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I mplementing Multifunctionality

One challenging aspect of multifunctionality is implementing a policy designed around
the concept and integrating such programs into World Trade Organization (WTO) rules. This
discussion focuses on implementing a policy built on multifunctionality. The discussion begins
by reviewing the economic case for multifunctionality and the conditions a program arising from
multifunctionality must satisfy. Thereafter follows treatment of the main implementation issues
of identification, valuation, and linkage to agricultural output.

Rationale For Intervention

Paarlberg, Bredahl, and Lee (2002) propose criteria based on Pareto Optimality
conditions that must hold for output-linked subsidies to be considered Green Box policies by the
World Trade Organization.>® To develop the criteria they rely on an economic formulation for
policy intervention in an open economy that demonstrates the case for intervention when
multifunctionality from agricultural production is present and suggests rules for intervention.

Socia utility, U, is a function of the consumption of a non-agricultural composite good,
agricultural goods, and externalities which may be linked to agricultural outputs.*®> The marginal
utility of consumption is positive, but decreases as the quantities consumed increase, so the
standard scarcity properties of neo-classical economic theory are assumed. Unlike typical
welfare functions used for trade and policy analysis, this social utility function includes
externalities, which may depend on the vector of agricultural outputs. Hence, agricultural
production is viewed as a multi-product production process, which jointly provides commodity
outputs, gi‘s, and externalities E’s. The specification alows for the production of severa
externalities from a single commodity. In addition, it is assumed that the externalities are
positively linked to socia utility, OU/OE; > 0 M j =1, ..., k. Each externality is defined such that
an increase in the externality enhances social welfare. By contrast, the effects of changes in
agricultural outputs on different externalities are unrestricted in sign. Increases in agricultural
output may increase the externality, (0E;/oq; > 0), decrease the externality, (OE;/oq; < 0), or leave
the externality unchanged, (6E/oqg; = 0). The formulation also allows for positive externalities

2 Pareto optimality describes the set of conditions where the alocation of resources is economically efficient. That
is, national welfare is maximized subject to resource availability. No agent in the economy can be made better off
by a change in resource all ocation without lowering the welfare of another agent.

% The Uruguay Round of trade negotiations created a box system for classification of agricultural programs.
Programs that are deemed minimally trade distorting are classified as Green Box policies and are not subject to
discipline. Programs that are deemed to distort production and consumption decisions are referred to as Amber Box
policies and are subject to negotiated spending ceilings.

* The concept of a social welfare function has a long history in the economic evaluation of trade and domestic
policy. Inastrict sense many assumptions regarding the preferences of diverse individualsin a society are required
to obtain a unique socia welfare function like that given by expression (1) and there is a considerable body of
literature devoted to the conditions required for the existence of this function. In a weaker sense the social welfare
function expresses the idea that a society can express a consistent preference at a national level even with
heterogeneous individual preferences.

® Externalities occur where there is a divergence between marginal social value (cost) and private value (cost). Such
divergences occur when there is interdependence among agent preferences.
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over some range of output and negative externalities over another range (Romstad 2000; Hodge
1999). Thus, a single production activity can produce multiple positive and negative
externalities.

Optimal policy intervention is given by maximizing social welfare subject to constraints.
Constraints include the fixed resource endowments, constant returns to scale technology,
domestic market equilibrium, excess supply functions, and a condition requiring the value of
national expenditure at world prices to equal the value of national production.® Thus, optimal
policy intervention is described by:

D)

dU/oC, _dT/dq _ i(BU/BE,-)(aE,-/aqi)
oU/dC, dT/dq, |& oU /9C,

The first term on the left defines the marginal rate of substitution for commodity C;
relative to the numeraire commodity C, (MRS). The first term on the right side is the marginal
rate of transformation in the production of output g; relative to the numeraire commodity do
(MRT). In the absence of externalities, the Pareto Optimum allocation decision is MRS = MRT.

The second term on the right in equation (1) represents the influence of externalities
associated with producing the i good. It shows that an externality directly linked to output in the
socia utility function drives a wedge between the MRS and the MRT. For the i good, this
wedge depends on the sum of externalities associated with different levels of output.

The overall sign of the externality effects can be positive, thereby justifying a subsidy;
negative, thereby requiring a tax; or zero indicating no intervention. As formulated, an increase
in the externality raises social welfare, but the term OE; /0q; is unrestricted in sign.

The relationships can change as output levels vary. For instance, cattle on a hillside
pasture may increase amenity value only over a given range. A small herd might provide severa
amenities, including a picturesgue landscape, avalanche control, and preservation of cultura
heritage. As cattle numbers increase, the landscape amenity value may begin to decline as
crowding, overgrazing, livestock odor, flies, and nutrient loads from manure increase. At some
point the negative externalities could overwhelm the positive externalities and more cattle on the
hillside would lower social welfare. Technology plays a roll in the explicit relationship between
various externalities and the level of output as expressed as 0E;/0q;. For example, encapsulated
nitrogen fertilizer for equivalent corn production may reduce nitrate runoff and leaching
compared to application of anhydrous ammonia. That is, the term JE;j/0q depends on the
production technology employed because input substitution via technology alters the relationship
between levels of externalities and production.”

® Traditionally trade theory assumes a balance of trade equal to zero. This assumption can be modified by including
a mechanism to generate trade deficits or surpluses. In this example there is no benefit to adding the complexity of
trade imbalance.

" The better way to think of ¢ is as an output bundled with a set of externalities so that different sets of externalities
arising from different technologies used to produce a commodity are different g’s. In the corn example, corn
produced with encapsulated nitrogen fertilizer is a different g; from corn produced with anhydrous ammonia.
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Paarlberg, Bredahl, and Lee (2002) make several points regarding national differences
over multifunctionality in WTO trade negotiations. First, multifunctionality never justifies trade
barriers. Second, multifunctionality may justify domestic subsidies if three conditions are met.
These conditions include: a) identification of specific externdities, b) vauation of the
externalities; and c) an explicit linkage of the values of externalities to commodity output levels
for individua commodities. If these conditions are met, then an output-linked payment for
multifunctional services may be excluded from Amber Box payment limitations.

I mplementation of Multifunctional Intervention

The previous section explains the conditions that must be satisfied for output-linked
support to agriculture based on the multifunctionality of agricultural output to be treated as
Green Box support. This section provides further discussion of those three conditions, namely,
issues of identification, measurement and valuation, and the linkage to output.

| dentification

Previous discussions of multifunctionality have been vague. These discussions cite
externalities that range from landscape preservation, ensuring cultural heritage, intrinsic value to
preserving family farms, to food security as rationales for providing output-linked support to
agriculture under the banner of multifunctionality (Abler 2001). Most studies of
multifunctionality focus on the “jointness’ of agricultural outputs and multifunctional service
flows (Cahill 2001). One criterion is that more specificity is required to identify the linkage
between agriculture and the relevant set of externalities. More explicit identification of
multifunctional services raises concerns about the feasibility of implementing the criteria

One concern is the level of agricultural policy design and implementation. Current
agricultural support policies are set at national or supra-national levels. Can a policy based on
multifunctionality be approached similarly?

Multifunctionality arises from claims of jointness with agricultural production by several
nations, many of which belong to the European Union (EU). Agricultural policy in the European
Union is designed and operated at a supra-national level. Kyed, Kaergard, and Zobbe (2002)
argue that EU members have such different conditions and preferences that multifunctionality
means re-nationalizing agricultural policy. That would be amajor shift in EU farm policy.

Even within a country, perceptions of multifunctionality services from agriculture vary.
For example, what constitutes rural vitality through family farms is elusive. United States farm
policy claims to be dedicated to saving the “family farm” without defining a“family farm.” The
answer depends upon whom, when, and where the question is asked? Someone from Indiana
might say a viable family farm is an 800+ hectare grain farm operated and partially owned by a
family. A Californian might think of alarge multi-generational family fruits and vegetable farm.
A New Mexican might have a large cattle ranch in mind. A New Y orker might think of a mixed
crop and livestock farm — relatively small in size, single household labor supply.
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Such differences in perceptions are one reason why Blandford and Boisvert (2002) argue
that a policy of support based on multifunctionality requires shifting policy formulation and
implementation from the national to the community level. But policy formulation focused on the
community level is not wholly satisfactory because society’ s preferences for certain externalities
can diverge from local preferences. Relying on community preferences may not generate the
level of multifunctional services a society demands. Re-introduction of wolves in Y ellowstone
National Park has broad national support, but is not popular with local ranchers. Urban residents
gain utility looking at traditional barns in the Shenandoah Valley while local farmers find such
barns costly, low productivity, and obsolete inputs.

These examples illustrate the wide range of individual perceptions of what constitutes a
multifunctional service like a“family farm.” Agreement to subsidize family farms does not reach
the specificity needed for implementation because they are packages of externalities. The criteria
require explicit identification of the full vector of externalities. How does one accurately identify
the multiple externalities that flow from the “existence’ of different types of family farms?
Valuation depends on individual perspectives and preferences. Implementing a policy based on
multifunctionality requires reconciling differences in perceptions and preferences.

It is difficult to separate specific externalities due to the bundling. If one values a scenic
pastural setting, do we mean cattle on pastures with wooden barns in the background? What
proportion of value is assigned to the cattle? The pastures? The wooden barns? Does the breed of
cattle matter? What about the color and style of the barn? Do red barns provide the same benefits
as white barns? Does the value increase if the farmstead is located on a hillside in Pennsylvania
versus the flatlands of Indiana?

One difficulty clouding discussion of multifunctionality is the issue of fixed proportions
associated with identification. In the previous example, does the value to society depend upon
the size of the pasture, the number and types of cows, and the presence and condition of the
barns? How are these values linked to agricultural outputs? Is output measured in acres of
pasture, the number of cows, pounds of milk and or meat produced? The value of one component
depends on other components. It is the bundling of different components that contribute to the
socia value of multifunctional services.

There may be conflicts among the externalities depending on how they are identified.
Consider externalities tied to extensive cattle grazing in the western United States. Cultura
heritage and rural community viability might be used to argue for additional subsidies to cattle
ranchers. But cattle-ranching contributes to overgrazing and loss of wildlife habitat. For
example, the impact of grazing on Cutthroat trout depends on how the externality is identified.
Cattle-grazing is a factor in the demise of Cutthroat trout populations with A and B purity on the
Binns scale (Trotter 1987).% But, if the externality associated with Cutthroat trout habitat is
identified as the trout population over the entire Binns scale from A to F, the impact from cattle
grazingisless.

Perhaps there cannot be an unambiguous resolution to the difficulties of identification. In
a closed economy the political process identifies the externalities and sets policy. However in an

8 The Binns scale represents a purity rating system for protection and management of subspecies.
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providing the service. Some fees are a lump sum and it may be difficult to provide a per-person
or per-visit estimate. Fees do not capture the full willingness to pay for consumer surplus derived
from visiting an area or taking a guided excursion. Fees reflect a lower bound estimate of use
value of agood or service and do not capture the option or existence value of a non-market good.

Another method of valuing non-market goods is the Travel Cost Model (TCM). This
technique surveys on-site users to determine the distance and time they traveled as well as the
number of trips. This information is combined with per mile and per hour costs to determine a
travel cost estimate for each user. A regression model is applied to the set of users to determine
travel cost as afunction of trips, distance, and time. Travel cost is used as a price proxy.

Travel cost models have been applied to determine the value of recreation sites. Because
only on-site users are surveyed, no zero use observations are collected. Often the highest travel
cost value by a visitor is used as a demand intercept to anchor estimates of consumer surplus,
creating issues for estimation since observations are truncated at one.

Travel cost models rely on several assumptions to determine a “price” proxy. It is
assumed that the trip or trips to a given location are single purpose. This assumption may not be
accurate for users that travel long distances since long trips may include stops at multiple sites.
Another critical decision is whether the time on-site should or should not be included in travel
cost (Ward and Loomis 1986). Other limits include the lack of substitute sites for demand
estimation, whether the number of trips or the number of visitor-days accurately reflects the
quantity, variability, and time period or periods over which on-site users are interviewed.

While travel cost models have been applied to estimate the value of different recreational
and tourist sites, the method exclusively focuses on on-site use value. It does not capture the
option or existence value of a given resource.

A fina technique used to value non-marked goods is the Contingent Va uation Method
(CVM). Under this technique, valuation of a good relies upon individual responses to contingent
circumstances in artificially structured markets. The dependent variable is generally a monetary
measure of willingness to pay (WTP), willingness to accept (WTA), or willingness to avoid
(WtoA). Elicitation of individual values are collected through interviews as well as telephone,
mail, and e-mail/internet surveys.

Boyle and Bishop (1988) provide an overview of the primary methods of obtaining
willingness to pay estimates using CVM. These methods include payment card, interactive
bidding, and dichotomous choice. Under the payment card method, the interviewee is asked to
select a given monetary interval from a set of payment ranges. This method is most common for
mail surveys. In the case of interactive bidding, the interviewee is asked initially what they
would pay or if they would be willing to pay a given amount for a particular good. Based on the
response, the surveyor provides the interviewee with higher or lower values until convergence to
a specific value. Dichotomous choice involves a yes or no response from each individual of
whether they would be willing to pay a specific amount for a good. While each person
interviewed responds to a single value, by surveying many individuals exposed to a broad range
of monetary values, the researcher can estimate the aggregate demand function for the good.
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Value estimates from CVM have been derived for numerous types of goods. Applications
range from valuing habitat preservation and selected endangered species to environmental
damage from off-shore oil spills. Drake (1992) generates WTP estimates for landscape
preservation in Sweden for grain, pasture, and woodlands. Unlike other valuation techniques,
CVM is theoreticaly capable of capturing use, option, and existence value of “non-market”
goods. This feature is particularly important for valuing non-rival and non-exclusive
multifunctional outputs associated with agricultural production.

Santos (2001) provides a synthesis of CVM and TCM and problems of valuing non-
commodity outputs from agriculture. That survey includes model presentations of demand
interactions and aggregation as well as issues related to the transfer of landscape values. Santos
warns of multiplying per capita WTP by the estimated population to derive an aggregate benefits
estimate of non-commodity outputs. His primary concern is whether the surveyed WTP
estimates are reflections of the appropriate popul ation.

Although CVM has been used extensively, there are numerous limitations and criticism.
McFadden (1994) argues that existence values for natural resources are far outside most
consumer market experience. He states that the elicitation method, information, and phrasing in
the survey affect the entire willingness to pay (WTP) distribution. He shows that embedding, that
is the value placed on a resource is independent of the scale or scope of the resource, was
present. Thus, the values obtained are described by Figure 1 rather than by Figures 2 and 3. The
problem associated with embedding is critical for multifunctional outputs such as landscape
preservation, rural vitality, and wildlife habitat. Embedding limits the ability to determine the
marginal social value of agiven good or resource which is the second criterion.

Others criticize CVM by identifying severa biases that can affect value estimates. These
concerns include payment vehicle bias, starting point bias, information/interviewer bias, strategic
bias, and hypothetical bias. Payment vehicle bias is where the WTP estimate depends on the
elicitation method used. Similarly, starting point bias or anchoring occurs when the distribution
of WTP depends on the initia value provided to survey respondents. Information/interviewer
bias is where WTP depends on the information provided before and during the survey. Strategic
bias is where the interviewee perceives it beneficial for them not to revea their true WTP.
Finally, hypothetical bias can occur when respondents view the experiment as a game or purely a
hypothetical situation without reference to their own incomes or preferences. It is difficult to see
how to control for al of these “biases’ in conducting a CVM study on multifunctional outputs.

Linkagesto Output Changes

A third element in the multifunctionality debate is the relationship of the externality to a
change in agricultural output. Multifunctional production-linked subsidies cannot be justified if
oE/og = 0. Is the appropriate unit of measurement of output, or is it land, input use, or
technology? Blandford and Boisvert (2002) argue that land is the unit of measure for landscape
preservation. However, Drake (1992) has derived different values for WTP for forests, pastures,
and grain on a per hectare basis which suggests that the relative mix or spatia distribution of
land uses impact landscape preservation values.
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There may be cases where the relationship of the externality to an increase in output is
discontinuous. A dlight increase in output neither increases nor decreases the level of externality.
As output further expands, the externality shifts to a lower level over the subsequent increase in
output. An example of this situation could occur when production capacity is added to traditional
rural landscapes. Assume that the rural landscape is composed of exclusively traditional
architecture. An increase in livestock output results in new construction of modern facilities like
metal pole barns. That immediately lowers the level of the externality associated with traditional
barns. As output and new construction continues to increase, the landscape converges to a
diverse mix of agricultural architecture rather than one dominated by a single traditional style.

Another topic stirring debate regarding the multifunctionality of agricultural production is
the issue of bundling or fixed proportions. In certain cases the externalities may be inherently
linked. For example, can Bavarian cultural heritage exist without Alpine pastures, certain style
barns, and dairy cows? How does the value of Bavarian cultural heritage change depending on
the relative proportion of these various attributes? Shumway, Pope, and Nash (1984) demonstrate
a framework for treating multiple, traded, outputs and inputs in firm production. In principle
their framework provides a methodology for linking multiple outputs and externalities as
required to evaluate whether output-linked subsidies to agriculture generate multifunctional
services. A difficulty is that empirica implementation of the framework requires that the
multiple outputs and inputs are clearly identified and quantified. As discussed, identification of
the externalities due to multifunctionality is one of the obstacles to overcome in implementation.

While it might be convenient to assume externalities occur as fixed joint products of
agricultural output, this may not be the case. Changes in technology and input substitution can
alter the link and even the source of the externality. Different corn production technologies, such
as encapsulated nitrogen fertilizer, can ater the link between corn output and nitrates in runoff.
For genetically modified foods, whether the technology is used can be the issue. Baumol and
Oates (1988) relax the fixed products assumption in the multiple output — multiple input
production process. But empirical implementation could be difficult.

Finally, there is a need to recognize that the entire set or vector of externalities and their
subsequent levels depend on the spatial and temporal location of agricultural activities as well as
technologies used. Shifts in production technologies may reduce the level of certain externalities
but can increase the levels of others. The adoption of reduced tillage cropping systems can
reduce soil erosion and sediment attached nutrients, however, they can also increase nutrient
concentration levels in remaining surface runoff. Different production technologies for the same
crop can generate different vectors of externalities.

In addition, the vector of externalities depends upon the spatia distribution of agricultural
and non-agricultural activities. Whether one is concerned with the amenity value of rura
landscapes or water quality, the levels of externalities depends on where activities occur in a
community or watershed. Thus, many multifunctional outputs are spatially interdependent. This
creates new challenges in not only identifying the level and scope of the multifunctional output,
but also in the valuation of these non-market outputs.
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Conclusion

Agriculture has been identified as providing important non-market benefits to society.
These benefits range from landscape preservation, environment enhancement, flood and
avalanche control, and preservation of cultural heritage. In the context of agricultural trade
negotiations, these types of benefits have been labeled as multifunctionality. Proponents of
multifunctionality seek subsidies to agriculture to provide such benefits. Opponents argue that
multifunctionality is an excuse for protection through subsidization of agricultural production.

An article by Paarlberg, Lee, and Bredahl (2002) proposes a way to bridge national
differences over multifunctionality in trade negotiations. They indicate that three criteria must be
addressed to bridge this gap. First, a country must explicitly identify externalities attributed to
multifunctionality. Secondly, a country must provide values of these externalities to society.
Finally, countries would be required to demonstrate the specific linkages among such
externalities and the level s of commodity outputs.

This paper provides insight to the chalenges of implementing multifunctionality based
on those rules. First is the ability to accurately identify all relevant externalities associated with
current and alternative agricultural production practices and land use patterns. The identification
component is compounded by problems of composition, scope, and scale.

A second challenge to implementing multifunctionality is the valuation of the various
externalities. Selection of valuation technique, particularly for non-market goods, is controversial
and is linked to the characteristics of the multifunctional services. The extent to which a
multifunctional service is rival, exclusive, or congestible, affects the vauation method. Travel
cost, hedonic, replacement cost, and substitute pricing models can be effective for addressing on-
site use value but fail to capture option and existence values. Contingent valuation methods have
been applied to a wide range of non-market goods and can, in principle, capture option and
existence values. However, this technique has been criticized for various sources of bias, lack of
robustness of estimated values, and problems of embedded values. The issue of embedding is
critical to valuing several multifunctional service flows such as landscape preservation, wildlife
habitat, and cultural heritage.

A final chalenge relates to how the vectors of multifunctional outputs are linked to
agricultural production. While it may be convenient to focus on the positive externalities
associated with the current and potential distribution and technologies of agricultura production,
the Pareto Optimality condition shows that negative externalities also need to be assessed. The
precise linkage between commodity output levels and relevant externalities provides the final
challenge. Conceptually, there are methodologies for handling this linkage. But, the linkage
between agricultural output and multifunctional service flows may be difficult to define,
measure, and value empirically.
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