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Key messages:
• At a global scale there are inverse relationships between occurrence of poverty, as measured by 		
the prevalence of stunting amongst children under five, and both access to land suitable for agricul		
tural production, and access to easily available water.
• A bivariate analysis revealed that poverty levels vary substantially between the regions of the world.
However, when the effect of land, water resources and farming systems are taken into account, the 		
regional differences become less important. This indicates that there is no independent effect
of region on poverty as measured by prevalence of stunting among children under five
years of age. Land, water resources and farming systems do, however, account for some of
the differ ences in poverty between the regions of the world.
• Farming systems and their associated land management practices modify the inverse relationship 		
between poverty and land resources (agricultural and arable land). This is an indication that using 		
appropriate farming systems may improve livelihood in areas with limited land resources.
• When a ‘resource management’ index, which accounts for the combined effects of access to land, 		
water and the type of farming method on the prevalence of stunting is developed, a
statistically significant relationship between resource management and poverty is indicated.
• It is recognized that reducing poverty and food insecurity in an area with constrained land and 		
water resources will require a good understanding of the possibilities for utilizing virtual
water and land resources through imports as well as an understanding of national export
strategies in the face of domestic food demand. It is further recognized that people in poor
areas (both urban and rural), may experience issues in accessing food owing to economic
and supply issues as opposed to access to land and water. Additionally, there will need to be an 		
understanding of exogenous poverty factors (war, political instability, etc.) as well as hazard and disease
burden.
Nevertheless, the results of this study have clearly demonstrated that:
• poor resource management is a predictor of poverty; and
• improving resource management in a poor area with land and water constraints is a viable option for
reducing poverty and food insecurity.
Results of this analysis are significant only at a global scale. Comparable analyses could be carried out to
help guide decision-making at national and local levels, using higher resolution datasets, where available.

1. INTRODUCTION
Who are the poor, where they are and what resources are available to them are questions that have been asked
for decades by policy-makers, researchers, planners and organizations interested in the well-being of the poor
(Henninger and Snel, 2002; Muller, Epprecht, and Sunderlin, 2006; CIESIN, 2006; Sachs, 2005; Chen and Ravallion, 2004). These questions have been at the heart of several policy initiatives and strategies designed to reach
targets set for the Millennium Development Goals (MDGs). Organizations and researchers have carried out
extensive work to identify the poor and the resources that are available to them (Muller, Epprecht, and Sunderlin, 2006; CIESIN, 2006; Sachs, 2005; Chen and Ravallion, 2004; Henninger and Snel, 2002). Knowing who the
poor are, their geographical location, the land and water resources available to them, and the farming systems
they currently practice, is important for implementing strategies aimed at alleviating poverty and sustaining
the environment.
It is important to emphasize that the literature is sated with differing definitions of poverty and numerous
indicators for its measurement according to each of these definitions (Akindola, 2009; O’Boyle, 1999; Hagenaars
and de Vos, 1988). The importance of a consistent definition of poverty and the indicators used to measure
it cannot be over-emphasized. The emphasis on consistency does not however preclude a diverse range of
indicators for poverty, which is a multifaceted phenomenon. Where a poverty indicator is limited to one facet,
it is important to recognize the limited focus that the specific indicator may give to an analysis of poverty (e.g.
stunting – the indicator used in this study – will provide a focus for the analysis of food insecurity).
Population, poverty and the environment are issues that are often discussed in unison (Dasgupta, Deichmann, Meisner and Wheeler, 2005; United Nations, 2001; Vosti, 1995; Ehrlich, Ehrlich and Daily, 1993; The
World Bank, 1990). The world’s poor have a high dependence on the environment and its natural resources
including land and water, which are the rudiments of their livelihood and survival. The pressure of rapidly
expanding population means that many of the poor live in areas of acute environmental degradation (The
World Bank, 1990). The world’s poor do not wilfully degrade the environment and its natural resources, but
their circumstances and the lack of resources often drive them to do so (The World Bank 1992).
The MDGs, which have been the measurement for progress in development and human well-being recognize the importance of the environment and its resources in eradicating poverty. For example, land and water
resources are essential for producing the food needed to eradicate hunger, secure livelihoods, and reduce the
number of children dying of malnutrition; for combating major diseases such as malaria and for ensuring the
sustainability of the environment (FAO, 2005).
As the world’s population continues to grow and the earth’s climate to warm, there is growing concern
whether there will be enough resources, particularly suitable agricultural land and water to secure a better
quality of life for the world’s population and future generations, particularly the poor. The growing population is already degrading suitable land for agriculture and driving up demand for agricultural products, while
the warming climate is increasing the demand for the water required for their production (Scherr and Yadav,
1996; Ruttan, 1993; The World Bank, 1992; The World Bank, 1990).
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Historical projections show that the human population is growing exponentially (United Nations Population Division [UNPD], 2009), whereas food production only increases linearly. With more than 99 percent
of the world’s food supply coming from the land and 70 percent of the world’s surface and groundwater
supplies being used for agricultural production (IWM, 2007; Pimentel et al., 1998; Ongley, 1996), continued
degradation of land and water resources will pose a serious threat to food security and rural livelihood
(UNEP, 2008; Henao and Baanante, 2006), a threat that is likely to be compounded for many of the poor by
the effects of climate change.

1.1 Poverty mapping
Poverty mapping is the spatial representation and analysis of indicators of human well-being and poverty.
Poverty maps are powerful visualization tools for illustrating of spatial heterogeneity in poverty within and
between areas. The demand for poverty maps has grown tremendously in recent years especially in the context
of decentralized approaches to planning and resources allocation. This is particularly the case in countries
where there are considerable spatial inequalities concerning the distribution and use of resources. Poverty
maps have become important tools in implementation of poverty reduction strategies, targeting of public
expenditure and ensuring transparency in public decision-making (Henninger and Snel, 2002).
Over time, different methods, indicators, measures and resolutions of poverty maps have evolved. Each
method, indicator, measure and resolution has its own strengths and weaknesses. Data needs differ, as do the
sets of analytical skills required to assess implications of mapped information for policy. Poverty indicators
can be grouped into two main categories – monetary and non-monetary. Monetary measures focus mainly
on income and consumption indicators, while non-monetary measures focus on health, nutrition, literacy,
deficient social relations, insecurity, low self esteem and powerlessness. The proportion of the population
with less than three years of education is an example of a non-monetary indicator (Coudouel, Hentschel and
Wodon, 2002). Ownership of non-monetary assets, e.g. cattle or jewels, is another indicator of poverty that is
widely used.
In recent times, there has been much emphasis on self-reported measures of poverty, both at the individual
and aggregate levels. These include questions on income and consumption; for example, do you have enough
money to afford basic needs? Do you get enough food? Do you consider yourself poor? What is the least
amount of money a family of two adults and two children would need to stay out of poverty in a particular
community and many others.
These indicators have been used to measure the incidence of poverty, the poverty gap (depth of poverty)
and poverty severity. Poverty incidence considers the share of the population, whose income is below the
national poverty line or who cannot afford to buy sufficient food. The depth of poverty shows how far
removed households are from the poverty line, while poverty severity shows the distance separating the poor
from the non-poor and the inequality among the poor.
Poverty lines are used to characterize varying degrees of poverty – extreme (or absolute) poverty;
moderate poverty; and relative poverty (DFID, 2009). Extreme poverty has often been used to describe
households that cannot afford basic needs for survival – food, health care, clothing, safe drinking water and
sanitation and education among others. Moderate poverty is generally used to refer to households where
basic needs are met but just barely. Relative poverty is generally construed based on household income.
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Households with income levels below a given proportion of average national income are usually referred
to be in relative poverty.
The World Bank uses an income of US$1.25 and below per day per household measured at purchasing
power parity to measure extreme poverty. Using this poverty line, the World Bank reported that there were 1.4
billion poor people living in the developing world in 2005 (Chen and Ravallion, 2008). The choice of poverty
line is, however, often arbitrary. Different countries use different poverty measure and lines (Muller, Epprecht,
Sunderlin, 2006; DeNavas-Walt, Proctor, Smith, and United States Census Bureau, 2009. For a chosen poverty
line to be meaningful it has to resonate with social norms or what is understood to be a minimum living
standard of the chosen area, e.g. minimum income or what is deemed necessary to achieve an adequate
standard of living.

1.2 Land cover, land use change and poverty
The term ‘land use’ refers to how land is being used by human beings (as well as the inputs to land e.g. quantity
of water, land tenure, farming system, etc.) and the term ‘land cover’ refers to the biophysical materials found
on the land including vegetation, construction, bare rock, bare soil and inland water surfaces (Herold, Latham,
Di Gregorio and Schmullius, 2006). Land cover characteristics, and the uses of land, are key issues in climate
change (Herold, Latham, Di Gregorio and Schmullius, 2006) and so are their implications for poverty and
poverty alleviation (Grootaert, Kanbur and Oh, 1997; Carter and May, 1999; Scott, 2000; Gunning, Hoddinott,
Kinsey and Owens, 2000; Finan, Sadoule, de Janvry, 2005; Herold, Latham, Di Gregorio and Schmullius, 2006).
Over 70 percent of the world’s population are rural inhabitants with land use as the major source of livelihood (IFAD, 2010). Of the 1.4 billion poor people living in the developing world (Chen and Ravallion, 2008)
most of them are dependent on the land and its resources for their livelihood (DFID, 2009).
Land use and land cover change directly affect the lives of the people. Land cover change affects biodiversity, soil degradation and deforestation altering the earth’s ecosystems services. These changes adversely
affect the ability of biophysical systems to support human needs e.g. increased floods and droughts, increased
food insecurity and loss of essential medicinal plants among others. The poor suffer most from environmental
damage because they are the least able to avoid the consequences as they depend upon natural resources for
their livelihoods (DFID, 2009).

1.3 Study questions
This study assesses the relationship between the poor are and the land and water resources available to
them focusing on three perspectives: distribution of the rural poor in relation to land suitable for agricultural production; threats to livelihoods posed by land and water constraints in relation to farming systems
practiced; opportunities for reducing poverty in areas with natural resource constraints through improved
resource management practices.
This is done by first analysing geo-referenced data to examine the degree of human access to different types
of land, easily available water, and distribution of farming systems, to graphically illustrate the association of
these variables with the prevalence of poverty, as measured by stunting (low height-for-age) amongst children
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under five. Next, it assesses the extent to which these variables individually, or in various combinations, are
good predictors of the prevalence of poverty. Finally, it generates a resource management index to investigate
the significance of the relationship between resource management and poverty. The data and methods used
to conduct the study are described in Section 2 and the results obtained are described in Section 3.

2. Data and method
2.1 Data
The data for the analysis is from the Food and Agriculture Organization of the United Nation’s (FAO)
GeoNetwork metadata portal (Available at: http://www.fao.org/geonetwork). The GeoNetwork database
is a standardized and decentralized spatial information management environment hosted by the FAO. It is
designed to enable access to geo-referenced data, cartographic products and their metadata. The database was
developed to enhance access to spatial data and thematic maps that could support informed decision-making,
promote multidisciplinary approaches to sustainable development and enhance understanding of the benefits
of geographic information.
All the geospatial layers used in this study are converted into a uniform and standardized geospatial format
according to the FAO guidelines. The data layers used for the analysis are categorized into five groups:
• (1) stunting amongst children under five;
• (2) population distribution;
• (3) land use and land cover;
• (4) surface and groundwater data and
• (5) farming systems data.
Groups 1, 2 and 3 above are documented at Food insecurity, poverty and environment (FAO, 2007). The data
cover 825 170 grid cells (783 961 rural and 41 209 urban), mostly in developing countries, where a stunting
observation for the most recent available year during the period 2002–2010 has been recorded. The population
data coverage for this study is 3 708 797 723 (49 percent rural and 51 percent urban), this represents 57 percent
of the world population as of 2005. The spatial resolution of the main datasets is 5 arc-minutes. The size of the
grid cells range from 9.7 km2 to 85.5 km2. The reader is referred to FAO and the Food Insecurity and Vulnerability Information and Mapping Systems (FIVIMS, 2003), Salvatore et al. (2005), Wint and Robinson (2007)
and van Velthuizen et al. (2007) for detailed discussions on the data.
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2.2 Methods
Land cover / population ratios (per capita shares)
The relationship between population and land cover can be presented in two ways – per capita share or
population density. Population density is used where the focus is on population distribution, whereas per
capita share is used when the focus is on distribution of land and water. In this study, the focus is on land and
water distribution; therefore per capita share is adopted.
The advantage of using per capita share in this case is that it is a measure of development potential, which
demonstrates the current capacity for food security and potential development of additional productivity,
particularly in areas where mechanized farming is limited. Per capita share also enables identification of
where people are in relation to resources (agricultural, arable, irrigated, barren and agriculturally suitable
land, water). Per capita share can be expressed mathematically as:
			

PCSa = (Aa/Pa) * 1 000

Where PCSa in this case, is the per capita share of land or water resource expressed in km2 per 1 000 people
or mm/month per 1 000 people, respectively for a given area a, Aa is the amount of land or water resource
in area a and Pa is the total population in area a. The land and water resources considered in this study are
described below. All definitions follow FAOSTAT definitions (Available at: http://faostat.fao.org/site/291/
default.aspx).
• Land area is the total of a given area, excluding the area under inland water bodies. The data 		
comes from the FAO GeoNetwork data archive and was published on the 29th of May 2007. Per 		
capita share of land is measured as the ratio of total area to the total population in the area
expressed in km2 per 1 000 people.
• Agricultural land is the sum of areas under arable land, permanent crops and permanent meadows
and pastures. Permanent crop land is land cultivated with long-term crops that do not have to be 		
replanted for several years (such as cocoa and coffee); land under trees and shrubs producing flowers
and nurseries (except those for forest trees). Permanent meadow and pasture are lands used
permanently (five years or more) to grow herbaceous forage crops, either cultivated or
growing wild. The data for the analysis comes from the FAO GeoNetwork data archive and was 		
published on the 29th of May 2007. Per capita share of agricultural land is measured as the
ratio of total agricultural area to the total population expressed in km2 per 1 000 people.
• Arable land is land under temporary agricultural crops, temporary meadows for mowing or pasture,
land under market and kitchen gardens and land temporarily fallow (less than five years).
Abandoned land resulting from shifting cultivation is not included in this category.
Arable land does not indicate the amount of land that is potentially cultivable. The data for the 		
analysis was extracted from the FAO GeoNetwork data archive and was published
on the 11th of June 2007. Per capita share of arable land is measured as the ratio of the 			
total amount of arable land in an area to the number of people in the area expressed
in km2 per 1 000 people.
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• Irrigated land refers to areas where water is artificially supplied to land to produce food crops. The
data for the analysis comes from the FAO GeoNetwork data archive. The data was published on 		
the 12th of June 2007. Per capita share of irrigated land is measured as the ratio of total agricultural area
that is irrigated in an area to the number of people in the area expressed in km2 per 1 000 people.
• Barren land in this study refers to land without vegetation or sparse vegetation. This is land that is not
suitable for crop production, e.g. desert, stony and rocky lands. The data was extracted from
the FAO GeoNetwork data archive, published on the 29th of May 2007. Per capita share of
barren land is measured as the ratio of the total area of barren land in an area to the number
of people in the area expressed in km2 per 1 000 people.
• Easily available water refers to the amount of stored soil moisture readily available to crops. The 		
data on easily available water was extracted from the FAO GeoNetwork data archive. 			
The data was published by the FAO on the 13th of February 2007. Per capita share of easily
available water is measured as the ratio of the amount of easily available water in an area
the number of people in the area expressed in mm/month per 1 000 people.

Poverty measure
As indicated earlier in the report, there are several indicators (monetary and non-monetary) that have been
used in the literature to assess poverty level. For this study, a non-monetary indicator of poverty is adopted
– prevalence of stunting amongst children below five years of age (proportion of under-five years falling
below minus two and minus three standard deviations from the median height-for-age of reference population recognized by World Health Organization).
The data represent various years during the period 2002–2010, and were compiled by the FAO from different sources, Demographic and Health Surveys (DHS), Multiple Indicator Cluster Survey, the World Health
Organization (WHO) Global Database on Child Growth and Malnutrition and national surveys. There is
substantial evidence that most indicators of poverty related chronic undernourishment are related to stunting
in young children (Gross, Schultink and Sastroamidjojo, 1996; FAO and FIVIMS, 2003). Indeed where a single
indicator of poverty is sought, “stunting prevalence is one of the most reliable and most suitable indicators for
monitoring and assessing poverty” (Simondon, 2010). Stunting reflects chronic restriction of potential growth,
inadequate food intake and poor health conditions, resulting from endemic poverty (FAO, 1999).
The approach differs from that used by the World Bank in its analysis of poverty, which is based on an
absolute monetary indicator. As a result, the population figures that fall within the definition of poverty are
different for the two studies. In the developed world prevalence of stunting is not considered to be highly
indicative of poverty, whereas a monetary analysis would highlight poor areas. In developing countries,
however, it is advisable not to rely on a purely monetary approach, which by its nature precludes barter-trade
and other non-monetary transactions. Indeed, according to Simondon (2010), in the monetary approach to
measuring poverty, “wealth at the national level is not always translated into better living conditions for all
citizens, notably women and young children in poor households”.
Typically, non-monetary poverty indicators are summarized in terms of quintiles. In this study, prevalence
of stunting amongst children below five years of age is categorized into quintiles to identify poor areas. The
richest quintile refers to the 20 percent of areas with the lowest prevalence of stunting, while the poorest
quintile refers to the 20 percent of the areas with the highest prevalence of stunting. Poor areas are those
belonging to the poorest quintile.
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Suitability of land for agricultural production
Land suitability refers to the natural ability of given land to support a specific purpose (FAO, 1976). FAO (1976)
relates this to land qualities (e.g. erosion resistance, water availability and flood hazard) and land characteristics (e.g. slope angle and length, rainfall and soil texture). The land suitability index used in this study is
adopted from van Velthuizen et al. (2007). The study derived suitability indices for nine crop types (cereals,
fibre crops, oil crops, pulses, roots and tubers, stimulants, sugar crops, tree fruits and vegetables) at three input
levels, and a separate suitability index for pasture. The resulting output was then used to derive a combined
suitability index which reflects the suitability of a given area for crop production.
The suitability index is classified into eight classes: 0 – not suitable; 1 – 10 very low; 10 – 20 low; 20 – 35
medium low; 35 – 50 medium; 50 – 65 medium high; 65 – 80 high and 80 – 100 very high. The data for suitability of global land area for rainfed crops, 2007 was extracted from the FAO GeoNetwork data archive. The
reader is referred to van Velthuizen et al. (2007) for a detailed discussion of the land suitability index.

Farming system database
The farming system database used in this study is taken from the classification of farming systems in developing
and transition countries, 2000 published in Dixon, Gulliver, Gibbon and Hall, 2001 and used in van Velthuizen
et al., 2007. A farming system is defined as a population of individual farm systems that have broadly similar
resource bases, enterprise patterns, household livelihoods and constraints, and for which similar development
strategies and interventions would be appropriate. Depending on the scale of the analysis, a farming system
can encompass a few dozen or many millions of households.
Farming systems are classified based on availability of resource, enterprise patterns, household livelihoods,
constraints and development strategies and interventions. Seven major farming system classes are identified;
and within each of these a number of more specialized farming systems are distinguished. The seven classes
and the farming systems belonging to each class, as defined in van Velthuizen et al. (2007) are reproduced in
the table below.

Source: van Velthuizen et al. (2007)
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Rural-urban localities
Data for all variables analysed in this study are distributed across all grid cells in the population distribution database. Grid cells classified as urban on the 2005 Global Population Distribution database by FAO, are
denoted in this study as urban localities, and those classified as rural are denoted as rural localities, based
on the methodology described in Salvatore, M., Pozzi, F., Ataman, E., Huddleston, B. and Bloise, M. (2005).
This data structure enables identification of poor areas (grid cells in the quintile with highest prevalence of
stunting) according to whether they are rural or urban and to make a similar distinction for the other variables
whose association with poor areas is examined.

Multivariate analysis
The factors that constrain livelihoods are multidimensional and act inter-dependently. To investigate the interdependencies between land, water resources and farming systems as factors that constrain livelihood, a multivariate statistical technique, which involves observation and analysis of more than one variable at a time, is
adopted. This technique allows the use of one set of variables (explanatory variables) to predict another, to
optimize and to identify important variables in the relationship.
The response variable in this analysis is prevalence of stunting in children under five, which is used as an
indicator of poverty. As this variable is dichotomous, a logistic regression technique is used to examine the
association between poverty (the response variable) and per capita share of land and water resources, suitability
of land for agricultural production, and farming systems (the explanatory variables), accounting for confounding factors such as region of the world and rural-urban localities.
The analysis aims to identify areas where land, water resources and farming systems pose potential threats
to livelihoods. The response variable is coded 1 if the area is in the poorest quintile and 0 otherwise. The
explanatory variables considered in the analysis are per capita share of:
• total land area;
• agricultural land;
• arable land;
• irrigated land;
• barren land, all expressed in km2 per 1 000 people;
• suitability of land for crop production;
• easily available water expressed in mm/month per 1 000 people and
• farming system classes.
The confounding factors considered for the analysis are region of the world and rural-urban location.
Three models are considered in the analysis. Model 1 controls for per capita share of land and water
resources only. Model 2 controls for land suitability besides all the variables in Model 1 and Model 3 controls
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for farming systems besides all the variables in Model 2. This sequential model building process is adopted
to investigate how the variables modify the relationships.
The main hypotheses set in the analysis are:
• land and water resources have a significant association with poverty;
• land suitability and farming systems could modify that relationship.
The results are presented as odds ratios along with their corresponding 95 percent confidence intervals. The
odds ratio is a relative measure of how likely it is that an area will be poor, given its land, water resources and
farming systems, compared to a reference group.

Principal component analysis
Principal Component Analysis (PCA) is used to derive a single resource management index based on land and
water resources, land suitability and farming systems. PCA involves a mathematical procedure that transforms
a number of correlated variables into a smaller number of uncorrelated variables called Principal Components
(PC). The new sets of variables (PCs) are a linear combination of the original variables which are derived in
decreasing order of importance, with the first principal component accounting for as much of the variability
in the data as possible, and each succeeding component accounts for as much of the remaining variability.
The first PC, which is a measure of variability in access to land and water resources and in farming systems, is
chosen as the resource management index.

3. Results
The results from the analysis are presented as graphs and maps that answer the following questions:
• Where are the rural poor concentrated?
• Where are the poor in relation to land and water resources and farming systems?
• To what extent do access to land and water resources and current farming systems constrain
livelihoods for the poor?
• Can changes in resource management modify poverty outcomes in resource-constrained areas?

3.1 Where are the rural poor concentrated?
Table 1 shows the share of the population living in poor areas (areas characterized by a high prevalence of
stunting among children less than five years old, by region and rural-urban localities. The table shows that
poverty, as measured by this indicator, is endemic in Africa and Asia. In Africa, nearly 45 percent of the rural
population and about 18 percent of the urban population are resident in poor areas. In Asia these figures are
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29.5 percent and 18 percent, respectively. In contrast, in the Americas the shares are 4.3 percent and 0.9 percent.
Map 1 shows the study area and regions considered in this study; while Map 2 shows where the rural poor are
mainly concentrated. Unsurprisingly, the majority of the rural poor are concentrated in Africa and Asia.

MAP 1: Study area coverage and regions

America

Africa

Europe

Asia

Oceania

TABLE 1: Share of population living in poor2 areas by region and rural-urban
		
localities within the study area
Percentage of the
population
in poor areas

Total population
(millions)

Number of gridcells

Rural
Africa

44.9

438.8

259 134

America

4.3

118.2

176 167

Asia

29.4

1 238.7

327 646

Europe

0.0

35.3

17 146

Oceania

0.0

3.3

4 665

Africa

17.7

262.5

6 504

America

0.9

340.9

14 224

Asia

18.0

1 221.8

18 051

Europe

0.0

65.6

2 588

Oceania

0.0

0.53

40

Urban

Poor areas are defined as areas in the bottom quintile
(20 percent) of poverty globally as derived from prevalence of stunting among children under 5 years of age

2
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MAP 2: Where the rural poor are concentrated

High concentration

Low concentration

n/a

3.2 Where are the poor in relation to land and water resources and
farming systems?
Share of land by region and poverty quintile
Figure 1 shows the per capita share of land by region and rural-urban localities. There are substantial variations in per capita share of land across the regions of the world. The per capita share of land in Asia is only
10 km2 per 1 000 people, in Europe it is 11.4 km2, in Africa it is 31.3 km2, 33.3 km2 in America and 105.2 km2 in
Oceania. Per capita share of land is higher in rural areas than urban areas in all regions of the world. In Africa
for example, the per capita share of land in urban areas is 2 km2 per 1 000 people compared to 48.5 km2 in rural
areas. In America, it is 3.4 km2 per 1 000 people in urban areas compared to 119 km2 in rural areas. The trend is
similar for Asia, Europe and Oceania.
Figure 2, shows the per capita share of land (km2/1 000 people) by poverty quintiles and rural-urban localities.
There is a clear indication that rich rural areas have higher per capita share of land than poor rural areas. The
per capita share of land for the rural rich is estimated at 100.1 km2 per 1 000 people compared to only 23.8 km2
for the rural poor. For urban areas, the per capita share of land for the rich is 3.1 km2 compared to 1.2 km2 for
the poor. This is clear indication that the poor, both in rural and urban areas have less access to land.

Where are the poor and where are the land and water resources?

17

Region

FIGURE 1: Per capita share of land by region and rural-urban localities
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Urban
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150.0

Per capita share of land (km2 per 1 000 people)

FIGURE 2: Per capita share of land by poverty quintiles and rural-urban localities
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Share of agricultural, arable, irrigated and barren land by region and poverty quintile
Asia has the lowest per capita share of agricultural land (5.2 km2 per 1 000 people). In Africa, the per capita
share of agricultural land is 18.6 km2 per 1 000 people. In America it is 17.7 km2, per 1 000 people, 8.3 km2 per
1 000 people in Europe and 33.5 km2 per 1 000 people in Oceania. With regards arable land, Asia has 2.2 km2 of
arable land per 1 000 people, 2 km2 per 1 000 people in Oceania, 3.5 km2 per 1 000 people in Africa, 4.3 km2 per
1 000 people in America and 5.4 km2 per 1 000 people in Europe.
Considering irrigated land, per capita share of irrigated land is generally low across all regions of the world.
Asia has the highest per capita share of irrigated land, 0.73 km2 per 1 000 people, followed by Europe, 0.60 km2
per 1 000 people, America, 0.35 km2 per 1 000 people and Africa 0.17 km2 per 1 000 people. Africa has the
highest estimated per capita share of barren and sparse land, 4.9 km2 per 1 000 people; in Asia it is estimated
at 2.6 km2 per 1 000 people, 2.4 km2 per 1 000 people in America and 0.9 km2 and 0.1 km2 per 1 000 people in
Oceania and Europe, respectively.
Figure 3 shows the per capita share of agricultural, arable, irrigated and barren land by region. In Asia, per
capita share of agricultural and arable land in rural areas is 8.9 km2 and 3.8 km2 per 1 000 people, respectively
compared to 0.7 km2 and 0.4 km2 per 1 000 people in urban areas. Figure 4 shows per capita share of agricultural, arable, irrigated and barren land by poverty quintiles and rural-urban localities. The pattern is similar
across all regions in the study area.
It is found that generally richer areas have higher per capita share of agricultural and arable land than poor
areas. This is particularly the case for rural areas. For example, the per capita share of agricultural land is
57.3 km2 per 1 000 people in rich rural areas compared to only 13.2 km2 per 1 000 people in poor rural areas.
The trend is similar for urban areas, but less pronounced.

FIGURE 3: Per capital share of agricultural, arable, irrigated and barren land by region

RURAL
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FIGURE 3: Per capital share of agricultural, arable, irrigated and barren land by region

URBAN
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FIGURE 4: Per capita share of agricultural, arable, irrigated
		
and barren land by poverty quintiles and rural-urban localities
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FIGURE 4: Per capita share of agricultural, arable, irrigated
		
and barren land by poverty quintiles and rural-urban localities
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Share of easily available water by region and poverty quintile
People are highly dependent on water for domestic use, irrigation, industrial, hydroelectric, fishing and recreation among others. However, with 70 percent of global surface and groundwater draws (in some countries
it is 90 percent) being used for production of food and other agricultural products, agriculture sector is the
biggest single use of water (International Water Management Institute, 2007). The high dependence on water
for agricultural production contributes immensely to degradation of the world’s freshwater ecosystems (WWF,
2008). Given the world’s growing population, increasing demand for food and rapid degradation of freshwater resources, could pose a stern challenge to food production.
Figure 5 shows per capita share of easily available water by region and rural-urban localities. Per capita
share of easily available water is lowest in Asia, 5.8 mm/month per 1 000 people. In Europe, America and
Africa it is 6.2, 14.8 and 15.2 mm/month per 1 000 people, respectively compared to 37.7 mm/month per 1 000
in Oceania. Substantial rural-urban differentials exist for per capita share of easily available water. In rural
areas of Asia, per capita share of easily available water is only 0.46 mm/month per 1 000 people compare to
10.2 in urban areas of Asia.
Figure 6 shows per capita share of easily available water by poverty quintiles. The figure shows that rich
areas have higher per capita share of easily available water than poor areas. In rural areas, per capita share of
easily available water for the rich is 48.6 mm/month per 1 000 people compared to 11.0 mm/month per 1 000
people for the poor. For urban areas, the per capita share of easily available for the rich is 1.4 mm/month per
1 000 people compared to only 0.5 mm/month per 1 000 people for their poor urban counterparts.
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FIGURE 5: Per capita share of easily accessible water by region and rural-urban localities
		
(mm/month per 1 000 people)

FIGURE 6: Per capita share of easily available water by poverty quintiles and rural-urban localities
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Farming systems
Farming systems by regions of the world are shown in Figure 7. Farming systems vary substantially by region.
In Europe, almost all farms are dualistic. In Africa, they are mainly smallholder rainfed humid and smallholder rainfed dry or cold farms. In Asia, farming systems are mainly smallholder rainfed dry/cold. Wetland
rice-based farms in Asia comprise only 13 percent. Farming systems in Oceania are dominated by smallholder
rainfed humid and smallholder dry or cold. Smallholder irrigated farms and coastal artisanal fishing are
limited in most parts of the world.
Figure 8 shows farming systems by rural-urban localities. Farming systems in both rural and urban localities are mainly dominated by dualistic farms, smallholder rainfed humid and smallholder rainfed humid
farms. Smallholder irrigated farms and coastal artisanal fishing are limited in both rural and urban areas.
Figure 9 shows farming systems by poverty quintiles. It clearly shows that rich areas are predominantly engaged in dualistic farming. About half of all farms in rich areas are dualistic farms, compared to
only 3 percent in the poorest areas. Poor areas are mainly engaged in smallholder rainfed humid farming
(46.8 percent of areas) and smallholder rainfed dry/cold farming (28.7 percent of areas).

FIGURE 7: Farming systems by region

Wetland rice-based
Smallholder rainfed highland
Dualistic
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FIGURE 8: Farming systems by rural and urban localities
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FIGURE 9: Farming systems by poverty quintiles
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3.3 To what extent do access to land and water resources and current
farming systems constrain livelihoods of the poor?
Where the effect of land suitability and farming systems is not accounted for (Model 1), the results show that
areas with limited per capita share of land (including agriculture and arable land) and water resources are
more likely to be poor when compared with areas with high per capita share of land and water resources. In
Model 2 where the effect of land suitability is controlled for, the effects do not change much. However, if we
account for the effect of farming systems (Model 3), the pattern of the estimated effect of per capita share of
agriculture, arable land and land suitability changes substantially.
The estimated effect of per capita share of agricultural land and land suitability becomes less important
(compared to Models 1 and 2) and the direction of the estimated effect of per capita share of arable land
changes, with areas having limited per capita share of arable land being less likely to be poor when compared
with areas with high per capita share of arable land. This clearly reveals that farming systems modify the
relationship between land resources and poverty. It is important to note that the effect of irrigated land and
easily available water remained significant even when the effect of farming systems was introduced. These
findings indicate that although land resources are important, constraints to livelihood due to limited land
resources could be managed more appropriately with more suitable farming systems and possibly irrigation.
Figure 10 shows the estimated odds ratio of being poor before and after accounting for the effect of farming
systems. It shows that the odds of being poor for all categories of per capita share of agricultural land is not
very different from one when the effect of farming systems is accounted for in the model. Also, it is found
that when the effect of farming systems is accounted for, the odds of being poor reduces substantially for all
categories of per capita share of arable land.
Table 2 shows the estimated odds ratios and their corresponding 95 percent confidence intervals of the
covariates from the logistic regression models showing the association between per capita share of land, water
resources, farming systems and poverty. After accounting for the effect of per capita share of land and water
resources, land suitability and farming systems, the regional effect was not significant at the 5 percent level,
indicating that there is no independent effect of region on poverty as measured by prevalence of stunting among
children under five years of age. Nonetheless, there is an independent effect of rural-urban location, with rural
areas of the world being about two and half times more likely to be poor compared to urban areas (Model 3).
From Model 3, the estimated odds ratio shows that areas with less than 50 km2 of land per 1 000 people are
more than three times more likely to be poor compared with areas with 2 000 km2 or more of land per 1 000
people. Also, areas with low irrigated land per capita are more likely to be poor. Areas with less than 1 km2
of irrigated land per 1 000 people are more than twice as likely to be poor compared to areas with 100 km2 or
more of irrigated land per 1 000 people. The estimated odds shown in Table 2 reveal that areas with extensive
barren land are more likely to be poor. Per capita share of easily available water is also significantly associated with poverty, with increasing per capita share of easily available water showing decreasing odds of being
poor (Table 2). Considering farming systems, the estimated odds ratios show that areas involved in dualistic
farming are more than six time less likely to be poor compared to areas involved in smallholder irrigated
farming. Areas involved in coastal artisanal fishing are four and half times more likely to be poor compared
to areas involved in smallholder irrigated farming.
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FIGURE 10: Estimated odds ratio of being poor in relation to per capita share
of agricultural and arable land

TABLE 2: Estimated coefficients from a logistic regression model showing the effect of per capita
share 	of land and water resources, land suitability and farming systems on poverty
Model 1
Odds

Model 2

95% CI for odds
Lower

Upper

Odds

Model 3

95% CI for odds
Lower

Upper

Odds

95% CI for odds
Lower

Upper

Land (km /1000 people)
2

< 50

3.31**

3.11

3.52

2.55**

2.39

2.71

3.08**

2.88

3.29

50 - 100

2.95**

2.78

3.12

2.43**

2.29

2.58

2.92**

2.75

3.10

101 - 500

2.68**

2.55

2.83

2.42**

2.30

2.55

2.81**

2.66

2.96

501 - 1 000

1.93**

1.84

2.03

1.86**

1.78

1.96

2.14**

2.04

2.25

1 001 - 2 000

1.39**

1.33

1.44

1.38**

1.32

1.43

1.48**

1.42

1.54

> 2 000

1.00

1.00

1.00

Agricultural land (Km2/1000 people)
< 50

1.15**

1.09

1.21

1.26**

1.19

1.33

1.09*

1.03

1.15

50 - 100

1.13**

1.07

1.19

1.15**

1.09

1.22

0.98

0.92

1.03

101 - 500

1.16**

1.10

1.23

1.13**

1.07

1.19

1.01

0.96

1.07

1.02

0.95

1.08

0.98

0.92

1.04

1.02

0.96

1.09

1.31**

1.23

1.39

1.29**

1.22

1.37

1.19*

1.10

1.41

501 - 1 000
1 001 - 3 000
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Model 1
Odds

95% CI for odds
Lower

> 3 000

Model 2
Odds

Upper

1.00

Model 3

95% CI for odds
Lower

Odds

Upper

1.00

95% CI for odds
Lower

Upper

1.00

Arable land (km /1 000 people)
2

<5

2.42**

2.21

2.65

2.53**

2.31

2.78

0.91*

0.83

1.00

5 - 10

1.94**

1.77

2.13

1.98**

1.80

2.17

0.82**

0.74

0.90

11 - 20

1.32**

1.20

1.45

1.35**

1.23

1.48

0.63**

0.57

0.70

21 - 50

1.12*

1.02

1.24

1.15**

1.04

1.26

0.61**

0.55

0.67

51 - 500

0.96

0.88

1.06

0.97

0.88

1.07

0.68**

0.62

0.75

> 500

1.00

1.00

1.00

Irrigated land (km2/1 000 people)
<1

2.32**

1.94

2.78

2.24**

1.87

2.69

2.24**

1.87

2.69

1 - 10

2.75**

2.30

3.29

2.67**

2.23

3.20

2.63**

2.20

3.16

11 - 20

1.85**

1.53

2.24

1.84**

1.52

2.23

2.07**

1.71

2.52

21 - 50

1.67**

1.37

2.04

1.67**

1.37

2.04

1.90**

1.55

2.33

51 - 100

1.22

0.95

1.56

1.23

0.96

1.58

1.39**

1.09

1.79

> 100

1.00

1.00

1.00

Barren land (km2/1 000 people)
<5

0.79**

0.77

0.81

1.08**

1.05

1.11

1.05**

1.02

1.09

5 - 10

0.63**

0.60

0.66

0.76**

0.73

0.80

0.75**

0.71

0.79

11 - 20

0.70**

0.66

0.73

0.83**

0.79

0.87

0.84**

0.80

0.88

21 - 50

0.76**

0.73

0.79

0.87**

0.84

0.91

0.89**

0.86

0.93

51 - 100

0.77**

0.74

0.80

0.85**

0.81

0.88

0.84**

0.81

0.88

> 100

1.00

1.00

1.00

Easily accesible water (mm/month per 1 000 people)
< 10

1.96**

1.85

2.08

2.11**

1.99

2.25

1.94**

1.83

2.07

10 - 20

1.22**

1.15

1.29

1.30**

1.22

1.38

1.28**

1.20

1.36

21 - 50

1.32**

1.25

1.39

1.38**

1.30

1.45

1.33**

1.26

1.40

51 - 100

1.38**

1.31

1.45

1.41**

1.34

1.48

1.34**

1.28

1.41

101 - 500

1.05*

1.00

1.09

1.09**

1.05

1.14

1.06**

1.02

1.11

> 500

1.00

1.00

1.00

Land suitability
Not suitable

1.05*

1.01

1.09

0.71**

0.68

0.74

Very low

1.59**

1.51

1.68

0.97

0.91

1.02

Low

1.81**

1.74

1.88

1.03

0.99

1.07

Medium low

1.55**

1.49

1.61

0.98

0.94

1.02

Medium

1.16**

1.12

1.21

0.84**

0.81

0.88

Medium high

1.57**

1.52

1.63

1.04

1.00

1.08

High

1.41**

1.36

1.46

1.01

0.97

1.05

Very high

1.00

1.00

**p<0.01; *p<0.05
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TABLE 2: Estimated coefficients from a logistic regression model showing the effect of per capita
share 	of land and water resources, land suitability and farming systems on poverty
Model 1

Model 2

95% CI for odds
Odds

Model 3

95% CI for odds
Odds

Lower

Upper

95% CI for odds
Odds

Lower

Upper

Lower

Upper

Farming system classes
Smallholder irrigated

1.00

Wetland rice-based

2.72**

2.54

2.91

Smallholder rainfed humid

2.45**

2.29

2.62

Smallholder rainfed highland

2.41**

2.26

2.58

Smallholder rainfed dry/cold

3.03**

2.83

3.23

Dualistic

0.16**

0.15

0.17

Coastal artisanal fishing

4.58**

4.20

5.00

2.51**

2.43

2.59

Rural-urban location
Rural

3.52**

Urban

1.00

3.41

3.63

3.09**

2.99

3.19

1.00

1.00

**p<0.01; *p<0.05

3.4 Can changes in resource management modify poverty outcomes in
resource-constrained areas?
The results of the Principal Components Analysis are shown in Figure 11.
The resource management index (Figure 11) provides a clear indication of the existence of a relationship
between the poor and low-to-moderate access to land and water resources.
FIGURE 11: Resource management index in poor and non-poor grid cells of study area
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When the index is applied to the gridded database, results show that this relationship is particularly prevalent
in the sub-Saharan and in parts of the South Asian regions. The counter to this is where we have the least poor
with access to high to moderate resources in central Asia and Russia, regions of South America and parts of
West and South Africa.
The regions that show ’not poor’ and low access to resources may indicate areas with interventions that
reduce direct or localized reliance on resources such as urban areas or areas where food security is not reliant
upon local production such as the San Paulo/Rio region of Brazil, southern India and eastern China.
The results show some anomalies that might require explanation based upon further examination of the
nature and quality of the data or upon specific country profiles. This analysis of poverty might be reflective
of limitations in accessing data in some regions.

4. Limitations of the study
Data for some of the indicators considered essential for this type of analysis (e.g. rate of land degradation)
were unavailable at the required geographical level. The study itself is global in scope. However, the analysis
covers only that part of global land area for which stunting data were available.
Projections of potential future land and water degradation are vital for enacting policies and strategies to
ensure sustainable agricultural development, sustaining the environment and its natural resources and alleviating poverty. Data for such analysis is not available.
Consistent definition of indicators is another limitation worth noting. For example, the definition of poverty
and the indicator used to assess poverty levels (prevalence of stunting among children below five years of
age) reflects FAO’s concept of poverty, which relates poverty to chronic under nutrition. This indicator is
internationally accepted as a proxy for measuring poverty; however, it can bias occurrence of poverty towards
some regions.
In this regard, it is recognized that there is a need to establish a strategic framework and standards that are
accepted worldwide and can be used to consistently assess the relationships between land-water scarcity and
poverty. Also, other factors such as trade regulations, access to markets, import-exports, exposure to hazards
and diseases and political commitments and policies that could constrain earnings from agriculture and could
therefore modify the effects of land and water resources and farming systems on well-being, were not available at the time of the study.

5. Maps
All maps included in this report display data only for poor areas that fall within the study area, as defined in
Section 2. Poor areas are defined as areas in the bottom quintile (20 percent) of poverty globally as derived
from prevalence of stunting among children below five years of age.
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MAP 3: Per capita share of land in poor areas

MAP 4: Per capita share of agricultural land in poor areas
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MAP 5: Per capita share of arable land in poor areas

M MAP 6: Per capita share of irrigated land in poor areas
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MAP 7: Per capita share of barren and sparse land in poor areas

MAP 8: Suitability of land for agricultural production in poor areas
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MAP 9: Per capita share of easily available water in poor areas

MAP 10: Farming systems in poor areas
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