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The implications of these patterns of growth in demand for animal-source foods 
lie in structural changes to the livestock sector: there will need to be a rapid inten-
si�cation of production in some areas accompanied by value chain development 
linking production zones with consumption centres. The maps of demand growth 
presented here can help identify where intensi�cation of production is likely to oc-
cur in the coming decades.

Whilst the methodology can be improved in numerous ways, most importantly 
in linking production explicitly to production systems, the resulting maps and data-
bases can be of direct use to researchers and decision makers in the livestock sector; 
through analysis of the social, environmental and animal and public health impacts 
of rapid growth and intensi�cation in livestock production.
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therefore important for a number of reasons.
In 2003 the Global Perspective Studies Unit of the Food and Agriculture Organ-

isation (FAO) published the report �World Agriculture: Towards 2015/2030� (Bru-
insma, 2003). The study presented prospective developments in food demand and 
consumption and possible implications for nutrition and under-nourishment. Since 
the publication of that study, estimates of population growth have been revised 
considerably and the world energy markets have become increasingly tight. High 
energy prices affect the food and agriculture sectors in many ways, with, for exam-
ple, direct increases in the costs of inputs and of transporting agricultural products, 
and the more complex interactions that result from an increased use of agricultural 
land to produce biofuels. For these and other reasons FAO has revised and ex-
tended the 2015/2030 estimates to 2030/2050 (FAO, 2006b).

These new estimates present the possibility of mapping changing demand for 
livestock products, and possibly the associated changes in production that will be 
required to meet that demand growth. 

In this paper we �rst provide an overview of demographic and economic changes 
in the world that are in�uencing the livestock sector. The following section de-
scribes the methodological approaches to mapping human and livestock popula-
tions, provides a summary of how the FAO projections are made (focussing on 
livestock commodities), and describes how these can be combined to map projected 
demand for and supply of livestock commodities. The results section presents some 
examples of the outputs of the analysis and the concluding section mentions some 
ways in which the methodology might further be developed in the future, and dis-
cusses some implications and potential uses of the results. 

Detailed maps and tables of projected change in supply and demand for animal-
source food, disaggregated in a number of ways, are provided in the Annexes.
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Based on these assumptions, the UN estimates that the populations of 30 coun-
tries, most of which are categorised as least developed, will at least double between 
2010 and 2050, according to the medium variant. In contrast, the population of the 
more developed regions is expected to change minimally, passing from 1.23 billion 
to 1.28 billion, and would actually decline to 1.15 billion were it not for the pro-
jected net migration from developing to developed countries (UN, 2004).

An important issue in population growth is the distribution and the growth of 
urban areas. According the 2007 World Urbanization Prospect, the population liv-
ing in urban areas is projected to rise from 3.3 billion in 2007 to 6.4 billion 2050. 
Globally, the level of urbanization is thus expected to rise from 50 percent in 2008 
to 70 percent in 2050 (UN, 2008).

There is considerable diversity in the levels of urbanization in different regions. 
While 74 percent of the inhabitants of more developed regions lived in urban areas 
in 2007, just 44 percent of those in the less developed regions did so. Urbanization 
is expected to continue rising in both the more developed and the less developed re-
gions so that, by 2050, urban dwellers will account for 86 percent of the population 
in the more developed regions and for 67 percent in the less developed regions (UN, 
2008). Among the less developed regions, Latin America and the Caribbean have 
exceptionally high levels of urbanization (78 percent), while Africa and Asia retain 
larger shares of rural inhabitants. Over the coming decades, however, the level of 
urbanization is expected to increase in all major areas of the developing world, with 
Africa and Asia urbanising more rapidly than the rest.

Furthermore, the urban population is distributed unevenly among urban settle-
ments of different size. Despite their visibility and dynamism, mega-cities (de�ned 
as a metropolis with a population greater than 10 millions) account for a small pro-
portion of the world�s urban population: about 9 percent in 2007. This proportion 
is expected to rise to almost 10 percent in 2025. Mega-cities account today for only 
4 percent of the global population. In contrast, over half of the urban population 
lives and will continue to live in small urban centres, with fewer than half a million 
inhabitants (UN, 2008).

WORLD iNCOmE PROJECtiONS
Forecasting national incomes, in terms of GDP, presents even more challenges than 
projecting population, given the uncertainties and instabilities of markets and �-
nancial systems. The International Monetary Fund (IMF) regularly produces short-
term future estimates of GDP and economic growth. Global growth, for example, 
is projected to reach 3.1 percent in 2010, following a contraction in activity of 1.1 
percent in 2009. By 2014, global growth is forecast to have reached 4.5 percent 
(IMF, 2009).

The World Bank also regularly produces future estimates of national GDP and 
per-capita GDP over a 5-year period, along with poverty forecasts. For example, 
per-capita GDP in developing countries over the period from 2010 to 2015 is ex-
pected to expand at a relatively rapid annual pace of 4.6 percent, much faster than 
the 2.1 percent pace of the 1990s (World Bank, 2009). Producing robust forecasts of 
GDP and economic growth more than about 5 years into the future is challenging, 
however, due to the vagaries of markets and �nancial systems.

Notwithstanding these dif�culties the World Bank has produced some medium- 
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to long-term projections of GDP. At assumed growth rates in per-capita GDP of 2 
percent in high income countries (which is the average over the past 20 years) and 
3.3 percent in low- and middle-income countries (an optimistic �gure, represent-
ing the growth experienced in the 1960s and 1970s), world income in 2050 would 
be more than US$ 135 trillion, up from US$ 35 trillion today (World Bank, 2006b). 
At these rates, the total GDP in 2050 of today�s developing countries will be twice 
that of industrial countries today. Whilst expected GDP growth in the developing 
regions may sound promising in terms of meeting basic human needs for food and 
shelter, poverty could still increase signi�cantly in a number of developing econo-
mies; notably in sub-Saharan Africa, where per-capita GDP contracted in 2009 for 
the �rst time in a decade (IMF, 2009).

tHE LiVEStOCK SECtOR
Overall growth in agricultural production is slowing down, and is expected to con-
tinue to do so as a consequence of the slowdown in population growth, in spite of 
the fact that levels of food consumption are likely to increase. Notwithstanding a 
slowing in the growth rate of the population, agricultural production will need to 
increase by 70 percent (nearly 100 percent in developing countries) by 2050 to cope 
with a 40 percent increase in world population and to raise average food consump-
tion to 3�1301 kcal per person per day. Bruinsma (2009) provides some estimates 
of the additional crop and livestock production that would be needed to meet this 
increase in demand for food; an additional billion tonnes of cereals, for example, 
and 200 million tonnes of meat would need to be produced annually by 2050, as 
compared with production in 2005/07.

For the livestock sector, this raises important questions: Where will that meat be 
consumed? Where and how will it be produced? What will be the economic, social, 
environmental and public health outcomes of that increased production?

Whilst overall production must increase to meet the increasing demand it is pro-
jected that there will be a deceleration in growth of meat production and consump-
tion, though the milk sector is expected to continue to grow, mainly because of 
growth in demand in developing countries (FAO, 2006b). Meat consumption in 
China grew massively from an annual average of 9 kg per person to more than 50 
kg per person in the space of 30 years. Consumption in the rest of the developing 
world, which now averages a modest 16 kg per person, still has considerable po-
tential for growth, considering that per-capita consumption could easily double by 
2050.

In developing countries, where most of the global growth in population occurs, 
meat consumption has grown at over 5 percent per annum during recent decades, 
and milk consumption at nearly 4 percent per annum � but these impressive growth 
�gures have been driven largely by China and to some extent Brazil. FAO (2006b) 
reported the average meat consumption in industrial countries to be around 90 kg 
per person per year (in 2000); 26 developing countries had an average consumption 
rate under 10 kg, and a further 30 had average consumption rates of between 10 and 
20 kg. Of these 56 countries, 23 consumed less meat per capita on average than they 
had 10 years before.

1	  2�200 kcal per person per day is considered to be the minimum required food energy intake (SPHERE, 2004).
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If the consumption �gures for China are removed from the equation, the growth 
rate for world meat consumption of 2.9 percent per annum seen in the 1990s is 
halved. The livestock revolution described by Delgado et al. (1999) is not a ubiq-
uitous phenomenon, largely because of the much slower development and income 
growth in many countries. On top of that, growth in meat consumption is and will 
continue to be moderated by cultural factors in some very large developing econo-
mies � for example the consumption of beef in India and pork in Muslim countries.

By far the largest proportion of livestock sector growth in recent years is attrib-
utable to the poultry sector, which has consistently grown at more than 5 percent 
per annum since the 1960s. Its share in world meat production doubled from 15 
percent thirty years ago to 30 percent in 2000. Growth and an increased share in 
overall meat consumption have also been seen in pork, but ruminant meat con-
sumption has actually been on the decline. Further details of the more recent trends 
in consumption and production of animal-source foods can be found in numerous 
publications: FAO (2008), Bruinsma (2009) and Rae and Nayga (2010), to name a 
few.

The Global Perspective Studies Unit at FAO has an on-going programme to 
estimate current demand for and production of agricultural commodities, and to 
project these into the future (Bruinsma, 2003; FAO, 2006b). In the next section we 
summarise how this is done and describe a methodology to map these estimates and 
projections.
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The approach taken here to map consumption of livestock commodities essentially 
involves taking the FAO estimates of consumption and mapping these, based on the 
distribution of people. The analysis is constrained by the level of disaggregation of 
the available data; which provides average consumption rates of livestock products 
for each country. In reality we know that consumption rates for livestock commod-
ities tend to be higher in the more af�uent urban areas and amongst the wealthier 
sectors of society in general. Production of livestock commodities can be mapped 
in a similar way � disaggregating estimated production based on the distributions 
of the relevant livestock species.

Below, we describe the data and methods used to map changing demand and sup-
ply of livestock commodities.

HUmAN POPULAtiON DiStRiBUtiON
There are various estimates of current and future populations. The most widely 
used come from the UN World Population Prospects (e.g. UN, 2009) and World Ur-
banisation Prospects (e.g. UN, 2008). These data include total population numbers 
and the proportion of the population living in urban areas now and in the future.

Whilst the UN �gures provide national totals there have been various projects to 
disaggregate population data globally, the most important of which are the Land-
scan project (ORNL, 2008), the Gridded Population of the World (GPW) (CIE-
SIN and CIAT, 2005) and the Global Rural and Urban Mapping Project (GRUMP) 
(CIESIN et al., 2004).

Landscan provides the most up-to date, gridded (i.e. presented in geographic 
information system (GIS) format as a raster layer), worldwide population database 
and its population values are the result of a model that apportions census counts 
(at sub-national level) to each cell of a 30 arc-second grid (about 1 km at the equa-
tor) according to likelihood coef�cients. These coef�cients are based on proximity 
to roads, slope, land cover, night-time lights, and other information. The database 
is updated annually by incorporating new spatial data and remotely sensed imag-
ery, and the distribution algorithms are revised accordingly. Comparing different 
versions of the dataset, cell by cell over time, therefore, may result in misleading 
conclusions, and thus the data should not be used to infer change, for example as a 
result of migration (ORNL, 2008).

GPW and GRUMP gridded data are derived from a simple proportional alloca-
tion gridding algorithm of national and sub-national level population data from as 
close as possible to the time of the estimate. GPW data are available at a resolution 
of 2.5 arc-minutes (about 5 km at the equator) for the years 1990, 1995 and 2000. 

GRUMP has been developed to allow analysis of urban and rural population 
�gures based on a consistent global dataset. It does not provide future population 
estimates, but it distinguishes urban and rural population taken from around the 
year 2000, and also provides a map of urban extents, which was derived largely from 
the night-time lights (Elvidge et al., 1997). GRUMP is available at the �ner spatial 
resolution of 30 arc-seconds (about 1 km at the equator). Details on the methodol-
ogy and data sources are provided in Balk et al. (2004).
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Whilst future projections of national totals and rates of urbanisation of human 
populations are readily available, there have been few attempts to map future hu-
man population distributions. One project implemented by the Center for Interna-
tional Earth Science Information Network (CIESIN) and FAO provides projected 
populations to 2015 but no further (CIESIN et al., 2005)

LiVEStOCK DiStRiBUtiON
FAO has an ongoing programme to collate and disseminate sub-national livestock 
statistics for the globe: the Global Livestock Impact Mapping System (GLIMS) 
(Franceschini et al., 2009). Sub-national livestock statistics are collected from a va-
riety of sources and geo-registered to digital administrative area boundaries, stan-
dardised to the Global Administrative Unit Layers (GAUL)2 system where pos-
sible. One of the products derived from GLIMS is the Gridded Livestock of the 
World (GLW)3 (Robinson et al. 2007; FAO 2007a), which provides modelled dis-
tribution data in ESRI grid format for cattle, buffalo, sheep, goats, pigs, chickens 
and other poultry. The map values are animal densities per square kilometre, at a 
resolution currently of 3 arc-minutes (approximately 5 km at the equator) with 
work in progress to upgrade this to a 1 km product (30 arc-seconds). These maps 
are updated regularly using the method summarised below (and described in detail 
in FAO, 2007a).

Firstly the best available sub-national data on livestock populations, at a range of 
spatial resolutions depending on availability, are collected and standardised. These 
are converted to densities, at the same time adjusting to account for the area of land 
deemed suitable for livestock production, for example where satellite-derived vege-
tation indices indicate there to be insuf�cient grazing (for ruminant species); where 
other features of land-cover, such as elevation and slope would preclude livestock 
development; and where prevailing land-use would not permit livestock to occur, 
such as in urban and protected areas. 

The resulting suitability-adjusted livestock densities are then used to establish 
robust statistical relationships between livestock densities and an extensive suite 
of predictor variables, summarised in Table 1. Details and references to the data 
sources are provided in Robinson et al. (2007) and FAO (2007a).

Since the predictors of animal densities are unlikely to be consistent from region 
to region, or across different agro-ecological zones, models are developed sepa-
rately for different regions and for different ecological zones de�ned empirically 
by clustering (unsupervised classi�cation) of remotely sensed climatic variables. A 
series of stepwise multiple regression analyses is performed between the livestock 
densities and the predictor variables and the best-�tting equations are then applied 
back to the images of predictor variables to generate a map of modelled density for 
each species. To avoid spurious predictions, the modelled total numbers for each 
administrative unit are adjusted to equal those reported for a given administrative 
unit. Further products are then generated, adjusting the modelled data so that na-
tional totals match FAO�s of�cial national statistics for the years 2000 and 2005, 
providing time-standardised datasets. 

2	 The Global Administrative Unit Layer (GAUL): 
http://www.fao.org/geonetwork/srv/en/metadata.show?id=12691&currTab=simple

3	 The Gridded Livestock of the World (GLW): www.fao.org/ag/againfo/resources/en/glw/home.html
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FAO urban and rural totals in 2000, and �grown� separately to map future urban 
and rural populations. No attempt at this stage has been made to adjust the urban 
extents (provided by GRUMP) or to disperse population growth from high density 
rural areas within countries (international migration and movements from rural to 
urban areas are already accounted for in the UN projections).

For each time period the food consumption for each commodity was distrib-
uted equally among the population of each country resulting in a map of absolute 
consumption, measured in metric tonnes per pixel. Since the population map is 
based not on an equal area projection but on a geographic Plate CarØe projection 
the actual land area represented by a pixel decreases north and south of the equator 
(whereas the size of the pixel remains the same on the map). To make consumption 
values equivalent across the globe, therefore, these were re-expressed as consump-
tion per square kilometre. 

Absolute changes in consumption can then be estimated for each commodity by 
subtracting the map of consumption estimates for the base year, 2000, from those 
for 2030 or 2050. Since the changes are applied evenly to the population there is lit-
tle point in mapping the proportional changes in demand growth for livestock com-
modities as the population distribution cancels out, resulting in two values within 
each country � an urban value and a rural value � which is merely the proportional 
increase in food from 2000 to 2030 from the FAO projections, weighted across rural 
and urban areas. Whilst maps of relative change in demand would be of little value, 
these important results can be summarised in tabular form.

mAPPiNG CHANGiNG PRODUCtiON OF LiVEStOCK COmmODitiES
A similar approach can be taken to mapping production but the process is even 
more complex and there are greater constraints imposed by the available data. Most 
importantly is that all livestock are not equal � an increase in demand for milk 
in Kenya, for example, will not be met by increased production in the arid and 
semi-arid pastoral areas, but by increased production in the temperate and highland 
areas that are closer to the main population centres. Accounting for this differen-
tial growth is no trivial matter and will require a good understanding of livestock 
production systems, how these systems are likely to evolve, and how that evolu-
tion will be in�uenced by trade in livestock commodities, resource availability and 
many other factors. 

The ways in which increased demand for livestock products will be met will a) 
vary for different commodities, b) depend very much on accessibility to growth 
centres, c) depend on the cost and availability of inputs � the most important of 
which is usually feed and d) depend on competition from potential imports - for 
example coastal population centres may more readily be served by importation of 
cheap frozen meat, or dried milk and egg products, than by increasing production 
in the vicinity. The ways in which increasing demands are met will vary consider-
ably from centre to centre so simply to increase local production pro rata, based on 
existing livestock distributions, could in some places give rise to quite misleading 
results.

Table 3 shows the commodities that are included in the FAO projections against 
the livestock species maps that are available globally from the GLW dataset. For 
beef production cattle and buffalo have to be combined into a large ruminant layer. 
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Figure 1. a) Production, b) consumption and c) production surplus of beef in 
2000; d) consumption in 2030 and e) growth in demand from 2000 to 2030 in Af-
rica, with f) a more detailed view of East Africa.
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Figure 2. Growth in demand for poultry meat from 2000 to 2030 in Asia.
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Figure 3.	Growth in demand for poultry meat from 2000 to 2030 in Central 
America.
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Figure 4.	Growth in demand for a) pork and b) milk from 2000 to 2030 in Latin 
America.
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The results presented in Table 4 re�ect trends both in population and in con-
sumption patterns. The most striking factor is that growth in poultry consumption 
outstrips growth in all other animal-source foods in all regions of the world. By far 
the most dramatic change is the projected increase in demand for poultry meat in 
South Asia; a 725 percent increase overall. This is driven by growth in demand in 
India where a staggering 850 percent increase is projected over the 30 year period.

The growth in poultry meat consumption in Asia is accompanied by a four-fold 
(about 300 percent) increase in egg consumption (280 percent in India alone). In 
terms of sheer volumes the growth of consumption in milk products is impressive, 
but very high absolute values for milk and dairy cannot be compared directly with 
the other livestock commodities since they refer to whole milk equivalent � which 
contains a large proportion of water in comparison to meat and eggs. In South 
Asia consumption of milk and dairy products will more than double (125 percent) 
to some 213 million metric tonnes in 2030. Seventy percent of that � 146 million 
metric tonnes � will be consumed in India. Because of its large and rapidly-growing 
population, East Asia is also projected to have large increases in consumption, par-
ticularly of pork, poultry meat and milk. Most of this is accounted for by China. 
The largest absolute and relative increases in mutton consumption are projected to 
occur in sub-Saharan Africa. Beef consumption is projected to increase most in East 
Asia and the Paci�c, again driven by consumption in China.

Table 5 shows per-capita consumption of the same commodities for the same 
regions. Similar trends are evident, with the highest increases occurring in Asia, 
especially for pork, poultry and eggs.
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(red) and b) increased consumption rates for poultry meat (blue). Looking at the 
diagram, though, it is quite clear that, if population numbers were to stay the same, 
consumption in China would slightly less than double, whereas that in India would 
increase seven-fold. The implications for the poultry sector in India are immense. 
The FAO projections do not anticipate this increase in demand to be met through 
imports, which remain at zero (Table C.9), but through an increase in production. 
This will require a massive, rapid intensi�cation of the poultry sector.

Some dramatic details also become evident when growth is disaggregated in 
terms of urban versus rural areas. Looking again at poultry meat consumption in 
India, for example, which is projected to increase by about 8.8 million metric tonnes 
per year in 2030, compared to in 2000; an 844 percent increase (Table C.9). Whilst 
the greater share of this increase � 5.1 million tonnes � is to occur in the rural areas 
(compared to 3.7 million tonnes in urban areas), the relative increase in the urban 
areas � 1 277 percent � will be almost twice that in the rural areas � 677 percent. This 
contributes to the driving force behind the rapid intensi�cation in the poultry sec-
tor that is ongoing in India (USDA, 2004).

Similar patterns are seen in other commodities. For example, pork consump-
tion in China overall is projected to increase by 22 million metric tonnes between 
2000 and 2030, a 55 percent increase (Table C.7). Urban consumption, however, is 
projected to increase by 20 million metric tonnes over this period, a 160 percent 
increase, whilst rural consumption is projected to increase only by 1 million metric 
tonnes (5 percent increase); re�ecting very high rates of urbanisation.

For each of the cities considered in the GRUMP urban extents database, esti-
mates of consumption in 2000 and 2030 and growth in demand from 2000 to 2030 
have been extracted from the digital maps. The contribution made by each city to 
overall growth in demand for each country has also been estimated (expressed as 

Figure 5. Demand growth for poultry meat in a) China and b) India, 2000 to 2030, 
disaggregated into that accounted for by population growth, versus that accounted 
for by changing consumption patterns.
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the percentage of overall national growth in demand accounted for by each city). 
For a selection of cities in each region (generally the most populous), data on con-
sumption in 2000 and 2030, growth in demand from 2000 to 2030, and the contribu-
tion that makes to overall, national growth, are presented in Annex D.

Results show that the highest increases in consumption will occur, not surpris-
ingly, in cities with the largest rates of increase in population. However, their con-
tribution to the national growth can be fairly low, if they only account for a small 
proportion of the population as a whole. This is particularly striking if we look at 
consumption of poultry meat and eggs in India, for example, where the popula-
tions in the main cities are expected to double, more or less (from 2000 to 2030) and 
consumption of poultry meat is expected to increase thirteen-fold. Consumption 
growth in the three largest cities together, however, accounts for less than 10 per-
cent of the total growth. This is in stark contrast to other countries, where growth 
in demand can be accounted for in large part by a single city. Sixty-four percent of 
overall growth in demand for beef in South Africa will, for example, be accounted 
for by Johannesburg (Table D.1). Figure 6 shows how growth in consumption of 
milk will be accounted for in Kenya: 32 percent of overall growth accounted for by 
Nairobi alone, completely dwar�ng the four next largest cities.

If consumption estimates of commodities are standardised by expressing them 
in some common unit, it is possible: a) to combine them and b) to compare them, 
in meaningful ways. An example of each is shown. Figure 7a shows the global, 
projected consumption of protein from animal-source foods in 2030, per square 
kilometre, derived by combining the totals from the six commodity groups. This 
obviously re�ects strongly the distribution of people in the world, highlighting, 
for example, the widespread, high-density populations of South and East Asia. If 
however, the effect of population is removed by expressing this as consumption of 
protein derived from animal-source foods, per person (Figure 7b), a very differ-
ent picture emerges. Figure 7b shows the very high levels of protein derived from 
animal-source foods per person in the United States of America, Argentina and 
Australia, intermediate levels in much of North Africa, the Middle-East and Asia, 

Figure 6. Demand growth for milk in Kenya, 2000 to 2030, disaggregated by rural 
and urban areas, with urban growth shown separately for the �ve largest cities.
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