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PART III 
FEEDING A 
GROWING 
GLOBAL  
POPULATION

Natural resources (land, water, air, plants and animals) and 
the ecosystem goods and services derived from them, support 
the livelihoods of all humans. It is the responsibility of all to 
manage these resources so that the present generation can 
fulfil their needs without compromising the ability of future 
generations to meet theirs. 

Over the past 20 years the extent of land area harvested for 
crops has increased by 16 %, the area under irrigation has 
doubled and agricultural production has grown nearly three-
fold. Yet, close to one billion people remain undernourished.

As the world’s economy grows – however unevenly – there is a 
corresponding acceleration in the demand for animal protein. 
Intensification of the livestock sector to feedlots means more 
agricultural land is used to indirectly produce food. 

Rural poor are often forced to rely on low input and low 
yield agriculture and the consequences of degrading land 
are disproportionately borne by this community. However, 
smallholders are key players in everyday decisions which - 
over time - determine the evolution of the landscape, including 
its degradation or sustainability.

The following maps illustrate the global expanse of cultivation 
and explain crucial aspects of the dynamics of food production 
in relation to land degradation.

Copernicus Sentinel-2 image over Blue and White Nile convergence in Sudan.
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Where we are
The planet’s land area is finite. Furthermore, the proportion 

of the land that is endowed with sufficient water and favourable 
soil resources to sustain essential ecosystem functions, and 
meet the demands of agriculture to produce food, animal feed 
and energy necessary to support human health and enterprise, 
is narrowly constrained. Finding a balance that accommodates 
these competing demands for productive land that is equitable 
across all geographic regions and economic sectors is one of the 
major challenges of this century1.

More people means more food
Agriculture feeds a growing global population. Between 1985 

and 2005, agricultural land (cropland and pasture) increased by 
only about 3 %. In contrast, agricultural production increased by 
about 28 %, largely as a result of increased efficiency. Yet, about 
a billion people remain chronically malnourished2.

There are striking global patterns in crop production. Some 
regions are largely devoted to food production; others are involved 
in non-food crops. The same general patterns recur in many 
categories of agricultural statistics, as shown in the accompanying 
map of the proportion of land used for food production. In North 
America and Europe, only 40 % of the land area is dedicated to 
food crops, while in Africa and Asia, about 80 % of the arable land 
is used for food crops2. These distinctions are reflected in the global 
distribution of large field sizes (see page 66), major industrialised 
crops (see map inserts), the intensity of fertiliser use (see page 54) 

and water used for 
crop irrigation (see 
page 56).

I n d u s t r i a l i s e d 
agriculture involves 
varying degrees of land-
use intensity. As the pressure 
of use increases, there is 
a corresponding increase 
in pressure on the ecological 
services provided. This is not only 
on available land, but also on the 
diversion of water resources and the 
large-scale application of fertilisers 
and pesticides.

Conversely, there are vast 
agricultural areas where smallholders 
do not have access to irrigation or 
fertilisers (see page 66). Smallholders 
in Africa and Asia (see page 66) are 
heavily engaged in production of food 
crops. However, they have poor access 
to technology (e.g. irrigation pumps, 
supplemental fertilisers, machinery) and 
relevant knowledge. As a consequence, they 
suffer the highest levels of malnourishment   3. 
Yet, because their primary objective is food production 
for subsistence, the rural poor are often forced to overexploit 
land resources through low-input and low-yield agriculture, 

deforestation and overgrazing. Thus, 
with respect to agricultural inputs, land 

degradation can result from both too much 
and too little access to resources.

Changing diets mean new demands
As the world’s economy grows – however 

unevenly – there is a corresponding increase in the 
demand for meat and other animal products. This 

occurs in developing countries where diets are changing 
as a function of rising incomes, continuing urbanisation 

and changing food preferences. Over the past 50 years, 
increased demand for animal products accounts for 65 % of 

agricultural land-use change1, 4.
As a result of increasing urbanisation, global livestock 

production has been shifting from rural to urban areas, to get 
closer to consumers, sources of feed transport and trade hubs1. 
The increasing use of feedlots for livestock to meet the demands 
for meat and dairy products increases the need to produce 
animal feed on extensive areas of cropland. Even efficient use 
of productive cropland for animal feed is a potential reduction of 
the global food supply. 

Does more biofuel mean less food?
Concern over rising levels of carbon dioxide in the atmosphere 

has led government mandates in North America and Europe 
designed to offset some proportion of fossil fuel demand with 
fuels produced from biomass. These have been met by ethanol 
produced from crops, largely maize and sugarcane. The diversion 

Croplands

 Competition for land for increasing human consumption of food, fodder, fibre and fuel

Over the last 20 years the extent of land area harvested has 
increased by 16 %, the area under irrigation has doubled and 
agricultural production has grown nearly three fold11. Yet, close 
to one billion people remain undernourished12.

Area used for food production as a percentage of 
total cropland in 2000
Colours indicate the approximate share (fraction) of 
cropland that is dedicated to growing food crops versus all 
other crop uses. Values range between 0 % (dark blue - all 
cropland used for non-food crops) to 100 % (dark red - all 
cropland used for crops that are consumed by people).
Source: Foley, J. et al, 20112;  
Data source: University of Minnesota, Institute on the Environment.

Principal food crops and where they are grown. Traditional food 
crops, such as maize and soy bean, are also used for forage.
Source: Monfreda, C.N. et al., 20089.

MaizeSoybean Sugar cane

Demand for fodder crops is growing
As income levels rise in a population, so does the 
consumption of meat, milk and eggs. This creates 
increased demand for animal feed. The graph shows 
the increase in livestock from 1993 to 2013.
Source: FAOSTAT11 .
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of significant portions of crop production from food 
or animal feed into biofuel production has been contentious 
because of its effect on global food prices, particularly as India 
and China develop similar mandates for ethanol use5. Using 
high-yielding tropical croplands to produce sugarcane, oil palm 
and soybean for biofuels contributes little to the global calorie 
or protein supply. However, in some instances it does provide a 
source of income to help alleviate local poverty6. 

It is expected that effects of biofuels on food prices may 
decline somewhat in the future with the development of 
“second generation” biofuels derived from agricultural waste 
products rather than the crops themselves7. However, this new 
demand places yet another pressure on limited agricultural 
lands beyond food and feed production that, ultimately, could 
threaten long-term sustainability8.

More than 62 % of the world’s crop production goes to 
feed people, 35 % is devoted to animal feed and 3 % is 
used for bioenergy and other industrial products2.

Prevalence of undernourishment in the population.
Source: FAOSTAT, 2014-2016.RiceWheat

Relative land and water footprint of protein production.
Sources: Mekonnen, M.M. and Hoekstra, A.Y., 201213; Nijdam, D. et al., 201214 .
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Agricultural frontier
Over the next 30 years, the world’s population will likely grow 

to more than 9 billion1. Supporting 2 billion more people will require 
more agricultural production to satisfy demands for food, but also 
to meet the need for fibre, biofuels and chemicals to sustain the 
global economy. However, increasing food production will be one 
of humanity’s greatest challenges since global agriculture is at the 
nexus of many complex and interconnected issues, including food 
production, preservation of biodiversity, energy and water systems, 
climate change, declining water resources, land and air pollution, 
floods and land and soil degradation2. 

There are three ways to increase crop production: expansion 
of the physical area (arable land) allocated to crops, increased 
cropping intensity (e.g. multiple cropping, shorter fallow periods) 
and improvement of crop yields3. Based on past trends, it is 
estimated that a doubling of global food production would require 
approximately a threefold increase in nitrogen and phosphorus 
fertilisation rates, a doubling of the irrigated land area and an 
18 % increase in cropland4. 

Expansion of arable land may appear to be the most expedient 
solution, but this is unsustainable5. Cropland expansion has 
adverse environmental impacts on natural ecosystems. Not only 
will it contribute to the accumulation of greenhouse gases in the 

atmosphere, it undermines 
the ability of natural 
ecosystems to produce food 
products, ameliorate infectious 
diseases, maintain freshwater and 
forest resources, regulate air quality, 
provide cultural services that provide 
recreational, aesthetic and spiritual 
benefits and supporting services such 
as soil formation, photosynthesis 
and nutrient cycling4, 6-9. In fact, since 
1960 there has been a continuous 
decline worldwide of arable land when 
expressed on a per capita basis (ha in use 
per person; see figure above)3. 

Globally, most cropland expansion 
and intensification in the future will likely 
occur in the tropics, especially in sub-
Saharan Africa and South America10. These 
tropical regions are likely to experience accelerated 
losses of old-growth forests, woodlands and semi-arid 
environments10-13. In its timing and extent, most conversion of 
tropical lands has been driven by export market pressures14. For 
example, the recent crop expansion in the tropics has been driven 
by the demand for soybeans10, 15 and the spike in deforestation 
of the Amazon since 2015 has been driven by the increase in 
international demand for beef16. 

Lands put into agriculture are often those locally best-suited 
for biological productivity – lands that have a favourable climate, 
are well-watered and drained and have fertile soils to nurture 
diverse populations of plants and animals. When these lands 
are appropriated for agriculture, the multitude of ecosystem 
services they provide that benefit humans are diminished or 
eliminated. These include provisioning services such as water, 
timber and fibre; regulating services that affect climate, floods, 
disease, wastes and water quality; cultural services that provide 
recreational, aesthetic and spiritual benefits; and supporting 

services such as soil formation, photosynthesis and nutrient-
cycling services7-9.

Inevitably, efficiencies of use have been pursued in 
response to increasing population density, social evolution 
and technological innovations. Rather than expansion alone, 
agriculture has intensified, seeking to produce more per unit area 
of cropland11.

Despite continuous and accelerating improvements in 
agricultural efficiency, agricultural expansion on a vast scale has 
continued over the past two generations.

Reviving “old” lands
While recent attention has focused on new lands in the 

tropics, large-scale development has pushed into the mid-latitude 
drylands over the past three generations, much of it in the former 
Soviet Union in what is now Russia, Ukraine and Kazakhstan. As 
the political structure of this region began to unravel in the early 
1990s, many of these new croplands were abandoned. Recently, 
the potential for “reviving” these lands for agriculture has been 
viewed as an investment opportunity because of their previous 
agricultural use, their availability at relatively low cost and the 
proximity of an under-utilised local workforce17. 

In addition to local economic potential, attention has been 
focused on the role that revived lands might play in a global 
context. First, they could contribute to meeting global food 
demand, particularly with respect to wheat production. However, 
as might be expected, the productive capacity of these lands is 
highly variable, as is their conservation value18. Taking these 
factors into consideration, of more than 40 Mha of abandoned 
land, only less than 9 Mha were judged to be suitable for renewed 

Expanding Cultivation

How much more land is there for agriculture?

The collapse of the Soviet Union in the early 1990s 
caused the abandonment of a vast cropland area 
with estimates ranging from 38 Mha30 to 47 Mha19. 
The amount of this land that might be “revived” 
for cereal production may be only about 9 Mha. 
The remainder would be better used for pasture or 
protected for its environmental values19.

Pursuit of growing markets for soybeans and 
livestock products has brought rapid expansion 
of agriculture and pasture in South America31.

SOVIET UNION COLLAPSE

SOUTH AMERICA

Arable land per capita (ha in use per person).
Source: Alexandratos N. and Bruinsma J., FAO, 20123.

Farmers in Rwanda have increased their productivity and 
their income after they implemented a number of agricultural 
processes such as these terraces in rural Rwanda. 
Source: A'Melody Lee, World Bank. Flickr.com 
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cultivation. These lands could represent a production potential of 
about 14 Mt up to 20 Mt of wheat19. 

Second, the revival of lands that were converted to agriculture 
in the past would incur far lower development costs and also lower 
global environmental costs in terms of biodiversity and carbon 
stocks than would the development of new lands in the tropics19. 

While the notion of reviving abandoned lands is attractive 
on a number of levels, caution is appropriate. The quality of land 
is highly variable, the dryland climate is unreliable for rainfed 
production and the capacity of the resident workforce may be 
problematic17-19. 

Although it is generally agreed that agricultural intensification 
on existing global croplands is not insufficient to satisfy humanity’s 
future food demands, one modelling study estimates that it would 
be possible to achieve a 30-39 % increase in attainable yields for 
wheat, rice and maize under local climatic conditions of suboptimal 
water and nutrient availability20. The approach involves a mixture 
of strategies that involve multiple cropping and profit-maximising 
reallocation of crops on existing croplands.

Expansion in the future
Agriculture will continue to expand in extent but more slowly 

than during the past century. Much expansion will continue to 

take place in the tropics15. Some expansion will occur in the 
drylands where new lands may be irrigated with the development 
of new water resources. However, dryland development will be 
challenged by inherent climate variability that likely will be 
exacerbated by climate change21. Another important issue is that 
cropland expansion will most likely occur on lands less suitable 
for cultivation, such as highly erodible lands (e.g. steep slopes), 
as illustrated in recent studies in the United States22 and Africa23.

The economic, political and social environment for expansion 
in the future will be much different than the latter half of the past 
century. First, are global telecouplings (see page 40) in which, to 
varying degrees, land-use decisions are driven by global, rather 
than local economic considerations24. Telecouplings also have 
social, institutional and environmental dimensions that can affect 
not only the locations where they are implemented but other 
dimensions that are socially or economically linked25. 

Second, global policy frameworks in which land-use decisions 
must be made will be increasingly important: the magnitude of 
trade-offs in developing one area over another are becoming 
both more apparent and more pressing26. For example, for each 
unit of land cleared, the tropics lose nearly twice as much carbon 
and produce less than half the annual crop yield compared with 
comparable development in temperate regions. Therefore, newly 

cleared land in the tropics releases nearly three tonnes of carbon 
for every tonne of annual crop yield, compared with a similar 
area cleared in the mid latitudes27 (see page 96). 

Third, although development may be guided by national 
and international policy, it is implemented at a landscape or 
community scale. At these scales, development efforts can be 
tailored collectively to tap some resource opportunities and 
conserve others to meet community goals of securing the 
resource base and ensuring stable economic opportunities. At 
the household or farm level, sustainable land management 
practices can be promoted that conserve and enhance soil and 
water resources28 (see 18). Ultimately, success is dependent on 
the willingness and active participation of all stakeholders, the 
transparency of the development process, how 
resources are allocated and monitored and a 
system of governance that is recognised as being 
fair and inclusive29.

13.7 % of global land is currently 
under cultivation; maximum 
expansion possible up to 16.3 %.

Total global cropland has increased 7.7 times from the 2.65 M km2 available in 17001. 
Since then, cropland was gained by converting forests and woodlands (about 63 %) and 
about 37 % from savannah, grassland, or steppe1, 2. Cropland now covers most of the land 
surface best suited for farming. “New” lands will be of lower quality for crop production. 

Expansion and abandonment of cropland worldwide.
Agriculture has been altering and impacting pristine ecosystems, but never as drastically as now. Areal 
expansion of agriculture and intensification of the agricultural practices are the two main threats that 
potentially contribute to land degradation. 
Agriculture comprises cropland, pasture and tree crops. This page deals with cropland and the expansion 
of cropped areas. The next pages deal with the various aspects of intensification and consequences of 
pasture and livestock systems for land degradation.
Source: Derived from MODIS Land Cover data (Global Land Cover Facility32, 33) [Transitions between year 2001 and 2012 for 
classes aggregated cropland and cropland/natural vegetation mosaic on the one hand and all other values on the other].



World Atlas of Desertification | PART III – FEEDING A GROWING GLOBAL POPULATION52

Yield attainment (%)

OCEANIA/AUSTRALIA

SOUTH AMERICA

NORTH AMERICA

EUROPE

ASIA

AFRICA

Fr
eq

ue
nc

y 
of

 c
ro

pl
an

d 
gr

id
ce

ll 
(%

 o
f 

co
nt

in
en

t)

6
4
2
0

6
4
2
0

6
4
2
0

6
4
2
0

6
4
2
0

6
4
2
0

0 25 50 75 100

While global demand for food is rising – driven by an 
increasing population and changing diets – options to convert 
more land into agricultural use are diminishing, as shown on the 
previous pages. The only alternative is agricultural intensification, 
which can be achieved by optimising total farm production and 
crop productivity (output per land unit). Since actual yields are 
well-below potential yields in many parts of the world, especially 
Africa, one of the most widely cited approaches to meeting future 
food demands is closing the ‘yield gap’ (i.e. actual vs. potential 
yields per unit area)1-4. Associated with this are resource-use 
efficiency gaps, or differences between actual and potential 
yields per unit of resource input (e.g. fertiliser, pesticides, water, 
labour)5, 6. 

In any given area, yield gaps can be a function of many 
interacting biophysical and socio-economic factors, including 
water stress and nutrient stress, limited access to markets, 
low mechanisation, climate (aridity and temperature), soil 
quality (including steep slopes and poor drainage), undeveloped 
supporting infrastructure, technical knowledge, credit and 
uncertain land tenure and labour constraints1, 3, 4, 7, 8. Hence, it is 
not surprising that in spite of its importance, the global potential 
for agricultural intensification is not very well understood3, 9. 

During the past 100 years, agricultural intensification has 
been driven by improved technologies and farming practices, 
including the use of organic and chemical fertilisers, herbicides 
and insecticides, development of high-yield crop varieties, 

improvements in land management 
and mechanisation and adaption of 
irrigation. While all of this has led to 
increased food production, the other 
side of the coin is that these advances 
and practices have also led to a higher 
extraction and consumption of limited 
natural resources, such as water, forests and 
nutrients, which in many areas of the globe has 
led to land degradation7, 10. In addition, paradoxically, 
successful intensification can create economic incentives 
to bring additional land under cultivation, further increasing 
pressure on natural resources, especially for less suitable land, 
which again leads to increased land degradation11, 12.

Yield gaps highlight substantial regional differences in 
agricultural intensity across the globe. The yield gap is closed (or 
smallest) in industrialised countries with large farm sizes, high 
fertiliser and pesticide use, sophisticated irrigation technology, 
improved crop varieties and access to appropriate knowledge8. 
In contrast, yield gaps are typically highest in rural areas of 
developing countries, mainly in Africa, South America and Asia, 
where low-input, low-yield smallholder agriculture exists (see 
page 66). Attempts to close yield gaps must be tailored to meet 
local conditions3, 13. Many areas with significant yield gaps are 
dominated by smallholder-based agriculture. These areas, in 
particular, offer both significant opportunities but also realistic 

paths to reduce local poverty and improve human well-being8. 
However, agricultural intensification may also lead to adverse 
affects on natural ecosystems, which will damage ecosystem 
goods and services critical to the sustainability of rural livelihoods. 
Development programmes must strike a balance between 
meeting short-term human needs and long-term environmental 
impacts14. Achieving synergies between food security and global 
change adaptation and mitigation requires strategies that make 
smart use of natural ecosystems6. New land-management 
approaches focus on multiple cropping systems to optimise food, 
fibre and energy production. Mixed with reallocation of crops to 
more suitable existing croplands not only maximises profits by 
increased production, but is also more adapted to ecosystem 
boundaries13. 

In large part, biophysical factors such as climate, soils and 
elevation etc., determine global patterns of potential crop yields. 
But considerable variation in yield can be attributed to other 
factors, such as land management practices, available technology, 
farm size, knowledge and available funds for inputs (e.g. irrigation, 
fertilisers) and crop varieties. Hence, while yields are a useful 
and important guide to estimate and map potential levels of 
productivity related to intensification of cultivation, yield gaps 
represent the potential for improvement. As shown on this page, 
the ability to map these areas15 is a valuable tool along with other 
co-evolving socio-economic and biophysical processes (see PART V 
on Converging Evidence and Case Studies, from page 142).

Increasing Production

Closing yield gaps

Global average yields of wheat, maize and rice are 64 %, 50 % 
and 64 % of their potential yields. Against these global averages, 
North West Europe, central USA and parts of China score higher; 
central Asia, Mexico and West Africa score lower3. 

Yield attainment per continent.
Percentage of gridcells with a given yield attainment per continent. 
Source: WAD3-JRC, derived from Mueller, N., 201215.
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 The productive capacity of land is often maintained through 
application of fertilisers to offset what is removed by harvested 
crops. Where there is an economic and ecological imbalance 
between input (fertiliser) and output (crop production), pollution 
can lead to declines in quality and natural resilience of water 
resources and ecosystems5. 

Ecological intensification is a knowledge-intensive approach 
that involves the optimal management of nature’s ecological 
functions and biodiversity to improve agricultural production2. It 
is clear that in order to meet the world’s food demand, future 
cropping systems worldwide must employ this approach by using 
land, water, biodiversity and nutrients efficiently and in ways that 
are regenerative and sustainable16. 

Major cereals: attainable yield achieved (%)

0 10 20 30 40 50 60 70 80 90 100

The main triggers that stimulate efforts to 
increase production efficiencies are land 
scarcity, investments in crops and livestock 
and sponsored development incentives17. 

Yield gaps for 17 crops, measured as a percentage of 
the attainable yield achieved around the year 2000. 
Yield gap maps can be used to help better estimate 
the global potential of and constraints on agricultural 
intensification3. While some regions already attain maximum 
possible yields, others have large yield gaps and therefore 
represent potential areas to target for intensification. In a 
global analysis, differences in grain production efficiencies 
were mainly a function of irrigation, accessibility, market 
influence, agricultural labour and topography (slope)3. For 
example, the USA, Europe, parts of South America and 
South-East Asia all have good market access while other 
grain-producing areas are comparatively isolated and 
thus their production efficiency is adversely affected3 (see 
Transportation, page 24). 
Source: Mueller, N., 201215.

The significant benefit of closing the yield gap for maize, rice and wheat 
is illustrated by the amount of future land area at stake that could be 
gained by closing yield gaps. The ‘current’ (2000) global area of these 
crops is compared to the total area required to meet 2050 production 
projections for two cases: (1) if yields remain at their current (2000) 
levels and (2) if yield gaps are closed.
Source: Data from Phalan, B. 20141 .
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Options for increasing global agricultural production are 
limited. One option is to increase the land area devoted to crop 
production, but this alone will not meet future needs1. A second 
option is to raise the yield per unit area by closing “yield gaps,” 
which is the difference between potential and actual yields per 
unit land area under cultivation. There are four potential ways to 
increase yields per unit area: (i) improved crop varieties, (ii) use 
of fertilisers and pesticides, (iii) irrigation and (iv) mechanisation2. 

All of these technical interventions have been achieved in 
developed countries, to greater or lesser degrees, as farmers 
focus on closing the yield gap per unit of resource input (e.g. 
fertiliser, pesticides, water, labour)3. 

Regardless of the strategy pursued, the application of 
fertiliser is a key component in increasing agricultural production4. 
Despite a basic understanding of the potential payoff in the use 
of fertilisers, farmers in less-developed countries are reluctant 
to trade their low-risk system (i.e. low-input, low-yield) for a 

high-risk system (i.e. high-input, potentially high yield). 
Moreover, the opportunities to close yield gaps are highly 
variable among regions due to physical restrictions of climate 
and soil but also socio-economic limitations of crop selection, 
access to inputs (including germplasm, fertilisers, water and 
labour or mechanisation), access to markets and the income 
levels of farmers (and hence their ability to invest)5.

Aside from a general need to increase agricultural production 
globally, local growth in rural populations intensifies the need for 
increased production efficiency as demand rises and field sizes 
diminish. However, there are thresholds beyond which the cost 
of inputs (i.e. inorganic fertiliser) fail to lead to corresponding 
increases in yield6. 

Beyond economic inefficiency, overuse of commercial 
inorganic fertiliser can also result in a decline in soil condition 
and structure, including reduced soil carbon content, soil water-
holding capacity and porosity7. These changes may compromise 

the long-term ability to support food production and pose long-
term threats to neighbouring ecosystems as well as surface and 
groundwater resources8.

Use of organic fertilisers (i.e. manures, crop residues) can 
counter the trends of many of these problems by increasing 
soil organic carbon, improving soil structure, tilth and water-
holding capacity. These improvements require a commitment 
to sustainable land management practices that incorporates a 
broad swathe of land- and water-management approaches, of 
which the use of organic fertiliser is just one component9.

Because of the global variability of environmental and 
economic conditions in which farmers must operate, the use of 
fertilisers alone does not offer a panacea. Even where fertilisers 
and pesticides are affordable and readily available to close yield 
gaps, other inputs may play an equal or greater role in increasing 
agricultural production from place to place5, 10.

Fertilisers

Increasing Production

To close yield gaps to meet global food demand 
in 2050 will require increased application of 
nitrogen (45-73 %), phosphorous (22-46 %) 
and potassium (200-300 %) compared to 
2010. Environmental impacts will depend on 
management strategies4.

Zero means the crop used all nitrogen applied; the 
ideal range of application/consumption also depends 
on local conditions. 
Source: P. West, University of Minnesota12 .

The global total quantity of nitrogen, phosphorous and potassium (NPK) 
fertiliser used on croplands reached 172.2 million metric tonnes in 
2010/11 of which 60.5 % is N based11 . Developing countries are applying 
increasingly more N fertiliser, while at regional scale East Asia tops 
the consumption. The world average fertiliser consumption is 138 kg/
ha. Many African countries use less than 10 kg/ha while other new 
economies apply well over 500 kg/ha.
Source: International Fertilizer Association (IFA).
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Intensified use of the land created a dependency on proper 
management and increased supply of nutrient input. Whenever 
such input is compromised, intensively used lands can rapidly 
decline in quality and degrade due to loss of natural resilience. 

Land under commercial farming is kept productive, but where 
poorer economic conditions prevail, as is the case for many 
smallholders, insufficient nutrient input can steadily deplete the 
resource, leading to degradation. 

Overuse of fertilisers on cropland leads to 
loss of soil nitrogen, increased greenhouse 
gas (GHG) emissions and pollution of surface 
and groundwater resources8. 

In Ethiopia, increasing population density is associated 
with smaller farm size and an increased fertiliser use 
that, however, does not correspond to higher crop yields 
and hence leads to decline in farm income6.

In Quzhou County, China, farmers had access to 
improved seed varieties, irrigation and fertilisers, yet 
yields were only two-thirds of those achieved on nearby 
experimental fields. Researchers worked with farmers 
to understand their individual constraints on yields and 
worked with them to develop appropriate changes in 
practice. They reduced the use of nitrogen by one-third 
and increased yields by 12 % by improving the labelling 
of fertiliser products so that farmers could more 
accurately calculate application rates. These and other 
changes in water management, crop variety selection, 
changes in sowing and harvesting times raised yields to 
97 % of potential over five years10.

ETHIOPIA

QUZHOU COUNTY, CHINA

Total consumption of nutrients (mineral and organic). 
Source: EarthStat.org, Mueller et al., 201213.

Nitrogen Phosphorus Potassium
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Over the past 50 years, the yields of cereal crops in the 
developing world have tripled, with only a 30 % increase in the total 
land area cultivated1. This intensification of agriculture was achieved 
by improved crop varieties (hybridisation), fertilisation and irrigation, 
three of the main pillars of the Green Revolution2. In fact, during 
the past 40-50 years, there has been a ~70 % increase in irrigated 
cropland area3 and, consequently, global water consumption via 
irrigation has more than doubled from ~650 to ~1 400 km3 yr−14. 

Irrigation enables farmers to increase crop production by 
reducing their dependence on natural rainfall. Worldwide, it is 
estimated that only 18 % of all cultivated land is irrigated, yet 
these lands produce 40 % of all food5. For example, without 
irrigation it is estimated that the global production of rice, cotton, 
citrus and sugar cane would decrease by 31 % to 39 % and cereal 
production would decrease by 47 %, representing a 20 % loss of 
total cereal production worldwide6.

 An expansion of irrigation, along with improved management 
of water supplies, is considered a vital part of ensuring food 
security in the future7.

Irrigation is practiced in almost all countries of the world 
but to widely divergent extents. India and China have the highest 
percentage of irrigation land and are also countries with high 
population density and low per capita availability of cropland. 
Water resources (see page 86) or adequate water management 
(harvesting, collection and reservoirs) have kept pace so far. 
However, pumping water in excess of recharge is increasingly a 
serious problem in parts of China, India (see case studies) and 
Bangladesh8. Irrigation is widely practiced in arid and semi-arid 
regions, where the response of crop yields to irrigation is highest, 
such as the Arabian Peninsula, Iran, central Asia, northern Africa, 
Australia and western North America. In these regions, water is 
scarce, competition for its use is large and maintaining per capita 
food production from irrigated land might fail in the near future9. 
Even under temperate climate conditions (e.g. eastern United 
States, Canada, western and central Europe) additional irrigation 
is used on high value crops, such as maize, to compensate 
for rainfall variability during the growing season that causes 
unpredictable annual yields10. 

Although irrigation has led to dramatic increases in food 
production, it has also caused extensive environmental damage and 
undermines human resilience to water scarcity. Irrigation is responsible 
for 70 % of all freshwater withdrawals in the globe11. In many parts 
of the world, irrigation poses a major threat to water resources. This 
is due to excessive groundwater extraction12, inefficient irrigation 

methods13, the 
salinisation of 
aquifers14 and 
water pollution 
resulting from an 
overuse of fertilisers15. 
Salinisation causes the 
worldwide loss of ~1.5 
million hectares of arable 
land per year14, affecting 
about 16 % of all agriculture 
lands16. Soil salinisation, which is a 
complex phenomenon involving the 
movement of salts and water in soils, 
interacting with groundwater15, 17, 
may result from the use of brackish 
water, poor drainage and/or leaching 
and poor land management. Human-
induced salinisation is a widespread 
problem as around 30 % of irrigated 
land are affected and becoming 
commercially unproductive.

According to definitions used by 
the FAO, agricultural land is equipped 
for irrigation only if there are permanent 
structures for off-farm water management 
(green colours in background map). This means that 
areas with water harvesting, deep water rice cultivation, 
cropping in natural wetlands and even watering of crops with 
temporary water management infrastructure are considered as 
areas that are under agricultural water management but are 
not considered as being equipped for irrigation. The statistics 
provided in the next section follow the FAO classification. 
Differences between these figures and irrigated land reported by 
other institutions (e.g. national statistical offices) are often the 
result of definitions and classification schemes that do not align 
with the FAO classification system6.

Trends in irrigation expansion
It has been argued that some form of irrigation has been 

used as long as crops have been cultivated. However, it is evident 
that the development of irrigation infrastructure has grown 
considerably during the past three centuries. According to the 
best estimates, the area equipped for irrigation increased from 

about 5 Mha in year 1700 to 11 Mha in year 1800, 63 Mha in year 
1900, 112 Mha in year 1950 and 230 Mha in year 198018. 

Predicting the future extent of irrigated land is challenging. 
One scenario suggested an increase of area equipped for 
irrigation by 120 Mha for the period 2000–20805. The area of 
land that might be irrigated is about twice the current extent of 
irrigated land (graph above). However, estimates are incomplete 
and methodologies to estimate irrigation potential differ between 
countries. More importantly, the threat of water scarcity and 
the inevitable competition among other water-use sectors are 
growing in arid and semi-arid regions around the globe. Increases 
in irrigation extent in these regions will depend, to a large degree, 
on increases in water-use efficiency19.

Irrigation

Increasing Production

The inevitable growing competition between 
irrigation and other water use sectors 
enhances the threat of water scarcity.

Total land
(130.09 million km2)

Agricultural land
(49 million km2)

Arable land
(14.17 million km2)

Equipped irrigation
(3.31 million km2)

Dryland
(1.86 million km2)

Laser levelling in Khorezm, Uzbekistan.
Source: Martius C., 2003. 

Relations between agricultural area, arable land, area 
equipped for irrigation.
Source: FAOSTAT 2014; Siebert, S., 201320.

Area equipped for irrigation as percentage of grid cell.
Source: Siebert, S., 201320.
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Top 20 countries ranked in terms of Area Equipped for Irrigation in 2005.
Source: Siebert, S., FAO, 2013.

Since 1980, routine observations from satellites have been used to 
construct synoptic images of the Earth at ten-day intervals. From 
this record, it is possible to monitor seasonal changes in biomass 
production that track the growing season. The figures above and 
left show a dramatic shift from a single to double annual growing 
season in some areas due to the introduction of irrigation and, as a 
consequence, a significant increase in crop production.
Source: NASA GIMMS NDVI 3g.V0 from AVHRR sensors.

Since 1900, there has been a dramatic increase in the amount of land put under 
irrigation globally. The increase is particularly pronounced in south and east 
Asia20, 21 . (AEI=area equipped for irrigation; HID=historical irrigation data set).
Source: Siebert, S. et al., 201520.

Ricefield in Patna, India. 
Source: Martius, C., 2012.
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The livelihoods and food security of over a billion people are 
directly dependent upon livestock1, 2. The commerce and trade 
of livestock products contribute 40-50 % of the total global 
agricultural output2 and beef, poultry, pork and other animal 
products (e.g. milk, eggs, offal) provide one-third of humanity's 
protein intake3-5. Of the 800 million people who live below the 
subsistence level of ~US$ 2/day, over 50 % are dependent on 
livestock, especially in sub-Saharan Africa and South Asia where 
about 75 % of all poor livestock keepers are found6.

The FAO6-10 has documented the indispensable nature of 
livestock production to the food security and economic stability 
of resource-poor farmers in developing countries. This includes 
both livestock as a food source and the various by-products of 
livestock production, such as skins, fibre, fertilisers and fuel. For 
example, wool production is extremely important to farmers in 
the high-altitude regions of Bolivia, Peru and Nepal11. Livestock 
also play an important role in the social, religious and cultural 
lives of millions3. 

Currently, about 30-45 % of Earth's land surface is dedicated 
to livestock and livestock-feed production11, 13, which represents 
75 % of all agricultural land14. 

Pressure on natural resources and the environment
The livestock sector exerts enormous pressure on natural 

resources and the environment. Crucially, the nature of this 
pressure varies with the type of production system in which 
livestock are raised, which range from traditional pastoral 
systems to commercial farms that use industrially produced 
feedstuff. These different systems are characterised by different 
levels of intensification and management and thus have very 
different consequences for the sustainability of the systems and 
the environment19 (see Livestock’s Impact, page 62).

Types and global patterns

Livestock Production Systems

Livestock is a major component of global land use. 
About 30-45 % of Earth's land surface is dedicated to 
livestock and livestock-feed production, which represents 
75 % of all agricultural land.

Livestock Production Systems 
Livestock production systems consist of many types of land cover and land use, cropping 
systems, pasture conditions, sizes of human populations, herd structure and genetic 
composition and management strategies. However, for simplicity livestock production systems 
can be classified into four types, based on the degree of integration of livestock with cropping 
systems1, 8, 12, 20:
1. Grazing: uniquely livestock systems in which more than 90 % of dry matter fed to 

animals comes from rangelands, pastures, annual forages and purchased feeds. 
Grazing systems occupy about 26 % of the Earth’s ice-free land surface; 

2. Mixed Rainfed Systems: more than 90 % of the value of non-livestock farm 
production comes from rainfed land use; 

3. Mixed Irrigated Systems: more than 10 % of the value of non-livestock farm 
production comes from irrigated land use; and 

4. Landless Systems: highly intensive monogastric or ruminant systems where 
feedstuff is purchased from external sources; associated primarily with urban areas.

Depending on the type of production system, livestock play different roles in people’s 
livelihoods. For example, in impoverished regions in sub-Saharan Africa, due to poor feed 
quality a cow might need to consume as much as 10 times more feed to produce a single 
kilogram of protein as compared to a cow raised in Argentina12 . In a low-input pastoral 
setting in rural Mexico, milk quality and yields are vastly different from livestock reared in 
high-input dairy farms14 . 
Source: 1 Livestock GeoWiki: https://livestock.geo-wiki.org/Application/index.php.
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Drivers of change
Global production and consumption of animal products has 

grown enormously in the past 30 years. The primary drivers are 
population growth, increasing wealth in developing countries, 
urbanisation and shifts in dietary preferences, especially in 
developing countries1-3. This growth has been supported by a 
global economy where grain is relatively inexpensive (and often 
subsidised), transportation is cheap, animal health and care has 
improved and trade has been liberalised14, 15.

Livestock contribute 40 % of global agricultural 
output and support the livelihoods and food 
security of over a billion people.

Drivers of environmental change. 
Source: WAD3-JRC, Reynolds, J., 20188 .
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Livestock Distribution

Grazing production systems are one of the major sources 
of meat in the world, especially on pasture unsuitable for other 
types of agriculture. These grazing systems and the mixed 
cropping–livestock systems are the mainstay of food security 
and local economies in many developing regions of the world21 
(see Smallholders, see page 66). Paradoxically, the livestock 
revolution has often not provided increased opportunities to 
reduce poverty for many of the millions of rural livestock farmers. 
For example, in many developing countries, especially India and 
China, a consolidation from traditional grazing systems into 
landless systems has resulted in the production and marketing of 
livestock products being controlled by a relatively small number 
of industrial-scale operations, which has displaced many small, 
rural farmers1, 3, 7. Currently, landless systems account for a large 
amount of the world’s livestock production4, 22: 72 % of poultry, 
55 % of pork, and over 66 % of eggs. The greatest growth in 
industrial landless livestock systems has been in pig and poultry 
production due to their short reproductive cycles and efficiencies 
(as compared to ruminants) in converting feed (e.g. cereals) into 
meat4.

Although the per-capita consumption of livestock products in 
developing countries is still relatively low, their per-capita GDP is 
on the rise, fueling a global “livestock revolution”3, 16. The largest 
increases in per-capita consumption of livestock products have 
been in Asia (especially China and South-East Asia) and South 
America (especially Brazil and Chile)3. Although some regional 
reductions in livestock growth are expected, in many developing 
countries the per-capita consumption of livestock foodstuffs is 
projected to continue to rise, as shown in the figure below.

Meat consumption
The global population is expected to reach to nearly 10 

billion people by 2050. In addition, by 2050 the world is projected 
to be immensely richer, and the relative income gap between 
developed and developing countries will be lessened18. As the 
world populations grows, nearly 3 billion people will be added 
to the global middle-class by 2030 – and these are the type of 
consumers that favour meat, dairy and other resource-intensive 
foods8, 17.

Livestock production increasingly shifting to landless systems

Given the massive scale of livestock production 
systems, it is unlikely that any other single human 
activity has a larger environmental impact on the 
terrestrial land mass of the planet.

Global average (2001-2003) production in different livestock systems. 
Source: JRC-WAD3, Reynolds, J. based on Thornton 201011 . 

Meat consumption in developed and developing countries, 1980 to 2050 (projected)
The global population is expected to reach to nearly 10 billion people by 2050. Of this, nearly 
3 billion people will be added to the global middle-class by 2030, the majority of whom will be 
in developing countries and which are the type of consumers that favour meat, dairy and other 
resource-intensive foods8, 17. 
Source: JRC-WAD3, Reynolds, J. based on Thornton 201011 . 

The global demand for meat products is projected to increase by 76 % by 2050. 
The largest increases is for poultry. 
Source: Alexandratos, N. and Bruinsma, J., 2012 (FAO)18 . 

Livestock Distribution
Historically, when livestock production was predominately based on grazing and mixed-livestock 
systems the distribution of ruminants was almost completely determined by the availability
of localised resources, such as water, forage, crops, etc. In the future, as livestock production 
becomes increasingly consolidated into landless systems, principally pigs and poultry, the 
geographical distribution of animal populations and production throughout the world will shift 
and the importance of agro-ecological conditions as the major determinant of distribution will 
be replaced by the cost of land and access to output and input markets8 . 
Source: Robinson, T. et al., 201423.
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Global Impact of Livestock

As the world’s largest user of land, livestock production 
has a huge footprint, affecting many components of the global 
environment. It uses vast areas of rangelands, and consumes 
one-third of the freshwater1 and one-third of global cropland 
as feed2. Hence, the sustainability of the global food system 
is highly dependent on reducing the environmental footprint 
of livestock systems and on establishing sustainable levels of 
livestock-based food consumption2-5. The challenge is great 
since the environmental consequences of livestock production 
has been largely neglected, including the lack of large-scale 
public health and epidemiological investigations into the disease 
patterns and public health threats of livestock5, 6. Threats and 
concerns over livestock production are increasing in developing 
countries: while the commerce and trade of livestock products in 
industrial countries is more than 50 % of total global agricultural 
output, in developing countries it accounts for about 33 % but its 
share is rapidly rising7. 

Environmental concerns regarding livestock production 
can be viewed as (i) concerns related to soils (accumulation of 
nutrients); (ii) concerns for water (eutrophication, pollution) and 
(iii) concerns for air (greenhouse gas emissions, odours, dust). The 
direct and indirect impacts of livestock production on the global 
environment are wide-ranging, e.g. 5, 8-14:

• deforestation to make way for additional farmland for 
feedstuffs, which requires intensive use of water, fertilisers, 
pesticides and fossil fuels;

• use of highly productive croplands to produce animal 
feedstuffs, which represents a net drain on the world’s 
potential food supply;

• pollution of surface and groundwater; 

• habitat destruction, e.g. clearing and overgrazing;

• loss of biodiversity;

• impacts on human health via pathogens and harmful 
substances transmitted by livestock; and

• alterations of global biogeochemical cycles, e.g. significant 
greenhouse gas emissions by livestock.

Impact on biogeochemical cycles
Crop-livestock production systems are the largest cause of 

alterations of the global biogeochemical cycles of nitrogen and 
phosphorus13. Excretion of nitrogen and phosphorus by livestock 
can lead to various types of land degradation. For example, 
the excessive use of manure and fertilisers per hectare of land 
often leads to accumulation in soil and contamination of water 
resources through runoff and leaching. This is significant because 
the total amount of nitrogen and phosphorus in animal manure 
generated by livestock production exceeds global nitrogen and 
phosphorus fertiliser use13. Generally, the enrichment of the 
environment leads to less biodiversity. The map shows one 
component of the nitrogen cycle – the excretion of nitrogen (as 
urine and faeces) associated with bovine meat production. 

Livestock and manure production
Globally, cattle (60 %) are the largest contributors to manure 

production, followed by pigs (9 %) and poultry (10 %)15. 
In extensive (or low-input) livestock systems, e.g. sub-

Saharan Africa, manure is an important source of soil nutrients 
(carbon, nitrogen, etc.). Grazing and mixed-cropping systems tend 
to be closed systems where the waste products of one production 
cycle (especially manure, crop residues) are used as inputs to 
another. This is in contrast to landless systems where there is 
a separation between livestock production and the land used to 
produce the feed, which can result in the production of large, 
concentrated quantities of animal waste products that threaten 
the environment and public health. Regardless of the livestock 
system, the recovery of nutrients from manure is highly variable 
and depends significantly on infrastructure and handling15. 
Importantly, the handling of manure, its storage and the 
synchrony of mineralisation with crop growth are main ways to 
increase nitrogen-cycling efficiencies in smallholder systems15, 16.

Livestock are a major cause of alterations to global biogeochemical cycles

Given the massive scale of livestock production 
systems, it is unlikely that any other single human 
activity has a larger environmental impact on the 
terrestrial land mass of the planet.

Cattle in South America.
Source: Reynolds, J.
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Landless livestock systems 
In the past several decades the growing demand for livestock 

products, in concert with technological advances, has driven 
widespread changes in livestock production systems. These 
changes have radically affected the livestock production sector 
in both developed countries and parts of the developing world17. 
One of the most significant changes has been a steady shift from 
grazing systems to landless livestock production systems9, 18. In 
fact, virtually all growth in livestock production is due to increases 
in industrialised landless systems9. 

Landless systems are not dependent on local land for crop 
production; rather, they are intensive, industrialised facilities 
where livestock are raised in high densities in stalls, pens and 
feedlots with a reliance on feedstuff obtained from external 
sources. Landless livestock farmers, which vary from smallholder 
farms to large-scale agribusiness, most often specialise in a 
single commodity, such as beef, dairy, pigs, poultry, etc.5. Overall, 
there has been rapid growth in the average size of livestock 
production units and a shift towards fewer and larger farms. 
Larger operations are better able to benefit from technical 
advances and economies of scale, such as improved genetics, 
compound (mixed or manufactured) feeds, especially in poultry 
and pig production9. 

While the majority of landless livestock systems are located 
in urban clusters of East Asia, South-East Asia, southern Brazil, 
Ecuador, central Mexico, eastern North America and Europe10, by 
the year 2030 every developing region of the world (other than 
sub-Saharan Africa) will also produce more than half of its cattle 
and sheep in stalls, pens and feedlots18. 

Nevertheless, in spite of the shift towards landless 
production systems, livestock remains the world’s largest user 
of land. Unfortunately, the environmental and resource costs of 
feedstuffs and industrialised landless systems, which are often 
separated in space from each other, remain largely unaccounted 
for9. This includes the persistent threat to the diversity of animal 
genetic resources17. 

Sustainability of the global food system can 
only be achieved by reducing the environmental 
footprint of livestock systems.

Nitrogen excretion associated with bovine meat production in the year 2000. 
Source: Data from Herrero, M., et al. 20132 .

Manure production by bovines in the year 2000. 
Source: Data from Herrero, M., et al. 20132 .
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What is a smallholder? 
Smallholders are key players in everyday decisions which - 

over time - determine the evolution of the landscape, including its 
degradation or sustainability. In theoretical terms, smallholders 
epitomise ‘coupled’ human and environmental systems4. Consequently, 
smallholders’ livelihood systems in the drylands are varied and 
complex, and need to adapt continuously to climate change and 
variability, economic change and political volatility. 

In most countries, protected areas are reserved for wildlife 
and conservation5. However, extensive areas still support small-
scale rural livelihoods. They are adapted to the local ecology 
and to market drivers, as well as retaining a priority - wherever 
possible - of supporting food security at the family level. Market 
value chains and transport infrastructure - usually inadequate 
in the more remote drylands - originally reflected capital inflow 
in response to historical export markets (e.g. cotton, groundnuts, 
maize). Increasingly, domestic food and commodity markets are 
now taking over this role, driven by urbanisation - for example, in 
Nigeria6. More and more drylands are being swept into the new 
and expanding market hinterlands in the West African Sahel7. 
Given these mixed goals, adaptive pathways may be configured 
in various ways (see diagram on the left). 

The defining characteristic of smallholders is their restricted 
access to capital - in finance, exchange or assets - as they struggle to 

Smallholder Agriculture
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Global distribution of farm field size
There are no reliable maps of smallholder farms. However, farm field sizes suggest where 
they are most likely to be found1 . 
The number of farms in the world is estimated to be more than 570 million, of which more 
than 475 million (84 %) are smaller than 2 ha. More than 500 million are managed by 
families in Africa, Asia and South America. Despite their numbers, smallholders operate on 
only 12 % of global farmland1 . These estimates, however, still diverge strongly based on the 
sources used. An earlier study mentioned that smallholders operate on around 60 % of all 
cropland47. Using the field-size data and GLC-Share cropland map (see page 48), this WAD3 
calculated that around 53 % of all farmland are fields of less then 2 ha. Of course, not all 
small fields are linked to smallholders.
Decreasing trends in the average size of farm holdings are shown in agricultural censuses. 
Smallholdings should be distinguished from family farms, as that category includes large-
scale holdings. As a subset of global smallholders, numbers of dryland smallholders have not 
been estimated reliably. Divergences occur between countries and regions. Nor have large-
scale farms or other enterprises been separately quantified in the drylands2 .
Source: Fritz, S., IIASA-IFPRI GEOWIKI, 20153.

Adaptive pathways for dryland households
Food security in arid or semi-arid lands is low because climate variability destroys investments in cropping 
and livestock where own-consumption or subsistence goals characterise dryland systems. 
Food security has often to be achieved through employment or income diversification, as opportunity permits 
and often through migration.
Source: Mortimer, M., WAD3-JRC, 2018.
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secure livelihoods at the base of a global ‘investment pyramid’, while 
large-scale and/or capital-intensive systems of natural resource 
management (though sometimes themselves short of credit) 
race ahead in ‘modernising’ countries9. Meanwhile, inappropriate 
interventions have sometimes led to unwanted maladaptation10.

Smallholders’ access to resources
The linkages between smallholders, degradation and 

sustainability are profoundly influenced by rights of access to and 
benefits from the use of natural resources, especially land, fodder, 
trees and water. These rights were held historically by local custom, 
but under new laws or edicts, they are vulnerable to appropriation 
by governments, corporations and powerful individuals, for 
commercial or other purposes. Customary claims of individuals, 
families, clans or cooperatives still affect the greater part of most 
dryland countries. Formal or legislated (‘statutory’) rights, while 
extensive and increasing (new allocations under new legislation), 
may threaten title security. They may not be recognised, still less 
implemented, by ancestral users. Furthermore, in many countries, 
divisible inheritance diminishes the rights enjoyed by succeeding 
generations. New legal tools as well as informal adaptations of 
custom are needed, both within and beyond the drylands11, as 
fundamental changes are taking place in the availability of natural 
resources, driven by population growth.

Thus the necessary condition of sustainable private investments 
in natural resources - security of tenure - is frequently absent12, 13. 
Grazing systems are not an exception. Growing livestock herds have 
to be subdivided or grazing areas extended, while appropriations 
of rangeland and sometimes of water access reduce the available 
resources of common or open access for livestock. Hence, although 
they are responding to a host of external pressures, culpability for 
rangeland ‘degradation‘ has been assigned to overgrazing by users. 

Underpriced arable land, weak institutional safeguards and 
governmental complicity are currently driving an agricultural ‘land 
grab’ in many countries, especially in Africa, in which smallholders are 
critically disadvantaged. Wealthy citizens (including foreigners) not 
only have better access to investment capital, but can buy allocations 
and override local land rights through political connections. However, 
neither the pace nor the redistributive impact of the ‘land grab’ are 
fully understood14.

Smallholders’ role in degradation
Low Investment Systems (LIS) can be taken as synonymous with 

smallholders where underinvestment is the key to understanding 
poverty and environmental degradation. 

Smallholder farmers, pastoralists or others manipulate 
their land, labour and capital opportunistically within a general 
condition of scarcity. The system generates its own dynamics, 

economically and environmentally. 
Micro-systems (‘backyard” or garden agriculture, greenhouses) 

may attract high pro-rata investment especially in or near urban 
areas. In general, drylands are ‘investment deserts’ when compared 
with industrial, urbanised or humid regions. This constrains food 
production, whether crops or livestock product. 

Dryland degradation is therefore much broader than technology 
alone and the example landscapes shown in the following pages, 
containing a mix of technical and non-technical constraints and 
opportunities, form either barriers or pathways to sustainable 
landscapes, through co-evolving, ‘coupled‘ human and biological 
systems. In China, barriers to increased productivity and greater 
environmental performance have been removed by integrating 
adapted scientific evidence in extension work, 
making smallholders farm more efficiently, and 
resulting in yield increases of more than 10 %48. 

Smallholders are key players 
in sustainability decisions.
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"Taken at the end of the dry season, the 
photograph shows fallow, rain-fed fields 
(brown and tan) — except around the margins, 
where forested villages have access to river 
water. The largest village in the scene is 
Sciovele.

Thin river channels run through long 
floodplains that arc around the fields. These 
floodplains are part of a wide, low-lying 
wetland system that supports both swamp 
vegetation and another set of fields where 
crops thrive through the dry season. Farmers 
in the lower wetlands take advantage of 
flood-recession agriculture, where wet-season 
rainwater drains more slowly and is available 
for plant growth even in the middle of the dry 
season.

The wetlands are part of the complex 
coastal zone of Lake Tana, which lies just 
outside the top of the image. Individual fields 
and angular margins at the floodplain (right) are 
indicative of the human use and modification 
of the wetlands. The Gilgel Abbay River is lined 
with very narrow fields that give the greatest 
number of farmers access to the water. 

Forests occupy parts of the wetlands; they 
also stand on a few patches of higher ground, 
such as the hill in the centre of the image and 
five small circular patches dispersed among 
the fields. Some of these forests surround 
monasteries that are characteristic of the 
region.

The relatively high rainfall in the 
Ethiopian Highlands makes the region suitable 
for growing coffee, oilseeds, and grains 
(especially subsistence crops such as wheat 
and sorghum). However, a recent years-long 
drought is threatening Ethiopia’s food supply."

The Role of Smallholders

Smallholder livelihoods play an important role in evaluating land degradation

Following adaptive pathways, smallholders are 
more key to the solutions, rather than being 
the problem, of dryland degradation.

Smallholder fields and forests in the Ethiopian Highlands.
Source: Text by: NASA, https://visibleearth.nasa.gov/view.php?id=89948
Photo Credit: Astronaut photograph ISS050-E-30105, NASA Visible Earth.

Plowing a peach orchard in China.
Source: Xiaobo Zhang / International Food 
Policy Research Institute, Flickr.com

Smallholder quinoa farming, southern Bolivia.
Source: Reynolds, J.

GDP per capita in 2015 (current US$).
Source: Worldbank, CC BY-4.0.
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The debate on dryland degradation has been driven by two conflicting viewpoints12, 15  
on desertification and on the related role of smallholders.

1st Viewpoint: 
The 'desertification paradigm' -  
smallholders’ role in degradation.

The ‘desertification paradigm’ may be stated as follows:
“The implicit basis of the desertification paradigm is the idea 

of an ecosystem at equilibrium in which a perturbation is followed 
by a natural readjustment back to a stable state. Thus vegetation 
always evolves, through natural succession, towards its ‘climatic 
climax’. However, human agency, through ‘misuse’ of the land, may 
dislodge the ecosystem irreversibly from its former equilibrium. 
Restoration is not economically possible within an acceptable 
time-frame. The common use of the term ‘fragile’ denotes the 
susceptibility of dryland ecosystems to such degradation”16. 

The paradigm has been embedded, over a century or more, 
in rapidly growing literature derived from technical and expert 
observations of over-cultivation, overgrazing, deforestation, 
desiccation and salinisation in dryland countries17-20. The 
historical roots of this literary tradition are to be found in the 
hypothesis of an advancing Sahara, for which smallholders (both 
farmers and pastoralists) were held culpable. Since the 1950s, 
UN institutions, donors and national governments financed or 
facilitated these studies21.

The ‘advancing Sahara’ hypothesis is still influential. 
The ‘Great Green Wall’ strategy born at a meeting of West 
African heads of state began with a reforestation goal for the 
governments along its southern edge, despite the failure of some 
earlier tree planting programmes and the uncertain performance 
of such schemes since22. Making enormous demands on capacity 
and ignoring experience of ‘top-down’ imposition elsewhere, this 
crude prescription has now evolved into a more realistic land-
use planning framework which depends for its success, not only 
on European Commission finance, but also on smallholders. Yet 
China has recently announced its intention to plant a forest wall 
against the Gobi Desert23.

Under-investment is linked to small-scale agricultural 
operation. The priority given to food security at the level of the 
family farm naturally follows from low productivity and high 
environmental variability, while over-dependence on market 
production is risky. So is dependence on soil amelioration: he 
(or she) who spends family savings on chemical fertilisers will 
lose the most when drought strikes24. Ruminants that perform 
better under extreme variability are preferred by livestock 
breeders25. This clash occurs between the goals of survival and 
those of profit and affects all smallholders. Profits (if any) may 
be invested in animals, urban migration, real estate (property), or 
business, which may be less risky than reinvesting in farming (for 
example, in Senegal26).

Within this framework, landscapes are presently undergoing 
a transition from ‘wildscapes’ (where human impact is less 
obvious) into agrarian, urbanised and industrialised landscapes 
– or anthromes (see page 44), driven by demographic growth, 
technology change, social and economic transformation and 
other global forces. This transition is not painless, either for the 
life-supporting natural ecosystems or for the human systems 
that have increasingly dramatic impact nearly everywhere. 
These tensions, in combination with climatic aridity, variability 
and change, have brought dryland degradation to centre stage 
in global environmental management27. Smallholders - whether 
farmers or pastoralists - operate under alarming scenarios of soil 
and water erosion, declining bio-productivity, episodic floods and 
droughts, soil salinisation and deforestation. 

In expert diagnosis, ‘over use’ of land by smallholder 
farmers and pastoralists rapidly gained currency during the 
20th Century28. 

2nd Viewpoint: 
A ‘resilience paradigm’ -  
smallholders’ role in sustainability.

The 'resilience paradigm’ begins with recognising that dryland 
ecosystems are not characteristically at equilibrium. As their 
productivity depends primarily on variable rainfall, they are better 
understood as being in a state of disequilibrium. For example, 
when pastures fail, animals die or migrate. But seed banks in the 
soil ensure that vegetation recovers, though not necessarily with 
the same species composition. In the Sahel, perennial grasses 
were replaced by annuals when the rain returned. This capacity of 
the ecosystem to maintain its functional integrity while adjusting 
to various drivers justifies describing it in ecological terms as 
unstable and resilient29, 30.

During the past three decades, Earth satellite data have 
provided a fresh perspective on dryland degradation that has 
generated growing literature on “regreening”31, 32. They offer 
a compatible basis for global estimates and a testing ground 
for theories of change. Results from West Africa produced 
surprising counter-evidence to the orthodox view of progressive 
degradation32-34 (see case study: Sahel).

Unexpectedly, increased NDVI values were found to be most 
visible in the semi-arid and arid ecological zones, where dense 
human and livestock densities had appeared to present the 
greatest threat. The trends were found to be significant throughout 
the period from 1982 (when the first data became available) to 
2006 and significantly correlated with rainfall. However, there are 
localised exceptions, where rainfall is not the sole explanatory 
factor and management may have also had a role. Given the 
predominance of smallholders in the region’s agriculture and 
livestock sectors, such a conclusion seems reasonable. But much 
more research on the ground is needed. While positive trends 
in biomass production are indisputable, field studies of woody 
vegetation at local scale show contrary trends32, 35. 

Some degraded landscapes show evidence of recuperation 
in their productive capacity through uptake of sustainable land 
management (SLM) practices, for example, via livestock grazing 
and redistribution of organic nutrients; reforestation or plantation 
of trees; protection of enclosed rangelands from grazing animals; 
intensive use of domestic waste on gardens; and long rotational 
fallows. There is an extensive inventory of SLM practices 
by smallholders which can support such a recovery of bio-
productivity, if found economically viable36. But within a complex 
and dynamic framework, the search for ‘solutions’ to dryland 
degradation is much broader than technology alone, important 
though it is (see Sustainable Land Management, page 225). 

Degradation is contextual and almost infinitely 
variable37. So also is sustainability. This wider livelihood 
frame provides the necessary context for evaluating 
degradation and sustainability, in particular in relation 
to ameliorative action and policy, which needs to be as 
holistic as the dryland household itself (see Case Studies, 
page 193-229).
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Spatial representation of people’s perceptions of changes in vegetation cover and NDVI trends (by 20 × 20 km grid cells) in Senegal.  
(a) Number of focus groups reporting observations of degradation of the vegetation cover.  
(b) Number of focus groups reporting observations of rehabilitation/improvement of the vegetation cover.  
(c) Observations of degradation and improvement combined.  
(d) NDVI trends for 1982–2008 at the original 8 × 8 km resolution.  
(e) Observations superimposed on NDVI trends averaged for 20 × 20 km grid cells. 
Grey grid cells represent the area of Senegal that was not crossed by any of the mapped routes of transhumance and was hence excluded 
from the analysis. There is an apparent contradiction between increasing NDVI values and environmental degradation perceived by local people. 
However, in many instances, increasing vegetation cover was the result of an increase in undesirable plant species31 .
Source: Herrmann, S., 201431 .
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Landscape patches: greening the drylands
Because the smallholders’ agricultural holdings are small and 

fragmented, the outcome of interaction between nature and users 
is a mosaic of patches. The topography, colour, moisture and other 
properties of the soil, the natural growth of biomass, seed production 
and growth characteristics of crops and other useful plants, mingle 
with the management of fields, pastures and woodland to create 
unique resource landscapes that are well known to the farmer, 
pastoralist or woodsman. The smallholder may be seen either as a 
creative landscape architect or as a soulless destructor (or perhaps 
both) of nature’s legacy, his (or her) decisions and outcomes being 
responsive to an encircling range of natural or human agents. The 
array - which is illustrative rather than comprehensive - contains 
both slow changing variables (e.g. rainfall trends, soil formation, 
population growth, or knowledge) and fast (e.g. drought, soil erosion, 
seasonal ‘exodus’ of labour, or violence). These variables4 are linked 
directly or indirectly with the management of land-use patches.

Sahelian landscapes and most probably those of other 
drylands managed by smallholders, resolve a dispute between 
human and natural systems at the level of the smallholding. An 
apparently homogeneous topographical surface breaks down 
into an almost limitless diversity, confirmed in other Sahelian 
studies39. Each patch is situated on a continuum - a logical ‘ladder’ 
to sustainability - as managed ecosystems evolve, reflecting 
increasing investments of labour, skills and finance (oval and 
pictures a-h). Reaching a goal of sustainability, of course, is not 
inevitable. Movement down as well as up this ‘ladder’ is possible, 
and forms of degradation can ensue at any point. Nevertheless, 
conservation of an intensified and sustainable system through 
micro-management is the desired and logical outcome. 

At a micro-scale, each landscape patch is an arena for contesting 
degrading and sustaining processes. From a ‘greening’ standpoint, 
management of development pathways at the household level is 
crucial. Decisions at this level aggregate at higher orders of scale. 
Thus the recent greening trend observed across the African Sahel, 
though primarily a product of recovering rainfall events40, must 
be supported by policies and incentives that operate at this level. 
Studies of these patches at a micro-scale show the remarkable 
extent of resilience in Sahelian vegetation over several decades, 
including drought cycles41. 

Management under pastoral and farming regimes is not 
inconsistent with climatic uncertainty. At representative sites in the 
region, farmer-managed natural regeneration (FMNR) is claimed 
to have benefited 4.5 million peoples’ livelihoods in the Maradi 
and Zinder Regions of Niger42. Preceded by several decades of 
environmental policy (top-down and widely unsuccessful), a major 
shift in governance, restoring local autonomy in the management 
of forest reserves and farm trees, has brought about a significant 
change in land use43. Improving on a traditional Sahelian 
practice of allowing economically valued species to re-
seed or regrow along field boundaries, simple 
improvement in the technique and awareness 
of an economic opportunity, based on 
the valuable species Faidherbia 
albida, has led to increased tree 
densities with income, soil 
fertility, crop yields and 
livestock feeding 
benefits.

Smallholders as Landscape Architects

The resilience of smallholders makes them key to local environmental solutions

Farming frontier: Low- to medium-density woodland under 
pioneering farming families with livestock, enabled by the ‘land 
rights to the user’ doctrine recognised in custom and increasingly 
in legislation; family labour responding to social and economic 
drivers (see text) with women as well as men in fields, organised 
communities extending into drier regions between existing 
villages. (Location: Jigawa State, Nigeria.)

Dry forest: ‘Unoccupied’ woodland with more rainfall but not yet 
colonised by farmers, exploited by mobile graziers, hunters and 
harvesters of non-timber forest products. (Location: Borno State, 
Nigeria.)

Rotational mosaic: The farming frontier stabilises as the 
supply of land diminishes, rights become fixed and to maintain 
soil nutrients under repeated cultivation cycles, rotational 
systems (such as ‘bush fallowing’ and livestock grazing), with 
complementary practices, become generalised, as field boundaries 
and other investments begin to reflect social inequality. (Location: 
Kano State, Nigeria.)

Arable land saturation: Disappearing supply of unclaimed land, 
together with increasing trends in labour inputs, multiple cropping, 
increased weeding frequency, high yields, commodification of 
both inputs and outputs; scarcities of financial capital inhibiting 
non-labour investments; migratory labour46 (Location: Kano State, 
Nigeria.)

Conservation: Following saturation, sustainable land 
management (SLM) practices (see 4e), the protection of 
threatened species - notably in West Africa the leguminous tree, 
Faidherbia albida - and other forms of investment in permanent 
fields with fixed ownership boundaries, increased fertilisation 
(organic and inorganic, both through the markets), cut-and-carried 
fodder with stall feeding of livestock during the cropping season 
and intensified nutrient cycling. A market in arable land gathers 
momentum. (Location: Diourbel Region, Senegal; Yobe State, 
Nigeria.)
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System Population density Soil-nutrient 
management Tree management Tenure Impact

Natural woodland Very low None None Open access Very low

Natural grassland ‘steppe’ Low None Few trees, fuelwood cut Open and/or communal 
grazing Low

Farm - forest mosaic - frontier Low, rising Burning cycles Burning, cutting ‘Land to the cultivator’ High

Rotational crop-livestock systems Variable, rising Livestock integrated
Selection of useful species 
for protection; fuelwood 
from natural woodland

Individual titles increase; 
grazing rights overlap if 
recognised

High

Intensifying systems Highest but declining (‘exodus’)
Input markets, N-fixation, 
weeding, etc. (e.g. KCSZ), 
tree protection

Planting and natural 
regeneration

Ending of ‘free land’ and 
beginning of purchase plus 
disputes

Highest

Conservation Declining Inorganic and dedicated Replacement, fertilisation, 
species selection

Legislated and exchangeable 
rights to farmland; customary 
rights suppressed

High

Dryland smallholders: a provisional conclusion
The efficiency and dynamism found in the smallholder sector 

has been criticised as an inadequate engine of economic growth and 
poverty reduction and a policy focus on smallholders as not fully 
justified by the data44. But the precondition for growth is large-scale 
outmigration enabling an increase in agricultural productivity. It may 
be speculated that the relocation of rural people to towns and cities 
(and diversified incomes in situ) will leave ‘remainers’ condemned to 
low incomes, weak markets, input scarcities, technical obsolescence 
and diminishing land and labour resources. 

Contrary to the expectations of some, smallholders in many 
dryland countries have evolved complex market systems linked to 
interregional trade, experimented with new crops and technologies, 
sustained skills in animal breeding and struggled to optimise organic 
and inorganic nutrient inputs and to adapt to rainfall variability. The 
priority of winning a livelihood from the soil - the sole asset enjoyed 
by many dryland people - against the risks of an unpredictable 
environment, deprived of equal opportunity in a grossly unequal 
world, marginalised by an enfeebled global rhetoric (substituting 
Sustainable Development Goals for the only partially successful 
Millennium Development Goals) and the largely unregulated 
forces of globalisation, ensure that exiting the smallholder sector 
will continue to be difficult, especially for the poorest. Because 
smallholders are likely to be an enduring feature of semi-arid 
landscapes in most of Africa, much of Asia and large parts of South 
America, the interaction of co-evolving and ecological systems 
defines the challenge facing development interventions. It calls for 
holistic analysis. Advancing intensification technologies, in the hope 
that they offer another green revolution, must also contend with the 
long-term consequences of divisible inheritance, soil degradation 
and possible negative outcomes of climate change.

Nowhere are these risks greater than in the drylands. 
Conventional metrics of economic growth may have to be jettisoned 
in favour of sustainability indicators45. It seems paradoxical to claim 
that the smallholder holds a key to the solution, rather than being the 
essence of the ‘problem’ of dryland degradation, in those extensive 
areas where smallholder systems operate. But such a conclusion 
follows from the argument made in this section. The proviso is that 
the ‘investment desert’ of the drylands can be reclaimed46. In the 
past, neglect of this variable led to an analytical underestimation of 
small-scale investments in drylands, where urban investment may 
be more profitable than agriculture7. Rural people utilise alternative 
income sources to reduce the risk and insecurity engendered by 
low agricultural productivity and high variability. This income can 
be recycled, and such recapitalisation should build on existing local 
knowledge as well as adapting appropriate science from external 
sources.

Sustainable conservation of an intensified  
eco system use through micro-management.

Steppe: Almost treeless grasslands, rainfall too low and variable 
for rainfed farming, managed for mobile selective grazing, enabled 
by customary common access, supporting pastoral families. 
(Location: Yobe State, Nigeria.)

Wetland intensification: Flood plains, permanent or seasonal 
depressions), shallow water tables, dams and irrigation canals, 
water-lifting gear, reflecting private and public investment; 
restricted livestock access to high-quality grazing and water, often 
contested between farmers and graziers, local and distant (urban) 
owners; outputs of fruit and vegetables, out-of-season grain or 
cotton and other crops are sent almost entirely to urban and niche 
markets. Public-sector investments are extensive along major 
rivers. (Location: Jigawa State, Nigeria.)

Degradation: Water and aeolian erosion leading to bare ground 
following removal of soil and sub-soil from lateritic bedrock, 
especially on slopes and where Quaternary dunefields have been 
reactivated under low rainfall. Neither is necessarily irreversible, 
as interventions in the micro-management of lateritic surface 
materials (e.g. ‘half moons’) and changes in dune formation 
(with rain, prevailing wind and self-seeding) show. Of greater 
importance is slow soil degradation over very extensive areas. 
Degradation may set in at any of the stages proposed here with or 
without human agency. (Location: Yobe State, Nigeria.)
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Landscape patches illustrated from the Sahel. 
Landscape patches form a logical sequence (a) to (h), but it does not 
follow that all surfaces have progressed in the same way or will do 
so in future; degradation can set in anywhere in the sequence. 
Source: Model and photos M. Mortimore, WAD3-JRC, 2018.

Smallholders’ strategies (systems) may incorporate not only 
ecological ‘givens’ but also a range of management variables, 
resulting in an almost infinite number of landscape patches.
Source: Mortimore, M.


