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FOREWORD

The impacts of agriculture on the environment and the achievement of sustainable agriculture are
of major public concern in the context of agricultural policy reform, trade liberalisation, and multilateral
environmental agreements. This study is Volume 3 of the OECD project Environmental Indicators for
Agriculture. It is a stocktaking of the environmental performance of agriculture considering a range of
policy relevant agri-environmental issues in OECD countries. This Volume aims to review and take stock
of progress in developing agri-environmental indicators in OECD countries; build on earlier OECD work
in establishing standard definitions and methods of calculation for indicators; provide preliminary
results of the state and recent trends of environmental conditions in agriculture across OECD countries;
interpret indicator trends and highlight linkages between indicators; and outline the current limitations
and key challenges for their future development.

Part I of the study, Agriculture in the broader economic, social and environmental context, outlines a set
of contextual indicators which reveal the influence on agri-environmental relationships of macroeconomic
forces, the viability of rural areas, biophysical processes, land use changes, and farm financial resources,
including farm income and public and private expenditure on agri-environmental schemes. Part II, Farm
management and the environment, examines different farming practices and systems and their impact on
the environment, covering whole farm management, organic farming, as well as nutrient, pest, soil and
irrigation management practices. Part III, Use of farm inputs and natural resources, tracks trends in farm
input use, including nutrients, pesticides (including risks), and water use. Part IV, Environmental impacts of
agriculture, monitors the extent of agriculture’s impact on the environment including: soil quality, water
quality, land conservation, greenhouse gases, biodiversity, wildlife habitats and landscape. A Glossary, list of
Websites, and Index are also provided at the end of the study.

The study is the result of work carried out by the OECD Joint Working Party of the Committee for
Agriculture and the Environment Policy Committee. These committees approved the study in August 2000,
and agreed that it be published under the responsibility of the OECD Secretary-General. It is primarily
aimed at policy makers and the wider public, in both OECD and non-OECD countries. Volume 1, Concepts and
Frameworks, was released in 1997. Volume 2, Issues and Design was published in 1999 and provides the results of
the OECD York Workshop (UK) which examined the design of suitable agri-environmental indicators. This
study is accompanied by an Executive Summary published separately.
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ACRONYMS AND ABBREVIATIONS

Acronyms

BMP Best Management Practice

CAP Common Agricultural Policy

CBD Convention on Biological Diversity

COP Conference of the Parties to the Convention
CVM Contingent Valuation Method

DDT Dichloro-diphenyl-trichloro-ethane

DSR Driving force-state-response

EUROSTAT Statistical Office of the European Communities
FAO United Nations Food and Agriculture Organisation
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GHG Greenhouse Gas
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NCI Natural Capital Index

NOPAT Net Operating Profit After Tax
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OFSF Off-farm Sediment Flow

PNC Potential Nitrate Concentration

PSE Producer Support Estimate

SBI Soil Biodiversity Indicator

UN United Nations

UNFCCC United Nations Framework Convention on Climate Change
USLE Universal Soil Loss Equation

WRC Water Retaining Capacity

WTP Willingness-to-pay

WUE Water Use Efficiency

For an explanation of technical terms, see the Glossary at the end of the Report

Abbreviations and symbols

ug microgram N
CH; methane N,O
CO, carbon dioxide NHj;
g gram NO3
ha hectare NO,
Kg kilogram P

Km  kilometre ppbv
| litre ppmv
m>  cubic meter t

mg  milligram uss
mm  millimetre yr/y
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nitrogen

nitrous oxide

ammonia

nitrate

nitrogen oxides
phosphorus

parts per billion by volume
parts per million by volume
metric tonne

United States dollar

year
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BACKGROUND:
OBJECTIVES AND SCOPE OF THE REPORT



EXECUTIVE SUMMARY

HIGHLIGHTS*

The impacts of agriculture on the environment are of major public concern, in the context of agricultural
policy reform, trade liberalisation, international environmental agreements and the achievement of
sustainable agriculture. Monitoring the environmental performance of agriculture and assessing the
environmental effects of policies requires information on agri-environmental interactions.

This Report is a stocktaking of results in measuring the environmental performance of agriculture to
address a range of agri-environmental areas considered of policy relevance to OECD member countries.
The Report is primarily aimed at policy makers, other stakeholders and the wider public, including non-
member OECD countries, interested in recent developments and trends in agri-environmental
performance.

An improved capacity to assess agriculture’s environmental performance has been a key outcome of the
Report. This has been achieved by building on Member countries’ experiences and earlier OECD work,
and through helping to: establish a common framework, harmonised methodologies and data sets to
calculate indicators; advance knowledge of agri-environmental interactions and linkages; and foster an
exchange of national and international approaches and experiences in developing indicators.

Some positive developments can be observed. There has been a decrease of over 10 per cent in both
nitrogen and pesticide use in many European countries and Japan, and associated improvements in water
quality and lowering of greenhouse gas emissions, since the mid-1980s. Soil erosion rates have declined
in Australia, Canada, and the United States, and progress has been made in adopting farming practices that
enhance environmental performance, such as the shift to using nitrogen management plans, integrated
pest management and conservation soil tillage.

The environmental performance of agriculture has deteriorated in some cases. This has been associated with
the intensification of farm production in some areas and the regional concentration of activities, such as
livestock farming. In turn, this has resulted in higher levels of nutrient surpluses, ammonia and greenhouse
gas emissions, with consequent increases in water and air pollution, such as in regions of Canada, Europe, New
Zealand and the United States. There is also growing competition for scarce water resources both between
agriculture and other users and also meeting the water needs of aquatic ecosystems for recreational and
environmental purposes, particularly in the drier regions of Australia, the United States and Southern Europe.

Overall agri-environmental indicator results over the last 10-15 years have been mixed. The overall
indicator results suggest that for many agri-environmental issues, and regions within OECD countries,
pollution levels are relatively high (e.g. nitrogen and pesticide loadings in water) and that various
environmental risks persist (e.g. soil erosion, water resource depletion). Agriculture, however, does
provide certain environmental benefits and services (e.g. providing wildlife habitat, acting as a sink for
greenhouse gases, providing landscape amenity).

Interpreting the overall impact of agri-environmental trends can be complex. For example, the increase in
agricultural production and total environmental emission levels has been offset, to some extent, by
improvements in farm input and natural resource use efficiency. This is the case with the use of fertilisers,
pesticides, and water in some countries, where improvements in technology and farm management
practices have led to a reduction in the use of these inputs per unit volume of production.

* The full Executive Summary of this Report is published separately.
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HIGHLIGHTS (cont.)

Changes in the environmental performance of agriculture can be attributed to a wide range of factors.
These include variations in agricultural production, structural and technological developments, the
influence of public pressure and market forces on farming practices and systems, and changes in policy
settings and priorities. The linkages between indicators observed in this Report suggest a sequence of
causes and effects. Changes in market conditions or policy settings affect the level of financial resources
available to farmers, which influence production decisions and farm practices, while agri-environmental
measures and environmental regulations may constrain actions taken by farmers. This leads to different
environmental outcomes depending on varying agro-ecological conditions.

These results need to be seen in a broader context. For most OECD countries agriculture’s role in the
national economy is small, but in terms of the use of natural resources is significant, accounting for around
40 per cent of total land use and 45 per cent of water use. Agricultural production has increased by around
15 per cent, resulting mainly from improvements in productivity with capital replacing labour helped by
new technologies. The higher production has been achieved from increasing yields as the total agricultural
land area has decreased, by 1 per cent, and the use of water has risen, by over 5 per cent. Agricultural
employment has declined by about 8 per cent, while the farm population has aged. Farm numbers have
declined with a corresponding increase in farm size.

OECD agriculture continues to be characterised by high support, which currently accounts for about
36 per cent of total farm receipts, although there are wide variations in the level, composition and
trends in support among countries and commodities. Agricultural and trade policies have caused
distortions in market input and output price signals, in some cases this has led to environmental damage.
Policy reform should help improve agriculture’s environmental performance but in some cases could reduce
environmental benefits. As part of the reform process and in response to public pressure, many countries
have introduced agri-environmental and environmental measures to help achieve environmental goals.

For some agri-environmental areas there is incomplete knowledge and data to establish trends. Information
is incomplete, for example, concerning the degree of groundwater pollution or rate of depletion resulting
from agricultural activities, and the human health and environmental risks associated with the use of
pesticides. In other cases the linkages between different indicators are understood but are not easy to
measure, such as between changes in farm management practices and environmental outcomes, or
attributing the relative impact of agriculture and other activities, for example, on water pollution. Also for a
number of areas, notably agriculture’s impact on biodiversity, habitats and landscape, the understanding
and measurement of these impacts is still at a preliminary stage of research, partly because of the high
costs associated with monitoring programmes.

The future challenge to developing agri-environmental indicators is to meet the objectives of providing
information on the current state and changes in the conditions of the environment in agriculture; and using
indicators for policy monitoring, evaluation, and forecasting. This requires improving the analytical
soundness and measurability of indicators, especially by overcoming conceptual and data deficiencies,
and providing a better interpretation of indicator trends. This could contribute to understanding the
linkages between indicators (e.g. water use, management and pricing) and to examining the synergies and
trade-offs between the economic, social and environmental dimensions of sustainable agriculture.
Developing a core set of integrated OECD agri-environmental indicators, complemented as necessary by
other indicators, could help to achieve these objectives.

L8
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Background: Objectives and Scope of the Report

1. Introduction

The impacts of agriculture and agricultural policies on the environment are of major public concern,
particularly in the context of agricultural policy reform, trade liberalisation and the achievement of
sustainable agriculture. Understanding these impacts requires information on the relationship between
agriculture, the environment, trade and sustainable development.

Agricultural policy reform in many OECD countries addresses environmental and natural resource
issues. A number of recent international environmental agreements also have implications for
agriculture, for example, the United Nations Conference on Environment and Development (UNCED)
Rio Declaration and Agenda 21, the Convention on Biological Diversity, and the Kyoto Protocol
commitments to reduce greenhouse gas emissions (Box 1).

Recent OECD ministerial meetings have emphasised the importance of examining agricultural and
environmental policy issues supported by indicators and better information.'

e The meeting of OECD Agriculture Ministers (5-6 March 1998), identified a role for OECD to “foster

sustainable development through analysing and measuring the effects on the environment of
domestic agricultural and agri-environmental policies and trade measures”.

e The meeting of OECD Environment Ministers (2-3 April 1998), recommended that OECD should “further
develop and adopt a comprehensive set of robust indicators to measure progress toward sustainable
development, in concert with sustainable development initiatives of other international agencies, to
be used in country reviews and outlook reports...".

2. Objectives of the report

The audience for the Report is primarily policy makers and the wider public interested in the
development, trends and the use of agri-environmental indicators for policy purposes. While the focus
of the Report is on OECD countries, the discussion on indicator definitions and methodologies is of
relevance to a much wider international readership. Many of the agri-environmental issues examined in
the Report are of importance beyond OECD countries, for example, on issues covering soil and water
quality, and the use of nutrients, pesticides and water by agriculture. For those readers wishing to
pursue a particular issue in further detail each chapter provides a review of relevant literature, mainly
drawn from government and non-government researchers. Also, where possible, details of relevant
Internet Websites have been highlighted in the text and bibliography (a list of key websites is also
provided at the end of the Report, following the Glossary).

The general objectives of OECD work on agri-environmental indicators is intended to contribute to the demands of
policy makers and other stakeholders in a number of ways. First, by providing information to policy makers and
the wider public on the current state and changes in the conditions of the environment in agriculture.
Second, by assisting policy makers to better understand the linkages between the causes and impacts of
agriculture, agricultural policy reform, trade liberalisation and environmental measures on the environment,
and help to guide their responses to changes in environmental conditions. Third, by contributing to monitoring
and evaluating the effectiveness of policies addressing agri-environmental concerns and promoting
sustainable agriculture (OECD, 1999a).

The objectives of the Report, against this general background, are to:

¢ review and take stock of progress in developing indicators across OECD countries;

¢ build on earlier OECD work in establishing standard definitions and methods of calculation for

indicators (OECD, 1997; and OECD, 1999a);

e provide preliminary results of the state and recent trends of environmental conditions in agriculture

across OECD countries;

e interpret indicator trends and highlight linkages between indicators; and,

e outline limitations and the key challenges for the future development of indicators. _19]
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Box 1. Selected International and Regional Environmental Agreements
Relevant to OECD Agri-environmental Indicators'

Indicator areas International agreements? Regional agreements?
Water quality, ¢ Convention on the Protection and Use e Convention for the Prevention of Marine
Water use, of Transboundary Watercourses Environment of the North-East Atlantic
Nutrient use, and International Lakes (OSPAR Convention)
Pesticide use and risks www.unece.org/env/water/ www.ospar.org/
¢ Montreal Protocol on Substances that ¢ Convention on the Protection of the Marine

Deplete the Ozone Layer (related Environment of the Baltic Sea Area

to the use of the methyl bromide pesticide)  www.helcom.fi/oldhc.html

Www.unep.org/ozone/ ¢ EU Directives: Water Framework, Nitrate,

and Drinking Water
www.europa.eu.int/water/

¢ Great Lakes Water Quality Agreement
(North America)

www.ijc.org/
Soil quality ¢ Convention to Combat Desertification
in those Countries Experiencing Serious
Drought and/or Desertification
www.unccd.ch/
Greenhouse gases ¢ Framework Convention on Climate Change
www.unfccc.org/
Biodiversity, e Convention on the Conservation ¢ Canada-United States Migratory Birds
Wildlife Habitat, of Migratory Species of Wild Animals Convention
Landscape www.wemc.org.uk/cms/ www.fws.gov/rOmbmo/intrnltr/thlcont.Atml
¢ Convention on Long-Range Transboundary ¢ EU Habitat and Wild Birds Directive
Air Pollution www.europa.eu.int/comm/environment/nature/
www.unece.org/env/irtap legis.htm

¢ Convention on International Trade
in Endangered Species of Wild Fauna
and Flora (CITES)
www.cites.org/

¢ Convention on Wetlands of International
Importance especially as Waterfowl Habitat
(Ramsar Convention)
www.ramsar.org/

¢ Convention on Biological Diversity
www.biodiv.org/

e Convention Concerning the Protection
of the World Cultural and Natural Heritage
Wwww.unesco.org/whe/

1. For other international and regional agreements related to the environment, see the Environmental Treaties and Resource Indicators
(ENTRI) website: www.sedac.ciesin.org/pidb/. See also the list of key websites provided at the end of this Report, following the Glossary.

2. For each listed agreement, the respective website is indicated.

Source:  OECD Secretariat.

3. Structure of the report
The complete list of indicators covered in the Report is summarised in Box 2 and a technical Glossary of

Terms is provided at the end of the Report, together with an Index of countries and main agri-environmental
[ 20 themes. The Report is structured into four parts.
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Box 2. Complete list of OECD Agri-environmental Indicators'

I. AGRICULTURE IN THE BROADER ECONOMIC, SOCIAL AND ENVIRONMENTAL CONTEXT

1. Contextual Information and Indicators

2. Farm Financial Resources

o Agricultural GDP

o Agricultural output

o Farm employment

o Farmer age/gender distribution
o Farmer education

o Number of farms

o Agricultural support

o Land use
— Stock of agricultural land
— Change in agricultural land
— Agricultural land use

o Farm income

o Agri-environmental expenditure
— Public and private agri-environmental
expenditure

— Expenditure on agri-environmental research

1I. FARM MANAGEMENT AND THE ENVIRONMENT

I. Farm Management

* Whole farm management
— Environmental whole
farm management plans
— Organic farming

o Nutrient management
— Nutrient management plans
— Soil tests

® Pest management
— Use of non-chemical pest control
methods
— Use of integrated pest management

o Soil and land management
— Soil cover
- Land management practices

o Irrigation and water management
— Irrigation technology

I1I. USE OF FARM INPUTS AND NATURAL RESOURCES

1. Nutrient Use

2. Pesticide Use and Risks

3. Water Use

o Nitrogen balance
o Nitrogen efficiency

o Pesticide use
o Pesticide risk

o Water use intensity

o Water use efficiency
— Water use technical efficiency
— Water use economic efficiency

o Water stress

IV. ENVIRONMENTAL IMPACTS OF AGRICULTURE

1. Soil Quality

3. Land Conservation

4. Greenhouse Gases

o Risk of soil erosion by water
o Risk of soil erosion by wind

2. Water Quality

o Water quality risk indicator
o Water quality state indicator

* Water retaining capacity
o Off-farm sediment flow

o Gross agricultural greenhse gas emissions

5. Biodiversity

6. Wildlife Habitats

7. Landscape

o Genetic diversity
o Species diversity
— Wild species
— Non-native species

o Eco-system diversity
(see Wildlife Habitats)

o Intensively-farmed agricultural habitats
o Semi-natural agricultural habitats

e Uncultivated natural habitats

e Habitat matrix

o Structure of landscapes
— Environmental features and
land use patterns
— Man-made objects (cultural features)

o Landscape management
o Landscape costs and benefits

chapter.
Source:  OECD Secretariat.

1. This list includes all the agri-environmental indicators covered in the Report. For a detailed description of each indicator, see the Annex to this
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e Part 1: Agriculture in the broader economic, social and environmental context sets the discussion
in a broader context by considering contextual information and indicators, that is the influence on
agri-environmental relationships of: economic forces (e.g. farm production, employment), societal
preferences (e.g. rural viability), environmental processes (e.g. interaction of agriculture with
biophysical conditions) and land use changes (e.g. agricultural land use). One of the key contextual
issues discussed concerns farm financial resources and their relation to environmental outcomes in terms
of farm level income and public and private agri-environmental expenditure.

e Part 1I: Farm management and the environment, examines the relationship between different
farming practices and systems and their impact on the environment, covering whole farm
management practices that encompass overall trends in farming methods, including organic
farming, as well as nutrient, pest, soil and irrigation management practices.

e Part 111: Use of farm inputs and natural resources, tracks trends in the use of farm inputs, covering
nutrients (e.g. fertilisers, manure), pesticides (including risks), and water use intensity, efficiency, stress
and the price of water paid by farmers relative to other users in the economy.

e Part IV: Environmental impacts of agriculture, monitors the extent of agriculture’s impact on the
environment covering: soil quality, water quality, land conservation (i.e. the soil and water retaining
capacity of agriculture), greenhouse gases, biodiversity, wildlife habitats and landscape.

For each agri-environmental indicator area shown in Box 2, except for contextual indicators, the
Report has a common structure.

 Highlights — provides a summary of the chapter (the highlights section of each chapter are also
published separately in the Executive Summary of the Report).

* Background — discusses the policy context at domestic and international level, and the environmental
context by outlining the key environmental and scientific processes that underpin the indicator area.

¢ Indicators — describes the definition for each respective indicator, outlines the method of calculation,
examines recent trends showing time series data across countries, discusses the interpretation and links to
other indicators, including indicator limitations, and outlines specific country and other related information.

e Future challenges — sets out the areas where refining and developing indicators may help overcome
current limitations and relate physical indicators to a common economic framework.

4. Developing the indicators

Definitions of indicators, particularly specific indicators, vary widely as a concept (Moxey, 1999). The
definition of an agri-environmental indicator, used in this Report, is a summary measure combining raw data of
something identified as important to OECD policy makers (e.g. soil erosion rates). Indicators form part of
a continuum from raw data through to calculated indicators, formalised models and established
knowledge, which includes validated information around which a broad consensus has formed.

Some of the indicators in this Report are closer to the raw data end of this continuum, such as the
change in agricultural land use area, while others vary in the degree they summarise data. This ranges
from simpler formulations, for example, the share of the agricultural land under organic farming
systems, to more complex calculations, such as the nitrogen balance indicator, which is calculated using
a complete input-output equation.

The common theme running through the indicators in this Report is that they are a vehicle for
communicating information in a summary form about issues important to OECD policy makers. Hence,
information is elevated to the status of an indicator by its user(s), which implies that the choice of
indicators involve public and political acceptability as well as scientific rigour (Moxey, 1999).

OECD (1997) has identified a number of general criteria which agri-environmental indicators need
to meet. These include the requirements that they are:

e policy-relevant — they should address the key environmental issues faced by governments and
other stakeholders in the agriculture sector;
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e analytically sound — based on sound science, but recognising that their development involves
successive stages of improvement;

e measurable — feasible in terms of current or planned data availability and cost effective in terms of data
collection;

e easy to interpret — the indicators should communicate essential information to policy makers and
the wider public in a way that is unambiguous and easy to understand.

Development of the indicators in this Report has involved five steps outlined below, taking into account the
general criteria discussed previously.

Identifying policy relevant issues which indicators should address

The agri-environmental areas, listed in Box 2, have been identified by OECD Member countries as
the current priority areas to address. This choice represents a consensus amongst OECD countries that
has emerged over time (OECD, 1997 and 1999a). Each area, however, does not have the same relevance
across all OECD countries in view of differences in agro-ecological conditions and domestic concerns.

The choice of indicators is an evolving process depending on societal pressures and political
choices. Some environmental areas are gaining in importance as new issues emerge (e.g. soil
greenhouse gas sinks), while others are diminishing in the context where agricultural impacts on the
environment have been reduced (e.g. prohibition of certain pesticides). However, it is evident that a
considerable effort is taking place to develop agri-environmental indicators to help assess the current
state and trends in the environment and provide a tool for policy makers, as summarised in Box 3.

Developing a common framework to structure the development of indicators

A common framework has been developed by OECD to help in the process of developing
indicators. The OECD Driving Force-State-Response (DSR) framework identifies three main types of agri-
environmental indicators (OECD, 1997 and 1999a):

e driving force indicators, addressing the issue of what is causing environmental conditions in
agriculture to alter, such as, changes in the availability of farm management practices and the use
of nutrients, pesticides, land and water;

e state indicators, highlighting what are the effects of agriculture on the environment, such as covering
impacts on soil, water, air, biodiversity, habitats and landscapes;

e response indicators, measuring what actions are being taken to respond to the changes in the state of
the environment, for example, variation in agri-environmental expenditure.

The DSR framework recognises explicitly that agri-environmental interactions and linkages are
complex and multi-faceted, while providing a structure within which individual indicators can be placed
in context (Moxey, 1999). The boundaries between driving forces, state and response are unclear in
some cases as certain indicators can be considered as both driving forces and responses, for example,
changes in the management practices and systems adopted by farmers.

The DSR framework builds on the Pressure-State-Response model used by OECD to develop its
set of environmental indicators (OECD, 1998a and 1999h). OECD is also undertaking work to examine
the appropriate measurement frameworks to structure and establish a broader set of sustainable
development indicators (OECD, 20004).

Establishing indicator definitions and methods of measurement

The Report’s indicators cover the linkages between primary agriculture and the environment, and do not
address those related to the agro-food chain (e.g. pesticide manufacturing, food processing) or the
impact of the environment on agriculture (e.g. impact of climate change and acidification on agriculture).

While the indicators cannot be considered as indicators of “sustainability”, many of them can be
useful inputs for illustrating the environmental dimension. Some attention is paid to the economic and
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Box 3. Development of Agri-environmental Indicators in OECD Countries
and Internationally'

A growing number of national initiatives are seeking to assess the environmental performance of
agriculture, including in Canada (McRae et al., 2000), Denmark (Simonsen, 2000), France (IFEN, 1997, and
2000), New Zealand (New Zealand MAF, 1995), the Netherlands (Brouwer, 1995), Switzerland (OFAG, 2000) and
the United States (USDA, 1997). For other countries the approach is to examine progress toward sustainable
agriculture, including the balance between economic, environmental and social needs, for example,
reports completed by Australia (Commonwealth of Australia, 1998), Finland (Aakkula, 2000) and the United
Kingdom (MAFF, 2000).

At the regional country level various European institutions are involved in the process of establishing
agri-environmental indicators. Most importantly is the recent request from the European Union Council
Summit meeting in Helsinki, December 1999, to establish indicators for the integration of environmental
concerns into the Common Agricultural Policy (Commission of the European Union, 2000). An initial response
to this request has been a joint Report by the European Commission and EUROSTAT to provide statistical
information on agriculture, environment and rural development (European Commission, 1999; and
EUROSTAT, 1999). The European Environment Agency is involved with developing environmental indicators,
which include an agricultural focus (European Environment Agency, 2000).

Under the auspices of the North American Free Trade Agreement (NAFTA), the Commission for Environmental
co-operation is developing an analytical framework to address environmental concemns, including issues
related to agriculture (CEC, 1999). Major components of the framework are indicators for assessing how
NAFTA-associated processes generate environmental pressures and responses that affect air, water, land
and biodiversity.

Australia and New Zealand have a collaborative effort to oversee the process of defining, promoting and
monitoring progress toward sustainable agriculture (Agricultural Council of Australia and New Zealand, 1996).

Concerning international governmental organisations, environmental indicators are being developed
by the UN Commission on Sustainable Development, as a follow-up to the UN Conference on Environment and
Development (UNCED) Rio Declaration and Agenda 21 (UNCSD, 1996). Included in this work is the
development of a set of indicators related to sustainable agriculture and rural development (SARD) under
the guidance of the Food and Agricultural Organisation (FAO).

The FAO’s inter-governmental Commission on Genetic Resources for Food and Agriculture is also
establishing a monitoring system to track the state of the world’s plant and animal genetic resources (FAO,
1996 and 1998). The FAO activity is linked with the broader concerns of the Secretariat to the Convention on
Biological Diversity, and their development of biodiversity indicators including agro-biodiversity indicators.

The World Bant is actively engaged in developing environmental indicators, some of which are relevant
to agriculture (World Bank et al., 2000a; 20006, and 2000¢; and the website: www-esd.worldbank.org/eei/). In addition,
the World Bank has been working for several years with Land Quality Indicators (World Bank, 1997).

A considerable number of non-governmental organisations (NGOs) are also involved in developing
environmental indicators, both at the national and international level, which in some cases focus on
agri-environmental issues, such as recent work by the European Centre for Nature Conservation (2000),
Worldwatch Institute (see Brown et al., 1999), the World Resources Institute (1995) and the World Wide
Fund for Nature (1995; and 2000).

1. This Box provides a selective review of recent efforts to develop agri-environmental indicators in OECD countries
and by international governmental and non-governmental organisations.
Source: OECD Secretariat.

social dimensions of sustainable agriculture in the context of farm financial resources and rural viability
(see the Contextual Indicators chapter). Indicators on farm management practices might be considered
as being indicators of sustainability in so far as changes in management practices could be predictors of
future improvements or deterioration in the capital base. Changes in water use and soil quality also
provide information on the capacity (potential) of agriculture to meet future demands for food and
other agricultural products.
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The indicator definitions and methods of calculation described in the Report have mainly been drawn from
OECD countries’ own experiences and approaches (Box 3). Also the OECD has held several Expert
Workshops to help refine and develop indicator definitions and calculation methodologies, most
notably the York Workshop held in the United Kingdom in 1998 which marked an important step forward in
the work (OECD, 19994). The OECD has also made its own research of relevant literature to contribute to
the process of establishing indicators, and held various Joint Expert Working Groups with EUROSTAT
(Statistical Office of the European Communities), to develop nutrient balance indicators, for example.

Indicators need to be based on a consistent methodology in order to provide a common “bench-
mark” across countries, and be transparent so that all stakeholders can understand the indicators and
the policy implications based on them. For some indicator areas, such as biodiversity, wildlife habitats
and landscape, indicator definitions allow some degree of flexibility to enable countries to adapt
overall indicator methodologies to suit specific agricultural, economic, social and environmental
circumstances.

The spatial coverage of indicators in the Report is confined mainly to revealing the state and
trends at the national level, although the regional dispersion around the national average trend has
been highlighted in a number of cases. For many of the indicator methodologies outlined, these
can be applied at different scales ranging from the farm to the national level, although data
collection by the OECD Secretariat have only, so far, been at the national scale. Even so, nearly all
the national level indicators reported here have been calculated by aggregating regional information
to estimate a national average value.

Concerning the temporal coverage, for the majority of indicators in the Report the time period covered is
from the mid-1980s to the late 1990s. The mid-1980s is used by OECD as a base period because in 1987
the OECD Council Meeting at Ministerial level adopted a set of policy principles for agricultural policy
reform, which have underpinned much of subsequent OECD work on agricultural policy monitoring and
evaluation.? The mid/late-1980s also represents a period when a growing number of OECD countries
began to implement agri-environmental measures. Associated with the introduction of these measures
countries also started to establish databases and indicators to help track environmental conditions in agri-
culture and monitor and evaluate related measures (Box 3).

Collecting data and calculating indicators

The main basis for the data sources and indicator calculations shown in the Report are derived
from OECD Member country responses to an Agri-environmental Indicator Questionnaire circulated in 1999,
but not published. The Questionnaire provided valuable information on the extent and detail of basic
agri-environmental data and related indicators currently available or being developed in countries.

While all OECD countries responded to the Questionnaire and/or provided relevant informa-
tion, the coverage and quality of responses varied considerably, which can largely be explained by
two key reasons.? First, some agri-environmental areas are of little or no relevance to particular
countries and as a result information on such issues is either absent or extremely limited (e.g. the
issue of water use tends to be unimportant for countries without agricultural irrigation). Second,
data deficiencies exist even where certain issues are important to a country, because systematic
collection of basic data and construction of indicators has only begun relatively recently in many
OECD countries (e.g. biodiversity).

In addition to the OECD Questionnaire, calculation of indicators has been supplemented by data from
other sources. These additional sources mainly include the OECD'’s existing databases and work in the area,
in particular, the nitrogen balance database (OECD, 2001), the OECD environmental database and indica-
tors work (OECD, 1999b, and 1998a), and the Working Group on Pesticides’ activity on developing pesti-
cide risk indicators.? In addition, OECD has drawn on other international databases, especially that of FAO
for agricultural land use data; the EUROSTAT database covering EU member States; and the UN Frame-
work Convention on Climate Change (UNFCCC) for greenhouse gas emission data.
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Interpreting indicators

The indicators in this Report should be viewed as an integrated preliminary set, with caution
needed in interpreting trends in individual indicators for a number of reasons discussed in this section.

Definitions of indicators are standardised in most cases, but not all. For example, there is no unique
internationally agreed definition for organic farming or integrated pest management.

Calculation methodologies are at varying stages of development, with work on some areas having a
longer history of research, such as nutrient use and soil quality, while for other areas, such as land
conservation, biodiversity, wildlife habitats and landscape, quantification is at a very early stage of
development. There is also a lack of knowledge about causalities and linkages between indicators in
some cases. For example, explaining the causes of changes in wild species distribution and populations
on farm land is complex as it can relate to changes in farming practices and factors, such as the influence
of climate or alteration to other habitats in proximity to agriculture, for example, forests and aquatic
ecosystems.

Data quality and comparability have been ensured as far as possible, in terms of the consistency,
coherence and harmonisation of data, but deficiencies remain. These include, for example, the absence
of data series (e.g. biodiversity), variability in data coverage (e.g. pesticide use/sales), and differences in
how data were obtained (e.g. calculation of agricultural water use).

Spatial aggregation shows indicator trends at the national level, although in many cases national
averages can mask significant variations at the regional level. Where possible regionally disaggregated
data are highlighted (e.g. nitrogen balances and soil erosion). At this stage of the work it is not yet
possible to provide a comprehensive set of data revealing regional variation around national averages.
Moreover, care is needed in comparing “small” with “large” countries for some indicators, for example,
there is a tendency for the number and population sizes of wild species to be greater in larger countries
than in smaller countries.

Temporal scales over which indicators provide information on changes in environmental conditions
are variable. Nutrient and pesticides run-off from agricultural land into rivers, lakes and marine waters
can occur rapidly (hours/days), but over much longer periods into groundwater (months/years).
Moreover, understanding the environmental impacts of changes that occur over longer periods can be
highly complex, such as those involving changes in land use and greenhouse gases. In addition, some
agri-environmental interactions involve processes that are irreversible (e.g. removal of tropical
rainforests, wetlands), lead to an unexpected chain of events in the environment (e.g. the effects of
using the now widely prohibited DDT pesticide on wildlife), and sometimes are affected by a sudden or
violent change in environmental conditions, such as from flooding, drought and fires.

Trends and ranges in indicators are important for comparative purposes across countries rather than
absolute levels for many indicators, especially as local site specific conditions vary considerably within
and across countries. Tolerable rates of soil erosion, for example, can vary from 1-5 tonnes/hectare/year
depending on site specific soil, topography and climatic conditions. However, in some cases absolute
levels are significant where they are above clearly defined scientific limits, such as nitrate levels in
water, and/or where changes in trends are being measured from a very low base. An illustration of this
latter point is national agri-environmental expenditure, which has risen substantially over the 1990s, but
from a near zero base at the beginning of the decade for many countries (see Figures 2 to 5 in the Farm
Financial Resources chapter).

Contribution of agriculture to specific environmental impacts is sometimes difficult to identify, especially for water
quality, soil quality, and biodiversity, where other factors can play an important role. These factors may
include, other economic activities (e.g. forestry, industry, households), the “natural” state of the environment
(e.g. water may contain high levels of naturally occurring salts, nitrates, organic components), and natural
environmental processes (e.g. fires, floods, droughts).

The direction of change of indicators in the Report is unambiguous in most cases in terms of the impact on
the environment of an increase/decrease in the specific indicator (e.g. changes in agricultural greenhouse
gas emissions). However, for some indicators it is not always clear as to what constitutes an environmental
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improvement or deterioration (e.g. changes in the levels of agri-environmental expenditure or some
landscape indicators). Moreover, it is preferable not to interpret indicators in isolation, but rather use
them together in clusters, such as the links between nitrogen management, nitrogen use and nitrates in
water. Also the interpretation of some indicators raise important trade-off questions. These cannot easily
be interpreted without considering the indicators in a broader framework of assessment, such as
determining the overall socio-economic and environmental costs and benefits associated with converting
agricultural land to other uses, such as to forestry or for urban housing.

Baselines, threshold levels and/or targets for indicators are not used to assess indicator trends in the Report.
Where such benchmarks have been developed or used by OECD Member countries, however, these
have been described. In general there is no analysis of what factors have caused indicator trends to
alter, although where changes diverge significantly from overall OECD trends then some explanation
has been provided. Illlustrative are the significant reductions in nitrogen surpluses and pesticide use
over the last decade for the Czech Republic, Hungary and Poland. This was mainly associated with the
transition to a market economy triggering a collapse in agricultural support levels, the elimination of
fertiliser/pesticide input subsidies, and increasing debt levels in the farm sector limiting farmers ability
to purchase inputs.

While it is necessary to take care in interpreting trends in agri-environmental indicators, they
should also be considered in the context of assessing changes in other indicators of broader economic,
social and environmental trends for three main reasons. First, it is only relatively recently that work
started on establishing agri-environmental indicators and associated data collection efforts. Inevitably
the process of development will be iterative as indicators are tried and tested by users until a
consensus forms around a core set, as has occurred over the much longer historical record of
developing, for example, economic performance indicators such as measures of inflation and gross
domestic product.

Second, to capture through indicators the interface between the biophysical “natural” environment
and agricultural activities is often more complex and difficult than monitoring trends in purely economic
(e.g. incomes) and social (e.g. education) activities. Also some agri-environmental outputs and effects
are not valued in conventional markets and have no monetary values (e.g. the carbon sink function of
agricultural soils) nor are they easily measured in physical terms (e.g. landscape). Third, many of the
issues related to the limitations of interpreting agri-environmental indicators, apply equally to other
indicators. With many economic and social variables, for example, there can be a wide regional variation
around national averages (e.g. employment levels), and definitional, methodological and data
deficiency issues are not uncommon (e.g. the measurement of poverty and wealth distribution).

5. Future challenges

The future challenge for developing OECD agri-environmental indicators is to meet the objectives of: providing
information on the current state and changes in the environmental performance of agriculture; and using
indicators for policy monitoring, evaluation and forecasting purposes. This requires addressing a number
of issues, including: identifying “new” agri-environmental areas for which indicators may need to be
developed; improving the analytical soundness, measurability and ease of interpreting indicators; and,
developing linkages between indicators.

This Report has identified a number of “new” agri-environmental areas, for which some OECD countries have
begun to establish indicators to address these issues, such as soil biodiversity and the greenhouse gas sink
function of agricultural land. In addition, there is a growing interest in expressing changes in eco-efficiency,
for example, indicators showing changes in agricultural production efficiency in using various inputs and nat-
ural resources such as nutrients, pesticides, energy and water.”

OECD countries have begun the process of using indicators for policy purposes, although this is
still a new field of activity for most countries (Box 3). Also indicators are being used by policy makers as
a tool to help monitor compliance with international obligations, for example, greenhouse gases (Box 1).
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Box 4. The Use of Agri-environmental Indicators in Recent OECD Studies
and Activities

Agri-environmental indicators (AEIs) have been used as supporting information across a range of
recent OECD studies and activities, as outlined below.

o Agricultural Policies in OECD Countries Monitoring and Evaluation Report, an annual report which includes
information and data on the effects of agriculture on the environment (OECD, 20005).

o Agri-environmental related policy studies, an irregular series of reports which examine different agri-
environmental related policy issues, summarised in OECD (1998b). For further information on related
agri-environmental studies see the website: www.oecd.org/agr/policy/ag-env/index.htm.

o Review of Agricultural Policies, are country policy reviews of non-member OECD countries, such as the
recent reviews of Romania (OECD, 2000¢) and Slovenia (OECD, 2000d), which have used the AEIs in the
sections covering agri-environmental issues.

o Environmental Performance Review country series examine the environmental performance of OECD
countries and some non-OECD countries, including in certain reviews a special feature on
agriculture drawing on the AElIs, for example, Denmark (OECD, 1999c¢).

o Economic Working Papers, with special focus in some papers on sustainable development, including
reference to agriculture, see for example Finland (OECD, 2000¢) and Norway (OECD, 1999d).

o Agricultural and Environmental Outlook Reports, these include forecasting studies of agricultural trends,
including recently a focus on greenhouse gases (OECD, 1999¢), and a forthcoming activity to provide
an Environmental Outlook and Strategy to the year 2020, including a section on agriculture (for further
information on the OECD Environmental Outlook activity see the website: www.oecd.org//env/outlook/
outlook.hitm).

o Sustainable development, is a major horizontal activity for the OECD, examining the broader
economic, social and environmental dimensions of sustainable development, including reference
to issues related to sustainable agriculture, natural resources and indicators (see OECD, 2000g4;
and the OECD sustainable development website for further information: www.oecd.org/subject/
sustdev).

The OECD, through its various studies and activities, is also exploring a range of applications for better
using indicators for policy purposes, as summarised in Box 4 (see also OECD, 1999q).

There are various methodological issues that need to be addressed to help improve indicators for agri-
environmental areas where work is less advanced, in particular, biodiversity, habitats and landscape.
Related to this is the need to develop understanding of the interactions and linkages between agriculture
and the environment and changes in farm financial resources available to farmers, socio-economic fac-
tors (rural viability) and farm management practices.®

Data deficiencies are also an impediment to indicator development, including issues related to
incomplete data series, poor quality and non-validated data, and in some cases no systematic
collection of data to calculate indicators. There are encouraging signs, however, that many countries are
beginning to make progress in overcoming data deficiencies (Box 3). This progress is being facilitated
by drawing on existing data, extending their use through using new information technologies, and also
improving the co-operation and co-ordination between different national and international agencies
developing indicators.

To eliminate some of the methodological and data impediments requires a step-by-step approach in
developing indicators. This implies initially developing indicators at a fairly rudimentary level and moving toward
more rigorous indicators as understanding of issues improves, methodological problems are overcome, and
more basic data becomes available. The OECD nitrogen balance is illustrative of developing indicators by an
evolutionary process, by first including all sources of nitrogen farm inputs (e.g. fertilisers, manure) and
nitrogen uptake by crops, which is more robust than using an indicator of inorganic nitrogen fertiliser per
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hectare of farm land. However, the nitrogen balance can be gradually replaced by more sophisticated
approaches, such as the farm gate approach, once data becomes available.

Improving the interpretation of indicators involves further attention to spatial and temporal considerations,
and use of benchmarks against which to assess performance. Also, where possible, moving from physical
to a common unit of measure, such as money or energy, to help examine various questions related to
linkages and trade-offs, for example, the links and trade-offs between changes in agricultural production,
farm input use and environmental outcomes.

National averages can mask the spatial variance of an indicator, and to overcome this problem it can
be important to reveal the variation around the national average, for example, the percentage of the
total agricultural land area experiencing low, moderate or high soil erosion rates. Statistical measures
might also be used to more accurately determine the significance of variation around national averages.
Developing and measuring indicators for a range of spatial scales, however, can be constrained by the
ability to extrapolate data from the field/farm level to higher levels and the trade-offs that occur with
gains in coverage at higher levels but loss of detail and variation at lower scales.”

The variations in the temporal dimensions of different environmental effects of agriculture range from
the short term, such as the impact on water quality in rivers from pesticide use to the long term, which
may involve decades in the case of greenhouse gas emissions and climate change. The impacts on the
environment from agricultural policies, economic and societal pressures may also have different time
lags and consequences. While this issue is not uncommon to socio-economic indicators, a key focus of
sustainable development is the intergenerational impact. Most indicators, however, use a time series
approach showing current trends, which ignores the trade-off between the present and the future.
Developing forward-looking indicators may need further research and analysis.

Developing appropriate baselines, threshold levels and targets can be useful to help assess the performance of
indicator trends. Some OECD countries, for example The Netherlands, have established environmental targets
by which to monitor and evaluate policy performance (OECD, 2000f). Given the difficulties in determining
suitable benchmarks across OECD countries, it may be more useful for policy makers to track progress with
indicators towards nationally agreed targets for different agri-environmental areas.

The use of a common indicator measure (e.g. money or energy values) would allow for trends to be
evaluated on a common basis (e.g. cost-benefit approaches). For policy purposes, it is necessary that agri-
environmental information is provided in a form that enables policy makers to evaluate the performance
of the sector, the effects of policies on environmental outcomes, and to weigh up the (marginal) changes in
the environment with other outcomes (e.g. social, economic, agricultural production). While placing money
values on environmental outputs and services has a role to play for policy purposes, especially in
considering the trade-offs between economic, social and environmental demands in society, there still
remains considerable constraints to estimating these values and trade-offs.

Developing linkages between different indicators can help contribute to a better understanding of under-
lying cause and effect relationships. For example, there are links between the price of water charged to
farmers, the rate of expansion in irrigated area, the efficiency of water use management, and the impact
of the use of water resources on aquatic environments and groundwater reserves.

In broader terms the sustainable agriculture concept emphasises the links between the economic, social and
environmental dimensions. The OECD agri-environmental indicators recognise the three dimensions of
sustainable agriculture, such as through farm financial resources (economic); rural viability (social) and
water quality (environmental) indicators, but the linkages between them are not developed. For
example, measures of resource productivity (e.g. nutrient and water use efficiency) illustrate economic-
environmental linkages, while the health consequences of agri-environmental impacts (e.g. the impact
of pesticide use on human health) highlight social-environmental linkages.®

Establishing a core set of OECD agri-environmental indicators, complemented as necessary by other infor-
mation and indicators, could help to achieve the overall future objectives for developing the OECD
indicators, that is, providing information on the environmental performance of agriculture and using
indicators for policy purposes.
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Annex

COMPLETE LIST OF OECD AGRI-ENVIRONMENTAL INDICATORS

Issue

Indicators

Definitions

I. AGRICULTURE IN THE BROADER ECONOMIC, SOCIAL, AND ENVIRONMENTAL CONTEXT

1. Contextual
Information
and Indicators

Agricultural GDP
Agricultural output

Farm employment

Farmer age/gender distribution
Farmer education

Number of farms

Agricultural support

Land use
— Stock of agricultural land
— Change in agricultural
land
— Agricultural land use

Share of agriculture in total Gross Domestic Product

Change in the value of final agricultural output

Share of agriculture in total civilian employment

Share of new farmers entering agriculture by age and gender categories
Educational level of farmers

Change in total number of farms

Change in the Percentage Producer Support Estimate

Share of agricultural land use in total national land area
Change in the agricultural land area

Share of agricultural area by land use categories

2. Farm Financial Farm income Net farm income defined as the difference between the value of gross output
Resources and all expenses, including depreciation at the farm level from agricultural
activities
Agri-environmental expenditure
— Public and private Public and private expenditure, both investment and current, on
agri-environmental agri-environmental goods, services and conservation for improving
expenditure environmental quality
— Expenditure on agri- Share of public and private sector expenditure, on agri-environmental
environmental research research in total agricultural research expenditure
II. FARM MANAGEMENT AND THE ENVIRONMENT
1.Farm Whole farm management
Management — Environmental whole Share of the total number of farms or total agricultural area under

E

farm management plans
— Organic farming

Nutrient management
— Nutrient management
plans
— Soil tests

Pest management
— Use of non-chemical
pest control methods
— Use of integrated pest
management
Soil and land management
— Soil cover

— Land management
practices

Irrigation and water management
— Irrigation technology

environmental whole farm management plans
Share of farms or the total agricultural area under a certified organic farming
system or in the process of conversion to such a system

Share of farms or cultivated area with nutrient management plans

Use and frequency of soil tests expressed as the proportion of farms
conducting soil tests at different frequencies or share of crop area tested

Area of cultivated crops not treated with chemical pesticides
Area of cultivated agricultural land under integrated pest management
Number of days in a year that the soil (agricultural land) is covered

with vegetation
Share of the total crop area under environmental land management practices

Share of irrigation water applied by different forms of irrigation technology
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Issue

Indicators

Definitions

I11. USE OF FARM INPUTS AND NATURAL RESOURCES

1. Nutrient Use

2. Pesticide Use

Nitrogen balance

Nitrogen efficiency

Pesticide use indicator

Physical difference (surplus/deficit) between nitrogen inputs into, and outputs
from, an agricultural system, per hectare of agricultural land

Ratio of total nitrogen uptake (output) to the total nitrogen available (input) in an
agricultural system

Trends over time of pesticide sales and/or use data

and Risks Pesticide risk indicators Trends in pesticide risks over time by combining information on pesticide
toxicity and exposure with information on pesticide use
3. Water Use Water use intensity Share of agriculture water use in national total water utilisation
Water use efficiency
— Water use technical For selected irrigated crops, the mass of agricultural production (tonnes) per unit
efficiency volume of irrigation water utilised
— Water use economic For all irrigated crops, the monetary value of agricultural production per unit
efficiency volume of irrigation water utilised
Water stress Proportion of rivers subject to diversion or regulation for irrigation without
defined minimum reference flows
IV. ENVIRONMENTAL IMPACTS OF AGRICULTURE
1. Soil Quality Risk of soil erosion by water Agricultural area subject to water erosion, that is the area for which there is a risk

2. Water Quality

3. Land
Conservation

4. Greenhouse
Gases

5. Biodiversity

6. Wildlife Habitats

Risk of soil erosion by wind

Water quality risk indicator

Water quality state indicator

Walter retaining capacity

Off-farm sediment flow

Gross agricultural greenhouse
gas emissions

Genetic diversity

Species diversity
— Wild species

— Non-native species

Ecosystem diversity

Intensively farmed agricultural
habitats

Semi-natural agricultural habitats
Uncultivated natural habitats

Habitat matrix

of degradation by water erosion above a certain reference level
Agricultural area subject to wind erosion, that is the area for which there is a risk
of degradation by wind erosion above a certain reference level

Potential concentration of nitrate (or phosphorus) in the water flowing from

a given agricultural area, both percolating water and surface run-off

Nitrate (or phosphorus) concentration in water in vulnerable agricultural areas:
the proportion of surface water and groundwater above a national threshold
value of nitrate concentration (NO; mg/l) or phosphorus (P, mg/l)

Quantity of water that can be retained in the short term, in agricultural soil, as well
as on agricultural land where applicable (e.g. flood storage basins) and by
agricultural irrigation or drainage facilities
1. The estimated risk of the quantity of soil sediments transferred from farm
to off-farm areas and water bodies
2. The actual (or state) quantity of soil sediments transferred from farm to off-
farm areas and water bodies

Change in the gross total agricultural emissions of carbon dioxide (CO,),
methane (CH,) and nitrous oxide (N,0) expressed in CO, equivalents

1. For the main crop/livestock categories (e.g. wheat, rice, cattle, pigs) the total
number of crop varieties/livestock breeds that have been registered
and certified for marketing

2. Share of key crop varieties in total marketed production for individual crops
(e.g. wheat, rice, rapeseed, etc.)

3. Share of the key livestock breeds in respective categories of livestock
numbers (e.g. the share of Friesian, Jersey, Charolais, etc., in total cattle
numbers)

4. Number of national crop varieties/livestock breeds that are endangered

Trends in population distributions and numbers of wild species related
to agriculture

Trends in population distributions and numbers of key “non-native”
species threatening agricultural production and agro-ecosystems

See Wildlife Habitat Indicators

1. Share of each crop in the total agricultural area

2. Share of organic agriculture in the total agricultural area

Share of the agricultural area covered by semi-natural agricultural habitats
1. Net area of aquatic ecosystems converted to agricultural use

2. Area of “natural” forest converted to agricultural use

A habitat matrix identifies and relates the ways in which wild species use
different agricultural habitat types

31
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Issue Indicators Definitions

IV. ENVIRONMENTAL IMPACTS OF AGRICULTURE (cont.)

7. Landscape The structure of landscape

— Environmental features 1. Environmental features, encompassing mainly landscape habitats
and land use patterns and ecosystems
2. Land use patterns, including changes in agricultural land use patterns
and distributions

— Man-made objects Key indicative man made objects (cultural features) on agricultural land resulting
from human activity
Landscape management Share of agricultural land under public and private schemes committed
to landscape maintenance and enhancement schemes
Landscape costs and benefits 1. Cost of maintaining or enhancing landscape provision by agriculture

2. Public valuation of agricultural landscapes

. This list includes all the agri-environmental indicators covered in this Report. For a detailed description of each indicator, see the respective
agri-environmental indicator chapter.
Source:  OECD Secretariat.

NOTES

For the full text of these various OECD Ministerial Communiqués see the OECD News Releases at:
www.oecd.org/media/release/ .

. OECD Agriculture Ministers in 1998 adopted a set of policy principles building on the agricultural reform

principles agreed by OECD Ministers in 1987, see OECD (20006) for relevant Ministerial Communiqués.

. The tables and figures in the Report show all OECD countries for which information was obtained through the

OECD Questionnaire and or related information, so that the absence of specific countries in the Report’s tables
and figures implies that data are not available and/or not collected.

Details of the OECD Working Group on Pesticides activities on pesticide risk indicators is provided in the
Pesticide Use and Risks chapter.

. The issue of agricultural efficiency in using farm inputs and natural resources is briefly examined in the Report,

see in particular the chapters on nutrient use, pesticide use, water use and greenhouse gases.

Brouwer and Crabtree (1999) explore in depth some of the methodological issues concerning agri-environmental
indicators.

For a discussion of developing agri-environmental indicators at the farm level, see, for example, Rigby
et al. (2000); and at a sub-national regional level, see the example of the County of Hampshire in the
United Kingdom (Hampshire County Council, 2000).

. There is now a growing literature on sustainable agriculture and related indicators, most recently see, for

example, Pannell and Glenn (2000).
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Part 1

AGRICULTURE IN THE BROADER ECONOMIC,
SOCIAL AND ENVIRONMENTAL CONTEXT

1. CONTEXTUAL INFORMATION AND INDICATORS
2. FARM FINANCIAL RESOURCES



Chapter 1
CONTEXTUAL INFORMATION AND INDICATORS

HIGHLIGHTS

To set the discussion on agri-environmental indicators in this Report in a broader economic, social and
environmental context, this Chapter examines the impact on agri-environmental relationships of economic
forces, societal preferences, environmental processes, and land use changes.

Economic forces shape the performance of the agricultural sector and its role in the national economy.
Agriculture’s contribution to gross domestic product is under 4 per cent for most OECD countries, with the role of
agriculture in the economy declining in all countries during the last decade. The real value of agricultural output has
risen for most countries over the past 10 years attributed to higher production, the latter almost entirely due to
increases in productivity. Nevertheless, over a 30-year period the value of output has declined, mainly
because of a decrease in real commodity prices. Trends in real net farm incomes from agricultural activities have
been variable over the last 10 years, rising for many countries but sharply declining over recent years in some
cases, largely reflecting changes in macroeconomic conditions, farm costs and support levels.

The growing world demand for food and industrial crops will continue to present a challenge to world agricultural
production, especially as some of the future demand will continue to be met by OECD cereal and livestock
product exporters. But the future expansion in production may heighten the pressure on the environment
through intensification and growth in farm output, particularly for exporting countries.

Agricultural employment as a share of total employment is now less than 7 per cent for most OECD
countries, and the age distribution of farmers often shows a major share to be over 55 years old. There are
very few countries where the majority of new entrants into agriculture are less than 35 years old. A
younger, well-educated workforce is more likely to be able to respond rapidly to changing economic and
environmental conditions. In addition, there are only a small number of countries where more than 40 per
cent of farmers receive even basic agricultural training.

Farm numbers have declined in most OECD countries with a corresponding increase in farm size, leading to
the concentration of production in a small number of larger farms. The share of small farms in total farm
numbers is, at the same time, increasing. Research suggests that the trend toward increasing farm size usually
entails field consolidation with the loss of boundary features, as well as intensification as capital replaces
labour and the use of inputs per hectare increases.

Changes in farm structures have been influenced by technological developments, some of which have damaged
the environment, such as the use of certain pesticides. An increasing focus in research of new technologies
relates to eco-efficiency and environmentally cleaner technologies, which can increase profitability and reduce
environmental harm, for example precision farming.

Agricultural and trade policies in many cases have caused environmental harm by distorting price signals
through, for example, linking support to agricultural commodities and encouraging farming on environmentally
fragile land, and lowering the costs of inputs, such as energy and water. Support to OECD agriculture is high,
but with wide variations in the level, composition and trends among countries and commodities. OECD
average share of support to producers in total gross farm receipts, the percentage producer support estimate
(PSE), has declined from 40 to 36 per cent between 1986-88 to 1997-99.

The reform of agricultural policies should improve the allocation of resources and reduce the negative
impacts of agriculture on the environment, but reform can also lower performance where agriculture is
providing environmental benefits. As part of the reform process OECD countries have introduced measures to
address environmental issues, mainly focusing on altering farm management practices and land use patterns
incompatible with achieving environmental goals. There is at present insufficient information to provide a
full assessment of these changes, but while some improvements have been made, they have been more
costly than would have been the case without production enhancing policies. Also, the negative environmental
impacts resulting from farming still remain at relatively high levels in many cases.

El
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HIGHLIGHTS (cont.)

The reform of agricultural policies should improve the allocation of resources and reduce the negative
impacts of agriculture on the environment, but reform can also lower performance where agriculture is
providing environmental benefits. As part of the reform process OECD countries have introduced measures
to address environmental issues, mainly focusing on altering farm management practices and land use patterns
incompatible with achieving environmental goals. There is at present insufficient information to provide a
full assessment of these changes, but while some improvements have been made, they have been more
costly than would have been the case without production enhancing policies. Also, the negative
environmental impacts resulting from farming still remain at relatively high levels in many cases.

Societal preferences affect agriculture and the environment across a range of issues. There is growing
public concern about agriculture’s impact on the environment in terms of reducing pollution and enhancing benéefits,
mainly in response to rising incomes, increasing leisure time, heightened public knowledge of these
issues, and the desire for the space offered by rural areas.

Rural viability relates to issues such as farmer age structures, educational and managerial skills, and
access to key services. The retention of a skilled workforce in rural areas and having an appropriate rural
community infrastructure, will affect the capacity of farming to adjust and manage their enterprises to
changing economic and environmental conditions and the sustainability of agriculture.

Environmental processes relate to the interaction between agriculture and natural environmental
processes. Particularly relevant in this respect, is that farming forms a part of the ecosystem rather than
being external to it, unlike most other economic activities. Agri-environmental relationships are often
complex, site specific and non-linear, with a wide range of biophysical conditions within and across
OECD countries, reflecting, for example, variations in climate, soils, availability of water resources, and
land use patterns.

Land use changes represent the integrating element between the economic, societal and environmental
influences on agriculture. For most OECD countries agricultural land occupies over 50 per cent of the total land
area, with only a small reduction in area over the past 10 years, mainly through agricultural land being
converted to forests in marginal farming areas. The change of marginal farming land to other land uses has
raised concerns related to the associated harmful environmental and socio-economic impacts in some
countries, but equally the conversion of this land may enhance its biodiversity and related amenity values.

The pattern of agricultural land use change within countries has mainly involved a growing share of
permanent pasture in agricultural land, largely because of the adoption of land diversion schemes. Changes
in farm land use from arable crops to pasture, more to less intensive cropping systems, and in terms of
different cropping patterns can have major environmental effects, such as through altering soil erosion rates.
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1. Background

The primary aim for agriculture is to produce food and industrial crops efficiently and safely, to
meet a growing world demand without degrading natural resources and the environment. While
agricultural productivity has improved substantially, it has often led to environmental degradation, such
as soil erosion, water depletion and pollution. But agriculture also maintains landscapes and habitats
for wildlife on agricultural land, acts as a sink for greenhouse gases, provides soil and water filtering and
retention functions, and contributes to rural employment.

Differences in economic, social and environmental conditions account for the variation in the
importance of particular environmental issues and impacts from agriculture within and between
countries, and has implications for the long-term sustainability of agriculture. This chapter sets the
discussion of agri-environmental indicators in a broader context by addressing the following issues:

e economic forces shaping the performance of the agricultural sector and its role in the national
economy, including levels and changes in farm production, incomes, employment, education,
and structures, and the impact of technological changes and government policies on the sector;

e societal preferences affecting agriculture, especially in terms of the public's demand for a secure and
safe food supply; the increasing societal preference for agriculture to maintain and enhance
recreational, cultural, scenic and other related amenity functions and values associated with
agriculture; and the desire by rural communities that agriculture contribute to rural viability;

e environmental processes relating to the interaction between agricultural activity and natural biophysical
processes, such as climate, soils, and water;

e land use changes representing the integrating element between the economic, societal and
environmental influences on agriculture, and their impact on the level, type and intensity of
agricultural land use.

2. Agriculture and economic forces'

Agricultural production and farm incomes

While the volume of agricultural production has increased significantly over the past ten years,
agriculture’s contribution to gross domestic product (GDP) is under 4 per cent for most OECD countries
(Figure 1). The share of agriculture in GDP has fallen in all OECD countries during the last decade. For a
large number of countries, however, the agro-food chain, which depends on farm output, contributes a
significantly higher share to economic activity, especially the food processing sector and input
manufacturing, such as pesticides, fertilisers and farm machinery. Agriculture also accounts for a major
share of merchandised exports, in excess of 15 per cent of total exports for a number of countries.

The growing world demand for food and industrial crops will continue to present a challenge to world
agricultural production. World population grew by 1.4 per cent in 1998, more than double the average
population growth for OECD countries of 0.6 per cent, but world population growth is slowing down.
This implies that most of the future increase in food demand will originate from non-OECD countries,
while some of the future growth global food demand will continue to be supplied by OECD countries,
especially cereals and livestock products. The future expansion in agricultural production may heighten
the pressure on the environment through the intensification and growth in farm output, especially for
OECD agricultural exporting countries.

Over the past decade the real value of agricultural output has risen for most OECD countries,
measured in terms of US dollars using constant purchasing power parities (Figure 2). This can be
attributed to the substantial expansion in the volume of production, almost entirely due to increases in
productivity (i.e. the efficiency by which farming converts inputs into outputs, see OECD, 1995). Labour
productivity is likely to continue to rise more rapidly than total factor productivity (i.e. a productivity
measure including fixed capital and labour) given the potential for substituting capital for labour and
the increasing use of mechanical and chemical inputs (MAFF, 2000).
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Figure 1. Share of agriculture in Gross Domestic Product: mid-1990s
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Figure 2. Value of final agricultural output in constant 1990 US dollars
Purchasing Power Parities: 1985-87 to 1995-97
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Examined over a longer period of 30 years, however, the real value of agricultural production has
declined in most countries. During this period there has been a continuous decrease in real agricultural
commodity prices, despite the growth in world population and demand for food and industrial crops.
Moreover, the improvements in agricultural productivity should also be interpreted with caution, as
they do not always take into account the environmental costs and benefits associated with agricultural
activity.

Developments in annual average real net farm incomes from agricultural activity have been variable over
the past 10 years for a large number of OECD countries, steadily rising for many countries over most of this
period, but showing a sharp decline over the past 2-3 years in a number of cases. These developments in
farm incomes have largely reflected changes in macroeconomic conditions (e.g. interest and exchange rates),
farm costs and support levels. The importance of off-farm income has increased in most OECD countries as
farm households have diversified to include activities such as rural tourism. Also for some countries, the
income of agricultural households is higher than the income of other households, although in all countries
there are periods and pockets of low income (the issue of farm incomes is further discussed in the Farm
Financial Resources chapter).

Farm employment and education

The declining role of agriculture in overall economic activity is also reflected in the decrease in
farm employment. The share of agricultural employment in total civilian employment is now less than
7 per cent for most countries, although for some countries with relatively large agricultural sectors the
figure exceeds 15 per cent (Figure 3). Agriculture continues to account for the major share of
employment in most rural areas, while indirectly it also contributes to employment in other sectors,
especially the food processing and input manufacturing industries (OECD, 1998b).

Figure 3. Share of agricultural employment in total civilian employment: late 1990s
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Figure 4. Share of new farmers entering agriculture by age
and gender categories: late 1990s
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1. Both male and female.

2. Categories under and over 45 including both male and female.

Note: See Annex Table 1.

Sources: OECD Agri-Environmental Indicators Questionnaire, 1999; Commonwealth of Australia (1998); MAFF (2000).

In most OECD countries, the number of farmers has declined mainly through retirement and
migration to urban areas, which was not offset by new entrants into agriculture. The overall rate of
decline in farm employment has varied considerably across countries over the past ten years, with
sharp reductions in farm employment in the Czech Republic, Iceland, Italy and Japan, a more modest decrease
in Australia and Mexico, but an increase in New Zealand and the United States.

The age distribution of farmers shows that a major share are over 55 years old in many OECD
countries (OECD, 19984). The entry into agriculture of young farmers can provide some indication of the
potential long-term viability of agriculture, given that a younger well-educated workforce is more likely
to be able to respond rapidly to changing economic and environmental conditions.? However, there are
very few countries where the majority of entrants into agriculture are less than 35 years old (Figure 4).

Higher levels of education mean that farmers are likely to be more aware of environmental issues
and adopt environmentally sound farm management practices. Although further education provides the
potential for greater environmental awareness, much will also depend on farmers’ own personal
motives, attitudes towards risk and other factors driven by socio-economic conditions (Commonwealth
of Australia, 1998).

There are only a relatively small number of OECD countries where more than 40 per cent of farmers
have even basic agricultural training, although there are wide variations in the educational attainment
levels of farmers across countries (Figure 5). This low level of training could reduce farmers’ adaptability
to new economic, social and environmental conditions in the future.

In the United States it was found that farmers with some formal training were more likely to adopt
conservation tillage practices than a farmer with no training (Huffman, 2000). Evidence from Australia and
Germany show that farmers with a university degree usually participate in training to improve their farm
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Figure 5. Educational level of farmers: mid/late 1990s
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Note: See Annex Table 1.

Sources: OECD Agri-environmental Indicators Questionnaire, 1999; Commonwealth of Australia (1998).

management skills, adopt best management practices and are more likely to have a farm plan compared
with farmers with no formal education (Mues et al., 1998; Nieberg and Isermeyer, 1994).

Farm structures

With higher levels of agricultural productivity related to the contraction of the agricultural labour
force, farm numbers have declined in nearly all OECD countries (Figure 6). This has led to a corresponding
increase in farm size. These developments have had two related effects, first, the increasing concentration
of production in a relatively small number of larger farms, and second, the growing proportion of small
farms in total farm numbers, partly reflecting the growth in off-farm employment and interest in hobby
farming. The tendency toward greater concentration in production has led to the replacement of mixed
farming by more specialised enterprises (i.e. livestock or arable based farms), not only at the individual
farm level but for whole regions.>

The impact of the changing structure of agriculture for the environment is an issue raised in many
chapters of this Report, but especially the chapters on Nutrient Use, Biodiversity, Wildlife Habitats and
Landscape. In general, research suggests that the trend toward increasing farm size usually entails the
consolidation of fields with the loss of boundary features, such as hedges and small trees, and the
intensification of operations, as capital replaces labour, which enables farmers to produce a higher
output from the land.

The complexities involved in determining the environmental effects of changing farm structures
can be illustrated by two examples: the adoption of Integrated Pest Management (IPM) on vegetable
farms, and the environmental implications of structural changes in the pig industry. Research in the
United States found that farm size affects the adoption of IPM by vegetable growers, with larger farms
being more likely to adopt such practices (Hrubovcak et al., 1999). IPM requires a substantial amount of
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Figure 6. Change in the number of farms: 1985-87 to 1995-97
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farmer time that may compete with off-farm employment opportunities, and the availability of unpaid
family labour time has been found to be positively associated with IPM adoption.

In the case of the pig industry trends, in Canada, the United States and parts of Europe over the past
10 years, reveal a substantial increase in the number of pigs raised on a single operation, facilitated by
developments in pig raising technologies and management systems. With the trend toward a larger and
more regionally concentrated pig industry, this has raised environmental concerns with respect to the
effects of pig manure on water quality, greenhouse gas and ammonia emissions.*

Technology

Assessing the impact of technological change on environmental conditions in agriculture, as with
structural changes, is complex. Technologies that have altered the nature and scale of agriculture range
through greater mechanisation, development of farm chemicals to genetic modification and
biotechnology (OECD, 1995). This technological progress has shifted agriculture from a mainly physical
based to a more knowledge based industry (MacGregor and McRae, 2000).
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The use of some technologies by farmers, however, has had unanticipated and serious effects on
the environment, such as the use of the insecticide DDT, now banned in most OECD countries (see the
Pesticide Use and Risks chapter). In other cases the consequences of heavy farm machinery on soil
compaction have had damaging consequences on soil quality resulting in yield and financial losses for
farmers (see the Soil Quality chapter).

An increasing focus in research of new technologies relates to the concept of eco-efficiency and
environmentally cleaner technologies (“green technologies”). In a number of OECD countries the share of
total agricultural research expenditure devoted to agri-environmental issues is expanding and forms a
major share of total research outlays (see the Farm Financial Resources chapter).

“Green technologies”, for example integrated pest management, conservation tillage, and precision
farming are important because they can increase farm profitability while reducing environmental
degradation and conserving natural resources (Hrubovcak et al., 1999). Precision agriculture, for example,
can reduce adverse environmental impacts by using advanced technology, such as the global positioning
system, to collect data at exact locations and the geographical information system, to map more precisely
fertiliser and pesticide requirements across a field.

Policies

The environmental implications of farmers’ production decisions are not always incorporated in
farming costs and revenues. For example, fertilisers, animal waste and pesticides can leach into
groundwater, and thus increase the cost of purifying drinking water, but farms may not be charged for
this pollution. Unless market or policy mechanisms are in place to compensate farmers for the extra
costs associated with providing additional environmental services to society, farmers are unlikely to
provide these services.

In many cases environmental problems have been aggravated by agricultural and trade policies that
distort price signals, by linking support to agricultural production, or by lowering or disguising the costs
of inputs. The distortions created by such policies can lead to inappropriate use of inputs and location
of production, with environmentally harmful outcomes. These policies can also discourage the
development and use of farming technologies less stressful on the environment (OECD, 1998¢).

Agricultural support in OECD countries has been mainly delivered through higher market price
support for commodities, direct payments to farmers, and subsidised prices for inputs such as fertiliser,
pesticides, water and energy, and subsidised credit, structural investment and infrastructure
development. Support to OECD agriculture is high, but with wide variations in the level, composition
and trends among OECD countries and across commodities. The trend in the OECD average share of
support to producers in total gross farm receipts (the percentage producer support estimate — PSE) has
declined only slightly from 40 per cent in 1986-88 to 36 per cent in 1997-99 (Figure 7).’

The reform of agricultural policies should improve the domestic and international allocation of
resources, reduce incentives to use polluting chemical inputs and to farm environmentally sensitive land.
Such reforms would tend to reverse the harmful environmental impacts associated with commodity and
input specific policy measures. But in those cases where current agricultural policies are associated with
farming activities providing environmental benefits, policy reform can reduce environmental performance.
OECD has recognised, therefore, that agricultural policy reform is a necessary, but not always a sufficient
condition to improve the environmental performance of agriculture (OECD, 1998¢).

As part of the agricultural policy reform process many OECD countries started to introduce
measures to address environmental issues in agriculture, beginning around the late 1980s/early 1990s.
While the nature of these measures varies greatly across countries, they have mainly focused on altering
inappropriate farm management practices incompatible with achieving environmental objectives in
agriculture, the latter sometimes encouraged by high price support levels.

The implementation of these measures has included the provision of payments if certain practices
are adopted, such as area payments for adoption of low-input or organic farming systems. A few countries
have used taxes to limit the pollution from the use of pesticides and fertilisers. Some countries have
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Figure 7. Percentage Producer Support Estimate:1 1986-88 to 1997-99
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1. The Producer Support Estimate (PSE) is an indicator of the annual monetary value of gross transfers from consumers and taxpayers to
agricultural producers, measured at farm gate level, arising from policy measures which support agriculture, regardless of their nature, objectives
or impacts on farm production or income. The percentage PSE measures the share of support to producers in total gross farm receipts.

2. EU-12 for 1986-88; EU-15 for 1997-99. PSEs are not caculated by the OECD Secretariat for individual EU Member states.

3. OECD includes the most recent Member countries for both periods (date of OECD membership in brackets): Czech Republic (1995),
Hungary (1996), Korea (1996), Mexico (1994) and Poland (1996).

Note: See Annex Table 1.

Source: OECD (2000).

enforced restrictions on farmers to meet certain minimum environmental standards, such as the disposal
of animal waste into watercourses. In addition, land diversion schemes, although in most cases originally
introduced to achieve supply control objectives, are increasingly including environmental conditions,
such as diverting land to develop semi-natural habitats so helping to reduce soil erosion and encourage
wildlife. A number of countries also use voluntary efforts, including farm advisory services and information
exchange, to address local and community related issues, and raise environmental awareness amongst
farmers.

While evidence is still limited, the introduction of these measures has in some regions of certain
countries contributed to altering farm management practices and changing agricultural land use
patterns. For example, the conservation of certain “high nature value” habitats on agricultural land and
the reduction of diffuse pollution (see the discussion in various chapters of this Report). However, there
is at present insufficient information in many cases to be sure about the extent and permanence of
these changes within or across OECD countries. While in some cases improvements have been made,
they have been more costly than would have been the case in the absence of production enhancing
policies. Moreover, the negative environmental impacts resulting from agricultural activity still remain
at relatively high and damaging levels in many OECD countries (OECD, 2000).
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3. Agriculture and societal preferences

In most OECD countries there has been growing public awareness and concern about agriculture’s
impact on environmental quality, both in terms of reducing the pollution and enhancing the benefits
resulting from agricultural activity. This change in societal preferences has been mainly in response to
rising incomes, increasing leisure time, and greater personal mobility. Also there is heightened public
knowledge of environmental and food safety issues resulting from better education and greater media
coverage of these issues, and the desire from the highly urbanised society in most OECD countries for
the tranquillity and space offered by rural areas. A recent Canadian survey provides an illustration of the
range and evolution of the Canadian public perception of agriculture and the environment (Box 1).

Box 1. Public perceptions of agriculture and the environment in Canada

Overall, Canadians have a relatively favourable environmental image of the agriculture and food
industry. When asked to rate the degree of environmental damage caused by 12 industries, agriculture
was rated 11th, followed only by the computer software industry. Compared with other resource industries
(energy, fisheries, and forestry), Canadians see agriculture as being the closest to sustainability.

When it comes to the impacts of agricultural activities on the environment, Canadians (60%) are most
concerned about the use of chemical fertilisers and pesticides. A much smaller share of people are most
concerned about water pollution from livestock wastes (19%), the impact on wildlife habitat and wetlands
(13%), and odours from livestock operations (4%). There is some regional variation in these responses. For
example, a higher proportion (8%) of people in Quebec, Saskatchewan, and Alberta expressed concern
about livestock odours.

Public perceptions about agriculture and the environment have evolved. Ten years ago, loss of
farmland to urban development was cited as the most important agri-environmental issue. Concern about
this issue has decreased steadily as attention has shifted to the use of farm chemicals.

Source: MacGregor and McRae (2000, p. 24).

In some cases changing societal preferences are also creating pressure on agriculture, especially in
terms of competition for land. The demand for improved housing, better communications infrastructure,
and land for commercial development, for example, is increasing competition for agricultural land,
especially close to urban centres. While in other cases greater leisure time has increased demand for
golf courses and nature parks, often involving converting agricultural land to these uses.

An area of growing interest in OECD countries relates to concern for rural viability, particularly in
creating rural employment and maintaining rural communities (Box 2). This is part of a broader concern
in terms of developing social capital, such as building social relationships. Rural viability relates to
issues such as the age structure of the agricultural workforce, the educational and managerial skills of
farmers, and access to key services (Commonwealth of Australia, 1998), with some of these issues
discussed in this and other chapters of the Report. Retaining a skilled workforce in rural areas and
having an appropriate rural community infrastructure, will affect the capacity of farming communities to
adjust and manage their enterprises to changing economic and environmental conditions and, over the
longer term, contribute to the sustainability of agriculture.

4. Agriculture and environmental processes

Agricultural activity is closely linked to natural environmental processes and is a part of ecosystems
rather than external to them, unlike most other economic activities. The relationship between agricultural
activities and the environment is often complex, site specific and non-linear. Viewed both within and  _49]
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Box 2. Rural viability

Traditionally rural economies have depended heavily on agricultural activities, which have affected
and shaped the social life of local communities. In many OECD countries this dependency has weakened
and, consequently, there is increasing recognition that problems in rural areas, such as depopulation,
poverty, unemployment, and amenity loss, are best addressed in a broader rural development context
and not through agricultural policy measures.

Structural adjustment allows agricultural producers to use more advanced farming practices and to
derive benefits from economies of scale by reducing the number of farms and increasing average farm size
in a particular region. On the other hand, it leaves those parts of the population that cease their previous
farming activities searching for alternative sources of income.

Where the rural economy does not provide sufficient non-agricultural employment opportunities,
increases in unemployment, poverty, and emigration might ensue. OECD countries have addressed these
adverse impacts of structural change on rural viability through policy measures such as education and
retraining, assistance for early retirement, and investment in rural infrastructure and social organisations
(OECD, 19985h).

There are different approaches to measuring rural viability, such as assessing demographic characteristics,
income changes and distribution, the number of people entering or leaving agriculture, and the level of
education, social interactions, attitudes and structures in rural areas. In addition, the interest in assessing social
capital in the context of sustainable agriculture and rural viability has increased recently (see for example
Schuller, 2000; and Webster, 1999). Social capital measures the social dimension of sustainable development
and is of considerable relevance to rural viability. Social capital reflects social relationships or “trust” within a
community that make the community viable, socially progressive, and economically vigorous. Low social
capital implies low trust, community disagreements, and difficulties in solving problems or achieving goals.

Rural viability issues are closely related to several agri-environmental indicators. For example, rural
amenities relate to landscape, biodiversity, and wildlife habitat; education levels are associated with farm
management practices; and social capital issues may be discussed in conjunction with farm management
in a community context (OECD, 1999, pp.107-109; OECD, 1997, pp.33-34). Moreover, there are other
aspects that are generally perceived as relevant to rural viability, such as spatial isolation, costs of service
delivery, and delays in communication, which some countries are considering integrating into a broad set
of indicators to track sustainable agriculture (for example, see Commonwealth of Australia, 1998).

Note: For a recent OECD review of agriculture and the rural economy in OECD countries, see OECD (19985), and also
the related publications of the OECD Territorial Development Service (TDS) detailed on the TDS website at:
http://web.oecd.org/tds/frames1 .Atm. Kilpatrick (1999) is investigating the elements of social capital and developing
a set of indicators to show changes in social capital relevant to agriculture.

Source: OECD Secretariat.

across OECD countries there are a wide range of biophysical conditions, reflecting, for example, variations
in underlying climatic conditions, topography, soils, availability of water resources, and land use patterns.

Farming manipulates the natural environment to produce agricultural commodities, through a range of
different practices and systems, such as draining land, tilling soil, diverting natural watercourses, using
irrigation, and applying nutrients and pesticides (Smith and McRae, 2000). The agro-ecosystem, like natural
ecosystems, is dynamic with a constant cyclical flow of inputs entering the system (e.g. land, water, energy,
nutrients, pesticides), and outputs leaving the system (e.g. crops, livestock, fibre, waste). At the same time
natural cycles of climate and biodiversity, for example, affect agriculture, while agriculture also impacts on
these cycles (e.g. greenhouse gas emissions). These various environmental processes and natural cycles are
briefly described in the “Environmental Context” sections in each indicator chapter of this Report (see also
Norberg, 1999).

There is now a better understanding of the limits and potential of the productive capacity of the natural
resource base in agriculture, notably soils and water. Moreover, knowledge has improved on the impacts of
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inappropriate farming practices and systems on the degradation of natural resources and the environment
(Commonwealth of Australia, 1998, pp. 9-10). Less well known are the processes by which agriculture
provides environmental benefits, such as those related to wildlife habitat provision, the soil and water
retaining capacity of agriculture, or the function of agricultural soils to act as a sink for greenhouse gases by
storing carbon (Smith and McRae, 2000).

5. Land use changes

Overview

Land use patterns and changes provide the integrating element between the economic, social and
environmental influences on agriculture examined in the previous sections of this chapter. Although the
agricultural sector is relatively small in OECD countries when measured in terms of the share in GDP or
employment, it is important in terms of land use, accounting for nearly 40 per cent of the OECD total
land area (Figure 8). This is significant, as any activity accounting for the major share of the total land
area has potential for creating widespread environmental impacts (Pearce, 1999).

Land use describes the functional aspects of land, characterised by some identifiable purpose or func-
tion (such as land used for agricultural, forestry or urban purposes), leading to tangible (food, industrial crops
and biodiversity) or intangible products (landscape) or values.® Land use changes are driven by economic
and technological developments, demographics, environmental factors and government policies, which alter
the type and intensity of land use (Darwin et al., 1996).

Evaluating the environmental impacts of changes in land use needs to take into account the trade-
offs between competing economic, societal and environmental demands for land. Competition for land
occurs because land used for one purpose can prevent or reduce its use for other purposes, although
land can also provide joint products, such as food and landscape. For example, a decrease in the area
of agricultural land area due to urban development depends on whether priority, expressed through
land prices in private markets, is given to retaining agricultural land or providing residential housing.

Defining priorities for land use may not be easy and countries may have contradictory policies in
place. Land diversion policies, for example, may encourage the conversion of low lying agricultural land
to saltmarsh, while simultaneously policies to maintain sea defences have the opposite effect (Moxey,
1999). A further difficulty arises when interpreting land use changes, in that not all values attributed to
land are embodied in land market prices. This is because private markets do not always recognise the
externalities associated with land, such as the provision of habitat, ecological and amenity services
(Tweeten, 1997).

Agricultural land use

For the majority of OECD countries agricultural land occupies over 50 per cent of the total land area
(Figure 8).” Where the share of agriculture in the total land area is small, this is usually explained by
climatic or physical factors, for example, in Canada, Finland, Iceland, Japan, Korea, Norway and Sweden. The
total OECD area of agricultural land has shown only a modest reduction over the past 10 years, largely
reflecting an increase in the agricultural land base, particularly in Mexico and Turkey, offset by a decrease,
notably in the European Union, Japan, Korea and the United States (Figure 9).8

In those countries where the supply of agricultural land has been declining over the past decade,
most of this land has been converted to forests and open land (uncultivated land), particularly in
marginal farming areas (i.e. land less suitable for agricultural production), with the rest converted for
urban, commercial and infrastructure use (see Figure 8 in the Wildlife Habitat chapter). The conversion of
marginal farming land to other uses, especially forest or uncultivated land, is of concern to some OECD
countries in terms of both the environmental and socio-economic implications of these land use
changes.

In certain situations taking marginal farmland out of production can cause environmental
degradation, such as soil erosion, reduction in water retaining capacity, loss of landscape and wildlife
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Figure 8. Share of agricultural land use in the total national land area: 1995-97

[ Agricultural land [ Other land
% %
100 100

1. Including Luxembourg.
Note: See Annex Table 2.
Source: FAO Database, 1999.

Figure 9. Change in the agricultural land area: 1985-87 to 1995-97

%
10

Percentage equals —23%.
Percentage equals —12%.
Including Luxembourg.
Percentage is close to zero.
Percentage equals 0.
Percentage equals +14%.
52 Note: See Annex Table 3.
\_ Source: FAO Database, 1999.
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Figure 10. Agricultural land area by different use categories: 1995-97

I Permanent pasture [ Arable and permanent crops
% %
100 100
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1. Including Luxembourg.

2. Percentage for arable and permanent crops equals 0.3%.
Note: See Annex Table 2.

Source: FAO Database, 1999.

habitats, and disappearance of local varieties.? The reversion of agricultural land to uncultivated
“natural” habitat may, over time, however, lead to environmental improvements, such as enhancing the
biodiversity, habitat and recreational functions and values of previously cultivated land, and improved
soil conservation (i.e. reduced erosion). Moreover, in some countries policies have been introduced, for
example, to encourage the conversion of agricultural to aquatic habitats, especially wetlands (see the
Wildlife Habitat chapter).

Important changes have also occurred in terms of the pattern of agricultural land use within OECD
countries. For a large number of OECD countries the major use of agricultural land is for permanent
pasture (Figure 10). In some countries the share of permanent pasture in agricultural land has increased
over the past ten years, mainly because of the introduction of land diversion schemes (see Annex
Table 2 in this chapter; and Box 2 on land diversion schemes in the Wildlife Habitat chapter).

Changes in the pattern of agricultural land use from arable crops to pasture, from more to less
intensive cropping systems, and in terms of different cropping patterns can have considerable
environmental effects. Some examples include: exploiting the potential of agricultural land as a source of
renewable energy from biomass production, enhancing the biodiversity and habitat functions provided by
different cropping systems, and altering the sink functions of farm land affecting the net emissions of
greenhouse gases from agriculture. These and other agri-environmental issues related to changes in land
use are examined in many of the chapters in this Report, in particular, those chapters covering Soil Quality,
Land Conservation, Greenhouse Gases, Biodiversity, Wildlife Habitats and Landscape.
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NOTES

. For a more detailed discussion of the historical trends discussed in this section see OECD (19984) and the

annual OECD Agricultural Policies in OECD Countries: Monitoring and Evaluation Report.

. The development of indicators relevant to the age structure of agriculture in the context of sustainable agriculture

is being examined by Australia (Commonwealth of Australia, 1998) and the United Kingdom (MAFF, 2000).

. The structural trends in farm size and numbers discussed here are documented in more detail for the European

Union in: European Commission (1999); and for the United States in: USDA (1997).

. The increasing concentration of the pig and other livestock sectors and its environmental implications is

discussed in the Nutrient Use chapter, but also see MacGregor and McRae (2000, pp. 27) in the case of the
Canadian pig industry; and the European Commission (1999, pp.89-92) for a similar discussion on the pig
industry in the European Union context.

. The PSE data draws from OECD (2000), with numbers for the PSE per full time farmer equivalent shown in

Annex Table 1.

. The various functions and values associated with agricultural land/landscape are shown in Figure 3 of the

Landscape chapter.

. The OECD average is heavily distorted by Canada, which accounts for over a quarter of the total OECD land

area, and where agricultural land occupies only 8 per cent of the total land area (see Annex Table 2).

. For a recent analysis of agricultural land use trends in the European Union see Commision of the European Union

(2000).

. There is extensive literature on the damaging environmental impacts associated with the conversion of

marginal agricultural land to other uses, see for example, Baldock et al.(1995), JIAC (1997), Sumelius (1997),
Swiss Federal Office of Agriculture (1997), and Tikof (1997). For an examination of both the gains and losses to
biodiversity from changing land use, including agricultural land, see Mac et al. (1998, pp.37-61). In some
literature uncultivated marginal land is referred to as abandoned land.
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Annex Table 1.

Key agricultural' indicators

Australia
Austria
Belgium
Canada

Czech Republic
Denmark
Finland

France

Germany(’
Greece
Hungary
Iceland

Ireland
Italy
Japan
Korea

Luxembourg
Mexico

Netherlands
New Zealand

Norway
Poland
Portugal
Spain

Sweden
Switzerland
Turkey

United Kingdom

United States

EU-15
OECD

Employment Agriculture Change in final Annual change
in agriculture? in GDP? agricultural output? in real net farm income
% % % %
1998 Mid-1990s 1985-87 to 1995-97 Mid-1980s to mid-1990s
5 3 32 -1.6
7 1 -2 4.3
2 1 22 0.7
5 2 25 -1.3
6 3 .. ..
4 3 12 4.9
7 4 -6 -4.0
4 2 11 7.9
3 1 -1 .
20 9 -3.9
8 6
9 9
9 5 17 .
7 3 4 -0.1
5 2 -10 2.8
12 6 -2.5
3 1 3
19 6 .. ..
3 3 13 0.4
9 7
5 2 -9 -1.7
19 6
14 4 ..
8 3 12
3 2 -7
5 1 -2
42 14 16
2 2 3 ..
3 2 23 0.7
5 2

Not available.

1. Agriculture is defined as primary agriculture (i.e. excluding upstream/downstream activities, forestry, fishing and hunting) unless otherwise indicated.
2. Employment in agriculture, including hunting, forestry and fishing as a percentage of total civilian employment. Percentages refer to 1997 for
Greece and Portugal and to 1995 for Luxembourg.

3. Agriculture, including hunting, forestry and fishing as a percentage of Gross Domestic Product (GDP).
4. Agricultural output in million US dollars converted using constant 1990 Purchasing Power Parities (PPPs).

5. Details of real net farm income are provided in the Farm Financial Resources chapter of this Report. The period mid-1980s refers to the early 1990s
for Finland, France, Korea and the United States.
6. The change in final agricultural output refers to the period 1990-92 to 1995-97.
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Annex Table 1.

Key agricultural' indicators (cont.)

Change in the 7 New farmers® Educational level of farmers’
number of farms
% % under 35 years % over 35 years % basic training % full training
1985-87 to 1995-97 Late 1990s Mid/late 1990s

Australia -19 32 68 40 20
Austria -19 21 16
Belgium -25 . .. 24 13
Canada . . .. .. 8
Czech Republic .. .. .. .. ..
Denmark -26 . .. 10 3
Finland -23 44 56 .. ..
France -28 . . 15 26
Germany'o =24 .. .. 48 12
Greece -16 . . <1 <1
Hungary .. .. .. .. ..
Iceland .. . . 31 30
Ireland -30 . .. 9 9
Italy -15 .. .. 3 2
Japan =22 12 88 .. ..
Korea =33 .. .. 1 2
Luxembourg -28 . .
Mexico . 59 41 . .
Netherlands -15 . . 40 25
New Zealand -15
Norway =24 51 49 33
Poland . .. . .. ..
Portugal -25 .. .. 3 <1
Spain -29 . .. 1 <1
Sweden -17 32 68
Switzerland -20 58 42
Turkey .. .. .. .. ..
United Kingdom -10 24 76 12 14
United States -9 24 76 23 19
EU-15
OECD

Not available.

. For Austria and Korea, data for the period 1985-87 refer to the year 1980. For Finland, the percentage covers the period 1990-95. For the United States,
data for the period 1995-97 refer to the year 1994. For Portugal, data for the period 1985-87 refer to the year 1989 (new statistical methodology) and
data for the period 1995-97 refer to the year 1995.

8. For the United Kingdom, the categories refer to under 45 years old and over 45 years old.

. Basic training includes any training course completed after school at an agricultural college, such as an agricultural apprenticeship. Full training
includes any training course for at least two years after school at an agricultural college, such as that completed at a university.

10. The change in the number of farms covers eastern and western Germany.

a9

O
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Annex Table 1.

Key agricultural' indicators (cont.)

Australia
Austria
Belgium
Canada

Czech Republic!?
Denmark

Finland

France

Germany
Greece
Hungary
Iceland

Ireland
Italy
Japan
Korea

Luxembourg
Mexico

Netherlands
New Zealand

Norway
Poland
Portugal
Spain

Sweden
Switzerland
Turkey

United Kingdom
United States

EU-15'
OECD

Producer Support Estimate '

Producer Support Estimate
per Full-time Farmer Equivalent]2

%

Thousand US$

1986-88 1997-99 1986-88 1997-99

8 7 3 3
n.c. n.c. n.c. n.c.
n.c. n.c. n.c. n.c.
34 17 12 )
59 18 8 4
n.c n.c. n.c. n.c.
n.c n.c. n.c. n.c.
n.c n.c. n.c. n.c.
n.c n.c. n.c. n.c.
n.c. n.c. n.c. n.c.
39 13 3 2
74 64 26 33
n.c. n.c. n.c. n.c.
n.c. n.c. n.c. n.c.
67 61 15 23
71 65 8 22
n.c. n.c. n.c. n.c.

8 19 n.c. 1
n.c. n.c. n.c. n.c.
11 2 4 1
66 66 24 32
29 23 1 1
n.c. n.c. n.c. n.c.
n.c. n.c. n.c. n.c.
n.c. n.c. n.c. n.c.
73 70 33 33
19 34 n.c. n.c.
n.c. n.c. n.c. n.c.
25 20 17 18
44 44 11 17
40 36 11 11

n.c. Not calculated.

11. The Producer Support Estimate (PSE) is an indicator of the annual monetary value of gross transfers from consumers and taxpayers to agricultural
producers, measured at farm gate level, arising from policy measures which support agriculture, regardless of their nature, objectives or impacts

on farm production or income.

12. Full-time Farmer Equivalent (FFE) numbers are calculated on the basis of the European Union Annual Work Unit (2 200 hours of working time in
agriculture each year); EU-12 for 1986-88; EU-15 for 1997-99.

13. PSE data before 1993 covers the Czech part of the former Czechoslovakia.

14. EU-12 for 1986-88; EU-15 for 1997-99. PSEs are not caculated by the OECD Secretariat for individual EU Member states.

Sources: OECD Secretariat; European Commission (1999); Commonwealth of Australia (1998).
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Annex Table 2.

National and agricultural land area: 1985-87 to 1995-97

Total national land area

Agricultural land area

Total of which: of which:
national
land area Agricultural Other Arable and permanent Permanent
land area” land area” crop area’ pasture area”
Million hectares % % %
1995-97 1995-97 1995-97 1985-87 1995-97 1985-87 1995-97
Australia 768 61 39 10 11 90 89
Austria 8 39 61 43 47 57 53
Belgium' 3 45 55 50 53 50 47
Canada 922 8 92 61 61 39 39
Czech Republic? 8 55 45 8l 78 19 2
Denmark 4 64 36 92 86 8 14
Finland 30 7 93 95 95 5 5
France 55 55 45 62 65 38 35
Germany’ 35 50 50 68 70 32 30
Greece 13 71 29 43 43 57 57
Hungary 9 67 33 81 81 19 19
Iceland 10 23 77 <1 <1 100 100
Ireland 7 64 36 18 31 82 69
Italy 29 51 49 71 72 29 28
Japan 38 13 87 88 87 12 13
Korea 10 21 79 96 96 4 4
Mexico 191 56 44 25 25 75 75
Netherlands 3 58 42 43 47 57 53
New Zealand 27 62 38 21 20 79 80
Norway 31 4 96 90 88 10 12
Poland 30 61 39 79 78 21 22
Portugal 9 43 57 79 74 21 26
Spain 50 61 39 67 65 33 35
Sweden 41 8 92 84 85 16 15
Switzerland* 4 40 60 27 29 73 71
Turkey 77 53 47 71 70 29 30
United Kingdom 24 71 29 39 36 61 64
United States 916 46 54 44 43 56 57
EU-15 313 45 55 60 61 40 39
OECD 3354 39 61 35 35 65 65

Percentages may include rounding errors.
*

Definitions drawn from FAO:

Agricultural land area:

Arable crops, permanent crops and permanent pasture.

Other land area:

Forest and woodland, urban areas, infrastructure, open land, etc.

Arable crop area:

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).

Permanent crop area:

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.

Permanent pasture area:
Land used permanently (five years or more) for herbaceous forage crops, either cultivated or growing wild (wild prairie or grazing land).
Including Luxembourg.
National data for 1985-87 refer to 1980-82 and cover the Czech part of the former Czechoslovakia.
Data cover western and eastern Germany.

1

2

3.

4. National data were
Source:

used.

FAO Database, 1999.
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Annex Table 3.

Agricultural land use: 1985-87 to 1995-97
Thousand hectares

Agricultural land area’ Arable and permanent crop area” Permanent pasture area’

1985-87 1995-97 1985-87 1995-97 1985-87 1995-97
Australia 471 622 466 556 47 130 50 223 424 491 416 333
Austria 3503 3201 1517 1 493 1 986 1707
BelgiumI 1476 1471 745 784 731 687
Canada 74 960 74 667 46010 45 667 28 950 29 000
Czech Republic2 4370 4279 3523 3348 847 931
Denmark 2817 2710 2 602 2344 215 366
Finland 2 407 2 265 2276 2153 130 112
France 31397 30001 19 334 19 474 12 062 10527
C.ermany3 18 192 17 336 12 412 12 062 5 780 5274
Greece 9 196 9091 3941 3941 5255 5150
Hungary 6524 6 186 5290 5038 1234 1148
Iceland 2281 2280 7 6 2274 2274
Ireland 5 689 4387 1008 1347 4 681 3040
Italy 17 050 15010 12 094 10 821 4956 4189
Japan 5359 4994 4733 4336 626 658
Korea 2223 2041 2143 1951 80 90
Mexico 100 833 107 200 25 333 27 300 75 500 79 900
Netherlands 2016 1970 873 927 1143 1044
New Zealand 17 472 16 579 3615 3262 13 857 13317
Norway 965 1099 865 965 100 134
Poland 18 887 18 586 14 827 14 484 4060 4103
Portugal 3997 3924 3159 2900 838 1024
Spain 30 641 30 491 20 409 19 807 10 232 10 684
Sweden 3 475 3285 2907 2793 568 492
Switzerland* 1580 1 580 432 452 1148 1128
Turkey 38 680 40 854 27 647 28 476 11033 12378
United Kingdom 18 141 17 266 7025 6183 11115 11083
United States 429915 418 250 189 125 179 000 240 791 239 250
EU-15 149 997 142 408 90 303 87 029 59 694 55 379
OECD 1325 669 1307 559 460 983 451 537 864 686 856 022

*  Definitions drawn from FAO:

Agricultural land area:
Arable crops, permanent crops and permanent pasture.

Arable crop area:

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).

Permanent crop area:

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.

Permanent pasture area:
Land used permanently (five years or more) for herbaceous forage crops, either cultivated or growing wild (wild prairie or grazing land).

ource:

Including Luxembourg.
National data for 1985-87 refer to 1980-82 and cover the Czech part of the former Czechoslovakia.
Data cover western and eastern Germany.

National data were used.

FAO Database, 1999.
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Chapter 2
FARM FINANCIAL RESOURCES

HIGHLIGHTS

Context

Financial resources are a key driving force behind farmers’ actions, but are not directly related to
environmental performance. The relationship between farm financial resources and environmental
outcomes is complex, as farms can remain profitable at the expense of environmental degradation, at
least over the medium term. Profitable farms, however, can better afford to take the environment into
account in their investment and farm management decisions.

The availability of financial resources influences farming practices; the ability to acquire new
technologies; as well as the type, level and intensity of input use and of production. They also affect the
degree of adoption of environmentally benign production methods, including farmers’ attitude towards
environmental risks; rates of structural adjustment, including farm amalgamation; and the exit and entry of
farmers into the sector.

The two main sources of farm financial resources in OECD countries include returns from the market
and government support (farm household income can also include non-farm sources of income). The type
and level of support provided to farmers varies widely across the OECD. Since the late 1980s many
countries have introduced agri-environmental measures, and land diversion schemes with environmental
objectives, mainly aimed at: changing farming practices (e.g. raising environmental awareness through
farm advisory services or voluntary farm groups); developing agri-environmental research (e.g. on soil
carbon changes); providing payments to farmers for reducing environmental damage (e.g. animal waste
treatment facilities) and enhancing environmental services (e.g. laying hedgerows). In addition, farmers
also have to comply with environmental standards and regulations, especially with regard to the use of
pesticides and inorganic fertilisers.

Indicators and recent trends

OECD indicators on farm financial resources reflect the financial health of the farm and cover two
areas: first, net farm income from agricultural activities, and second, public and private agri-environmental
expenditure, including agri-environmental research expenditure.

Net farm income is calculated as the difference between gross output and all expenses, including
depreciation at the farm level. While nominal net farm incomes have risen for most OECD countries over
the past 10 years, the performance in real terms has been variable and over recent years net farm
incomes have sharply declined for some countries. Agricultural households also obtain a substantial share
of their income from non-agricultural activities in many countries, and in some countries the total average
income of agricultural households exceeds that of non-agricultural ones.

Public and private agri-environmental expenditure is aimed at both mitigating the negative impacts of
agriculture on the environment and also enhancing the benefits. For a large number of OECD countries there
has been a very rapid increase in public agri-environmental expenditure over the 1990s, associated with the
introduction of many new environmental measures related to agriculture. The use of this expenditure varies
widely across countries, reflecting differences in agri-environmental concerns and priorities.

A significant share of public agricultural research expenditure in many countries is spent on addressing
agri-environmental concerns, and in some cases this share has been increasing since the mid-1980s.
While in a few countries private agri-environmental expenditure is important, there is little systematic
collection of this expenditure data.

_e3]

© OECD 2001



Environmental Indicators for Agriculture: Methods and Results, Volume 3

Lot

1. Background

The link between financial resources and environment is complex as farms can remain profitable at
the expense of environmental degradation, but on the other hand, only profitable farms can afford to
take the environment into account in their actions. Farmers thus require sufficient financial resources
(i.e. be financially sustainable) in order to operate profitably and use environmentally sound farming
technology' and management practices.

In addition to financial resources, there are other factors influencing the adoption of environmentally
sound management practices, such as education and attitudes to risk and the environment, and “external”
factors, such as farm size and type, topography and climate (see Contextual Indicators chapter). Farmers’
skills and ability to manage the financial resources at their disposal also include their adaptability to
respond to changes in their financial situation, and whether a farmer is part-time, full time, tenant, or
owner, and engages wage labour (Culver and Seecharan, 1986).

In most OECD countries, farm financial resources or farm income consist of market returns on
agricultural production, loan and equity capital, and transfers due to agricultural policies from taxpayers
(government budgetary support) and consumers (through market price support).? Although fluctuations in
farm income reflect uncertainties and risks in the economy, short-term fluctuations can lead to bankruptcy
for normally viable farmers. Hence governments often introduce policies to reduce fluctuations in farm
income including disaster relief, insurance schemes and income safety net or stabilisation programmes.

The timing, certainty and level of financial resource flows affect farmers’ ability and actions with
respect to the type, level and intensity of input use and of production and with respect to the
acquisition of new technologies. Uncertainty and a short planning horizon may cause difficulties in
achieving financial sustainability through, for example, a lack of investment in measures that reduce soil
degradation, which may ultimately lead to higher costs and reduction of profitability.

At a broader level, the availability of financial resources influences the rate of structural adjustment
in agriculture, including farm amalgamation and the exit and entry of farmers into the agricultural sector.
The latter can lead to pressures for policy interventions (Lockie et al., 1995; Supalla et al., 1995). A farm
that is well-managed, efficiently farmed and able to meet debt servicing requirements also has the
ability to adapt and react to changes in a timely way (Shadbolt et al., 1997).

Farmers for whom farming is not the main source of livelihood can have different attitudes towards
farming and risk, and consequently may be more likely to take environmental quality into account in
their farm management decisions. At the same time, part-time farmers may substitute farm chemicals
for labour, which can have adverse environmental effects. Ownership patterns also influence farmers’
attitudes towards the environment, as these patterns not only reflect present cultivation rights and
obligations, but also embody a mixture of historical traditions and events.

Where markets are not considered to give correct signals regarding the level of environmental quality
demanded by society, in some countries payments are given to farmers for the provision of environmental
benefits or services or to reduce actions that have harmful environmental effects. Regulatory measures are
also used, in particular relating to the use of pesticides, fertilisers and treatment of livestock manure
through applying the polluter pays principle in all countries. All these policy measures have an impact on
farm financial resources.

It is useful to identify drivers for both short-term (viability) and long-term (sustainability) goals.
Farmers need to achieve a balance over time between the cost of capital and the benefits realised from
agriculture’s use of natural resources and the environment. This balance provides a link between the
environmental, economic and social dimensions of sustainable development.

Within the Driving Force-State-Response (DSR) framework (see Background chapter), financial
parameters are both driving forces and state indicators. As driving forces, they influence the decisions
and behaviour of farmers in relation to the environment. In other words, they determine the
“responses” farmers will make. As state indicators, they indicate the financial health of the farming
operation.
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2. Indicators
Farm income

Definition

Trends in net farm income defined as the difference between the value of gross output and all
expenses, including depreciation at the farm level from agricultural activities.

Method of calculation

Gross output is the sum of receipts from sales of crop and livestock products, direct payments, and
receipts from agricultural activities. Expenses include expenditure on intermediate consumption (goods
and services consumed in the production process, such as, seeds, animal feed, fertilisers, pesticides,
repair and maintenance), taxes, compensation of employees (wages and salaries), rent, interest and
depreciation (consumption of fixed capital). Net farm income from agricultural activities is calculated by
subtracting the expenses from the gross output.

Recent trends

Over the past ten years net farm incomes have increased in many OECD countries, although for
some countries farm incomes have decreased over recent years, and declined for most countries when
adjusted for inflation in real terms (Figure 1). Annual changes in net farm income from agricultural
activities, however, only provide a part of the farm income picture, as it is also important to examine
farm household income, which takes into account income received from non-agricultural sources. This
can include income received, for example, from non-commodity related farming activities, such as rural
tourism, or include, income generated from non-agricultural investments (e.g. on the stockmarket) or by
other members of the farm household not involved with the farm (e.g. a farmer’s children living on the
farm but working outside agriculture).

In Australia and New Zealand, long-term real net farm income is one of the key indicators for assessing
sustainable agriculture (Commonwealth of Australia, 1998). The real net farm income is calculated by
subtracting the real value of farm costs (marketing expenses, purchases of inputs, taxes, interest and
other charges and wages paid by the business) from the real value of farm income (receipts from
agricultural production, rents, interest and other revenues). The resulting real net farm income is the
amount available to give a return on financial capital and human resources as well as maintain the
productive capacity of the natural resource base.

An improvement to the real net farm income indicator being developed by Australia and New Zealand
is the profit at full equity indicator. This indicator takes account of the depreciation costs of farm capital
and the value of farm and partnership labour, but is difficult to calculate due to lack of data
(Commonwealth of Australia, 1998). In Australia, over the 1990s there has been a slight downward trend
in real net farm income, caused by the net effect of a declining terms of trade but higher productivity
and declining farm numbers (Commonwealth of Australia, 1998).

Interpretation and links to other indicators

The net farm income indicator tracks financial viability, so that if financial returns are consistently
negative any farming system will be unsustainable. Net farm income shows whether the farmer has
made adjustments to the operating profit, cost of capital or both, in order to maintain financial
sustainability. In addition to varying agricultural prices and policies, changes in farm income over time
are affected by farm size, changes in technology and management practices, all of which affect input
use, output levels and the productivity of resources.

Net farm income measures profitability and is one of the key indicators of sustainability in
agriculture: it reflects the economic viability of the agricultural sector. Profitability is very important in
environmental farm management decisions, evidence shows that farmers who believe they could do
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Figure 1. Nominal and real net farm income from agricultural activities: mid-1980s to mid-1990s

Annual change in real net farm income Percentage annual change in net farm income
period l_\lominal ) Real

% -8 income income
France! France 1990-1995 10.3 7.9
Denmark Denmark 1985-1997 7.8 5.4
Austria Austria 1985-1997 7.4 5.1
Japan Japan 1985-1998 4.9 3.7
Belgium Belgium 1987-1994 2.9 0.8
United States® United States 1991-1998 25 0.6
Netherlands Netherlands 1988-1994 0.5 -0.1
Italy Italy 1987-1995 4.5 -0.3
Norway Norway 1985-1997 1.8 -1.2
Canada Canada 1985-1997 1.2 -1.5
Australia Australia 1988-1996 1.2 -1.6
Korea! Korea 1990-1998 1.2 -2.6
Greece Greece 1986-1995 8.2 -4.6
Finland* Finland 1991-1996 -4.1 -5.6

1. Mid-1980s refer to early 1990s.
Note: See Annex Table 1.
Sources: OECD (1995a, 1995b, 1998, 1999); EUROSTAT (1998).

more to preserve the environment often feel too constrained by economic considerations to do so (see,
for example, Beedell and Rehman, 1996; Rauniyar and Parker, 1996). If net income has not changed
significantly this may not mean operating profits have not changed, because interest payments may
have reduced as farm businesses repay debt to reduce commitments. Returns for owners’ capital will
also have decreased.

The standard way to calculate financial profit does not take into account the environmental
externalities of farming (e.g. cost of water pollution, soil erosion, damage to biodiversity and habitat).
Nor does it indicate the degree to which changes in technology or the quality of the resource base are
responsible for changes in agricultural output and the efficiency of resources used in production.
Assessing sustainability would be simplified if the value of land reflected its true productive potential,
but often the degradation of the natural resource base of the farm is not recognised or included in
short-term financial indicators of a farm’s profitability (Agricultural Council of Australia and New
Zealand, 1993; Hrubovcak et al., 1995). Similarly, changes in farming practices that improve the resource
base are not widely reflected in most farm financial indicators.

While the consumption of physical capital is deducted from the net farm income calculation, a similar
deduction is not made for other types of capital, including farmland or natural resource stocks such as
water quality and quantity. In addition, it is not adjusted for externalities associated with agricultural
production, such as the degradation of water quality through farm nutrient and pesticide run-off. Research
in the United States shows that the environmentally adjusted agricultural net income would be 6 to 8 per
cent lower than the conventional income measurement (Hrubovcak et al., 1995). In Australia, the production
equivalent of degradation, i.e. the estimated decline from the value of production obtainable from current
land uses had there been no degradation, is between 5 to 6 per cent of agricultural production or around
AS 1.1 to 1.5 billion annually (US$0.8-1.1 billion in 1994-95 values) (Commonwealth of Australia, 1995; and
Industry Commission, 1996).
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Measuring trends in farm income is of limited use unless they are compared with families’ income
expectations. If lifestyle expectations have been increasing at a faster rate than farm income, as would
appear to be the case in New Zealand, then the financial equilibrium is at risk (Shadbolt, 2000). According
to research carried out in New Zealand, the trend in farm income has, almost without exception, been
positive, but it has not matched farmers’ expectations. In addition, if more than half of household
income comes from off-farm sources, as it does in many OECD countries, then it could be that off-farm
income is financing unprofitable farming businesses.

The links between farm financial resources, farm management and environmental outcomes are
shown in Figure 1 of the Farm Management chapter. Farm financial indicators must be seen in
conjunction with indicators for other agri-environmental areas, especially farm management indicators,
in order to assess the overall sustainability of the farm.

Related information

Farm household income

In many OECD countries a substantial share of farm household income is derived from off-farm
activities. In some countries, even households whose main occupation is farming get a significant share
of their income from non-agricultural activities. Off-farm income mainly includes wages from non-
agricultural employment of household members, capital income and social transfers.

For a number of OECD countries, the average income of agricultural households exceeds that of the
non-agricultural households (OECD, 1995a; OECD, 1998). In some cases, however, farm household
incomes are substantially below, the average non-agricultural household income, such as in regions of
Southern Europe, Mexico and Turkey.

Comparisons with non-farming incomes, however, can be misleading if recognition is not made of
the amount of capital the owners have invested in the business. A notional cost of that capital (say 3 per
cent) should be deducted from net farm income if comparisons are made to take into account the
opportunity cost of that capital. Moreover, the information on farm household incomes does not account
for possible differences in the size of agricultural relative to non-agricultural households, and it does
not provide information on the composition of farm household income, which in part comes from non-
agricultural sources.

Farm real estate values

Farm real estate values are indicators of the general economic health of the agricultural sector.
Farm real estate consists of farmland and attached buildings and dwellings. In the United States, farm real
estate accounts for more than 75 per cent of total farm assets (USDA, 1997). In addition to being the
largest single investment item in a typical farmer’s portfolio, farm real estate is the principal source of
collateral for farm loans, enabling farmers to finance the purchase of additional farmland and
equipment, or to finance current operating expenses. Large variations in farm real estate values alter
the equity positions, creditworthiness, and borrowing capacity of those farm operators and landowners
that hold a large proportion of their assets in farmland. It is not only to farmers that farm real estate
values are important, they are also important to other landowners, prospective buyers, lenders, and the
government.

Farm real estate values are affected by agricultural and non-agricultural factors. Net returns from
agricultural use of farmland are a principal determinant of farmland values. Farmland values are also
influenced by, for example, capital investment in farm structures, non-agricultural demand for farmland,
interest rates, and government agricultural policies. In the United States, the value of buildings account
for about 22 per cent of total farm real estate value, but the regional variations are significant (USDA,
1997). Trends in the value of farmland and buildings suggest that since 1989, the per-farm value of
farmland and buildings has increased slightly more than the corresponding per-hectare value, on
account of the increase in average farm size (Table 1).
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Table 1. Value of farmland and buildings: United States, 1989 to 1996

% change
1989 1990 1991 1992 1993 1994 1995 1996 1989-1996
Average per-hectare value of farmland
and buildings in nominal dollars 1 649 1 684 1736 1 760 1817 1931 2 054 2198 33
Average per-hectare real (inflation adjusted)
value of farmland and buildings, dollars 1331 1304 1286 1252 1262 1 306 1 358 1417 6
Average per-farm value of farmland
and buildings in nominal dollars 304260 313668 325855 330818 345098 368 659 390581 417761 37

Source:  USDA (1997).

The potential to convert farmland to non-agricultural uses can increase the price of farmland well above
its value in agricultural use. Various government policies influence the income derived from farmland, and
hence its value. In addition to government commodity support programmes, farm credit programmes,
zoning regulations, habitat protection laws, infrastructure development (such as roads and dams),
environmental regulations, and property and income tax policy are also important (USDA, 1997). Research
has shown that commodity programmes have increased farmland values relative to what they would have
been in the absence of such programmes (Featherstone and Baker, 1988; Herriges et al., 1992).

Agri-environmental expenditure
Public and private agri-environmental expenditure

Definition

Trends in public and private expenditure, both investment and current, on agri-environmental
goods, services and conservation for improving environmental quality.

Method of calculation

The indicator, measured annually in nominal terms, takes account of: public expenditure on agri-
environmental programmes/measures; existing financial support programmes for farmers adopting
environmental farm management practices (cost-share programmes) and private financial resources
from farmers and private groups directed at the environment. Since the government budget is generally
available for public scrutiny, it is easier to obtain data on public expenditure on agri-environmental
goods and services than on private expenditure.

Agri-environmental expenditure is defined as public and private expenditure aimed at changing
farming practices (such as moving towards extensive or organic methods of production, or establishing
voluntary community actions and groups), subsidising environmental investments (such as animal
waste treatment facilities) or paying farmers for the provision of environmental benefits (such as
landscape provision and for providing field margins to improve biodiversity). Public agri-environmental
expenditure includes expenditure by federal/central, state/provincial and local governments.

Private agri-environmental expenditure includes expenditure by farmers and private groups, such
as industry and environmental pressure groups. For example, the agro-food industry and supermarket-
chains may compensate contract farmers for using environmentally sound production methods, while
some companies producing mineral water pay farmers for using environmentally sound management
practices to ensure that groundwater is not contaminated. Some environmental pressure groups also
purchase land, which they rent out to farmers with the requirement that they use environmentally
sound production methods.
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Recent trends

New agri-environmental programmes were introduced in many OECD countries in the late 1980s and
early 1990s and consequently the trend in public agri-environmental expenditure has shown a significant
increase in most cases (Figure 2). Although the level of private agri-environmental expenditure is significant
in several OECD countries, information on these expenditure items is seldom collected systematically.
The distribution of agri-environmental expenditure across different areas varies between OECD countries
(Figure 3). The differences in the distribution reflect environmental and policy priorities in the countries,
so cross-country comparisons should be avoided.

Figure 2. Public expenditure on agri-environmental goods, services and conservation: 1993 to 1998
Index 1993 = 100
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Note: See Annex Table 2.
Source: OECD Agri-environmental Indicators Questionnaire, 1999.

The expenditure on environmental payments in relation to the total expenditure under the Common
Agricultural Policy (CAP) has been increasing in the United Kingdom (Figure 4). Shifts in the composition of
CAP expenditure towards environmental payments is likely to be a move towards a more sustainable and
better targeted method of support for rural areas. Although the share of environmental expenditure is still
low, it is increasing rapidly.

Interpretation and links to other indicators

Total agri-environmental expenditure provides a general indication of the ability and
preferences of a country’s financial efforts to address environmental quality in agriculture. The
expenditure figures must be interpreted carefully as expenditure may increase because environmental
problems are being recognised, or because more environmental benefits are being provided.
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Figure 3. Shares of the main items in total agri-environmental expenditure: late 1990s

Portugal, 1997
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Private Public
Conservation data Technical

assistance, extension
and administration
25%

Irrigation water and and re?)earch
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24%

Capital expenditures,
land improvement

Practice
installation and
adoption
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Repair and !_and 9%
maintenance, retirement

Public works project
6%

land improvement 49%

38%

Source: OECD Agri-environmental Indicators Questionnaire, 1999.

Moreover, for some countries agri-environmental expenditure may not include expenditure provided
to farmers under environmental measures.

Low agri-environmental expenditure can be associated both with poor environmental quality
(indicating lack of political concern and awareness of environmental issues), or with high environmental
quality (indicating that there is no need for agri-environmental expenditure). In some cases high agri-
environmental expenditure levels may also mean that farmers are being over-remunerated. Agri-
environmental expenditure is not the equivalent to the cost of environmental damage.

Public agri-environmental expenditure is often directed to farmers to reduce harmful environmental
effects, and to remunerate them for providing additional environmental goods and services. Private
agri-environmental expenditure refers to expenditure by economic entities implementing pollution
control measures and undertaking compliance activities. A description of public/private expenditure
on biodiversity, habitat and landscape conservation in agriculture is provided in the Landscape chapter.
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Figure 3.

Japan, 1998
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Shares of the main items in total agri-environmental expenditure: late 1990s (cont.)

Netherlands,® 1997

Private
Soil
50%
’ Others
4%
Water
14%
Air
32%
Sweden, 1998
Public
Water protection
28%
Biodiversity and
landscape

55%
Organic farming
17%

United Kingdom, 1998
Public

Farm Waste Grant
0.1%

Nitrates Sensitive
Areas
3%

Agri-environment
schemes and
other measures
97%

1. Only concerns management for landscape, and not expenditure covered under environmental pressures.

Source: OECD Agri-environmental Indicators Questionnaire, 1999.

© OECD 2001



Environmental Indicators for Agriculture: Methods and Results, Volume 3

L7

Figure 4. Payments to farmers for agri-environmental purposes:
United Kingdom, 1993 to 1999

% %
5 5

4 .
— .

N

2 _ Agri-environmental expenditure as a 2
percentage of public expenditure
on national grants and subsidies

1 _under the EU Common 1
Agicultural Policy

0 1 1 1 | 0
1993-94 1994-95 1995-96 1996-97 1997-98 1998-99 (p)

p:  Provisional.
Source: MAFF (2000).

Expenditure on agri-environmental research

Definition

Share of public and private sector expenditure on agri-environmental research in total agricultural
research expenditure.

Method of calculation

Agri-environmental research is defined as research primarily aimed at addressing environmental issues
in agriculture. This includes, for example, research aimed at ameliorating the negative impacts of agriculture
on the environment (e.g. pollution of water from pesticides), or at enhancing agricultural activities that have
positive environmental impacts (e.g. habitat conservation).

Public sector agri-environmental research expenditure includes, for most countries, research funding by
central, state and local governments, and publicly funded universities and research institutes. Private sector
research expenditure covers research mainly by the agro-food industry, private research institutes and
universities, although few countries have data on private research expenditure.

Recent trends

For those OECD countries for which data are available, the share of public agri-environmental research
expenditure in relation to total agricultural research expenditure has been relatively stable since the early
1990s, generally with a share above 20 per cent. A significant increase in the share of agri-environmental
research expenditure in total research expenditure has occurred in Japan and Switzerland (Figure 5).
There are some country specific differences in these data, Japan, for example, only includes expenditure by
the central government. The composition of agri-environmental research expenditure also varies across
OECD countries, but in general cover research on soil, land, water and biodiversity. There is very little
information on private sector expenditure on agri-environmental research.

Interpretation and links to other indicators

Historically, new technologies developed through agricultural research and development have
increased productivity and output, and been essential in meeting the growing demand for food and
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Figure 5. Share of public agri-environmental research expenditure in total agricultural research expenditure:
1985 to mid/late 1990s

[ 1985 [ Early 1990s [ Mid/late 1990s
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1. Data not available for all periods.
Note: Early 1990s: 1991 (United Kingdom, United States and Switzerland); 1993 (Japan); 1994 (Austria).

Mid/late 1990s: 1995 (United Kingdom); 1996 (United States); 1997 (Switzerland, Portugal); 1998 (Austria, Iceland, Japan, Netherlands).
Source: OECD Agri-environmental Indicators Questionnaire, 1999.

industrial crops. The objective of agri-environmental research, on the other hand, is to improve the
environmental performance in agriculture.

Agri-environmental research includes a wide range of topics, such as research on environmentally
sound farm management practices (e.g. integrated pest management, conservation tillage, enhanced
nutrient management and precision farming), and the environmental effects of farm management
practices (e.g. effect on non-target species, soil erosion and nutrient leaching). Agri-environmental
research expenditure measures investment in the capacity of the agricultural sector to build and transfer
knowledge to improve on-farm management practices. Although it can be assumed that more agri-
environmental research is beneficial for the environment, some caution is necessary with this assumption.

A more precise definition of agri-environmental research would help to improve the interpretation of
the indicator. Definitions of what constitutes environmental expenditure vary across countries, for
example, some include animal welfare and research expenditure on genetically modified organisms.
Research funding levels do not necessarily reveal the relevance of particular agri-environmental issues.
For example, it is not always apparent if research outcomes support sustainable agriculture objectives,
whether the research is of high quality, or whether farmers will accept and apply the research findings. The
indicator could be further developed to reflect at least some of these aspects, particularly by linking them
to farm management indicators.

3. Future challenges

Net farm income does not reveal whether the farm business is financially sustainable or not in the
long term. In order to assess financial sustainability, it is important to look at the farm financial equilibrium,
which is the equilibrium between net operating profit after tax (NOPAT) and the extracted cost of
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capital.? The total net returns from a farmland-based business include those generated from the
farming business (NOPAT) and those generated by the property market (capital gains/losses). In reality,
a non-farming agricultural land owner would require a cash rental return in addition to any capital gain
and a tenant farmer would expect to pay a rent for the farmland operated. The rent can only be paid if
net operating profits after tax are generated by the farming business.*

Total net returns must at least meet the weighted average cost of capital (WACC) of that business.
The WACC is made up of the cost of debt (net of any tax credits if such costs are tax deductible) and the
cost of equity. The cost of equity consists of the cash component, extracted from the business by the
owners over and above that paid to them as a reward for labour and management in the calculation of
the NOPAT, and the non-cash component, the capital gains or losses.

If the NOPAT is consistently negative but the farming business has an operating cash surplus the
business is unable to meet the imputed value of its family labour. This is unlikely to be sustainable as
at some point either the next generation returning to the farm, or its new owners when it is sold, will not
be prepared to work for less than they are worth. If the cash, or “extracted” cost of equity is consistently
negative the family is removing less for its labour and management than it is worth. While this is logical
in the short term to ensure the cost of debt is met, it is not sustainable.

If the extracted cost of equity is zero then the farmland-based business can be redefined as a farm
household. That is a place from which income is generated, either on or off-farm, but from which no
equity return is required from the capital invested other than capital gain. There is a risk implicit in
relying only on capital gain for a return on equity. This risk may not be acceptable to future generations
or new owners of the property.

Research reported by Switzerland explored varying options of how indicators on farm financial
resources could be developed, recognising the difficulties involved in comparing countries for items such
as the debt/equity ratio, when definitions vary so much according to accountancy rules, type of farm and
country. The particular problem areas identified were definitions concerning the farm, valuation and
depreciation. The research also pointed out the difficulties that would arise from attempting to draw a
direct link between similar environmental indicators (e.g. a decrease in phosphorous surplus) and net farm
and off-farm income in a comparison between countries. The use of financial indicators to measure the
effect of participation in environmentally relevant programmes could be helpful in this respect.

Adjusting for changes in agriculture natural resource use and pollution could help to further
develop the indicator on farm financial resources. This might include, for example, monetary estimates
of the cost of groundwater reserve depletion and nutrient pollution from agricultural activities. The
indicator would then have the potential to show whether the farm is maintaining its financial resources
at the cost of resource depletion or pollution. A similar adjustment could be made for environmental
benefits, although this is at present more difficult than quantifying resource depletion. This sustainable
cost approach extends farm financial equilibrium to include resource management. A positive trend
would indicate that the farm is not only maintaining financial and environmental resources but also
reinvesting for growth.

Developing the farm financial resource indicators to take into account natural resource depletion,
pollution, and environmental goods and services provided by agriculture, would help in research to
estimate agricultural productivity indices net of these environmental externalities. This work could also
help toward adjusting national agricultural economic accounts for the environmental costs and benefits
generated by agricultural activities.’
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NOTES

1. The use of environmentally sound farming technology, such as precision farming, can reduce adverse
environmental impacts. Precision farming uses advanced technology, such as the global positioning system
(GPS) to collect data at precise locations, optical scanners to detect soil organic matter and the geographical
information system (GIS) (Hrubovcak et al., 1999).

2. For an examination of support provided to farmers through agricultural policies, see OECD (2000).

3. The net operating surplus approach used, for example, in the OECD Agricultural Accounts (1997) is the same as
the net operating profit after tax approach, when the reward for family labour and management is included in
the compensation for employees as an imputed cost.

4. Research on the farm financial equilibrium approach has been developed in New Zealand, see Shadbolt et al.
(1997); Shadbolt and Stewart (1998); and Shadbolt (2000).

5. The issue of adjusting agricultural productivity measures and national agricultural economic accounts for
environmental externalities generated by agriculture is explored by Ball and Nehring (1994); and Gray (1993).
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Annex Table 1.

Nominal net farm income from agricultural activities: 1984 to 1998
USS, Calendar year

Australia'
Austria
Belgium
Canada

Czech Republic
Denmark!
Finland

France

Germanyl
Greece
Hungary
Iceland

Ireland
Italy
Japan
Korea

Luxembourg
Mexico

Netherlands
New Zealand

Norway
Poland
Portugal
Spain

Sweden
Switzerland
Turkey

United Kingdom
United States

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
.. . 36 120 26 663 4308 6378 10 464 16 951 11989 32589 29517 .
10 229 18981 . 20943 . 26 805 . 26 340 30 776 40 470 34015 28 197
. . . 29 927 44388 38 208 46 561 45 389 47 993 45938 43 064 . . .
7502 7532 7 888 9648 7948 8494 8136 8 607 8352 10814 8493 9626 9 257 9791
. .. . . . 3877 . . 2 645 . .. . . .
16 807 13 736 17 082 17 392 21242 27615 28 598 29219 26 785 26 750 32043 39117 42530 37295
. 23216 20953 15568 16 393 21044 18 814
31063 50 705
. . . . . . . 31195 37 664 37 094 33 254
5876 7059 9 663 . 11543 14 246 13103 15 404 18 579 .
86 58
11723 . . 19 643 . . 24 296 30 104 29 689 25036 26 710 31893 . . .
4484 4 465 6 002 6526 7 435 8 057 8033 8329 11291 11615 15584 15331 12 754 9942 8913
4247 8 848 9595 9431 10 502 12 838 13571 13471 10 735 6394
58931 66 058 77 157 77 420 72 921 59 206 76 566 83 547
19 754 19 351 22119 26 437 27129 29551 34 882 32 804 32119 30 630 26 146 28 877 29 068 25 791
3411 3128 3612 3770 2 666 3044 .
23 453
45 809 47113 47 453 49 607
5810 7180 4815 4376 4720 7906 6 205 7106

Not available.

1. Data are for fiscal year (July to June).

Source:

OECD (19954, 19956, 1998, 1999); EUROSTAT (1998).
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Annex Table 2.

Public expenditure on agri-environmental goods, services and conservation:' 1985 to 1998
Million US$

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Austria . . 55 228 292 309 380 328 228 279
France 1 1 0 1 4 9 194 260 310 325 368 328
Germany 10 35 72 264 357 596 621 563 543
Iceland? 3 3 3 3
Italy .. 27 196 349 459 724
Japan .. .. .. .. .. .. 74 93 159 175 162 146
Netherlands 1 2 3 5 5 8 9 11 11 13 17 21 21 25
Norway 2 212 286 436 415 419 481 555 527 560
Portugal . 37 25 7 4 23
Spain . . . . . 16 20 39 73 101 152
Sweden® 3 7 16 34 47 40 40 137 246 182 217
Switzerland? . 1 1 2 1 12 4 27 74 125 232 503 506 504
United Kin.gdom‘3 .. .. .. .. 15 20 104 132 143 154 191 179 224 289
United States 1398 1 364 1390 1436 2143 2728 3021 3 467 3631 3793 3 843 4183 4027 4121

Not available.
Research expenditure are not included.
Only includes expenditures on soil conservation.

Data are for financial year (April to March).

QuUs W

From 1995 onwards, the data include programmes co-financed by EU.
Expenditures on agri-environmental research is only available every two years.

ource: OECD Agri-environmental Indicators Questionnaire, 1999.
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1. FARM MANAGEMENT



Chapter 1
FARM MANAGEMENT

HIGHLIGHTS

Context

Environmental conditions and farming systems vary within and across OECD countries and,
consequently, best farm management practices vary from one region to another. Farm management
decisions are influenced by environmental regulations, agricultural support measures, investments in
research, education and extension services and site-specific environmental conditions. Information on
farm management practices, and how these practices affect the environment and meet compulsory,
regulatory or voluntary standards, is an important tool for policy makers.

There can be trade-offs in implementing environmentally sound management practices. Reducing
soil erosion, for example, whereby farmers move from conventional to reduced or no-tillage in crop
production, can be achieved if weeds are controlled with herbicides. An environmental side-effect of
these practices is a likely change in water movement in the soil, with no-tillage leading to increasing
infiltration and percolation of nutrients such as nitrate to the water table compared with conventional
tillage. In addition, the increase in herbicide use may cause pesticide leaching. Thus, the objective of
lowering soil erosion through no-tillage may lead to some negative environmental effects.

Indicators and recent trends

Farm management indicators have the potential to help policy makers take into account the linkages
and trade-offs between different management practices and their impact on the environment, including:
whole farm management involving the overall farming system; and farm management aimed at specific
practices related to nutrients, pests, soils, and irrigation.

Concerning whole farm management indicators, the share of farms with environmental whole farm plans is
increasing, but cross-country data is limited. Also the share of agricultural area under organic farming has
increased significantly over the past ten years, but from a very low base and with wide variations among
OECD countries. Many countries now encourage conversion to and maintenance of organic farming by
providing financial compensation to farmers for any losses incurred during conversion.

Nutrient management indicators include the share of farms with nutrient management plans and the
frequency of soil nutrient tests. Although many countries have developed nutrient management plans,
there is little quantitative information available, however, and soil tests are conducted in most OECD
countries at regular intervals.

Pest management indicators measure the share of cultivated agricultural area that is not treated with
pesticides and the share of cultivated agricultural area under integrated pest management. Based on limited
information, for a few countries it appears both practices have been used more widely during the 1990s.

Soil and land management indicators measure the number of days in a year that the soil is covered with
vegetation. The greater the cumulative soil cover, the greater the protection from soil erosion, compaction
and run-off and the contribution, in general, to biodiversity. Many OECD countries have policy initiatives
to increase soil cover and promote environmental land management practices. In a number of countries,
soil cover days have increased since the mid-1980s and now exceed 250 days per year, but in a few
countries days of soil cover has decreased.

Irrigation and water management indicators measure the share of irrigation water applied by different
irrigation technologies, from the least efficient methods (e.g. flooding) to technologies (e.g. drip-emitters)
that use water more efficiently. For the few countries where information on changes in irrigation
technologies exist, this suggests a shift toward technologies that use water more efficiently. Moreover,
water is not considered a scarce resource in many OECD countries and consequently issues related to
irrigation efficiency are of less importance in those countries.

8]
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1. Background

Policy context

Farm management decisions are influenced by environmental regulations, agricultural support
measures, investments in research, education and extension services and site-specific environmental
conditions. Information on farm management practices, how these practices affect the environment, and
how they compare with recommended (or legislated) practices and standards can contribute to policy
making.

Many OECD countries have developed guidelines for farmers on best management practices (BMP)
and other reference material as a way of encouraging environmentally sound farm management.
Countries also conduct research and provide extension advice and programme support to encourage
the adoption of BMPs. In some countries (e.g. Switzerland) payments to farmers are linked to adoption of
specific management practices (e.g. integrated pest management, maintenance of semi-natural habitats
and minimum soil cover). In others (e.g. the United States), cross-compliance provisions are in place which
withhold financial support from producers who do not comply with certain management practices, such
as restrictions on ploughing erodible cropland or draining sensitive wetlands.

In addition to public sector bodies, voluntary groups and private professional farm organisations
have established guidelines on best management practices in many OECD countries. Other private
sector initiatives include schemes instigated by the agro-food industry and supermarket-chains, which
sometimes have self-generated standards that require contract farmers to use environmentally sound
farm management practices, such as integrated pest management.

There can be trade-offs in policies to encourage environmentally sound management practices. For
example, a policy objective to reduce soil erosion by encouraging farmers to move from conventional
tillage to reduced or no-tillage in crop production, can be achieved if weeds are controlled with
herbicides. An environmental side-effect of these tillage practices is a likely change in water movement
in the soil, with no-tillage increasing infiltration and percolation of nutrients such as nitrate leaching to
the watertable when compared with conventional tillage. In addition, the increase in herbicide use may
cause pesticide leaching. Thus the objective of lowering soil erosion through no-tillage may lead to
some negative environmental effects.

Environmental conditions and farming systems vary within and across countries, and best farm
management practices vary from one region to another. Consequently, it is difficult to compile an
exhaustive list of best management practices that would be valid across OECD countries.

Certain international environmental agreements have implications for farm management practices,
for example, the UN Framework Convention on Climate Change to reduce greenhouse gas emissions from
agriculture, and the Convention on Biological Diversity. Within the European Union organic farming is
harmonised under Regulation 2092/91, while under the International Organic Agriculture Movements,
(IFOAM) guidelines have been established for marketing organic products internationally' Also important
in an international context are the International Organisation for Standardisation (ISO) series of voluntary
management standards ISO 9000 (quality management) and 14000 (environmental management). These
standards are being developed to improve management standards internationally, including agricultural
management practices.?

Farm management indicators are closely linked to indicators on farm financial resources and rural
viability. They capture the broader economic and social elements of sustainable agriculture, in addition
to the environment. Farm management capacity (covering the institutional aspects of agriculture) and
on-farm management practices cover the environmental dimension of sustainable agriculture; farm
financial resources are related to the economic dimension; while rural viability covers mainly the social
dimension. Issues related to farm management capacity, farm financial resources and rural viability are
discussed in other chapters of this report. The linkages between these indicator areas in the context of
environmental farm management plans and their impact on the environment are illustrated in Figure 1.
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Figure 1. Linkages between OECD agri-environmental indicator areas
related to farm management

Farm financial
resourcest .

Farm Environmental On-farm Environmental
management farm management management > impacts
capacity v plans3 practices? of agriculture*

Rural viability
issues?

See Farm Financial Resources chapter of this Report.

See Box 2 in the Contextual Information and Indicators chapter of this Report.

Management plans and practices are discussed in this chapter.

See the following chapters of this Report: Nutrient Use, Pesticide Use and Risks, Water Use, Soil Quality, Water Quality, Land Conservation,
Greenhouse Gases, Biodiversity, Wildlife Habitats and Landscapes.

Source: OECD Secretariat.
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Farm management indicators can provide an early indication of likely changes in the direction of
environmental impacts sometimes well before they can be measured by other indicators, such as those
pertaining to soil and water quality. They can also serve as a proxy for “state” indicators where the latter
are difficult or costly to monitor. Measuring farming practices is often more practical and cheaper than
measuring actual changes in the environment. Monitoring the trends in management practice indicators
alongside appropriate “state” indicators, such as water quality, can also help policy makers to evaluate
directly the success of policies aimed at environmental improvement.

Environmental context

Farm management practices have a direct impact on the environment, both on and off the farm.?
For example, switching from continuous maize or maize-soyabean rotation to maize-alfalfa rotation may
reduce soil erosion by 40 per cent. Similarly, maize-soyabean rotation may reduce nitrogen run off by
10-30 per cent relative to the continuous maize alternative. Some case studies have shown that
herbicide run-off can be reduced by about 70 per cent with no-till and mulch-till practices whereas over
40 per cent reduction can be obtained with ridge-till.

The key environmental and scientific processes underpinning each of the farm management areas
discussed below, are elaborated in greater detail in many other chapters of this Report. Only a brief
outline of the environmental impacts of each farm management area is described in this section, and
summarised in Table 1.

Whole farm management focuses on the long-term, comprehensive view of the use of farm
resources, including land, water, biological and atmospheric resources. It enables a farmer to view the
farm operation as a system whose management explicitly takes into account not only the diverse
elements of the operation, but also their linkages and relationships covering all those elements - soil,
water, air, biodiversity, habitat and landscape — shown in Table 1. Whole farm management can include
conventional and organic farming systems.

An adequate supply of nutrients is required to grow crops and livestock fodder. Sound nutrient
management involves understanding crop needs and nutrient availability at different growth stages, in
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Table 1. Environmental impacts of farm management practices

Soil and land Environmental impacts:

Nutrient management — Improving soil quality requires adequate fertility.
- Crop and residue cover enhanced.
— Soil erosion and compaction reduced by soil cover.

Pest management —Reducing pesticide residues left in soil, by lowering the quantity of pesticides applied
and using less toxic and less persistent pesticides.
Soil and land management — Wind and water erosion from tillage, through inadequate crop or residue cover.
—Increased water erosion from failure to maintain terraces and other erosion control
structures.

- Soil translocation downslope by tillage equipment.

— Compaction from loss of organic matter, excessive tillage.

— Reduced infiltration and increased run-off as a result of compaction.

— Less soil cover when yields reduced by erosion and compaction.

— Lower organic matter, increased run-off, erosion and compaction when soil cover
is reduced.

- Field consolidation removes hedgerows, walls and woodlots which serve as windbreaks
and can have value as landscape features

Irrigation and Water management Irrigation: — Increases crop yields, soil cover and residues.
— Increases water erosion if poorly applied to uneven fields.
— Decreases wind erosion.
— Causes waterlogging if excess water is applied on poorly drained soils.
— Leads to salinity on poorly drained saline soils, or if using saline water.
Drainage: — Leads to more intensively cultivated crops and less soil cover.
— Surface drainage increases water erosion.

Water Environmental impacts:

Nutrient management — Eutrophication from nitrogen (N) and phosphorus (P) in run-off into surface waters.
— Ammonia/acid rain deposition of N into surface waters.
— Nitrate (NO3) leaching into groundwater can occur under poorly managed irrigation.

Pest management — Pesticides carried by run-off/sediment into surface water after application.
— Aerosol and vapour drift into surface water.
— Spraying over drainage channels.
— Spillage during filling and cleaning of spray equipment — Pesticides leached into
groundwater.

Soil and land management —Increased run-off and water erosion carries nutrients, pesticides and sediment into surface
water causing eutrophication and contamination.
— Wind erosion deposits soil and contaminants into water.
— Livestock in riparian zones contaminate water with manure and sediment.
— Buffer strips along watercourses trap sediments and contaminants.

Irrigation and water management Irrigation: — Return flows carry pesticides and nutrients into surface and groundwater,
depending on nutrient and pest management practices.
- Increases leaching of nitrate (NOs) to groundwater.
— Leaches salts from saline soils into drainage waters.
Drainage: — Surface methods increase erosion and run-off of nutrients and pesticides.
— Subsurface drains intercept leached nitrate and pesticides and divert them
to surface water.
— Construction and maintenance of open drains leads to turbidity
and sedimentation downstream.

Air Environmental impacts:

Nutrient management - Denitrification adds to greenhouse gas emissions and ozone depletion.
- Volatilisation of ammonia (NH3) into air from fertilisers and manure.
— Odours from manure storage and spreading.

Pest management — Vapour from volatilisation of spray materials, which can be long-range.
— Spray drift.
— Wind erosion of soil particles contaminated with pesticide residues.

Soil and land management — Denitrification increased in compacted and moist soils, NO, and greenhouse effects.
—Reduced air quality from wind-blown soil can aggravate human respiratory conditions

86 and allergies.
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Table 1. Environmental impacts of farm management practices (cont.)
Air (cont. Environmental impacts:
Irrigation and water management Irrigation: — Increases denitrification, NO, and greenhouse effects.

— Reduces volatilisation of ammonia (NH3) and wind erosion.

Drainage: — Reduces denitrification.
— Increases volatilisation of NH3 and wind erosion.

Biodiversity,

Habitat and Landscape Environmental impacts:

Nutrient management — Eutrophication affects fish and aquatic plant species.
— Minimum nutrient supply necessary for productivity of aquatic ecosystems.
— Species diversity in low-intensity production, for example, high use of N fertilisers may
reduce rare wild flowers in meadows.

Pest management — Direct alteration of mix of species as a result of elimination of target pest.
— Direct alteration of species from pesticide effect on non-target organisms.
— Effect on biodiversity of development of pesticide-resistant mutants.
— Habitat and feed for organisms that rely on target species.

Soil and land management — Eroded sediments damage fish spawning areas.
— Turbidity of water affects aquatic species competition and survival.
- Soil cover by vegetation and residues provides habitat for many species.
— Crop rotation incorporating forages provides habitat for many species.
— Hedgerows and trees provide corridors for wildlife between larger habitats.

Irrigation and water management Irrigation: — Increases soil cover, habitat and food for variety of organisms.
— Reservoirs and canals provide habitat for waterfowl and fish.
— Wetlands created by seepage and drainage from canals provide habitat.
— Pumping from ponds and wells can damage or destroy aquatic habitats.

Drainage: — Encourages cultivated field crops with less soil cover and habitat.
— Construction and maintenance of outlets lower water tables and reduce habitat
by draining wetlands.

Note: Whole farm management covers all the elements shown in this table.
Source:  OECD Secretariat.

order to match nutrient applications efficiently to absorption by the crop roots. It also requires a good
understanding of the costs of different nutrient sources and handling options.

The environmental effects associated with nutrient management stem from “shortage” of nutrients
or from “surplus” nutrient losses from agriculture (Table 1). Nutrient “shortage” means that nutrient sup-
ply does not match crop uptake, which can reduce, for example, soil quality. Nutrient “surplus”, on the
other hand, can result in nutrient leaching. Nutrient management decisions with potential environmen-
tal impacts include timing, placement, forms and rates of fertiliser and manure applications; crop rota-
tions; manure storage and handling; and soil tests to provide accurate readings of soil nutrient levels.

Losses of agricultural production due to pests can jeopardise farm economic viability (Table 1).
Pesticides are generally used when the financial benefit, measured by the value of increased yield or
crop quality, exceeds the cost of applying the pesticide. Pest management decisions mainly involve
applying the mix of pesticides more efficiently and choosing between biological pest control methods
and pesticides. Where pesticides are used, the objective of reducing the cost of pesticide use is
achieved through decisions which involve selecting the most appropriate pesticides, and the timing
and method of application.

Insect monitoring is widely used to determine the timing and frequency of insecticide application,
and the same method can be applied for fungal diseases. Fungicides are also often applied to seed as
an insurance against subsequent cool, wet conditions that would encourage fungal disease of the
seedlings. The decision to use these fungicides is often made by the seed producer, and it can be
difficult to obtain untreated seeds.

© OECD 2001
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Examples of non-chemical pest control methods include crop rotation; use of crop plants that are
allopathic (plants whose roots and residues produce exudates that suppress the growth of many other
plants, including weeds) and antagonistic (plants that produce compounds that repel many insect and
other pest organisms); and encouragement of predatory organisms.

Integrated pest management (IPM) uses a combination of practices to reduce the need for chemical
pesticides, including crop rotation; scouting and monitoring the presence and growth stage of pests,
and the use of allopathic, antagonistic and parasitic organisms, and biological pesticides. Rotating crops
between those that host a particular pest, or are especially vulnerable to particular weeds, reduces the
need for pest control.

Monocultures in arable production often increase pest problems and the risk of strains of insects
and weeds developing resistance to pesticides. Inclusion of forage crops with grain or horticultural
crops in regular crop rotation, is likely to reduce the need for pest control. Allopathic crops and
residues release natural compounds that discourage some weeds. Some insect pests are repelled by
certain plants and materials made from naturally occurring hormones.

Soil and land management encompasses the range of decisions farmers make regarding when and
how to till the soil, how much crop residue to keep on the soil surface, whether to clear land or leave it
in rangeland or woodland, whether to construct terraces, and whether to remove hedgerows and walls
(Table 1). These decisions also affect other farm management issues, including pesticide and nutrient
use. For example, reduced tillage or no-till systems rely on herbicides to replace tillage energy for the
control of weeds. They also reduce erosion and compaction. As a consequence, farmers need to
compare the costs and the benefits of tillage practices with herbicide use. Financial considerations are
also important in retention or removal of woodland, hedges and walls, unless the farmer is retaining
them deliberately for wildlife habitat or aesthetic reasons.

Soil erosion is often not recognised by farmers, because the short-term effects on crops and
performance on-farm are usually insignificant compared to the effects of erosion off-farm. It is a problem
on tilled soils, especially those left barren, and without residue or plant cover during winter. Because of
the combined effect of erosion by wind and water, and soil displacement by machinery, cropping
systems on sloping land are seldom stable or sustainable if heavy tillage equipment is used.

Reduced tillage and no tillage practices will generally improve soil structure through reduced
compaction, but often result in the need for higher herbicide use and can cause leaching losses (Topp
et al., 1995). Other methods to improve soil structure involve crop rotation with forage grasses and/or
legumes, and the application of manure. The application of these practices, however, will be limited in
areas where agriculture is largely crop based without livestock.

Reduced and no tillage result in greater soil cover. Winter cover crops provide protection from soil
erosion over winter and add organic matter to the soil when they are ploughed under in the spring.
Reduced tillage also reduces the loss of organic matter by oxidation.

Irrigation may be undertaken for a variety of crops in drier regions where it is economically feasible,
or support is provided to farmers to lower the cost of irrigation water and irrigation systems. In more
humid regions, irrigation might only be viable for high value crops, such as tobacco, fruit, vegetables
and fibre crops. Irrigation systems can also provide environmental benefits by stabilising river flows,
thus reducing floods and landslides, and improving groundwater reservoir recharging (see Land
Conservation chapter).

The environmental impacts associated with irrigation and water management are soil degradation
and problems associated with surface and groundwater contamination, due to inappropriate irrigation
and water management practices (Table 1). Management practices that apply irrigation water only as and
when required, and only to the root zone, will have the least environmental impact. This is best
achieved by methods such as automated drip irrigation, which is used for high value crops like fruit and
vegetables. Low-pressure centre-pivot sprinkler systems can offer an efficient method for water applica-
tion for field crops.
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Efficient water use can also be achieved in the irrigation systems in paddy fields, with uniform
water supply and rotational irrigation among plots. On the other hand, flood irrigation used on steeply
sloping agricultural land, can lead to poor uniformity of water application and excessive run-off, with
detrimental environmental effects. Soil moisture and application rates need to be monitored to
minimise impacts of irrigation. Properly graded land is also essential for uniform surface irrigation
without run-off and pond formation.

Improved drainage is essential for field crops in humid regions with slowly permeable soils. Where
growing seasons are short, irrigation may be the only way to complete seeding early enough, and
harvesting late enough, for a cultivated crop to be successfully grown. Initial costs vary greatly with the
type of drainage (surface or subsurface) and maintenance, which must be carried out every few years.

Maintenance of vegetative cover in surface and outlet channels is necessary to minimise erosion
and sedimentation caused by drainage. Properly installed subsurface drainage outlets prevent erosion in
the receiving channel, or in the field around the drainage pipe. Drainage channels need to be routed
around wetlands, unless the wetland is the end point of the drainage works. Leaching of nitrogen into
subsurface drains may cause problems, as can highly soluble and easily leached pesticides. Livestock
should be kept out of drainage channels and ditches that are constructed in order to protect riparian
vegetation and avoid erosion of the channel banks. Keeping livestock out of riparian areas will also help
preserve vegetation along watercourses and reduce water contamination and loss of aquatic habitat.

2. Indicators

A distinction needs to be made between the advisory and information inputs into farm decision
making, such as formulation of plans, strategies and schemes for the farm, and the environmental
consequences of farming activities and practices. The key farm management concepts and related
indicators, which are oriented towards the achievement and monitoring of environmentally sustainable
agriculture, include (Figure 1):

e farm management capacity (based on data at the aggregated agriculture sector level); and

e farm management practices (based on data measured at the farm level, but aggregated to the
national level).

Indicators of farm management capacity concern the investment in the capacity of the agricultural sector to
build and transfer knowledge to improve on-farm management practices leading to a more environmentally
sustainable agriculture. This covers a broad range of elements to encourage environmentally sound farm
management practices and farming systems, in particular investment into research (see Farm Financial
Resources chapter) and farmer education (see Contextual Indicators chapter).

Indicators of farm management practices encompass overall trends of farming methods (see Table 1
and Figure 10). They address whole farm management and organic farming, discussed in the following
section, including the development of appropriate institutions and standards, as well as various aspects
of farm management which have significant effects on the environment. These include nutrient manage-
ment, pest management, soil and land management, and irrigation and water management, examined
in this chapter.

Whole farm management
Environmental whole farm management plans

Definition

The share of the total number of farms or total agricultural area under environmental whole farm
management plans. 89
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Method of calculation

The indicator includes a calculation of the number of farms (or total agricultural area) under
environmental whole farm management plans divided by the total national number of farms (or total
agricultural area). There is no rigorous international definition of what constitutes an environmental
whole farm management plan and, consequently, countries have adopted different approaches. Some
countries use the International Organisation for Standardisation (ISO) 14000 certification of agricultural
operations (see previous section), while others employ certified organic farming and more specific farm
management plans, such as integrated pest management and nutrient management plans.

Recent trends

While the elements included in environmental whole farm plans vary across countries, there are a
number of common features, as for example illustrated by Austria (see Box 1). Many countries do not
have precise information on the number of farms with environmental whole farm management plans,
but for the limited number of countries where data is available the adoption of whole farm plans
increased over the 1990’s (Figure 2).

Box 1. Whole Farm Management and Organic Farming under the Austrian
Agri-environmental Programme

After joining the European Union in 1995, the prices for agricultural commodities in Austria decreased
rapidly. As a consequence of this development a further intensification of Austrian agriculture was
expected. However, the country’s agriculture is small scale with 70 per cent of agricultural holdings less
than 20 hectares.

To prevent the process of intensification, Austria established an Agri-Environmental programme
according to EU Regulation 2078/92. This programme is top-down oriented and effective across the whole
country. It consists of 36 measures, tailored to national and regional requirements, while each farmer can
select and combine certain measures according to their particular needs.

Farmers have to sign a contract under the programme and are obliged to comply with the various
conditions and restrictions under the measures of the programme for at least 5 years. The main objectives of
the programme include the promotion of environmentally compatible farming; reduction of the harmful
environmental impacts of agriculture; the extensification, maintenance and development of farming in
marginal (or abandoned) and less favoured agricultural areas; and the long term set-aside of arable land.

The key measures under the programme cover limitations on livestock density, maintenance and care of
landscape elements, adoption of farm management practices and systems which do not increase yield on
arable land and grassland, prohibition of the conversion of grassland into arable land, restrictions on the
use of fertilisers, adoption of integrated pest management, and measures to protect soil and water quality.

In 1997 about 70 per cent of all domestic farms and 85 per cent of Austria’s utilised agricultural area
are included under this programme (Figure 2). The efficiency and effectiveness of the programme are
under constant monitoring, with the results of this evaluation transmitted to the EU Commission.

Within the scope of this programme agricultural holdings under a certified organic farming system are
provided support. To obtain financial support under this scheme, farmers have to comply with the rules
for organic farming stipulated under EU Regulation 2092/91. With organic farming accounting for 9 per cent
of all agricultural holdings, and 10 per cent of the utilised agricultural area, this is amongst the highest
share across OECD countries (Figure 3). In addition, more than half of Austria’s organic farms are members
of various organic farming associations, with stricter guidelines than defined under the corresponding EU
Regulation 2092/91.

Source: Federal Ministry of Agriculture and Forestry, Vienna, Austria (unpublished).
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Figure 2. Share of farms with environmental whole farm plans: 1993 and 1997
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1. Data for 1993 are not available.

2. Percentages are zero or close to zero per cent for Iceland (1997), Italy (1993), and Austria (1993).
3. Data for 1997 refer to 1996 and only apply to rice production.

Source: OECD Agri-environmental Indicators Questionnaire, 1999.

In Australia, 36 per cent of broadacre and dairy farmers had a farm plan in 1995-96, that addressed
the existing farm situation and included future management and development plans. The plans cover
various issues. For example, 69 per cent of plans (or 25 per cent of all farmers) include information on
soil and land capabilities; 61 per cent (22 per cent) on existing or proposed Landcare projects; and
49 per cent (18 per cent) on areas of conservation value (Mues et al., 1998). The total productivity of
Australian farmers grew by 2.7 per cent annually over the 1980’s and 1990’s, which is partly due to
improved management planning. This includes best practices for the minimisation or avoidance of
adverse impacts on the natural resource base and associated ecosystems, and the amelioration of any
adverse impacts which do occur (Craik, 1998).

The share of farms with environmental whole farm management plans, in Canada, includes farms
that are involved in farm conservation clubs (a Québec-based initiative), or have an environmental farm
plan (available only to producers in Ontario or the Atlantic provinces). During the mid-1990s 17 per cent
of farms had environmental whole farm plans in Canada.*

The central government in Japan encourages local governments (prefectures and municipalities) to
make plans to promote environmental conservation in agriculture (Figure 2). It is also considering a new
scheme in which each prefecture would establish guidelines on sustainable agricultural practices and
certify farmers who develop farm plans under the guidelines.

Based on the inputs used in crop production, Korea divides farms with environmental whole farm
plans into three groups: 1) organic producers, with no synthetic pesticides or fertilisers applied and
“appropriate” water and soil management; 2) producers not using pesticides and with “appropriate” water
and soil management; and 3) producers using low quantities of synthetic pesticides and with “appropri-
ate” water and soil management. The share of Korean farms with whole farms, however, is small (Figure 2).

In the European Union, nearly 15 per cent of farms and over 20 per cent of agricultural area are
under agri-environmental programmes, which require farmers to meet various environmental criteria
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and include restrictions on farm management practices within the context of EU Regulation 2078/92
(Fay, 1999). These agri-environmental programmes are close to being a whole farm plan as outlined,
for example, in the case of Austria (Box 1). The EU agri-environmental programmes have reduced the
use of nitrogen fertilisers (see Figure 5, Nutrient Use chapter) and improved application techniques,
as well as enhanced nature protection and the conservation of landscape features. While the share of
agricultural area covered by the programmes is not an indicator of environmental quality, in countries
where the share has been particularly low, the impact of agri-environmental policies is also likely to
have been low (Fay, 1999).

Most of the farms in Sweden with an environmental whole farm plan use a national certification sys-
tem which was introduced in 1996 with over 50 per cent of the total cultivated area covered (and 30 per
cent of farms) by whole farm plans (Figure 2). In order to be certified, the farmers have to answer ques-
tions on plant and animal production, handling of materials, waste products, etc. Based on the answers,
the system proposes suitable management practices for the farm. A few farmers also take part in the Inter-
national Organisation for Standardisation (ISO) 14000 and ISO 9002 certification (see previous section).

Over 70 per cent of the cultivated area and farms in Switzerland are covered by whole farm, that is
farms which have to meet ecological performance criteria (Figure 2). This covers animal welfare and
nutrient balances (phosphate balance, nitrogen restrictions), with a minimum of 7 per cent of the agri-
cultural area kept as semi-natural habitat (i.e. ecological compensation area), and regulations for
“appropriate” crop rotations, a minimum soil cover, and the use and method of pesticide application.

Interpretation and links to other indicators

It is assumed that the greater the number or area of farms covered by environmental whole farm
plans, the better this is for the environment, through superior farmer knowledge and awareness of the
environment, and the implementation of best management practices. Whole farm management enables
a producer to view the farm operation as a system whose management explicitly takes into account not
only the diverse elements of the operation, but also their linkages and relationships. Environmental
whole farm plans aim at optimising the use of commercial pesticides and fertilisers.

Environmental whole farm plans are an indicator of farmer awareness of environmental issues. In a
number of countries farmers are being encouraged to develop whole farm plans by reviewing potential
environmental problem areas on the farm and developing action plans to address issues that do not
meet various environmental standards. Integrated pest management (IPM) and nutrient management
plans can be part of a whole farm plan. As the implementation of the plan is the farmers’ responsibility,
this is not necessarily a precise indicator of “actual” implementation, rather an indicator of intent. The
exception is where the particular practice or plan is compulsory (e.g. farm waste disposal regulations), or
obligatory as part of receiving payments under particular programmes (e.g. land set aside).

The existence of an environmental whole farm plan does not indicate the quality of the plan or
whether the plan is implemented, and these aspects need to be assessed to improve the validity of the
indicator. It will also be necessary to link these farm plans to actual environmental outcomes, for
example, as measured through other indicators such as soil and water quality, biodiversity and wildlife
habitats. In addition, it should be emphasised that, from the environmental point of view, the total area
under these plans is more important than the total number of farms.

Related information

Environmental conditions and farming systems vary within and across OECD countries and,
consequently, optimal farm management practices and environmental farm management standards also
vary. Farm management standards are often developed at the sub-national level resulting in great
variations even within a country Environmental farm management standards, regulations, codes of good
agricultural practice, etc., are established by public agencies, standards are also defined by voluntary
groups, professional farm organisations, and the agro-food industry.
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Voluntary codes of practice are widely used, while compulsory standards and regulations are par-
ticularly important for pesticides and nutrients (Table 2). In Germany and Spain compulsory standards
and regulations are also in place for soil and water. Examples of voluntary codes of practice include best
management practice guides for livestock and poultry waste management, field crop production, horti-
cultural crops and habitat management.

Table 2. Environmental farm management standards: late 1990s

Farm management area

Whole farm Nutrients Pesticides Soil Water Others
Number of OECD countries with:
— Compulsory standards 3 8 9 5 5 2
— Regulations 3 11 11 8 7 6
— Voluntary codes of practice 12 13 12 11 7 7
— Other standards 3 2 4 2 0 1

Note:  This table shows the farm management areas addressed by environmental farm management standards for 19 out of 29 OECD Member countries.
Source:  OECD Agri-environmental Indicators Questionnaire, 1999.

The year in which farm management standards were introduced also varies considerably across
countries, although in most cases standards were introduced in the early or mid-1990s. In some countries,
however, standards were introduced much earlier. In the United States, for example, compulsory standards
for pesticide management were introduced in 1947, and voluntary codes of practice covering whole farm,
nutrient, soil, water and animal waste management in 1935. Moreover, in Switzerland environmental
legislation was introduced covering pesticide management in 1951; nature and landscape in 1966; and
water and nutrient management in 1971. The interval between the revision of standards varies too, the
compulsory standards and regulations on nutrients, for example, are revised annually in Denmark.

The establishment of professional standards indicates the intention to develop farm practices that are
environmentally sound, reliable and valid (see MAFF, 1991; 1992; and 1993, for examples of Codes of Good
Agricultural practice).” An increasing trend toward raising environmental farm management standards would
potentially imply a greater desire (or intention) to move towards a more environmentally sustainable
agriculture. The role of sub-national jurisdictions and the private sector in developing and enforcing
regulations, codes of practice, etc., may be greater, in certain cases, than that of national governments. For
example, the agro-food industry and supermarket-chains can require farmers to use environmentally sound
farm management practices, such as integrated pest management or organic farming practices, in order to
remain as contract farmers.

The optimal measurement point (from an indicator perspective) for assessing a given farming
system or management practice is to measure actions or practices actually undertaken by farmers,
rather than intentions, especially as it is often difficult to measure environmental outcomes. That is,
measure what farmers actually do, not what they say they intend to do. The existence of environmental
farm management standards does not necessarily mean that the actual standards have a firm scientific
basis or are implemented, monitored and effective as well as efficient. Hence, tracking the extent of
environmental farm management standards as a measure of “intent” for some, but not all, countries
would need to be linked closely with those indicators on “actual” implementation of farm management
practices, as defined in the indicators in the following sections of this chapter.

Organic farming

Definition

The share of farms or the total agricultural area under a certified organic farming system or in the
process of conversion to such a system.
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Method of calculation

The indicator is calculated by measuring the number of farms (or total agricultural area) under
certified organic systems or in the process of converting to organic farming divided by the total national
number of farms (or total agricultural area). At present there is no unique international definition for
“organic” farming practices, and consequently differences in definitions and standards exist between
countries, although IFOAM has developed guidelines for trading in organic products (see previous
section). In general, by accepting the rules of “organic” registration, farmers are committed to use
mechanical weed control (i.e. plough and cultivator), to use biological control of other pests, and to
forego the use of all synthetic pesticides (Macey, 1992). Different authorities are responsible for
certifying organic farms in OECD countries. Often both government and private sector bodies are
involved in certification.

Recent trends

The cultivated area under organic farming has increased significantly in OECD countries over the past
ten years (Figure 3). In the United States, the area under certified organic farming systems increased by over
60 per cent over the period 1995 to 1997 (Figure 3, and Welsh 1999)

The importance of organic farming varies within the European Union, where just under 2 per cent
of the total agriculture area is under organic farming, which corresponds to over | per cent of farms
(Hau and Joaris, 1999). Organic farms are larger than the EU average farm size, although the
situation varies considerably between countries. Production of grass as fodder is by far the most
important use of organic land, though organic horticulture is important in Southern Europe (Hau
and Joaris, 1999). The European Union encourages conversion to and maintenance of organic

Figure 3. Share of the total agricultural area under organic farming:
early 1990s and mid/late 1990s

[ Early 1990s [ Mid/late 1990s
% %
10 - 10
8 L | | 8
6 |_7 | L 6
4 1 1 | 4
2 1 | 2
0 j_j_ 0
~ & 9 % > & S s
v & @ S K & & & S @ M S OFE
@ & £ S FFS S S EEE @SS
+ & (}Q' 66\ N4 {_\(\q & Q,Q' \e\\)(\ ) Q.QJQ \,QQ} OQIQ Qo<\' OQ} <& \Qg’ 6$ e
@ S S8 &
0(\ \)Q'\\ ,‘/Q;

Data for the early 1990s are not available.

Percentage for the early 1990s equals 0.003%.

Data for the United States are taken from Welsh (1999).
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farming, by providing financial compensation to farmers for any losses incurred during conversion
(see Austria, for example, Box 1).

In the European Union, regulations restrict the range of products that can be used to fertilise soil
and control pests and diseases on organic farms. In addition, countries are required to set up an inspec-
tion system to certify compliance with organic farming regulations (Hau and Joaris, 1999). For example,
in Denmark, the Danish Ministry of Food, Agriculture and Fisheries is responsible for the administration
and control of organic farms. All farms are controlled annually and, in addition, random checks are car-
ried out on 25 per cent of the farms. The Danish Association of Organic Agriculture is a growers organisa-
tion, which requires its members to meet a set of requirements that are in some ways stricter than
government requirements, as in the case in Austria (Box 1).

Two private sector inspection bodies have been approved by the Swedish government to monitor
organic farming (KRAV and Svenska Demeterférbundet), and the Swedish Board of Agriculture is
responsible for supervising these private bodies. They ensure that producers comply with the Euro-
pean Union regulations, but also have their own stricter requirements on crop production and animal
husbandry. Producers wanting to label their products not only as organic but also with the stricter pri-
vate body label are inspected according to the additional criteria. The Swedish consumers are familiar
with these labels and have confidence in their reliability.

For many OECD countries, organic farms are certified by private sector bodies, which have been
accredited by the government. In the United Kingdom for example, seven private sector bodies are in
charge of certification. Certification inspections are made annually and the government monitors the
inspections by selecting a proportion for further assessment by government-appointed officials.

A case study from the United Kingdom shows that for a specific farm converting from conventional
to organic farming, the gross margins fell by almost £100 (USS 150) per hectare in the conversion years,
of which the then Organic Aid Scheme in the United Kingdom would have offset only about a third. The
Organic Aid Scheme was replaced in 1999 by the Organic Farming Scheme and rates of aid were
increased. Once fully converted, gross margins on organic farms were up to 15 per cent higher than for a
similar conventional farm (Cobb et al., 1998; and MAFF, 2000).°

The Norwegian Agriculture Inspection Service (Statens landbrukstilsyn) is the control authority for organic
agricultural production, and has appointed Debio as the control and inspection body. Debio is the only
Norwegian control and certification body for organic production, while the Norwegian Food Control
Authority (Statens neeringsmiddeltilsyn) is the authority for processing, trading and the import of
organic products. Debio co-operates with the local Food Control Authorities.

Interpretation and links to other indicators

This indicator reflects the move towards the elimination of the use of chemicals, some of which are
of environmental concern. Under certain climatic conditions, however, this increases the risk of soil
erosion unless control measures, such as contour strip cropping, are adopted and rigorously applied.
Organic farming practices also have important implications for biodiversity by altering habitat
conditions. (see Figure 5, Wildlife Habitat chapter)

Organic producers are usually registered and inspected, and must agree to use no pesticides or
fertiliser materials other that those that are approved as “organic.” Any manure that is used should
preferably come from registered organic livestock farms. Limited quantities of manure from non-organic
farms may be used provided the stock are managed in a non-intensive system. The system requires an
entirely different approach to farm management compared to “conventional” methods, but there are
constraints. These include possible difficulties in obtaining crop insurance, the rules of which require
that all feasible methods, including pesticides, must be used by participating farmers to protect their
crops from yield loss.
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Nutrient management
Nutrient management plans

Definition

Share of farms or cultivated area with nutrient management plans.

Method of calculation

The method of calculation involves measuring the number of farms or cultivated area with nutrient
management plans as a share of the total number of farms or total cultivated area. Nutrient management
plans normally include restrictions on the :

¢ periods when the application of fertiliser is inappropriate;
e application of fertiliser to steeply sloping ground;

e application of fertiliser to water saturated, flooded, frozen or snow-covered ground;

conditions for application of fertiliser near water courses; and

e capacity and construction of storage containers for livestock manure, including measures to prevent
water pollution by run-off and seepage into the groundwater of liquids containing livestock manure
and effluents from stored plant materials such as silage.

Nutrient management plans also usually include requirements for the:

e application of nutrients, including the rate and uniformity of spreading, of both chemical fertiliser
and livestock manure, to restrict nutrient losses to water to an acceptable level;

e timing and method of application for the land application of livestock manure and other organic
materials to encourage efficient crop recovery of nutrients to minimise losses to water and air;

e maintenance of a minimum quantity of vegetative cover during (rainy) periods that will take up
the nitrogen from the soil that would otherwise cause nitrate pollution of water;

e establishment of fertiliser plans on a farm-by-farm basis and the keeping of records on fertiliser
use; and

e prevention of water pollution from run-off and the downward water movement beyond the reach
of crop roots in irrigation systems.

In addition, nutrient management plans may include land management elements, such as the use
of crop rotation systems, and the proportion of the land area devoted to permanent crops relative to
annual tillage crops.

Recent trends

Many OECD countries have developed and use nutrient management plans, but only a few collect
information on the number of farms or the agricultural area under these plans (Figure 4). Nutrient man-
agement plans generally cover most if not all the restrictions and requirements listed above.

In Germany, for example, some of the restrictions and requirements are included in fertiliser
legislation (Diingeverordnung; from 1996) with which all German farmers must comply. The legislation
requires, for example, that farmers keep records on fertiliser use and calculate nutrient balances. The
EU Nitrate Directive requires countries to identify areas vulnerable to contamination by nitrogen
(see the Nutrient Use and Water Quality chapters).

Virtually all Danish farms now have nutrient management plans, in view of the country’s high stocking
density and intensive agricultural production system (Figure 4). In addition, a significant share of farms
have nutrient management plans in Norway (Figure 4) and the Netherlands.
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Figure 4. Share of the total number of farms with
nutrient management plans: mid/late 1990s
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Source: OECD Agri-environmental Indicators Questionnaire, 1999.

Interpretation and links to other indicators

A nutrient management plan is an indicator of farmer awareness of environmental issues, but
nutrient plans are also introduced in response to legislation (e.g. the EU Nitrate Directive, see Nutrient
Use and Water Quality chapters). The existence of a nutrient management plan does not necessarily
mean that the plan is followed, thus, it is the implementation of the plan that should be measured. This
indicator is closely linked to nutrient use, water and soil quality and other farm management areas.

Soil tests

Definition

Use and frequency of soil tests expressed as the proportion of farms conducting soil tests at
different frequencies or share of crop area tested

Method of calculation

The indicator is calculated as the share of farms conducting soil tests on agricultural land or share of the
crop area which is regularly sampled and analysed for nutrient content. The soil test frequency may range
form every year or at intervals of every 2 to over 5 years.

Recent trends

Soil nutrient tests are carried out in almost all OECD countries. As both public and private bodies
are involved in these tests, data on the share of farms or crops covered by soil tests are not generally
available unless explicitly requested in government farm surveys. Most countries include both nitrogen
and phosphorous in soil tests and some countries test for other soil nutrients and trace elements.

For major United States’ field crops (maize, soyabeans, cotton, winter wheat and autumn potatoes)
the share of the crop area that is tested annually for nutrient content has increased since the late 1980s
(Table 3). Research on the economic and environmental benefits of soil/water nitrogen testing in Central
Nebraska, United States, has shown that adoption of such nutrient management practices would result
in increased economic benefits to farmers and reduced nitrate levels in groundwater (Kim et al., 1999).
In France the share of crop area annually tested would appear to lower than in the United States
(Table 3), while in Canada, 60 per cent of farms took soil samples in 1995 (Table 4). Regular soil testing
has also increased substantially in Australia over the 1990s (Commonwealth of Australia, 1998). _97]
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Table 3. Share of annual crop area tested for nutrient content: France and United States

France United States
Crop 1994 1988-89 1990-94 (average)
% %

Autumn potatoes . . 83
Barley 8 . .
Cotton . 29 30
Maize . 33 41
Rapeseed 5 . .
Soybeans .. 26 28
Wheat 13! 16 202

. Not available.
1. Soil test on nitrogen.
2. Data refer to winter wheat.
Sources: OECD Agri-environmental Indicators Questionnaire, 1999; USDA (1997).

Table 4. Share of farms conducting soil tests: Canada, 1995

Frequency of tests % share of the total number of farms conducting soil tests
Every year 35
2-3 years 40
4-5 years 14

Over 5 years 11

Sources: OECD Agri-environmental Indicators Questionnaire, 1999; McRae et al. (2000).

Interpretation and links to other indicators

Soil testing is a useful tool for nutrient management, as it provides an accurate gauge of nutrient
levels in the soil and enables farmers to match nutrient application to crop needs. The greater the
frequency of soil testing, the greater the likelihood that application rates match crop needs, hence soil
tests at least once every three years may avoid over, or under, fertilisation. This is an indicator of interest
and awareness, even if recommended fertiliser application rates are not always followed.

Nutrient management practices need to be linked with soil and water quality indicators. Infrequent
soil tests can leave problems undetected and lead to problems of underfertilisation, and thus damage
soil quality, or overfertilisation which may increase nutrient leaching to ground and surface water
(see the Soil and Water Quality chapters).

Related information

In addition to nutrient soil tests, the United States also monitors changes for other nutrient manage-
ment practices for major field crops. All indicators are reported as a share of planted area on which the
practice is applied and the data are derived from probability-based surveys of farm operators. The indi-
cator trends for maize are shown in Table 5, while indicators are also calculated for cotton, soyabeans,
winter wheat and autumn potatoes (USDA, 1997).

Canada has also developed other indicators for fertiliser and manure management. These include, for
fertilisers, the method of fertiliser application; the timing of nitrogen application; and the reduction of
fertilisers applied to offset the nutrient content of manure. For manure, the indicators include, the storage
method for solid and liquid manure, the liquid manure storage capacity and the manure application
method. These indicators suggest that fertilisers are generally applied with methods that reduce nutrient
losses, and that although nitrogen fertilisers are usually applied before planting, farmers are more likely
to apply them after planting in ecozones where leaching is a problem.” The results also show that
manure management needs to be improved (McRae et al., 2000).
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Table 5. Nutrient management practices on planted maize area: United States,' 1990 to 1995

Activities and practices 1990 1991 1992 1993 1994 1995

Percentage of planted area

Nutrient sources

— Previous crop was legume, hay or pasture 8 7 8 5 7 7
— Only manure applied 1 1 1 1 1 1
— Both commercial fertilisers and manure applied 16 18 15 17 15 13

Percentage of planted area

Commercial fertilisers and manure

— Applied at the recommended rate .. .. 85 87 84 78
— Applied above the recommended rate .. .. 5 3 7 7
— Applied below the recommended rate .. .. 10 10 9 14

Percentage of area receiving commercial fertilisers

Timing of nitrogen application?

— Autumn before planting 27 26 23 20 27 30
— Spring before planting 57 50 53 51 54 52
— At planting 44 48 47 48 43 42
— After planting 26 31 31 35 27 29

Percentage of area receiving commercial fertilisers

Nutrient placement

— Broadcast (ground) 71 72 69 71 72 73
— Broadcast (air) .. .. 1 1 1 1
— Chemigation 1 2 1 1 1 1
— Banded 43 41 42 42 41 40
— Foilar 1 0 0 0 0 0
—Injected (knifed in) 55 53 54 47 53 51

Not available.
1. Includes data for ten major maize producting States.
2. Data also available on phosphate timing.
Source:  USDA (1997).

Norway has minimum area requirements for manure spreading, with a farmer needing to have at
least 0.4 hectares of land per livestock manure unit. Failure to comply with the requirements are
monitored and result in the loss of certain agri-environmental payments. The area of agricultural land
that did not meet the minimum requirement fell from 1 381 hectares in 1996 to 1 076 hectares in 1997.

In Switzerland nutrient management practices are also monitored by using a farm level soil surface
balance for phosphorous. In addition, restrictions are applied on the maximum nitrogen fertilisation
(including farmyard manure) per farm. Soil nutrient analysis is also obligatory for all farmers who benefit
from direct payments, and spreading livestock manure is illegal on soils that are waterlogged, frozen,
covered with snow or dry.

The United Kingdom is also developing indicators on nutrient management practices. These
indicators cover agricultural land which is regularly sampled and analysed for phosphorus content; the
timing of slurry application; the length of available storage on the farm; and the types of machinery or
techniques used to apply manure and slurry to land which reduce polluting emissions (MAFF, 2000).
Pest management
Use of non-chemical pest control methods

Definition

The area of cultivated crops not treated with chemical pesticides. 9]
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Method of calculation

The crop area not treated with chemical pesticides is divided by the total cultivated agricultural
area to calculate the indicator. The cultivated agricultural area includes the total arable and permanent
cropland and assumes that pesticides are not used on temporary or permanent pasture. Non-chemical
pest control methods include, for example, tillage (e.g. ploughdown of allopathic residues, that is plants
whose roots and residues can suppress the growth of many other plants, including weeds), crop
rotation, biological control (e.g. parasitic organisms for control of insect pests), pheromones and hand
weeding.

Recent trends

Synthetic pesticides are not used in organic farming, hence, the share of agricultural land under
organic farming can also be considered to reflect trends in the area where only non-chemical pest con-
trol methods are used (Figure 3). Organic farming systems also include many other requirements and,
consequently, the area where chemical pesticides are not used often exceeds the area under organic
farming. Examples of such countries include Germany, Spain and the United Kingdom.

About two-thirds of Canadian farms (and field crop area) use non-chemical pest control methods
(Table 6). In addition to the use of non-chemical pest control methods, Canada has developed other
indicators for pesticide management, including the timing of herbicide, insecticide and fungicide appli-
cations, and sprayer calibration (McRae et al., 2000). These indicators suggest that: a) herbicide applica-
tion was triggered by the level of economic injury to the crop on about 20 per cent of treated cropland;
b) farmers were more likely to apply herbicides at a certain stage of crop growth or to use the first sign of
pests to time pesticide applications; and ¢) nearly 70 per cent of farmers calibrated sprayers only at the
beginning of the crop season (McRae et al., 2000).

Table 6. Pest control methods used by farmers excluding the use of chemical pesticides:' Canada, 1995

Pest Control Method Number of farms % of farm numbers % of field crop area treated
Tillage 53 805 26 28
Crop rotation 99 970 49 56
Biological control 4570 2 2
Pheromones 495 <1 <1
Hand weeding 14 900 7 4
Other 2 605 1 1
No non-chemical method 80510 39 34

1. Percentages may exceed 100% where more than one practice is used on the same crop area.
Source:  McRae et al. (2000).

Interpretation and links to other indicators

The pest management practices included in the indicator are assumed to pose fewer risks to
human health and the environment than “conventional” pesticide application methods and they can
potentially be applied to manage pest pressures without affecting farm profitability. The definitions of
practices could be harmonised to improve international comparability and the data availability could
also be improved.

In general it can be assumed that an increase in agricultural area under non-chemical pest control
methods is beneficial to human health and the environment. However, some caution is required with
such an interpretation, as it will be necessary to link these farm management practices to actual
environmental outcomes, or outcomes measured through other indicators such as soil and water
quality, biodiversity and wildlife habitats.
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Use of integrated pest management

Definition

The area of cultivated agricultural land under integrated pest management (IPM).

Method of calculation

The indicator measures the area under IPM divided by the total cultivated agricultural area. The
cultivated agricultural area includes the total arable and permanent cropland and assumes that
pesticides are not used on temporary or permanent pasture. IPM is a knowledge-intensive and farmer
based management approach that encourages natural control of pest populations by anticipating pest
problems and preventing pests from reaching economically damaging levels. Activities under IPM
include, for example, the enhancement of natural enemies, planting pest-resistant crops, adapting crop
management, and “judicious” use of pesticides.

Recent trends

In view of the limited information that exists, it is difficult to be clear if more or less farmers are now
using IPM than in the 1980s (Figure 5).8

In the United States, IPM was applied on over 50 per cent of the fruit, vegetable and major field crop
(maize and soybeans) area in the early 1990s (Vandeman et al., 1994).° Scouting for insects and diseases
is already used on 75 per cent of fruit crops and nearly 75 per cent of vegetable crops (OECD, 1997). A
number of these farmers also used pest-resistant crops, crop management, and other non-chemical

Figure 5. Share of the total arable and permanent crop land area under integrated pest management:
mid/late 1980s and late 1990s

I Mid/late 1980s [ Late 1990s
% %
100 100
75 75
50 | 50
25 | 25
0 ; 0
Austrial Portugal? Italy? Spain Switzerland3

1. Data for mid/late 1980s refers to 1991.

2. Data are not available for mid/late 1980s.

3. Data for mid/late 1980s refers to 1993.

Source: OECD Agri-environmental Indicators Questionnaire, 1999.

© OECD 2001

101



Environmental Indicators for Agriculture: Methods and Results, Volume 3

102

techniques. The United Kingdom does not record the IPM area separately, but a recent survey in 1997
estimated that 50 per cent of farmers use IPM techniques on their farms.

Interpretation and links to other indicators

New pesticide products generally pose lower environmental risks, but may still have an impact on
non-targeted species and water quality. The pest management practices included in these indicators
are assumed to pose fewer risks to human health and the environment than “conventional” pesticide
application methods and they can potentially be applied to manage pest pressures without affecting
farm profitability.

The cultivated area under IPM is an indicator of comprehensive pest management, reduced
pesticide risk, and optimal timing of pesticide use (as measured by the number or area of farms/crops
where IPM is used). It addresses all pests and pest control methods, and it attempts to optimise the
use of pesticides, not to replace them. It may be the best indicator of farm pest management efficiency,
but it probably has a lower sensitivity to environmental concerns than the indicator on the use of non-
chemical pest control methods.

As with non-chemical pest control methods, it can be assumed in general that an increase in
agricultural area under IPM is beneficial for human health and the environment. However, some caution
is required with such an interpretation, as it will be necessary to link these farm management practices
to actual environmental outcomes, or outcomes measured through other indicators such as soil and
water quality, biodiversity and wildlife habitats.

It is necessary to distinguish between certain herbicides and other pesticides. This is partly
because herbicides are frequently used to reduce tillage, which has considerable environmental
benefits. Herbicide materials can be divided into those that are used in forage or close-grown crops,
where there is no benefit from reduced tillage, and those used primarily in wide-row crops, and in
reduced or no-tillage systems, as an alternative to tillage.

Soil and land management
Soil cover

Definition

The number of days in a year that the soil (agricultural land) is covered with vegetation.

Method of calculation

The indicator is calculated from agricultural census data showing the period during any one year
when the soil has a vegetative cover. By making assumptions on soil cover for different crops, the number
of days in a year that the soil is covered can be calculated. The indicator incorporates the effects of tillage
and crop rotation, and accounts for the effectiveness of different management practices in protecting the
soil from processes that are environmentally negative, especially water and wind erosion.

Recent trends

Many OECD countries have policy initiatives to increase soil cover, and for some countries soil
cover exceeds 250 days per year (Figure 6). Although the indicator shows an improvement in some
countries, the trend could change if farmers, for economic or other reasons, shift to crops that
provide less soil cover. There is therefore scope for policies to promote soil cover and to develop
new methods and equipment to provide it, especially in areas of intensive farming of row crops
(McRae et al., 2000).

Canada uses an index of bare-soil days to estimate the number of days in a year that soil is bare
under specific cropping and tillage practices (McRae et al., 2000). The indicator suggests that
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Figure 6. Number of days in a year that agricultural soils are covered with vegetation:
mid/late 1980s and mid/late 1990s

I Mid/late 1980s [ Mid/late 1990s
Dayslyear Dayslyear
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300 - 300
200 - 200
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Korea France3 Italy Austrial Sweden®  Netherlands® Canada? Norway Iceland

1. Data for mid/late 1980s and mid/late 1990s refer respectively to 1994 and 1997.
2. Data for mid/late 1980s refer to 1981.

3. Data are not available for mid/late 1980s.

Source: OECD Agri-environmental Indicators Questionnaire, 1999.

between 1981 and 1996 the number of bare-soil days different agricultural regions dropped by
20 per cent, from 98 to 78 per cent, indicating an improvement in soil cover during this period
(McRae et al., 2000).

Interpretation and links to other indicators

Plant and crop residue cover protects soils from erosion, reduces run-off of nutrients and
pesticides and provides habitat for biodiversity. An increase in the cumulative soil cover, the greater
the protection from soil erosion, compaction and run-off, and the greater the contribution to
biodiversity. Hence, soil coverage for the whole year is the ideal target.

The indicator could be subdivided by the percentage of soil cover provided by vegetation and
crop residues. The relative efficiency of different soil cover types in terms of nutrient and pesticide run-
off, for example, could then be further evaluated. This indicator is closely linked to indicators of soil and
water quality, indicators of biodiversity, as well as to other areas within farm management, especially
land management (see following section).

Related information

Switzerland has developed an index to measure winter soil cover, where the values depend on the
type of soil cover. For example, the index values for fallow land planted before September, rapeseed
and winter wheat, are 100, 80 and 40 respectively. The index value for bare soil is 0. The individual
values are then combined into an aggregate index. The risks of soil erosion and nutrient leaching are
considered to be at acceptable levels when the index values are above 50. Preliminary results from the
pilot project show that winter soil cover has increased (Figure 7).
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Figure 7. Agricultural soil cover index: Switzerland,! 1991 to 1996
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1. The data refer to a pilot farm network and cannot be considered to be representative for Switzerland nationally.
2. The index measures winter soil cover, the lowest acceptable index value is 50, with the index value for bare soil equal to zero.
Source: Federal Office for Agriculture, 1999 (unpublished).

Land management practices
Definition

The share of the total crop area under environmental land management practices.

Method of calculation

The indicator is calculated as the crop area under environmental land management practices divided
by the total crop area. Environmental land management practices include conservation and no-till
practices. These include practices other than conventional tillage methods that incorporate most of the
crop residue (remaining after harvest into the soil), and other best land management practices including
crop rotations and winter cover crops. Crop areas under the following land management practices are
included in the indicator:

¢ Conservation tillage, also called mulch tillage, minimum tillage, and reduced tillage. These are
tillage methods that leave most of the crop residue (i.e. plant material remaining after harvest) on
the surface of the soil to provide protection against erosion, reduce soil crusting, and increase
the organic matter content of surface soils.

¢ No-till, also called zero-tillage. This is a tillage method where the soil is not disturbed between
harvesting one crop and planting the next. It includes direct seeding into stubble or sod, and
ridge tillage.

104 » Crop rotation, that is planting different crops successively in the same field.
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e Winter cover crops. These are crops, for example, autumn rye and winter barley, which are planted
after the autumn harvest as a means of soil protection.

e Contour cultivation. This includes cultivation that follows the contour of a field, at angles to the
slope of the field.

¢ Grassed waterways. These are grassy strips in run-off depressions of cultivated fields that provide a
channel for excess water.

e Strip-cropping. For example, alternating strips of crop and summer-fallow, or alternating two crops,
across a field.

e Windbreak, also called shelterbelt. This is a natural or planted line of trees, bushes, or hedge at the
border or within a field.

Recent trends

Most OECD countries promote sustainable land management practices, and include many of the
practices listed above. For certain OECD countries the crop area under environmental land management
practices has increased significantly. In Austria (Box 1), Norway and Switzerland, for example, these practices
are now used in over 70 per cent of the crop area (Figure 2). Reduced and no-till systems are recognised
in Norway as ways to reduce nutrient run-off from agricultu