
Part One

The growing demand for food, fodder, fuel, and raw materials 
is increasing pressures on land and the competition for 
natural resources. At the same time, degradation is reducing 
the amount of productive land available. The drivers of land 
degradation are mainly external factors that directly or 
indirectly impact the health and productivity of land and its 
associated resources, such as soil, water, and biodiversity.

Direct drivers are either natural (e.g., earthquakes, landslides, 
drought, floods) or anthropogenic (i.e., human-induced); 
some of the latter influence what would formerly be thought 
of as natural climatic events. Human-induced drivers such as 
deforestation, wetland drainage, overgrazing, unsustainable 
land use practices, and the expansion of agricultural, 
industrial, and urban areas (i.e., land use change) continue to 
be the most significant proximate cause of land degradation. 

Many modern crop and livestock management practices lead 
directly to soil erosion/compaction, reduced water filtration/
availability, and declining biodiversity, both above and below 
ground. Meanwhile, mining and infrastructure for transport, 
energy, and industry are increasingly enlarging their footprint 
in the landscape and impacting land resources at ever larger 
scales.

Over the last one hundred years, the amount of land used for 
urban and peri-urban areas has doubled, and is expected to 
accelerate further over the next few decades. However, while 
still relatively small in scale – at approximately 5 per cent of 
the global land area – urban areas often cover some of the 
most fertile soils and productive lands. 

CHAPTER 3

DRIVERS OF CHANGE
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Indirect drivers are generally regarded as the underlying causes 
of one or more direct drivers of land degradation. Unlike direct 
drivers, these are complex, interlinked, diffuse, and operate at 
larger and longer scales and originate farther from the area of 
degradation. They include population growth, land tenure, and 
migration trends; consumer demand for land-based goods and 
services; macro-economic policies focused on rapid growth; and 
public policies and institutions encouraging investments that 
suppress cross-sector coordination.
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INTRODUCTION

Land degradation is a complex phenomenon, usually 

involving the loss of some or all of the following: 

productivity, soil, vegetation cover, biomass, 

biodiversity, ecosystem services, and environmental 

resilience. Degradation is commonly caused by 

the mismanagement or over-exploitation of land 

resources, such as vegetation clearance; nutrient 

depletion; overgrazing; inappropriate irrigation; 

excessive use of agrochemicals; urban sprawl; 

pollution; or other direct impacts, such as mining, 

quarrying, trampling, or vehicle off-roading. Land 

use change is not the same as degradation, and 

some land use changes can be net positive in terms 

of benefits to humankind. However, in the current 

context of declining natural ecosystems, coupled 

with increasing pressures on land resources, land 

use change is often associated with degradation 

that reduces biodiversity and ecosystem services.

The value of natural capital: The vagaries of 

our economic system and the quest for wealth 

accumulation are powerful indirect drivers that 

multiply and amplify the direct drivers of land 

degradation. Of the four types of ecosystem 

services identified by the Millennium Ecosystem 

Assessment – provisioning, supporting, regulating, 

and cultural – only provisioning (e.g., food, fuel, 

fiber) and, to a lesser extent, cultural services 

(e.g., recreation, tourism) have a market price; most 

supporting and regulating services do not. Services 

such as soil formation, climate regulation, and 

species and habitat protection – although they play 

a critical role in supporting productive landscapes 

and human security – have historically been 

ascribed little or no value in the dominant market 

systems of the past two hundred years. These 

systems utilize high discount rates which tend to 

encourage decisions that are focused on the short-

term and ignore the real long-term value of natural 

capital, which undermines efforts to sustainably 

manage, conserve, and restore land resources.

As discussed in Chapter 2, this is slowly changing. 

Since the 1990s, the multiple values of natural 

capital have become central to the debate 

surrounding the Millennium Development Goals 

(2000-2015) and current Sustainable Development 

Goals (2015-2030). An appropriate valuation of 

ecosystem functions and services (i.e., in terms 

of benefits to humans) could reduce some of the 

impacts of direct drivers by promoting a more 

holistic approach to land management; one where 

competing trade-offs are negotiated within a social, 

political, and administrative framework by which 

direct and indirect benefits are jointly assessed.

Three broad, inter-related groups of factors 

drive land degradation: biophysical factors that 

determine how land is used; institutional factors 

that govern broader land use policies; and socio-

economic factors that affect the demand for and 

management of land.2 The climate, vegetation, 

topography, and availability of water are usually 

the first set of factors determining land use; and 

the economic situation influences management 

decisions including when and how fast changes 

occur. Institutional factors are often historically 

determined by long-standing cultural practices, 

but are also influenced by political and economic 

decisions. Property rights and tenure are central 

to understanding the influence of institutional 

factors. Secure land tenure can create incentives 

for investment, economic growth, and the good 

stewardship of natural resources. But tenure is 

complex, with rights established by a wide variety 

of formal and informal means, including cultural, 

historical, customary, or informal arrangements. 

Rural and urban areas in the same country often 

operate under quite distinct forms of legal tenure, 

further complicating land rights in peri-urban areas. 

As the demand for land increases, those without 

formal tenure status or property rights are likely 

to be exposed to varying levels of insecurity.

Land degradation is the reduction or loss of the biological or 
economic productivity and complexity of rainfed cropland, 

irrigated cropland, or range, pasture, forest, and woodlands 
resulting from land uses or from a process or combination of 

processes arising from human activities.
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In general, land use change that results in land 

degradation – and the associated loss of land 

functions – is driven by multiple, interacting 

elements, from the local to the global scales.4 

Over the coming decades, a decrease in the 

availability of productive land will be compounded 

by competition between land uses.5 The drivers 

of land degradation can be categorized into two 

types: (i) direct or proximate drivers, and (ii) indirect 

or underlying drivers. Direct drivers are human 

activities that directly relate to changes in land 

use and condition.6 Indirect drivers are less easily 

detectable or quantifiable, and determining their 

influence predominantly relies on economic and 

social indicators as well as trend analysis.7 

DIRECT DRIVERS OF LAND 
DEGRADATION

Global estimates of the amount of degraded land 

vary widely, from 1 billion to 6 billion hectares, 

which illustrates both the scale of the problem and 

the need for more accurate data. The critical drivers, 

briefly discussed here, and in more detail in Part Two 

of the Outlook, include:

• Agriculture and forestry

• Urbanization

• Infrastructure development

• Energy production

• Mining and quarrying

Figure 3.1: A global 
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1. Agriculture and forestry
Agriculture is by far the largest human use of land, 

covering roughly 38 per cent of land surface, not 

including Greenland and Antarctica.8 The area used 

for agriculture is still expanding, at the present time 

mostly at the expense of natural forests9 and to 

some extent grasslands. It is, for instance, the most 

significant cause of current land conversion10 in the 

tropics,11 resulting in the loss of biodiversity and 

ecosystem services.12 Degraded lands account for 

over a fifth of forest and agricultural lands in Latin 

America and the Caribbean.13 Commercial agriculture 

is a key driver,14 especially the production of beef, 

soybeans, and oil palm.15 

Although the net area devoted to agriculture 

continues to expand, this expansion masks the loss 

of land due to degradation and land abandonment 

that results from soil loss, erosion, nutrient 

depletion, and salinization.16 In some places, 

land abandonment is also driven by political and 

economic factors. Increasing mechanization and the 

use of agrochemicals, such as nitrate and phosphate 

fertilizers, pesticides, and herbicides, have boosted 

yields in the short term but have also had significant 

negative impacts on soil and water quality and on 

the health of ecosystems and species, which can in 

turn undermine food security.17
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Drivers of soil degradation18

Soil degradation is a key factor undermining food 

security. Soils can be degraded over time either 

qualitatively (e.g., salinization) and quantitatively 

(e.g., erosion). There are several major types of soil 

degradation processes.

Physical degradation: the structural breakdown 

of the soil through the disruption of aggregates. 

This results in the loss of pore function, which in 

turn leads to a reduction in surface infiltration, 

increased water run-off, and decreased 

drainage. In time, this leads to a decrease in 

the availability of gases for plants and biota. 

Physical degradation processes include erosion, 

sealing and crusting, and compaction. 

Chemical degradation: processes leading to soil 

chemical imbalances, including salinization, loss of 

nutrients, acidification, and toxification. 

Biological degradation: the artificial disruption 

of soil structure (e.g., through tillage) can lead to 

excessive activity of soil biota due to oxygenation 

and excessive mineralization of organic matter 

leading to the loss of structure and nutrients. 

All these processes can be influenced by a number 

of direct drivers, natural and anthropogenic, 

influencing soil processes in different ways, 

including the nature and speed of the processes. 

Direct drivers include climate, natural hazards, 

geology and geomorphology, and biodiversity. 

Climate has a significant impact on soil processes 

and the provision of ecosystem services. Local 

climate (e.g., rainfall intensity, temperature, 

sunshine) influences supporting processes 

and biodiversity by driving soil moisture and 

temperature. Natural hazards, like earthquakes or 

volcanic eruptions for example, can change the soil 

environment and the geological origin of parent 

material determines the initial minerals that drive 

soil development and properties as will the type 

and variety of species present. Anthropogenic 

drivers, such as land use, farming practices and 

technologies, also greatly influence soil processes. 

The type of land use (e.g., cropping, livestock) 

determines the type of disturbance (e.g., tillage, 

treading, use of agrochemicals) as well as applied 

inputs (e.g., excrements, synthetic fertilizers). 

Farming practices determine the intensity of 

disturbances (e.g., organic versus conventional 

cropping) and the amount of inputs (e.g., quantity 

and timing of fertilization).
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2. Urbanization
The share of the global population expected to 

live in cities is projected to grow by around 2.5 

billion people by 2050.21 Such growth often results 

in urban sprawl, with built-up land spilling over 

in some cases onto fertile soils and farmland,22 

resulting in a permanent loss of arable land. Globally, 

about 2-3 per cent of the land area is currently 

urbanized; this is expected to increase to 4-5 

per cent by 2050.23 Built-up areas in developing 

country cities, meanwhile, are projected to increase 

threefold by 2030.24 Urbanization is projected 

to cause the loss of between 1.6 and 3.3 million 

hectares of prime agricultural land per year in the 

period between 2000 and 2030.25 In addition to 

using land directly (“land take”), urban populations 

have a footprint that spreads far beyond the 

boundaries of the city.26 Tropical deforestation has, 

for instance, been positively correlated with urban 

population growth and agricultural exports.27 

Abandoned agricultural areas are often considered 

to be a type of degraded land,19 and the rate of 

land abandonment is treated as an indicator of 

land degradation,20 although they can also offer 

important opportunities for ecological restoration. 

Abandonment can be driven by productivity loss, 

rural-urban migration, an aging population, conflict, 

increases in invasive species, changes in agricultural 

subsidies, or other factors that discourage 

agricultural activities. 

Forest activities also create major impacts on 

ecosystems. Forest clearance is often a precursor 

to the establishment of plantations for food or 

fiber where selling timber is frequently a way of 

financing subsequent operations. Elsewhere, more 

intensive management practices in natural forests, 

or the conversion to plantations alters the ecology 

and hydrology, and if poorly planned can lead to soil 

erosion and the loss of other ecosystem services.

Urbanization 
is projected to 
cause the loss 
of between 1.6 
and 3.3 million 
hectares of prime 
agricultural land 
per year in the 
period between 
2000 and 2030.
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3. Infrastructure development
As more of the world’s population crowds into 

urban centers, the need for infrastructure such 

as roads, sewage and drainage, and power-lines 

also grows.28 Simultaneously, in many older cities, 

much of this infrastructure needs to be improved or 

replaced.29 It is estimated that about USD 57 trillion 

in infrastructure investment will be needed between 

2013 and 2030. This investment will be crucial in 

the emerging economies, such as China, Brazil, India, 

and Indonesia, for transport, power, water, and 

telecommunications.30 

Together, infrastructure and urban development 

already cover 60 million hectares,32 an area roughly 

the same as Ukraine, and will likely expand by a 

further 100-200 million hectares in the next four 

decades.33 Such changes have both direct and 

indirect impacts on land. Transport infrastructure 

encourages urban sprawl, replacing natural 

ecosystems34 and sealing soils, thus increasing 

the risks of flooding. In addition, water runoff from 

urban areas is likely to be polluted, negatively 

impacting freshwaters35 and other downstream 

ecosystem services.36 

Infrastructure development also changes surface 

albedo (i.e., reflectivity) and rate of heat transfers 

from evapotranspiration, thereby altering local 

weather patterns.37 The scale of projected 

infrastructure development is likely to displace 

productive land uses in some areas and contribute 

to land abandonment in others.

Outside the urban areas, roads and railways cut 

through pristine ecosystems, creating immediate 

damage and, if poorly planned and implemented, 

encouraging further unplanned conversion.38 

This can lead to the well-known “fishbone effect”39 

when numerous small and unofficial settlers’ roads 

spill out from a new highway running through 

natural forest or grassland.40 In the Brazilian 

Amazon over 20,000 km of federal or state roads 

are complemented by almost 200,000 km of 

unofficial roads,41 often associated with logging,42 

and unpredictable in their development.43 Over 

20 more road building projects through intact 

forest are underway,44 many with a significant 

role in deforestation,45 and forest degradation.46 

Hydropower projects also change ecosystems, 

as discussed in Chapter 7, and mining activities 

cause immediate damage47 and often longer-

term pollution.

Figure 3.2: 
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of projected 
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4. Energy production
All sources of renewable and non-renewable 

energy make demands on land resources. In some 

developing countries, traditional fuelwood energy is 

a large driver of deforestation, forest degradation, 

and soil erosion.48 Oil and gas extraction – in 

addition to their role in accelerating climate 

change – affect land condition in situ, encourage 

further negative land use change, and can cause 

pollution over large areas. New energy extraction 

activities, such as hydraulic fracturing (“fracking”), 

require large amounts of water, pipelines, roads, 

compressor stations, and evaporation ponds, all of 

which make demands on land; there are, moreover, 

documented concerns about the associated health 

and seismic impacts of fracking.49 The European 

Union subsidizes wood and wood waste as an 

important source of sustainable biofuel. European 

coal-fired power stations are increasingly burning 

wood from the United States and Canada, leading to 

more forest clearance and greenhouse gas releases. 

Newly planted trees can absorb CO
2
, but even with 

complete tree replacement it takes 20-100 years for 

the CO
2
 to be fully recaptured.50

Renewable energy production also impacts land 

demand, land use, and land degradation. Biofuels 

require a lot of land,51 with crops like palm oil and 

soy encroaching upon forests and grasslands.52 

The global area under biofuel crops was estimated 

at 45 million hectares in 2010,53 and is expected to 

double,54 to roughly 3–4.5 per cent of all cultivated 

land by 2030.55 Hydropower developments 

directly flood large areas, open up new areas for 

exploitation, and alter hydrology with substantial 

impacts on rivers, floodplains, and seasonal 

wetlands.56 Solar and wind farms also require 

significant land area and, as with all energy sources, 

need distribution networks such as electricity grids 

and powerlines.

5. Mining and quarrying
Recent political and economic changes have led 

to increased investment in mineral extraction,57 

directly resulting in land and soil degradation from 

deforestation,58 vegetation burning,59 and mining 

operations, along with more widely dispersed 

environmental and social damage.60 Open-cast and 

mountain-top mining are particularly destructive,61 

while the collapse of underground mines can 

also lead to problems such as subsidence, soil 

erosion, and contamination of water resources.62 

The extraction of high-value minerals generates 

large quantities of waste,63 in the order of tens of 

millions of tons per year,64 causing siltation of water 

bodies,65 acid mine drainage, and leaching of toxic 

minerals. This waste also creates air pollution,66 

which can affect human health67 and suppress crop 

production.68 Mining – particularly when it is illegal 

and thus unregulated – also creates high levels 

of pollution; for instance, the use of cyanide and 

mercury in gold extraction69 leads to the pollution of 

surface and groundwater.70

Renewable energy 
production also 
impacts land 
demand, land 
use, and land 
degradation. 
Biofuels require 
a lot of land, 
with crops like 
palm oil and 
soy encroaching 
upon forests and 
grasslands.
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Figure 3.3: Indirect 

drivers underlying 

direct drivers

INDIRECT DRIVERS OF  
LAND DEGRADATION

Over the past two centuries, our demand for 

land-based goods and services has increased 

exponentially. The indirect or underlying causes of 

land degradation are linked to lifestyles, economies, 

and consumption patterns, a complex mixture 

of demographic, technological, institutional, and 

socio-cultural factors.71 These include international 

markets and commodity prices, population 

growth and migration,72 domestic markets and 

consumer demand, policies and governance,73 

as well as more local trends such as changes 

in household behavior.74 

At the national level, weak governance and unstable 

institutions, the lack of cross-sectoral coordination, 

low capacity of public agencies, corruption, and 

illegal activities have all been identified as indirect 

drivers of forest and grassland degradation. Climate 

change plays a key role by causing shifts in land use 

in response to ecosystem change.75

Since the 1960s, global agricultural trade has 

increased ten-fold,76 and trade in raw wood 

products, seven-fold.77 One result is that the 

competition for prime crop and grazing land has 

increased. International trade also now includes 

virtual exchanges of natural resources such as soil, 

water, and land,78 thus displacing the environmental 

impacts of these economic activities.79 This has 

resulted in large-scale agricultural expansion80 

in developing countries often under conditions 

of weak governance. 
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Many of the underlying drivers are often quite 

distant from their area of impact. For instance, 

changes in diet in China, particularly more meat 

consumption, have increased soy imports from 

Brazil to feed animals in the pork and poultry 

sector.81 Similarly, the growing demand for wood 

products, coupled with forest conservation 

programmes in China and Finland, has led to 

increased pressure on forests in Russia to supply 

Chinese wood imports.82 Widespread land 

abandonment following the collapse of the Soviet 

Union eventually resulted in increased beef trade 

from Brazil to Russia, accelerating land use changes 

in Brazil.83

Land consolidation and supply chains: A more 

recent indirect driver is that land has emerged as a 

new kind of asset class. As a result, some investors 

are looking to place their liquidity into rural land 

holdings, with the expectation of high rents and 

returns. This raises concerns about large-scale 

land acquisitions and consolidation as an additional 

underlying driver of land degradation.84 Throughout 

the past decade, the future of small-scale farmers 

has been threatened by the rise of commercial 

value chains, driven by the multinational food 

industry, and supported by consumer demand. 

The long reach of these supply chains has driven 

consumer prices down, which is a great help for poor 

consumers. However, reducing producer margins 

affects future investment, increases the likelihood 

of farm consolidation, and places poor farmers on 

the margins of survival.85 This may have a profound 

influence on land degradation in the coming decades 

as small farmers and their communities disappear, 

and rural–urban migration intensifies.
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