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Foreword

This study is the first building block of a project on risk management in agriculture under the programme of work of the OECD Committee for Agriculture. It develops a conceptual framework to analyse risk management strategies, takes stock of current policy measures, and analyses the exposure of the agriculture sector to risk. This framework shall be used to further analyze agricultural risk management systems in specific countries and to investigate responses by farmers to different risk environments and their use of different instruments. The present study builds on Income Risk Management in Agriculture (OECD, 2000). Information on the risk management project can be followed in www.oecd.org/agriculture/policies/risk.

Jesús Antón of the OECD Secretariat leads the risk management project and coordinated the studies for this publication. He is also the author of Chapter 2. Catherine Moreddu, of the OECD Secretariat, is the author of Chapter 3, while Chapter 4 was written by Keith H. Coble and Barry J. Barnett from Mississippi State University. This publication was reviewed by the OECD Committee for Agriculture.

This study has benefited from discussions in seminars, conferences and meetings of the Working Party on Agricultural Policies and Markets. It has benefited from suggestions from many colleagues in the Trade and Agriculture Directorate of the OECD, in particular Carmel Cahill, Céline Giner and Shingo Kimura.
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Executive Summary

Managing risk is an important part of farming and its management is a concern for those governments which include this as one of their agricultural policy objectives. This report presents a framework for the analysis of risk management in agriculture that can be used for the analysis and efficient design of policies in this area. The principal concept is a holistic approach as opposed to a linear approach. A linear analysis dealing with only a specific source of risk, a specific farmer’s strategy, or a specific policy measure is likely to lead to inefficient policy choices. Risk management should be analysed as a system in which there is interaction between many elements. These elements have been organised around three axes: the sources of risk, farmers’ strategies and government policies. A number of issues and concepts are crucial to the understanding of these interactions and must be discussed from all three axes.

A holistic conceptual framework

The sources of risk in agriculture are numerous and diverse. The markets for agricultural inputs and outputs have a direct incidence on farming risk, particularly through prices. A diversity of hazards related to weather, pests and diseases or personal circumstances determine production in ways that are outside the control of the farmer. Unexpected changes may occur in access to credit or other sources of income that affect the financial viability of the farm. The legal framework or changes in it may lead to liability and policy risks. Instead of focusing the analysis on an exhaustive classification of risks according to different sources, the holistic approach focuses on the intrinsic characteristics of risk in particular, on the characteristics that have a direct incidence on the development of market instruments and on the capacity of farmers to manage risk. Some risks are non-systematic. Their occurrence and the associated damage are unknown to a great extent. This cognitive failure makes them very difficult to manage by either individuals or markets. Some weather related risks such as drought and floods have a systemic component in that they affect most farmers within an entire region or country. This type of risk is difficult to pool inside the sector. Others like hail are more idiosyncratic and easier to pool. Many risks are correlated. Some input and output prices may be positively correlated, and output and production are often negatively correlated, particularly at aggregate level. Accounting for these correlations is crucial in developing efficient risk management strategies. Some risks are catastrophic because they are very infrequent but cause a large amount of damage, and they are often systemic and non-systematic at the same time.

Risk management strategies start with decisions on the farm and the household: on the set of outputs to be produced, the allocation of land, the use of other inputs and techniques, including irrigation and the diversification of activities on and off-farm. Farmers can also manage risk through market instruments which include insurance and futures markets. However, not all risks are insurable through markets, the main reasons for non-insurability being the systemic nature, the lack of information on probabilities and information asymmetry with respect to those probabilities. It is therefore useful to segment all risks into three different layers according to the instruments most appropriate or available. Risks that are frequent but do not imply large losses are typically managed on the farm. Risks that are infrequent but generate a large amount of damage to farm income are likely to fall under the catastrophic risk layer, for which market failure is more likely. In between these two layers there are intermediate risks for which some insurance or market solutions can be developed. It is important to allow solutions to each type of layer to develop so that a variety of instruments is available to farmers.

There are two main rationales for a government role in agricultural risk management. First, if risk markets are not efficient government action may be Pareto improving. The incompleteness of risk markets is a fact. The main sources of market failure are information asymmetries and high transaction costs associated with gathering information or with pooling systemic risk. However, it is very likely that information asymmetries occur also in the relationship between citizens and government, and this adds to the challenge policy makers face in designing policies whose benefits outweigh their costs. There is therefore no simple rule about what constitutes appropriate government action. The second rationale relates to equity or redistribution: societies may express a social preference to assist those suffering some types of loss.

In practice governments often mix efficiency and equity considerations. There are actions oriented to the creation of markets: for instance, production and sharing of information, training in market instruments, legal frameworks for specific markets and competition policy. There are actions that modify the market incentives, particularly if they subsidize some market instruments like insurance policies or saving accounts, but also market interventions that stabilize prices. For risk reduction and mitigation, there are policy actions that are ex ante (disaster prevention and most agricultural policies) and other that are triggered or decided ex post (like countercyclical programs, the tax system or ad hoc payments). Risk coping refers to action for consumption smoothing and they include disaster relief. These latter actions are typically related to equity considerations but quick recovery may also have an efficiency dimension. Most governments have some instruments to deal with catastrophic risk. A trade off exists in this area between ex ante policies that avoid pressures for ad hoc assistance in the aftermath of an event, and ex post policies that are more adapted to the reality of the catastrophe.

A template for the analysis of risk management systems in different countries is developed. The template is organized around five clusters that are derived from the holistic framework. For each cluster a set of policy guidelines is proposed derived in turn from previous OECD work. A major thrust is that farmers should be empowered to take responsibility for risk management, and policy actions should enable correlations among farming risks to be exploited. A variety of instruments should be available to the farmer so that he can choose the instrument that best fits his needs. The system should facilitate the production and sharing of information. Policies should be targeted to specific objectives, whether specific market failures or equity concerns, and they should be efficient and minimally distorting. Trade-offs are likely to emerge between different objectives and guidelines and they need specific analysis in the context of the corresponding risk management system.


Risk-related policy measures

Within agricultural policies, various measures contribute to reducing risk for farm households either because they help reduce the incidence of risk or mitigate its consequences on farm household income. Information contained in the OECD PSE database, WTO notifications on domestic support commitments and previous OECD work is used to give an overview of the incidence of risk-related measures in OECD countries and selected emerging economies, and to evaluate the relative size of the price and budget transfers they generate in the different categories of support to agriculture. The role in risk management of measures which do not generate transfers, like regulations, or are not specific to agriculture is also discussed.

In the countries examined, risk-related measures that are available to farmers vary in nature and in relative importance depending on the risk exposure and the overall support environment. In recent years, risk-related measures accounted for two-thirds of total average support to OECD producers, as measured by the PSE, and their share in total was over 50% in almost all OECD and emerging economies. Market price support is the most widespread risk-related measure and in most OECD countries, it accounts for a large share of support. Regarding the relationship between support level and composition, some patterns emerge. There are:



	Countries with high support levels, which mainly rely on price support for risk reduction and offer few other measures (e.g. Japan, Korea).

	Countries with high levels of support, which provide both market price support and fixed rate payments in about equal measure (e.g. Iceland, Norway, Switzerland).

	Countries with levels of support close to the OECD average or below, which provide both market price support and fixed rate payments in about equal measure (e.g. EU).

	Countries with below OECD average levels of support, where market price support is not dominant and which make significant use of variable rate payments such as stabilisation payments, and insurance subsidies (Canada), in some cases with fixed rate payments as well (United States).

	Countries with low levels of both support generally and market price support, where risk-related measures account for less than half support. These are mainly emerging economies.

	Countries with very low levels of support, of which a high share relates to risk-related measures: The New Zealand PSE is mainly made up of pest and disease control or price support resulting from sanitary measures. Australia has developed a combination of safety-nets and disaster payments to help farmers face unexpected, often climate related, adverse events.


Regarding measures that reduce the occurrence of risk, governments finance inspection services in all countries and subsidise pest and disease control in many. Water management support, may include a reduced price for water use and investment assistance for irrigation infrastructure projects

In a context of decreasing market price support, fixed rate payments have increased in many OECD countries. Variable rate payments are concentrated in a small number of countries (mainly Canada and the United States), reflecting traditional higher exposure to climatic risk and recourse to insurance and stabilisation payments. The parameters on which variable payments are based are an increasingly diverse combination of output, current or non-current area, animal numbers, receipts or income.

Insurance subsidies are found in many countries but they differ widely in terms of coverage government involvement, including subsidy rate and level, implementation criteria and institutional system. In recent years, there have been efforts in some countries to increase the coverage of insurance systems and improve administration and adoption. Subsidies for futures option contracts are only found in Mexico for producers and in Brazil for processors, reflecting probably the limited direct use farmers make of these instruments.

Disaster relief payments are identified in almost all countries (the main exception being Switzerland), but these could be underestimated because they are reported as supplements to existing payments or included in aggregates such as infrastructure investment. Disaster relief can take many forms and support mainly consists in compensation for income losses or assistance for the restoration of damaged assets. Precise information on implementation criteria is often lacking, in terms of what defines a disaster, what are the mechanisms in place to assess the occurrence of a disaster and the definition of the damage, and to distribute the funds. The ad hoc nature of disaster or other emergency payments is difficult to identify in the PSE database.

Farmers can use the tax system to smooth their income in several countries. Depending on the country, those systems include the option to average taxable income over two or three years or to reserve a share of income in a saving account in years of high income and reincorporate that amount in taxable income any year in the following (usually five-year) period.

In the same way as risk-related measures are found in various categories of the PSE classification depending on implementation criteria, they can be found in all WTO boxes. The Amber Box usually includes price support as well as deficiency payments and stabilisation payments based on current output or area. Some stabilisation payments are also notified as Blue Box, for example stabilisation payments for rice in Japan. The Green Box includes items to notify support for extension, pest and disease control and inspection services, as well as a specific category for insurance subsidies and disaster relief payments. However, many insurance programmes do not meet the conditions to ensure they are minimally distorting and insurance subsidies are often notified as non-commodity specific de minimis support as in Canada and the United States.

The overview of risk related policy measures in this report focuses on a number of measures with risk-related characteristics but all measures have an impact on the risk environment and it is sometimes difficult to draw the line. Moreover, although measures, which do not generate transfers specific to agriculture, are briefly discussed, measures generating transfers included in the PSE database receive more attention. It is not, however, straightforward to identify risk-related measures in the PSE: the label variable rate helps but is not sufficient to capture all measures. In addition, risk-related measures may hide within an aggregate such as irrigation investments in infrastructure investments.

It should be reminded that transfers do not give a complete picture of risk-related measures and of their relative importance. In particular, they do not reflect the importance of each tool in risk management strategies as farmers or other private operators do not only rely on government for risk management and also use private tools and mechanisms. Finally, transfers do not reflect the relative effectiveness and efficiency of different measures in term of risk reduction or mitigation. Evaluating these would require in depth analysis of precise mechanisms for implementation, interactions between various types of measures at the farm household level, as well as of risk exposure, with and without existing measures. This will be the subject of future work on risk management.


Assessment of risk exposure in agriculture

The third chapter of this report synthesizes the evidence provided by existing scientific literature regarding the magnitude and casual factors underlying the risks faced by agricultural producers. Further, the existing scientific evidence regarding the risk preferences of agricultural producers is examined. The scientific evidence in many respects is thin at best and in many cases appears to be non-existent. The authors have consciously attempted to avoid allowing U.S. research to dominate the discussion, but in many instances it appears the literature is simply deeper there than in other locations. Further, it must be acknowledged that the literature is not robust across commodities. Not surprisingly, the research on major crops and livestock enterprise dominate the literature cited in this paper. It is also noted that much of the existing literature fails to examine farm household income or consumption as theory would suggest. In effect, studies that focus on a single risk such as price risk or a single output are inherently myopic and may over-estimate the value of risk management tools. Greater attention should be devoted to obtaining farm-level time-series data so that more realistic measures of risk reduction can be made. This is particularly true when farms are well diversified across enterprises.





Chapter 1.

Introduction

Agricultural production is subject to many uncertainties. Any farm production decision plan is typically associated with multiple potential outcomes with different probabilities. Weather, market developments and other events cannot be controlled by the farmer but have a direct incidence on the returns from farming. In this context, the farmer has to manage risk in farming as part of the general management of the farming business. Hazards and unforeseen events occur in all economic and business activities and are not specific to agriculture. However, farming risk and risk management instruments in the sector may have a certain number of specificities.

Many risks directly affect farmers’ production decisions and welfare. In response to the potential impact of these uncertain events farmers implement diverse risk management strategies in the context of their production plans, the available portfolio of financial, physical and human capital, and the degree of aversion to risk. These risk management strategies may include decisions on-farm, changes in portfolio structure, use of market instruments, government programs, and diversification to other source of income. Many general agricultural support policies have risk management implications and influence risk management decisions. Because of the complexity of these interactions governments need to make significant efforts to achieve coherence, particularly among different policies and between policies and market strategies. Agricultural risk is an interrelated “system” in which markets and government actions interact with risks and farmers’ strategies. Government programs may underpin the development of market strategies, but they may also crowd out market developments or on-farm strategies. The result of these interactions is the set of risk management strategies and tools that is available and used by farmers. The available strategies are not the simple addition of government programs, market instruments and on-farm decisions; they are mutually interdependent and constitute a unique system.

Chapter 2 analyses some of the most important linkages in this system and to develop a holistic framework for its analysis. The main focus of the analysis is on the different strategies and options available to farmers to manage risk and the potential need for and shortcomings of government action. It begins with a section that lays out the basic framework and develops the main driving idea behind the holistic approach: accounting for the interaction between three axes in the risk management system: sources of risk, risk management strategies and tools, and government policies. The three subsequent sections develop each of these three axes by analyzing and organizing the main issues of each axis, emphasizing the interrelations between the elements within and across the axes. These include characteristics of agricultural risk, possible classifications of sources of risk, the implications of correlation among them, and some discussion on the links between agricultural risk and climate change. Risk management strategies are discussed, including market tools such as future markets and insurance, but also strategies to deal with non insurable risk and segmenting risk into layers. The fourth section focuses on the role of government in dealing with potential market failure or re-distributional (vulnerability) concerns. The last section provides a template to apply the holistic conceptual framework. This template is structured in five clusters to be analyzed when studying a risk management system in a given country. Additional concepts related to the economic analysis of risk are discussed in Annex 2.1, while Annex 2.2 is a stand alone analysis of price risk and price stabilization policies.

Farm households adopt diverse strategies to manage risk affecting their income and consumption. These strategies depend on the characteristics of risk they face, their attitude to risk and the risk management instruments and tools available. The potential contribution of governments to risk management includes: 1) ensuring a stable macroeconomic and business environment, with competitive markets and clear regulations; 2) facilitating access to market-based instruments such as insurance systems; and 3) providing specific measures to help farmers reduce their risk exposure or deal with the consequences of adverse events. The latter group of measures is considered here as risk-related as they impact directly to reduce price, yield or income variability, or to smooth consumption following an adverse event. At the same time, it should be kept in mind that all agricultural policies affect farm households’ risk environment and behaviour.

Drawing on the conceptual framework developed in Chapter 2, Chapter 3 reviews various types of policy measures that directly affect price, yield or income variability, or smooth consumption and, as such, have a direct risk-related dimension. It provides an overall picture of the magnitude and type of price and budget transfers generated by those measures in various OECD countries and selected emerging economies, in the context of overall support and government intervention affecting farm households. It does not attempt to evaluate the riskreducing impact of those measures, which will be the subject of future work on risk management. It does analyse how different types of policy measures can affect price, yield or income variability and provides an overview of their occurrence in various countries. Those risk-related policies identified in the OECD Producer Support Estimate (PSE) database1 and the price and budgetary support they generate are discussed in the context of overall support estimates. The following section draws on World Trade Organization (WTO) notifications on domestic support commitments to identify the risk-related policies discussed earlier. The final section focuses on policies that are not specific to the agricultural sector and/or do not necessarily generate budgetary transfers such as regulations.

Chapter 4 assesses the exposure to risk in agriculture through a review of the empirical literature. It introduces the concept of risk and how can it be quantified and then examines the variability of the different components of farm income: input and output prices, yields, production, and off-farm income and investment. Information on variability of different sources of risk is completed with information about correlations and an overall assessment of the major factors affecting farm income risk. These observed variabilities are due to different underlying causes of risk: from weather, diseases and market shocks, to new concerns such as biotechnology, climate change or policy reform. Farmers may perceive these risks differently and their main concerns need not to be the sources of risk that generate most income variability. These perceptions and risk preferences are revised, and in the final section extracts from the main conclusions on the magnitudes of risks, correlations, causes, perceptions and needs of research and data are presented.

Note

1
Since the mid-1980s, OECD estimates support to agriculture and publishes results in annual reports for OECD countries and every two years for a number of emerging economies. Indicators of support for OECD countries are published in OECD (2008) and available on OECD web site at www.oecd.org/statisticsdata/0,3381,en_2649_33773_1_119656_1_1_37401,00.html







Chapter 2.

Risk Management in Agriculture: A holistic Conceptual Framework


A holistic framework for the analysis of agricultural risk management systems

A study on risk management necessarily starts by discussing terms and definitions to ensure consistency and avoid potential confusion in terminology. The first classical distinction is made between risk and uncertainty, and the associated vulnerability (Box 2.1). The objective of this paper is to analyse approaches to deal with uncertain outcomes in agriculture, the potential negative consequences for farmers and the capacity to cope with them. This broad objective includes issues related to the concepts of uncertainty, risk and vulnerability.


Box 2.1. Risk, uncertainty and vulnerability

It is often said that agriculture production is a risky business, that is, it is subject to risk. This means that due to complexities of physical and economic systems, the outcomes of farmers’ actions and production decisions are uncertain, and many possible outcomes are usually associated with a single action or production plan. The uncertainty concerning outcomes that involve some adversity or loss that negatively affects individual well-being is normally associated with the idea of risk. Some (e.g. Knight, 1921) make the distinction between risk, that implies knowledge of numerical, objective probabilities, and uncertainty, that implies that the outcome is uncertain and the probabilities are not known. This distinction is not very operative since the probabilities are very rarely known and there is widespread acceptance of probabilities as subjective beliefs (Just 2001; Moschini and Hennessy 2001). Most authors find a more useful distinction between uncertainty as imperfect knowledge and risk as exposure to uncertain unfavourable economic consequences (Hardaker et al., 2004). In practice both concepts are very much related and are used interchangeably, one with more emphasis on “probabilities” as the description of the environment, and the other with more emphasis on the “potential negative impact” on welfare.1 There is no risk without some uncertainty and most uncertainties typically imply some risk.

A significant part of the literature on risk management is associated with social protection against poverty, particularly in developing countries (Dercon, 2005 and World Bank, 2000). In this context the term vulnerability is often used to define the likelihood that a risk will result in a significant decline in well-being, that is, resilience or lack of resilience against a given adversity. Vulnerability does not depend only on the characteristics of the risk, but also on the household’s asset endowment and availability of insurance mechanisms.


 1. In this same direction, economic text books typically talk about theory “under uncertainty” referring to analytical results developed under a factual description of the uncertain environment in which economic agents take decisions. The term risk in this context is applied to the preference of producers or consumers that may or may not like this uncertainty (risk aversion). It is also applied to assets whose returns are uncertain (risky assets that have variable returns). See, for example, Mas-Collel et al. (1995).



There is a growing literature that tackles risk related issues from a governance angle. It is mainly focused on risks with significant consequences for a society or an economy, that go well beyond consequences for an individual. These “systemic risks” can also be relevant in agriculture. In this literature risk management is part of a broader risk governance framework that typically includes at least three stages: risk assessment and evaluation, risk management and risk communication. These terms can be defined in different ways (e.g. International Risk Governance Council, 2008). Risk assessment normally refers to a systematic processing of available information to identify the frequency and magnitude of specific events, while risk evaluation consists of fixing priorities and defining societal “tolerance” for some risks. Risk management is the system of measures by individuals and organizations that contribute to reducing, controlling and regulating risks. Risk communication is the exchange and sharing of information about risk between decision makers and other stakeholders. The main focus this paper is on the risk management stage of risk governance, although risk assessment and communication issues are also discussed where appropriate.

The economic analysis of risk management requires some quantification of risk to which there are different approaches: from a complete distribution of the uncertain outcomes to a single indicator of variability (e.g. the variance). It also requires some definition of the preferences of farmers with respect to risk, typically summarized in a risk aversion parameter or other more sophisticated representation. Finally, economic analysis of risk is not only focussed on the use of formal or market risk management tools, but also other “self-protection” or “self-insurance” strategies or activities implemented by the farm household. These issues are further discussed in Annex 1 and are the basis for the economic analysis of the interactions between all the elements in the agricultural risk management system, which is the main focus of this document.

A risk management system is composed of many different sources of risk that affect farming, different risk management strategies and tools used and available to farmers, and all government actions that affect risk in farming. A standard approach to analyse risk management issues will involve three linear steps. First, measuring the risk or variability that needs to be managed. Second, use this information to analyse the optimal risk management tool for a given farmer, accounting for his endowments and risk preferences. Finally, decide on appropriate government policies to improve this risk management strategy. This is the linear approach defined by the straight line in the first part of Figure 2.1.

The linkage among these three sets of elements is not linear in nature. Therefore, the analysis cannot flow unidirectionally from the sources of risks to the available tools to deal with each risk, nor from the availability of tools and markets to the optimal government policies. The links move in all directions, and the system is better represented by the three dimensions or axes of a cube (second part of Figure 2.1). Continuous feed-backs among the elements in all axes lead to a simultaneous determination of risks, risk management strategies and policies. The availability, development and use of each instrument or strategy is determined to a great extent by the whole system that includes the nature of the risks, the extent to which they are correlated, farmers’ endowments and preferences, market developments and government actions. There are many examples that illustrate these links. If, for a specific farmer, prices are strongly negatively correlated with production, revenue can be relatively stable and there may be less need to manage price risk. Diversifying output production can, in some cases, be a good strategy to reduce risk, and it may substitute for some of the demand for insurance. Measures that stabilize domestic prices are likely to crowd out the development of futures markets. It is often not possible to isolate and identify individual risks, single farmer’s strategies and government policies, and a holistic approach is needed for the analysis of the system.


Figure 2.1.Two approaches for the analysis of agricultural risk management
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Some government actions are specifically designed to deal with risk faced by farmers, others may have a direct impact on farming risk even if not specifically designed to do so. A risk management system can therefore be seen as a set of complex relations among the three different axes that involve the original sources of risk, the available tools and strategies, and the government measures. The simultaneous determination of the elements in these axes generates an identification problem when analyzing risk management. When certain events or measures of variability of relevant farming variables are observed, they already reflect the actions taken by the farmer to manage risk and the government measures and regulations that affect both farming risk itself and availability of risk management tools. Any reasonably precise measurement of farm income variability already includes to a great extent the impacts of existing risk management strategies and government programs in place.

This explains the need for a holistic approach to deal with risk management in agriculture. No single risk, strategy or policy can be properly analyzed in isolation. The whole set of elements and interactions needs to be accounted for. The purpose of this paper is to build a solid conceptual foundation for such a holistic approach to the analysis of risk management in agriculture. The following three sections are focus consecutively on each of the three axes in Figure 2.1, identifying the main elements, issues and interactions with other elements in the system.




Sources of risk

The risks and sources or risks that are relevant in agriculture have different characteristics, and they can be classified in very different ways. It is not necessary to opt for any particular classification of risk, and different ones can be used for different purposes. Some technical characteristics of risks apply across different classes and can be very significant in terms of the appropriate and available strategies to deal with each risk. Box1 discusses some of these characteristics. The rest of the section discusses possible classifications of the sources of risk, the implications of correlation among them, and the links between agricultural risk and climate change. Further discussion of price variability can be found in Annex 2.2.


Box 2.2. Some characteristics of risk

Newbery and Stiglitz (1981) make the distinction between systematic and non-systematic risks. Systematic risks are related to events that repeat over time with a pattern of probabilities that can be analysed in order to have a good estimate of the actuarial odds. On the contrary, non-systematic risks are characterised by very short or imperfect records of their occurrence and, therefore, difficulties in estimating an objective pattern of probabilities or distribution of outcomes. This distinction is similar to the distinction between risk and uncertainty and no clear cut line can be drawn between these two types of risk. The concept of cognitive failure follows the same line of distinction: it occurs when individuals do not know the probability or potential magnitude of a given event (Skees and Barnet, 1999). Decision makers often forget bad loss events and do not use this information in their decision making. Most other characteristics normally used to qualify risks are based on some knowledge of the right distribution of the risky events.

Rothschild and Stiglitz (1970) propose three equivalent definitions of “being riskier”: a distribution of outcomes Y is riskier than X if: Y is just the addition of X plus a random noise; X is preferred by risk averse agents; and Y is obtained by shifting some weight from the centre to the extreme values of X. They also find that these definitions are not equivalent to a definition based on increasing variance, which is the most standard measure of risk.

It is often argued that it is downside risk that matters most. In fact downside risk is more likely to occur when the risky outcome depends on non linear interactions among several variables, and it can be particularly relevant in agriculture (Hardaker et al., 2004). For instance, yields depend on several factors...
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