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Preface

The theme of the AgSAP conference reflects the increased need for integrated research
approaches that assist in assessing agricultural systems at multiple levels and in terms of
economic, environmental and social aspects. The conference presents the state-of-the-art of
scientific approaches to assess agricultural systems in the context of sustainable development,
and aims to propose an agenda for future research and for improved science-policy interaction
in this domain.

The ca. 250 contributions present, evaluate and compare alternative methods and modelling
approaches, applications and policy support options. They focus on the integration and use of
models for linking science and policy, as a method for improving natural resource use, policy
making and policy implementation in agriculture. The conference is structured along four
major themes, each with several sessions:

A. Methodology for integrated assessment — Alternative methods for integrated assessment of
agricultural systems and contributions to rural development are presented. Methods for up-
and downscaling are discussed.

B. State-of-the-art components for integrated systems — Progress in modelling tools and their
use for supporting policy assessment on agriculture, rural development and sustainable
development. Focus in these sessions is on components rather than on entire systems:
assessment at field, farm, regional, continental or market level; indicators; databases and
software engineering.

C. Case studies and application of tools and empirical methods — The sessions present
empirical applications, using modelling tools, to specific problems, policy areas and public
concerns.

D. Integrated assessment science and impact — Explore the broader societal use and impact of
integrated assessment tools, including the contribution to science-policy interactions.

The conference was initiated by the SEAMLESS integrated project (System for
Environmental and Agricultural Modelling; Linking European Science and Society), funded
by the European Commission under Framework Programme 6. This project (2005-2009;
www.seamless-ip.org) developed an operational modelling framework for integrated
assessment of agricultural systems. The conference was endorsed by the European Society for
Agronomy (ESA), European Federation for Information Technology in Agriculture (EFITA),
International Consortium for Agricultural Systems Applications (ICASA) and the
International Environmental Modelling and Software Society (iEMSs).

The conference is greatly indebted to the session chairs for organizing the 17 parallel sessions
and evaluating the abstracts:

e Johanna Alkan Olsson, Lund University, Sweden

o Erling Andersen, University of Copenhagen, Denmark

e John Antle, Montana State University, USA

o Robert Argent, Bureau of Meteorology, Canberra, Australia
e Daniel Auclair, INRA, Montpellier, France

e Martin Banse, LEI, Wageningen UR, The Netherlands
 Irina Bezlepkina, LEI, Wageningen UR, The Netherlands

e Floor Brouwer, LEI, Wageningen UR, The Netherlands

e Frank Ewert, University of Bonn, Germany

e Guillermo Flichman, IAMM, Montpellier, France

Xvii
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o Hayo Haanstra, Ministry of Agriculture, Nature and Food Quality, The Netherlands
e Jim Hansen, International Research Institute for Climate Prediction, New York, USA
o Thomas Heckelei, University of Bonn, Germany

o Katharina Helming, ZALF, Miincheberg, Germany

e Sylvia Herrmann, Leibniz University, Hannover, Germany

e George Hutchinson, Queen’s University Belfast, Northern Ireland

e Jim Jones, University of Florida, Gainesville, USA

o Haluk Kasnakoglu, Middle East Technical University, Ankara, Turkey

o Brian Keating, CSIRO, Sustainable Ecosystems, Brisbane, Australia

o Marijke Kuiper, LEI, Wageningen UR, The Netherlands

o Ken Moore, lowa State University, USA

e Roger Moore, CEH, Wallingford, UK

e Lennart Olsson, Lund University, Sweden

e Maria Luisa Paracchini, Joint Research Centre, Ispra, Italy

o Pytrik Reidsma, Wageningen University, The Netherlands

e Andrea Rizzoli, IDSIA, Lugano, Switzerland

e Mike Robertson, CSIRO, Sustainable Ecosystems, Australia

e Graham Russell, University of Edinburgh, UK

o Stefan Sieber, IPTS, Joint Research Centre, Seville, Spain and ZALF, Germany

e Insa Theesfeld, Leibniz Inst. of Agric. Development in CE Europe, Halle, Germany
o Pablo Tittonell, CIRAD, Montpellier, France

e Nadine Turpin, CEMAGREF, Clermont Ferrand, France

e Elske Van de Fliert, The University of Queensland, Brisbane, Australia

e Martin Volk, Helmholtz Centre for Environmental Research - UFZ, Leipzig, Germany
e Jacques Wery, UMR System (Agro.M-CIRAD-INRA), Montpellier, France

e Jan Erik Wien, Alterra, Wageningen UR, The Netherlands

Finally, these Proceedings are available, in time, thanks to the enormous dedication of Joost
Wolf and Gon van Laar. Joost organized the evaluation and made sure that no abstract is
missing and Gon edited the Book of Proceedings. Thank you Joost and thank you Gon for
your professional and kind contributions!

On behalf of the Organization,

Martin K. Van Ittersum
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Agriculture and sustainable development in developing countries

Joachim Von Braun
International Food Policy Research Institute,
2033 K Street, NW, Washington, DC 20006, USA
Contact: j.vonbraun@cgiar.org

Introduction

The sustainability and advancement of agriculture in low-income countries is hampered by
the complex interaction of new challenges, including the global food and financial crises that
occurred in 2007-08, demand for biofuel production, and climate change. Agricultural
productivity growth supported by significant investments in research and development (R&D)
is crucial for addressing these risk factors and building resiliency. Such investments, however,
have been stagnating since the mid-1990s, and the recent financial crunch has further
constrained the availability of capital for agriculture. A strategic initiative for technological
and institutional innovations at global scale and related investment action is urgently needed
to respond to the challenges.

New and ongoing pressures

The global food crisis in 2007—-08 and financial crisis in 2008 have serious implications for
agriculture and poor people in developing countries (Von Braun, 2008). The surge in prices of
food commodities resulted in a major food crisis that stemmed from rising demand for
agricultural products (due to income and population growth), rising energy prices, and
expansion of biofuel production. However, the much needed and fast supply response was
limited to industrialized countries and not forthcoming in the developing regions because of
underinvestment in agriculture, farmers’ limited access to inputs, natural resource constraints,
and weather disruptions (Von Braun et al., 2008). In fact, cereal production in developing
countries excluding Brazil, China, and India fell by 1.6% between 2007 and 2008 (FAO,
2008). Although high food prices provided incentives for policymakers, farmers, and
investors to boost agricultural productivity, the variability of prices was an obstacle to long-
term planning. As the financial crisis and economic slowdown unfolded, decreasing demand
for agricultural commodities pushed food prices to lower level. Further, with limited and
more expensive capital, broader plans for agricultural investments in low-income economies
are cut short.

Increasing competition for land and water resources for agriculture as a result of the food
crisis and declining capital for long-term investments caused a revaluation of natural
resources in some countries. In Brazil, for example, farmland prices rose by 16% in 2007
alone as reported by the media and probably dropped back in 2008. In addition, constraints on
capital availability may again lead to overexploitation and degradation of scarce natural
resources, i.e. land and water. Developed water sources are almost fully utilized in many
countries, while agricultural demand for water is expected to increase significantly in the
future (GES, 2008).

The productivity and sustainability of agriculture remains at risk as yields and overall
productivity growth are stagnating. Even before the food crisis hit, average annual cereal yield
growth in developing countries was declining (World Bank, 2007). Total factor productivity —
derived from the ratio of total output growth to total input growth — in the developing world
grew on average by 2.1% per annum from 1992 to 2003; in some regions, the rate of growth
was even lower. Threats to productivity and output growth will also rise in the future as
climate variability and change increases temperatures and the risk of droughts and floods
(Cline, 2007) and yields in developing countries could further decrease (Fischer et al., 2005).
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Strategic action for technological and institutional change in food and agriculture

A significant increase in the level of current investments is crucial for agriculture to face
challenges and respond to new opportunities. Investments should be made in research and
development (R&D), rural infrastructure, rural institutions, and information monitoring and
sharing.

A recent study by IFPRI shows that if investments in public agricultural research doubled
from US$5 to US$10 billion from 2008 to 2013, agricultural output would increase
significantly and millions of people would emerge from poverty. If these R&D investments
are targeted at the poor regions of the world — Sub-Saharan Africa and South Asia — overall
agricultural output growth would increase by 1.1 percentage points a year and lift about 282
million people out of poverty by 2020. International agricultural research projects with
substantial payoffs for a large number of beneficiaries should be given priority. The centres of
the Consultative Group on International Agricultural Research (CGIAR) have identified
examples of ‘best bets’ in agricultural research (Von Braun et al., 2008b). These ‘best bets’
include programmes to revitalize yield growth in intensive cereal systems in Asia, increase
small-scale fish production, address threatening pests like virulent wheat rust, tackle cattle
diseases such as East Coast Fever, breed maize that can be grown in drought-prone areas, and
scale up bio-fortified food crops that are rich in micronutrients.

The technological change initiatives must be accompanied by institutional innovations for
sustainable actions. These include a comprehensive re-vitalization of agricultural extension
and service systems in small farm agriculture, sound cooperative and contract farming
arrangements that address economy of scale constraints, incentives for sustainable land and
water management, innovative arrangements that include agriculture into climate change
adaptation and mitigation regimes, and market and trade arrangements that facilitate fair and
open trade. The adequate governance of these institutional arrangements at national and
global level poses a major challenge for reaching a sustainable food and agriculture system in
the 21* century.
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Agriculture and sustainable development in OECD countries:
A policy perspective

W.J. Legg
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Contact: wilfrid.legg@oecd.org

Introduction

In the 30 member countries of the OECD — as well as many non-OECD countries — concern
with sustainable agricultural development has led to increasing attention to the role of policies
in improving environmental performance. Countries are also interested in identifying possible
future environmental problems associated with agricultural activities, and trying to better
understand the effects of different agricultural policy measures on the environment. More
recently there is heightened concern over the effect of external environmental events — in
particular climate change and variability risks — on the agricultural sector.

Many factors influence environmental performance — agro-ecological conditions, farmer
knowledge and behaviour, regulations, market forces, external events such as weather, climate
change and industrial pollution — and many of the effects are site specific and take time to
appear. Moreover, across countries there are very different histories and preferences with
regard to the nature, extent and mix of policy interventions in the agricultural sector.

Agriculture is a sector in which policy plays a significant role. Agricultural policies provide
monetary transfers that influence — directly or indirectly — on what and how much to produce,
where and under what conditions, while environmental regulations require farmers — either at
their own cost or with the aid of subsidies — to adopt certain practices or deliver particular
outcomes determined by governments. Overall, this leads to a complex web of incentives and
disincentives facing farmers, with an equally complex set of multiple environmental effects.

In most OECD countries, the dominant trend in recent years has been the gradual (and
sometimes limited) decoupling of farm support from agricultural commodity production and a
shift towards policy measures that do not require farmers to produce specific commodities in
order to be eligible for support (or any commodities at all); are targeted at specific
environmental objectives; or link environmental and income support measures (cross-
compliance). Agricultural and associated trade policy reform in itself will have both positive
and negative impacts on the environment as the production incentives facing farmers change.

The challenge is to determine and move towards the level and mix of agricultural production
and practices that is both economically and environmentally efficient: production may be
economically efficient but does not deliver the ‘right’ amount of environmental outputs (or
vice versa). Finding the best balance between farming profitability, competitiveness and
resource conservation is a complex issue. There is a need to identify the existing market or
policy failures causing the problem, establish the extent to which markets could be created or
policy intervention is need to address the problem, define the most cost-effective policy
approaches and choice of instruments, and implement, monitor and evaluate policies.

Essentially, policymakers in most OECD countries have applied at least two broad sets of

objectives and instruments in this area — one relates to agricultural production and farm
incomes, the other relates to environmental performance. Given the integrated nature of the
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relationship between agriculture and the environment (joint agriculture and environmental
production, and dynamic interactions) such that targeting one set of objectives inevitably
leads to consequences for the achievement of the other, the appropriate policy instruments
cannot be evaluated in isolation. There are consequences for agricultural production where
environmental regulations constrain production. Payments that only compensate for the extra
costs involved in the provision of environmental services could be production-neutral.

Work in the OECD aims to help inform policy makers to design and implement effective
policy measures (that achieve desired objectives), which are also efficient (giving best value
for money with least distortion to production and trade), and which will thus contribute to
sustainable agricultural development. The main conclusions from the work thus far — which is
based on a mix of conceptual, empirical and modelling studies — are the following:

e An overall improvement in the environmental performance of agriculture, but masking a
number of severe local and regional problems, while future global pressures on land and
water resources, including climate change, will be significant.

e While environmental improvements have resulted from agri-environmental policy
measures, in a number of OECD countries unconstrained commodity production-linked
support policies are still pulling in the opposite direction.

o Environmental improvement in agriculture has involved costs that would be lower in the
absence of commodity production-linked support measures, which provide incentives to
adopt environmentally harmful practices and input use, and expand commodity production
to environmentally sensitive land.

e Although environmental cross-compliance conditions associated with commodity
production-linked payments to farmers are mitigating some environmental pressures, they
are not necessarily the most effective or efficient ways of reducing environmental
pressures,

e Research is underway to analyse the effectiveness and efficiency of different agri-
environmental policy measures in order to identify the policies and market actions that
would achieve the same or better environmental outcomes at lower cost.

o Establishing reference levels to distinguish the conditions under which farmers should be
accountable for the environmental costs they impose on society (polluter-pays-principle)
from those under which farmers should be rewarded for the provision of non-remunerated
environmental benefits they provide to society (provider-gets-principle) is crucial.

o Agro-ecological conditions and public preferences vary across and within countries, and a
variety of different policy measure, market creation and voluntary initiatives, and
technological developments are appropriate to deal with environmental concerns.

o The current financial, economic and food price crises significantly increase the challenge
to produce food sustainably, in particular given longer term demographic, income and
climate change trends.

Reference
OECD, 2008. Environmental performance of agriculture in OECD countries since 1990.
Paris, France.



AgSAP Conference 2009, Egmond aan Zee, The Netherlands

Integrated assessment of agricultural systems:
On integrated science and science integration

M.K. Van Ittersum, F. Ewert, E. Andersen, F. Brouwer, T. Heckelei, J. Alkan Olsson,
J. Wery, J.J.LF. Wien
Plant Production Systems, Wageningen University,
P.O. Box 430, 6700AK Wageningen, The Netherlands
Contact: martin.vanittersum@wur.nl

Introduction

The recent fluctuations in prices of agricultural commodities have distinct impacts on
agricultural systems at global, continental, regional, farm and field level. They not only affect
the economy of agricultural systems, but can also have substantial environmental and social
implications. These price fluctuations underpin two main requirements for ‘integrated
assessment (IA) of agricultural systems’ in general: IA must provide integrated analysis at
multiple scales and of economic, environmental and social factors. The dynamics in food
prices and, for instance, the rise and decline in popularity of using biomass for biofuel also
point at a third requirement: research tools must be flexible, as issues can change within short
time periods, and research tools fit for only one purpose can become outdated rapidly.

These three requirements challenge research for integrated assessment of agriculture and
point at the need for generic and flexible tools. This contribution will illustrate some of the
advances achieved over the past four years in a large integrated and EU-funded research
project (SEAMLESS), involving 30 institutes and a large group of scientists with an
agronomic, environmental, economic, information technology or sociological background
(Van Ittersum et al, 2008). We present key methodological features of a computerized
framework for integrated assessment of agricultural systems. The paper demonstrates an
application, and reflects on some research challenges for interdisciplinary science. Finally, it
discusses the positioning of science-based IA frameworks and derived information in the
science-policy interface.

A component-based framework for integrated assessment

The SEAMLESS Integrated Framework (SEAMLESS-IF) allows integrated, ex-ante
assessments of agricultural and agri-environmental policies and technologies across a range of
scales, from field/farm to region and the European Union. SEAMLESS-IF integrates
relationships and processes across disciplines and scales which are conceptualized following
the paradigm of hierarchy theory (Ewert ef al., 2009). The relationships and processes at
different levels of organization are modelled in so-called components. These components
include a modular, biophysical simulation model calculating agricultural production and
externalities at field level (APES); a bio-economic farm model quantifying the integrated
agricultural, environmental and socio-economic aspects of farming systems (FSSIM); and an
agricultural sector model (CAPRI) providing information on supply-demand relationships.
Various scaling methods have been used to link information from one level to another or to
simulate the feedbacks between levels of organization and processes. The framework uses a
European data base with data on soils, weather, farming systems, agro-management, prices
and sectoral accounts as well as a library containing indicators for economic, environmental,
social aspects organized in an indicator framework. Institutional indicators are included and
organized in a specific component for institutional compatibility assessment (PICA). The
conceptual linkage of components is facilitated through the use of ontologies and the
technical linkage through the use of the Open Modelling Interface (OpenMI). Two
applications have been used to test and improve the framework. One simulates impacts of
international trade liberalization proposals on the European Union and a second case study
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analyses the consequences of environmental policies at a regional and farm level. Additional
components, for instance focusing on landscape quality or on global market interactions have
been developed in the project or are available and can be integrated into SEAMLESS-IF.

Reflections on integrated science

The developed integrated framework follows one of the possible methodological pathways for
integrated assessment. The method focuses on integration of standalone components that are
strong in simulating specific processes and relationships, including crop and livestock
production and externalities, farm responses and supply-demand relationships. A benefit of
this approach is that it allows to structure the development of integrated assessment tools in
relatively independent components and to benefit from advances of science focusing on
specific parts of the system. All details in each of the components may not be needed for a
specific application but do provide a degree of flexibility needed for a broad range of
applications (Ewert et al., 2009).

A key question is whether this approach allows an adequate system representation for
specific problems, and does capture the most relevant feedback mechanisms and interactions
which may occur at the interface of subsystems, e.g. between crops and livestock, between
different fields and landscapes, or between farms and markets. Here, further testing remains to
be done with interesting science. A particular challenge of this research method is the high
data demand. Three routes or combinations of them are available: (1) using statistical
sampling procedures; (2) developing science-based rules to ‘generate’ certain crucial but
missing data; (3) using available pan-European data.

Structuring research tools in components also allows structuring the workforce and
European and international collaboration. The teams developing components can work
relatively independent and may consist of specialists with sufficient so-called T-shaped, that
is integrative, skills (Bouma, 1997). At the same time, a team of adequate size needs to have
the necessary conceptual and technical skills for integration and linkage of components. The
relatively flexible linkage of components puts high demand on state-of-the-art information
technology (IT) which is not present in all teams. The experience of SEAMLESS showed the
crucial importance of having a team with unprecedented interdisciplinary skills and which is
motivated to invest in IT.

Reflections on integration of science and policy

Despite the advances in developing generic and flexible research tools in SEAMLESS and
many other research projects, science cannot take for granted that its results will be heard and
used in the policy domain. It remains very important to understand the aims and role of
integrated analysis within decision-making processes for which science-based information is
just one relevant ingredient. Classifications and ideotypes, of foresight studies (Van Ittersum
et al., 1998), of the role of science in policy and politics (Pielke Jr, 2007) and of the
institutional interfaces of science and policy in so-called boundary arrangements (Sterk et al.,
2009) can assist in defining and contrasting the precise aims of integrated assessment and in
further working on an effective science-policy interface.

References

Bouma, J., 1997. Geoderma 78: 1-12.

Ewert, F., et al., 2009. Environmental Science & Policy. (in review)

Pielke Jr, R.A., 2007. The Honest Broker. Making Sense of Science in Policy and Politics.
Cambridge University Press, 188 pp.

Sterk, B., et al., 2009. Land Use Policy 26: 434-442.

Van Ittersum, M.K., ef al., 1998. Agricultural Systems 58: 309-330.

Van Ittersum, M.K., ef al., 2008. Agricultural Systems 96: 150-165.

7



AgSAP Conference 2009, Egmond aan Zee, The Netherlands

Two decades of Integrated Assessment tools: A promising way forward

Jan Rotmans
DRIFT: Dutch Research Institute For Transitions,
Erasmus University Rotterdam, P.O. Box 1738,
3000 DR Rotterdam, The Netherlands
Contact: Rotmans@fsw.eur.nl

Integrated Assessment (IA) is the multi- or interdisciplinary process of structuring knowledge
elements from various scientific disciplines in such a manner that all relevant aspects of a
social problem are considered in their mutual coherence for the benefit of decision-making.
IA has a heuristic character, being a quest in triplicate: for causalities, coherence and
commonalties. A is therefore an iterative, reciproque process, where integrated insights from
the scientific community are conveyed to the decision-making community, and experiences
and insights from decision-makers are taken account of in the integrated analyses. Although
active participation is no prerequisite, more and more people in the [A-community are
convinced of the vital importance of involvement of stakeholders in the IA-process. It is
generally acknowledged that involvement of non-scientific and practical knowledge and
expertise, valuation and preferences in the form of direct involvement of actors will enrich the
process of Integrated Assessment.

In general, two types of Integrated Assessment methods can be distinguished: analytical
methods and participatory methods. While analytical methods are often rooted in natural
sciences, participatory methods, also labelled as interactive or communicative methods, stem
from social sciences. The group of analytical methods is reasonably well-defined and
basically includes model analysis, scenario analysis and risk analysis. Their commonality is
that they provide analytical frameworks for representing and structuring scientific knowledge
in an integrated manner. The group of participatory methods, however, involves a plethora of
methods, varying from expert panels, delphi methods, to gaming, policy exercises and focus
groups. They have in common that they aim to involve non-scientists as stakeholders in the
process, where the assessment effort is driven by stakeholder-scientist interactions.

Although it is hard to generalize, it is acknowledged that over the last two decades tools for
IA have evolved significantly: from supply-driven to more demand-driven, from mono-
disciplinary to multi-disciplinary, from technocratic to participatory, from objective to
subjective, from certainty to uncertainty and from predictive to explorative. As Wynne &
Shackley (1994) put it: we used to build truth machines, but now we build heuristic tools.

Within this changed [A-context we now face the ultimate challenge is to perform IA for
sustainable development, this is what we call Integrated Sustainability Assessment (ISA), not
to be confused with Sustainability Impact Assessment (SIA). Sustainable development is a
complex, multi-dimensional phenomenon, with a breadth and depth that cannot be fully
covered by the current portfolio of [A-tools. We, therefore, need a new generation of ISA-
tools, that is rooted in a new paradigm and that can handle the complexity and multiplicity of
sustainable development, in terms of multiple scales, multiple domains and multiple
generations. To build-up a new generation of IA-tools requires time, resources and a clear
investment strategy, it is proposed here to follow a two-track strategy: find new ways to use
the current portfolio of IA-tools as efficiently and effectively as possible, while at the same
time developing the next generation of IA-tools for sustainable development, called ISA-
tools.
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Enhancing developing world agricultural performance:
Getting beyond the current plateau

Prabhu Pingali
Deputy Director, Agriculture Development,
Bill and Melinda Gates Foundation
Contact: Prabhu.Pingali@gatesfoundation.org

Developing world agriculture has witnessed unprecedented levels of growth over the past four
decades yet serious problems remain. While food supply outpaced population growth rates,
hunger and poverty persist in large parts of the developing world, with particular
concentration in sub-Saharan Africa. Technology induced productivity growth has generally
not reached beyond the ‘bread basket areas’, causing a widening welfare gap with the lagging
regions, even in emerging economies. Moreover, ‘Green Revolution’ productivity gains have
shown clear signs of stagnation and potential reversal due to intensification induced resource
degradation, resource competition and the emerging consequences of climate change.
Technology solutions for addressing the problems of lagging regions, especially drought
tolerance, as well as, correcting for resource degradation are hampered by the changing locus
of innovation from the public to the private sector. Incentives for enhancing productivity
growth have been hampered by the general decline in public investments for the agricultural
sector, as well as, a continuing policy bias towards urban areas. The problems of the
developing country agriculture are as complex today as they were four decades ago, if not
more so. However, we are better positioned to address these problems today than in the past
due to a vastly expanded knowledge base and a set of viable solutions. What’s needed is
better ground level information on the constraints to productivity growth and an enhanced
ability to adapt solutions to these problems. Agriculture can be an effective pathway out of
rural poverty, only if there is a long term and sustained commitment by the state to
productivity enhancement, there are no quick wins.
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Scenario studies for agriculture, land use and landscape in Europe:
A comparison

Katharina Helming, Ignacio De la Flor Tejero, Martin K. Van Ittersum, Peter Nowicki,
Willem Rienks, Axel Volkery
Leibniz-Centre for Agricultural Landscape Research (ZALF), Germany
Contact: khelming@zalf.de

Introduction

Land use and agriculture are key human activities, which, through the exploitation of natural
resources, foster socio-economic development and alter structures and processes in the
landscape. At the European level, the Sustainable Development Strategy stresses the need for
real integration of economic, environmental and social issues across policy areas. In
particular, land use policies aim to promote sustainability pathways of natural resources use
and rural development through the decoupling of economic growth from environmental
degradation while supporting social cohesion. In recent years, foresight and ex-ante
assessment studies of land use and agriculture have emerged that place land use decisions into
the logical chain of driving forces and impacts. The purpose of these studies was to provide
decision support to land use and agricultural policy making through the anticipation of
possible effects of land use and agricultural change scenarios on sustainable development
targets. While similar in general purpose and approach, the studies differed in their approach
to the spatio-temporal systems and in their use of driving forces, scenarios, modelling
approaches, etc. The objective of this paper was to conduct a comparative analysis of selected
forecasting studies for land use change in Europe, namely SEAMLESS (Van Ittersum et al.,
2008) SENSOR (Helming et al., 2008), EURURALIS (Eickhout & Prins, 2008), SCENAR
2020 (Nowicki et al., 2007), and PRELUDE (EEA, 2007).

Methods

The DPSIR (Drivers, Pressures, States, Impacts, Responses) was used as a general framework
for comparison. Although originally focused on the environment and the effects of humans on
it, the DPSIR framework is easily applicable to the cases of land use and agriculture and helps
structuring complex analytical chains. Based on the DPSIR chain and integrating further
structuring elements, seven parameters were selected to compare the analytical design of the
assessment studies. These were: (1) purpose of the project, (2) spatial and temporal scale
(grain and extend), (3) driving forces considered, (4) scenario design, (5) modelling approach,
(6) impact analysis (indicator frameworks), (7) sustainability interpretation.

Results

Although considerably different in size, complexity and purpose, a comparison of the studies
using the above described criteria proved possible and revealed a number of similarities. All
projects aimed at providing ex-ante assessments of future development trends as affected by
human decisions. They were based on scenario studies and used indicator systems to address
environmental, social and economic impacts. Despite the similar purposes, each study
revealed its particular strengths and unique features: SCENAR2020 and EURURALIS, two
meta models, were particularly dedicated to the policy environment of agriculture and rural
development in Europe. For the case of SCENAR, the high degree of policy relevancy was
also manifested with the startling short time span of less than one year they required for the
analyses. PRELUDE, an expert system, was based on a very sophisticated approach to
stakeholder involvement in scenario design, which also allowed for visionary, antithetic

' Keynote presentation
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Table 1. Foresight and assessment studies included in the comparative review.

Time

Study horizon

Spatial System Issue Purpose

Future of EU
agriculture and the
rural economy
Visions on future
landscape
developments

SCENAR 2020 Europe .at NUTS2/3  Agriculture and rural
and regional clusters areas
Landscape and

PRELUDE 2035 Europe at 10min grid .
environment

Europe at NUTS2/3  Agriculture and rural

EURURALIS 2030 . S
and regional clusters  sustainability

Foresight rural areas

Nested system from

farm level to Integrated
SEAMLESS 2015-2025 . . Agricultural Systems assessment of

regional, national, agricultural systems

European and Global & Y

Land use (agriculture,
Europe at NUTS2/3  tourism, forestry, nat.
and regional clusters conservation, transport,

and energy infrastructure)

Ex-ante impact
assessment of
European policies

SENSOR 2025

anticipations of possible future landscape developments. It was particularly useful to trigger
societal debate on future development targets of the rural environment. SEAMLESS and
SENSOR involved far more resources than the other projects allowing for differentiated and
complex approaches to the assessments and to the development of fully dynamic modelling
systems. SEAMLESS, involving the coupling of comprehensive standalone models,
emphasised on sophisticated scaling approaches in integrated modelling leading from detailed
simulations of single farming systems up to global interactions in agricultural decision
making. SENSOR with its meta-model SIAT emphasised on a cross-sectoral approach
integrating a variety of land use sectors. It also developed new approaches to sustainability
interpretation of environmental, social and economic impacts. Both projects developed impact
assessment tools for further use in policy making.
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Integrating social preferences and spatial analysis to optimize the use of
marginal agricultural lands'

M. Arriaza, O. Nekhay
Centro IFAPA ‘Alameda del Obispo’, Apartado 3092,Cérdoba, Spain
Contact: manuel.arriaza@juntadeandalucia.es

Introduction

The land management of olive plantations in Southern Spain is analysed from a threefold
point of view: economic, social and environmental sustainability. The economic approach
addresses the viability of the farming activities, the social criterion aims to prevent population
loss in rural areas, whereas the environmental analysis involves the consideration of the
reduction of soil erosion, the improvement of biodiversity, the control of fire risk and the
provision of quality agricultural landscapes. The study analyses how the type of management
of the olive grove (conventional, integrated and organic) or its abandonment contributes to the
achievement of these objectives.

First, we asked to the local and non-local population to weigh these three aspects of
sustainability via a classical Analytic Hierarchy Process (AHP) questionnaire. Second, a
group of experts weighed how the different land management contributes to these objectives.
Finally, the Geographical Information Systems (GIS) provide the territorial integration of
both weighing exercises. For each objective, the best management alternative is selected for
each pixel, then the weight of the objective in the pixel determines which one dominate the
rest.

The case study is the olive (Olea europaea L.) plantations of the mountain areas of
Andalusia (Spain). These plantations are located in highly sensitive places from an
environmental point of view and, after the decoupling of the subsidies, a large percentage of
them face the risk of abandonment, therefore, the study aims to optimize the type of land
management and to spot the most suitable places for restoration. The municipality of Montoro
is located in the province of Cordoba in Southern Spain. The territory enjoys typical
Mediterranean continental climate conditions with irregular precipitation distribution during
the year (less than 600 mm yr '). Municipality of Montoro represents a variety of agricultural
ecosystems (pasture, olive groves and annual crops) and forest/shrub natural vegetation near
agricultural areas. Its 58,103 hectares are divided into olive plantations (27.5%), arable crops
(6.6%), forest and natural vegetation (37.5%), natural park (20.9%), Mediterranean pasture
(6.7%) and other crops (0.8%).

Methods

The AHP technique uses expert judgments as inputs for weighing alternatives (Saaty, 1980).
In our study, expert knowledge determines the relative importance of each criterion of the
optimizing function. Empirical studies that have used multi-criteria evaluation methods for
the solution of spatial problems include that of Malczewski (1999), which brought together
two approaches developed much earlier: Multi-Attribute Utility Theory (MAUT) and the use
of Geographical Information Systems (GIS) as a platform for representing the spatial
dimension of the problems. A large number of studies have since adopted Malczewski’s
approach, including Thirumalaivasan et al. (2003), Ayalew et al. (2005) and Neaupane &
Piantanakulchai (2006), this last dealing with different fields of landscape assessment process.

The utility function to be optimized takes the form: : Un,g=zé“ A, P where n represents each
i=1

! This research has been financed by INIA through the research project RTA04-086.
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pixel of the territory (10x10 m), g is the type of management or abandonment, 4,; represents
the importance of the type of management g for objective i, P; is the weight that Society
assigned to objective i and F); represents the potential suitability/risk (between 0 and 1) of
pixel n for objective i. Then, the highest U determines the optimum alternative in the final
map.

Results and discussion
The maps in Figures 1-3 show the sequence of the analysis:

, e
K. . I Oiivar integrado e | . on!
Figure 1. Initial agricultural Figure 2. Aggregation of  Figure 3. Optimized land use.
land use. maps.

From a methodological point of view, the use of the ideal mode of AHP avoids the bias that
arises from the weighting of elements in each layer when the number of elements differs in
individual layers. Consideration of negative priorities instead of their transformation into
small positive priorities also gives the model more internal consistency and produces more
accurate results that are in accordance with the preferences revealed by the experts. Also, the
data requirements of this approach are less rigorous than those of classical statistical models
based on historical data. The sensitivity analysis indicates that the model is stable on the basis
of the results of the four alternative scenarios considered. The simulation carried out in the
study identifies the edges of major agricultural areas (mostly olive groves), areas of natural
vegetation and areas adjacent to Natural Park with oaks as being most suitable for wildlife
habitat restoration. These results have similarities to those obtained by other researchers on
biodiversity, based on either individual or groups of species.
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Understanding land use change with the aid of an integrated modelling
framework: A case study on rural south-west China

K. Berkhoff, S. Herrmann
Department of Environmental Planning, Leibniz University Hannover,
Herrenhaeuser Strasse 2, 30419 Hannover, Germany
Contact: berkhoffl@umwelt.uni-hannover.de

Introduction

Cash crop production and rapid economic growth have generated huge impacts on the natural
resources, ecosystems and livelihoods of ethnic minorities in the ecologically fragile upland
areas of the Naban river catchment. The region is located in the south of Yunnan province in
China and is part of the Indo-Birma hotspot of biodiversity. The production of natural rubber
dominates the regional economy and increasingly replaces traditional, diversified and
sustainable land use practices. This situation requires an integrated approach to land use
planning. The Sino-German research project LILAC' supports this process by a modelling
framework dealing with the multiple impacts of rubber cultivation: loss of biodiversity,
increasing income, farmers’ dependency on the market, etc. By ‘integrated modelling
approach’, we mean the coordinated application of an agro-economic, ecological and social
model which altogether interact with a land allocation model via defined interfaces (no
dynamic coupling). We call this approach the NabanFrame modelling framework.

Due to the strong social implications of changes in land use the major focus is laid on the
appropriate definition and integration of the social drivers initiating and underlying the
current land use pattern. The presentation describes how the land allocation model
(CLUENaban) 1s parameterized to model the status quo of land use in the study area. For model
calibration, narrative interviews with individual stakeholders are used. They were conducted
in the study area with regard to knowledge exchange and the adoption of innovations (Aenis
et al., 2008).

Modelling framework (NabanFrame)

The objective of the modelling approach is to provide policy support for land use planning;
the addressees are decision makers of the nature reserve and regional planning authorities.
NabanFrame consists of three disciplinary models describing the issues of ecology, economy
and sociology and further the land allocation model CLUENap.n Which has an integrating
function. NabanFrame follows a three steps approach of data preprocessing and land use
demand negotiation, then land allocation (ruled by CLUENaban) and finally the evaluation of
the resulting land use maps (see Figure 1). In all three steps information of the disciplinary
models is considered. E.g., in the pre-processing phase yearly demand for the land use types
is adjusted between agro-economic and ecological demand. In the next step of NabanFrame,
all models deliver location factors for the land allocation module. Finally, they are applied to
conduct the impact analysis in the concluding post-processing step.

Incorporation of social information into CLUEnNapan

The land use allocation model CLUEngpan 1s based on the CLUE-S model (Verburg et al.,
2002). CLUE-S has been designed to simulate land use change using empirically quantified
relations (regression analysis) between land use and its driving factors combined with the
modelling of competition between land use types (dependent on location suitability,
neighbourhood setting, conversion elasticity and a demand-related iteration variable).

' ‘Living Landscapes China’, a project supported by the German Federal Ministry of Education and Research
under promotional reference: 0330797A
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Figure 1. The NabanFrame modelling framework, operationalized for the status quo scenario.
Colors refer to model inputs (light grey: social model, medium grey: ecological model, dark
grey: agro-economic model). Empty boxes are not yet operationalized, white boxes are in the
responsibility of the land allocation model.

It is assumed that locations are assigned to the land use type with the highest total probability.
In the presentation, the setup of CLUENaban Will be illustrated as it was chosen for modelling
the status quo of land use, focusing on the incorporation of social issues into the modules of
CLUEnNaban. Data from questionnaires has been referenced to spatial entities in the study area
before it is integrated in CLUENgpan. The simulation runs from 2001 to 2007 (referred to as
“status quo”) for which a detailed land use map has been generated from IKONOS 2 remote
sensing data. In contrast to the questionnaire information, the narrative interviews serve the
purpose of calibrating the parameterization of the status quo scenario: Can the processes and
decisions reported in the interviews be recovered in the modelled land use map?

Modelling scenarios of land use change

The understanding of the relevant processes that drive land use change in the study area is an
indispensable condition for the subsequent modelling of scenarios. Two scenarios for the
study area will be modelled by the NabanFrame modelling framework: a scenario of
sustainable development and a business as usual scenario; the time horizon of the scenarios
will be the years 2007 until 2020. The land use maps resulting from the scenario modelling
exercise as well as the results of the impact analysis conducted by the agro-economic, eco-
logical and social model provide the basis for discussion with the regional decision makers.
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Concept and application of a DLG sustainability standard on the farm level

O. Christen
Institute of Agricultural and Nutritional Sciences,
Chair of Agronomy and Organic Farming,
University of Halle-Wittenberg, 06099 Halle, Germany
Contact: olaf.christen@landw.uni-halle.de

Introduction

To assess practical farms according to the principles of sustainable farming requires a
comprehensive approach taking into account environmental, economic and social aspects of
production. In general such an assessment is possible on different levels, starting at the crop
or crop rotation level, the farm level, or the regional level. In our approach we focus on the
farm level, because the farm level is relevant for all major decisions regarding varieties, input,
crop rotation.

In cooperation with University Freising-Weihenstephan and the German Agricultural
Society (DLG) we have developed an assessment system on the farm level based on the
computer model REPRO, which has been developed at the University of Halle-Wittenberg.
With this model it is possible to quantify all major energy and material flows on the farm and
on the field level as well as relevant information on economic effects of the different
decisions taken on the farm. The aim of this project is to establish a standard for a
certification scheme run by the DLG. In this paper we will focus on the ecological indicators
and the results on a number of pilot farms (Deumelandt & Christen, 2008).

Materials and methods
The assessment of sustainability on the farm level is mainly based on the use of pressure
indictors, which have been established in a number of previous projects (Heyer et al., 2003;
Riicknagel et al., 2006). The following indicators are calculated: Nitrogen-balance,
phosphorus-balance, SOM-balance, energy intensity, GHG-emissions, pesticide-index, soil
compaction, soil erosion, biodiversity, proportion for conservation agriculture. All
calculations for the ecological indicators are conducted with the software REPRO, which
allows to normalize the different scales to

figures between 0 and 1 (see Figure 1). The

threshold for a sustainable system is 0.75in  Indicator

this system. A farm is rated as sustainable 1,00
if all three areas average above 0.75. The
basis for all calculations is based on
husbandry data as well as details on soil
and climate conditions.

0,751

0,504
Results and discussion

The results for the five pilot farms are
given in Table 1. On average all five farms 0,257
fulfilled the criteria set in this project,

however, single indicators on some farms 0 ‘
were well below the standard of 0.75. 5 0 50 100 150
Especiglly the pesticide index and Fhe e (v
proportion of area for nature conservation
projects were below 0.75 in a number of
cases. Figurel. Function to normalize N-balance.
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Table 1. Normalized indicators for the five pilot farms.

Indicator Scale Farm A FarmB FarmC FarmD FarmE
N-balance kg ha ' 0.82 0.93 0.97 1.00 0.88
P-balance kg ha ' 1.00 0.79 0.85 0.70 0.88
SOM-balance kg Cha' 0.70 1.00 0.93 1.00 1.00
GHG CO;z cqu GJ'! 0.71 0.66 0.66 0.49 0.85
Energy intensity MJ GE™ 1.00 1.00 1.00 1.00 1.00
Pesticide index 0.47 0.14 0.59 1.00 0.00
Biodiversity 0.90 0.63 0.62 0.89 0.70
Conservation 0.35 0.55 0.29 0.36 0.42
Erosion tha ' yr 0.89 1.00 0.85

Soil compaction 0.98 0.88 0.88 0.75 0.98
Average 0.77 0.75 0.78 0.80 0.75

Further work is now required to include a greater number of farms in the assessment and to
aggregate the different indicators in various ways based on their environmental relevance.
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An integrated assessment of global changes in crop-livestock systems to
2030: Implications for policy development
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Introduction

The world’s population is predicted to increase by 50% over the next quarter of a century to
reach 9 billion by 2030. During this period, and if the livestock revolution fully materializes,
in developing countries there is likely to be a rapid increase in demand for livestock products,
driven by increasing urbanization and rising incomes. On top of this, the impacts of a range of
driving forces such as water availability, climate change, technological innovations on
smallholder crop and livestock production may be substantial. The result of these drivers is
that smallholder farms will inevitably change. The challenge is to ensure that the resource-
poor, mixed crop-livestock, smallholder sector, which currently provides the majority of milk
and meat in the tropics, is able to take advantage of the opportunity to meet the increased
demand for these products. To do so the sector will need to intensify, but at the same time it is
vital that this does not compromise household food security, sustainable natural resource
management or rural livelihoods. This study attempts to find policy alternatives for the above
by using a range of coupled integrated assessment models and spatial disaggregation methods.

Methods

The framework for the study was based on the framework for the Millennium Ecosystem
Assessment (MA, 2005) and subsequently used for other major assessments like the IAASTD
(2008). We used the IMPACT-Water model (Rosegrant et al., 2005) and a spatially
disaggregated crop-livestock systems classification (Kruska et al., 2003) for looking at
alternative scenarios of change in mixed crop-livestock systems. We built upon the results of
the TAASTD (2008). The scenarios we used were the reference scenario, which tries to mimic
business as usual conditions of growth in agriculture, incomes, population and others.
Additionally we investigated what would be the consequences of increased demand for
biofuels, increase expansion of irrigation to produce more food and feed and what would
happen if the demand for livestock products increased.

Results and discussion

The results of this study have several policy implications and are present in full in (Herrero et
al., 2008). Some of the main findings are as follows:

- Mixed intensive systems in the developing World are under significant pressures. These
pressures are larger in some systems than in others but are all caused by the rising demands of
the human population and its income shifts and rates of urbanization. For example, mixed
intensive systems in South Asia are reaching a point where production factors are seriously
limiting production as land per capita decreases significantly. Significant trade-offs in the use
of resources (land, water, nutrients) exist in mixed systems, especially as the demands for
biomass for food, feed and energy increase.

- Important productivity gains could be made in the more extensive mixed rainfed areas.
Resources constraints in some land-based mixed intensive system are reaching are a point
where livestock production and environmental degradation may have deleterious impacts on
humans. In more extensive systems, with less pressure on the land yield gaps of crops and
livestock are still large. Pro-poor policies and public investments in infrastructure will be
required to create system of incentives, reduce transaction costs and improve risk
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Figure 1. Conceptual framework for studying the impacts of drivers of crop-livestock systems
change (Adapted from MA, 2005).

management in these systems. Integration of production in these systems to supply agro-
ecosystems services (feeds, food, etc) to the more intensive systems should be promoted.

- The livestock revolution — at least from ruminants — could potentially exclude the poor in
terms of the benefits of consumption of meat. If green fodders became scarce because of land
and water shortages, and more grains were fed to ruminants to match production, this is likely
to increase the prices of animal products further, thus bypassing the abilities of the poor to
consume more milk and meat. This would present significant challenges in mixed systems,
particularly in Asia.
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Introduction

Many of the most interesting current research questions in economics span issues from the
very small and detailed to the very large and abstract, or require the interdisciplinary study of
relations between fields that are causally wide separated and generally not studied together:
What are the implications of general trade liberalization on the physical environment in
certain rural regions? Or what do regional differences in policy implementation imply at the
global level? Such questions stress, in the absence of “The Great Model For Everything”, the
trade-off between generality and depth, i.e. between covering many aspects of the system
studied and details of certain interesting components. This dilemma may be resolved by
linking specialized models to exploit their different strengths, as done within SEAMLESS
(Van Ittersum ef al., 2008). This paper refines the link between the general equilibrium model
GTAP (offering an economy-wide perspective; Hertel, 2004) and the partial agricultural
model CAPRI (offering a detailed model of the agricultural production and policies, Britz et
al., 2007) which was developed in Jansson et al. (2008b). We aim to illustrate the potential of
the linked system by analysing a multi-lateral trade reform, where results are computed for
regional nitrate surpluses and agricultural incomes in the EU as well as welfare effects for the
world. The results will indicate the interdependence between regional and global economies
and regional physical impacts. This level of analysis is not possible with either model by
itself. We firmly believe that this kind of analysis will be increasingly important to address
future research questions.

Methods

The linking approach relies on using the variables and equations of the models as they are,
introducing the link by shocking parameters already present in the models. This is similar to
Jansson et al. (2008a) but contrasts with for example Grant et al. (2006), which replace the
original GTAP equations by iso-elastic approximations in the form of supply functions. By
maintaining the original model equations, maintenance of the core models is greatly
facilitated, and the links can be adopted for other versions of CAPRI and GTAP with less
effort. In addition, auxiliary facilities like data exploration tools and the welfare computations
in GTAP will keep functioning as in the stand alone applications. The link works with an
iterative exchange of input parameters to each model as visualized here:

DP:

¢ (P,S,Ij,T) - Contents of DG:
w Input price vector for CAPRI
M Consumer exp enditure
SHIFT ~ Contents of DP:
P Ag.input-and output price indices
¢ CAPRI S Aggregate supply of agriculture
D Aggregate demand for agriculture
T Trade flows of agricultural goods
GTAP 4
SHIFT: Program to compute shock for GTAP.
. DG:
Y (W,M)
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Starting by solving GTAP (bottom left), we particularly solve for the price vector W
containing prices of agricultural intermediate inputs, capital and labour, and the vector M of
consumer expenditures per country (aggregate). Those data are written to the dataset DG.
Next, CAPRI is solved, using W and M as exogenous variables (parameters). CAPRI
computes for the aggregate agricultural sector price indices of output P per region, total
supply S, demand D disaggregated into human consumption, processing consumption and
intermediate demand by agriculture itself, and trade flows T. This is written to the dataset DP.
Finally, the program SHIFT computes shocks for GTAP by shocking the agricultural
producers of GTAP so that they, in a partial setting, would replicate the outcome of CAPRI,
and similar for consumption and trade of agricultural goods.

Results and discussion

To assess the value-added of the linked system of CAPRI and GTAP, we analyse a simplified
trade liberalization scenario consisting of a reduction in tariffs according to a tiered formula
described in the Doha draft modalities for agriculture released on February 8, 2008 by the
WTO. Comparison with the results from stand-alone versions of the models provides a
benchmark to assess the value-added of linking the models. We limit the scenario to
agricultural liberalization only to gauge the effect of economy-wide results provided by
GTAP. Since CAPRI is an agricultural sector model it will not account for the impact of
liberalization of non-agricultural trade, which would be included in a more realistic Doha
scenario. This would however obscure the effects of the just the economy-wide feedbacks to a
change in the agricultural sector. Detailed results are not yet available.
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Introduction

Land use has been generally considered a local environmental issue, but it is becoming a force
of global importance (Foley et al., 2005). The complexity of land-use systems calls for multi-
disciplinary analyses (Mulder, 2001). Modelling is one of the methods in the portfolio of tools
and techniques available to unravel the dynamics of land use systems A prerequisite to the
development of realistic models of land use change is the identification of the most important
drivers of change (Verburg et al., 2006). Factual knowledge and analytical techniques have to
be combined with local knowledge and subjective perceptions of the various stakeholder
groups (Pahl-Wostl, 2002).

Methods

An interdisciplinary team of socio-economic and ecological researchers was formed to
integrate participative research tools to derive datasets for the FALLOW (Van Noordwijk,
2002) model. The uplands cropping area of Ban Put, Yen Chau District, Son La Province,
Northwest Vietnam was chosen as study site, and a list of model input parameters was
selected as prerequisite for the data collection process. Open and semi-structured interviews
were conducted with local stakeholder groups, e.g., young (18-35) and old (36—-65), male and
female farmers, and village key persons. Information on land use history, plot soil fertility
status, farmer management and current problems of the upland land use systems were
collected. The interviews concept aimed to promote participation of local stakeholders by
using different tools, such as a 3D topographic map, drawing and ranking cards, developing a
resource flowchart and uplands seasonal calendar. The approach was designed based on an
information feedback loop: 1% a data analysis is required after each data collection loop; 2™
results of previous loop are taken as basic knowledge and used as an entry point of the
following loop; 3™ information is crosschecked with stakeholders such as local authorities,
key farmers, farmers of young/old/male/female groups; and finally 4™ data generated during
these processes are validated by all local stakeholders during a synthesis discussion. It was
assumed that by interviewing different stakeholder groups a validation of derived information
and thus a consistency assessment could be achieved. The derived datasets were then used to
calibrate the model accordingly. Three scenarios were defined in line with the study findings
to test the FALLOW model modus operandi.

Results and discussion

In general, land use change on the village level revealed the following situation: 1% expansion
of cropping area close to the village and lower elevation and inclination levels to mid-slope
and hilltop positions, 2™ land tenure changed from cooperate to individual management
systems, 3" traditional swiddening systems changed to permanent annual cropping, 4™
individual plot management continuously intensified by improved tillage methods, use of
chemical fertilizers and cropping of hybrid varieties, and mayor problems of the upland
cropping systems are soil erosion and declining soil fertility.

Following the stage of model calibration, each scenario was set for a time period of 25 and
50 years, respectively. Figure 1 presents the output maps of scenario “transition swiddening to
permanent cropping systems”. The initial land use presents the major cropping area close to
the village area, where only a small part of the area is used for cropping. Beside agroforestry
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areas close to village, the remaining area is in a stage of fallow or old secondary forest. This
image changes after 25 years, where more land has been opened for cropping or agroforestry
purposes. The overall forest area declined, although a pioneer forest develops in the lower
right corner. After 50 years, the agroforestry areas almost vanished and cropping is the
dominating land form. Remaining old secondary and primary forest areas are due to an initial
calibration setup to keep forested areas on the steeper slopes of the study area.

Initial land use After 25 years After 50 years

i

=3 =

[[] Crop 77 Pioneer, [] Young secondary forest , [l Old secondary forest , Bl Primary forest,
[] Aroforestry pioneer, [[] Agroforestry early production stage, [l Agroforestry late
production stage, 7Z Agroforestry post-production stage

Figure 1. Outputs of model scenario ‘transition swiddening to permanent cropping systems’.

The application of an interdisciplinary participative research approach was useful to address
different stakeholder perceptions of the upland ecological and socio-economical system. The
combination of qualitative tools together with secondary datasets helped to close to gap of
lacking information, as especially in the context of Northern Vietnam, data collection and
land use analysis is particularly challenging (Castella & Verburg, 2007). By this means,
different scenario input datasets could be derived to test the model modus operandi. The
FALLOW model was able to generate similar land use trends as described by local
stakeholders. Furthermore, results of an in-situ land use survey in summer 2008 (not
presented here) indicate similar findings of cropping intensification. Rather the intensification
timeframe between model scenario run and reality seem to differ, and in this sense, land use
intensification even accelerated in a shorter time then modelled. As the FALLOW model is a
conceptualized tool, specific land use intensity consequences, e.g., soil erosion could not be
presented as indicated in farmer interviews. For this purpose, a rather more specific
biophysical spatial model approach is appropriate, and may in combination with the basic
FALLOW algorithms a useful integration of biophysical and socio-economic driving forces.
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Introduction

During the past 30 years, upland watersheds in the region of Chiang Mai, NW Thailand, have
been subject to multiple changes in land use. Due to political interventions, ethnic preferences
and market demand, some major trends were the replacement of poppy, a lychee boom and,
recently, a surge of cut-flower cultivation in greenhouses.

To allow the ex-ante assessment of effects of such dynamics on upland — lowland resource
competition, on nutrient flows (erosion but also deposition) or dispersal of contaminants, a
Land Use Change Impact Assessment Tool, acronym LUCIA, has been developed.

LUCIA aims at a generic and process-based simulation of the most relevant processes of
small watersheds at affordable run time.

Model development is part of the interdisciplinary special research programme Sustainable
Landuse and Rural Development in Mountainous Regions of Southeast Asia (Uplands
Program); findings and scenarios of other subprojects are integrated.

Methods

Model concept

The spatially explicit dynamic LUCIA model
runs on PCRaster (Van Deursen, 1995),
using a 25 m grid and daily time step.
LUCIA builds on existing validated models:
Hydrological concepts have been adapted
from GenRiver (Van Noordwijk et al., 2003),
plant growth is based on CGMS-WOFOST
(Supit, 2003), while dynamic bulk density
and succession of natural vegetation follow LUCIA. LUCIA.
the FALLOW approach (Van Noordwijk, Watershed Crop
2002). Soil fertility is oriented by a strongly
simplified CENTURY approach (Parton et
al., 1988). The hydrologic and plant growth ~ Figure 1. Schematic coupling of LUCIA
modules will be dynamically linked to an components.

existing Multi-Agent System (Berger et al.,

2006), which simulates economic factors and decision-making (Figure 1). Land use decisions
will then be made on the basis of yield and other biophysical outputs and lead to a land use
map that is fed back into LUCIA.

repeat
{Loop =
Loop+13}
until

Parameterization

The model has been parameterized for the small (7 km?) watershed of Mae Sa Noi. Soil and
land use maps were generated from on-site measurements by Schuler (2008) and satellite
imagery, while secondary data were taken for plant parameterization. Weather data were
obtained from twinned subprojects in the Uplands Program. Parameters referring to soil and
land use classes are entered into a spreadsheet, which allows basic calculations outside the
model. Parameterization files, look-up tables and time series are then exported through a
macro.
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First scenarios and future work
Model development is  still
[T w— - 0 ongoing and plausibility is being
tested prior to validation on
measured data. As an example of
interlinkage between land use and
hydrology, Figure 2 shows
groundwater  discharge under
different vegetation types: Deep-
rooting plants consume larger
quantities of soil water so that
percolation into groundwater is
Cyenee less compared to flows under
o L. —— Forest shallow-rooting vegetation.
Time [d] Groundwater recharge responds
to rainfall events shown on the
right axis. As groundwater
discharge is by definition
proportional to groundwater stocks, rainfall is indirectly reflected by groundwater discharge.

- -20

- -30

- Rainfall [mm]

Groundwater discharge [mm]

Grassland
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—— Bush fallow

Figure 2. Groundwater discharge under different land
uses.

Future work will conceptually concentrate on the implementation of an erosion module based
on the GUEST approach (Yu et al., 1997), out- and upscaling and the option to couple single
modules in and out on demand. Technically, dynamic coupling to the MP-MAS model,
transfer functions for soil hydraulic properties (based on WaNuLCAS; Van Noordwijk &
Lusiana, 1999) and a user-friendly interface to determine outputs will be emphasized.

References

Berger, T., et al., 2006. Mathematical Programming-based multi-agent systems to simulate
sustainable resource use in agriculture and forestry. Internal document, University of
Hohenheim, Stuttgart, Germany.

Parton, W.J., et al., 1988. Biogeochemistry 5: 109-131.

Schuler, U., 2008. Towards regionalisation of soils in Northern Thailand and consequences
for mapping approaches and upscaling procedures. Doctoral dissertation, University of
Hohenheim, Germany.

Supit, 1., 2003. Updated system description of the WOFOST crop growth simulation model as
implemented in the crop growth monitoring system applied by the European Commission.
Treemail Publishers, Heelsum, The Netherlands.

Van Deursen, W.P.A., 1995. Geographical Information Systems and Dynamic Models:
Development and application of a prototype spatial modelling language. PhD dissertation,
Utrecht University, NGS 190.

Van Noordwijk, M., 2002. Ecological Modelling 149: 113-126.

Van Noordwijk, M. & B. Lusiana, 1999. Agroforestry Systems 45: 131-158.

Van Noordwijk, M., et al., 2003. Spatial variability of rainfall governs river flow and reduces
effects on landuse change at landscape scale: GenRiver and SpatRain simulations. Paper
presented at MODSIM Conference, Australia.

Yu, B., et al., 1997. Aust. J. Soil Res. 37: 13-31.

29



AgSAP Conference 2009, Egmond aan Zee, The Netherlands

Construction of a multi-attribute model of arable system sustainability by
elicitation of expert opinion

N. McRoberts, C.F.E. Topp
Land Economy & Environment Research Group, SAC, Edinburgh,
Edinburgh, EH9 3JG, UK
Contact: neil.mcroberts@sac.ac.uk

Introduction

In 2006, the Scottish Government introduced a new procedure for funding research in
agriculture, biological sciences and land use. A number of new 5-year research workpackages
replaced the existing funding streams, with work more closely aligned to policy questions and
additionally aimed specifically at developing inter-institute, interdisciplinary research. Several
of the workpackages deal explicitly with issues of resilience and sustainability in agricultural
systems, and one of these is concerned specifically with arable and mixed arable production
systems which dominate the land use pattern on the eastern side of the Scottish mainland,
between Inverness in the north and Berwick (on the English border) in the south. The aim of
the workpackage is to identify the factors which confer resilience and sustainability on arable
systems along the familiar set of environmental, economic and social dimensions and to
propose management approaches for such systems so that resilience and sustainability can be
maintained. Over the whole life of the project empirical studies and systems simulation
modelling (see McRoberts et al. (2009); Topp & Rees (2009)) will be used to address these
questions but it was recognized at the start of the project that there would be a lag time before
the project was able use such methods to assess policy options and make projections for
sustainable land use. However, since the workpackage is built on previous research and
utilizes approximately 30 scientists, covering a range of disciplines, there was already
considerable knowledge about many of the key issues before any new research was done. To
help structure the research and to provide an interim mechanism for examining policy options,
a multi-attribute model (MAM) of arable system sustainability was constructed by eliciting
expert opinion from the research team. The resulting model is being used to establish a set of
future scenarios which will be tested in more detail once the quantitative modelling
framework is available.

Methods

The MAM was constructed using the DEXi modelling tool (Bohanec, 2008) available from
the Joseph Stefan Institute, Slovenia. An iterative process knowledge elicitation process was
used to gather information from the research team and construct the MAM for arable system
sustainability from the information. An initial seminar session was used to explain to the
whole research team what the aims of the exercise were. The team is composed of a number
of natural sub-groups which specialize in discipline-oriented research; i.e. in ecology,
economics, and social sciences. These sub-groups were asked to discuss among themselves
(i.e. not in conjunction with the other groups) what they already knew about factors which
would lead to either an increase or decrease in sustainability. The groups were allowed to
represent this information in any way they chose, but had been introduced to the hierarchical
structure of DEXi models as one possible approach. A round of discussions was held with
each group to allow us to gain an understanding of their representations of knowledge and an
intial MAM was constructed following these discussions. This MAM was then shown to the
groups, in a second round of discussions and suggestions for changes, additions and
improvements were incorporated to produce the final first operational version of the MAM.
This version of the model is currently being evaluated by the research team as a whole, and
joint decisions are being made about how the different branches of the model would be
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weighted in the overall assessment of sustainability and the initial set of policy options that
will be evaluated.

Results and discussion

[llustrative sections of hierarchical MAM in DEXi are shown in Figure 1. The model contains
89 attributes of which 43 are basic attributes (i.e. they are the end-points of branches in the
hierarchical model) and 46 are aggregate attributes, composed from two or more underlying
more basic attributes.

(a) (b)

—-[@ drable Ecosystern Sustainability =l Arable Ecosystem Sustainability
+-[ Ecological Sustainability + & Ecological Sustainabilty

) . = Human spztem sustainabiliby
=-[E Hurnan spstem sustainabiliy - B Social Sustainabilty

+-[E Social Suztainability Z.E Land
+-[@ Ecanaomic zustainahility -- 3 Enviranment
== Amenity
--E Aesthetics
Figure 1. (a) DEXi model main branches 4 Landscape change
showing main split between ecological and ) i]mz::as'de
human attributes of sustainability. (b) The -1 Ecology
human system branch has been expanded = [= Features
to show it contains both social and f:]] L’::SBS
economic attributes. q widife ’
+-[ Agriculture

+-[E Community
+-[ {E conomic zustainability

The MAM has proved useful in helping to bridge inter-disciplinary gaps in the research team
by allowing different sub-groups to evaluate their own research objectives more clearly
against the project as a whole, and by providing the opportunity for joint discussions about the
relative importance of the different facets of sustainability. These discussions act as a useful
precursor of the sorts of questions that we, the model developers, can expect policymakers
and stakeholders to raise when the model is deployed in practice to evaluate potential policy
options. In common with previous efforts to use MAMs in the analysis of cropping systems
(Bohanec et al., 2004) we have found that the relationships among real-world entities and
processes in the knowledge base were highly cyclical, suggesting that an alternative model
building approach based on a network structure might be more appropriate. A variety of well
validated methods exist for developing such models and offer a further set of tools for
integrated analysis of agricultural and social systems (e.g., Ozesmi & Ozesmi, 2004). A key
issue in the use of MAMs and similar methods is the careful documentation of the mechanism
by which the relationships represented in the knowledge base are translated into the rules or
weights in the model. This is also true for the construction of formal simulation models, but
since MAMs and other knowledge-based models are often viewed as being more subjective
than their mathematical counterparts, it can be an important issue in user-acceptance to have a
transparent process of model construction.
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Introduction

In 2006, the Scottish Government introduced a new procedure for funding research in
agriculture, biological sciences and land use. A number of new 5-year research workpackages
replaced the existing funding streams, with work more closely aligned to policy questions and
additionally aimed specifically at developing inter-institute, interdisciplinary research. Several
of the workpackages deal explicitly with issues of resilience and sustainability in agricultural
systems, and one of these is concerned specifically with arable and mixed arable production
systems which dominate the land use pattern on the eastern side of the Scottish mainland,
between Inverness in the north and Berwick (on the English border) in the south. The aim of
the workpackage is to identify the factors which confer resilience and sustainability on arable
systems along the familiar set of environmental, economic and social dimensions and to
propose management approaches for such systems so that resilience and sustainability can be
maintained. Over the whole life of the project empirical studies and systems simulation
modelling (see McRoberts et al. (2009); Topp & Rees (2009)) will be used to address these
questions. Modelling will allow possible future configurations for land use to be explored in
support of questions being raised by policymakers. Empirical data, however, plays a key role
in the research. First, it allows the models to be parameterized so that they correctly reflect the
local conditions of Scottish arable production. Secondly, data collected now (together with
previously collected data) provide a baseline against which to measure change in the future.
Finally, the data allows an empirical analysis to be made of potential trade-offs which might
exist between different policy objectives, providing a means of checking whether model
predictions aimed at identifying satisfactory solutions for multiple goals are feasible. This
paper describes on-farm survey work which has been undertaken to collect such data in
Scotland and briefly reports on some of the findings.

Methods

The survey was constructed using a targeted sampling approach intended to produce a data set
with a wide variation in crop inputs, production methods geophysical and climatic conditions.
This range of conditions was met in the survey by including farms with certified organic
status, farms which belong to a recognized body which promotes integrated production
methods (LEAF), and farms, covering a wide range of sizes, that did not belong to either of
the other categories. As far as possible, on each farm a cereal crop and a non-cereal, break
crop were selected and a range of biophysical data were gathered following agreed
standardized protocols. The main elements of these surveys were: an assessment of the
within—field flora; the soil seed bank; the composition of the marginal flora of the field and
data on the biological and physical properties of the soil. A two-part farm management survey
was also conducted: participating farmers were asked to provide rotational history and general
farm management information at the time of the initial ecological survey, and were
subsequently asked for information specifically on crop inputs for the crops included in the
survey, to allow gross margins to be calculated for each crop.
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Results and discussion

A wide range of analyses have been carried out on the survey data for 2007/8. Figure 1 shows
an illustrative output from the analyses in which different clusters of fields have been
identified based on their rotational history.

@ spring crops, no grass
spring crops, with grass

@ winter crops, nograss

@ winter crops, with grass

067

no potatoes

04+

0.2+

with potatoes

PCO2 (17%)

0.2+

04+

-0.6 0.4 0.2 \Kﬁ_/@/ 04 0.6 08
PCOT1 (27.6%)

Figure 1. Classification of Scottish arable fields on the basis of presence or absence of
different classes of crop in their rotational history.

As indicated in the introduction the aim in carrying out such analyses is to gain a perspective
on where the Scottish arable system currently is so that we can make objective statements
about its future trajectory and its resilience. The study of resilience requires us to address
concepts which ecologists and economists can seem share in studying the behaviour of
complex systems. A sustainable system or population can be defined as one in which there is
no unchecked trend and for which deviations from the trend are bounded within limits. This
leads to a requirement that resilient systems are those in which variables which ‘measure’ the
system return to the above behaviour after being forced outside the bounds around the trend.
So, for instance, an ideal or sustainable seed bank population (defined by the abundance of a
range of species or functional types) is one which provides food resource for a wide variety of
plant species but not to the detriment of crop yield. It is resilient if it can be returned to the
ideal state if it temporarily moved above or below that state; e.g., through extremely intense
or lax management, respectively. The empirical analyses are allowing us to gain an
understanding of the ranges that such indicators as seed bank size take across a range of
production situations. We are also using the data to examine the extent to which intensive
cereal production is associated with declines in floral biodiversity and soil health. Generally,
in a non-resilient system, measured variables are likely to display increasingly large
departures from their reference values. Measuring such departures in a time series of data
could be used as a method to test for resilience and (by extension) sustainability. Royama
(1996) discusses this issue in an ecological context and Pearce (1998) suggests the
applicability of the method both to ecological and economic variables.
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Introduction

As the results of the Millennium Ecosystems Assessment has shown, there is an obvious and
urgent need for integrated land use planning to help provide optimal outcomes for the health
of rural landscapes. Land use problems in rural landscapes involve complex trade-offs
between multiple, and sometimes competing, objectives. These land use decision problems
require new kinds of decision methodologies which can integrate these multiple objectives
and provide optimal solutions.

Methods

The MULBO (Multi-criteria Landscape Assessment and Optimization) framework has been
specifically developed to help guide these complex multiple objective decisions. In this
current project MULBO has been trialled in the Lake Tyrrell Basin of Northern Victoria,
Australia (Meyer & Grabaum, 2008). Lake Tyrrell is situated within the Mallee region and
covers an area of around 400,000 hectares. The Mallee is a semi-arid region which supports
broad-scale cropping on sandy low nutrient soils, where traditional agriculture has had a high
impact on native fauna and flora, and where naturally saline groundwater and wind erosion
present significant threats to both agricultural production and biodiversity.

The MULBO process includes the following steps (a) goal determination across multiple
management criteria, (b) function analysis on the basis of GIS, (¢) function assessment, (d)
scenario formulation and (e) land use compromise optimization to calculate land use scenarios
(Figure 1).

In this project, major land management goals within the Mallee were identified on the
basis of regional and local management objectives and input from regional land managers,
representatives from community environmental programs and farmers. Major landscape
health problems in the region were identified, as were the major management objectives to be
optimized. These objectives included indicators for (a) farm income, (b) salinity risks, (b)
wind erosion and (d) habitat connectivity.

Inputs to the MULBO process include a range of data sets from a variety of sources. Based
on an initial consultation, these data sets were processed to provide a new decision geography.
The resulting data sets take the form of qualitative landscape value surfaces classified from
low to high.

The land use optimization software LNOPT 2.0 was used to integrate the spatial data sets
and provide suggested optimal land use patterns providing a range of compromise solutions
for land use distribution in the Lake Tyrrell Basin Region. Different land use scenarios were
calculated by adjusting weights for each indicator.

Results and discussion

The application of the MULBO framework in Victoria’s Mallee region has shown the
framework’s ability to integrate a range of qualitative and quantitative information in support
of complex land use decision making. The framework’s ability to integrate spatial data from a
range of sources and its open, flexible, structure make it a highly flexible decision tool to
support sustainable solutions to rural land health. In particular, MULBO was able to support
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the engagement of important stakeholders through a deliberate and clear decision
methodology.
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Figure 1. Optimized spatial outputs from the MULBO process.
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Introduction

The sustainable use of water in agriculture is a global policy priority of vital importance,
particularly considering an increasing demand for water and competition among uses
resulting in growing scarcity. Irrigated agriculture deals with very complex issues, such as,
resource preservation, environmental compatibility, economic feasibility, technological
knowledge and social acceptance. Several potential economic, social and environmental
impacts are generated and endured by diverse water users, which are more significant in
regions where water is scarce (e.g., IEEP, 2000; Bouwer, 2002; Qadir et al., 2003; Wichelns
& Oster, 2006; Kassam et al., 2007). Social impacts can be related with employment, public
health, security (sometimes associated to conflicts), gender balance and livelihood, while
some relevant environmental impacts can be related to water depletion, water quality
degradation, impact on sensitive habitats and soil erosion. Economic impacts result, for
instance, from changes in water prices, costs of irrigation technologies and infrastructures and
water productivity, as well as other indirect effects on the productivity, competitiveness and
attractiveness of agriculture and rural systems.

This paper proposes a framework for the socio-economic performance assessment of
irrigation schemes, which can be applied in different contexts for irrigation schemes and
farms, allowing for the characterization of existing systems and the comparison of alternative
management options. The innovation is related with the selection of a set of economic and
social indicators (e.g., Bos et al., 2005; Molden et al., 1998) and their combination using a 3-
tiered flexible approach, designed in order to allow for application in different contexts. The
three levels of assessment adopted, which range from a general level to an intermediate and
advanced levels, are built considering differences in the assessment scope, information needs
and stakeholders’ involvement.

Methods
The proposed assessment framework considers a 3-tiered approach, which allows for the
characterization of the irrigations schemes in different levels, requiring distinct levels of
information detail and research resources. For example, the general level includes only basic
descriptors of the irrigation scheme, whereas the advanced level includes also more social and
economic indicators and is detailed per farm and per crop. In some cases, the development of
a CBA study may be considered at this level. The main stages in the framework
implementation include: (a) description of the irrigation scheme; (b) definition of the
assessment objectives, scope and time horizon; (¢) identification of information sources, main
stakeholders, management issues and actors to be involved; (d) selection of the adequate level
of assessment; (e) selection of relevant indicators as well as of needed complementary
evaluation tools; (f) data collection, computation of indicators and application of
complementary tools; (g) validation and comparison of the results with other irrigation
schemes and regional and national information.

It is provided a set of indicators to be selected for each of the three levels of assessment,
considering, simultaneously, the inputs, outputs and impacts of irrigation, which facilitates a
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comparative analysis between diverse regions, different irrigation systems and management
alternatives, as well as the analysis of trends in time and in space. The proposed indicators are
focused not only in water use and agricultural production, but also in social, economical and
environmental aspects associated with irrigated agriculture.

Results and discussion

This framework allows a quantitative and qualitative assessment that can be applied in
different contexts for irrigation schemes and farms, allowing for the characterization of
existing systems, the comparison of alternative management options, as well as an analysis of
trends in time and in space. The proposed indicators are focused not only in water use and
agricultural production, but also in social, economical and environmental aspects associated
with irrigated agriculture. The quantitative results of the assessment process integrated with
the qualitative inputs from stakeholders’ involvement, contribute to the evaluation of global
irrigation scheme performance as well as to the identification of the factors that are limiting
performance such as structural, social or management issues.

The application of the framework to a Portuguese case study is in progress (Caia irrigation
scheme, with an area of 9000 ha). Some difficulties in the process are related with data
availability, but the involvement of the stakeholders in the evaluation process contributes to
mitigate this problem. Results obtained so far confirm the contribution of the proposed
framework to increase the capacity to evaluate irrigation schemes performance, for both water
managers and farmers.

This work points the way towards further developments in the following aspects associated
to this type of assessment:

(1) evaluate the net effects that a change can have in the irrigation scheme;

(2) the inclusion of objective performance standards for each indicator, and

(3) the use of additional information such as key descriptors of the irrigation scheme
characteristics that can help in the interpretation and comparison of results.
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Introduction

Dutch livestock production has become highly efficient in terms of output per unit input, but
is also heavily criticized on sustainability issues including deprived animal welfare,
environmental burdening and outbreaks of contagious diseases. As a response, in 2007 the
Dutch government set policy targets of 5% and 100% sustainable livestock production at the
farm level for 2011 and 2023, respectively. These goals represent major challenges in
defining what sustainable farming is and in developing effective policy measures to support
the required transition (Rotmans, 2003) towards sustainable livestock production. Setting a
specific target of 5% for 2011 assumes that sustainability can be defined at the farm level and
that by choosing proper criteria the number of farms that satisfy the definition can be
assessed. A farm, however, is embedded in a wider socio-technical system and sustainable
development requires changes on a variety of dimensions to lead to a transition. Various new
approaches will have to be tested and learned about in practice to be able to asses what may
work in practice. In this perspective change initiatives at the farm level (called ‘farmers
initiatives’ in this paper) should not just be ‘counted’ to establish their contribution to the
short-term policy goal but be assessed as part of a learning process towards a broader
sustainable livestock production system (the long-term policy goal).

Methods

To monitor achievement of the short-term policy goal, criteria were developed to assess the
number of sustainable farms. These criteria emphasized improved animal welfare while
environmental issues should at least comply with present legislation. This was put into
practice by using existing certification schemes for organic agriculture (EKO-label),
environmental assurance scheme (Milieukeur-label) and compliance with rules for tax
reduction, including green financing. These criteria should allow the ‘counting’ of the
progress in the number of ‘sustainable’ livestock farms in the years up to 2011.

Such a method of counting, however, does not provide a proper assessment tool for a
transition towards a sustainable system. Theories on system innovation and transition
management emphasize development of innovation pathways in a multi-actor and multi-level
learning process to result eventually in a shift to a socio-technical regime of the livestock
production sector. To assess the progress of such developments we need interactive forms of
assessment, which, as Van der Sluijs (2002) wrote, are at the core of integrated assessment.
Such an assessment method should focus on the potential for learning about sustainability.

From this perspective farmers initiatives should be assessed for their potential to contribute
to learning about the (in-)possibilities of such multi-dimensional change processes. In such an
approach sustainability is also understood as a multi-dimensional and dynamic phenomenon.
This adds a considerable complexity to the process which requires learning, on the one hand
because of uncertainty on which of the present initiatives may contribute to sustainable
development in the broader sense and on the other hand because unforeseen trade-offs may
emerge.

To assess the potential of farmers initiatives to contribute to sustainable development we use
four major criteria:
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1. Presence of a strong vision. Visions, e.g., of an integral design of a sustainable farming
system (Groot Koerkamp & Bos, 2008) can play an important role in systems innovation.
They make sustainability operational, give direction to development and can mobilize
stakeholders from various domains.

2. Institutional change. As Roep et al. (2003) argued, technical innovation in farming should
be accompanied by institutional innovation to achieve ‘effective reformism’.

3. Potential business model. Three earning models for an integral form of sustainable farming
(1) The costs of livestock produce is cost effective and gives a competitive advantage in
the market. (2) The costs of livestock produce are higher but the additional costs can be
earned in the market, e.g., by sustainability-certified supply chains. (3) Costs of livestock
produce are higher, but as part of sustainable farming additional functions providing new
sources of income are added (e.g., energy and fertilizer production).

4. Possibility to mitigate excess entrepreneurial risks. Farmer’s initiatives with a potential to
contribute to sustainable development are accompanied by uncertainties and costs which
could jeopardize continuity of the farm (Meijer, 2008).

Results and discussion

Our main argument is that, whereas the assessment of sustainable livestock farming systems
is presently based on quality assurance schemes, it should be based on an assessment of the
potential of farmer’s initiatives to contribute to a sustainable development path. This implies
seeing these initiatives as part of a learning and experimentation strategy to achieve
sustainable development in the broader sense and should be based on insights from systems
innovation analysis. The approach of ‘Strategic Niche Management’ offers a good starting
point to carry out such an assessment. (e.g., Schot & Geels, 2008). Preliminary experiences
based on ideas of strategic niche management with smart experimentation with dairy farmers
initiatives (Roep et al., 2007) were used to corroborate and refine our approach. As a next
step will apply the method by selecting a number of dairy farmers initiatives to obtain a
coherent portfolio allowing learning for sustainable dairy farming including aspects as
welfare, green house gases, energy use, economy and labour conditions.

Thus, the approach not only looks at the potential of single initiatives to asses their
potential to contribute to sustainable development but also analyses the cohesion between
initiatives to obtain synergy in learning and also compares the learning achieved in these
initiatives with future visions and explicit demands of various relevant actors.
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Introduction

Options for integrated management of nutrient resources and soil fertility by smallholder
farmers in Sub-Saharan Africa (SSA) must be targeted (i) to the specific context in which
farming takes place, (ii) to particular types of households pursuing different livelihood
strategies, and (iii) to spatio-temporal ‘niches’ within the farming system. The NUANCES
framework (Nutrient Use in Animal and Cropping systems — Efficiencies and Scales;
www.africanuances.nl) is a methodological approach to ex-ante assessment of the feasibility,
impact and trade-offs of implementing technologies for strategic nutrient management (SNM)
in small-holder farming systems in the short and long terms, with a focus on processes taking
place at the farm rather than the plot scale (Giller et al., 2006). The framework consists of
several methodological steps organized in two major ‘loops’ (Figure 1), and the various steps
are articulated using the ‘DEED’ approach:

1. Describe, current production systems and their problems;

2. Explain, current farmers’ decisions on resource allocation and their consequences;

3. Explore, options for agro-technological improvement in face of possible future scenarios;
4. Design, new management systems that contribute to a sustainable intensification.

Methodological steps

Field (surveys, experiments) and
desktop (databases, models) tools
are used in combination. The
diversity of households within a
community is analysed through
socio-economic surveys and catego-
rization of farm types (farm

typology) according to main produc- -

tion objectives/ orientation/ resource
constraints. Representative farms
within each farm type are selected
as case studies for quantitative
characterization  of  production
activities and key resource (cash,
labour, nutrient) flows. This
information is synthesized as
simplified ‘virtual’ farms.

At this step key entry points for
SNM may be already identified,
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Figure 1. The NUANCES framework (see text for
explanation)

thus, closing up the short loop. Virtual farms constitute the basis for the dynamic simulation
of the farm system, coupling soil/crop, grassland, livestock, manure and household models
(e.g., Tittonell et al., 2007; Rufino et al., 2007; Herrero et al., 2007). Modelling is used to
both ‘Explain’ current trade-offs and ‘Design’ alternative strategies for sustainable
intensification. While the first phase of an EU funded project AfricaNUANCES was one of
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tool development and population of databases, a second phase is being designed (NUANCES-
DEEDS) to out-scale best-fit SNM options, closing the long loop.

Targeting mineral fertilizers within smallholder farms — An example

The 2006 Fertilizer Summit in Abuja, Nigeria brought together scientists and policymakers
from all over Africa who agreed that fertilizer use should be promoted; the goal of increasing
the average application rates from 10 to 50 kg ha ' was set. Our explorations using the farm-
scale model across representative farm types in the Kenya highlands indicate that such
‘blanket’ recommendations lead to dissimilar results across agroecologies, farm types and
fields within individual farms. For example, farms located on sandy soils exhibit poorer
fertilizer use efficiencies than on clayey soils, e.g., with maize responses of 5-10 vs. 30-40 kg
grain per kg N with same rate of fertilizer applied. The home gardens that received continuous
nutrient inputs produce good yields and respond poorly to applied fertilizers; they can be
managed with small ‘maintenance fertilization’ rates. Degraded outfields do not respond to
fertilizers and need long-term rehabilitation through organic matter addition. Model runs
indicate that in such cases investments could be better directed towards improved livestock
productivity and manure handling, to increase the quantity of manure with better quality for
soil amendment.

Table 1. Fertilizer:maize price ratios (kg of maize necessary to pay for 1 kg N fertilizer) for
different commercialization channels and at different times of the year and in western
Kenya (source TSBF, 2007).

Price per kg N fertilizer Maize sold in 90-kg bags Maize retailed in 2-kg tins
Before harvest After harvest Before harvest After harvest

78 KSh (agro dealer) 3.9 9.0 2.6 7.8

130 KSh (local retailer) 6.5 15.1 4.3 13.0

1 Euro = 99 KSh (Sep. 2008)

Our understanding of the diversity of households and their accessibility to markets (short loop
in Figure 1) allows us to place these results in context. Poorer farmers in need of cash are
forced to sell their maize immediately after harvest, when maize is abundant on the market
(Table 1). These farmers often buy (locally retailed) maize during the rest of the year and
when they buy fertilizers they do it in small amounts, experiencing the most unfavourable
fertilizer:price ratios. The opposite is true for wealthier farmers, who can buy fertilizers in
bags and stock their maize to wait for better prices before harvesting. Model explorations
suggest that poorer households could benefit from producing fodder crops to sell to livestock
owners instead of producing (poor yielding) maize in most of their farm.

Conclusion

The assessment of SNM options across case studies in 8 countries of SSA has taught us that
production resources should be targeted strategically within diverse, heterogeneous and
dynamic smallholder systems. Ex-ante impact assessment tools such as NUANCES can help
in identifying the most promising options (at farm scale and in the short- and long-term)
before they are promoted among farmers. This is of particular importance nowadays, in face
of the major investments in soil fertility planned for SSA (e.g., www.agra-alliance.org).
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Introduction

As agriculture covers about half of the EU-territory, the Common Agricultural Policy (CAP)
is a main driver determining land-use structure and landscape quality. It aims at ensuring
adequate market prices, satisfactory income to farmers, food availability and rural
development. The latter includes policy instruments such as agri-environmental schemes
which are designed for achieving sustainability of agri-ecosystems and the preservation of
landscapes.

The LUMOCAP Policy Support System (PSS) aims to assess how different policy
scenarios will impact efficiency in meeting sustainability objectives. It focuses on the
relations between the CAP and landscape changes and emphasizes the spatial and temporal
dimension of this process.

Methods

For any land use model to work properly it is important that it includes the relevant drivers,
processes and characteristics of the land use system. To move beyond the research phase and
provide added value to decision and policy-making, a system needs to connect to the policy
context as well as the policy process and moreover, provide added value to those working
with it.

To capture processes occurring at different spatial levels, the LUMOCAP system includes
sub-models at these different levels (EU-27, country, region, 10001000 m cells, 200x200 m
cells). The system utilizes an existing spatially explicit dynamic land use modelling
framework called METRONAMICA. Based on the knowledge of agricultural policies,
driving forces of land use change and end-user requirements, the METRONAMICA model is
adapted and improved to fulfil the requirements of policymakers at the EU, national and
regional level. To capture the interaction between different disciplines and processes
operating on various spatial resolutions emphasize has been put on the inclusion of dynamic
feedback loops between the different model components.

Regarding the context, it is important that such a system incorporates the main drivers and
processes of land use change and is able to simulate the change over time and in space. Very
often, (research) models stop at this point and are unable to translate policy questions under
consideration into model input and provide model results as policy-relevant information. For
an ISDSS, however, it is crucial that the user can analyse the impact of various policy
alternatives on a selected set of policy relevant indictors.

To be able to link to the policy process, it is crucial to have an overview of the
stakeholders involved and the steps that are followed. Based on this information a decision
can be made as to where and how in this process the system should provide support. The
decision has a large impact on the overall development since it requires making trade-offs
based on the desired functionality. If the system is to be used in an interactive workshop
session to scope future developments and brainstorm about possible scenarios, running speed
will be more important than the incorporation of very detailed models, while for a thorough
analysis of possible alternatives further along the policy process, the requirement might be the
opposite.

Since the ISDSS described in this presentation encompasses relatively complex
(integrated) models, the GUI should be able to provide access to two different types of users:
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the policymakers who use the system as part of their policy process and who carry out impact

assessment studies with the model, and the modellers who can update the underlying data and

parameters and possibly even the model equations. The first group mostly benefits from a

GUI that follows the steps of a scenario or impact assessment process, the latter prefers to

look at the system in a more systemic way and values easy access to individual disciplinary

models.

The last crucial element for an ISDSS mentioned in the beginning of this abstract is the
added value that such a system provides to its users. From our experience we have learned
that users value the following benefits of an ISDSS (see also Van Delden & Engelen, 2006):

e An improved understanding of the interaction between the different functions and
processes that shape the region. Analysing the dynamic cause-effect relations of
alternatives enables learning which leads to awareness building;

e Because of the integrated nature, through feedback between models, effects are not only
simulated for the discipline itself. Understanding those impacts can prevent the occurrence
of unexpected and unwanted side-effects after the implementation of new policies;

o Although system development is a time-consuming and expensive task, once the system
has been set-up it provides the possibility to quickly calculate the consequences of
different alternatives;

e Although in every model subjective choices and assumptions will be made, ISDSS provide
a means to objectively measure and evaluate of alternatives in a repeatable way;

o Improved communication between the different sectors and disciplines.

Results and discussion

The final LUMOCAP product is an open-ended, flexible, transparent, PC-based, analytical
system enabling users to interactively enter policy options under a specific set of natural and
socio-economic conditions as external driving forces, to formulate potential land use
scenarios, and to assess the impact of both on the quality of rural landscapes through the
analysis of selected landscape indicators.

Besides model development, special attention is given to the interaction with the end-users
in order to incorporate their requirements into the final system — this is needed to ensure
acceptability of the overall approach and to provide an added value to decision making at
administrations. Therefore, the LUMOCAP system is developed in an iterative process in
which frequent end-user consultations provide information for upgrading and adjusting the
final product.

Training courses have been provided to (1) teach policymakers at the level of the European
Commission and the Member states how to work with the system and (2) assess the
usefulness and usability of the system. Although first reactions are very promising, more
work on data collection, calibration and fine-tuning the system to the exact wishes of
particular organizations is crucial for its actual implementation and use.
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Introduction

Since the Brundtland report (WCED, 1987) put sustainable development on the policy
agenda, many attempts have been made to put the theoretical concept into practice. This also
entailed the need to monitor progress towards sustainability and hence to ‘measure’ it. So,
over the last 20 years a wide range of sustainability monitoring tools have been developed.
The majority of these efforts focussed on the national level. Well known examples are the
ecological footprint (Wackernagel & Rees, 1995), integrated environmental and economic
(‘green’) national accounts (UN, 2003) or the index of sustainable economic welfare (Daly &
Cobb, 1989). Some efforts focussed on the firm level, such as some eco-efficiency measures
or the sustainable value added (Figge & Hahn, 2004).

Maybe even more than in other sectors, sustainable production is of vital importance in
agriculture, as farming, unlike most other economic activities, forms a part of the ecosystem
rather than being external to it. Sustainability assessments for agriculture at national level
have (partially) been made by drawing up economic and environmental accounts (Atkinson et
al., 2004, Wustenberghs et al., 2004). At the farm level, sustainability can be assessed by a
balanced set of indicators that might be visually integrated (Rigby et al., 2001; Meul ef al.,
2008) or by an adjusted sustainable value added (Van Passel et al., 2007).

However, recently, the need has emerged for more regionalized policies that no longer
focus on nationwide measures but on ‘tailor-made’ solutions for relatively small regions or
for (sub)sectors. The Water Framework Directive is a good example of such a policy: while
having common goals for the whole of Europe, catchment basin specific measurements are
encouraged. Another example can be found in rural development policies, where regional
identity has become an important issue. Thus the need for sustainability assessment at an
intermediate level pushes forward.

The goal of this study is to evaluate existing methods for sustainability measurement for
their possibilities of application at the supra-farm level and, if necessary, to formulate
suggestions for the construction of a specifically adapted sustainability monitoring tool.

Methods

Criteria mainly used to assess sustainability monitoring methods are:

o Integration of the three dimensions of sustainability: existing monitoring tools often focus
on only one or two aspects, in general economics and/or ecology. However, the integrated
achievement of economic, environmental and social performance needs to be measured,
while giving equal weight to all three dimensions.

o Possibilities to identify and evaluate both positive and negative externalities: too often
assessment instruments only picture negative externalities (resource depletion or
emissions). Typically though, agriculture also has a number of positive externalities, such
as providing landscape amenities or specific ecosystems. Analogously agriculture can be
very important to social structures in rural areas. A comprehensive assessment of
agriculture’s sustainability can thus only be reached by a method that values both types of
externalities on an equal footing.

o Trade-offs: the goal of integrated sustainability assessment is not in the final figure (e.g., a
multi-dimensional value added, an ecological footprint, ...), but in the elements of this
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figure, especially in their mutual dependency and in their evolution in time. A measuring
tool needs to be able to answer questions such as ‘What is the effect of meeting Nitrate
Directive goals on the other aspects of sustainability?’

e Transfers: can the methods adequately represent transfers between farms or regions or
between the agricultural sector and the rest of society?

e Innovations: can the methods be used for ex-ante evaluation of the introduction of new
technologies or policies?

o Data availability and feasibility of calculation: are appropriate data readily available or can
reasonable proxies be derived from existing statistics? Is indicator calculation feasible
within a reasonable time frame? E.g., monitory valuation of non-commodity goods often
requires time-consuming revealed or stated preference techniques (Freeman, 1993).

o Unit of measurement: sustainability indicators can be expressed in monetary values,
hectares, indices, etc. Monetizing environmental and social effects has the advantage of
making them directly comparable to economic values, but the implementation is often
cumbersome. ‘Hectarizing’ all effects seems an attractive path, especially for agriculture,
where land is an important production factor (Hubacek & Giljum, 2003). In index methods
selection of the indicators, their relative weights or over-aggregation might be drawbacks.

Results and discussion

To assess sustainability at supra-farm level, diverse methodologies fit with the definitional
diversity of sustainability. In other words, a general framework can be developed, but the
assessment methodology should be tailored to specific research questions and contexts. Based
on our criteria and the evaluation of existing methods (on different levels), we will formulate
suggestions for a general assessment framework that meets some specific needs.
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Introduction

In this Keynote Address, I argue that integrated assessment models should be designed
primarily to provide information needed to support informed policy decision making. To be
useful, information must be timely and sufficiently accurate to improve the quality of
decisions. These considerations imply that integrated assessment model design should be
demand-driven in the sense that models need to be tailored to address the policy questions of
interest, recognizing that there will always be trade-offs between data availability, model
complexity, and ability to accurately represent processes and interactions between sub-
systems. There is no one-size-fits-all approach that will work, given the time and other
resource limitations that exist.

In choosing a modelling strategy, one of the major challenges faced by modellers is how to
deal with the fact that data and processes operate at different spatial and temporal scales. In
this Keynote presentation, my goal is to characterize the challenge and discuss one approach
to resolving it.

Spatial and temporal scales in agricultural systems

For my presentation, I define an agricultural system as a complex, human-managed system
intended to provide both market and non-market goods and services. The ‘farm’ is the basic
economic unit which is comprised of a collection of land management units with associated
flows of inputs and outputs (De Jager ef al., 1998). As Ewert ef al. (2009) and other papers in
this session observe, the farm interacts with markets, and more generally, within a hierarchy
of biophysical and social systems (biological and physical soil and micro-climates, fields,
farms, agro-ecological zones, regional climate, local, national and international markets and
policy regimes). Various physical, biological and human processes and systems operate at
each of these levels in the hierarchy, many on distinct spatial and temporal scales. As one
example, crop growth and pest populations may operate at the level of the cell and crop plant
levels on extremely high temporal resolution, but management processes may operate at the
field scale on daily, weekly or seasonal time steps in conjunction with market and policy
processes that operate at much larger spatial and temporal scales.

Research-driven versus policy-driven modelling strategies

Given these nested levels of complexity, how is the researcher to proceed? Given data and
other resource limitations, it is not currently possible (nor likely to be in our lifetimes) to
create the ‘grand synthesis’ of data and models at all levels covering the entire landscape in
even a relatively small region, not to mention larger regions or the globe. So some
compromises must be made. The question I pose here is how to define a strategy to making
the inevitable trade-offs.

My observation is that, despite giving lip-service to policy, most models are research
driven. By research driven I mean designed to be as true to scientific principles as possible,
and outside of economics, this means process-based in most cases. Research-driven also tends
to mean that the models are motivated by the goal of publication in peer-reviewed scientific
journals. A consequence of the research orientation is that information produced by the

' Keynote presentation
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models may or may not be relevant or useful to policy decision makers. For example, it may
not be possible to ‘scale-up’ the results to the geographic regions of interest to policy design.

I shall argue in my Keynote Address that in order to meet the objective of supporting
informed policy decision making, model design should be policy-driven, meaning that
stakeholders should participate in the identification of the key quantifiable indicators that the
models produce, and in the design of technology and policy scenarios to be investigated with
the models. Not coincidentally, this is the approach advocated in Trade-off Analysis
(Stoorvogel et al., 2004). Once these issues have been addressed, the researchers can
determine the appropriate disciplinary components to be incorporated into the agricultural
system model, and the best spatial and temporal scales for each model component to operate,
and how the disciplinary components can be integrated.

Discussion

One conclusion that can be drawn from research on the impact of spatial and temporal scales
is that in some cases, a high-degree of resolution is required to obtain a reasonably accurate
analysis of tillage erosion (e.g., Antle & Stoorvogel, 2006), whereas in the analysis of soil
carbon sequestration, it appears possible to aggregate carbon rates to the regional level and
obtain accurate predictions of carbon sequestration potential (Antle ef al., 2007). Likewise, it
appears possible in some cases to significantly simplify data and models and obtain results
sufficiently accurate to inform policy decisions (Antle & Valdivia, 2006). With further
research, there appears to be a good possibility that these kinds of findings can be generalized
so that researchers will know what kinds of models work well for different types of systems
and policy questions.

These considerations suggest that there is no one ‘right’ scale of analysis in integrated
assessment of agricultural systems. Rather, at each hierarchical level, it should be possible to
develop modular frameworks with standard inputs and outputs that can be adapted to different
systems and policy questions, and researchers can choose from this ‘toolbox’ when designing
an analysis to meet the informational needs of stakeholders.
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Introduction

Robust simulation responses for economic modelling require observations for estimation or
validation of how agents react to changes in market and policy signals. Most often, at least for
large-scale analysis, solely time series data for larger administrative units provide the neces-
sary variance in signals and responses. For Pan-EU economic analysis, already a sub-national
regional resolution as in CAPRI (Common Agric. Policy Regional Impact model, Britz et al.,
2007) is, therefore, rather unique. With higher spatial variance inside administrative units,
estimates of environmental impacts based on regional averages may be considerably biased
under non-linear dependencies between these impacts and soil parameters, climate or farming
practice. Certain impacts can only be assessed in their proper spatial setting such as the
relation between nitrate leaching and drinking water resources or the effects of land use on
specific habitats. Statistical down-scaling provides, therefore, a bridge between large-scale
economic and environmental analysis in agriculture. The behavioral response regarding crop
shares, yields or animal stocking densities is simulated for administrative units with the
economic model. The downscaling tool then consistently distributes these changes to geo-
referenced units below the administrative level. Environmental impacts are then analysed with
indicator calculators or simulated with biophysical models at an appropriate spatial resolution.
A work package of the project ‘CAPRI-Dynaspat’ contributed a spatial down-scaling tool to
CAPRI. It established the necessary geo-referenced data bases and developed methodologies
and software to consistently dis-aggregate for the whole EU27 all major results from the
CAPRI modelling system to about 150.000 clusters of 1x1 km grid cells (Leip et al., 2007).

Methods

Firstly, all available data as the soil map, climate data, digital elevation model, land cover
map, or administrative boundaries have been rastered to a 1x1 km resolution for the EU27.
Next, so-called Homogenous Soil Mapping Units (HSMUs) were defined consisting of
clusters of 1x1 km pixel identical in soil, slope, administrative unit and dominant land cover,
based on the assumption that these delineation features are decisive in determining differences
in farming practice below the administrative unit level. Each HSMU covers between one and
several ten thousands 1x1 km cells, capturing spatial variability where it matters. These about
150.000 units were deemed better suitable for the necessary crop share representation for the
about 35 crops covered by CARPI compared to pre-dominant land-cover presentation, and
kept the amount of data cells manageable.

A statistical estimator assigns shares for individual crops and some broad non-agricultural
land cover classes to the HSMUs maximizing the joint posterior density of the shares so that
the area of each HSUM is exhausted and regional hectares for each crop and land use type are
recovered. The necessary a-priori distributions for the shares were derived from locally
widened logit-regressions on soil, climate and relief parameters, using the LUCAS sample as
observations (Kempen et al., 2005). The sub-regional distribution of yields is based on water
and on-water limited potential yields for major crops provided by JRC’s MARS project,
taking into account regional data on irrigation shares and FAO’s irrigation map. Assigning
stocking densities for the about dozen animal activities in CAPRI follows as similar approach
as for crop shares, the a priori distribution are here based on regression on Farm Structure
Survey data at NUTS 2/3 regions.
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The stocking densities allow estimated organic manure availability per HSMU, using
spatial smoothing to wipe out peaks. Together with the yield estimates, a spatial distribution
of fertilizer application rates is then derived recovering the average regional organic and
mineral fertilizer application rates per crop as estimated by CAPRI. The yields and fertilizer
application rates are a major input data into a spatial explicit link to the biophysical model
DNDC (Li et al., 1994), based on two approaches. The first, more standard one performs
DNDC runs for major crops and representative sites. However, computing time and storage
limitations render that approach only feasible for selected applications. Therefore, a statistical
response surface was derived from DNDC runs with different levels of organic and mineral
fertilizer doses, for a large sample of different soil and climate conditions for each crop and
integrated in the downscaling tool (Britz & Leip, 2008).

Results and discussion

The whole down-scaling procedure is set-up in GAMS code and linked to the overall CAPRI
modelling system. Results can be generated for the base year, for projection results or for
simulation runs. A JAVA-based GUI allows to generate maps and tables from the result set.

The major problem with statistical down-scaling consists in the limited access to geo-
referenced high-resolution data to estimate and/or validate the down-scaled results against
real-world observations. Validation of the crop shares were performed at the level of sub-
regional administrative units (Elbersen et al., 2006). Especially the shares for important arable
crops were estimated rather convincingly. Differences in grassland share were often
significant, but are already present at the aggregate regional level between the different data
source (land use maps, Farm Structure Survey FSS, land use statistics), and therefore
probably to a large extent not due to the statistical procedure. The approach certainly would
benefit from access to high-resolution data sets as FSS data at municipality level.

Despite the remaining uncertainty due to missing observations, e.g., regarding geo-
referenced fertilizer application rates per crop, statistical down-scaling has some advantages
over competing methods. Compared to bottom-up approaches which model economic
behavior at a high spatial resolution, it can rely on existing data sources for the economic
modelling part and does not require additional surveys. Due the high cost of the latter, a full-
coverage bottom-up application to the EU level is not probable, asking for some kind
extrapolation to map results for selected spots to all regions. It cannot be excluded that
eventual gains from the fine-tuned and interlinked economic and biophysical modelling for
selected spots are lost in the extrapolation step. Bio-economic bottom-up approaches are
however potentially able to model changes in farming behaviour as switches in tillage
techniques not covered in most top-down approaches. Compared to most existing LUCM
approaches, the CAPRI downscaling tool distributes single crops, and covers further farm
practice parameters as yields, animal stocking densities and fertilizer application rates.
However, it is currently not able to account for neighbouring effects between land use
categories as in classical LUCM, but could be easily linked to such an approach.
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Introduction

The calibration of programming models to exogenous supply elasticities by setting parameters
of a quadratic cost function is an established idea in the context of ‘Positive Mathematical
Programming’ (Howitt, 1995). Existing approaches (e.g., Helming et al., 2001) refer only to
own price elasticities, and systematically overestimate the supply responsiveness of the
calibrated model by neglecting the effect of changes in dual values. The paper builds on
attempts to estimate variable cost functions of programming models (e.g., Britz & Heckelei,
2000, Heckelei & Wolff, 2003; Jansson, 2007) and proposes an estimator based on an
analytical derivation of the supply response as proposed in Heckelei (2002), including cross-
price terms. The calibration which defines a symmetric quadratic matrix of cost function
parameters to recover a given own- and cross price elasticities. It may be seen as a special
case of an estimation characterized by zero degrees of freedom and a specific data generating
process. The approach is motivated by the integration of the large-scale agricultural sector
model CAPRI (Common Agricultural Policy Regionalized Impact) into the SEAMLESS
model chain (Van Ittersum et al., 2008) where supply elasticities derived from simulations
with farm type models and subsequently statistically extrapolated to cover all of Europe
(Bezlepkina et al., 2007) are used in the calibration process for CAPRI’s regional
programming models.

Methods
The Dbasic structure of each CAPRI regional model may be described as
max Z =gm'x—d'x— 4, x'Qx where gm are per activity gross margins, and d and Q

parameters of a variable cost function, all regional specific, subject to Ax>=b [k] ,0<x. The

vector x comprises levels for about 50 crop and animal production activities in each of the
about 250 regional models in CAPRI x, b is a vector of resource constraints and A the related
coefficient matrix, again region specific. The calibration estimates the matrix Q* which
generates the Jacobian matrix of the activity level equations
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The gross margins for activity k are defined as

gm, = Zokj p; + prem —costs, where o are output coefficient, p are prices, prem are
j

subsidies and costs variable costs per activity. From there, supply effects describing reaction

to output price changes can be derived as
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derives in (3) a matrix Q* along with a matrix H* which deviates from the matrix H as
defined from the elasticities due to differences in structure and parameterization between
CAPRI and FFSIM. In order to ensure regularity, Q* must be positive definite, guaranteed by
a Cholesky decomposition. Q* and an appropriately set vector d calibrate the regional
programming models in (4). The resulting models are then used in the (5) to perform
sensitivity analysis while changing the revenues gm, and the resulting supply effects are in

the final step compared with H.

Results and discussion

For a large-scale calibration exercise involving the 250 regional programming models of
CAPRI and about 50 activities, numerical stability and an acceptable estimation error are
crucial. The latter ensures mutual consistency between prices simulated in CAPRI based on
the supply response of the regional programming models and the simulation behavior of
FFSIM used to analyse environmental or farm type specific impacts at simulated prices.
Compared to existing approaches, we allow for the integration of cross-price effects while
considerably reducing the estimation error. Tests with randomly drawn matrices of supply
elasticities were performed. The errors between the estimated supply effects and the one
derived in sensitivity analysis are in an acceptable range. The major drawback compared to
simplistic calibration approaches is the numerical complexity resulting from the need to
integrate both matrix inversions and a Cholesky decomposition for large matrices in the
estimation process. It leads to considerable computing time. Therefore, parallel estimation of
several regions combined with algorithms to generate suitable starting values are used to
speed up processing.
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Introduction

Cross compliance was introduced as part of the CAP Reform of 2003 with Regulation
1782/2003. It involves member states making receipt of the direct payment aid, called the
Single Payment, conditional on farmers meeting two sets of standards. The first, called
Statutory Management Requirements (SMRs), relate to 19 pieces of EU environmental,
public, animal and plant health and animal welfare legislation. The second set, referred to as
standards of Good Agricultural and Environmental Condition (GAEC), relate to the
appropriate management of soils and the minimum maintenance of agricultural land and
features found on that land. These SMRs and GAEC obligations apply to all farmers who
claim the Single Payment, and apply to the entire farm holding.

In order to assess the impacts of cross compliance, insight into the compliance levels as
well as the costs of compliance is needed. More in particular, one would also be able to detect
changes in compliance rate over time in order to determine whether cross-compliance was
successful in increasing the level of compliance with EU regulation. Unfortunately, only
limited information about compliance and its costs is currently publically available. Examples
of recent EU wide studies that provide compliance estimates are the Cross-compliance project
and the study by the Alliance Environment (2007) prepared for DG-Agriculture. But even
these studies, only provide estimates at national level. Since the impact of compliance to
regulation is likely to vary between different locations (depending on type of farming, area
designated as a Nitrate Vulnerable Zone or Natura 2000 area, etc.), still a further
disaggregation of these estimates to regional levels (e.g., Nuts 2/3 regions, Nitrate Vulnerable
Zones) is crucial. The aim of this document is to present a framework that allows for
determining best estimates of compliance and costs of compliance at a disaggregated regional
level (Nuts 2) in terms of farm, livestock and land use shares compliant and non-compliant.
The method is applied to the Nitrate Directive being one of the SMRs in the Cross
Compliance instrument.

Methods

Regulations aim to direct farmer’s behaviour in such a way that certain (minimum) standards
are respected. A farmer has the option to either comply or not comply. In the latter case (s)he
faces the risk to be detected as a non-compliant, and risks that part of the direct payments
might be withdrawn (depending on the significance of the violation). Figure 1 provides a
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Not
Enforcement com-
Adjustment | == |comply > pliance
needed
1 = [Comply |
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more refined scheme of the link between a regulatory requirement and compliance. Already
by characterizing farms in being affected or non-affected by an obligation may help to get
more insight into the compliance issue. If data are available at farm group level which could
help to identify which part of the affected farms is likely to need to make adjustments, this
further informs about which part of the farming population is most likely to have lower levels
of compliance.

There are three categories of farms which have a large probability to be compliant: non-
affected farms, affected farms but already exceeding EU standards, and affected farms which
take action in such a way as to become compliant. Here the non-affected farms can be said to
be compliant by definition. With respect to the affected farms the compliance rates are
calculated in the following steps:

1. Identify groups of farms per region (Nuts 2 and NVZ) at no, medium and high risk of not
complying with the Nitrate Directive.
2. Allocation of groups of farms at no, medium and high risk of not complying with Nitrate

Directive to NVZ
3. Calculation of compliance rates per sectoral farm type group using nationally reported

compliance and breaches levels
4. Calculation of the final total compliance rates for the Nitrate Directive obligations

expressed as shares in total holding, livestock and utilized agricultural area shares per

region (Nuts 2 and NVZ).
As for the estimation of the compliance costs specific estimates need to be made per
obligation. According to information from the Cross Compliance project, the Nitrate
Directive is one of the standards for which significant costs at farm level need to be made to
become compliant. Estimation of these cost are based on operational costs (transportation,
handling and spreading costs of surplus manure, labor cost associated with proper registration
and record keeping of manure applications) and costs associated with investments that have to
be made (sufficient manure storage capacity, manure transport and spreading equipment).

Results and discussion

The results show that the overall compliance levels with the Nitrate Directive in 2005 were
already quite high in most EU regions. However, there are several regions where livestock
systems dominate and which coincide with where the Nitrate Vulnerable zones are. In these
regions we still see a very high compliance rate in terms of farm shares reaching above 90%,
but in terms of animal shares the rate is between 70%—-90%. These regions therefore have a
significant higher risk for non compliance but also for higher costs of compliance.
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Introduction

Agricultural systems and associated problems of sustainability and sustainable development
are typically complex. Several methods have been developed to effectively describe and
analyse complexity. It is argued that hierarchy theory can provide a much needed conceptual
framework for developing successful scaling theories and approaches to reach this objective.
Hierarchy theory partitions complex systems into nested levels that share similar temporal and
spatial scales.

In the recently developed integrated assessment (IA) modelling platform SEAMLESS-IF
(Van Ittersum et al., 2008) the concept of hierarchical system has been adopted. SEAMLESS-
IF integrates relationships and processes across disciplines and scales which are
conceptualized and modelled following the paradigm of hierarchy theory. Several scaling
approaches are used in SEAMLESS-IF which are presented in this paper. Specific emphasis is
on the integration of these different approaches. The progress achieved and the challenges
experienced in modelling complexity within the paradigm of hierarchy theory are discussed.

Scaling methods in SEAMLESS-IF

Different methods have been employed in natural sciences to estimate systems responses
across scales or levels of organization (see Ewert et al., 2006). These include data
extrapolation, data aggregation, model linking, development of summary models, scaling or
aggregation of model parameters. The method chosen depends on the specific objective.
SEAMLESS attempts to capture the biophysical, economic and social, and to some extent the
institutional dimensions of agricultural systems. Modelling efforts consider different levels of
organization from the local field to the globe. Central to the SEAMLESS-IF approach is the
linking of different models across scales and disciplines (Figure 1) to address (parts of) the
complexity of the agricultural system. The core set of processes for which models were
selected refers to the market level (CAPRI), the farming system level (FSSIM) and to the
biophysical processes at the field level (APES) (Figure 1). Additional models can be
considered if required.

The linking of models required a set of other approaches to scale information. These include:

e Generation of coefficients for (static) model linking;

o Development of typologies to define simulation units and to support data sampling;

e Scaling of model parameters;

» Extrapolation and aggregation to transfer data across scales (e.g., from farm to EU)

Due to the complexity of the developed model chain computational extensive dynamic model
links were not considered, only one feedback loop (with a single iteration) is implemented
from FSSIM to CAPRI and back to FSSIM. The link between APES and FSSIM is static in
the form that APES generates coefficients for the FSSIM models.

The complex model structure(s) required simplification of data to consistently apply
models across space. Different types of data are grouped into homogenous classes determined
by the factors that explain most of the variability in the data with respect to specific variables
of interest. The resulting typologies are the basis for up- and down-scaling procedures in
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SEAMLESS-IF. The following three main typologies have been developed and used so far;
the Agri-environmental Zonation (AEnZ), the farm typology and the administrative (NUTS2)
regions (the latter has not been developed but is used in the project). These typologies are
used to define simulation units to which data are scaled (e.g., aggregation of biophysical input
data per AenZ for APES), to support data sampling (e.g., collection of management activity
data per sample region for FSSIM), to transfer data between models that represent different
scales (e.g., extrapolation of FSSIM outputs to feed CAPRI) and to scale up indicators (e.g.,
aggregation of FSSIM outputs to compute indicators at regional level). As there are spatial
mismatches between typologies, approaches have also been developed to link simulation units
of different typology (e.g., spatial allocation of farm types across AenZs).

Market CAPRI
SLEply Demand
e FSSIM 4—'
Type |
Type Il Typen

==

Figure 1. Schematic representation of nested linking of CAPRI-FSSIM and APES within a
hierarchical system.

Discussion and conclusions

We have combined several scaling methods into a coherent modelling framework for IA of
complex problems in agriculture. First experiences in working with SEAMLESS-IF show that
the developed framework provides useful results and advances IA capabilities of earlier
frameworks. Yet, the developed model chain is relatively complex and further simplifications
may improve its usability and transparency. Further modelling work should therefore focus on
developing simplified models for the different parts of the overall system. This can only be
achieved if the most important drivers and processes are identified and understood for well
specified problems. The developed chain (Figure 1) can be of assistance in the process.
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Introduction
Farm management models help quantifying changes in land use patterns and agronomic
practices for a given set of prices and policies. These changes impact indicators of multi-
functionality like the visual character of agricultural landscapes, biological diversity, and
pollution levels. However, prices are unlikely to remain constant as policies change. There-
fore, farm level optimization results based on exogenous prices may no longer be valid.
Market level models, on the contrary, are able to capture the supply and price impacts derived
by policy shocks at the farm and regional level, but are generally not sufficiently detailed for
the calculation of environmental impacts, since they lack differentiated agronomic practices.
By linking farm level and market level models through a newly developed econometric
model, EXPAMOD, we seek to mitigate this weakness and endogenize the price-quantity
response in farm management models. This paper explains how EXPAMOD works, and
applies it to a number of policy scenarios as used in SEAMLESS (Van Ittersum et al., 2008).
The main modelling benefit of our approach is that it enables combining the strong points
of farm management (the detailed linkages to agronomic and natural science models), and
market level models (endogenous prices and closure of the economy). From a policy analysis
perspective the resulting farm type and acreage responses provide a much improved base for
various environmental and landscape modelling exercises.

Methods

Our modelling chain consists of three models. First, FSSIM, a normative mathematical pro-
gramming model that is specifically fitted for model farm types and regions across Europe.
Second, CAPRI, a comparative static partial equilibrium model of the European agricultural
sector. Third, EXPAMOD, an econometric model that estimates changes in supply responses,
and statistically propagates these responses to out of sample farm-region combinations.

The first step in our model chain is a collection of farm models, FSSIM, for several repre-
sentative farm types with different exogenous price sets for a baseline and a policy scenario.
Next, the econometric model, EXPAMOD, is used to estimate changes in supply responses
for the exogenous price sets. Changes in relative farm level profits are then used to assign
new weights to the farm types covered by the analysis. The supply changes at the micro level
and the revised weights for the farm types are then used to adjust supply in the market model
CAPRI, so that revised prices are obtained. Finally, these prices are fed back to FSSIM.

A major challenge for connecting the farm and market level is that the number of model
runs at the farm level is limited due to the input data requirements of farm level model,
FSSIM. Therefore, FSSIM is run for a stratified sample of model farms and regions to cover
the main variation in the EU-27 of farm types and agro-climatic zones. Following Andersen et
al. (2007), the selection of sample regions was made at the NUTS2 level, as this is the
minimum disaggregation level for the market models in SEAMLESS. Nevertheless, the major
source of farm type data is only available for FADN regions, i.e. regional classification used
by Farm Accountancy Data Network, so that a mapping between both classifications is
necessary (Janssen et al., 2008). Due to laborious requirements on the data collection, 16
sample regions were targeted as this was judged to be feasible for data collection and
modelling purposes.
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In FSSIM regional supply at NUTS2 is recovered by aggregating farm type supply using
farm weights from the FADN (see, Wieck & Heckelei (2007) for further details). How well
the farm types selected represent the farm composition within a NUT2 region is an important
issue for EXPAMOD. The weights derived from the observed data are only suitable for the
calibration of the model in the base year, since they refer to FSSIM results. Since
SEAMLESS targets the ex-ante impact assessment of agricultural policies, the projection of
agricultural markets to a baseline period in the future, requires additional assumptions on
technological development, changes in consumer demand, inflation, GDP growth, etc. These
effects are explicitly handled by the CAPRI model and fed back into FSSIM.

The price impacts from supply changes in the farm optimization models generate
information interpreted as ‘pseudo-observations’ for the econometric estimation of
EXPAMOD. The current simulation design implements varying 'one-price-at-a-time'. The
price vector, for each scenario, is kept at the 100% level of the initial price vector obtained
from CAPRI and additional price-quantity vectors for four different price shocks in FSSIM
are considered (—40%, —20%, +20%, and +40% from the initial price). These scenarios
generate information on own and cross price-quantity effects that are reintroduced in the
extrapolation routine of EXPAMOD. In most cases, price changes are likely to be far smaller.
However, sufficient variation of prices is needed to stabilize the estimates of the price-related
coefficients.

Results and discussion

The tests, performed with a flexible functional form, show plausible results and a high
statistical explanatory power. Nevertheless, some poor predictions have been observed for
estimations with a low number of observations and high number of parameters. This should
be easily solved by generating a higher number of pseudo-observations. Additionally, a higher
variance has been observed compared to the data (especially for products under a quota
regime, such as sugar beet) and a closer link of results to the biophysical and farm
management variables would be desirable. Out of sample tests are envisaged to provide
relevant validation of strengths and weaknesses of the statistical extrapolation.

Our approach may also be applicable to scale up non-economic results, such as environmental
impacts. However, further research is needed to refine the method employed for up-scaling
such impacts, in particular where the spatial distribution of impacts matter.
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Introduction

Farm typology identification within a specific case study area is a means to summarize the
variability among farms in terms of agro-ecological and socio-economic livelithood aspects
into farm groupings or ‘typologies’ and thus obtain insight in the major factors which
distinguish farming systems.

The aim of this paper is to present a methodology to identify farm typologies and indicate
how this method could be linked to model-based integrated impact assessment at regional
level. The method will be presented as part of the description of a case study in South
Uruguay, within the context of the EU project EULACIAS which aims to improve farm
livelihoods in an action-research setting using systems approaches.

Methods

The method starts by defining a complete list of classification variables describing farm
structure and functioning for three general categories of information: Land resources, Socio-
economic aspects and Infrastructure and equipment. Principle Component Analysis (PCA)
was used to compare different sets of key variables and to choose one of them which
produced a meaningful differentiation of the farm samples. All data were standardized by
total to avoid the influence of different units of measure. A Resemblance matrix was then
calculated using the Bray-Curtis method. Farm typologies were generated by overlaying the
results of two Multi-variate Analyses (MVA) techniques: Multi-Dimensional Scaling (MDS)
and Cluster Analysis (CA). An analysis of similarities (ANOSIM) between the farm
groupings was performed to calculate the level of dissimilarity between all pair-wise
combinations. The last step of the methodology was a SIMPER analysis to determine the
contribution to similarity within a group, which supplies information on the most
representative indicators of each group.

The case study area is located in South Uruguay, in the region around Montevideo
(Dogliotti, 2003). The analysis focused on 2373 specialized vegetable production farms. Farm
typology identification was based on Census data of the year 2000 carried out by DIEA
(Directorate of Agriculture and Livestock Economical Inquiries) of the Ministry of
Agriculture of Uruguay. A random subset of 142 farm (5.98% of the total) was taken, due to
calculation and visualization limits of the software PRIMER 6 (Clarke & Warwick, 2001),
which were used for data elaboration.

Results and discussion
In Table 1, the selected key variables are listed and correspondent average abundances, for
each farm grouping that was identified through the overlapping of MDS and CA, are reported.
ANOSIM confirmed what was found by the combination of MDS and CA, since high levels
of dissimilarity were found between all groups with an acceptable significance level. In Table
1, variables identified by the SIMPER analysis as contributing at least 70% to inside-group
similarity are shown. The meaningfulness of the conclusions was verified with local
researchers.

Within the EULACIAS project the farm typologies are used to select representative farms
for the evaluation of consequences of alternative livelihood strategies on income generation
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and resource use. SIMPER values that identify and describe typologies can be used for the
selection of representative farms and to build average virtual farms aimed at impact
assessment. Representative farms are used for empirical analyses and, in combination with
virtual farms, to calibrate a modelling framework developed for EULACIAS case-studies,
aimed at explorative and design analyses (Groot et al., 2007). Data retrieved from MVA on
farm group extension and composition are used to up-scale farm-level results, obtained
through in-field surveys and simulation models, to study impact of different livelihood
strategies at the regional level (Figure 1).

Table 1. Average abundances of the key variables calculated for the farm groupings identified
for the specialized vegetable production system in South Uruguay. Most representative
variables of each group are marked in bold.
Indicators Group1l Group?2 Group3 Group4
Area of vegetable crops (ha) / Total area (ha) 0.45 0.56 0.43 0.68
Protected cultivation area (ha) / area of

0.00 0.00 0.76 0.21

vegetable crops (ha)
- -1

Family La_lllaour (daysxyr ') / Total labour 0.95 0.94 0.70 0.49
(daysx yr')
Labour availability per ha (hoursxha ') 836.97 931.00 2868.80 2308.53
Irrigated area of vegetable crops (ha) / Total 0.01 075 0.79 0.55
area of vegetable crops (ha)
Mechanization Level (classes 1 to 5) 1.69 2.36 2.22 2.60

" Mechanization Level is a qualitative variable: five classes were defined according to the
farm mechanization level.

Regional Level
Total population of farms

Scaling up of the results
to the regional level

Feasible strategies
for farmers

l Multivariate analysis

Farm Typologies

Average Virtual Farms Representative Farms
'y
Data input
Model simulation on Farm from field research
Type Average Farm
Simulation Model

l On-farm evaluation
of strategies

Integrated Impact Assessment
Design of Farm Level Strategies

Figure 1. Diagram showing the framework to up-scale results of integrated impact assessment
at farm to regional level using farm typology identification based on MVA.
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Introduction

Mixed crop-livestock systems support the livelihood of the largest number of poor people in
Sub-Saharan Africa. These rural people are exposed to a variety of risks such as recurrent
droughts, political instability, failure of markets for inputs and products. Livestock provide
food (milk and meat) and other services to the household, such as animal traction for
cropping, but also fulfil a financial role. In places with low population density, livestock may
feed on grasslands. As population pressure and competition for natural resources increases,
some of the feed for livestock is produced in the cropland, and because of the continuous
cultivation of the land, the removal of nutrients from the soils needs to be compensated by
adding fertilizers, or making use of animal manure. As population pressure and competition
for natural resources increase further, grasslands tend to disappear, more feeds need to be
produced in cropland, and some feed is imported to the farm.

T Farm type ™ L ‘ Figure 1. Schematic representation
i e uvsm [+— | Grasssim of the virtual village (A), and of the
/ /‘ integrated tool FARMSIM (B), with
i k the models FIELD (simulates crop

](B)

A) production and nutrients dynamics

in the soils), LIVSIM (simulates

K animal production and

> reproduction), HEAPSIM (describes

| ' (‘ decomposition of manure and other

\ =7 R - _ organic  resources),  GrassSIM

: " (describes the availability of grass in
the different grazing units).

The objectives of this study were (i) to understand the dynamics of crop-livestock interactions
under climate variability and (ii) to identify opportunities for intensification. To achieve these
objectives, we developed and tested an analytical tool to analyse crop-livestock interactions at
the scale of the village using a communal area of NE Zimbabwe as example.

Methods

We combined information available for the area of study, collected through interviews,
observations, experiments, and literature. We used the NUANCES-FARMSIM modelling
framework (Giller ef al., 2006; Figure 1) adapted and tested for the conditions of smallholder
farming in Majonjo, Murewa, NE Zimbabwe. We constructed a simplified ‘virtual’ village
using the farm typology developed by Zingore et al. (2007) which distinguishes four farmer
resource groups (RG) based on cattle ownership, farm size, production orientation, hiring
labour, and food self-sufficiency. Feeding strategies, herding patterns, crop residues, and
manure management were studied during the dry season of 2006 and the rainy season of 2007
(Dury, 2007). Additionally, the communal grasslands were characterized. The tool includes
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different levels of detail: it simulates crop production at plot scale, grass production for
different grazing units, animal production at individual level, while management decisions at
considered at both farm and village scales by using rules. The most important transfers of
nutrients: from grasslands to cropland, and between different farms within the village
territory, are kept track of by integrating the different scales in which the different models
operate. Climate variability is accounted for by simulating scenarios using data from the
locality, which includes contrasting rainfall series.

Results and discussion
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Figure 2. Simulated grain production for the whole ‘virtual’ village under three management
scenarios (baseline, no access to cattle to crop residues of the non-cattle farmers (RG3 and
RG4), and targeted fertilization), and using three different rainfall series: (A) average series,
(B) a wetter series and (C) a drier series, and the share of the non-cattle farmers grain
production to total production of the whole village for (D) average rainfall series, (E) a wetter
rainfall series and (F) a drier rainfall series.

The interaction between farmers determines who benefits from integration of crop and
livestock. The removal of C by cattle leads to lower crop yields in the poor fields of these
farmers, and has relatively smaller effect on the fields of the cattle owners that receive animal
manure and fertilizers (Figure 2). Rainfall variability intensifies the interactions, when the
start of the rains is delayed, the low availability of crop residues during the dry season may
lead to loss of animals from the herd. In years of good rainfall the removal is relatively
unimportant. Crop-livestock integration at village scale results in concentration of nutrients in
the farms with larger herds and increases dependency of the poorer smallholders on external
inputs, and other types of exchanges within the village such as labour for food, cash or manures.
In the targeted fertilization scenario, fertilizer compensated for the negative effect of the
interactions, though it may be an unrealistic scenario for a smallholder community in
Zimbabwe, certainly under the current economic and political circumstances.
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Introduction

While the majority of Europe’s population is congregated in cities, rural-designated areas
have nonetheless recorded positive net migration over the past decade. Rural areas are
becoming increasingly differentiated and gradually losing their agricultural specificity. They
now need to support the coexistence of two logical approaches to occupation of their space:
one based on the supply of agricultural and forestry products, the other on the various
demands from local residents and seasonal tourists. Under these conditions, the role of
farming, forestry and tourism industry is evolving; the focus is no longer simply on supplying
market goods while limiting the impacts of this supply on negative external factors but now
also on participating in land development and meeting the multiple expectations of society.

As these expectations regard public goods, public intervention is often needed to
encourage economic actors to supply such public goods. Evaluation of such policies requires
a targeted and systematic approach, and several research efforts currently develop tools that
enable impact assessment for European land use policies and land management practices at
the national and regional scales. The existing tools do not yet allow gaining information at
lower levels on mechanisms that modify the economic structure of the firms (new entrants,
disappearing of firms, new markets, re-organization in industry, local knowledge/expertise,
local opportunities, local geographical constraints and local environmental values).

PRIMA framework aims to develop a method for scaling down the analysis of policy
impacts on multi-functional land-use and on the economic activities from the EU level to the
local scale. Special attention is paid to the structural effects of the policies and on their impact
on the environment quality in the regions. PRIMA considers policies related to sustainable
rural development such as Structural Funds, Cohesion Fund, Pre-accession funds and
EAFRD.

Methods

The objective of PRIMA project is firstly to design and develop micro-simulation and agent-
based models, of such dynamics and of the impact of European structural policies at
municipality level, with the involvement of local stakeholders, and secondly to analyse how
such an approach can improve ex-ante policy impact assessment.

To perform such analysis, we set out to design and implement micro-simulation and agent-
based models that rely on behaviour rules drawn up at local level from stakeholders'
consultations for the main actors in rural landscapes (e.g., farmers, forest industries, local
consumers, tourism actors), in a set of municipality case studies, drawn from regional case
studies. When facing new driving forces, these actors may adopt new activities, increase the
size of their enterprise, associate themselves with other actors at the local level, re-organize
their production systems in accordance with the accurate industry, or even disappear if the
local context becomes not favourable. Of course, in the case of highly favourable context,
new entrants are liable to appear.

' PRIMA is a collaborative project, 7" EU Research Framework, theme 6 Environment.
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The models address the structural evolution of the populations (appearance, disappearing
and change of agents) depending on the local conditions for applying the structural policies
(sphere of influence for processing industries, possibility and tradition of actors' cooperation
at local level, local development potential for the foreseen activities, specific local markets).
Of course, local stakeholders will contribute to validate, in a post-modelling stage, the
aggregated results of such local models, and if those results differ from the ones expected, the
design rules will be modified. The models are designed to be compatible with more usual
European Policy models (SEAMLESS-IF for the agricultural sector, SIAT tools resulting
from the SENSOR project for the forest and tourism sector, GTAP-IMAGE for global
changes and interactions between land use changes and land-related changes on emissions of
greenhouse gases), when simplified to match the main assumptions of these aggregated
models.

Results and discussion

PRIMA starts in November 2008. The paper presents the first insights of the project, with a
focus on agriculture.
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Introduction

The SEAMLESS-Integrated Framework (S-IF) aims at assessing ex-ante impacts of policy
options and agro-technical innovations on the sustainability of agricultural systems and on
sustainable development at large (Van Ittersum et al, 2008). This assessment is mainly
performed through the use of modelling chains allowing the quantification of a set of
sustainability indicators at multiple scales. SEAMLESS-IF models have been designed to
simulate behaviour of the key hierarchical agricultural systems (field, farm, region, EU and
world). However, despite the wide range of scales covered by these models there can be gaps
between the scale at which model outputs are available (i.e. the model scale) and the scale at
which policymakers’ demand indicators for decision making (i.e. the decision scale).
Accordingly, to meet expectations of policymakers there is a need for procedures changing
the scale of this information from the model to the decision scale (Dalgaard et al., 2004;
Bierkens et al., 2000). This paper presents aggregation concepts and methods that underpin
the scaling capacities with respect to the indicator quantification in S-IF.

Methods

Temporal and spatial aggregation of models outputs to calculate indicators in SEAMLESS IF
is realized through the definition of appropriate indicator attributes which are capture in the
indicator ontology (Therond et al., 2009). These attributes specify for each indicator the
spatial and temporal resolutions which refers to (the scale of) model outputs and the extents
referring to the decision scales at which at which indicators are demanded. Once this
information is defined the complementary information necessary to manage the aggregation
from the indicator resolution to the indicator extent is associated (tagged) to the indicator
(aggregation algorithms, aggregation weight...).

Results and discussion

The main characteristics of SEAMLESS-IF are its component structure which allows flexible
linkages of independent model components depending on the problem to be addressed. In
addition, components can be added that allow the scaling of data to compute indicators from
model outputs to scales that are relevant for the decision makers. For the spatial up-scaling of
data at the farming system level, information about the spatial allocation of farm types is
important and considered in the proposed scaling approach (Figure 1). Of course, different
scaling factor are used for different indicators (Figure 2), enabling scaling-up of information
on the basis of farm type area for environmental processes, or on the number of farms per
farm type for economic information, or even more complex information as indexes for
income inequalities. For example, for some environmental issues linked to local impact (water
quality, soil erosion, etc.) calculation of a weighted mean by farm size is not relevant, so that
specific indicators like percentage of area with high nitrate leaching have to be developed.
Approaches and results are presented and discussed for different indicators and conclusions
for future work are derived.
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| Farm typology and spacial upscaling ‘
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Figure 1. SEAMLESS farm typology and spatial upscaling issues.
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Figure 2. Procedures to scale information for project concerning detailed regions with a
spatial extent of problem assessment corresponding to the region.
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Introduction

One of the aims of agricultural research is to develop sustainable agricultural production
systems that balance the often competing goals of profitability, human and environmental
health, and equity. Researchers have been developing different methods to assess the
sustainability of agricultural production systems. On the one hand, methods have been
developed to integrate biophysical and economic models at a disaggregated level with the
objective of capturing the heterogeneity of the physical environment and economic behavior
of farmers (Just & Antle, 1990; Fleming & Adams, 1997; Stoorvogel et al., 2004). On the
other hand, aggregated models based on the construct of ‘representative agent’ have been
widely used in policy decision making. Market equilibrium (ME) models are a good example
of these models. They have been used to evaluate welfare implications of a particular change
(policy, environmental, etc.) using representative data of producer and consumer behaviors.
This implies that aggregated models do not capture the biophysical and economical
heterogeneity that characterizes production systems. Conversely, results from integrated
assessment models that capture this heterogeneity have not been linked to market equilibrium
models. However, several studies have recognized the need to link these two types of models
as an important step in the assessment of agriculture-environment interactions in order to
understand the processes and relationships across different scales (Kayser, 1999). It is clear
from the literature that here is an evident lack of methods that couple site-specific integrated
assessment models with ME models. This study presents a method for coupling a site-specific
integrated assessment model to a ME model.

Methods

The Trade-off Analysis (Stoorvogel et al., 2004) model is an integrated assessment model that
links site-specific biophysical process models and economic decision models and captures the
spatial heterogeneity that characterizes the production system. Results can be statistically
aggregated to a level that is relevant for policymakers and used for welfare and policy
analysis. Resulting trade-off curves are a set of possible equilibrium points associated with
different prices, therefore trade-off curves can be interpreted as generalized heterogeneity-
based supply curves that include both market and non-market effects. The proposed linkage of
heterogeneity-based supply curves to the market conditions and their effect on the underlying
spatial distribution is described in Figure 1. The trade-offs among environmental outcomes, E
(e.g., environment quality) and the economic output, Q (e.g. aggregate output) are represented
by the curve 7. That trade-off curve is generated by varying a price P' (e.g., price of Q or an
input price). Each point along T is a possible equilibrium, and corresponds to a point on the
supply curve S. Adding a demand curve such as Dy, we obtain a market equilibrium point (@),
which in turn, defines the point b on the trade-off curve as the equilibrium. This point is
associated with a specific spatial distribution, then we can go from market equilibrium back to
the implied spatial distribution of outcomes (Mapy). If demand conditions are changed and a
new market equilibrium point, @’ is attained, then this would imply that a different spatial

' More generally a vector of prices.
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distribution of outcomes (Map,) is associated with the corresponding equilibrium point (b°) in
the trade-off curve. The key point of this analysis is that we can use site-specific data to
capture the heterogeneity of the population and generate trade-offs among economic and
environmental indicators, estimate market equilibrium and link these results back to the
underlying spatial distributions and measure their effects.

Map,
spatial distribution

Map,
spatial distribution

Figure 1. Theoretical framework to
link environmental outcomes, market
equilibrium and underlying spatial
distributions.

Results and discussion

The goal of the empirical work will be to test the modelling methods and to assess the
conditions under which market equilibrium analysis is important in assessment of agriculture-
environment interactions. We will use the case study of a semi-subsistence agricultural
system (Machakos, Kenya) to test policy intervention and technological change scenarios in
the context of market equilibrium and their effects on the underlying spatial distributions.
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Introduction

Crop yields are determined to a large extent by the length and timing of their phenological
phases, that are governed by the interactions of genetic properties and environmental
conditions (ambient temperatures and day length), but also by management, especially sowing
date. Future environmental conditions are anticipated to be characterized by higher
temperatures, leading to modifications in crop phenological development patterns, influencing
yields. Information on phenological development of crops under climate change, may be
derived from phenological models such as AFRCWHEAT?2, that simulates wheat development
based on thermal time, photoperiod and vernalization (Harrison et al., 2000).

Policy decisions to mitigate or adapt to climate change often refer to larger scales such as
regions or countries. However, crop models like AFRCWHEAT?2 are developed for the smaller
field scale. To study climate change impacts, (results from) field-scale models have to be
scaled-up (Rastetter et al., 1992; Harrison et al., 2000; Harvey, 2000; Ewert, 2004). In scaling-
up model applications, heterogeneity in input data may be encountered, e.g. in temperature or
sowing dates. Large-scale model applications often ignore this variability and use generalized
data. To generate reliable model outcomes and/or estimate their confidence intervals, it is
important to understand and consider the effect of such data generalization.

Approaches for data generalization usually refer to the aggregation of input or output data
(Harvey, 2000; Ewert, 2004). It is expected that with increasing aggregation extreme values will
be averaged out, with implications for the simulation results. Accordingly, the present paper
investigates the impact of aggregating observed sowing dates and temperature on the simulation
of phenological stages of winter wheat (7riticum aestivum) across Germany.

Methodology

Aggregation of input data

Germany has been divided into grid cells of varying size: starting from 10x10 km to 100x100
km with a 10 km interval. Observed sowing dates from the year 1995 for winter wheat were
averaged for grid cells of each size.

Effects of data aggregation on model outcomes

In one region, Niedersachsen, an area of
100x100 km has been identified with ten
observation points for wheat phenology and
weather. The observed range in sowing dates
was on average 73 days for the considered

@ p  years from 1984 until 1988 (including a relative

Aggregate
output data

Aggregate
output data

warm and a relative cold year). AFRCWHEAT?2
was run for four different combinations of
aggregating input (sowing date or weather) and
output data (Figure 1), for each year. The
outputs of the runs according to Figure 1b-d
d have been compared with the output of run a.

Figure 1. Overview of model runs;
w = weather observation (—), s = sowing date observation (---).
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Results and discussion
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Figure 2. Effect of data aggregation on spatial distribution of sowing dates for grid cell sizes
of: (a) 10x10 km, (b) 50x50 km, and (c) 100x100 km, for the year 1995.
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Figure 3. Differences (in days) between non-aggregated data and: M Terminal spikelet

(a) aggregated sowing dates, (b) aggregated weather data, and O First awns visible

(c) aggregated sowing dates and weather data, for a 100x100 km grid, O Beginning of anthesis
for the phases listed in the legend. B Few days before harvest

An increasing grid cell size results in loss of variability and a change in the spatial pattern of
sowing dates (Figure 2). Moreover, data aggregation appears necessary for complete coverage
of the area of interest: data for all grid cells are available only at grid cell sizes with a
minimum area of 50x50 km, considering all the studied sizes.

Effects of input data aggregation on model outcomes are different for sowing date and
weather data (Figure 3). Aggregation of weather data has the strongest effect, particularly on
simulated harvest date that is 2 to 6 days earlier when aggregated weather data are used
compared to point observations.

As aggregation of sowing dates results in only small deviations, the use of an average sowing
date per region, with a maximum area of 100x100 km, seems justified.
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Introduction

When rainfall intensity exceeds the infiltration capacity of a soil, Hortonian surface runoff
will occur. This type of surface runoff can mainly be found in (sub-)tropical climates with
heavy rainstorms. Although during such storms water can be observed on the surface through-
out the landscape, not all water makes it to the bottom of the slope. Once the rain stops, much
of the water on the surface will infiltrate before reaching the slope bottom. This causes a
reduction in the fraction of rain that runs off. This fraction is called the runoff coefficient. The
longer the slope, the smaller the runoff coefficient becomes. How strong this effect is depends
on slope angle, rainfall intensity and duration, surface roughness, and infiltration capacity of
the soil. In West Africa, on moderate slopes (2%—4%), strong reductions in runoff coefficients
were found with increasing slope length (Van de Giesen et al., 2000). Laboratory and
simulation studies confirmed the field findings and helped explain the relevance of different
factors (Stomph et al., 2001, 2002). Three different runoff regimes can be distinguished,
based on the specific combination of slope and rainfall properties. Through a simple
analytical model and dimensional analysis, the dominant runoff regime can be determined for
a region. In turn, each regime comes with its own runoff and erosion reducing management
measures such as mulching, hedgerows, and riparian zones. Here, a review of the research is
presented, whereby emphasis is placed on the scaling laws that govern different runoff
regimes and the associated different management options.

Methods

The methods consist of three parts. The first part is field experimentation in Cote d’Ivoire
where runoff was measured coming from plots with two different lengths. The short plots
were 0.8 m wide and 1.25 m long. The long plots were 0.8 m wide and 12.0 m long. Runoff
was collected at the bottom of each plots through gutters and oil drums. Runoff was measured
after each of the 30 rainfall events. Figure 1 shows the experimental lay out. Due to different
fallow treatments and slope positions, there was only one true repetition.

repetition 1 rep 2 rep 3
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Figure 1. Experimental lay-out.
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To have better control over the different factors that determine runoff, an artificial slope
was built in the laboratory that allowed for runoff measurements under different slope angles
and lengths. The complete set of results helped to develop a model based on the numerical
integration of the kinematic wave equation, using the method of characteristics. This method
also allowed for analytical solutions for simplified rainfall and infiltration patterns, which
aided the dimensional analysis and regime identification.

Results and discussion

Table 1 summarizes experimental results found for the field experimentation in Céte d'Ivoire.
Even a relatively short slope of twelve meters showed a reduction of over 40% in runoff when
compared with the ‘point’ runoff from the short plots. Clearly, runoff from a slope can not be
calculated by simply multiplying the runoff from a point with slope length. This effect has
been observed in many settings. In the literature, this effect is often ‘blamed’ on the spatial
variability in infiltration characteristics. What remains unclear is why this variability would
always lead to a reduction in runoff. The analysis provided here shows that temporal
dynamics alone can account for the observed scale effects. Only under certain circumstances
does spatial variability play a (random) role.

Table 1. Experimental runoff results for short (1.25 m) and long (12.0 m) plots from the M’bé
experimental farm, Bouaké, Cote d’Ivoire. Tot: total runoff (liters); C1: runoff coefficient
short plot; C10: runoff coefficient long plot.

Short Long c1o/C1
Repetition Tot (1) Cl Tot (1) C10
Set 1, bare fallow/rice 397 0.37 2156 0.21 0.57
Set 2, bare fallow/rice 495 0.46 2801 0.27 0.59

By defining a set of dimensionless variables, the kinematic wave equation was solved for
different rainfall durations and intensities (Van de Giesen et al., 2004). This analysis showed
when scale effects were significant and when not. When scale effects are extreme, only a
small strip along the bottom of the slope will contribute to runoff. In such cases, it will suffice
to manage this riparian zone. In other case, hedgerows and ridges can be used along the slope.
The optimal spacing will depend on the characteristic lengths resulting from slope and rainfall
properties.
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Introduction

The purpose of this paper is to make a description of the spatial scaling problems encountered
in the CCAT project and explain how these were handled and what effects these may have on
the final results. CCAT stands for Cross Compliance Assessment Tool. A Framework 6
research project (EC 44423-CCAT) aiming at the development of a tool to assess the effects
of Cross Compliance on agricultural markets, environment, landscape, biodiversity animal
welfare and public health.

Cross Compliance was introduced as part of the CAP Reform of 2003 with Regulation
1782/2003. It means that farmers in the EU who apply for the Single Payment Scheme, have
to comply to two sets of standards. The first, called Statutory Management Requirements
(SMRs), relate to 19 pieces of EU environmental, public, animal and plant health and animal
welfare legislation, which is applicable to all farmers. The second set, referred to as standards
of Good Agricultural and Environmental Condition (GAEC), relate to the appropriate
management of soils and the minimum maintenance of agricultural land and features found on
that land.

For the integrated assessment of the effects of Cross Compliance two existing core models
are used: the MITERRA model and the CAPRI model. MITERRA is a steady state
environmental model and CAPRI is a dynamic economic model. Both models are linked
through input-output relations and they are joint under one user interface. CCAT is a steady
state model and not affected by temporal resolution. Conversely, this is not the case for the
spatial resolution. Spatial scale of available input data and model calculations are often
different. This means that scale transitions are needed. In this paper the scale problems of
CCAT models encountered during the implementation of the Nitrate Directive in CCAT are
discussed.

Methods

Two steps are followed to explore the scale transitions encountered in the Nitrate Directive
case study in CCAT. First, we will describe the scale of the different input data and the model
calculations and explain which steps were followed to translate them to the appropriate scale
in order to allow for integration. This is a descriptive approach. Secondly, we will focus on
the results of the CCAT calculations concerning the Nitrate Directive and their sensitivity to
up- and downscaling procedures applied in the post model phase.

We will give special attention to the linkage between the different models and the scale
transitions which are necessary to couple the models. In this paper we will focus on prototype
1 of CCAT. Figure 1 gives an overview of the coupling of CAPRI and MITERRA within
CCAT prototype 1.

The CAPRI model (Britz et al., 2008) is a regionalized economic model for agriculture. It
calculates nitrogen flow through the agricultural system in Europe too, embedded in a
regionalized economic model calculating supply of agricultural commodities in Europe within
a global market and a European policy situation. Within the CAPRI modelling system, a
database has been established, which calculated production statistics (crop acreages, animal
population numbers, etc.) at the regional (NUTS2) level.
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MITERRA-Europe is a deterministic and static N cycling model which calculated N
emissions on an annual basis, using N emission factors and N leaching fractions (Velthof et
al., 2007). The model can be used to assess the effects of measures and policies on the
emissions of ammonia, nitrous oxide (N,O), N oxides (NOy), and methane (CH4) to the
atmosphere, leaching of N (including nitrate) to ground water and surface waters, and on the
phosphorus (P) balance at EU-27 level, country level, and regional (NUTS-2) level.

Results and discussion

Agricultural data and models are often available for administrative regions, such as
municipalities or provinces. In contrast, ecosystems and landscapes cross administrative
boundaries; the scale of these processes is quite different from agricultural activities.
Coupling of all processes in an integrated assessment means that a lot of scale transitions have
to be performed. In these transitions the essential properties of the data have to be maintained.
The results will show to what extent CCAT succeeds in this. The results can be useful for
other integrated assessment projects where different models are coupled and for the
implementation of prototype 2 of CCAT.
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Figure 1. Coupling of MITERRA and CAPRI to assess the effects of the N-Directive.
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Introduction

Van Leeuwen & Hermans (1995) defined risk assessment as the process of estimating the
likelihood that a particular event will occur under a given set of circumstances. Hence, risk
assessment for pesticides involves an analysis of information on the environmental fate and
behaviour of chemicals in the environment (i.e. air, water and land) integrated with an
analysis of information on their effects on human beings and ecological systems. Kannan et
al. (2007) indicated that actual risk will vary temporarily and spatially with site-specific
factors such as point-source loads, environmental conditions (e.g., river flows, soil drainage
rates, soil properties) and loss processes. These issues seem to be heavily scale dependent,
e.g., small areas may be very sensitive to direct losses while applying the pesticides, whereas
larger catchments are more affected by the accumulated effect of pesticides in the runoff
water (Holvoet, 2006). Since these factors appear to be difficult to include into generic risk
assessment methodologies, Kannan et al. (2007) suggested that they can be considered in
more sophisticated models like GREAT-ER (Geography-referenced Regional Exposure
Assessment Tool for European Rivers) to predict point-source chemical exposure in rivers
and large number of diffuse-source contaminant transport models.

Methods

In order to achieve the above, modelling of pesticides in question (i.e. atrazine and
1soproturon) serves as a valuable tool in understanding surface water contaminant caused by
pesticides used in agricultural watersheds. Kannan et al. (2006) referred to a few but
increasing number of studies using the Soil and Water Assessment Tool (Arnold et al., 2002)
to model watershed-based pesticide processes. Holvoet (2006) mentioned that an inventory
study on pesticides was conducted in Belgian catchments and the most 20 pesticides were
reported in VMM (2005). Further, detailed information on pesticides application in the Nil
catchment from 1998-2002 is available, which makes research on transport and fate of
pesticides in the area attracting. Holvoet (2006) conducted a study in monitoring and
modelling the dynamic fate and behaviour of pesticides in the Nil catchment.

Despite the complexity in pesticides models, knowledge on transport processes of
pesticides is still incomplete. This study focuses on modelling transport of pesticides and
formulates improved equations in SWAT for pesticides in question (i.e. atrazine and
isoproturon) to represent the dynamic nature of these pesticides characterized by a fast
transport by surface water. A Pareto optimization tool is used to optimize SWAT for better
hydrology and pesticides results. In addition, time series of simulated pesticide concentrations
provided by SWAT are linked with GREAT-ER for providing risk assessment in the Nil
catchment.

Results and discussion

The model results review a diversity in causes of pesticide pollution that relate to the
application practices (Figure 1).
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Figure 1. Predicted load of dissolved atrazine coming from sub-basin 25 during spring 1998,
together with the measured rainfall and the initial pesticide dose (showed as hanging bars on
the secondary axis).

A risk assessment for atrazine and isoproturon enables a more informed environmental impact
assessment whereby information is provided to risk managers and decision makers in a
manner that is understandable and relevant to the decisions being made.

References

Amold, J.G., et al., 2002, Soil and water assessment tool, theoretical documentation,
Grassland, soil and water research laboratory - Agricultural Research Service, Texas, US.

Holvoet, K., 2006. Monitoring and modelling the dynamic fate behaviour of pesticides in
river Systems at Catchment Scale. PhD thesis, Ghent University, Ghent, Belgium.

Kannan, N, et al., 2006. Environmental Science and Health, Part B 41: 1049-1070.

Kannan, N, et al., 2007. Chemosphere 66: 1336-1345.

Van Leeuwen, C.J. & J. Hermans, 1995. Risk Assessment of Chemicals: An introduction.
Kluwer Academic Publishers, Dordrecht.

VMM, Flemish Environment Agency, 2005. Water- en waterbodemkwaliteit; Lozingen in het
water. Evaluatie saneringsinfrastructuur 2004, 88 pp. (in dutch) http://www.vmm.be

77



AgSAP Conference 2009, Egmond aan Zee, The Netherlands

A generic downscaling approach for scenario driven modelling outputs
from European to regional scale

Ingo Zasada, Annette Piorr, Regine Berges
Institute of Land Use Systems and Landscape Ecology, ZALF,
Eberswalder Str. 84, 15374 Muencheberg, Germany
Contact: ingo.zasada@zalf.de

Introduction

Scenarios represent powerful tools and foundations for impact assessments and decision-
making support at the European level. Rather than predicting and forecasting, the scenario
framework of the FP6 Integrated Project PLUREL refers to possible futures, exploring
development trajectories of driver-pressure-relationships in rural-urban-regions in Europe
(RUR) (Ravetz et al., 2008). In the four different scenarios analysed, the narrative storylines
consider assumptions on drivers related to demography, economy, climate and technology.
These storylines are translated into quantitative socio-economic variables of the econometric
model NEMESIS to calculate (urban) land-use change at NUTS 0 level (member state).
Following the operational approach of the project, focussing on the issue of regional urban-
rural-relationships, the responses of different landscape functions on urban sprawl or decline
are assessed. Regression modelling for the impact assessment of land-use changes requires
the lower spatial scale of NUTS 2/3. In addition to the econometric model, locational
characteristics distinguishing different regions within Europe, which are expressed in
determinants influencing (urban) land-use change, need to be taken into consideration. A
downscaling model has been developed which is based on generic and not spatially explicit
approaches. It allows for the adaption of basic response functions to limit the number of
different regression algorithms.

Regional determinants and tacit knowledge

A lot of theoretical and empirical research in the field of regional science is carried out on the
role of regional characteristics as push and pull factors for land use and land use changes.
Especially questions of accessibility (Krugman, 1993) innovative capacity (Acs, 2002),
environmental quality as well as natural and technological hazards and vulnerability
(UN/ISDR, 2004) and the planning and governance regime represent important determinants.
Due to spatial observation and monitoring efforts, e.g., by ESPON, EIS or EUROSTAT,
European-wide typologies and benchmarking assessments of these regional determinants are
available. Even though strong relationships between locational qualities and urban
development are observed, the actual urban growth response is hardly empirically
ascertainable and predictable. Instead, there is broad and resilient knowledge distributed
among researchers, practitioners and policymakers on various spatial levels and fields of
expertise, which is fuzzy structured, non-codified, undirected and hardly quantifiable — so-
called tacit knowledge (Polanyi, 1966). On the one hand knowledge on land-use dynamics
evolves throughout the scientific community through research engagement. On the other hand
regional representatives and stakeholder on the local level possess endogenous knowledge on
the basis of regional experience.

Integration of participatory methods in land-use modelling

The newly developed generic regionalization and downscaling procedure consists of various
single modules integrating (i) the high aggregated land-use information (NUTS 0), (ii)
empiric information about regional determinants on NUTS 2 level, (iii) generic land-use
relevance of the particular determinant as well as (iv) the scenario sensitivity of each
determinant. For the estimation of the land-use impact relevance and scenario sensitivity of
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regional determinants, participatory approaches (expert interview, Delphi process) (Linstone
& Turoft, 2002; Flick, 2005) are applied.

Results and discussion

In a first step an expert judgement among researchers on the relative relevance from a list of
regional determinants has been conducted, which is used for a regional validation. In parallel,
a Delphi process with scenario modellers regarding the scenario sensitivity of the
determinants is carried out and agreed. The results are implemented for the downscaling
procedure to obtain regionally differentiated European maps on NUTS 2 level. Additionally,
single disaggregated determinant values serve as explanatory factors in the regression
modelling approach for the impact assessment (see Figure 1).
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Figure 1. Regionalization of scenario-based urban land use change.
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Introduction

In the last decade there has been a widening appreciation of the breadth, components and
scale of market failures surrounding the major land management activities of farming,
forestry and certain recreational activities. This has been accompanied by an
acknowledgement that these market failures open a space for public policy action (Braat &
Ten Brink, 2008). However, there are at least four dimensions of difficulty in turning this
appreciation and acknowledgement into operational policy frameworks in the EU. These are,
the motives and objectives of land managers as well as the agricultural policy framework
within which they operate; the different levels of economic development and attitudes to
environment across the EU; the complexity caused by the interaction of positive and negative
externalities; and the lack of agreed conceptual framework for dealing with these issues. The
proposition underlying the paper is that there is a wide gulf between the rhetoric of EU
agricultural policy reform, viz. to move from Pillar 1 to Pillar 2, and the reality.

Methods
This paper will proceed by observation and argumentation rather than following formal
economic or other analytical methods. It will tease out and justify the four difficulties listed.

Private sector farmers, foresters and game managers see themselves predominantly
concerned with a market-based economic activity. A minority, but growing proportion of
them, have appreciated the non-market aspects of their primary activity and in varying ways
have found ways to integrate this in what and how they produce. Meanwhile policy over
many decades has overtly reinforced farmers’ view in focusing single-mindedly on their
primary role. This adds to the scale of the task of reversing policy from focusing on the
market to the non-market outputs.

A critical element of the EU policy mix in finding a way through this policy maze is the
very different historical, political and economic backgrounds of the Member States, and the
scale of the environmental challenges they face. Some summary indicators of the
development status and the environmental indicators of the Member States will be examined
to see if there are predictable clusters of potential attitudes towards moving policy focus from
market to non-market objectives.

In addition to these political-economy considerations, there are genuinely difficult
technical and biological aspects of the environmental services and disservices rendered by
land managers. Farmers and foresters as well as creating and maintaining semi-natural
habitats, ecosystems and cultural landscapes which are now treasured, also degrade the
environment, reducing biodiversity, pollution soil, water and atmosphere. The production
functions of these environmental goods and bads are complex, interactive and dynamic.
Drawing the line between good and bad and devising the most cost effective ways of
incentivizing the good and disincentivizing the bads turns out to be extraordinarily difficult. It
is not clear which is the greater problem conceptual or empirical?

What is the most fruitful framework for pulling these considerations together? The implicit
conceptual model which underpins current EU agricultural/agri-environmental/rural policy is
a (now largely discredited) market model to which some environmental bells and whistles has
been bolted. What would be a better model? Two will be examined: the environmental
accounts approach (Defra, 2008); and the ecosystem services approach (Constanza et al.,
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1997; Defra, 2007; EC, 2008). The hope is that this presentation will stimulate suggestions of
other or better approaches.

Discussion

This is not the kind of paper from which to expect concrete research results. The discussion
will put these ideas into the context of the real political choices the EU faces in the coming
two years. The Union is currently drifting. It has failed to agree a Constitution, its latest
Treaty is in abeyance; and it has agreed to review in 2009 all its major policies and the size
and purpose of its budget, yet this review seems not to have stimulated a genuine debate about
the purpose and scope of EU policy. The to the extent that ‘the protection and management of
natural resources’ is thought by academics, by environmental NGOs and by land managers to
be an important part of EU activity, then producing research findings to reflect on the scale
and nature of the policies to do this is a worthwhile activity.
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Introduction
The present study analyses the suitability of agricultural lands with risk of abandonment to be
restored to suitable habitats for endangered species. As a case study, we focus on the olive
plantations of mountain areas of Southern Spain and the Iberian lynx. The methodology
weighs experts’ judgements about the effects of the landscape elements on this habitat via the
Analytic Hierarchy Process (AHP) and spots the most suitable areas for restoration through
the Geographical Information Systems (GIS).

The main interest of the study relies on the potentiality of the methodology to combine
complex territorial analysis with the biological requirements of endangered species to
facilitate their dispersal.

Methods

The methodology involves three phases: First, an inventory of Iberian lynx habitat
requirements is drawn up. Then, the AHP method is implemented based on the experts’
knowledge. Finally, the Geographical Information Systems technology is used to assess the
potential of the study area for Iberian lynx’s habitat restoration.

Selection of landscape elements related to Iberian lynx habitat requirements

The main causes that have brought the Iberian lynx to the border of extinction are habitat
alterations and removal, the fall in the number of rabbits (the main lynx’s prey), human
activity, such as illegal hunting and traps (Gaona et al., 1998; Delibes et al., 2000).

Analytic Hierarchy Process multi-criteria decision-making technique

There are two specific characteristics that distinguish this method (Saaty, 1980) from the
other multi-criteria methods of this family: (a) the construction of the hierarchy structure of
the problem to be solved, and (b) the pair-wise comparisons made between different criteria
to weigh them with respect to the overall objective.

GIS-aided analysis

The GIS software used as a platform for the representation, management and analysis of the
spatial information was ArcGIS 9.1 and ILWIS 3.4 (Integrated Land and Water Information
System). The operations of spatial multi-criteria evaluation was carried out in ILWIS 3.4.
SMCE module. The input data were: land use map (1999; 1:50,000); aerial monochrome
orthophotos (2001-2002; 1:5000) and colour orthophotos (2005; 1:10,000); olive plantations
productivity maps (2004; 1:25,000); road infrastructure map (1999; 1:25,000).

Results and discussion

According to the results, the most important landscape objects are the natural vegetation
structures (32%), followed by the proximity to asphalted roads (28%), the proximity to the
Natural Park (18%) and the proximity to watercourses (14%). Olive groves with vegetation
cover obtained the lowest weight (8%).

! This research has been financed by INIA through the research project RTA04-086.
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habitat restoration potential.

The red spot in the centre represents the urban area and it is regarded as a constraint (non-
compensatory criteria). The red lines that pass through the map represent two motorways that
have high levels of traffic. The maximum suitability value recorded in the study area was
0.92, the minimum was 0 and mean value was 0.46 (in a 0—1 scale). The green colour
represents the areas suitable to implement the restoration measures. All situated on the North
of the motorway A-IV. Since the divergences in the opinions of the experts raise a good deal
of uncertainty about the reliability of the result, we decided to perform a sensitivity analysis
of the results.

It is interesting to report some similarities between the results obtained in this study and those
provided by Van der Horst & Gimona (2005), which used multi-criteria spatial analysis to
determine the most suitable territories in agricultural areas for the implementation of action
plans to promote biodiversity. Unlike the present study, these authors combine the
requirements of 15 species as map layers, weighted according to the importance of each
species. However, the results of both studies emphasize the importance of the edge zones of
major agricultural areas, the riparian zones (in our case the natural vegetation) and areas
adjacent to nature pinewoods (in our case Mediterranean forest and shrub lands) as having the
highest potential for biodiversity.
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Introduction

The main purpose of agriculture is to produce private goods. However, it is well recognized
that agricultural activity renders public goods (cultural landscape) as a by-product, i.e. these
goods are produced jointly (Boisvert, 2001). The degree of jointness is an open question.
Some have assumed that jointness takes the form of a one to one relationship, e.g.,
Prestegaard (2004), others that supply can be completely decoupled. In between these
extremes, different degrees of jointness seem probable, i.e., there should be some possibility
for choosing production techniques that are more geared towards the supply of cultural
landscape than others.

Methods

In this paper, the issue of jointness between food production and cultural landscape is
examined. For the sake of clarity, we set up a model with two representative agricultural
sectors, one for pure plant production (e.g., grain) and one based on animals (e.g., milk
production). Each production sector has a corresponding function for the supply of cultural
landscape. Both the private good and the corresponding cultural landscape is a function of
value added to land, but factor shares in the value added aggregate differ substantially. For
example, a high capital-labor share yields high production levels, but a low cultural landscape
value.

On the demand side, we assume that cultural landscape is a multi-dimensional good,
represented by a utility function where cultural landscape from the two agricultural sectors
enters as arguments. Preferences for variety and the assumption of decreasing marginal
willingness to pay for each landscape type are reflected in the substitution elasticity attached
to this function. Two regions are also included in the model (rural and suburban), allowing for
regional differences in the valuation of landscape. Also, the endowment of land and
productivity for the two agricultural products varies between the two regions.

The model is of a partial equilibrium type, where economic surplus is maximized. On the
supply (of private commodities) side, the two production processes in each region cover a
substantial part of the activity in the Norwegian agriculture sector. The assumption of two
regions is also realistic, since the current agricultural production is divided (appr.) evenly
between suburban and urban areas.

The model is implemented using actual numbers from the Norwegian economy.
Information on the various production processes are taken from official sources, see NILF
(2008). The demand functions of the private goods are based on available demand studies. As
for willingness to pay estimates, they will be based on estimates found in the literature, see
Drake (1992) and Lopez (1994).

Results

The model is used to demonstrate the importance of technology when assessing a shift in
agricultural policy from price support to targeted cultural landscape payments, taking into
account the interplay between supply and demand for different attributes of the cultural
landscape. The focus will be on the consequences of such a policy, i.e. the (expected) decline
in agricultural production in the two regions. Furthermore we will focus on the expected shift
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in the use of inputs, from capital intensive to land/labour intensive production. The focus will
also be on where the cultural landscape is upheld, i.e. in the rural versus suburban areas.
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Introduction

Multi-functional land use and the creation of multiple values in rural areas are creating new
challenges and posing new questions (see also Jongeneel et al., 2008). An artificial wetland is
an example of multi-functional land-use, as it combines at least five different ecosystem
services. The main two reasons for investigating options for creating artificial wetlands in the
Netherlands are the water treatment function of surface water in the form of a reed filter, and
the accompanying biomass production. Additional functions are water storage, the
improvement of biodiversity in the surrounding area by solving the dry-out problems and
recreation’.

Currently, most of the functions supplied by an artificial wetland are public goods without
any market value. Therefore, managing privately owned wetland areas in a multi-functional
way raises the questions whether the public see a role for farmers (landowners) to provide
multi-functional wetland. More in detail, how society values the benefits of these wetlands. In
this paper, we analyse how citizens of the Netherlands value private artificial wetlands. In
particular, we estimate the monetary value of the complete concept of artificial wetlands with
the Contingent Valuation Method (CVM). Additionally, we value the different functions
separately with the Analytical Hierarchical Process method (AHP).

A private multi-functional artificial wetland

Multi-functionality in artificial wetland management is directly, although not exclusively,
linked to the different functions wetlands can fulfil. Wetlands are optimally allocated if they
fulfil the mixture of functions demanded by society. These demands are not constant, but are
influenced by many factors, including changes in income level and population density,
productivity-induced changes in relative price, etc (see also Jongeneel et al., 2008).

According to the Water Frameworks Directive (WFD), the government is responsible for
achieving a good quality status of surface water. Wetlands, whether or not privately owned,
provide next to better water quality, extra water-services to society. The social demand for
private wetlands depends on alternative options to reach objectives derived from national and
international water policies.

Next to this, other policy domains can play a role as well, an example is the aim to realize
lively rural areas. According to European law, it is only allowed to pay for non-statutory
services. Whether a farmer or landowner invests in an artificial wetland depends on the
possibilities of receiving payments for the services delivered. Paying for the non-market
services is an extra source of income next to the future income earned with biomass
production (reed is an agricultural crop).

! The valuation exercise presented here is part of a technical and economic research project called Waterpark
‘het Lankheet’. The technical research is carried out in wetland’ het Lankheet” which is located in the eastern
part of The Netherlands. (Meerburg et al., 2008).

% As ecosystem services are defined as “the capacity of natural processes and components to provide goods and
services that satisfy human needs” (De Groot ef al., 2002), recreation can be seen as an ecosystem function as
well.
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Valuation method

To determine the value of private artificial wetlands in The Netherlands, we use the
Contingent Valuation Method. Separately valuing the wetland-functions through individual
CV exercises could lead to seriously biased estimations, due to series of biases. With the
Analytical Hierarchical Process (AHP) we are able to decompose the aggregated value of the
artificial wetland into values of its different functions. The AHP method uses a series of pair
wise comparisons between the different the artificial wetland functions to assess the relative
importance of each criterion. We will elicit weights for each of the functions. The cognitive
burden of respondents are reduced because AHP always uses two clear functions comparisons
(Kallas et al., 2007; Moran et al., 2007).

Next to socio-demographic variables, there will be taken into account a number of aspects
such as individuals’ perceptions with respect to the natural environment, the fact that
individuals recreate in agricultural areas, and the fact that individuals will recreate in private
artificial wetlands.

Results and discussion

In The Netherlands, the administrative responsibility of the wetland functions is distributed
over different governmental levels. As an example; the local and regional government
(provinces and municipalities) are responsible for nature-conservation, the national
government for biomass-energy objectives and water boards for water quality (Water
Framework Directive') and water quantity issues. For policy design it is relevant to know how
citizens value artificial wetlands and its different functions in order to be able to extend or
stimulate the implementation of artificial wetlands in The Netherlands.

References

De Groot, R.S., et al., 2002. Ecological Economics 41: 393-408.

Jongeneel, R.A., et al., 2008. Land Use Policy 25: 81-94.

Kallas, Z., et al., 2007. Journal of Agricultural Economics 58(2): 218-241.

Meerburg, B.G., et al., 2008. Surface water sanitation and biomass production in a
constructed wetland: Pilot Lankheet. Submitted to Ecological Engineering.

Moran, D., et al., 2007. Ecological Economics 63: 42-53.

! Water Framework Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000
establishing a framework for Community action in the field of water policy.

89



AgSAP Conference 2009, Egmond aan Zee, The Netherlands

Reconfiguration of ecosystem services in agricultural landscapes:
Mitigation and policy concerns for renewable energy development

S.S. Dhillion
ENVIRO-DEV, nordstu olsberg, 2510 Tylldalen, Norway
Contact: dhillion@online.no

Introduction

The interactions of agriculture and the environment can be woven in the concept of
agriculture as a sustaining, producing and consuming ecosystem services. Agricultural
landscapes and agriculture provide ecosystem services in the form of food and non-food
services and public goods. In developed nations the main non-food services include
maintaining a healthy environment (air and water), a buffer for climate irregularities, food
security and livelihoods. In developing nations the definition of an agricultural landscape has
many dimensions ranging from large areas dominated by agriculture to those which have
agriculture intimately defused with semi-forest like areas. The latter make up a common
feature in many remote agricultural rural areas of the developing world. Ecosystem services
from these agricultural and agro-forest landscapes bring additional services to light, e.g.,
health security, cultural refuges and cosmological arenas, and a continued supply of food
propagules and land, and more recently encompass carbon sequestration. Development
processes (through international or national projects/aid) continuously bring new dimensions
to these rural areas — and some can be said to increase the number of facets in agricultural
practices and thus even the multi-functionality of land aimed at poverty alleviation. Often the
changes which occur with rural development are gradual and imbibed by rural communities
for better or worse. However changes with development which make create large changes are
those directly linked with the renewable energy project, e.g., the construction of hydropower
dams. This paper is on understanding how agriculture landscapes and associated services can
alter with hydropower projects and how mitigation proposals may be facilitated or hindered
by national/international regulations and conventions. A central focus in on the
reconfiguration of services and goods in the altered and new agricultural landscapes
associated with hydropower projects. Both national and transboundary case studies will be
presented.

Methods

Literature reviews, reports and interviews were used to study the issues mentioned. The
author has been personally involved in environmental and social assessments of hydropower
projects in Vietnam, Cambodia and Chile and, thus, draws on first hand knowledge (see
references).

Results
In Vietnam and Cambodia the hydropower projects and planning spans over two large rivers
(the Se San and Srepok) which are the lifeline of local communities. Land use is diverse and
traditional practices prevail. Here the hydropower projects alter significantly the agricultural
landscape and thus the ecosystem services. Hydropower operators, the governments of
Vietnam and Cambodia have come up with various mitigation and development options in the
past and at present. Legislation is not in place to link hydropower development with land use
and thus changes in agricultural landscapes. The poorest of the downstream inhabitants loose
traditional forms of river bank agriculture and divert to deforestation for agricultural
activities.

In similar lines in the case of Chile where cascades of hydropower projects are being
planned in low populated, grazing dominated agriculture and natural areas ecosystem services
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in relations to agriculture take a different form, with extensive agriculture is the only form.
The reconfiguration of services and goods render changes in livelihoods. In the case of the
Philippines the mitigation and reorganization of agriculture has had positive response from a
variety of sectors and a wide range of stakeholders. The responses are in part due to the
increase in the multi-functionality of land use, and increase in services.

Conclusions

In all the above cases policy and the lack of regulations are a deciding factor for the final
reconfiguration of the agriculture. Poverty alleviation or livelihood restoration may occur for
the key affected population but at large the long term consequences are turbid at best. How
ecosystems are maintained, altered and reconfigured in light of existing policy will be
discussed.
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Introduction

The Dutch landscape is in essence an agricultural landscape. It has developed as the result of
agricultural land use systems that were in practice until the 19th century. These landscapes are
nowadays highly valued by the general public. With that, the meaning of the landscape has
undergone a shift from a mono-functional agricultural territory to a multi-functional
environment that is considered to provide a wide scope of ‘products’, varying from food to
attractive landscapes.

Agriculture has, however, changed. Attractive landscapes are not any longer the obvious
non-commodity output of agriculture. Modern agriculture may even be threatening valued
landscape features, such as field patterns or wooded banks, as they are impeding the
modernization of agriculture. Farmers are nevertheless still the producers of landscape
quality. The societal demand for attractive landscapes is not necessarily in their interest, as
there is no market for attractive landscapes. Farmers that are investing in attractive
landscapes, do not get a better price for milk or other farm products.

With the concept of green services the Dutch government aims to provide an alternative
for a market for attractive landscapes. Green services are services provided by farmers that go
beyond normal farm practice. Maintenance of landscape elements is an example. With the EU
approval, in February 2007, of a Catalogue describing services to be delivered and the height
of the allowances for these services, payment for green services has been brought in
accordance to the EU State Aid regulations. With this catalogue being approved, the concept
of green services can be brought into practice.

The paper analyses the first practical experiences with ‘green services’ in order to explore
the possibilities for involving agriculture in providing ecosystem services. Some policy
options will be given.

Methods

The first step in the analyses was to obtain an overview of the degree to which ‘green
services’ are actually being supplied. Information was provided by the Dutch counties. The
next step was to interview stakeholders involved in setting up green services. They have been
asked about the pro and cons of working with the Catalogue, about the interest in supplying
green services, the kind of green services being supplied and the height of the allowances.
Stakeholders have also been asked about the willingness to reserve public or private funds to
be able to pay farmers for the services provided.

Results and discussion
Although there is a lot of interest in the concept of green services, green services are hardly
being brought in practice. Only two of the 12 Dutch counties have decided on policy
instruments on green services. In one county policy instruments are being prepared. In these
three counties funds have been reserved for greens services. In the other nine counties there is
in general no readiness to reserve funds.

The counties that have made funds available, require 50% co-financing when contracts for
green services are being agreed upon. In most cases municipalities are the parties that are
providing the required co-financing. Therefore, within the counties with a green services
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policy instrument, only in municipalities that are prepared to co-finance green services, green
services can be supplied. In general there are no private parties willing to co-finance green
services. The possibilities to have investments in landscape quality financed by private
parties, turn out to be limited.

In the two counties where there are regulations, farmers are willing to supply green
services. The allowances are considered to be reasonable. The supply of green services turns
out to be exceeding the possibilities within the available funds. Making more funds available,
might help to increase the amount of ecosystems services supplied by agriculture.

Green services are meant to provide a supplement to the environmental stewardship
schemes that are only available in designated areas that are considered to be of national
importance. Green services enable farmers to supply ecosystem services in the other parts of
the country, the often called white areas. However, the reticence of counties and
municipalities to fund green services, causes the largest part of the Netherlands to remain a
‘white’ area in terms of ecosystem services.

There are fundamental differences in the way demand and supply are being brought
together. In one county, contracts are based on a landscape plan describing the kind of
services that are required in an area. Contracts are being composed out of fixed packets of
green services with fixed allowances. In the other county people in the area negotiate with
farmers about the kind of services to be delivered by the farmer and the allowance he will
receive for these services. In the latter county, demand and supply are indeed ruling the
agreements on green services.
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Introduction

The first stage of the paper is allocated to a providing the historical background to changes in
agricultural practices in Atlantic Europe and their links with biodiversity. It is widely
recognized that the intensification of agriculture due to support for increased production has
led to a decline in biodiversity and this trend has been quantified in the UK Countryside
Survey (CS). Relevant results from this survey are then presented. Elsewhere in Europe
disparate studies have shown the same pattern which is linked to globalization and technology
transfer (Petit et al., 2001). The driving forces and processes behind such changes are then
summarized.

Data from a stratified random series of sites from southern Britain are then used to
establish relationships between changes in agricultural practices and changes in biodiversity.
Whilst the major losses of biodiversity have been on agricultural land there have been parallel
losses because of declining management both on unfarmed features on farms but also in
woodlands and roadsides.

Finally the review is used to develop a model of future likely trends in biodiversity linked
to changes in farming based on the analyses of past patterns.

Methods

For this study we use the field survey data from a selection of agricultural CS plots (which are
allocated within the selected 1 km squares) collected in three survey years (1978, 1984,
1990). With this information the relationship between changes in farming and biodiversity
can then be further underpinned and it can be determined whether these relationships can be
quantified and made specific for certain types of farming. The identified relationships derived
from the CS results are then translated in general relationships which can be used for future
predictions in biodiversity change in response to changes in farming, modelled in the bio-
economic farm model FSSIM, part of SEAMLESS (Van Ittersum et al., 2008). For this study
these general relationships can only be applied to the Atlantic environmental zone as this is
well covered with the CS data.

Results and discussion

As widely reported in CS, biodiversity in intensively farmed lowland landscapes is now
largely restricted to linear features and small patches. The decline in biodiversity is greatest in
the farmed fields but is also taking place in the unfarmed categories partly because of the
indirect effect of eutrophication from agricultural practices but also because of independent
ecological processes such as canopy closure in woodlands. This statistical exercise shows that
there are real differences between the farmed/unfarmed classes and that they are changing in
biodiversity at different rates.

As to the future it is expected that whilst the intensification scenarios are all deleterious the
impact is much greater in infertile grassland because of the high initial capital (Robinson &
Sutherland, 2002). Extensification has some benefits although they are likely to be limited
because of the inherent resistance to change in highly fertile systems (Hopkins et al., 2000).
The most important influence is that the loss of species in infertile grassland may stabilize. By
contrast abandonment will have major benefits to cropland and fertile grassland but will be
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strongly negative in infertile grassland because in these systems the high resources of
biodiversity are dependent on traditional farm management.
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Introduction

Multi-functionality refers to the numerous benefits that agricultural systems may provide for a
region. Besides producing food and fiber, agriculture may also provide jobs for rural people
and contribute to the viability of the area, create a more stable food supply, and provide other
desired (and undesired) environmental and rural outputs. The multi-functionality refers to
comprehensive agricultural systems where irrigated areas cannot be excluded.

The vast majority of studies regarding agricultural multi-functionality have focused on the
supply (or producer) side (OECD, 2001a). They analyse issues such as the joint production of
agricultural outputs, market failures or options for ensuring the provision of public goods and
services from multi-functional agriculture. However, it is surprising to note that the multi-
functionality debate has rarely stopped to consider the demand (or consumer) side by
analysing individual preferences for private and public goods and services, as well as
individuals’ opinions on the performance of agriculture within this multi-functional
framework.

Methods

Within this context, in the present research it is proposed an integrated assessment of multi-
functionality of irrigated agriculture taking into account simultaneously the two points of
view. On the supply side, the role in terms of multi-functionality of irrigated agriculture will
be assessed. On the demand (or consumer) side, it will be considered the individual
preferences, as well as individual opinions on the performance of irrigated agriculture.

For these purposes, firstly the indicator-based assessment will be used in order to estimate
the functions provided by irrigated systems (see Table 1). Up to four different service classes
will be identified, namely: Food production (concern on quantity); Contribution to economy;
Employment generation; Environmental protection. Essentially, the definition and calculation
of the indicators will be redacted from OECD book (see OECD, 2001Db).

Moreover, by comparing the rainfall to irrigated systems it will assess the relative role that
water in term of multi-functionality takes. It will implement the new course of the CAP based
on the decoupled payments and cross-compliance constrains.

Secondly, we will try to establish social utility function that should be maximized using
policy instruments. In this regards, it will be implemented the joint valuation of private and
public goods and services from irrigated agriculture.

Results

The empirical application will be referred to Spanish (Guadalquivir basins), and Italian
(Irrigated Board of Capitanata) regions where the irrigation is a very hard issue for the
achievement of adequate farm income. The first results confirm on the supply side the
important socio-economic role played by the irrigated systems in the Mediterranean areas.
However, the major environmental challenge of irrigated agriculture is to achieve a trade-off
between socioeconomic impacts and environmental sustainability. In this regards the new
policy regulation, such as uncoupled payment subsidies and the environmental restrictions
(e.g., pesticide’s prohibition), may be improve the environmental impact. From demand side
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the analysis points out the factors that affect individuals’ opinions on different services of
multi-functionality of irrigated systems. Basically the results reflect the role that the irrigated
systems play at local level. Consequently aspects such as place of residence and demographic
and socio-economic characteristics can significantly influence peoples’ opinions.

This research aims to contribute on the assessment of agricultural multi-functionality
through quantitative methods focusing on the irrigated systems. On the whole, the evaluation
of multi-functionality of irrigated agriculture both on the supply and demand side can help
policy-makers for the design and implementation of agricultural policies. In this sense, the
results will enable in policy decision making so as to optimize the multi-functional services of
irrigated systems according to the social preferences.

Table 1. Multi-functionality assessment of irrigated agriculture with respect to rain fed.

SERVICE INDICATOR increase = decrease
CLASS

Food production  Food production X
(quantity)

Contribution to Gross Margin X

economy Pubblic support X
GDP X

Employment Employment X

generation
Soil cover X
Biodiversity index X X

Environmental Landscape X X

protection maintenance
Water use X
Nitrogen balance X
Pesticides risk X
Energy balance X X
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Introduction

The traditional role that agriculture plays in the European rural areas has evolved from the
traditional, mono-functional production of goods (food and fiber), to a multi-functional
provision of goods and services (landscape identity, cultural heritage, provision of habitat,
etc.). The impact that this new role of agriculture might have on sustainability of regions is
largely unquantified. There is, therefore, a need for approaches that help to identify the
multiple functions of agricultural systems and assess their interrelations with the other land
uses co-existing in the rural areas. These approaches should integrate the goods and services
provided by agriculture in a multi-functional context, through a true integration of the
economic, environmental and societal issues (three dimensions of sustainability) at a
meaningful spatial scale considering the territorial perspective.

The integration of economic, environmental and social issues demands complex systems of
thinking based on multi-scale integrated analysis and not a collection of independent analyses,
each based on a defined discipline. In addition, the assessment has to be performed at the
appropriate spatial scale. For example, the environmental services provided by the agri-
cultural activities may vary among countries and regions depending on their agricultural
systems and social demand. Therefore, there is a need for flexible approaches that allow the
assessment to be performed at the appropriate regional scale. Finally, it is deemed vital to
consider stakeholder preferences when linking multi-functionality to the sustainability
concept.

In conclusion there is a need for an approach that (i) defines and measures the economic,
environmental and social goods and services — functions — provided by the multiple use of
agricultural land at territorial level, and (ii) helps to identify the sustainability
limits/thresholds/targets of these functions. An interdisciplinary team has addressed this need
by developing an innovative approach, the Land Use Functions (LUFs), which (1) link directly
the economic, environmental and social functions to the use of the land; (ii) provide a flexible
method to assess at the appropriate spatial resolution; and (iii) transparently address the
identification of the different functions that a specific land use (in this case agriculture) might
have, facilitating the explicit analysis of their trade-offs. This paper describes the conceptual
LUFs framework and highlights the advantages of its use.

Land Use Functions: the good and services attached to the land use

The LUF approach has its main roots in the concepts of multi-functionality in agriculture
(OECD, 2001), ecosystems goods and services (Costanza et al, 1997), and landscape
functions (Kienast et al., 2007). Land Use Functions are defined as the private and public
goods and services provided by the different land uses, that summarize the most relevant
economic, environmental and societal aspects of a region. For example, agricultural land use
might have several functions, such as provision of employment or landscape identity (social),
provision of food, timber or biofuels (economical), support for biodiversity and maintenance
of ecosystem processes (environmental). The LUFs allow for a cross-sectoral assessment
since they consider the main sectors involved in land use, i.e. agriculture, forestry, energy,
tourism and nature conservation. The LUFs aggregation method is built to be applied on a
Europe-wide indicator framework consisting of a large set of indicators, selected to represent
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key impact issues of sustainability of land use, as listed in the EC Impact Assessment
Guidelines (CEC, 2005). These impact indicators cover a wide variety of land uses across the
three dimensions of sustainability. At a higher level, there are Land Use Functions (LUFs)
(Pérez-Soba et al., 2008) which aggregate indicator types loosely into a multi-dimensional
space, which is linked to the three dimensions of sustainability. Each sustainability dimension
is represented by three LUFs: Economic (Residential and Industrial Services, Land-based
Production, Infrastructure), Environmental (Abiotic Resources, Provision of Habitat,
Ecosystem Processes) and Social (Work, Health and Recreation, Culture), giving nine Land
Use Functions in all. The LUF framework reduces the number of dimensions represented by
the set of impact indicators to make sustainability impact assessment interpretable. The
concept of sustainability is recognized at two principal scales — at the level of individual
indicators for which specific sustainability limits are defined, and at the level of Land Use
Functions where an optimum sustainability with respect to multi-functional land use is arrived
at by an end-user through evaluation of competing LUFs within the ‘trade-off evaluation
space’. The indicator sustainability limits are independent of the wider LUF evaluation
process, but may be subject to change given future knowledge, or when investigated within
the context of local-scale participatory approaches.

The advantages of using Land Use Functions

LUFs are a new tool for assessing the good and services provided by land use, such as
agriculture, in a multi-functional and sustainable context. They simplify complex assessments
based on a large set of indicators by grouping them into nine LUFs that cover the main
functions of the land. It, therefore, makes possible for policymakers, stakeholders and
scientists to identify at a glance those functions of the land that are hindered and those
functions that are enhanced by a change in the land use, e.g., policy option (Figure 1).
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Introduction

‘Landscape’ means an area, as perceived by people, whose character is the result of the action
and interaction of natural and/or human factors (European Landscape Convention, 2000). The
definition is clear and nowadays well accepted. Trickier is to progress in the sense of
identifying landscape quality objectives, which should depend on the public demand of these
landscapes, i.e. their cultural and amenity values. New EU policies focusing on the
development of Europe’s rural areas, including its broad variation of landscapes, and specially
the New European Model of Agriculture, which stresses the territorial role of agriculture,
increase the need to better understand how these different landscapes are valuated by people,
and how farming may contribute to so-called landscape quality. Indeed, people do value
landscape patterns, elements, and their combinations (Dramstad et al., 2006). They are also
able to express their preferences for certain landscape patterns, but there are still challenges to
assess these preferences taking care of the diversity and complexity of the landscape (Al-
Kodmany, 1999), and to combine these preferences with the increasing number of models
assessing how policy options can modify the chain “on-farm modifications — agricultural
land use changes —> landscape pattern — adequacy to people needs and expectations”. And
reversely, how human expectations can be considered in the design of specific policy options
can be coordinated with each other. This paper describes a landscape amenities evaluation
tool that aims at filling this gap. This tool is based on the identification of an optimum range
of landscape composition, defined through a survey assessment to user groups or expert
panels, and its relation, through selected indicators, to the landscape composition resulting
from different scenarios.

Methods

The approach focuses on human factors and follows the ‘subjective’ paradigm. Landscape
visual aesthetic quality is considered to be a product of the visible features of the landscape
interacting with personal cultural background of the observer. Landscape quality, for what
concerns its cultural and amenity functions (De Groot & Hein, 2007), is consequently “in the
eyes of the beholders”. Linking current preferences of various groups of people with future
changes in the landscape lead by policy options can be made assessing the preferences for
present land cover combination using photographs as visual stimuli (Fairweather & Swaffield,
2002; Lewis, 2008). We tested the index of function suitability (IFS) designed by Pinto-
Correia & Picchi (2008) associated with SEAMLESS outputs (Van Ittersum et al., 2008) for
various policy options in two case studies, in Portugal and in France. The approach of this IFS
is based on the identification of a range of optimum combinations in land cover, for the
support of the various amenity functions. This optimum is then compared with the land cover
combination that results from the scenarios of policy changes, in order to assess the function
suitability of that combination for each specific function.

We start from a landscape taxonomy jointly built by scientist and expert panels in each
region. This taxonomy is used to design landscape prototypes in each region. The prototypes
are key elements to link model outputs to preferences, through the use of snapshots and
photos.
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Then we capture the preferences on the capability of prototypes to contribute to landscape
functions (recreation, second housing, hunting, etc) from individual interviews, using
snapshots and IFS. We specify changes in the landscape prototypes as policy impacts by
using an interaction model between results of FSSIM simulations (pressure indicators) and
landscape (environmental function & state indicators).

Results and discussion

The use of the photographs as visual stimuli has proved to demand a very well planned
selection and manipulation. The photographs should show clearly what is aimed at being
assessed. Similarly, the organization of the inquiries and the sampling method are important.
Several tests have been developed. Results show it possible to identify the optimum range of
combinations. The relation to scenarios through the indicators selected is still under progress
but seems to lead to a possible assessment. Figure 1 show a test result of the IFS applied to
four different case studies in Portugal. Other results will be presented in the paper.

Landscape Amenities for the four
considered municipalities in Alentejo region
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Figure 1. Landscape multi-functionality for four sample municipalities in the Alentejo region.
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Introduction

Aiming at the current need for assessing sustainable processes and states, the objective of this
article is to present preliminary results obtained by applying the Compass of Sustainability
(CompasSus) to administrative regions of Brazil. The methodological approach is based on
both an original conceptual framework and existing assessment methodologies, such as the
Barometer of Sustainability and the Ecological Footprint.

Methods

CompasSus is elaborated under the perspective of the different operational concepts of
sustainable development, according to those methods. In spite of the advances on the
perspective of sustainable development perceived in international agreements for conservation
of nature, as well as in the implementation of national policies aiming at sustainability, there
still exists an operational ambiguity of the concept of sustainability. Thus, its fuzzy theoretical
consolidation for clear definition of objectives and lines of action still leads to different
assumptions for diverse authors.

Results

Looking at the Brazilian case within the LUPIS EU-Project, conservation strategies are
needed to protect the world’s largest tropical rainforest against a predatory business-as-usual
frontier expansion. On the other hand, socio-economic development is a legitimate demand of
Amazonian residents (12% of Brazil’s population) living in a region that occupies 58% of the
Brazilian territory and produces just 7% of the country’s GDP. The ecological-economic
literature on weak and strong sustainability has explored some important values and
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Figure 1. Illustration of the conceptual
framework of CompasSus, a combination
of both weak and strong sustainability
approaches.
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interpretations affecting a desired operational concept of sustainability. The concept of critical
natural capital, for example, has a pivotal role for defining strong sustainability.

As for addressing trade-offs between environmental conservation and regional
development demands the Compass of Sustainability (CompasSus) introduces a Combined
Hemispheric Assessment of Sustainability (CHAS), as illustrated in Figure 1. Whereas the left
hemisphere reflects a weak sustainability approach, with a focus on local/regional impacts
caused by production systems, the right hemisphere mirrors a strong sustainability focused on
global impacts caused by consumption patterns, considering critical natural capital an
important component of sustainability. Preliminary results using the CompasSus approach
indicate its potential to combine strengths of both weak and strong sustainability approaches
so that a more comprehensive notion of sustainability for different Brazilian Regions is
achieved. According to the sustainability assessment performed the state of Santa Catarina in
the Southern Region of Brazil scored the best performance due to a combination of
environmental and socioeconomic indicators: high efficiency in energy consumption in
relation to wealth; low intensity of fertilizers and pesticides associated with high agricultural
yields; and an above average performance in all social and economic indicators. On the other
hand, the state of Maranhdo in the Northeastern Region of Brazil scored the worst
sustainability performance as a consequence of its least developed social and economic
dimensions, including indicators of education, life expectancy and income.
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Introduction

Market failures constitute the primary reason for justifying policy intervention. Goods not
amicable for market exchange, also denoted non-market or public goods, are of particular
relevance in the case of agri-environmental policies and has received substantial attention
both in the academic literature and in real policy (see Lankoski & Ollikainen (2008) for an
overview). Multi-functionality basically implies that some non-market goods are produced in
conjunction with the ordinary production of market goods in agriculture.

This paper considers the jointness and policy implications of multi-functionality, and
provides insights to how multi-functionality can be modelled under various settings for data
availability.

Our starting point is that in an economically rational equilibrium there must be a negative
relationship between the market commodity and the non-market good or service per hectare of
land as long as the non-market attribute has a non-negative price. The reason for this is if this
was not the case, the farmer could earn larger expected profits by increasing the per hectare
supply of either of the goods. Figure 1 provides an illustration.
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> goods or services.
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In Figure 1 only the thick segment on the production possibility frontier, that bounds the pro-
duction possibility set, are technically efficient. To see this consider allocations on the frontier
left to F or below E, where it is possible for the farmer to increase the production of both y
and z without additional costs. For a given price ratio, —p, /p., the optimal allocation is in 4
where the relative price line tangents the production possibility frontier.

Multiple authors claim that there is some strict technical jointness (again see Lankoski &
Ollikainen (2008) for an overview) pointing to empirical data. We claim that this perceived
jointness is due to two factors. First, if the price of the market commodity is increased, it
becomes profitable to increase the expenditures spent on commodity production, leading to an
expansion of the per hectare production possibility set. If this expansion more than offsets the
substitution of producing more of the market commodity due to the relative price change,
there will be an increase in the production of both the market and non-market good (Romstad,
2007).
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Second, the increased per hectare profits due to a price increase of the market commodity
entails that more acreage goes to this type of production. Consequently, also more of the non-
market good may be produced on this acreage, even if the above substitution effect is larger
than the effect of the expansion of the production possibility set (Romstad, ibid.). These
analytical results have strong implications for how multi-functionality is to be modelled.
Ideally, one seeks to embed non-market goods or services included in the farm model
objective function so that one could fully study the impacts of relative price changes. Unfortu-
nately, there has been little quantitative modelling done on this using real data. A notable
exception is Groot et al. (2007) who find the negative relationship illustrated in Figure 1 for
biological diversity and biomass production. Unfortunately, few of these multi-attribute
relationships have been analysed to capture the corresponding production possibility frontier.

Methods

FSSIM is a bio-economic farm model simulating farm level behaviour given a set of bio-
physical, socio-economic and region-specific policy constraints, allowing for technological
innovations and policy changes (Van Ittersum et al., 2008). It is a primal based approach (i.e.,
technology is explicitly represented) using nonlinear programming to account for selected
positive and the negative jointness in outputs (i.e., joint production) associated with the
production process. FSSIM is based on discrete production functions and a limited number of
externalities functions. These specifications enable FSSIM to directly explore the impacts of
some premium and policy changes not only on the relationship between market and non-
market goods, but also on the production process (Louhichi et al., 2007).

Whenever the production possibility frontier is not well specified due to the before
mentioned lack of data, it is difficult to perform analyses using direct payments for the non-
market goods or attributes. However, many multi-functionality attributes, like hedgerows or
solitary trees, are not joint products in a strict sense. In these cases there is a discrete land use
decision to be made by the land owner on adding such elements in the landscape if the
payments for these elements is sufficiently high to offset the reduction of the most profitable
land use in absence of targeted land use payments. Such elements represent a direct
competing land use that appear of particular relevance given the work done on the visual
characteristics of landscapes in Seamless, and enters the optimal solution if the corresponding
acreage or attribute payments are sufficiently high.

Results and discussion

The linkages between commodity production and acreage use on one hand, and landscape
attributes like scenic nature or biological diversity on the other hand, are not yet fully
implemented. Such results are foreseen before the end of 2008.
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Introduction

Biodiversity has intrinsic value and may be essential to certain ecosystem functions. The
maintenance of biodiversity is thus a key ecosystem service (Millenium Ecosystem
Assessment Board, 2003), but the difficulty of predicting effects of changes in land use and
management on biodiversity means that this service is not easily incorporated into integrated
assessments of such changes. Niche envelope modelling has been widely applied to predict
impacts of climate change on species’ distributions. By incorporating other environmental
factors into niche models, in particular soil and vegetation characteristics, responses of
species to multiple drivers can be predicted (Coudun, 2006).

While sulphur pollution has declined greatly in Europe since the 1980s, pollution by
reactive nitrogen continues. Nitrogen pollution is causing a global loss of biodiversity
(Phoenix et al., 2006), due largely to effects on interspecific competition among plants. The
reduction of N limitation increases the growth of fast- and tall-growing plant species, thus
shading out smaller-growing, light-demanding plant species (Clark et al., 2007) and reducing
the availability of niches for many animal species (Wallisdevries et al., 2006). Semi-natural
European habitats such as grasslands and heathlands support large numbers of species
principally because the regular removal of biomass through grazing or fire reduces ground-
level shading.

We present a dynamic niche occupancy approach that can be used to assess the combined
impacts of management change and nitrogen pollution on plant species occurrence.

Methods

In the dynamic niche occupancy approach, changes in the likely occurrence of a species are
predicted by linking dynamic models of environmental change to regression models of the
niche for the species. The ‘realiszd niche’ of a plant species can be defined as the
hypervolume where the species occurs within a space defined by a set of environmental
factors and restricted by biotic interactions (Hutchinson 1957). Empirical realized niche
models have been derived for 822 higher plant and 315 bryophyte species in the UK, by
multiple logistic regression of their occurrence in relation to soil pH, total soil carbon and
nitrogen concentrations, soil moisture and canopy height. These factors are easily measured
and hence have been recorded together with plant species occurrence in several large datasets.
The set of species models is collectively called GBMOVE (Smart et al., 2009).

Predictions of changes in the environmental factors that define plant species niches were
obtained using the biogeochemical models MAGIC (Cosby et al., 2001) and SUMO
(Wamelink et al., 2009). Using the outputs from these models to solve the regression models
allows changes in the probability of occurrence of individual plant species to be predicted.
Plant species are valued differentially by biodiversity specialists, and lists of positive and
negative indicator species are available for particular habitats (JNCC, 2006). A habitat-
specific index of biodiversity value was calculated by subtracting the mean probability of
occurrence of negative indicator species from the mean probability of occurrence of positive
indicator species.
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Results and discussion

The model chain was tested by comparison of predictions against observed changes in species
composition at a lightly grazed upland site in Cumbria, UK. Predicted rates of change in
probability of occurrence of species present at the site were correlated with observed rates of
changes in these species (Pearson correlation coefficient = 0.568, p=0.002). Historic and
projected changes to soil pH and C/N ratio, probability of occurrence of positive indicator
species and overall habitat quality are illustrated in Figure 1.
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Figure 1. Simulated changes at Moor House long-term monitoring site, Cumbria, UK, under
the Gothenberg scenario for projected nitrogen and sulphur emissions: (a) soil pH and C/N
ratio simulated using the MAGIC soil chemistry model; (b) probabilities of occurrence of
positive Common Standards Monitoring indicator species rescaled to maximum probability
for the species; (c) overall habitat quality. Soil water content and canopy height were assumed
to be constant.

The model chain is currently being refined by further testing against long-term floristic
datasets, and by incorporation of a more sensitive indicator of soil N availability. The
approach is being used to assess the effects of changes in pollutant load under different air
pollution policy scenarios, and is being adapted as a tool to assist land managers in setting
appropriate levels of grazing and fertilization to maintain plant diversity. Forecasts of
biodiversity change will also be useful for broader assessments of ecosystem services.
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Introduction

In The Netherlands, there is an ongoing discussion on how to reform the current Common
Agricultural Policy from payments based on historical production levels towards payments
based on delivered services according to societal demands. One of the demands being
considered is the conservation of biodiversity. To explore this option further, the question that
should be answered now is how biodiversity in the modern agricultural landscape could be
stimulated and which measures are the most cost effective. As measures in the agricultural
landscape should be taken by the farmer insight is needed in which measures could be
incorporated in the management of the agricultural production system and how these
measures affect the production system, biodiversity and income. The effect on income of the
farmer is important as it may be assumed that if a measure is profitable a farmer will be more
willing to adapt a measure than if the measure is not profitable. Assuming that farmers do not
have a willingness to pay for biodiversity, the loss of income provides a minimum cost price
for the concerning measure.

For the assessment of the cost effectiveness of biodiversity in the agricultural landscape an
indicator for biodiversity and a method to calculate cost price are needed. Both have to be
related to on farm measures aimed at influencing biodiversity. In this work the HEMO index,
a measure for biodiversity is incorporated into FIONA, a farm optimization model. Our
research is aimed at providing a first study to show the possibilities of the combination of
FIONA with the HEMO index. For this two cases are chosen. One area characterized by dairy
farms on sand soil situated in the east of The Netherlands, and one area characterized by
arable farms on clay soil situated in the south-west of The Netherlands. Possible measures for
the biodiversity in these areas are chosen with the help of local experts. Next based on data of
the farm structure in the area for each area two representative farms are identified. These
farms are modelled in FIONA to give both cost price and effects on biodiversity.

Each proposed measure is evaluated on its economic and ecological effects after which the
effects of combinations of measures will be analysed.

Methods

The biodiversity indicator should give a continuous measure of biodiversity with which
completely different options can be compared, and a tuning mechanism so that the order of a
list of possibilities is in accordance with policy priorities. In this work first results with a new
biodiversity indicator, the HEMO index, will be presented. In short, the index is calculated in
the following steps: the geographical location of a plot of land provides a list of possible and
or relevant species that may occur in the area. The specific environmental conditions are used
as a proxy for the occurrence of the species on that plot. Finally, the index is calculated based
on the sensitivities of the occurring species for environmental conditions. Habitats for
sensitive species score better than habitats only supporting common species.

Corporaal et al. (in prep.) introduced the niche number, an indicator based on the
environmental conditions like the fertility of the soil, the water table, the management of the
vegetation in which a species can live. If the species is indifferent to a condition it scores
100%, if however it is sensitive to the condition it scores a percentage based on the range in
habitat variation still acceptable for this species. The niche number of a species is the average
over all indicators. Species scoring 100% can live anywhere, and a decreasing niche number
is associated with an increase in sensitivity to habitat conditions. In our work the conditions
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are all weighted one, but distinctions can easily be made if required.

The niche number is used to calculate the HEMO index. This is the ratio of habitat
sensitive species to habitat indifferent species that occur (or in our case: are expected to
occur) in a certain area. The species considered are chosen in the context of the geographical
location. In this way, the populations of species supported by very different habitats can be
compared, essentially based on the likelihood of the ecosystem occurring elsewhere.

The next step is to link the conditions used for the niche number to management practices
on the farm. As the condition is used, and not the measure that provides the condition it is
made easier to compare the effect of separate measures and to explore the possibility to mix
measures. Obviously not all conditions can be influenced by farming practices. Soil type is a
given. Also some measurements remain directly linked to conditions, like grazing pressure
and fertilization. The possibility to mix measures is, therefore, considered the main advantage.

Finally the costs of the measures have to be assessed. This is done using FIONA. With this
model the economic optimal in and output can be identified given the restrictions of the farm
concerning the area and amount of labour. The model was developed by Berentsen for
analysis of economic and ecological effects of technical and institutional changes concerning
fertilization practices (Berentsen & Giessen, 1995). We adapted the model for the evaluation
of the participation level of farmers into on farm nature conservation schemes (Schrijver et
al., 2006). By the incorporation of a biodiversity index the model is also suitable for cost
effectiveness analyses.

Results and discussion

The results are not available yet but will be available by the end of the year 2008.
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Introduction

Water use and watershed management have a long history of conflicts which continue to take
place as long as we deal with limited resources (Kashaigili et al., 2003). Recently a new
policy instrument has been introduced that is based on positive incentives through so-called
payments for environmental services (PES, Zbinden & Lee, 2005). However, there is a
structural lack of ex-ante screening tools that allow for a rapid assessment of the potential for
payments for environmental services. The issue has multiple dimensions including the
provision of environmental services, the economics of the adoption of alternative practices,
but also the proper implementation of PES schemes. A joint analysis should provide key
information to policy makers: What is the supply of environmental services at a particular
price? In this study we will demonstrate a site-specific methodology to assess this supply
curve of environmental services. The methodology will be illustrated with a case study to
secure sustainable land use of the Tugela watershed and the Woodstock dam in South Africa.
The 1150 km” basin is an important provider of food crops but at the same time the Tugela
basin is an important provider of drinking water for Johannesburg and the hydro-electrical
plant in the Woodstock dam is a key player in the South African electrical network. As a
result water has a significant value and payments to the various land and water users in the
watershed are feasible if they result in a more efficient water use and an increase of water
availability.

Methods

Antle & Valdivia (2006) introduced a methodology to model the supply of ecosystem services
from agriculture. The methodology provides an efficient way to calculate the supply of
environmental services for a region. However, the methodology is not site-specific and
therefore not very suitable for environmental problems like soil erosion and water supply that
require the analysis of spatial interactions. We therefore linked the methodology to the
LAPSUS model (Schoorl et al., 2002) to be able to evaluate in a site-specific manner the
effect of the adoption of alternative practices in terms of water use and soil redistribution. The
methodology determines for each location in the area an expected opportunity cost to switch
to an alternative management practice on the water holding capacity at that location,
erosion/sedimentation, and expected net returns. The opportunity costs now allow us to
determine for each location and for various scenarios of the payments (prices for water and
sediment, or a fixed payment for adoption) whether farmers will accept the payments for
environmental services. This can be presented in a map, but the results can also be aggregated
for the region to calculate the supply curves for the environmental services.

Results for the Tugela river basin

Land use in the Tugela basin was mapped on the basis of a supervised classification of a
satellite image and classified in five major categories (Table 1). For each of these classes
possible changes in management were identified to conserve water use. Survey and literature
data provided insight in the variation in opportunity cost to switch practices and the effect of
the potential changes that were identified. The effects were evaluated with the LAPSUS
model to assess erosion and runoff.
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Table 1. Land use in the Tugela basin and proposed management changes to increase water
use efficiency and reduce erosion.

Land use Proposed change

Large scale irrigated farming Improved irrigation efficiency through drip irrigation
Large scale rangelands Reduction of stocking density/ controlled burning
Subs