al., 2009). However, sustainable intensification is 
not just a technological adjustment but comprises 
three reinforcing pillars that must be appropriately 
combined and scaled up to address the challenges of 
food security and climate change in the years to come 
(Figure 2.3).
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Figure 2.3 The three reinforcing components of sustainable intensification.
Source: Montpellier Panel (2013).

Socioeconomic factors often pose barriers to successful 
adoption of sustainable intensification practices, 
which must be removed or overcome with appropriate 
incentives. Such barriers include the significant up-front 
investments and expenditures that are often required for 
sustainable intensification technologies (Thomas et al., 
2017). Necessary inputs, such as improved seeds and 
fertilizers, should be made available in local markets. 
Farmers require information and the evidence base 
about the potential gains of adopting a new technology 
and its compatibility with traditional practices. 
Many farmers have little experience of the kinds of 
collective action that are needed for proper landscape 
management or the adoption of certain sustainable 
intensification technologies. This approach, known as 
“climate-smart agriculture (CSA)”, is seen as a viable 
way of managing land sustainably and increasing 
agricultural productivity under the new realities of a 
changing climate (CCAFS and FAO, 2014). CSA aims 
to sustainably increase agricultural productivity and 
incomes while adapting and building resilience to 
climate change, and reducing GHG emissions from 
agriculture. It is context specific, evidence-based, and 
assesses synergies and trade-offs across multiple 
objectives as a basis for informing and reorienting 
policy in response to climate change. Action-oriented 
solutions for scaling up include promoting nationwide 
CSA and sustainable intensification policies to increase 
adoption of CSA technologies, increasing national 
investment to boost CSA, and building sustainable 
private sector-led input markets, ensuring equitable 

land access, and fostering inclusive and innovative 
knowledge management systems.

2.3  Land for food and  
the provision of water

While the connection between water and food security 
has made it to the top of the scientific and public 
agenda, the obvious connections between water and 
land resources in the production of food, feed, fiber 
and fuel, and the functioning of ecosystems are just 
starting to gain attention. Land cover and land use are 
paramount in linking the terrestrial and atmospheric 
compartments of the hydrological cycle. In fact, land 
plays an important role in water supply including 
reservoirs and underground water storage. Land-
use changes will affect these cycles and thus cause 
changes in water availability, quality and management. 
This is critical to food security as irrigated agriculture 
represents about 20% of the cultivated land and 
contributes up to 40% of global food production (FAO 
and Global Mechanism of the UNCCD, 2015). Globally, 
agriculture is the largest user of water, using 70% of 
total ground and surface water withdrawals (Vasily 
et al., 2015). 

Without appropriate inputs, agricultural productivity 
has traditionally been low and, with increasing pressure 
on land, declining. Intensive farming to meet food 
demands involves the increased use of fertilization 
and irrigation to maintain the productivity of soils and 
increase yields. Today, the intensification of agriculture 
in emerging economies such as India and China is 

Figure 2.3 The three reinforcing components of sustainable intensification.
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repeating the problems of excessive use of these inputs 
witnessed in Western agriculture (Zhang et al., 2015). 
This often leads to degradation of water resources 
with increased nutrients and toxins in groundwater and 
surface waters (Cassman, 1999; Tilman et al., 2002). 
The degradation of water and land thus often occurs 
simultaneously, leading to a lower level of ESSs, and 
reduced capacity for food production and income 
generation (Penning de Vries et al., 2002; Vörösmarty 
et al., 2010). In fact, efforts to secure water can be 
counterproductive if land degradation processes are not 
kept in check. The result is the siltation of reservoirs, 
resulting in a reduced reservoir storage capacity, 
damaged irrigation infrastructure (Montanarella, 2007), 
pollution of potable water (Ilan and Lal, 2015), or 
eutrophication and low-oxygen conditions, with serious 
consequences for food production and human health 
(Myers et al., 2013). Conversely, poor management of 
available water can cause serious damage to land and 
topsoil, as seen in the salinization of many irrigated 
agricultural lands (Hillel and Vlek, 2005). 

Recent research has shown that vast areas across the 
globe have arrived at acute levels of imposed threat to 
the quantity or quality of their fresh water resources 
(Vörösmarty et al., 2010). Over 60% of the largest 
rivers, which collectively discharge half of global 
run-off to the oceans, show at least moderate threat 
levels at the river mouth, with eight rivers showing 
very high threat to human water security. The sources 
of degradation in many of the most threatened rivers 
within the developing world bear remarkable similarities 
to those in industrialized countries. Sampling of 
rivers across the United States showed wide spread 
degradation across 750,000 km (50%) of sampled river 
length where the impacts of chemical fertilizers have 
often spread to water systems (UNEP, 2016). These 
nutrients find their ways into lakes and deltas where 
they result in eutrophication (Seitzinger et al., 2010; 
Vörösmarty et al., 2010; Ringler et al., 2013). Integrated 
land and water management is crucial to achieve 
human water security while preserving other ESSs 
(Vörösmarty et al., 2010).

While integrated water resources management 
(IWRM) has been identified by the community of 
water professionals as a most promising framework to 
tackle the management of the resource sustainably, 
the necessary integration and joint management of 
land and water has not been given similar recognition. 
Several IWRM projects during the last decades have 

shown that the collaboration and integration of different 
sectors is a prerequisite to successfully manage water 
in a basin-wide context. However, although land 
management is a crucial component of IWRM, it is 
usually only considered for securing human water 
supplies without acknowledging its impact on other 
ecosystem services. Thus, the concept of IWRM 
must be extended to a broader integrated resource 
management accounting framework for the range of 
ecosystem services relevant to all socioeconomic and 
geographic conditions. Both can differ widely within 
and between regions.

Water and land resources are also linked by the 
increasing number of large dams that were built as 
multipurpose schemes, serving energy production, 
irrigation, domestic supply, and flood control needs. 
Large dams have been built for over 130 years and 
since 2000, the construction of dams of more than 
60 m in height has increased. Such dams prevent 
the flow of nutrients and sediments, hamper fish 
spawning, and affect the water cycle by increasing 
water residence time, thereby affecting the conditions 
of various ecosystems and their services. However, 
dams can work effectively as part of healthy landscapes 
with ecosystems that are not degraded and eroded, 
reducing destructive flash flows and retaining sediments 
on land. An ecosystem-based management approach 
would bring the elements of energy, food and water 
into a single nexus, and can help mitigate the trade-offs 
while generating co-benefits (Hoff, 2011; Bhaduri et al., 
2015). Combined with cost and benefit analysis, this 
approach is a useful support for land-use planners and 
decision makers (Bekchanov and Lamers, 2016).

Nexus planning does not always lead to win-win 
situations. Trade-offs are often unavoidable and 
must be calculated and assessed in designing 
optimal solutions. Taking a system’s view can help 
increase efficiencies and optimize production value, 
but value can be a subjective measurement. For 
example, discussions between Nepal and India on the 
development of large dams in the Upper Ganges Basin 
have been deadlocked because India wants larger 
dams for energy and to store water for downstream 
irrigation requirements, whereas Nepal argues that 
large dams with large reservoirs consume too much 
prime agricultural land. Gaining efficiency in one sector 
can be detrimental to other sectors. For instance, 
when electricity becomes cheaper it is typically used 
more, which may encourage unsustainable extraction 
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of groundwater for irrigation. Therefore, understanding 
the connections among water, land, food and energy 
within a broader socio-ecological systems perspective 
can promote efficiency and improve the management 
of trade-offs. The benefits are better food, water 
and energy security and more equitability in their 
distribution.

Integrated management of land and water resources 
(ILWRM) and nexus planning are predicated on the 
willingness of policy makers to provide the enabling 
conditions for such an approach. Although policy 
makers have been keenly aware of the challenges 
associated with managing water, land and energy 
resources, few have considered their interdependence. 
This is because in many countries, different institutions 
and agencies are responsible for managing agriculture, 
land, water and energy, and usually there is little 
reliance on the data for planning. To effectively manage 
this nexus using an integrated approach, greater 
collaboration, coordination and planning among 
the different sectors and their institutions should be 
facilitated through institutional reform and incentive 
mechanisms. 

2.4 Land for food and biodiversity

The role of biodiversity in the food security discourse 
has gradually moved from being perceived as: a 
constraint to further agricultural expansion and 
intensification, to a necessary component of an 
environmentally sustainable integrated approach 
to achieving global food security. The Millennium 
Ecosystem Assessment (MEA, 2005) has influenced 
this changing perception of the role of biodiversity for 
food security and, latterly, the SDGs have demonstrated 
decisively that food security, health and nutrition 
are “inextricably linked” with the health of natural 
ecosystems and the biodiversity they contain (Whitmee 
et al., 2015). Although long considered mutually 
exclusive (Tscharntke et al., 2005; Brussaard et al., 
2010), biodiversity conservation and food security are 
intrinsically linked.

However, the expansion of large-scale agricultural 
production systems often comes at the expense of 
more biodiverse, heterogeneous landscapes. The 
loss of forests and tree-based agricultural systems in 
tropical regions, primarily to monocultural agricultural 
expansion, threatens the integral contributions 
biodiversity can make to improved livelihoods, food 

security, equity, income security, dietary diversity and 
nutrition of communities near such systems (Deakin et 
al., 2016). 

As food security is currently high on the agenda in 
many political and scientific arenas, it is crucial to 
understand the contribution of biodiversity to a food 
and nutrition secure future. Ecologists and conservation 
biologists focus primarily on biodiversity conservation 
on nonagricultural lands, but a narrow focus on 
conservation fails to recognize the role biodiversity 
plays in fulfilling production requirements (Schroth et 
al., 2004; Godfray et al., 2010; Chappell and Lavalle, 
2011). Most of the world’s biodiversity remains outside 
of protected areas, often in complex, multifunctional 
landscapes occupied by people and their associated 
farming systems, particularly in the tropics (Alcorn, 
1993; Putz et al., 2001; Sayer and Maginnis, 2005; 
Padoch and Pinedo-Vasquez, 2010; Powell et al., 2015). 

Approximately 7,000 plant species and several 
thousand animal species have been used historically 
for human nutrition and health requirements (Ehrlich 
and Wilson, 1991; Tuxill, 1999; Toledo and Burlingame, 
2006). Today, 12 plant crops and 14 animal species 
provide 98% of world’s food needs. Three crops – 
wheat, rice, and maize – account for more than 50% 
of global energy intake (Ehrlich and Wilson, 1991; 
Thrupp, 2000; Khoury et al., 2014). Uniformity of 
production and wider biodiversity destruction has led 
to the loss of many wild relatives of crop plants (Tuxill, 
1999) and livestock (Pilling, 2010). FAO suggests 
that three-quarters of the varietal genetic diversity of 
agricultural crops has been lost in the past 100 years 
(FAO, 2008). The genetic erosion of our nutritional 
base has considerable implications for food security, 
nutrition and health (Vincenti et al., 2008). Relying 
on a narrow genetic base for nutrition makes society 
considerably vulnerable to the hazards of monocrop 
agriculture and genetic uniformity, leading to crop 
failures and ultimately famine (Thrupp, 2000). Most 
modern crop and livestock varieties are derived from 
their wild relatives, and it is estimated that products 
derived from genetic resources (including agriculture, 
pharmaceuticals, etc.) are worth an estimated  
US$500 billion per year (Ten Kate and Laird, 1999). 

Biodiversity continues to provide an important safety 
net during times of food insecurity, particularly during 
times of low agricultural production (Angelsen and 
Wunder, 2003; Karjalainen et al., 2010) linked with 
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seasonal or cyclical food gaps (Arnold, 2008; Vincenti 
et al., 2008) or during periods of climate induced 
hazards (Cotter and Tirado, 2008). Wild harvested 
meat provides 30–80% of protein intake for many rural 
communities (Pimentel et al., 1997; Fa et al., 2003), 
particularly when domesticated alternative sources of 
protein are absent. The World Health Organization 
(WHO) estimates that in many developing countries, 
up to 80% of the population relies on biodiversity for 
its primary health care (Herndon and Butler, 2010) and 
the loss of biodiversity has been linked to the increased 
emergence and transmission of infectious diseases, 
with deleterious impacts on human health (Keesing et 
al., 2010; Myers et al., 2013).

The inherent conflict between an increasing human 
population and finite natural resources on the planet is 
evident in the trade-off between food production and 
biodiversity. Humans have increased their agricultural 
productivity through gains at scale, which have often 
come at the expense of biodiversity (e.g. Ziv et al., 
2012). Here we focus on biodiversity trade-offs in land-
based agricultural production systems. 

By raising production efficiency through intensification, 
biodiversity is being reduced, and this in turn reduces 
the number of ESSs that support production (Wilby et 
al., 2009). This can have dramatic consequences. Many 
crops depend on insects for pollination. Pollination is 
thus one ecosystem service provided by biodiversity 
which is consistently underestimated. Pollination 
services can be replaced by human activity only at 
very high cost. Globally, the economic value of the 
pollination service provided by insect pollinators such 
as bees was about US$199 billion in 2005 for the 
main food crops (Gallai et al., 2008), or about 9.5% of 
the value of the global agricultural food production in 
the same year (Christmann et al., 2009). A worldwide 
decline of pollinators has been observed (FAO, 2008) 
due to diseases, climate change, invasive species, 
habitat loss and modern, large-scale, agro-industrial 
production based on high input of chemicals. Many 
pollinators are crop specific; their disappearance could 
wipe out the crop in question within a cropping period. 
Reduced pollinator diversity could have direct effects 
on the diversity of our diet; it would certainly have dire 
consequences for the economics of crop production. 

Loss of ESSs is not only a concern at the field scale but 
also at the landscape and continental scale. Pollinators 
often come from forest patches in the landscape, thus 

providing an important ecosystem service in cropland 
nearby. Losing the forest means losing these services 
if no measures are taken to accommodate these 
insects elsewhere in the landscape. The role of natural 
habitats in biocontrol can vary dramatically depending 
on type of crop, pest, predator, land management, and 
landscape structure (Tscharntke et al., 2016). Similarly, 
biodiversity losses upstream (e.g. tree cover loss or loss 
of soil function) lead to reduced ecosystem services 
downstream. Furthermore, such effects can be at work 
over thousands of kilometers. In Amazonia, air masses 
carry water from the Amazon Basin via “atmospheric 
rivers” to distant southeastern Brazil and northern 
Argentina; this is known as the “biotic pump” (Newell et 
al., 1992; Arraut et al., 2011). There are thus obvious 
trade-offs between preserving the Amazonian rain forest 
to ensure continued water delivery to the agricultural 
production areas in the south or pursuing agricultural 
production by pushing out the forest frontier (Verchot, 
2015). A landscape approach adds options to the 
basket of opportunities, which are not available when 
working just at the field/plot scale. 

Biodiversity loss both within and beyond agricultural 
ecosystems affects food availability and choices, and 
income and wealth creation because of diminished 
provisioning ecosystem services. Hence, biodiversity 
is not only a feature of food security (as provisioning 
ecosystem service); it also affects the ability of cropland 
to rely on supporting ESSs from adjacent land such 
as providing water, pest control, etc. A balance must 
be found in multifunctional landscapes (Cardinale 
et al., 2012). Crop diversification (Bobojonov et al., 
2013) combined with conservation agriculture (Vlek 
and Tamene, 2009; Powlson et al., 2016), addressing 
diverse production technologies, CSA, and addressing 
the whole food production system including policies 
and incentives, offer a variety of options in which 
food production and biodiversity conservation can be 
optimized. 

Increasing the productivity gains within such improved 
systems to feed the future billions remains a key 
objective which may benefit from the feedback effects 
by which biodiversity raises productivity – these effects 
have been identified and quantified across a variety of 
landscapes and ecosystems (e.g. Liang et al., 2016). 
Using the principles of CSA (FAO, 2010, 2011b; 
Milder et al., 2015) combines already used and tested 
practices (e.g. conservation agriculture, agroforestry, 
crop residue management, water harvesting, and 



Land degradation and the Sustainable Development Goals: 14

diversity conservation) with improved policies, 
investments, and institutional frameworks. This is also 
expected to have positive effects on biodiversity.

Land degradation pressure reduces our options to 
meet both the food demands and conserve biodiversity 
(Figure 2.1), whereas applying principles of sustainable 
agriculture, conservation agriculture and CSA will 
counter land degradation and help attaining both. 
Degradation corresponds to moving the line in  
Figure 2.1 to lower, and restoration to higher levels. 
But changes in the slope of this relationship might be 
achieved if intensive agriculture were combined with 
efforts to improve biodiversity.

Some key elements of successful action to preserve 
biodiversity in food production systems are offered in 
the recent report from the FAO High Level Panel of 
Experts on Food Security and Nutrition (HLPE, 2016). 
It recommends the adoption of a systems approach 
to integrating NRM and agriculture, strengthening 
governance systems across scales, integrating forest 
and agricultural land use across the productive 
landscape, and supporting the contribution of 
biodiversity to income and regional and global food 
production. 

2.5 Land for food and infrastructure

Urbanization and industrialization are development 
trends that can occur spontaneously but are often 
encouraged to alleviate pressure on land in rural 
areas. These developments are however usually poorly 
managed, leading to urban poverty and poorly planned 
urban expansion. Ironically in this process, valuable 
agricultural land is converted for housing, transport 
or other productive uses. Currently, as much as 54% 
of the population lives in cities with 3% of the global 
land surface covered by infrastructure (WBGU, 2016), 
equivalent to 26% of the earth surface under cultivation. 
Population growth and persistent urbanization and 
infrastructure development lead to urban encroachment 
into agricultural lands and is often considered an 
unavoidable global phenomenon (Buxton and Taylor, 
2011; Valerial and Fiona, 2012). Both in China (Han 
and He, 1999; Ho and Lin, 2004) and in India (Fazal, 
2001), the phenomenon is attracting increasing 
attention as these countries experienced huge loss 
of agricultural land due to rapid urbanization and the 
expansion of urban areas.

Urbanization results from rural push and urban pull 
factors. The urban pull results from the perception 
of rural people that urban and industrialized regions 
provide significant opportunities for employment and 
livelihood (Jaysawal and Saha, 2014). The rural push 
factors drive people away from the deteriorating quality 
of life in rural areas (Jedwab et al., 2014). Cities are 
growing internally and pushing their boundaries into 
agricultural lands, in many cases without regard for the 
suitability of the land for urban expansion or the loss in 
productive capacity. Often the best agricultural lands 
are appropriated, with farmers trying to compensate 
for their land loss by taking on new, often inferior land 
under cultivation (Malik and Ali, 2015).

The development of the industrial sector was the first 
engine of economic growth although the service and 
energy sectors are believed to have usurped this role in 
the last half century (Azadi et al., 2011). Governmental 
industrialization policies encourage the development 
of industrial zones at the expense of agricultural lands 
in urban fringe areas (Minghong et al., 2004; Xu, 
2004; Nguyen et al., 2011; Zhong et al., 2011). The 
promotion of the energy sector in many developing 
countries has caused a further significant increased 
rate of agricultural land conversion (Azadi et al., 2013; 
Vandergeten et al., 2016). 

While serving as an engine of economic growth (Tariq 
et al., 2006; Azadi et al., 2011), the conversion of 
productive land to urban areas has become a hindrance 
to world food security (Khan and Hanjra, 2008) as 
it reduces the land available for food and timber 
production (Wu and Irwin, 2008). For example, in 
Indonesia, within five years, about one million hectares 
(about 5%) of arable land have been converted to 
urban use to meet the increasing demands of industrial 
and infrastructural development (Halim et al., 2007). 
Such reports have fed an ongoing debate on whether 
agricultural lands should be converted to other uses. 
In the pro-ruralists view, land conversion has negative 
impacts such as the loss of prime agricultural land, 
reduced agricultural jobs and wasted investment 
in irrigation infrastructure. Consequently, it affects 
agricultural production and threatens food security and 
should be curtailed. In contrast, pro-urbanists argue 
that land conversion is a logical consequence of urban 
growth. According to them, the decline of agricultural 
production can be compensated by intensification and 
agro-biotechnological advances elsewhere. Hence, they 
don’t consider land conversion to be a threat (Azadi et 
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al., 2011). Irrespective of the viewpoint, the sealing of 
agricultural land surfaces leads to a shift in the trade-off 
curve in Figure 2.1 towards the origin when it comes to 
the delivery of ecosystem services and to urban flooding 
and heat islands. Urban centers tend to modify regional 
nutrient and water flows, causing environmental stress 
both in the regions of origin as well as in the areas of 
destination of these essential chemicals.

Finally, in many developing countries, poorly managed 
urban sprawl and lack of transparent regulation of 
land rights have caused serious social conflicts over 
land. The land market in these countries also faces 
governance challenges including corruption and 
bribery, illegal land transfer, weak service provision 
and inefficient land administration (Deininger and 
Feder, 2009; Koroso, 2011). In fact, major problems 
associated with agricultural land conversion are 
related to weak land governance, lack of recognition 
and protection of the rights of poor farmers to land 
and poor land-use planning (LUP) and the processes 
involved in the decisions about land use (Ramakrishna, 
2003). A sustainable nexus on land for food and 
infrastructure can be promoted through good land 
governance and proper LUP. The challenge then is to 
find a means to implement these plans.

Researchers (Lavigne Delville, 2007; Rudi et al., 2012) 
increasingly emphasize the role of land governance in 
the food versus infrastructure nexus. Land governance 
is defined as: “the rules, processes and structures 
through which decisions are made about access to land 
and its use, the way the decisions are implemented 
and enforced, the way that competing interests in land 
are managed” (Palmer et al., 2009). Land governance 
is basically about determining and implementing 
sustainable land policies and establishing a strong 
relationship between people and land (Enemark 
et al., 2010). 

Weak governance in land tenure tends to arise in many 
developing countries where the laws are complicated 
or conflicting, fickle or outdated, where people who 
work in land agencies are poorly trained and paid, or 
where decision-making processes are not transparent 
and civil society is poor (Le Meur, 2005). Consequently, 
governments cannot prevent or steer the displacement 
of poor farmers from their land to meet the need of the 
growing population for more housing, industrially based 
job opportunities and infrastructures reflected in high 
rates of agricultural land conversion. 

In contrast, strong land governance realizes and 
ensures the rights to land and ensures enforceable 
claims on land, with the level of enforcement ranging 
from national laws to local, rural rules. It confers to 
people a recognized ability to control and manage 
land and dispose of its products as well as engaging 
in transactions such as transferring or leasing land 
(IFAD, 2008). Once strong governance is established 
on land, decision making becomes more transparent 
and inclusive, and common rights through which the 
rule of law can be applied equally to all groups are 
more respected (Le Meur, 2005). Accordingly, strong 
land governance is increasingly seen as a precondition 
for sustainable resolution in the nexus of ensuring 
food security and infrastructure progress. Improved 
governance can result in land administration, which 
governs transparent, accessible, informative, and 
effective rules on land that result in judicious land 
conversion and development (Lavigne Delville, 2007). 
Strong governance requires good monitoring. Current 
geographical information systems (GIS) can identify 
settlement densification, expansion processes, and 
quantify loss of agricultural land, even differentiated  
by land quality, during settlement growth (Conrad 
et al., 2015).

Determining optimal uses of land is a crucial step in 
preventing its degradation because of urban pressure 
and in making progress towards an integrated and 
sustainable nexus (Prato, 2007). To optimize the 
integrated use of land, different techniques have been 
used globally with some adjustments to account 
for diverse local circumstances (Makhdum, 2009). 
Land-use planning is a process of analyzing and 
determining the land suitability of a given region for a 
certain use (e.g. agriculture, forest, infrastructure or 
recreation, etc.) and the key to rational land allocation 
(Ramakrishna, 2003). An important part of this 
process is to determine the criteria that influence the 
suitability of the land (Al-Shalabi et al., 2006) through 
multicriteria analysis. One such tool is the analytical 
hierarchy process (AHP), (Saaty, 1990). Taking 
“sustainability” into account, the technique involves 
paired comparisons of socioeconomic objectives that 
are as important as eco-political aspects (Xu et al., 
2006; Zeng et al., 2007). 

The AHP is an important member of a general family 
of multicriteria decision-making tools, which combine 
the information on various criteria to form a single 
index of evaluation. It is aided by a GIS as a means 



Land degradation and the Sustainable Development Goals: 16

for handling a wide range of data from different multi-
spatial, multi-temporal and multi-scale sources for a 
time-efficient and cost-effective analysis. Accordingly, 
the combination of the two techniques (AHP/GIS) is a 
powerful approach to deal with a complexity of LUP and 
optimize the ecosystems services that carefully planned 
urban landscapes can provide. Many researchers 
(Davidson et al., 1994; Joerin et al., 2001; Sicat et 
al., 2005; Chen et al., 2007) believe that spatial multi-
criteria assessment (MCA)-based decision making is 

one of the most effective techniques for land-use and 
environmental planning and to resolve the agricultural–
ecological– infrastructural nexus problems that 
many nations are facing. It is widely recognized that 
infrastructural development is desirable and will not be 
stopped, but such infrastructure does not necessarily 
need to take the best agricultural land and that urban 
development can benefit greatly from urban landscape 
planning, thus retaining essential ESSs that benefit the 
urban dweller. 


