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Theme 7: Natural Hazards
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Vulnerability to
natural Hazards

Indicator
Percentage of Population living in Hazard Porn
Areas

Disaster Preparedness Human and Economic Loss Due to Disasters
and Response
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Theme 7: Natural Hazards
Sub-Theme: Vulnerability to Natural Hazards
Indicator 1: Percentage of Population living in Hazard prone Areas
PERCENTAGE OF POPULATION LIVING IN HAZARD PRONE AREAS
Core indicator
Vulnerability to natural hazards
Natural hazards
1. INDICATOR
(a) Name: Percentage of population living in hazard prone areas.
(b) Brief Definition: The percentage of national population living in areas subject to significant
risk of death or damage caused by prominent hazards: cyclones, drought, floods, earthquake,
volcanoes and landslides. The indicator maybe calculated separately for each relevant
prominent hazard. The risk of death in a disaster caused by natural hazards is a function of
physical exposure to a hazardous event and vulnerability to the hazard. The indicator measures
the risk at sub-national scale by using historical and other data on hazards and on vulnerability.
The sub-national risk levels are then aggregated to arrive at national values.
(c) Unit of Measurement: Percentage.
(d) Placement in the CSD Indicators Set: Natural hazards/ Vulnerability to natural hazards

2. POLICY RELEVANCE
(a) Purpose: To calculate the percentage of population living in disaster prone areas, thus
providing a useful estimate of national vulnerability to cyclones, drought, floods, earthquake,
volcanoes and landslides, which combines almost the totality of human and economic loss due
to disasters caused by vulnerability to natural hazards. This indicator will contribute to a better
understanding of the level of vulnerability in a given country, thus encouraging long-term,
sustainable risk reduction programs to prevent disasters, which are a major threat to national
development.
(b) Relevance to Sustainable/Unsustainable Development (theme/sub-theme): There is a
recognized high degree of interdependency between sustainable development and vulnerability
to natural hazards. High vulnerability means higher exposure to natural catastrophes in the
absence of disaster reduction measures. Disasters caused by vulnerability to natural hazards
have a strong negative impact on the development process in both industrialized and
developing countries. Therefore, the degree of vulnerability to a given natural hazard provides
a key measure of social welfare and development in a given country, as well as an indication of
the risk (probability) of natural disasters.
The general increase in vulnerability of societies worldwide has caused the social, economic and
environmental impact of to natural disasters to become far greater now than ever before. In fact,
the overall number of people affected by disasters has been growing by 6 % each year since
1960. This trend is expected to continue primarily because of increased concentration of people
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and values in the areas exposed to natural hazards.
(c) International Conventions and Agreements: Under the Hyogo Framework for Actions,
countries and other actors work towards a substantial reduction of disaster losses, in lives and
in the social, economic and environmental assets of communities and countries.
(d) International Targets/Recommended Standards: None.
(e) Linkages to Other Indicators: This indicator is linked with many demographic indicators,
including population growth rate (total, urban and rural) and percentage of population in
coastal areas. It is also linked to most poverty indicators, as poverty is a major determinant of
vulnerability. It is directly linked to the indicator on human economic losses due to natural
disasters.

3. METHODOLOGICAL DESCRIPTION
(a) Underlying Definitions and Concepts:
The individual vulnerability to hazard is the probability being killed in the event of a hazard.
Alternatively, the indicator can be calculated on the basis of the expected economic damage in
the event of a hazard.
The mortality risk due to hazards in a geographic area is the product of the probability of a
hazard taking place in that area and the average vulnerability to hazards.
An area is defined as hazard prone area if the mortality risk is higher than a certain threshold.
A cyclone is defined as a wind storm with maximum speed of more than 64 knots per hour. The
definition includes typhoons and hurricanes.
A drought is a period of deficiency of moisture in the soil such that there is inadequate water
required for plants, animals and human beings. It can be further defined as weighted anomaly
of standardized precipitation over an extended period (e.g., 3 months).
A flood is a significant rise of water level in a stream, lake, reservoir or coastal region. Only
extreme floods are typically counted.
Earthquake is sudden break within the upper layers of the earth, sometimes breaking the
surface, resulting in the vibration of the ground, which were strong enough will cause the
collapse of buildings and destruction of life and property. Typically, earthquakes >4.5 on the
Richter Scale are considered.
Volcano, or volcanic eruption, is the discharge (aerially explosive) of fragmentary ejecta, lava
and gases from a volcanic vent.
Landslides are, in general, all varieties of slope movement, under the influence of gravity. More
strictly refers to down-slope movement of rock and/or earth masses along one or several slide
surfaces. Snow avalanches may also be included under landslides.
(b) Measurement Methods:
For earthquakes, the percentage of population living in seismic risk zones will be obtained by
combing population density maps with seismic hazard maps. The most suitable way to express
the level of seismic risk is through zoning (very high, high, medium, and low). Richter Scale
and Modified Mercalli scale (easily compatible) are recommended as basis for the zoning.
Populations living in “very high” and “high” zones are considered to be at risk.
The percentage of population living in flood prone areas will be obtained by combining the area
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affected by the 100 year return period flood with population density data.
For other hazards, the risk at a sub-national scale can be measured by using historical and other
data on hazards and on vulnerability.
(c) Limitations of the Indicator: The validity of this indicator is limited by the quality and the
format of the data used for its calculation. Comparability over time may represent a particular
problem for this indicator.
(d) Status of the Methodology: This methodology is being used by a the Disaster Risk indexing
project of the UNDP in partnership with UNEP-GRID; the Hotspots indexing project
implemented by Columbia University and the World Bank, under the umbrella of the
ProVention Consortium and the Americas programme of IDEA in partnership with the
InternAmerica Developing Bank. These projects are based on a conceptual framework that
includes particular understanding of the factors contributing to human vulnerability and
disaster risk. The methodology for seismic risk assessment is widely used through the scientific
community, in particular in RADIUS (Risk Assessment Tools for Diagnosis of Urban Areas
Against Seismic Disasters), a tool developed to assess earthquake risk in urban areas
worldwide.
(e) Alternative Definitions: Not available

4. ASSESSMENT OF DATA
(a) Data Needed to Compile the Indicator: Cyclone prone areas; drought risk map, floods risk
map, earthquake risk maps, volcanoes and landslides risk maps (see above); population
distribution maps; flood hazard (floodplain) maps; population distribution maps.
http://www.wetlands.agro.nl
(b) National and International Data Availability and Sources: Data availability at the country
varies according to countries. At the international level, data on global hazard frequency and
risk and their distribution is available through the Hotspot project implemented by the Center
for Hazards & Risk Research at Columbia University. Data on global disasters is available in the
EM-DAT database, maintained by the Centre for Research on the Epidemiology of Disasters
(CRED) in Brussels. http://www.ecn.nl/doc/europe/legislat/bernconv.html
http://edcdaac.usgs.gov/glcc/glcc.html
(c)
Data
References:
For
the
Hotspot
core
data
set,
see
http://www.ldeo.columbia.edu/chrr/research/hotspots/http://www.satellus.se
For the EM-DAT database, see http://www.em-dat.net/http://www.fao.org/forestry

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency: The lead agency is the Secretariat for the International Strategy for Disaster
Reduction (ISDR), United Nations, Geneva.
http://www.undp.org/bcpr
(b) Other Contributing Organizations: UNDP, UNEP-GRIP, World Bank (ProVention
Consortium), Inter American Development Bank: ICSU – International Council of Scientific
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Unions, WMO, Munich Reinsurance. Biodiversity Ecosystems Eurostat. Economy-wide
material flow accounts and derived indicators – A methodological guide, 2001.

6. REFERENCES
(a) Readings:
CRED. Profiles in the World: Summary of Disaster Statistics by Continent. CRED Statistical Bulletin,
May 1994.
International Federation of Red Cross and Red Crescent Societies, Centre for Research on the
Epidemiology of Disasters. World Disasters Reports for 1993, 1994, and 1995. Martinus Neijhoof
Publishers, Dordrecht, Netherlands. 1993, 1994, and 1995.
Sapir, D.G. Natural and Man-made Disasters: the Vulnerability of Women-headed Households and
Children without Families. World Health Statistical Quarterly; 46: 227-233, 1993.
CRED. Proposed Principles and Guidelines for the Collection and Dissemination of Disaster Related
Data. Report on the IERRIS Workshop, 7-9 September 1992.
Sapir, D.G. & Sato, T. The Human Impact of Floods: Common Issues for Preparedness and Prevention
in Selected Asia-Pacific Countries. Paper presented at the Second Asian Pacific Conference on
Disaster Medicine, Chiba, Japan. 1992.
Sapir, D.G. and Misson, C. The Development of a Database on Disasters. Disasters; 16(1): 80-86.
1992.
CRED. Statistical Update from CRED Disaster Events Database in: CRED Disasters in the World.
November 1991.
UNDP. Reducing Disaster Risk, A challenge for development. UNDP, 2004.
ISDR/UNDP, Vision of Risk, A Review of International Indicators of Disaster Risk and its
Management, A report for the ISDR inter-Agency Task force on Disaster Reduction, Working Group 3:
Risk, vulnerability and Disaster Impact Assessment, Geneva, December 2004. (ISDR, Living with
Risk, a global review of disaster reduction initiatives, UN Geneva 2004.
International Bank for Reconstruction and Development/The World Bank and Columbia
University, Natural Disaster, Hotspots: A Global Risk Analysis Dilley, M., Chen, R.S., Deichmann, U.,
Lerner-Lam, A.L. and Arnold, M. with Agwe, J. Buys, P., Kjekstad, O., Lyon, B. and Yetman, G.,
Washington, D.C 2005.
(b) Internet sites:
http://www.unisdr.org
http : //www.munichre.com
http://www.geohaz.org/
http://www.ldeo.columbia.edu/chrr/research/hotspots/
http://www.cred.be
http://www.undp.org/bcpr
http://www.undp.org/bcpr/disred/documents/publications/visionsofrisk.pdf#search='Hots
pots%20indexing%20project');
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Theme 7: Natural hazards
Sub-Theme: Disaster Preparedness and Response
Indicator 2: Human and Economic Loss Due to Disasters
HUMAN AND ECONOMIC LOSS DUE TO DISASTERS
Core indicator
Disaster Preparedness and Response
Natural hazards

1. INDICATOR
(a) Name:
hazards.

Human and economic loss due to disasters caused by vulnerability to natural

(b) Brief Definition: The number of persons deceased, missing, and/or injured as a direct
result of a disaster involving natural hazards; and the amount of economic and infrastructure
losses incurred as a direct result of the natural disaster.
(c) Unit of Measurement: Number of fatalities; $US.
(d) Placement in the CSD Indicators Set:
Response.

Natural disaster/Disaster Preparedness and

2. POLICY RELEVANCE
(a) Purpose: To provide estimates of the human and economic impact of disasters in order to
measure the trends in population vulnerability and to determine whether a country or province
is becoming more or less prone to the effects of disasters.
(b) Relevance to Sustainable/Unsustainable Development (theme/sub-theme): Disaster
involving natural hazards can have devastating short and long-term impacts on the society and
the economy of any country, adversely affecting progress towards sustainable development.
They cause loss of life, social disruption and affect economic activities. This is particularly true
for highly vulnerable, low-income groups. They also cause environmental damage, such as loss
of fertile agricultural land, and water contamination. They affect urban settlements and may
result in major population displacements.
The general increase in vulnerability of societies worldwide has caused the social, economic and
environmental impact of disaster involving natural hazards to become far greater now than
ever before. In fact, the overall number of people affected by disasters has been growing by 6%
each year since 1960. This trend is expected to continue primarily because of increased
concentration of people and values in the areas exposed to natural hazards, such as floods and
earthquakes.
(c) International Conventions and Agreements: Based on the experience of the International
Decade for Natural Disaster Reduction, the UN General Assembly adopted resolution
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A/54/219 which established a permanent mandate for the UN system in the field of disaster
reduction, in the framework of the global programme named International Strategy for Disaster
Reduction (ISDR).
(d) International Targets/Recommended Standards: None.
(e) Linkages to Other Indicators: This indicator is linked with indicators that are related to
issues of vulnerability: % Population Living Below Poverty Line, Floor Area Per Person,
Population Growth Rate, Population of Urban Formal and Informal Settlements, Area of Urban
Formal and Informal Settlements, and other institutional indicators like National Sustainable
Development Strategy.
This indicator would have greater significance if correlated to indicators of vulnerability to
specific hazards such as earthquakes and floods, which account for the majority of loss due to
natural disasters, especially in developing countries and if related to the number of people
leaving in high-risk areas.

3. METHODOLOGICAL DESCRIPTION
(a) Underlying Definitions and Concepts:
There is a recognized high degree of
interdependency between sustainable development and vulnerability to natural hazards. High
vulnerability means higher exposure to natural catastrophes in the absence of disaster risk
reduction measures. Disasters caused by vulnerability to natural hazards have a strong
negative impact on the development process in both industrialized and developing countries.
Therefore, the degree of vulnerability to a given natural hazard provides a key measure of
social welfare and development in a given country, as well as an indication of the risk
(probability) of a disaster.
For the purpose of this indicator, the following definitions have been used:
Disaster involving natural hazards is the consequence of the impact of a natural hazard on a
socio-economic system with a given degree of vulnerability, which overwhelms local capacity
to respond to the emergency and has disruptive consequences on human, social and economic
parameters.
Natural hazards comprise phenomena such as earthquakes; volcanic activity; landslides;
tsunamis; tropical cyclones and other severe storms; tornadoes and high winds; river floods and
coastal flooding; wildfires and associated haze; drought; infestations.
Vulnerability to hazards is a function of human activities. It describes the degree to which a
socio-economic system is susceptible to the impact of natural and other related hazards.
Vulnerability also depends on aspects such as hazard awareness, the characteristics of human
settlements and infrastructure, public policy and administration, and organized abilities in all
fields of disaster management. At present, poverty is one major cause of vulnerability in many
parts of the world.
(b) Measurement Methods: The measurement methods proposed are based on the criteria
used by the Centre for Research on the Epidemiology of Disaster (CRED). The data elements
included here have been selected and modified according to the requirements of the sustainable
development indicator methodology sheets. Overall, these data should be collected and
validated at the country level by a public authority using these standard criteria and methods.
Each element is presented first in a concise description, followed by comments and the
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proposed recording procedure.
i) Onset Date: This establishes the date when the disaster situation occurred. This date is well
defined for all sudden-impact disasters. For disaster situations which develop gradually
overtime (for example, drought) scientific (meteorology and seismology institutes) and
governmental (civil defense authorities) sources.
ii) Declaration Date: The date when the first call for external assistance concerning the disaster
is issued. This call for external assistance mentioned here is defined according to the definition
of a disaster situation stated above. This date is available for all disaster situations to be
included for the indicator. Only the date of the first appeal for external assistance is recorded.
iii) Disaster Type: This describes the disaster according to a pre-defined classification scheme.
Disaster types should include all types of natural disasters, for example, earthquakes, cyclones,
floods, volcanic eruptions, drought, and storms. Disasters may be further described as sudden
onset, such as earthquakes and floods, and long-term, such as drought. Two or more disasters
may be related, or other disaster types may occur as a consequence of a primary event. For
example, a cyclone may generate a flood or landslide; or an earthquake may cause a gas line to
rupture.
iv) Country: This defines the country in which the disaster occurred. Every disaster record will
be by country. Autonomous regions, not yet recognized as countries, will not be used. The
same disaster may affect more than one country, and here separate records are maintained.
v) Fatalities: This includes persons confirmed dead and persons missing and presumed dead.
Official figures are used whenever available. The figure is updated as missing persons are
confirmed to be dead.
vi) Estimated Amount of Damage: This represents the value of all damages and economic
losses directly related to the occurrence of the given disaster. The economic impact of a disaster
usually consists of direct (for example, damage to infrastructure, crops, housing) and indirect
(for example, loss of revenues, unemployment, market destabilization) consequences on the
local economy. Although several institutions have developed methodologies to quantify these
losses in their specific domain, no standard procedure to determine a global figure for the
economic impact exists. Three different figures are recorded from sources which have a welldefined methodology for the assessment of economic impacts, including the World Bank and
other international lending agencies; the host government; and, especially in the case of
complex emergency situations, the total budget requirements listed in the consolidated appeals
launched by UN agencies and other major non-government organizations.
(c) Limitations of the Indicator: The validity of this indicator is limited by the quality and the
format of the data used for its calculation. Comparability over time may represent a particular
problem for this indicator.
(d) Status of the Methodology: The methodology is in widespread use on both developed and
developing countries although it is not standardized.
(e) Alternative Definitions: If the indicator has to reflect changing risk, the measurement
should be losses per unit of time per capita. This is not possible without further development of
the indicator methodology.
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4. ASSESSMENT OF DATA
(a) Data Needed to Compile the Indicator: As described in 4.b.
(b) National and International Data Availability and Sources: Data above is normally
available within each country or easily obtainable; other sources are international scientific
associations; insurance companies (Munich Re, Swiss Re), national geological survey agencies;
space agencies and satellite service providers; the UN system and the ISDR framework.
Internationally, some data is maintained by the Centre for Research on the Epidemiology of
Disasters (CRED) in Brussels, which compiles and validates data from diverse sources
(c) Data References: EM-DAT database, maintained by CRED, see http://www.em-dat.net/ .

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency: The lead agency is the Secretariat for the International Strategy for Disaster
Reduction (ISDR), United Nations, Geneva.
(b) Other Contributing Organizations: The Centre for Research on the Epidemiology of
Disasters, Faculty of Medicine, University of Louvain, Belgium. The following organizations
were consulted over the development and subsequent review of this indicator methodology
sheet: World Food Programme, United Nations Environment Programme, Pan American
Health Organization, International Federation of the Red Cross and Red Crescent Societies, and
US Agency for International Development, ICSU – International Council of Scientific Unions,
Munich Reinsurance Company.

6. REFERENCES
(a) Readings:
CRED. Profiles in the World: Summary of Disaster Statistics by Continent. CRED Statistical Bulletin,
May 1994.
International Federation of Red Cross and Red Crescent Societies, Centre for Research on the
Epidemiology of Disasters. World Disasters Reports for 1993, 1994, and 1995. Martinus Neijhoof
Publishers, Dordrecht, Netherlands. 1993, 1994, and 1995.
Sapir, D.G. Natural and Man-made Disasters: the Vulnerability of Women-headed Households and
Children without Families. World Health Statistical Quarterly; 46: 227-233, 1993.
CRED. Proposed Principles and Guidelines for the Collection and Dissemination of Disaster Related
Data. Report on the IERRIS Workshop, 7-9 September 1992.
Sapir, D.G. & Sato, T. The Human Impact of Floods: Common Issues for Preparedness and Prevention
in Selected Asia-Pacific Countries. Paper presented at the Second Asian Pacific Conference on
Disaster Medicine, Chiba, Japan. 1992.
Sapir, D.G. and Misson, C. The Development of a Database on Disasters. Disasters; 16(1): 80-86.
1992.
CRED. Statistical Update from CRED Disaster Events Database in: CRED Disasters in the World.
November 1991.
UNDP. Reducing Disaster Risk, A challenge for development. UNDP, 2004.
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ISDR/UNDP, Vision of Risk, A Review of International Indicators of Disaster Risk and its
Management, A report for the ISDR inter-Agency Task force on Disaster Reduction, Working Group 3:
Risk, vulnerability and Disaster Impact Assessment, Geneva, December 2004.
ISDR, Living with Risk, a global review of disaster reduction initiatives, UN Geneva 2004.
International Bank for Reconstruction and Development/The World Bank and Columbia
University, Natural Disaster, Hotspots: A Global Risk Analysis Dilley, M., Chen, R.S., Deichmann, U.,
Lerner-Lam, A.L. and Arnold, M. with Agwe, J. Buys, P., Kjekstad, O., Lyon, B. and Yetman, G.,
Washington, D.C 2005.
(b) Internet sites:
http://www.unisdr.org
http : //www.munichre.com
http://www.geohaz.org/
http://www.ldeo.columbia.edu/chrr/research/hotspots/
http://www.cred.be
http://www.undp.org/bcpr
http://www.undp.org/bcpr/disred/documents/publications/visionsofrisk.pdf#search='Hots
pots%20indexing%20project');
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Theme 8: Atmosphere
SUB THEME/ ISSUE
Climate Change
Air Quality
Ozone Layer Depletion

Indicators
Emissions of Greenhouse Gases
Ambient Concentration of Air Pollutants in Urban Areas
Consumption of Ozone Depleting Substances
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Theme 8: Atmosphere
Sub-Theme: Climate Change
Indicator 1: Emissions of Greenhouse Gases
EMISSIONS OF GREENHOUSE GASES
Core indicator
Climate Change
Atmosphere
1. INDICATOR
(a) Name: Emissions of Greenhouse Gases (GHG).
(b) Brief Definition: Anthropogenic emissions, less removal by sinks, of the greenhouse gases
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), sulfur hexafluoride (SF6). .
(c) Unit of Measurement: Annual GHG emissions in gigagrams (Gg). Emissions of CH4, N2O,
HFCs, PFCs and SF6 can be converted to CO2 equivalents using the so-called global warming
potentials (GWPs) provided in assessments of the Intergovernmental Panel on Climate Change.
(d) Placement in the CSD Indicator Set: Atmosphere/Climate Change.

2. POLICY RELEVANCE
(a) Purpose: This indicator measures the emissions of the six main GHGs which have a direct
impact on climate change, less the removal of the main GHG CO2 through sequestration as a
result of land-use change and forestry activities.
(b) Relevance to Sustainable/ Unsustainable Development (theme/sub-theme): For about a
thousand years before the industrial revolution, the amount of greenhouse gases in the
atmosphere remained relatively constant. Since then, the concentration of various greenhouse
gases has increased. The amount of carbon dioxide, for example, has increased by more than
30% since pre-industrial times and is currently increasing at an unprecedented rate of about
0.4% per year, mainly due to the combustion of fossil fuels and deforestation. The
concentrations of methane and nitrous oxide are increasing as well due to agricultural,
industrial and other activities. Hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulfur
hexafluoride (SF6) do not occur naturally in the atmosphere but have been introduced by
human activities. They are strong greenhouse gases and have long atmospheric lifetimes.
Since the late nineteenth century, the mean global temperature has increased by 0.4-0.8°C and
the sea level has risen by 10 to 15cm. A doubling of the CO2 concentration in the atmosphere is
believed to cause an increase in the global mean temperature of 1.5 to 4.5°C. To appreciate the
magnitude of this temperature increase, it should be compared with the global mean
temperature difference of perhaps 5 to 6°C from the middle of the last ice age to the present
interglacial period.
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(c) International Conventions and Agreements: The United Nations Framework Convention
on Climate Change entered into force in March 1994 and as of 11 April 2007 has received 191
instruments of ratification or accession. The Kyoto Protocol to the Convention was adopted in
December 1997 and entered into force on 16 February 2005. As of 6 June 2007, the Kyoto
Protocol has received 174 instruments of ratifications, accessions, approvals or acceptances.
(d) International Targets/Recommended Standards: The Climate Change Convention includes
a commitment by developed country Parties (Annex I Parties), including economies in
transition, to aim to return emissions of CO2 and other GHGs not controlled by the Montreal
Protocol to their 1990 levels by 2000. This was achieved: in 2000, GHG emissions from Annex I
Parties were about 6 per cent below the 1990 level. The Kyoto Protocol sets individual emission
reduction targets for Annex I Parties (developed countries, including countries with economies
in transition), which should lead to an overall reduction in GHG emissions from developed
countries by at least 5 per cent below the 1990 level in the first commitment period 2008 to 2012.
(e) Linkages to Other Indicators: This indicator is linked to many other socio-economic and
environmental indicators, including GDP growth rate, energy consumption, environmental
protection expenditures, and expenditures on air pollution abatement.

3. METHODOLOGICAL DESCRIPTION
(a) Underlying Definitions and Concepts: Greenhouse gases contribute in varying degrees to
global warming depending on their heat absorptive capacity and their lifetime in the
atmosphere. The global warming potential (GWP) describes the cumulative effect of a gas over
a time horizon (usually 100 years) compared to that of CO2. For example, according to the IPCC
Second Assessment Report, 1995, the global warming potential of CH4 (methane) is 21, meaning
that the global warming impact of one kg of CH4 is 21 times higher than that of one kg of CO2.
(b) Measurement Methods: In some cases, GHG emissions can be measured directly at the
source. More commonly, emissions are estimated from data on emission sources, for example
oil sales data or cattle numbers, using an emission factor for each source.
(c) Limitations of the Indicator: This indicator shows the net amount of GHGs entering the
atmosphere for each reporting country each year. It does not show how much the climate will
be affected by the increased accumulation of GHGs or the consequent effect of climate change
on countries. Data for developed countries, including economies in transition, are more
complete and easier available than data for developing countries.
(d) Status of the Methodology: Developed country Parties to the Convention have been
reporting GHG data, beginning with 1990 data, since 1994. The IPCC has published two sets of
guidelines on methodologies for the estimation of GHG inventories and further elaborated this
with guidance on good practice in 2000 and guidance for land use, land-use change and forestry
in 2003.
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(e) Alternative Definitions/Indicators: GHG emissions can alternatively be measured on a
gross instead of net basis in which case no account is taken of removal by sinks. There are a
number of other gases that indirectly produce GHGs and these could also be included in the
scope of the definition. The GWP potential can be calculated over different time horizons, such
as 20 years or 500 years.
In addition to the six main greenhouse gases included in this indicator, chlorofluorocarbons
(CFCs), hydrochlorofluorocarbons (HCFCs) and other ozone-depleting gases also contribute to
the global warming and could be monitored. However, the global warming potentials of ozonedepleting greenhouse gases are highly uncertain, since they depend on the depletion of ozone,
itself a greenhouse gas. CFCs and HCFCs are included in the indicator “Consumption of ozonedepleting substances”. One could also monitor indirect greenhouse gases such as nitrogen
oxides (NOx), carbon monoxide (CO) and non-methane volatile organic compounds
(NMVOCs). Although these gases themselves are not greenhouse gases, they affect atmospheric
chemistry, leading to an increase in tropospheric ozone, which is a greenhouse gas. However,
no global warming potentials are provided for indirect greenhouse gases.

4. ASSESSMENT OF DATA
(a) Data Needed to Compile the Indicator: Greenhouse gas emissions data.
(b) National and International Data Availability and Sources: National communications from
Parties to the Climate Change Convention, including both developed and developing countries,
are available. In addition, developed countries submit their detailed GHG inventories to the
UNFCCC secretariat annually. At the international level, the UNFCCC Secretariat supports a
database with GHG data based on annual data inventory submissions from developed
countries and periodic submissions of national communications from developing countries.
(c) Data References:
GHG
data
section
at
the
UNFCCC
website
(http://unfccc.int/ghg_emissions_data/items/3800.php )
National greenhouse gas inventory data for the period 1990-2004 and status of reporting.
UNFCCC
document
FCCC/SBI/2006/26
(available
at
http://unfccc.int/resource/docs/2006/sbi/eng/26.pdf )
National submissions of GHG inventories of Annex I Parties under the Climate Change
Convention (available at
http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submission
s/items/3734.php

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency: The lead agency is the Secretariat of the United Nations Framework
Convention on Climate Change (UNFCCC). The contact point is the
Executive Secretary, Secretariat, UNFCCC, fax no. (49-228) 815-1999.
(b) Other Contributing Organizations: The Intergovernmental Panel on Climate Change
(IPCC) develops methodological guidance for GHG emissions estimates. The International
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Energy Agency (IEA) supports a comprehensive database on CO2 emissions from fuel
combustion, including the data on CO2–related indicator.

6. REFERENCES
(a) Readings:
National greenhouse gas inventory data for the period 1990-2004 and status of reporting.
UNFCCC
document
FCCC/SBI/2006/26
(available
at
http://unfccc.int/resource/docs/2006/sbi/eng/26.pdf )
UNFCCC reports on technical reviews of GHG inventories of developed countries
(http://unfccc.int/national_reports/annex_i_ghg_inventories/inventory_review_reports/item
s/3723.php ).
UNFCCC reports on in-depth reviews of national communications of individual countries
(available at http://unfccc.int/national_reports/annex_i_natcom/idr_reports/items/2711.php
).
(b) Internet sites:
unfccc.int (UNFCCC)
http://www.un.org/climatechange/ (Gateway to the UN System's Work on Climate Change)
www.iea.org (IEA)
www.ipcc.ch (IPCC)
www.ipcc.nggip.iges.or.jp (IPCC technical support)
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Theme 8: Atmosphere
Sub-Theme: Air Quality
Indicator 2: Ambient Concentration of Air Pollutants in Urban Areas
AMBIENT CONCENTRATION OF AIR POLLUTANTS IN URBAN AREAS
Core indicator
Air Quality
Atmosphere

1. INDICATOR
(a) Name: Ambient concentration of air pollutants in urban areas.
(b) Brief Definition: Ambient air pollution concentrations of ozone, particulate matter (PM10,
and PM2,5, if those are not available: SPM, black smoke), sulfur dioxide, nitrogen dioxide, lead.
Additional: carbon monoxide, volatile organic compounds including benzene (VOCs). The
priority is collection of the indicator in large cities (over 1 million population).
3

(c) Unit of Measurement: µg/m , ppm or ppb, as appropriate;
(d) Placement in the CSD Indicator Set: Atmosphere/Air Quality.

2. POLICY RELEVANCE
(a) Purpose: The indicator provides a measure of the state of the environment in terms of air
quality and is an indirect measure of population exposure to air pollution of health concern in
urban areas.
(b) Relevance to Sustainable/Unsustainable Development (theme/sub-theme): An increasing
percentage of the world's population lives in urban areas. High population density and the
concentration of industry exert great pressures on local environments. Air pollution, from
households, industry power stations and transportation (motor vehicles), is often a major
problem. As a result, the greatest potential for human exposure to ambient air pollution and
subsequent health problems occurs in urban areas. Improving air quality is a significant aspect
of promoting sustainable human settlements.
The indicator may be used to monitor trends in air pollution as a basis for prioritizing policy
actions; to map levels of air pollution in order to identify hotspots or areas in need of special
attention; to help assess the number of people exposed to excess levels of air pollution; to
monitor levels of compliance with air quality standards; to assess the effects of air quality
policies; and to help investigate associations between air pollution and health effects.
(c) International Conventions and Agreements: None.
(d) International Targets/Recommended Standards: World Health Organization (WHO) air
quality guidelines exist for all the pollutants of this indicator. Many countries have established

17

their own air quality standards for many of these pollutants.
(e) Linkages to Other Indicators: This indicator is closely linked to others which relate to
causes, effects, and societal responses. These include, for example, the indicators on population
growth rate, rate of growth of urban population, percent of population in urban areas, annual
energy consumption per capita, emissions of sulfur oxides and nitrogen oxides, life expectancy
at birth, total national health care as a percent of Gross National Product, share of consumption
of renewable energy resources, environmental protection expenditures as a percent of Gross
Domestic Product, expenditure on air pollution abatement, childhood morbidity due to acute
respiratory illness, childhood mortality due to acute respiratory illness, capability for air quality
management, and availability of lead-free gasoline.

3. METHODOLOGICAL DESCRIPTION
(a) Underlying Definitions and Concepts: The indicator may be designed and constructed in a
number of ways. Where monitored data are available, it is usefully expressed in terms of mean
annual or percentile concentrations of air pollutants with known health effects – e.g., ozone,
carbon monoxide, particulate matter (PM10, PM2,5, SPM), black smoke, sulfur dioxide, nitrogen
dioxide, volatile organic compounds including benzene (VOCs) and lead – in the outdoor air in
urban areas.
Where monitoring data are unavailable, estimates of pollution levels may be made using air
pollution models. Dispersion models, however, depend on the availability of emission data;
where these are not available, surveys may be conducted using rapid source inventory
techniques. Because of the potential errors in the models or in the input data, results from
dispersion models should ideally be validated against monitored data.
(b) Measurement Methods: Suitable air monitors must fulfill several requirements, such as
detection limits, interferences, time resolution, easy operation and of course, cost. There are
several good references in the literature or available at agencies on air monitoring and analysis
from where information can be obtained. It is important, however, to refer to the published
scientific literature for the most appropriate and recent air monitoring methods.
A number of models are available for estimation of ambient concentration of air pollutants.
Most of them are founded on the Gaussian air dispersion model.
(c) Limitations of the Indicator:
Measurement limitations relate to detection limits,
interferences, time resolution, easy operation, and cost. Evaluation of the accuracy of model
results is critical before relying on model output for decision-making.
(d) Status of the Methodology: The methodology is widely used in many developed and
developing countries.
(e) Alternative Definitions: None.

4. ASSESSMENT OF DATA
(a) Data Needed to Compile the Indicator: Data must be time and spatially representative
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concentrations such as, for example, mean annual concentrations (mean concentrations of the
pollutant of concern, averaged over all hours, or days, of the year) or percentile concentration
(concentration of the pollutant of concern exceeded in 100-X% of hours/days, where X is the
percentile as defined by the relevant standards). In addition, information must be available on
site location and type (e.g., industrial, transport oriented or residential area).
(b) National and International Data Availability and Sources: Data on ambient air pollution
concentrations is often routinely collected by national or local monitoring networks. Data is
often also collected for research purposes by universities and research institutes. In addition,
industry collects many data.
(c) Data References: Data on ambient air pollution can be obtained from national and local
monitoring networks. Sometimes, data is available from universities, research institutes and
industry. In addition, a growing volume of data can be obtained from international sources
such as the European Environmental Agency.

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency: The lead agency is the World Health Organization (WHO). The contact point
is the Director, Department for the Protection of the Human Environment; fax no. (41 22) 791
4159.
(b) Other Contributing Organizations: The United Nations Environment Programme.

6. REFERENCES
(a) Readings:
WHO (2000) Air Quality Guidelines for Europe, Second Edition. WHO Regional Publications,
European Series, No. 91
WHO (2000) Human Exposure Assessment, Environmental Health Criteria Document 214,
Programme of Chemical Safety.
WHO (2000) Decision-Making in Environmental Health: From Evidence to Action, edited by C.
Corvalan, D. Briggs and G. Zielhuis, E & FN Spon, London, New York.
WHO (1999) Monitoring Ambient Air Quality for Health Impact Assessment, WHO Regional
Publications, European Series, No. 85.
WHO (1999) Environmental Health Indicators: Framework and Methodologies. Prepared by D.
Briggs, Occupational and Environmental Health.
WHO (2006) WHO Air quality guidelines for particulate matter, ozone, nitrogen dioxide and
sulfur
dioxide.
Global
update
2005.
Summary
of
risk
assessment.
http://www.who.int/phe/air/aqg2006execsum.pdf
Schwela & Zali (eds. 1999) Urban Traffic Pollution. Edited by D. Schwela and O. Zali, E & FN
Spon, London, New York.
UNEP/WHO (1992) Urban Air Pollution in Megacities of the World, Blackwell Publishers,
Oxford, UK.
UNEP/WHO (1994) Global Environmental Monitoring System (GEMS/Air), Methodology
Review Handbook Series. Volumes 2, 3, and 4.
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(b) Internet sites:
http://www.who.int/phe/en/
http://www.euro.who.int/air
http://www.unep.org
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Theme 8: Atmosphere
Sub-Theme: Ozone Layer Depletion
Indicator 3: Consumption of Ozone Depleting Substances
CONSUMPTION OF OZONE DEPLETING SUBSTANCES
Core indicator
Ozone Layer Depletion
Atmosphere

1. INDICATOR
(a) Name: Consumption of Ozone Depleting Substances (ODSs).
(b) Brief Definition: This indicator will show the consumption trends for ODSs controlled
under the Montreal Protocol on Substance that Deplete the Ozone Layer, thereby allowing
inference of the amounts of Ozone Depleting Substances being eliminated as a result of the
protocol.
(c) Unit of Measurement: ODP Tonnes, which is defined as the Metric Tonnes of ODSs
weighted by their Ozone Depletion Potential (ODP).
(d) Placement in the CSD Indicator Set: Atmosphere/Ozone layer depletion.

2. POLICY RELEVANCE
(a) Purpose: This indicator depicts the progress towards the phase out the ODSs by the
countries which have ratified the Montreal Protocol on Substances that Deplete the Ozone
Layer and its Amendments of London (1990), Copenhagen (1992), Montreal (1997) and Beijing
(1999).
(b) Relevance to Sustainable/Unsustainable Development (theme/sub-theme): The phase-out
of ODSs, and their substitution by less harmful substances or new processes, will lead to the
recovery of the ozone layer. Stratospheric ozone absorbs most of the biologically damaging
ultraviolet radiation (UV-B). Without the filtering action of the ozone layer, more UV-B
radiation can penetrate the atmosphere to have adverse effects on human health, animals,
plants, micro-organisms, marine life, materials, biogeochemical cycles, and air quality.
(c) International Conventions and Agreements: The Vienna Convention for the Protection of
the Ozone Layer and its Montreal Protocol on Substances that Deplete the Ozone Layer and the
London, Copenhagen, Montreal and Beijing Amendments to the Protocol.
(d) International Targets/Recommended Standards: The international target under the
agreements listed in 2 (c) is the gradual (but ultimately complete) phase-out of
use/consumption of ODSs.
The indicator is also used to measure progress towards the Millennium Development Goal Nr.
7 (Ensure environmental sustainability) and the associated target “Integrate the principles of
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sustainable development into country policies and programmes and reverse the loss of
environmental resources”.
(e) Linkages to Other Indicators: This indicator has links to other environmental and
institutional indicators, such as number of chemicals banned or restricted and ratification of
international agreements. It has significant implications to human health and natural resources.

3. METHODOLOGICAL DESCRIPTION
(a) Underlying Definitions and Concepts: Ozone Depleting Substance (ODS) means any
organic substance containing chlorine or bromine, which destroys the stratospheric ozone layer.
Controlled substance means a substance in Annex A, Annex B, Annex C or Annex E of the
Montreal Protocol, whether existing alone or in a mixture. It includes the isomers of any such
substance, except as specified in the relevant Annex, but excludes any controlled substance or
mixture which is in a manufactured product other than a container used for the transportation
or storage of that substance. Production means the amount of listed, controlled substances
produced, minus the amount destroyed by technologies to be approved by the Parties to the
Montreal Protocol and minus the amount entirely used as feedstock in the manufacture of other
chemicals. The amount recycled and reused is not to be considered as "production".
Consumption is the sum of production plus imports minus exports of controlled substances.
We are addressing apparent consumption. Weighted tonnes of ODSs means the amount of
ODSs in tonnes multiplied by their ozone depleting potential. Ozone depleting potential
(ODP) is a relative index of the ability of a substance to cause ozone depletion. The reference
level of 1 is assigned as an index to CFC-11 and CFC-12. If a product has an ODP of 0.5, a given
weight of the product in the atmosphere would, in time, deplete half the ozone that the same
weight of CFC-11 or CFC-12 would deplete. ODPs are calculated from mathematical models
which take into account factors such as the stability of the product, the rate of diffusion, the
quantity of depleting atoms per molecule, and the effect of ultraviolet light and other radiation
on the molecules.
(b) Measurement Methods: Weighted Tonnes of ODSs for production are the sum of national
annual production (in tonnes) of each controlled substance (as reported to the Ozone Secretariat
in accordance with Article 7 of the Montreal Protocol) multiplied by the ozone depleting
potential of that substance (as listed in Annexes A, B, C and E of the Montreal Protocol, whose
text can be found in the Handbook for the International Treaties for the Protection of the Ozone
Layer, 2003 [NB: A new edition is coming out in 2006]).
It can be found at:
http://ozone.unep.org/ , http://www.unep.ch/ozone or http://www.unep.org/ozone .
Weighted Tonnes of Ozone Depleting Substances for consumption are obtained through a
similar calculation using national annual consumption values (in tonnes).
(c) Limitations of the Indicator: Availability and accuracy of data and timely reporting will
determine the country's ability to use the indicator. The indicator by itself does not reveal much
about current trends in the deterioration of the ozone layer because of delays in ecosystem
response.
(d) Status of the Methodology: For more information, please consult the Reports of the
Secretariat on information provided by the Parties in accordance with Article 7 of the Montreal
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Protocol or the Home Page at: http://ozone.unep.org/ , http://www.unep.ch/ozone
http://www.unep.org/ozone .

or

(e) Alternative Definitions/Indicators: An alternative indicator could focus on emissions of
ODSs. However, such information is not available, hence the use of the consumption data as a
proxy for indicating possible levels of emissions since most of the usage of ODSs is ultimately
emitted to the atmosphere. Another possible indicator is the concentration levels of ODSs in the
atmosphere.

4. ASSESSMENT OF DATA
(a) Data Needed to Compile the Indicator: Data on production, imports and exports of
controlled substances by the Parties to the Montreal Protocol.
(b) National and International Data Availability and Sources: The data are available for most
countries, on a national level, on a regular annual basis, as part of their reporting obligations
under the Montreal Protocol. The data are more centrally available at the international level
from the Ozone Secretariat in Nairobi and from the Multilateral Fund Secretariat in Montreal
(as Parties to the Protocol report to these Secretariats). The data sources are the Ozone
Secretariat and the national government ministry responsible for reporting under the Montreal
Protocol.
(c) Data References: UNEP, Production and Consumption of Ozone Depleting Substances,
1986-2004, United Nations Environment Programme, pp. 41, 2005. Web site:
http://ozone.unep.org/ , http://www.unep.ch/ozone or http://www.unep.org/ozone .
Data on this indicator is also included in the MDG database, see http://mdgs.un.org/

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency:
The lead agency is the United Nations Environment Programme
(UNEP)/Ozone Secretariat. The contact point is the Executive Secretary of the Ozone
Secretariat, fax no. (254-2) 762-4691/2/3.
(b) Other Contributing Organizations:
Other organizations interested in the further
development of this indicator would include: The Multilateral Fund Secretariat, the Global
Environment Facility (GEF) Secretariat, United Nations Development Programme (UNDP),
UNEP Division of Technology, Industry & Economics (UNEP DTIE), United Nations Industrial
and Development Organization (UNIDO), the World Bank, the Technology and Economic
Assessment Panel to the Montreal Protocol, the Parties to the Montreal Protocol, the
Organization for Economic Co-operation and Development (OECD), and members associated
with the Alternative Fluorocarbon Environmental Acceptability Study (AFEAS).

6. REFERENCES
(a) Readings:
Ozone Secretariat, UNEP, Handbook for the International Treaties for the Protection of the
Ozone Layer (Sixth Edition), pp.398, 2003. (ISBN: 92- 807-2316-2).
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UNEP, Synthesis of the Reports of the Scientific, Environmental Effects and Technology and
Economic Assessment Panels of the Montreal Protocol. A Decade of Assessments for Decision
Makers Regarding the Protection of the Ozone Layer: 1989-1998, United Nations Environment
Programme, pp. 161, 1999. (ISBN: 92-807- 1733-2).
UNEP, Reports of the Technology and Economic Assessment Panel of the Montreal Protocol.
Reporting of Data by the Parties to the Montreal Protocol on Substances that Deplete the Ozone
Layer.
(b) Internet sites:
http://ozone.unep.org/
http://www.unep.ch/ozone
http://www.unep.org/ozone
http://www.unmfs.org
http://www.uneptie.org/ozonaction.html
http://www.undp.org/seed/eap/montreal/index.htm
http://www.unido.org
http://www-esd.worldbank.org/mp
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THEME 9: Land/ Agriculture
SUB THEME/ ISSUE
Land Use
Land
Degradation
Desertification
Agriculture

Indicators
Land Use Change
- Land Affected by Desertification/Degradation
Vegetation Cover/Composition
Arable and Permanent Crop Land Area
Use of Fertilizers
Use of Agricultural Pesticides

25

Theme 9: Agriculture/ Land
Sub-Theme: Land Use
Indicator 1: Land Use Change

Core indicator

LAND USE CHANGE
Land use and status

Land

1. INDICATOR
(a) Name: Land use change.
(b) Brief definition: Change with time of the distribution of land uses within a country.
(c) Unit of Measurement: Proportion of change of each category of land use to another land
use per unit of time.
(d) Placement in the CSD Indicator Set: Land/Land use and status.

2. POLICY RELEVANCE
(a) Purpose: The purpose of this indicator is to highlight changes in the productive or protective
uses of the land resource to facilitate sustainable land use planning and policy development.
(b) Relevance to Sustainable/Unsustainable Development (theme/sub theme): Information on
land use change is critical for integrated and sustainable land use planning. Such information is
useful in identifying opportunities to protect land uses or promote future allocation aimed at
providing the greatest sustainable benefits for people. Changes in arable and permanent crop
land and wooded areas give important information about a country's endowment in
agricultural and forest resources, both from an economic and an environmental perspective.
Economically, changes in land use will, for example, result in changes in the volume of produce
available and influence employment opportunities. From an environmental point of view,
unsustainable land use is an important factor in land degradation, may pose a threat to
ecosystems, and lead to natural habitat loss and landscape changes. Changes which lead, for
example, to inappropriate farming and grazing practices, or to environmentally insensitive
construction or mining activities are significant from a sustainability viewpoint. This indicator
acts as a synoptic measure for the myriad of more specific environmental and natural resource
changes significant to sustainable development.
(c) International Conventions and Agreements: Not available.
(d) International Targets/Recommended Standards: Generally, international targets for this
indicator do not exist. However, certain minimal contiguous limits or proportions of total land
area have been established for certain need or desirable land uses, for example protected areas.
(e) Linkages to other indicators: The interpretation of this indicator is significantly improved if
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it is considered with land quality. It is also closely linked to many other social, economic,
environmental, and institutional indicators, such as those related to population (for example,
population growth rate, rate of growth of urban population, population density, population
dynamics in mountain areas), energy and mineral reserves, land affected by desertification,
sustainable use of natural resources in mountain areas, arable land per capita, wood harvesting
intensity, protected areas as a percent of total land area, and sustainable development strategies.

3. METHODOLOGICAL DESCRIPTION
(a) Underlying definitions and concepts: The underlying concepts and definitions for land use
classifications are widespread. Work coordinated by the United Nations Food and Agriculture
Organization (FAO) is currently underway to harmonize classification systems and databases to
improve national and international land use information. This includes the development of
definitions and protocols, computerized land use database structure, and broadly accepted
structure of land use classifications.
(b) Measurement method: Land use change data can be derived from periodic mapping and
monitoring, partly on the basis of land cover information; from remote sensing, supported by
ground truthing; and the use of land use aspects from agricultural census. It is essential to use a
uniform classification of land use and cover. The Land Degradation Assessment in Dry lands
(LADA)
approach
is
recommended
(see
http://lada.virtualcentre.org/pagedisplay/display.asp?section=method). The Global Land
Cover Network (GLCN) is actually developing a software which would be able to indicate
changes in broad land use classes over the last twenty years in addition to complement the
existing Land Cover Classification System (LCCS). Use of these tools will lead to the production
of uniform results and statistics.
(c) Limitations of the Indicator: The indicator by itself does not identify the causes or pressures
leading to the change in land use. At the international level, sufficient harmonization of land
use classification has yet to be achieved. Georeferenced land use change data are generally not
available.
Generally, inferences regarding sustainability of land management would depend on the degree
of characterization of land uses (obviously the more detail the better). If land-use
characterization is limited (e.g. restricted only to socio-economic purpose, as is the case for
many countries), areas of “no change” may give rise to misleading inferences regarding
sustainability.
(d) Status of the Methodology: A methodology has not been agreed to by any
intergovernmental fora.
(e) Alternative definitions/Indicators: Not available.

4. ASSESSMENT OF DATA
(a) Data needed to Compile the Indicator: The data required includes updated statistics and
remote sensing coverage, dependable agricultural census data on land uses, and dependable
land use maps, all updated at regular intervals. Broad land use statistics are available for most
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countries. However, variable definitions, and the lack of consistent land use change data which
is spatially referenced are serious impediments to, for example, temporal analysis and
international comparisons.
(b) National and International Data Availability and Sources: Times series of land use data
(related to agriculture and forestry) aggregated at the national level are available in FAOSTAT
for all countries since 1961. Some time-series data related to livestock as well as modeled
livestock distribution maps are also available in GLIPHA.
(c) Data References: Not available.

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency: The Food and Agriculture Organization of the United Nations (FAO).
(b) Other Contributing Organizations: The United Nations Environment Programme is a
partner in the development of this indicator. National experts from governments and institutes,
for example the International Institute for Aerospace Survey and Earth Sciences and the
Institute for Terrestrial Ecology, have also contributed.

6. REFERENCES
(a) Readings:
United Nations Environment Programme and Food and Agriculture Organization. Report of
the UNEP/FAO Expert Meeting on Harmonizing Land Cover and Land Use Classifications.
Geneva November 23-25, 1993. GEMS Report Series No. 25. Nairobi. March 1994.
(b) Internet Sites:
http://lada.virtualcentre.org/
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Theme 9: Agriculture/ Land
Sub-Theme: Land Degradation – Desertification
Indicator 2: Land Affected by Desertification/ Degradation
LAND AFFECTED BY DESERTIFICATION
Core indicator
Desertification
Land
1. INDICATOR
(a) Name: Land Affected by Desertification.
(b) Brief Definition: This is a measure of the amount of land affected by desertification and its
proportion of national territory.
2

(c) Unit of Measurement: Area (Km ) and % of land area affected.
(d) Placement in the CSD Indicator Set: Land/Desertification.

2. POLICY RELEVANCE
(a) Purpose: The indicator describes the extent and severity of desertification at the national
level. It should be: (i) a measure of the state of the problem at any one time; (ii) an indication of
the trend in the severity of the problem over time and success of response mechanisms; and (iii)
a means of comparing the severity of the problem from one country to another.
(b) Relevance to Sustainable/Unsustainable Development (theme/sub-theme): The indicator
should be a mechanism for determining the importance of this issue at the national level. Trend
data over time can indicate success of response mechanisms. For dryland areas, desertification
is a central problem in sustainable development. While many dryland ecosystems have
generally low levels of absolute productivity, maintenance of that productivity is critical to the
present and future livelihood of many hundreds of millions of people.
Combating
desertification is the core of sustainable development for large areas of the world. Severe
degradation is a major impedent to sustainable development; moderate or slight degradation is
also a significant barrier.
(c) International Conventions and Agreements: The two most significant agreements are:
Agenda 21 of the 1992 UN Conference on Environment and Development; and the UN
Convention to Combat Desertification, 1994. In addition, the Desertification Convention texts
(INCD-10/ New York) spell out a sound methodology for developing indicators. No definitive
set of indicators has been agreed upon within the context of the desertification Convention.
(d) International Targets/Recommended Standards: No specific targets have been defined,
however, the goal should be to reduce the area and percentage of land affected by
desertification, and/or reduce the severity of desertification.
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(e) Linkages to Other Indicators: This state and trends indicator needs to be considered in
conjunction with related driving force and response indicators, integrating physical and socioeconomic processes, for meaningful interpretation and policy relevance at the national level. It
is closely linked with indicators concerning land use, such as deforestation, use of marginal
land, protected area as a percent of total land area, and population living below the poverty
line.

3. METHODOLOGICAL DESCRIPTION
(a) Underlying Definitions and Concepts: For the purposes of this indicator, desertification is
defined as land degradation in arid, semi-arid, and dry sub-humid areas resulting from various
factors, including climatic variations and human activities (UN Convention to Combat
Desertification, 1994). Land degradation means reduction or loss, in arid, semi-arid and dry
sub-humid areas of the biological or economic productivity and complexity of rainfed cropland,
irrigated cropland, or range, pasture, forest and woodlands resulting from land uses or from a
process or combination of processes, including processes arising from human activities and
habitation patterns, such as: (i) soil erosion caused by wind and/or water; (ii) deterioration of
the physical, chemical and biological or economic properties of soil; and, (iii) long-term loss of
natural vegetation. Land degradation, therefore, includes processes which lead to surface salt
accumulation and waterlogging associated with salt-affected areas.
Arid, semi-arid, and dry sub-humid areas means areas, other than polar and sub-polar regions,
in which the ratio of annual precipitation to potential evapotranspiration falls within the range
from 0.05 to 0.65 (UN Convention to Combat Desertification, 1994).
(b) Measurement Methods: Measurement for this indicator initially requires an assessment of
the extent of land degradation throughout the arid, semi-arid, and dry sub-humid zones of the
nation. This is best done by a combination of previous assessments represented in map form,
carried out by the United Nations Environment Programme (UNEP) with the United Nations
Office to Combat Desertification and Drought (UNSO), and the Food and Agricultural
Organization (FAO); and updates from a combination of remote sensing and local knowledge.
The creation of an index that combines degrees of severity will require the following measures:
2

(i) Area subjected to severe land degradation xKm (severe here includes both the severe and
very severe categories of UNEP.
2

(ii) Area subjected to moderate land degradation yKm .
2

(iii) Area subjected to slight land degradation = zKm .
2

(iv) National area (excluding surface water bodies) nKm .
(v) National area of drylands (vulnerable to desertification, assuming that all drylands are
potentially vulnerable to desertification. Hyper-arid lands are excluded), consisting of
2

arid, semi-arid, and dry subhumid land = dKm .
From the above measurements, the following sets of numbers can be derived:
Indicator computations:
a. National area affected by desertification
2

= x + y + zKm
b. Percent of national area affected by desertification
= x + y + z X 100
n
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c. Percentages of national area affected by severe, moderate and slight desertification
respectively can be calculated in the same way.
d. Percent of national drylands affected by desertification
= x + y + z X 100 d
e. National area not affected by desertification
2

= n - (x + y +z)Km
f. National dryland area not affected by desertification
2

= d - (x + y + z)Km
Trends can be determined by comparing results computed for a sequence of years (for example,
every five years).
A useful extension of the indicator would be for countries to report dryland areas (d) as a
percentage of all agriculturally productive areas (e=n-hyper arid land) to give an indication of
the overall vulnerability of the country to desertification.
While it is based on a combination of analytical and subjective assessment, if these are done
systematically on an annual basis, a sound database can be developed. Given the importance of
determining the extent and severity of desertification to the index, it may be that a periodic
special survey using remote sensing and ground assessment may be important, though this
may only be technically feasible for some countries.
An important issue in the basis measurement of degradation is the factors that are measured to
assess the degree of local degradation. As Bie (1990) clearly points out, the two factors of
productivity and resilience are the most important elements in assessing the existence and the
extent of dryland degradation. Accurate measurement of land affected by desertification is a
problem about which there is not yet complete consensus and further work needs to be done to
agree on a comparable methodology for the various countries affected by desertification
(UNEP, Atlas of Desertification; UNEP/ISRIC/ISS/FAO, Global Assessment of the Status of
Human-induced Soil Degradation (GLASOD)).
(c) Limitations of the Indicator: There are a number of issues to be resolved before this
indicator can be entirely satisfactory. The ecosystems addressed in this definition undergo
cyclic episodes of more or less rainfall, as well as long-term degradation in many cases.
Separating short-term fluctuations from longer-term trends is important, though scientists often
find this difficult to determine, except for longer time periods. Also, the United Nations
Environment Programme (UNEP) has generally defined desertification (degradation) in
categories (severe, moderate, slight), and a national indicator needs to include an assessment of
this kind. It has been a practice to include problems of water logging and salinization as part of
desertification, if they occur within the ecosystems as defined above. In this case, the area
affected by these problems should also be included in the desertified area.
Because of these issues, the indicator may well benefit from further refinement and definition.
The concepts of land degradation in arid, semi-arid, and dry sub-humid areas are well defined
and described in a number of UNSO, UNEP, and other UN publications, as well as in the
academic literature. The translation of these concepts into agreed national level indicators has
not been so well articulated. (Mabbutt, J.A. 1986; Maimuet 1991).
(d) Status of the Methodology: The methodology for this indicator is currently under revision
in the context of the Land Degradation Assessment in Drylands (LADA) project implemented
by the Food and Agricultural Organization (FAO) and partners. Consequently, the information
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contained in the present version mainly reflects the status of the methodology in the previous
two editions of the CSD indicators.
(e) Alternative Definitions/Indicators: Not available.

4. ASSESSMENT OF DATA
(a) Data Needed to Complete the Indicator: The data needed to compile the indicator are the
extent and severity of dry land degradation in the country concerned, the dry land area, and
national area (excluding surface water bodies). The degree of accuracy and reliability of both
spatial and statistical data varies considerably and are often poorly documented and/or out of
date. For some countries, the data do not yet exist. Benchmark data on desertification is critical
to measuring progress.
(b) National and International Data Availability and Sources:
The webpage of the LADA project contains a number of country case studies and a wealth of
related information. Information on dry lands and national areas can also be obtained from
national statistical institutions and publications, and can also be found in standard World
Resources Institute (WRI), UN and World Bank publications. Some data on extent and degree
of land degradation are available at the country level in national institutions or from nongovernment organizations, in donor countries, and in publications of the United Nations
Development Programme (UNDP)/UNSO, UNEP, FAO and other international institutions.

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency: The lead agency will be the Food and Agricultural Organization (FAO).
(b) Other Contributing Organizations: Other contributing organizations include: UNDP Dry
land Development Centre, UNEP, Consultative Group on International Agricultural Research
(CGIAR), International Fund for Agricultural Development (IFAD), World Soil Information
(ISRIC).

6. REFERENCES
(a) Readings:
Bie, Stein W. 1990. Dryland Degradation Measurement Techniques, World Bank, Environment
Work Paper No. 26, 42 p.
Dregre, H., Kassas M. and Rozanov, B. 1991 A new assessment of the world status of
desertification. Desertification Control Bulletin 20. p. 6-18.
Dumanski, J. And Pieri, C. 1994. Comparison of available frameworks for development of land
quality indicators. Agr. Tech. Div., World Bank. p. 14.
Mabbutt, J.A. 1986. Desertification Indicators. Climatic Change 9. P. 113-122.
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Mainguet, M. 1991 Desertification: Natural Background and Human Mismanagement. SpringerVerlag, Berlin. 306 p.
Organization for Economic Co-operation and Development. 1998. “Towards Sustainable
Development: Environmental Indicators”. OECD. Paris.
O Connor, J. et al. 1995. Monitoring Environmental Progress(Draft). World Bank. 72 p.
UNDP/UNSO and NRI. 1995. Development of Desertification Indicators for Field Level
Implementation. 53 p.
UNEP. 1992. World Atlas of Desertification. Edward Arnold. London.
UNEP. 1994. United Nations Convention to Combat Desertification in those countries
experiencing drought and/or desertification, particularly in Africa. Text with Annexes. 71 p.
UNEP/ISRIC. 1988. Guidelines for General Assessment of the Status of Human-induced Soil
Degradation (GLASOD).
UNEP/ISRIC. 1990. World Map of the Status of Human-induced Soil Degradation: An
Explanatory Note (GLASOD).
UNEP/ISRIC. 1991. World Map of the Status of Human-induced Soil Degradation. (GLASOD).
UNEP/ISRIC/ISSS/FAO. 1995. Global and National Soils and Terrain Digital Databases
(SOTER), Procedures Manual (revised edition). ISBN 90-6672-059-X.
UNEP/Netherlands National Institute of Public Health and Environment (RIVM). 1994. An
Overview of Environmental Indicators: State of the art and perspective. UNEP/EATR.9401:RIVM/402001001. Environmental Assessment Sub-Programme, UNEP, Nairobi. ISBN 92807-1427-9.
WB/FAO/UNDP/UNEP. In print. Land Quality Indicators. World Bank Discussion Papers.
(b) Internet sites:
Food and Agricultural Organization: Land Degradation
http://lada.virtualcentre.org/pagedisplay/display.asp

Assessment
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Drylands

FAO Webpage on Desertification: http://www.fao.org/desertification/default.asp?lang=en
United Nations Convention to Combat Desertification. http://www.unccd.ch
United
Nations
Development
Programme’s
http://www.undp.org/drylands/
World Soil Information (ISRIC): http://www.isric.org/
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Theme 9: Agriculture/ Land
Sub-Theme: Land Degradation – Desertification
Indicator 3: Vegetation Cover

Core indicator

Vegetation Cover
Land Degradation – Desertification

Land

1. INDICATOR
(a) Name: Vegetation Cover
(b) Brief Definition: The indicator includes natural and plantation forest areas, as well as other
wooded lands and rangelands tracked over time.
Land under forestry or no land use, spanning more than 0.005 km2 (0.5 hectares); with trees
higher than 5 meters and a canopy cover of more than 10 percent, or trees able to reach these
thresholds in situ. Please include mangroves and forests on wetlands according to the above
height and canopy coverage.
Other wooded lands are those Lands under forestry or no land use, spanning more than 0.005
km2 (0.5 hectares); with trees higher than 5 meters and a canopy cover of 5-10 percent, or trees
able to reach these thresholds in situ; or with a combined cover of shrubs, bushes and trees
above 10 percent. Please include mangroves and forests on wetlands according to the above
height and canopy coverage.
Rangelands, Meadows and Pastures that occupy large areas in West Asia and Arab African
Countries are the main form of vegetation cover. These permanently used land (i.e., for five
years and more) for herbaceous forage crops. lands are covered by low vegetation (less than 2
meters) or sometime with no vegetation cover(only seasonal). Such rangelands area varies with
the annual rainfall fluctuations, but still they constitute a significant part of the total area
covered by vegetation.
(c) Unit of Measurement: %.
(d) Placement in the CSD Indicator Set: land/land degradation

2. POLICY RELEVANCE
(a) Purpose: The purpose of the indicator is to show the total land area occupied by forest, other
wooded lands and rangelands, and the rate and causes of change over time.
(b) Relevance to Sustainable/Unsustainable Development (theme/sub-theme): Vegetation
cover (forest, other wooded lands and rangelands) serve multiple ecological, socioeconomic and
cultural roles in countries of the region. They provide many significant resources and functions
including wood products and non-wood products: recreational opportunities, habitat for
wildlife, water and soil conservation, and a filter for pollutants. They support employment and
traditional uses, and biodiversity. There is general concern over human impact on forest and
rangeland health, and the natural processes of their growth and regeneration.
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A continuing and fast decreasing forest and rangelands and generally vegetation cover in a
country might be an alarm signal of unsustainable practices. The availability of accurate data on
a country's forest area, other wooded lands and rangelands, which is a basic characteristic of its
natural resources, is an essential requirement for policy and planning within the context of
sustainable development.
(c) International Conventions and Agreements: not available
(d) International Targets/Recommended Standards: not available
(e) Linkages to Other Indicators: The indicator is closely linked with several other
environmental indicators, such as land use and land condition change, wood and non-wood,
protected forest area, arable land, threatened species and sustainable use of natural resources. In
some countries, it will also be generally linked to some of the socio-economic indicators, such as
population growth and share of natural resource industries in manufacturing

3. METHODOLOGICAL DESCRIPTION
(a) Underlying Definitions and Concepts: Definitions are available from the Food and
Agriculture Organization of the United Nations (FAO) Forest Resources Assessments. The
forest area is defined as "lands with a tree crown cover equal or more than ten percent of the
area”; plantation as the artificial establishment of forests by planting or seeding; and natural
forests as natural and/or semi-natural established forests. In addition, the definition of forest
and rangeland exists in most countries. The comparison of vegetation cover over time using
reference years allows the calculation of change in absolute values, and as a percentage of the
degradation rate. Different land uses practices and ranges of ecological condition result in
different forest types, such as tropical or temperate. These differences should be recognized,
especially in country comparisons.
(b) Measurement Methods: The measurement methods for forest, other wooded lands and
rangelands can be contained in national inventories, and obtained by sampling ground surveys,
cadastral surveys, remote sensing, or a combination of these. The total areas are calculated as
the sum of plantations and natural forest, other wooded lands and rangelands areas. This
calculation is made at given reference year.

(c) Limitations of the Indicator: the data are not always comparable between countries because
of changes in definitions and assessment methodologies.

(d) Status of the Methodology: not available
(e) Alternative Definitions/Indicators: not available
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4. ASSESSMENT OF DATA
(a) Data Needed to Compile the Indicator: The total forest, other wooded lands and
rangelands area of a country, including plantations, at different yearly intervals.
(b) National and International Data Availability and Sources: Data on the extent of forest
areas (natural and plantations) are available for most countries, both at national and
sub-national scales. The data are often estimates, which are not always comparable because of
changes in definitions and assessment methodologies. International data are available from
FAO Forest Resources Assessments (FRA). National data is available from ministries
responsible for forestry and statistics.

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency: The Food and Agriculture Organization of the United Nations (FAO).
(b) Other Contributing Organizations: The United Nations Environment Programme is a
partner in the development of this indicator. National experts from governments and institutes,
for example the International Institute for Aerospace Survey and Earth Sciences and the
Institute for Terrestrial Ecology, have also contributed

6. REFERENCES
(a) Readings:
AOAD, 1995. Study on deterioration of rangelands and proposed development projects
(Arabic). Khartoum, Sudan.
CAMRE/UNEP/ACSAD, 1996. State of desertification in the Arab Region and ways and means
to deal with it. (Arabic with English summary), Damascus, Syria.
FAO Forestry Department Information Note on Criteria and Indicators for Sustainable Forest
Management. http://www.fao.org/forestry/FODA/infonote/infont-e.stm
FAO Statistical Databases. http://apps.fao.org
FAO. 1993. Forest resources assessment 1990: Tropical countries. FAO Forestry Paper (FAO), no. 112
/ FAO, Rome (Italy). Forestry Dept., 110 pp.
FAO. 1995. Forest resources assessment 1990: global synthesis. FAO Forestry Paper (FAO), no. 124 /
FAO, Rome (Italy). Forestry Dept., 100 pp.
FAO. 1999. State of the World's Forests (FAO). / FAO, Rome (Italy). Forestry Dept., 154 pp.
FAO. Forest Resources Assessments 1980, 1990 and 2000.
Harcharik, D.A. 1995. Forest Resources Assessment 1990: non-tropical developing countries. / FAO,
Rome (Italy). Forestry Dept., 12 pp.
International data provided by other institutions, for example World Resources Institute, are
mostly based on the FAO Forest Resources Assessment information and data.
http://www.wri.org/
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The United Nations Environment Programme (UNEP). http://www.unep.org/
UNSD/UNEP, 2004 . Questionnaire 2004 on environment statistics UNEP, Nairobi, Kenya
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Theme 9: Agriculture/ Land
Sub-Theme: Agriculture
Indicator 4: Arable and Permanent Crop Land Area
ARABLE AND PERMANENT CROPLAND AREA
Core indicator

Agriculture

Land

1. INDICATOR
(a) Name: Arable and Permanent Crop Land Area.
(b) Brief Definition: Arable and permanent crop land is the total of “arable land” and “land
under permanent crops”. Arable land is the land under temporary crops, temporary meadows
for mowing or pasture, land under market and kitchen gardens and land temporarily fallow
(for less than five years); and land under permanent crops is the land cultivated with crops that
occupy the land for long periods and need not be replanted after each harvest.
(c) Unit of Measurement: 1000 ha.
(d) Placement in the CSD Indicator Set: Land/Agriculture.

2. POLICY RELEVANCE
(a) Purpose: This indicator shows the amount of land available for agricultural production and,
inters alia, the cropland area available for food production. The data when related to other
variables such as population, total land area, gross cropped area, fertilizer use, pesticides use,
etc., can also be used to study agricultural practices of the country. In order to be useful, it must
be available as a time series.
(b) Relevance to Sustainable/Unsustainable Development (theme/sub-theme): Population
growth in developing countries is driving a rapid increase in the demand for food and fiber. At
the same time, rising population density in rural areas diminishes the farm size. Small farmers
are forced to extend cultivation to new areas, which are fragile and not suitable for cultivation.
Crop intensification, which has contributed significantly to agricultural growth in recent years,
can ease the pressure on cultivating new lands but farm practices adopted for raising yields can
also, in some situations, result in damaging the environment (such as when expanding into new
areas). Changes in the indicator value over time or between various components may show
increased or decreased pressure on agricultural land. This indicator is of value to land planning
decision making.
(c) International Conventions and Agreements: Not available.
(d) International Targets/Recommended Standards: Not applicable.
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(e) Linkage to Other Indicators: The indicator is primarily linked to other measures related to
land resources covered in the Chapter 10: “Integrated Approach to the Planning and
Management of Land Resources” and Chapter 14: “Promoting Sustainable Agriculture and
Rural Development” of the Agenda 21. This includes indicators such as land use changes, share
of irrigated area in the arable and permanent crop land area, per capita arable and permanent
crop land area, etc.

3. METHODOLOGICAL DESCRIPTION
(a) Underlying Definitions and Concepts: The concept of arable land and land under
permanent crop is clearly defined but “arable” is often misunderstood. Arable land is the land
under temporary crops (double-cropped areas are counted only once), temporary meadows for
mowing or pasture, land under market and kitchen gardens and land temporarily fallow (less
than five years). The abandoned land resulting from shifting cultivation is not included in this
category. Data for arable land are not meant to indicate the amount of land that is potentially
cultivable. Similarly land under permanent crops is the land cultivated with crops that occupy
the land for long periods and need not be replanted after each harvest, such as cocoa, coffee and
rubber; this category includes land under flowering shrubs, fruit trees, nut trees and vines, but
excludes land under trees grown for wood or timber.
(b) Measurement Methods: The indicator is connected to the use of land for agricultural
activity and is historically based on point estimates derived from data collected in periodic
agricultural censuses and surveys.
(c) Limitations of the Indicator: This indicator does not reveal anything about increased
productivity of agricultural land, or of the spatial variation in land quality.
(d) Status of the Methodology: Concepts and methods of measurements for the indicator are
well defined and documented. However, some of the countries follow somewhat different
concepts. For example, some countries take arable land as the land that is potentially cultivable,
whereas the actual definition excludes permanent fallow land and land under permanent
meadows and pastures. Similarly, “permanent” status for pastures, etc., is taken as ten years by
some countries instead of the period of five years recommended by the Food and Agriculture
Organization of the United Nations (FAO).
(e) Alternative Definitions/Indicators: Agricultural land that includes permanent pastures and
meadows is a more appropriate indicator which could universally be related to data on use of
fertilizers, pesticides and statistics on irrigated area (as some countries have permanently
cultivated pastures).

4. ASSESSMENT OF DATA
(a) Data Needed to Compile the Indicator: Data on arable land and land under permanent
crops. Data on permanent pastures and fallow land also would be useful for undertaking
quality check.
(b) National and International Data Availability and Sources: National data for the indicator
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has been estimated generally through agricultural census/surveys. However, in the case of
many countries such statistical exercises are undertaken only at selected points of time. At the
international level data are being produced by FAO. This data set is produced as a continuous
time series where missing data for intercensal/survey periods have been derived by using data
from various official and non-official sources. Thus the data for many countries are of
unknown reliability.
(c) Data References: The primary data source at the international level is the FAO Statistical
Yearbook released annually by the FAO and available on FAOSTAT http://faostat.fao.org

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency: The lead agency is the Food and Agriculture Organization of the United
Nations (FAO). The contact point is the Director Statistics Division, FAO; fax no. (39 06) 5705
5615.
(b) Other Contributing Organizations: None.

6. REFERENCES
(a) Readings:
FAO. 2005. World Programme for the Census of Agriculture 2010. In: FAO Statistical
Development Series (FAO), no. 11 / FAO, Rome (Italy). Statistics Div., 160 pp.
(b) Internet site:
FAO Statistical Databases. http://faostat.fao.org/
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Theme 9: Agriculture/ Land
Sub-Theme: Agriculture
Indicator 5: Use of Fertilizers
FERTILIZER USE EFFICIENCY
Core indicator
Agriculture

Land

1. INDICATOR
(a) Name: Fertilizer use efficiency.
(b) Brief Definition: Extent of fertilizer use recovery in agriculture per crop unit.
(c) Unit of Measurement: kg/kg
(d) Placement in the CSD Indicator Set: Land/Agriculture.

2. POLICY RELEVANCE
(a) Purpose: The purpose of this indicator is to measure the recovery of plant nutrients from
mineral fertilizer application in crop husbandry (agriculture) for resource use efficiency.
(b) Relevance to Sustainable/Unsustainable Development (theme/sub-theme): Production
increases in the next three decades are to be no smaller in absolute terms than in the past three
decades, although the growth rates will be significantly lower. These future increases must be
achieved starting from a resource base that is today much more stretched than in the past. The
task of obtaining these production increases while minimizing adverse effects is thus more
arduous than in the past. The prospect that growing shares of the increments in world
production will originate in the developing countries further enhances such risks. This means
that pressures will be increasingly gathering in the agro-ecological environments of the tropics,
which are more fragile than the temperate ones and contain much of the world’s biodiversity. In
addition, in the developing countries, conventional objectives of agricultural development (food
security, employment, export earnings) usually take precedence over those of sustainability and
environment conservation. The preservation of the productive potential of their agriculture,
however, is much more critical than it is for the industrial countries where agriculture is a small
part of the economy.
Given scarcities of suitable agricultural land in several developing countries, there is no escape
from the necessity for a good part of the required production increases to come by extracting
more output from each hectare cultivated. That is, agriculture will be becoming ever more
intensive. Obviously, what is required is intensification that can keep threats to the resource
base and the wider environment within bounds not threatening the sustainability of the system.
This indicator shows the potential environmental pressure from inappropriate fertilizer
application. Intensive fertilizer application is linked to nutrient losses that may lead to
eutrophication of water bodies, soil acidification, and potential of contamination of water
supply with nitrates. The actual environmental effects will depend on the adoption of nutrient
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losses reducing commensurate with soil conditions and crop yields under prevailing
meteorological conditions.
(c) International Conventions and Agreements: Not available.
(d) International Targets/Recommended Standards: Market forces drive the adoption of
efficient fertilizer nutrient practices. Targets should be based on national situations.
(e) Linkages to Other Indicators: This indicator is closely linked to others in the agricultural,
water (nutrient loads in ground water, surface water bodies and coastal aquatic ecologies), and
atmospheric groups, such as, algae index, and emissions of greenhouse gases.

3. METHODOLOGICAL DESCRIPTION
(a) Underlying Definitions and Concepts: The concepts are available. Data on the quantities
of fertilizers used are converted into the three basic nutrient components and aggregated. The
three components are nitrogen (N), phosphorous (P205), and potassium (K20). Chemical
composition of crops and their by-products are standardized. However, due to the limitations
discussed in section 4(d) below, this indicator should be regarded as interim for sustainable
development purposes.
(b) Measurement Methods: Data on fertilizers and yields are compiled from FAO statistics.
Data for developing countries generally refer to domestic disappearance based on imported
products. The derived figures in terms of nutrient application are then divided by the nutrient
contents removed by harvested crops and their by-products.
(c) Limitations of the Indicator: Environmental impacts caused by leaching and volatilization
of fertilizer nutrients depend not only on the quantity applied, but also on the condition of the
agro-ecosystem, cropping patterns, and on farm management practices. In addition, this
indicator does not include organic fertilizer from manure and crop residues. The indicator
assumes even distribution of crop-fertilizer application in a country.
(d) Status of the Methodology: Described and applied in FAO: Agriculture, towards 20152030.
(e) Alternative Definitions/Indicators: A more relevant and sophisticated indicator focuses on
nutrient balance to reflect both inputs and outputs associated with all agricultural practices.
This addresses the critical issue of surplus or deficiency of nutrients in the soil and captions
system losses, ceteris paribus, over a period of time.

4. ASSESSMENT OF DATA
(a) Data Needed to Compile the Indicator: Data on fertilizer use for N, P205, and K20; and crop
yields.
(b) National and International Data Availability and Sources: Data for all countries exist at
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the national level only. The data are updated on a regular basis. At the international level, the
Food and Agriculture Organization of the United Nations (FAO) is the primary source.
(c) Data References: see 6(a).

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency: The lead agency is the Food and Agriculture Organization of the United
Nations (FAO). The contact point is the Assistant Director-General, Sustainable Development
Department, FAO; fax no. (39 06) 5705 3152.
(b) Other Contributing Organizations: The USDA-ERS and the Fertilizer Institute –
Washington are associated with the development of this indicator.

6. REFERENCES
(a) Readings:
FAO. 1996. Fertilizer use by crop, 3. International Fertilizer Industry Association, Paris (France);
International Fertilizer Development Center, Muscle Shoals, AL (USA); FAO, Rome (Italy).
Statistics Division, 49 pp.
FAO. 2000. Fertilizer requirements in 2015 and 2030. FAO Land and Water Development
Division, 29 pp
FAO. 2001. Global estimates of gaseous emissions of NH3, NO and N2O from agricultural land.
FAO Land and Water Development Division, 66 pp
FAO. 2004. Scaling soil nutrient balances. FAO Fertilizer and Plant Nutrition Bulletin no.15, 132
pp.
(b) Internet sites:
FAO Statistical Databases. http://faostat.fao.org/
International Fertilizer Association. http://www.fertilizer.org/
FAO Land and Water Development Division. FAO/AGL - Land and Water On-line documents

43

Theme 9: Agriculture/ Land
Sub-Theme: Agriculture
Indicator 6: Use of Agricultural Pesticides
USE OF AGRICULTURAL PESTICIDES
Core indicator
Agriculture
Land
1. INDICATOR
(a) Name: Use of Agricultural Pesticides.
(b) Brief Definition: Use of pesticides per unit of agricultural land area.
2

(c) Unit of Measurement: Pesticide use in metric tons of active ingredients per 10 km of
agricultural land.
(d) Placement in the CSD Indicator Set: Land/Agriculture.

2. POLICY RELEVANCE
(a) Purpose: This indicator measures the use of pesticides in agriculture.
(b) Relevance to Sustainable/Unsustainable Development (theme/sub-theme): The challenge
for agriculture is to increase food production in a sustainable way. One important aspect of this
challenge is the use of agricultural pesticides which add persistent organic chemicals to
ecosystems. Pesticides can be persistent, mobile, and toxic in soil, water, and air; and can have
impact on humans and wildlife through the food chain. They tend to accumulate in the soil and
in biota, and residues may reach surface and groundwater through leaching. Humans can be
exposed to pesticides through food. Exaggerated use may result from government subsidies
and/or failure of pesticide users to internalize health-related costs. The indicator is related to
other agricultural intensification practices.
(c) International Conventions and Agreements: Some agricultural pesticides are banned by
international trade agreements.
(d) International Targets/Recommended Standards: Not available.
(e) Linkages to Other Indicators: This indicator is closely linked to others in the agricultural
area, such as fertilizer use. Use of pesticides can have wide implications for the environment,
and is linked to the indicators listed under toxic chemicals and biodiversity.

3. METHODOLOGICAL DESCRIPTION
(a) Underlying Definitions and Concepts: The concepts are available; however, because of the
limitations discussed below in section 4(d), it should only be regarded as an interim indicator.
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More work is required to develop a more suitable pesticide indicator pertinent to sustainable
development.
(b) Measurement Methods: Data on pesticide use are usually derived from sales or “domestic
disappearance” and expressed as active ingredients. Agricultural area data are widely
available. Interpretation will benefit from information on types of active ingredients in use,
seasonal doses, rate of application, and variability on use for different crops and regions.
(c) Limitations of the Indicator: This indicator provides an aggregation, which ignores toxicity,
mobility, and level of persistence; and spatial and application variances. It does not consider
the use of pesticides outside of agriculture, which can be significant in developed countries.
Data omissions and errors often occur during the transfer of the primary data to statistical
authorities.
(d) Status of the Methodology: Not available.
(e) Alternative Definitions/Indicators: To meet some of the limitations expressed above in
section 4(d), an indicator could be developed which would recognize the classification of
pesticide into classes, ranging from less harmful to highly toxic. Such a pesticide index would
show if pesticide use is becoming more sustainable or not. The interpretation value of this
indicator would benefit from its application to crop types or agro-ecological zones. However,
data availability does not support this in many areas.

4. ASSESSMENT OF DATA
(a) Data Needed to Compile the Indicator: Pesticide sales data; agricultural land area.
(b) National and International Data Availability and Sources: The land area data are readily
available for most countries. However, pesticide supply-use data in metric tons are only
available from international sources for selected countries and limited to the major types of
pesticide. Some pesticide data are available for about 50-60 countries. The data are not
regularly collected and reported, and not usually available on a sub-national basis. Some data
are available on total national pesticide use from the Food and Agriculture Organization of the
United Nations (FAO) and the Organization for Economic Co-operation and Development
(OECD). Eurostat maintains a database of their members’ data. Landell Mills Market Research
Ltd. (Bath, UK) also has data.
(c) Data References: see 6(b).

5. AGENCIES INVOLVED IN THE DEVELOPMENT OF THE INDICATOR
(a) Lead Agency: The lead agency is the Food and Agriculture Organization of the United
Nations (FAO). The contact point is the Assistant Director-General, Sustainable Development
Department, FAO; fax no. (39 06) 5705 3152.
(b) Other Contributing Organizations: OECD, the European Union, and Landell Mills Market
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