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CHAPTER 1. GENERAL INTRODUCTION

Introduction

The Food Quality Protection Act (FQPA) that was passed into law in 1996 has
revived interest in issues of pesticide regulation. It mandates a different approach to the
regulatory management of risks posed by pesticide use in that it requires a consistent
assessment of risks from pesticides with a similar mode of toxic action and it explicitly
requires the regulatory agency to address risks posed to infants and children. In particular,
FQPA draws critical attention to the use and safety of organophosphates, a group of
insecticides that are widely used in apple production.

This dissertation addresses issues in the economic analysis of pesticide regulation in
apple production. The U.S. apple industry is a highly pesticide-intensive industry: 96% of
the bearing apple acreage is treated with insecticides, 90% with fungicides, and 60% with
herbicides. This amounts to 44 Ib. of active ingredient applied per acre (U.S. Department of
Agriculture).

Several particularities of apple production systems require a careful consideration of
the methods that are used to estimate regulatory impacts. Growing conditions are very
heterogeneous across the United States due to differences in climate and pest pressure and
regional redistribution impacts need to be estimated. Quality aspects are important to
recognize as growers receive considerable premia when producing fruit that qualifies for the
high-value fresh market. In addition, dynamic analysis is required in production systems
where trees once planted bear fruit for several years or even decades. Besides addressing
these aspects that are specific to pesticide regulation in production systems of fruit and
perennial crops, this dissertation proposes a method to acknowledge the uncertainty in ex-

ante assessments of regulatory actions.



The study begins by formulating a partial-equilibrium model of the U.S. apple
industry, where apple orchards are modeled as multiproduct firms producing apples for fresh
and processed utilization. The model is structured to facilitate the estimation of
disaggregated welfare impacts on consumers and different groups of producers in the two
markets. An econometric model of U.S. apple supply and demand that incorporates net
imports and that acknowledges the strong links between the markets for fresh and processed
apples is estimated on a regional basis and elasticity estimates are obtained. Using expert
opinion data on production impacts, the model is employed to estimate the economic effects
of hypothetical bans on seven different fungicides and seven different herbicides.

The dissertation then turns to the issue of incorporating experts’ uncertainty into ex-
ante welfare assessments. Because of a lack of historical and experimental data, economic
assessments of regulatory actions are frequently based on expert opinion. Although this is in
many cases the best or only data available, experts themselves are often uncertain about
possible impacts. Such uncertainty has nontrivial consequences for welfare analysis. A
method based on Bayesian updating is proposed to combine dispersed expert opinion arising
as a collection of probability estimates over a finite number of events. The methods are
implemented using as an example a hypothetical ban on one organophosphate, azinphos-
methyl, and the whole group of organophosphates in U.S. apple production. Production
impact distributions are estimated and distributions of economic welfare changes are
obtained for different policy scenarios. A nonparametric test is used to order the outcome
distributions in their welfare properties.

The final part of this dissertation analyzes the question of how pesticide regulation

impacts the long-term decision to replant an orchard. The topic is addressed under the



particular consideration of antibiotic use in apple production. Antibiotics are used in fruit
production to control fire blight, a bacterial disease of apple and pear trees that can
considerably lower yields for several years and eventually lead to tree death. The use of
antibiotic agents in agriculture is a subject of growing concern to scientists and public health
officials because of fear of widespread resistance development that would make the use of
antibiotics ineffective in human health care. Furthermore, resistance development in the fire
blight bacteria itself threatens the availability of effective means for fire blight control.

Existing economic models of pesticide regulation do not consider such long-term
impacts on the survival probability of a perennial crop. A Faustmann-type model of orchard
replanting is proposed as a framework that can incorporate the changes in survival
probability of an orchard. The optimal replanting time is derived and the replanting decision
of a single grower is embedded in an industry equilibrium to facilitate a welfare analysis of
changes in the production environment. The model is studied using analytical and numerical
tools and estimates of welfare impacts are obtained for a hypothetical ban on antibiot_ics use
in apple production.
Dissertation Organization

In addition to this introduction, the dissertation consists of three independent papers,
and although the papers are thematically closely related, each is fully self-contained with an
introduction stating and motivating the research question, a model section, and an empirical
application. Given the wide spread of topics used in this research, an independent survey of
the literature at the beginning of the dissertation seemed to be unsatisfactory. For this reason,
the literature is reviewed in each paper as needed to put the work into context. The

dissertation concludes with a general summary of the results.
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CHAPTER 2. ECONOMIC ASSESSMENT OF CHEMICAL USE
RESTRICTIONS IN U.S. APPLE PRODUCTION

A paper to be published as part of the report
“Benefits of Pesticide Use in Apple Production”

A special funded project of the U.S. Department of Agriculture National Pesticide Impact
Assessment Program '

Jutta Roosen**
Abstract
A partial-equilibrium model of U.S. apple supply and demand is developed in order to
estimate the welfare impacts of pesticide use cancellations. Apple orchards are described as
multiproduct firms, producing apples for fresh and processed utilization. This setting allows
us to acknowledge the market links that exist between the market for fresh and processed
apples and to incorporate quality impacts of the regulation into the assessment. Welfare
impacts for seven fungicides and seven herbicides are assessed. The most important impacts
are implied by a cancellation of the herbicides glyphosate ($9.6 mill.) and simazine ($8.0
mill.) and the fungicides Egosterol-Biosynthesis Inhibitors ($5.8 mill.), captan ($2.6 mill.),
and mancozeb ($1.6 mill.).
Introduction
The U.S. apple industry is a highly pesticide-intensive industry. In 1995, the USDA
NASS/ERS Agricultural Chemical Usage: Fruit Summary estimated that 114 different active
ingredients of pesticides or growth regulators were applied in apple production.* Overall,
98% of the bearing apple acreage is treated with insecticides, 93% with fungicides, and 63%

with herbicides. This amounts to 46 Ib. of active ingredient (a.i.) applied per acre.
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The industry has a $1.7 bill. annual value of production at the farm level (1996). The
major apple producing state is Washington where about 50% of the 10 bill. Ib. national crop
and 66% of U.S. fresh apples are produced (data are 1994-96 averages). Other major apple
producing states are New York (1,080 mill. Ib. total production, of which 45% are consumed
fresh), Michigan (990 mill. 1b., of which 32% are consumed fresh), California (930 mull. Ib.,
of which 35% are consumed fresh), Pennsylvania (430 mill. Ib., of which 31% are consumed
fresh), Virginia (320 mill. Ib., of which 31% are consumed fresh), North Carolina (240 mill.
Ib., of which 30% are consumed fresh), and Oregon (160 mill. Ib., of which 74% are
consumed fresh).

Production conditions for apples are very heterogeneous across the United States and.
due to climatic differences, production systems vary widely. This is particularly true with
respect to disease pressure where western production regions benefit from their arid climate.
These disparate pest pressure situations become apparent in the study of cost of production
estimates. While insect management costs are relatively invariant at about $180/acre across
the United States, disease control cost (mainly fungal) vary widely from $130/acre in the
western states through to $260/acre in the central states and to $320/acres in the eastern states
(Clark and Burkhart; Funt et al.; Hinman et al.; Kelsey and Schwallier; Parker et al.;
Pennsylvania Agricultural Extension Service; Vossen et al.).’ These large differences in
costs of disease control suggest that pesticide regulation will have strong distribution impacts
for apple producers in the different production regions and that this will in particular be true

for fungicides.
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O’Rourke states that “Government intervention [in the apple industry] has tended to
be most intrusive in the contro! of chemical use by orchardists.” (p. 177) The Food Quality
Protection Act (FQPA) that passed into law in 1996 has brought new attention to issues of
pesticide regulation, because it mandates a different approach to the regulatory management
of risks posed by pesticide use. It requires a consistent assessment of risks from pesticides
with a similar mode of toxic action and it is expected that in particular the availability of
insecticides and fungicides will be affected once they have been reviewed under the new
statute. Despite the fact that the FQPA requires a risk assessment for classes of pesticides
instead of for single pesticides, an economic assessment of the value of single pesticides is
still needed in order to make economically sound decisions when deciding which pesticide
uses to keep and which to cancel. The use of such information enables the regulatory agency
to achieve a desirable risk reduction while minimizing the regulatory costs.

The goal of this paper is to estimate the production and welfare distribution impacts
of pesticide regulation at a regionally disaggregated level. To this end, a regional
econometric model of apple supply and demand is estimated and applied to the ex-ante
estimation of welfare changes caused by pesticide regulation. Scenarios are based on
hypothetical bans of single pesticides where production impact estimates are obtained from
an expert opinion study. The assessment is conducted for the seven fungicides and the seven
herbicides that are considered being the most important ones in apple production.

The paper continues with a description of the economic model of a pesticide ban.
Starting from a partial-market equilibrium model, changes in supply and demand in different

market segments are derived. Issues of welfare analysis in horizontally related markets are



addressed and the interaction of supply shifts between the market segments is illustrated in a
diagrammatic exposition. We discuss the data that enter the ex-ante estimation of welfare
changes due to pesticide bans and explain the computational techniques employed. The
section is accompanied by a discussion of preliminary simulations that aid us in
understanding the model behavior. We report results on estimated welfare changes due to
pesticide cancellations, focusing on the regional distribution effects and the reallocation
effects between the markets for apples allocated to fresh and processed utilization. The paper
concludes with a summary of the findings.
Economic Model of a Pesticide Ban in Apple Production
In apple production pesticides are mainly used to preserve quality and protection against
yield losses is generally a secondary consideration. We model apple production orchards as
joint-product firms producing apples for the fresh and processing market. The fresh market
pays a considerable premium and a deterioration of quality is modeled as a decrease in the
share of fruit allocated to the fresh market. The marginal welfare analysis suggested by
Lichtenberg, Parker, and Zilberman is extended to this multiproduct analysis. In this
framework, supply and/or demand functions are assumed to undergo parallel shifts given
changes of the production technology, and flexibility estimates are used to calculate price and
quantity changes.

The model is one of partial equilibrium, and growers are arranged into j=1,...,J
groups according to how their marginal-cost function is impacted by the loss of a pesticide.

The cancellation of a pesticide presents a change in the technology available to growers, and



the shift in technology is parameterized by 4. If growers do not use the pesticide, their
technology is independent of 1.

Specifically, producers are grouped into sets of users and non-users of a pesticide in
different geographical production regions: West, Midwest, Northeast, Mid-Atlantic, and
Southeast. We order the groups such that j=1...., k identify the producers who are affected
by a change in 4, i.e. in our case the users of a pesticide to be banned, and j=k+1,..., J,
denote the producers groups that are not affected by a ban. Denoting prices by P and
quantities by Q, with subscript j identifying regions and superscript F and P signifying fresh

and processed, respectively, the partial equilibrium can be described as:

Supply User: P, = MC)(QF,07, 1), i=FPj=1..k (1.1)
Supply Non-User: P/ = MC}(Q;,07), i=F,P;j=k+l,..,J (1.2)
Regional Pricing: P/ = h/(P'). i=F,P;j=1..,J  (13)
Demand: D'(Q))=P', i=F,P (1.9
Net Imports: Oy = M'(P',%,0)), i=F,P (1.5)
Market Clearing: >0} +0i, =0}, i=F,P (1.6)

Equation (1.1) is the supply function for pesticide users and equation (1.2) is the supply
function for non-users. The marginal-cost functions (MC) depend on production to the fresh
and processing sector to capture the joint-product character of the technology. Users and
non-users produce at a level such that their marginal costs equals price both in the fresh and
processing market. Equation (1.4) presents the inverse demand function (D) for fresh or

processing apples. Demand is modeled at the U.S. level and P’ is the U.S. level price and

depends on the quantity consumed, Q. The regional supply functions are linked to the U.S.
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demand via regional pricing equations presented by & ; (P')in equation (1.3). Equation (1.5)

models net imports (Q,, ) and the last equation (1.6) poses the market clearing conditions.
Totally differentiating this system, one can derive the equilibrium impacts of a change

in technology (the loss of a pesticide) which is parameterized as a shiftin 4.

pF P MCF _
I or 4Ol + ST Gr Q] - dB = -—ghdh j=lek @l
pr pF MC* .
S or A0+ ST G de] — P = m ikl j=lek 1Y)
FF PIF F FP I,IF P F ; 2
f} -—'Q—;-de +_f} 'Q—PdQJ —dPJ =0 J=k+1..,J (22a)
J i
P’ P’
ST g 400+ ST g ) - APy =0 j=ktlnd (225)
J J
. on
dP' — —LdP' =0 i=F,Pj=1,..,J (23)
P
H édQ; -dP' =0 i=F,P (2.4)
d
i i J ’
do., -e;ﬂ,Q—‘de'-e;,Q QMQ'_ d(zlgj.):o i=F,P (2.5)
j=il N
dQ, + --- +dQ, +dQ;, -dQ, =0 i=F,P (2.6)

Expression j:,.’“ denotes the flexibility of the price of good K with respect to the quantity of
good L, where j indexes the region. The flexibility is a demand flexibility if j =d . For net
imports e, and e;,o indicate the elasticities of net imports with respect to U.S. price level

and U.S. production for the respective market i. System (2) is linear in the endogenous
quantity and price changes and, given the exogenous shocks to the marginal-cost functions,

can be solved by inversion. It is equivalent to system (2) in Lichtenberg, Parker, and
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Zilberman, but for the cross-price flexibilities that are included here to model value losses
arising from reallocation of fruit from the fresh to the processing market.®
Welfare Analysis
Using the solutions for changes in quantities and prices according to system (2), consumer
and producer surpluses can be calculated assuming, as in Lichtenberg, Parker, and Zilberman,
that shifts in supply curves are linear. This assumption is suitable if shifts are small which is
an adequate assumption for our case, because we consider only single pesticide use
restrictions in this study. In most cases, orchard managers can replace the lost pesticide by
more or less suitable substitutes and impacts on cost of production, yield, and quality are
small.

To derive the welfare implications for producers we start from the profit

maximization problem of the grower who chooses the optimal quantities Qf and Q;P

according to

gxagnf z, = PFO; + P'Of C(QIF, Q;; ) 3)

The first-order conditions define the market supply functions and can be stated according to

(1.1) or (1.2) for users and non-users of the pesticide, respectively. The profit-maximizing

solutions of OF and QF are denoted as 0 and OF. Abstracting from fixed costs, producer

surplus is defined as R, = P/Qf + P/Q! - C(OF, 0F; 1). Assuming that output i isa

necessary output, the change in producer surplus for the non-users of a pesticide is defined as

-i

8Q;' &P, ’

B
ARj = P‘{{Qj + [P MC aP'
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where P, , denotes the original price level and P, signifies the price level after the change in

A . Here, the superscript i can here denote either F or P, implying that — indicates the other.

Employing the envelope theorem, the last two terms of the integrand sum to zero and

R,
AR, = [0 aP! jek+lad. (4
%,

The equilibrium supply Q} responds thereby to price changes in both markets, i.e. P is not
held fixed. Welfare impacts in horizontally related markets can thus be assessed using the
equilibrium supply curve in any of the affected market (Just, Hueth, and Schmitz, pp. 337-
48).

For the users of the pesticide, the change in producer surplus can be derived as the

analogue to (4), but it now acknowledges the shift in the cost function due to the change in 4

B, B . I i
aR, = [0 ap - Iachf(Q,i,Q.’;,ﬂu) " - IdMC,"(Q,i,Q.‘;,,z) .
E - di 5 di

&)

for j=1,...,k.

Equivalent to (4) and (5), the changes in producer surplus can be calculated in each
market separately employing the partial-equilibrium supply curves Q;(P;; Q;'), i=F,P.
Using the latter approach changes in both markets have to be considered, because the surplus
changes in one market are not calculated in the other. Since reallocation of production and
surplus between the markets is an important aspect of this study, the latter approach was

chosen.’
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In this analysis, changes in demand result exclusively from changes in prices, and we
ignore any possible changes in consumers’ preferences for apples that could result from a
change in the production method. Therefore the demand functions do not shift and the
change in consumer surplus can be described by the difference in the consumer surplus
before and after a change in pesticide availability and is calculated as —dP’(Q,, +dQ;,/2)in
each market.
Calculating Marginal-Cost Changes
To solve (2), an estimate of the marginal-cost change for producer group j is needed. A
grower chooses the profit-maximizing level of production for the fresh and processed market
using her technology described by the cost function C, (QI‘.r , Qf ; 4). According to the
profit-maximization problem (3), she will choose the level of production that equates the
marginal cost of producing for the fresh and processed market with the respective price, as
described in (1.1) and (1.2). The problem is isomorphic to selecting the optimal level of

yield, Y;, and the optimal share of fruit going to the fresh market, ,, according to

max z,(Y;, a;; 1) = (aijF +(1 - a;)PjP)YJ -¥,(7,,2,;54)

a,.,
where ‘¥, () is the alternative cost function specification that arises from the same
technology as C,;(Q;, @7 ; 4). Itis assumed to be convex in ¥jand @, . The first-order
conditions can be stated as

¥y, a;,A) = d,-PjF +(1-a,)P’
'{Jj.a(}’j’ aj’ /1) = (})}F — },j[’) I,J
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where second subscripts on ¥, denote first derivatives. This system of equations can be

solved for

Pf = MCF(Q]. Q7. 1)=¥,,+(0-a)¥,,/7,

PP = MCJP(QJP: Qf’l) = lP],Y - ajlpj.a /Y]

7]

Following Lichtenberg, Parker, and Zilberman, we approximate locally marginal costs of
yield and fresh share by their average costs, i.e., ¥,, =W, /Y, and \¥;,, /Y, = P} - P/,
where the parameter #; denotes the per acre cost of production. Then totally differentiating
the marginal-cost functions with respect to changes in cost of production, W}, yield, Y, and

fresh share, « ,» the change in marginal costs of fresh and processing production in the j-th

region are derived as

law, 1Y, - @B +Q-a))P7)dV, 1Y, - (B - P]) da]/ (+05 d¥,17,) (6)

A cautionary remark on equation (6) is in place. The loss of a particular pesticide

might have other negative impacts on orchard management that are not easily captured as
changes in cost of production, yield, or quality. Apple production systems and pest systems
are very complex and changes in pesticide availability can lead to changes in the overall
system performance, even if direct effects on yield or fresh market allocation might be
negligible. Because of such effects growers might decide to use one pesticide over another
despite the fact that marginal cost of production according to (6) increases. Hubbel and
Carlson have shown that this can be the case with regard to insecticide choices where apple
producers incorporate variables such as worker safety or environmental soundness into their

insecticide choice.
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A Diagrammatic Exposition
The effect of a pesticide ban on the interlinked markets for fresh and processed apples is
somewhat involved and we illustrate the working of system (2) in a set of diagrams. We start
with figure 1, where we first assume that the markets for fresh and processed apples can be
analyzed separately. This strong assumption is relaxed in the discussion of figure 2, where
the interrelationships between the markets are included in the manner modeled in the
analytical and empirical analysis. This stepwise procedure helps to clarify the concepts of
our analysis, and to distinguish between different forces that will jointly determine the final
welfare impact of a pesticide use restriction.

The upper three diagrams in figure 1 show a model of the market for fresh apples and
the lower three diagrams show the same for processed apples. The leftmost diagrams depict
the market equilibrium; S° is the original (before regulation) supply curve, and D the demand
curve for the fresh market (1A) and processing market (1D), respectively. The prevailing
market price is PF’ (PP°). In figures 1B (1E) and 1C (1F), the market supply function is split
into the supply for the users of the pesticide (center diagrams) and non-users (right
diagrams). For both, users and non-users, the market price PF° (PP°) will be the relevant
price at which their product is sold.

A technology shift due to a pesticide ban is represented by an upward shift of the
supply curves for the users of the pesticide. At the same time, the supply function for non-
users remains unchanged. Summing horizontally, total market supply for fresh (processed)

apples will shift upwards, from S° to S' in diagram 1A (1D).
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At the new market price PF' (PP"), previous users will supply fewer apples given their
new supply function S' (1B, 1E), and non-users supply more (1C, 1F), because they receive a
higher price while their technology is unaffected. In our graphs, non-users clearly benefit
from an increase in the market price, a result that holds true as long as we ignore the
interdependence of the supply functions for fresh and processed apples. The total quantity of
fresh and processed apples supplied decreases (left pointing arrow on the QF-axis (QP-axis)).

Introducing the dependence between the markets of fresh and processing apples, the
supply functions in the fresh market shift in response to changes in the market for processed
apples and vice versa. From elasticity estimates obtained from an econometric model that is
presented in appendix 2A, we know that the production of fresh apples decreases in the price
of processed apples and the production of processing increases in the price of fresh apples. In
figure 1, we saw that the pure technological effect of a pesticide-use restriction results in an
increase of prices (PF'>PF’ and PP'>PP®). Therefore, the supply functions of fresh apples
from users and non-users shift upward, whereas the supply functions of processed apples
from users and non-user shift downwards. The new supply functions are denoted by
superscript “2” and the new prevailing market prices are denoted by PF?and PP? (figure 2).

We turn now to the welfare assessment of the changes in the market for fresh and
processed apples and as explained in the previous section, we employ the partial-equilibrium
supply curves. Evaluating the overall impact and acknowledging the changes in the market
environment, we compare situation “0”, the market equilibrium before change, to situation

“2”, the new market equilibrium. The change in producer surplus is defined as the difference
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in the areas behind the supply curves as illustrated in figure 3. Figure 4 illustrates the
concept of a change in consumer surplus.

In this assessment we will not only divide producers into users and non-users, but also
distinguish users and non-users by region. The diagrammatic analysis would have to be
extended to model additional producer groups, but the general procedure would remain the
same.

Data

Apple production systems differ widely across production areas, and for this reason we assess
impacts of pesticide regulation by region. We distinguish five major apple-producing
regions: West, Midwest, Northeast, Mid-Atlantic, and Southeast. The states composing each
region are listed in table 1 together with production and revenue data for each region. The
West is the most important production region and receives annual revenue of $1.1 bill. from
apple production. Midwest, Northeast, and Mid-Atlantic are relatively similar in their
importance, each with annual revenue of about $150 mill., and the Southeast is the smallest
production region with $39 mill. revenue coming from apple production. Figure 5 maps the
five regions and the bars indicate the revenue from apple production in the respective states.®
Change in Cost of Production, Yield, and Quality

The biological sections of the project report to the USDA-NAPIAP assessment of pesticide
use in apple production present data obtained in expert opinion surveys. It includes data on
current pesticide use patterns and on pesticide use scenarios in the case of single pesticide
cancellations. In detail, estimates of the acreage that is currently treated by a pesticide and

the current use rates are given for the states listed in table 1. For the cancellation scenarios,
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they estimate the proportion of currently treated acreage on which the canceled pesticide
would be replaced by each alternative, the use rates of each substitute pesticide, and how
yield and production share allocated to fresh consumption would be affected by such a
replacement. Estimates are given for the year following a hypothetical pesticide ban.’

These data allow us to calculate changes in the cost of production using a partial-
budgeting approach. Pesticide prices are taken from USDA NASS agricultural prices
statistics (1996 for herbicides, 1997 for fungicides). If a price for a particular pesticide is not
published, chemical suppliers in different geographical regions were contacted by phone and
asked for the price at which the product would typically be sold to apple orchards. Averages
were formed for our analysis. We crosschecked prices published by USDA/NASS with
prices elicited from chemical suppliers and found only minor differences.

The application costs are estimated using updated estimates from enterprise budgets
(Clark and Burkhart; Funt et al.; Hinman et al.; Kelsey and Schwallier; Parker et al.;
Pennsylvania Agricultural Extension Service; Vossen et al.) and cost of applying
herbicides/fungicides is appraised at $6.40/$10.84 per acre. Mowing is an often suggested
replacement strategy for the application of herbicides and its cost is estimated at $11.83/acre.

Using the estimates for cost of production, yield, and quality changes, marginal-cost
changes are estimated via equation (6). In some instances the marginal costs are lower under
the replacement scenarios than under current use patterns and this poses a problem for our
analysis. Such results can occur when growers choose a pesticide for indirect benefits that
are not acknowledged in (6). In these cases, the change in marginal cost is set to zero. We

motivate this by the assumption that the nonquantifiable benefits, on e.g. worker safety,
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integrated pest management (IPM) programs, or resistance management, are at least as large
as the extra cost of using the currently used pesticide.'

Elasticity Estimates and Market Data

Regional supply elasticities are estimated together with demand elasticities and import
responses in an econometric modeling effort that is presented in appendix 2A. The model
arranges U.S. apple production into four apple-producing regions, Northwest, Southwest,
Midwest, and East, for each of which a production and allocation component is estimated.
The demand component of the model describes demand for fresh and processed apples at the
U.S. level, and regional price levels are allowed to differ by linking the demand and the
supply components via regional pricing equations. Short-run (year 1) and long-run (year 5)
elasticities are numerically estimated by shocking the model at the means of the data.
Because experts report production technology changes for the year after a hypothetical
pesticide ban and because the project requires us to estimate first-year impacts, short-run
elasticities are inverted to yield flexibility estimates that are used in the estimation of market
impacts."

Data on current prices and quantities were obtained from USDA publications, and
market quantities and prices for fresh and processed apples were calculated using an average
of 1994-96 data. They are listed in table 1. A three-year average was used because prices
and quantities in the apples market can be quite volatile depending on weather, pest, and
(foreign) market conditions. By averaging prices and quantities we obtain impact estimates

for an “average year”.
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Computational Issues

Changes in quantities and prices are calculated by inversion of system (2), while employing
the flexibility estimates from the appendix. The regional units of analysis when employing
system (2) are the states listed in table 1.'>" For the result section, impacts by states are then
summed within a region to yield regional impacts.

Preliminary Simulation

States are treated very heterogeneously because they differ in marginal costs and prices
according to market data. Furthermore, transfers of price shocks and supply response
elasticities vary by region. We conduct a preliminary simulation to improve our
understanding of the model and we shock the marginal-cost function by 1 ¢/1b. on 50% of the
acreage in all regions. The changes in economic surplus for producers and consumers are
shown in table 2. The first column shows the sum of impacts in the markets for fresh and
processed apples. The changes in the market for fresh apples are listed in columns 2-5 of the
table and columns 6-9 described the changes in the market for processed apples.

The shift in the marginal-cost function reduces supply, and quantities sold decrease
and prices increase in both markets. Consequently non-users benefit, while users and
consumers suffer losses in economic surplus. The change in net imports caused by the
changes in production and prices can be read as the difference in quantity produced and
quantity consumed. In table 2, net imports increase by 5.1 mill. Ib. in the fresh market and by
12.2 mill. Ib. in the processed market.

In appendix 2A, elasticity estimates show that the demand for fresh apples is less

elastic than the one for processed apples, and that imports respond more elastically to
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quantity and price changes in the processed market than they do in the fresh market.
Accordingly consumers bear a larger part of marginal-cost increases in the fresh market than
in the market for processed apples. Specifically, in the fresh market consumer bear 97% of
the $4.7 mill. total economic surplus loss, while in the processed market, producers bear the
larger share of 68% of the $2.8 mill. loss. In terms of producer surplus, price increases
almost compensate for cost increases and supply reductions shock in the fresh market,
because the demand is sufficiently inelastic (Babcock; Lave).

Turning to the regional distribution of producer impacts, we see that of all regions the
West experiences the largest loss. Given that the West also produces by far the largest share
of total supply, it is instructive to analyze the losses relative to the annual revenue in the
region. In relative terms, the Northeast loses the most and the first-year loss amounts to 0.2%
of annual revenue. For the Southeast, Mid-Atlantic, West, and Midwest the drop has a size
of 0.16%, 0.14%, 0.13%, and 0.02%. Users lose overall $3.3 mill. and non-users gain $1.8
mill. in surplus. In general, the relative size of economic surplus losses appears small;
however, they compare to results that Lichtenberg, Parker, and Zilberman found for similar
scenarios in plum, almond, and prune production.

Because of the long-time horizon of investments into apple production, we repeat the
estimation using the long-term (year 5) flexibilities. In year 5, the annual surplus impact will
be much stronger and total losses amount to $62.2 mill. (table 3). Losses increase because
we acknowledge now also adjustments in long-term investments in addition to adjustments in

variable inputs.
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Fungicide Analysis
We begin our policy study with the analysis of fungicide cancellations. Fungicides are used
to manage a very complex system of diseases and the implications of fungicide regulation are
complicated by two factors. On the one hand, a fungicide can be used to combat several
diseases at the same time. But on the other hand, fungicides are often applied in combination
to increase their efficacy in combating one disease or several diseases.

The application of fungicides occurs during two principal growth periods, one being
the early part of the season during bloom and fruit setting and the other being the summer. It
is often thought that a larger share of consumer risks from pesticide exposure stems from
pesticide use close to harvest time, and therefore it is sometimes considered to cancel
pesticide use only during this season in order to limit the economic cost of the regulation.
This motivated us to estimate the cost of elongating the preharvest interval by canceling the
use of specific fungicides during the summer. In addition, we estimate the welfare impacts of
banning the fungicide for the entire season.

We analyze removal scenarios for seven fungicides: Captan, mancozeb, dodine,
ziram, benomyl, egosterol-biosynthesis inhibitors (EBI), and thiophanate-methyl.
Rosenberger collects and summarizes expert opinion data on current fungicide use patterns
and replacement scenarios. Information about the treated acreage and the proportion of
fungicide use in the early season is given in table 4 together with expert estimates of cost,
yield, and quality changes given a cancellation of summer use or a cancellation for the entire

season.' Asterisks mark occasions in which the change in marginal cost is set to zeros
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because the marginal cost of the replacement technology is lower than that of the currently
used technology.
Captan
Captan is a contact fungicide that is widely used to control many diseases especially in the
central and eastern United States. It is a multi-site inhibitor of most fungi, and therefore no
apple diseases have developed resistance to this fungicide. Growers dislike using it during
the summer because it has a four-day reentry period which limits the time available for
pruning and other orchard tasks. In many states, it is therefore mostly used in the early
season. Often suggested alternatives are thiram, ziram, mancozeb, and EBI fungicides.
Because of a large increase in the number of applications, the replacement technology
would be very expensive in Michigan and sizable quantity impacts are in addition expected in
the southeastern states. Most of the losses would therefore accrue in the Midwest and
Southeast (table 5). Captan is not widely applied in the western states and no cost impacts
are expected. Western growers would therefore benefit from a use restriction and from the
reduced supply of apples in the U.S. market. Overall, producers will gain in terms of
producer surplus, but consumers suffer a surplus loss of $2.2 mill. if captan is canceled
during the summer. When captan is banned for the whole season, welfare losses increase
only slightly (table 6), mostly for growers in the Northeast and consumers. Total surplus
losses amount to $2.6 mill.
Mancozeb
Mancozeb like captan is a contact fungicide. Ziram, captan, and EBI are often mentioned

substitutes. Since mancozeb is used almost exclusively in the early season with the exception
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of the Southeast, a ban on mancozeb during the summer would have only small impacts
(table 7). Because of relatively large marginal-cost impacts in the Northeast and Mid-
Atlantic, growers in this region would be most impacted.

The situation is different for an outright ban on mancozeb (table 8). For Michigan
replacement cost would be particularly high, allocation to fresh market decreases by 9.2%
and yield decreases by 2.3%. Because of this, losses arise in the Midwest although it
experiences a slight welfare gain if mancozeb is banned for summer use only. Growers in the
Northeast would also incur largely increased losses. Total losses amount to $1.6 mill.
Dodine
Dodine is no longer widely used because resistance has developed in many eastern states. A
loss of dodine for summer sprays would have small impacts in terms of welfare changes
(table 9). In the scenario of banning dodine for the entire season most losses are incurred in
the West (table 10), where larger cost of production impacts are expected together with
decreases in quality. Overall impacts remain at $360,400 relatively small.

Ziram

Ziram is a summer fungicide that is commonly used in arid regions and often suggested
alternatives are captan and mancozeb. Marginal costs increase only little and so producer
surplus losses by users are relatively small as are quantity impacts (tables 11 and 12).
Consumers are only slightly affected and total losses amount to $603,400 if ziram use is

canceled during the entire growing season.
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Benomyl

Benomy! is a broad-spectrum pesticide that is mostly used east of the Mississippi. A large
share of its use occurs during the summer, but it has lost much of its initial effectiveness due
to resistance development. The largest impacts due to a cancellation of benomyl use are
expected in New York and Virginia/West Virginia and so most of the economic surplus
losses occur in the Northeast and Mid-Atlantic (table 13). A complete ban on benomyl has
negligible additional impacts in comparison to a ban on summer use only (table 14).
Egosterol-Biosynthesis Inhibitors (EBI)

EBI fungicides are a group comprised of fenamirol, myclobutanil, and triflumazole. They are
important management tools against scab, rust, and mildew. With scab being the
economically most important disease in the East and mildew being the economically most
important disease in the West, EBI are important for disease control in all regions. All
fungicides within this group have a very similar mode of action and are usually used in tank
mixes with a contact fungicide such as captan or mancozeb to control resistance development
and to increase the effectiveness of the treatment. Often suggested alternatives for the
scenario of a ban on EBI are increased use rates and increased numbers of application for
these contact fungicides.

EBI are mostly used during the early season and hence losses due to banning EBI use
in the summer are small compared to an outright ban. Total losses would in this case amount
to $1.7 mill (table 15) of which $1.1 mill. are losses in consumer surplus. Most of the
decrease in surplus on the producer side would occur in the West, where a loss of these

fungicides would result in significant cost increases, yield losses, and quality impacts.
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Because of the availability of effective alternatives in the Southeast, the Midwest, and Mid-
Atlantic, producers here would gain form price changes caused by decreased supply from
western states.

The situation is different in the case of a ban on EBI for the whole season. Losses
increase significantly and producers in the West, Mid-Atlantic, and Northeast would suffer
negative impacts (table 16). Total losses would amount to $5.8 mill. and most the producer
losses are incurred in the West ($740,300) and Midwest ($261,000). The Northeast would
also suffer considerable losses of $160,000.

Thiophanate-Methyl

Thiophanate-Methyl is a fungicide similar to benomyl with slightly less activity against some
summer diseases. It is not used in the western states, and in the other regions it is mostly
used in the summer. A loss of thiophanate-methyl would have relatively limited cost of
production impacts, no yield impacts, and few quality impacts.

Most losses after a ban on summer use of Thiophanate-Methyl would occur in the
Northeast and Mid-Atlantic (table 17) where it is most widely used, and an outright ban on
Thiophanate-Methyl substantially worsens impacts in the Northeast because of additional
cost and quality impacts (table 18). Since the fungicide is not used in the West, growers
there would benefit from the price increases due to the reduced supply from other regions.
Herbicides Analysis
In the economic analysis of hypothetical herbicide cancellations, we assess the cancellation
impacts for seven herbicides: 2,4-D, diuron, glyphosate, norflurazon, oryzalin, paraquat, and

simazine. Derr collects and summarizes expert opinion data on current use pattems and
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replacement scenarios. In many instances, herbicides are critical in the management of non-
bearing orchards where they are used to control weed competition with young apple trees.
Another important role of herbicide use is the control of weed blooms during apple
pollination, so that fruit trees do not compete for bees with other flowering plants. Despite
the fact that this competition for bees is very important, only a few studies have attempted to
quantify the impact (one is Southwick and Southwick) and those impacts are largely ignored
in the data that has been provided to us. Impacts on non-bearing acreage are aiso mostly
ignored in this analysis. For this reason, our analysis will likely underestimate the economic
impact of herbicide cancellations.

Studying table 19 which, similar to table 4, reports cost, yield, and quality impacts for
herbicide cancellations reveals that in some states, acreage is treated by herbicides at a higher
cost than their replacement chemicals, although the replacement would not lead to a
reduction in yield or quality. This is the case because not all pesticide characteristics can be
captured in terms of our marginal-cost function specification as it ignores aspects such as bee
safety or impacts on [PM programs. Again we use the rule to set marginal-cost changes equal
to zero in those instances and mark those cases by asterisks.

2,4-D

2,4-D is a herbicide used for post-emergence control of broadleaf weeds. There is currently
no alternative available and this has implications especially for the control of dandelions
during tree bloom. Still, impacts of a 2,4-D loss are relatively small and the welfare costs are

estimated at $138,200 (table 20). Most of the losses are incurred by growers in the West.
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Diuron

Diuron is a preemergence herbicide that is used for control of broadleaf weeds, and the most
important alternative is simazine. The largely increased use of simazine predicted for the
scenario of 4 ban on diuron would prompt an accelerated development of resistance to
simazine.

A loss of diuron would increase costs of production in all regions and a significant
yield loss is expected in North Carolina. Because of these heterogeneous impacts, growers in
all regions but the Southeast and Mid-Atlantic would gain, and users in the Midwest would
be compensated by price increases in the fresh market (table 21). Overall, quantifiable losses
are at $284,200 relatively small, but it has to be kept in mind that these do not include
possible long-term costs of increased resistance development.

Glyphosate

Glyphosate is used for the control of annuals and perennials, and in the West and Southeast it
is applied to a large share of the acreage. Most alternatives are less effective, and the often-
suggested alternative paraquat is problematic from a worker-safety perspective because of its
higher acute toxicity. A loss of glyphosate would cause significant quality impacts in the
Pacific Northwest and would lower yields in California, Pennsylvania, and North Carolina.

Hence the western states suffer substantial losses of $4.5 mill., most of which occur in
the market for processed apples (table 22). Impacts in other regions are compensated for by
changes in the market environment, i.e. by price increases. Consumers would suffer large

losses especially in the fresh market. Total losses amount to $9.6 mill.
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Norflurazon

Norflurazon is most important for weed control in non-bearing orchards. Replacement costs
are often lower than current treatment costs and there are no yield and quality changes
expected if norflurazon is banned. As a result no marginal-cost impacts are expected for
most regions and the estimate of economic surplus losses is relatively meaningless because
most benefits of norflurazon that accrue in non-bearing orchards are not quantified. For the
quantifiable losses, the West is the only region that is notably affected with a $43,700
reduction of producer surplus (table 23).

Oryzalin

Oryzalin is a preemergence herbicide used to control annual grasses and small seeded
broadleaf weeds. Its loss would be felt severely in weed control programs of non-bearing
orchards. Although some alternative herbicides exist, they are not labeled for use in non-
bearing orchards. Oryzalin is used on small parts of acreage, but losses of $431,300 are
expected in the West (table 24) in addition to a loss of consumer surplus of $553,800.
Growers in other regions would gain because of increases in prices, and the total welfare loss
amounts to $909,200.

Paraquat

The contact herbicide paraquat is applied in spring for rapid control of existing foliage. Itis
used on about 40% of the acreage, and a loss of paraquat would have no yield or quality
impacts and only small cost of production impacts. Economic losses of banning paraquat are

at $151,500 rather small (table 25).
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Simazine
Simazine is the preemergence herbicide that is often rotated with diuron, and banning
simazine will lead to increased use of diuron. As a result, diuron resistance could become a
concern when simazine is banned. Major quality losses due to a loss of simazine are
expected in the West where growers suffer significant losses of $3.8 mill. (table 26).
Consumers would also be severely affected by the reduction of apples available for fresh
consumption and total first-year welfare impacts amount to $8.0 mill.
Conclusion
In this paper we have developed a methodology for assessing welfare impacts of pesticide
use cancellations in apple production. Our framework provides a means of assessment when
complex relationships between different marketing channels are important. We implement
the model to estimate welfare changes due to fungicide and herbicide cancellations in apple
production.

Our simulations show that consumers bear a large share of the overall welfare losses
in the fresh market because of the relatively inelastic demand, whereas producers bear the
larger share in the processing market. Furthermore, changes in net imports are significant,
especially for processed apples, and it is important to acknowledge them in the assessment.

The results highlight the importance of considering impacts by region and
distinguishing between seasonal and outright cancellations. In several scenarios, growers in
some regions would gain from a pesticide ban because losses by users of pesticides in those
regions are out-weighted by gains accruing to non-users. In particular, a reduction in the

supply from western states can have large impacts on prices and hence benefit growers in
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other regions (simazine and oryzalin). This is not surprising since the West produces 61% of
all apples produced in the United States.

The economically most important herbicides are glyphosate and simazine a
hypothetical ban of which implies welfare losses of $9.6 mill. and $8.0 mill., respectively.
For fungicides, EBI fungicides are most important and a loss of these induces an estimated
welfare loss of $5.8 mill. Captan and mancozeb are also very important with surplus losses
of $2.6 mill. and $1.6 mill., respectively. In many instances, the states east of the Mississippi
will be most affected from a fungicide use cancellation. Western states carry a larger share of
the losses only in the case of a hypothetical ban on EBI. Overall, this confirms our
impression from the study of production systems, which suggested that disease problems are
less important in the arid western growing regions.

It is shown that an increase of the preharvest interval for fungicides can lead to a
significant reduction of the cost of regulation (mancozeb, dodine, ziram, and EBI). However,
for these cases it is also true that most of the current use occurs during the early season. An
assessment of consumer risk reduction from elongated preharvest intervals and an analysis of
pesticide perseverance would be needed to conclude if such a cancellation at lower cost
would achieve the desired reduction in consumer and environmental risk.
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The 1995 survey covered California, Georgia, Michigan, New Jersey, New York, Oregon,
Pennsylvania, South Carolina, and Washington.

The cost data should be interpreted very cautiously. Comparisons of costs of production
estimates and the generalization of values as published in extension material are very
problematic. Nonetheless, the data suggests very strongly that there are negligible
differences in insect control cost and large differences in disease control cost across
regions.

With regard to the impacts of pesticide regulation on imports and exports, it should be
noted that this model only includes market responses. However, non-tariff barriers exist
that restrict the trade of apples with certain pesticide treatment histories. These have been
acknowledged to some extent in the prediction of replacement shares of substitute
pesticides, but the economic analysis itself does not further acknowledge any restrictions
on foreign market accessibility.

As discussed in Just, Hueth, and Schmitz the two approaches are in general not equivalent
in empirical applications. The approach chosen has the advantage that the assumption of

necessity of the output is not made. In addition, for the empirical application the supply
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curve is shifted in both market and in this instance the approach chosen is easier to
implement.

The states included in the following analysis account for 97.6% of U.S. total production.
Impacts in remaining states are negligible in the overall impacts and can safely be ignored
in this analysis.

No survey responses are obtained from experts in California for the case of fungicide
cancellations and from experts in Ohio for the case of herbicide cancellations. Since
current use data is available for these states, we estimate the replacement scenario data
using estimates for Washington in the case of fungicides in California and estimates for
Michigan in the case of herbicides in Ohio. These extrapolations seem suitable, as
production systems are very similar in Washington and California, and Ohio and
Michigan. The similarity is reflected in current pesticide use patterns (U.S. Department of
Agriculture. NASS/ERS).

The problem with this approach is that such benefits might in fact be larger or might also
accrue to pesticides for that we can show a marginal-cost increase. It seems, however, to
be the best feasible solution to the problem of nonquantifiable benefits. As a result, we
might not completely capture the welfare costs of a pesticide cancellation, and so it is
acknowledged that our estimates would underestimate the true cost.

Flexibilities could not be estimated directly because of the dynamic structure of the model
on the supply side.

For the fungicides the entire Southeast, Virginia and West Virginia, and New England

have each been treated as “one state”, i.e. biological impacts have been calculated for the
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respective region and enter as such into the analysis. For the herbicide analysis the same
holds true for the Northeast and the Southeast.

The organization of the NAPIAP project resulted in different regional organization of the
biological impact data for herbicides and fungicides. To make our economic results for
fungicides and herbicides comparable, we extrapolate the data and form the same regions
for both sections of the study. The fungicide survey obtains data for CA, WA, OR, M1,
OH, New England, NY, VA, WV, PA, NC, and SC. The herbicide survey includes data
from CA, WA, OR, MI, OH, NY, VA, WV, PA, and NC. In the herbicide section we
therefore use marginal-cost impact estimates of N'Y also for the New England states, and
the estimates for NC for the entire Southeast region. Again, this extrapolation seems
appropriate because production systems in the respective regions are very similar.

The total cost of canceling the use of a fungicide for the whole season is calculated as the
sum of impacts of canceling it for the early season and for the summer season.
Lichtenberg, Spear, and Zilberman have shown that an increase of the preharvest interval
might lead to an increase in preventive pesticide applications earlier in the season. We
ignore such possible effects in our analysis because of difficulties in collecting the

necessary data.



Table 1. Production and Revenue by State and Region, 1994-96
Revenue  Acreage Yield  Total Prod. Fresh Prod. Proc. Prod. Fresh Share Fresh Price Proc. Price

$ mill. 000 acres 000 Ib./acre mill. Ib. mill. Ib. mill, 1b. % $/1b, $/Ib.

WA 938.2 152.7 35.4 5400.0 3900.0 1500.0 0.72 0.212 0.074
CA 149.1 35.2 26.5 933.3 326.7 606.7 0.35 0.325 0.071
OR 18.5 8.6 18.6 159.7 118.3 41.3 0.74 0.131 0.074
West 1105.9 196.5 33.0 6493.0 4345.0 2148.0 0.67 0.218 0.073
MI 100.2 54.3 18.2 988.3 315.0 673.3 0.32 0.148 0.080
OH 214 1.7 13.0 100.0 78.3 21.7 0.78 0.255 0.068
Midwest 121.7 62.0 17.6 1088.3 393.3 695.0 0.36 0.170 0.079
NY 134.7 57.3 18.8 1080.0 490.0 590.0 0.45 0.181 0.078
New England 46.4 20.5 11.4 233.2 163.5 69.7 0.70 0.253 0.073
North-East 181.1 7.8 16.9 1313.2 653.5 659.7 0.50 0.199 0.077
PA 46.8 22.0 19.6 430.3 131.7 298.7 0.31 0.179 0.078
VA 32.4 18.8 16.9 317.0 98.3 218.7 0.31 0.152 0.080
wv 14.6 9.7 13.7 133.3 31.7 101.7 0.24 0.212 0.077
Mid-Adtlantic  140.8 79.0 16.8 1331.0 391,7 9393 0.29 0.171 0.079
NC 23.3 9.3 25.8 240.0 72.0 168.0 0.30 0.158 0.071
SC 6.6 3.6 14.4 51.7 21.3 30.4 0.41 0.209 0.070
KY 3.1 2.4 5.4 13.0 8.6 4.4 0.66 0.294 0.139
GA® 2.9 2.4 10.8 26.0 9.3 16.7 0.36 b b

TN® 2.6 1.6 7.7 12.3 9.6 2.7 0.78 0.248 b

South-East 38.5 19.3 17.8 343.0 120.8 222.2 0.35 0.186 0.072

“ Regional averages are employed if a price is not available,
® Prices received for fresh or processed apples are not recorded in these states.
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Table 2. First-Year Economic Surplus Changes, dMC = $0.01

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity

000 $ 000 $ 000 $ 000 $ mill. 1b. 000 $ 000 $ 000 $ mill. 1b,
West -1,397.0 626.0 -437.0 1,063.1 -54 -2,023.1 -2,402.0 378.9 344
Midwest -28.0 -72.2 -103.8 31.6 -1.9 44.2 -15.2 59.4 -0.8
Northeast -349.3 -381.2 -491.2 109.9 2.5 32.0 -15.0 47.0 -0.7
M-Atlantic  -194.7 -222.0 -2617.5 45.5 -1.5 27.3 -17.0 443 -0.7
Southeast -62.5 -73.9 -94.3 204 -0.5 11.4 4.4 158 -0.3
Prod. -2,031.6 -123.3  -1,393.8 1,270.5 -11.8 -1,908.3  -2,453.6 545.3 -36.9
Cons. -5,462.9 -4,581.8 -6.7 -881.1 -14.7
Total -7,494.5 -4,705.1 -2,789.3
Table 3. Fifth-Year Economic Surplus Changes, dMC = $0.01

Total Fresh Apples Processed Apples

Total User Non-User  Quantity Total User Non-User  Quantity

000 $ 000 $ 000 $ 000 $ mill, Ib. 000 $ 000 $ 000 $ mill. Ib.
West -24,061.0  -11,280.3 -11,282.3 2.1 -86.0 -12,780.7 -12,7814 0.7 -203.8
Midwest 337.1 261.1 261.0 0.1 2.5 76.0 75.9 0.1 -6.8
Northeast -424.3 -88.8 -88.9 0.2 -0.7 -335.5 -335.6 0.1 -10.6
M-Atlantic  -111.8 11.8 11.7 0.1 0.1 -123.5 -123.6 0.1 -7.4
Southeast -13.7 353 35.2 0.0 0.2 -49.0 -49.0 0.0 2.9
Prod. -24,273.6  -11,060.9 -11,0634 24 -83.9 -13,212.7 -13,213.7 1.0 -231.6
Cons. -37,871.6  -32,3883 4717 -5,489.2 92.1
Total -62,151.2  -43,449.3 -18,702.0

ov
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Table 4. Cost, Yield and Quality Changes after Fungicide Losses”

Summer Whole Season

Acreage Usein Change Change Change  Change Change Change
Treated Early inCost in Yield inFresh in Cost in Yield in Fresh

Season Share Share

% % $/acre % % $/acre % %
Captan
CA 26.5 97.5 -0.6 0.0 00 * 138 0.0 0.0
WA 7.5 97.5 -0.1 0.0 00 * 178 0.0 0.0
OR 9.5 97.5 -0.8 0.0 00 * 140 0.0 0.0
MI 91.0 200 2724 0.0 0.0 287.8 0.0 0.0
OH 91.0 50.0 -6.1 0.0 0.0 * -146 0.0 00 *
N-Engl. 99.0 30.0 10.1 0.0 0.0 11.6 0.0 -0.5
NY 77.5 45.0 36.6 0.0 -0.3 69.5 0.0 -0.6
PA 77.0 20.0 2.5 0.0 -14 -2.5 0.0 -1.4
VA/WV  90.0 20.0 -7.6 0.0 -0.8 -8.4 0.0 -1.2
SE 953 15.0 79.5 -2.5 4.3 76.0 -2.5 -6.0
Mancozeb
CA 28.5 100.0 0.0 0.0 0.0 24.5 0.0 0.0
WA 17.0 100.0 0.0 0.0 0.0 19.2 0.0 0.0
OR 9.5 99.0 25.2 0.0 0.0 37.6 0.0 -4.0
MI 22.5 95.0 -1.9 0.0 0.0 * 2192 23 -9.2
OH 22.5 95.0 -0.3 0.0 00 * 23 0.0 00 =*
N-Engl. 95.0 95.0 31.5 0.0 0.0 29.4 -0.3 -0.8
NY 82.0 94.0 204 0.0 0.0 85.2 -1.0 0.0
PA 32.5 90.0 -0.3 0.0 00 * 2.2 0.0 -1.1
VA/WV  90.0 85.0 -0.5 -0.9 -1.9 -0.5 -0.9 2.1
SE 39.3 50.0 18.5 0.6 0.0 6.2 0.5 -0.9
Dodine
CA 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0
WA 45 100.0 0.0 0.0 0.0 46.2 0.0 -3.2
OR 33.0 97.5 -04 0.0 00 * -156 0.0 00 *
MI 9.0 100.0 0.0 0.0 0.0 1.3 0.0 0.0
OH 9.0 100.0 0.0 0.0 0.0 -28.5 0.0 00 *
N-Engl. 30.0 100.0 0.0 0.0 0.0 4.7 2.0 20 =*
NY 9.5 97.5 1.4 0.0 0.0 55.7 0.0 0.5
PA 31.0 100.0 0.0 0.0 0.0 13.3 0.0 0.0
VA/WV 5.0 100.0 0.0 0.0 0.0 7.1 0.0 -0.2
SE 8.0 90.0 0.0 0.0 0.0 494 0.0 0.0

® Asterisks mark instances in which marginal cost changes calculated according to equation
(6) are negative and are hence set to zeros.



42

Table 4 (continued)

Summer

Whole Season

Acreage Usein Change Change Change
Treated Early inCost in Yield in Fresh

Change Change Change
in Cost in Yield in Fresh

Season Share Share
% % $/acre % % $/acre % %

Ziram
CA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WA 36.0 60.0 103 0.0 0.0 30.0 0.0 0.0
OR 13.5 25.0 -6.0 0.0 0.0 4.4 0.0 0.0
MI 17.0 50.0 6.2 0.0 0.0 13.9 0.0 0.0
OH 17.0 50.0 2.6 0.0 0.0 2.6 0.0 0.0
N-Engl. 25.0 0.0 -11.7 0.0 0.0 -11.7 0.0 0.0
NY 13.5 7.5 539 -0.5 -0.7 57.2 -0.5 -0.7
PA 46.5 10.0 3.9 0.0 1.8 42 0.0 2.0
VA/WV  80.0 60.0 -7.0 -0.1 -0.7 -7.0 -0.1 -1.2
SE 64.0 5.0 28.0 0.9 -3.5 28.0 0.9 -3.5
Benomyl
CA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
OR 6.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0
MI 25.0 10.0 8.1 0.0 0.0 8.1 0.0 0.0
OH 25.0 10.0 -0.6 0.0 0.0 -0.4 0.0 0.0
N-Engl. 45.0 25.0 6.4 -0.1 -0.1 6.4 -0.1 -0.1
NY 38.5 10.0 57.0 0.0 -1.3 62.0 0.0 -1.0
PA 23.5 30.0 -3.9 0.0 0.0 -5.5 0.0 0.0
VA/WV  30.0 10.0 41.1 0.0 -0.5 43.3 0.0 -0.5
SE 51.5 0.0 5.8 0.0 0.0 5.8 0.0 0.0
EBI
CA 5.5 82.5 23.5 -1.3 -1.3 57.9 -33 4.0
WA 25.5 825 239 -1.3 -1.3 59.9 -33 -4.0
OR 55.5 75.0 319 0.0 -10.0 51.6 0.0 -20.0
MI 50.5 95.0 0.0 0.0 0.0 309.9 0.0 0.0
OH 50.5 95.0 -3.0 0.0 0.0 30.1 0.0 0.0
N-Engl. 47.5 100.0 0.0 0.0 0.0 -16.9 0.0 0.0
NY 45.0 95.0 10.9 0.0 -0.9 113.4 0.0 -1.9
PA 42.5 90.0 -1.8 0.0 0.0 10.7 -1.4 -3.3

VA/WV 219 85.0 -5.9 0.0 0.0
SE 57.8 85.0 0.0 0.0 0.0

4.7 -2.2 -2.0
-12.7 -1.4 -1.3
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Table 4 (continued)

Summer

Whole Season

Acreage Usein Change Change Change
Treated Early inCost in Yield in Fresh

Change Change Change
in Cost in Yield in Fresh

Season Share Share
% % $/acre % % $/acre % %
Thiophanate-Methyl
CA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
WA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
OR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MI 12.5 10.0 23 0.0 0.0 2.3 0.0 00 *
OH 12.5 10.0 -3.7 0.0 0.0 * 37 0.0 00 *
N-Engl. 50.0 325 -1.3 0.0 0.0 * 37 0.0 00 *
NY 20.0 17.5 34.8 0.0 0.5 444 0.0 -0.8
PA 56.0 30.0 11.9 0.0 0.0 11.9 0.0 0.0

VA/WV 200 0.0 0.3 0.0 -0.5
SE 31.5 0.0 4.0 0.0 0.0

0.3 0.0 -0.5
4.0 0.0 0.0




Table 5. First-Year Economic Surplus Changes aftcr a Ban on Captan for Summer Applications

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity
000 $ 000 $ 000 $ 000 $ mill. 1b. 000 $ 000 $ 000 $ mill. Ib.
West 1,609.7 1,453.9 126.4 1,327.5 29 155.7 14.2 141.5 1.9
Midwest -577.4 -388.5 -392.9 4.4 -8.7 -188.9 -189.8 0.9 -2.4
Northeast -53.3 -39.2 -67.4 28.2 -0.3 -14.1 -15.5 1.4 -0.2
M-Atlantic 29.4 29.7 18.8 10.9 0.2 -0.3 -1.4 1.1 0.0
Southeast -279.9 -235.4 -236.8 1.4 -1.5 -44.5 -44.6 0.1 -0.6
Prod. 728.5 820.5 -552.0 1,372.5 -7.4 <92.0 -237.0 145.1 -1.5
Cons. -2,901.9 -2,866.3 -4.2 -35.5 -0.6
Total -2,173.4 -2,045.8 -127.5

Table 6. First-Year Economic Surplus Changes after a Ban on Captan for the Entire Season

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity
000 § 000 $ 000 § 000 $ mill. 1b, 000 % 000 $ 000 $ mill, b,
West 1,842.3 1,690.8 157.5 1,533.3 34 151.5 -17.7 169.2 1.7
Midwest -602.8 -405.5 -410.5 5.0 9.1 -197.3 -198.5 1.2 -2.6
Northeast -224.7 -194.2 -226.8 32.6 -1.3 -30.5 -32.4 1.8 0.5
M-Atlantic 30.7 30.7 18.1 12.6 0.2 -0.1 -1.5 1.4 -0.1
Southeast -320.6 -269.9 -271.5 1.7 -1.7 -50.7 -50.8 0.1 -0.7
Prod. 724.9 852.0 -733.2 1,585.2 -8.6 -127.1 -300.8 173.7 -2.1
Cons. -3,366.5 -3,315.2 -4.9 -51.3 -0.9

Total -2,641.5 -2,463.2 -178.3




Table 7. First-Year Economic Surplus Changes after a Ban on Mancozeb for Summer Applications

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity
000 % 000$ 000 $ 000 $ mill. b, 000 $ 000 $ 000§ mill. Ib.
West 162.0 147.5 233 124.2 0.3 14.5 0.9 13.6 0.2
Midwest 6.1 5.0 1.1 3.9 0.1 1.1 0.3 0.9 0.0
N-East -121.8 -109.6 -112.2 2.5 -0.7 -12.1 -12.3 0.1 -0.2
M-Atlantic -83.8 -69.5 -72.2 2.7 -0.5 -14.3 -14.6 0.3 -0.2
S-East 0.0 0.2 -1.7 1.9 0.0 -0.3 0.4 0.2 0.0
Prod. -37.4 -26.4 -161.7 135.2 -0.8 -11.0 -26.1 15.1 -0.2
Cons. -301.5 -297.2 -04 4.4 -0.1
Total -339.0 -323.6 -154

Table 8. First-Year Economic Surplus Changes after a Ban on Mancozeb for the Entire Season

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity
000 $ 000$ 000 § 000 $ mill. Ib. 000 $ 000 $ 000$ mill. Ib,
West 896.9 870.4 156.5 713.9 1.6 26.5 -60.1 86.6 0.0
Midwest -181.1 -121.0 -143.2 222 -2.8 -60.2 -66.7 6.6 -0.8
N-East -515.5 -463.9 -478.3 14.4 -3.0 -51.6 -52.6 1.0 -0.7
M-Atlantic -68.0 -55.4 -70.6 15.2 -0.4 -12.6 -14.8 2.2 -0.2
S-East 11.1 10.4 -0.6 10.9 0.1 0.7 -0.5 1.2 0.0
Prod. 143.3 240.5 -536.2 776.7 -4.4 -97.2 -194.9 97.7 -1.7
Cons. -1,756.1 -1,714.8 2.5 -41.3 -0.7

Total -1,612.8 -1,474.3 -138.5
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Table 9. First-Year Economic Surplus Changes after a Ban on Dodine for Summer Applications

Total

Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity

000 $ 000 $ 000 $ 000 $ mill. Ib. 000 $ 0008% 000 $ mill. Ib,
West 0.6 0.6 0.0 0.5 0.0 0.1 0.0 0.1 0.0
Midwest 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Northeast -0.8 -0.7 -0.8 0.1 0.0 -0.1 -0.1 0.0 0.0
M-Atlantic 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Southeast 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Prod. -0.1 -0.1 -0.7 0.6 0.0 0.0 -0.1 0.1 0.0
Cons. -1.1 -1.1 0.0 0.0 0.0
Total -1.2 -1.2 0.0
Table 10. First-Year Economic Surplus Changes after a Ban on Dodine for the Entire Season

Total Fresh Apples Processed Apples

Total User Non-User  Quantity Total User Non-User  Quantity

000 $ 000 $ 000 $ 000 $ mill. Ib. 000 $ 000 $ 000 $ mill. b,
West -1114 -354 -127.8 924 -0.4 -75.9 -103.8 27.8 -1.3
Midwest 7.0 2.8 0.1 2.7 0.1 43 0.3 4.0 0.0
Northeast -14.4 -15.2 -24.0 8.8 -0.1 0.8 -2.2 3.0 0.0
M-Atlantic -1.3 -3.1 -6.6 3.5 0.0 1.8 -0.8 2.7 0.0
Southeast -3.0 -3.2 -5.0 1.8 0.0 0.3 -0.8 1.1 0.0
Prod. -123.0 -54.2 -163.3 109.1 -0.5 -68.8 -1074 38.5 -1.3
Cons. -237.4 -205.7 -0.3 -31.7 -0.5
Total -360.4 -259.9 -100.5
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Table 11. First-Year Economic Surplus Changes after a Ban on Ziram for Summer Applications

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity
000 $ 000$ 000 $ 000 $ mill. b, 000$ 000$ 000 % mill. Ib,
West 53.1 73.8 -10.8 84.7 0.0 -20.7 -35.7 15.0 -04
Midwest 4.1 25 -1.0 3.4 0.0 1.6 -0.4 2.0 0.0
N-East -51.0 -46.6 -58.4 11.8 -0.3 -4.4 -6.0 1.6 -0.1
M-Atlantic 1.8 0.9 -1.1 2.1 0.0 0.8 0.2 0.6 0.0
S-East -75.3 -64.2 -65.2 0.9 -0.4 -11.1 -11.3 0.2 -0.2
Prod. -67.3 -33.6 -136.5 102.9 -0.7 -33.7 -53.2 19.5 -0.6
Cons. -272.1 -256.6 -04 -15.5 -0.3
Total -339.4 -290.2 -49.2

Table 12. First-Year Economic Surplus Changes after a Ban on Ziram for the Entire Season

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity
000 $ 000 % 000 $ 000 $ mill. 1b. 000 $ 000 $ 000 $ mill. Ib,
West -37.0 42.6 -89.2 131.7 0.4 -79.6 -110.5 309 -1.4
Midwest 6.2 2.3 29 52 0.0 3.9 -0.9 4.8 0.0
N-East -43.8 -41.7 -59.8 18.1 -0.3 2.0 -5.9 3.8 -0.1
M-Atlantic -8.0 -8.8 -12.0 3.2 -0.1 0.8 -0.7 1.5 0.0
S-East -73.0 -62.8 -64.3 1.4 -0.4 -10.2 -10.7 0.5 -0.2
Prod. -155.6 -68.5 -228.2 159.7 -1.1 -87.1 -128.7 41.6 -1.7
Cons. -447.8 -407.8 -0.6 -40.0 -0.7

Total -603.4 -476.2 -127.2
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Table 13. First-Year Economic Surplus Changes after a Ban on Benomyl for Summer Applications

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity

000$ 000 $ 000 $ 000 $ mill. 1b. 000 $ 000 $ 000 $ mill, Ib.
West 189.3 171.8 0.3 171.5 0.3 17.5 0.0 17.5 0.2
Midwest 1.6 22 2.1 4.3 0.0 0.6 -1.3 0.8 0.0
Northeast -188.6 -169.8 -181.5 11.7 -1.1 -18.8 -19.3 0.4 -0.2
M-Atlantic -27.6 -22.3 -28.1 5.7 -0.2 -5.3 -5.8 0.5 -0.1
Southeast -0.7 -03 -2.0 1.7 0.0 -0.5 -0.6 0.1 0.0
Prod. -26.0 -184 -213.3 194.9 -0.9 -7.6 -26.9 19.2 -0.1
Cons. -340.8 -338.0 -0.5 -2.8 0.0
Total -366.9 -356.4 -10.5
Table 14. First-Year Economic Surplus Changes after a Ban on Benomyl for the Entire Season

Total Fresh Apples Processed Apples

Total User Non-User  Quantity Total User Non-User  Quantity

000 $ 000§ 000 $ 000 $ mill. Ib. 000 § 000 $ 000 $ mill. Ib.
West 190.5 172.8 0.3 172.6 0.3 17.6 0.0 17.6 0.2
Midwest 1.7 2.2 2.1 4.3 0.0 -0.6 -1.3 0.8 0.0
Northeast -188.5 -169.7 -181.4 11.7 -1.1 -18.8 -19.3 0.4 -0.2
M-Atlantic -29.2 -23.7 -29.4 5.8 -0.2 -5.5 -6.0 0.5 -0.1
Southeast -0.7 -0.2 -2.0 1.8 0.0 -0.5 -0.6 0.1 0.0
Prod. -26.2 -18.5 -214.6 196.1 -0.9 -1.17 -27.1 19.4 -0.1
Cons. -343.0 -340.2 0.5 -2.9 0.0
Total -369.3 -358.6 -10.6
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Table 15, First-Year Economic Surplus Changes after a Ban on EBI Fungicides for Summer Applications

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity

000 $ 000 $ 000 $ 000 $ mill. Ib. 000 $ 000 $ 000 $ mill. Ib,
West -632.2 -196.8 -511.8 315.0 -2.6 -435.4 -552.1 116.7 -71.3
Midwest 36.1 12.6 6.4 6.2 0.3 23.5 11.9 11.6 0.0
N-East -19.8 -30.7 -54.6 23.8 -0.2 10.9 0.7 10.2 0.1
M-Atlantic 35.6 18.1 5.8 12.3 0.1 17.5 5.6 12.0 0.0
S-East 14.4 8.1 4.7 34 0.1 6.2 3.6 2.6 0.0
Prod. -565.9 -188.7 -549.5 360.7 24 -377.2 -530.3 153.1 -13
Cons. -1,087.1 -912.5 -1.3 -174.6 2.9
Total -1,653.1 -1,101.3 -551.8
Table 16. First-Year Economic Surplus Changes after a Ban on EBI Fungicides for the Entire Season

Total Fresh Apples Processed Apples

Total User Non-User  Quantity Total User Non-User  Quantity

000 $ 000 $ 000 $ 000 $ mill. Ib. 000 $ 000 $ 000 $ mill. Ib,
West -740.3 362.7  -1,153.8 1,516.5 -4.9 -1,103.0  -1,4943 3913 -18.8
Midwest -261.0 -205.7 -237.2 31.5 -4.8 -55.3 -90.3 35.0 -1.5
N-East -160.0 -174.6 -293.7 119.1 -1.2 14.6 -15.7 30.3 -0.5
M-Atlantic 21.0 -11.7 -72.2 60.6 -0.1 32.7 -3.0 35.7 0.2
S-East 23.2 10.0 -7.1 17.1 0.1 13.2 5.4 7.8 0.0
Prod. -1L,117.1 -193  -1,764.2 1,744.8 -10.9 -1,097.8  -1,5979 500.1 -21.0
Cons. -4,724.0 -4,222.2 -6.2 -501.7 -8.3
Total -5,841.0 -4,241.6 -1,599.5
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Table 17. First-Year Economic Surplus Changes after a Ban on Thiophanate-Methyl for Summer Applications

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity
000 $ 000§ 000 $ 000 $ mill. Ib. 000 $ 000 $ 000 % mill. b,
West 36.3 32.8 0.0 32.8 0.1 3.5 0.0 3.5 0.0
Midwest 0.6 0.6 -0.3 1.0 0.0 0.0 -0.2 0.2 0.0
Northeast -27.7 249 -27.6 2.7 -0.2 2.8 2.9 0.1 0.0
M-Atlantic -14.1 -11.7 -12.6 0.9 -0.1 2.4 -2.5 0.1 0.0
Southeast -1.2 -1.0 -14 0.5 0.0 0.2 -0.3 0.0 0.0
Prod. -6.0 -4.1 -41.9 379 -0.2 -1.9 -5.9 3.9 0.0
Cons. -65.5 -64.7 -0.1 -0.8 0.0
Total -71.5 -68.8 2.7

Table 18. First-Year Economic Surplus Changes after a Ban on Thiophanate-Methyl for the Entire Season

0S

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity
000 $ 000 $ 000 $ 000 $ mill. Ib. 000 $ 000 $ 000 $ mill. Ib.
West 68.8 62.4 0.0 62.4 0.1 6.4 0.0 6.4 0.1
Midwest 1.8 1.6 -0.2 1.8 0.0 0.2 -0.2 0.3 0.0
Northeast -69.2 -62.3 -67.4 5.1 04 -6.9 -7.1 0.2 -0.1
M-Atlantic -12.6 -10.3 -12.1 1.8 -0.1 2.3 -2.5 0.2 0.0
Southeast -0.5 -0.3 -1.2 0.9 0.0 -0.2 -0.3 0.1 0.0
Prod. -11.8 -8.9 -80.9 72.0 -03 -2.9 -10.0 1.1 0.0
Cons. -123.9 -122.8 -0.2 -1.1 0.0

Total -135.6 -131.7 -3.9
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Table 19. Cost, Yield and Quality Changes after Herbicide Losses®

Acreage Change in Cost Change in "~ Change in
Treated Yield Fresh Share

% ($/acre) % %
24D
CA 4 -9.00 0 0
WA 16 17.36 0 0
OR 30 21.01 0 0
MI 12 6.04 0 0
OH 13 17.93 0 0
NY® 12 -11.23 0 0
PA 45 10.74 0.0135 0
VA 20 0.40 0 0
wVv 42 -11.95 0 0
NC* 50 13.04 0 0
Diuron
CA 3 3.95 0 0
WA 20 15.11 0 0
OR 27 16.08 0 0
Ml 5 417 0 0
OH 10 21.38 0 0
NY® 10 1.96 0 0
PA 26 14.80 0 0
VA 20 3.35 0 0
wVv 25 3.78 0 0
NC*¢ 40 10.87 -8.5 0
Glyphosate
CA 61 2.77 -6 0
WA 66 7.20 0 -9.3
OR 58 10.14 0 -9.3
MI 35 1.65 0 0
OH 31 -5.43 0 0
NY® 40 2.36 0 0
PA 6 16.76 -1.44 0
VA 25 -2.03 0 0
\\"A 27 -8.10 0 0
NC*® 85 9.45 -3 0

“ An asterisk marks instances in which marginal cost changes calculated according to
equation (6) are negative and are hence set to zeros.

® The impact data for NY is also applied to the entire region Northeast.

° The impact data for NC is also applied to the entire region Southeast.
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Table 19 (continued)
Acreage Change in Cost Change in Change in
Treated Yield Fresh Share

% ($/acre) % %
Norflurazon
CA 9 -0.37 0 0
WA 40 6.88 0 0
OR 9 13.65 0 0
MI 9 -7.51 0 0 *
OH 5 -21.98 0 0 *
NY® 15 4.14 0 0 *
PA 8 -6.40 0 0 *
VA 10 -3.06 0 0 *
wVv 6 0.35 0 0
NC* 5 -7.02 0 0
Oryzalin
CA 12 -17.09 0 0
WA 20 16.04 0 -2.5
OR 3 7.47 0 -2.5
MI 9 -0.90 0 0
OH 3 -1.66 0 0 *
NY® 5 -21.58 0 0
PA 0 0.00 0 0
VA 3 2.18 0 0
wVv 7 4.30 0 0
NC* 5 2.76 0 0
Paraquat
CA 38 -8.48 0 0
WA 33 9.81 0 0
OR 33 G.71 0 0
MI 40 1.01 0 0
OH 20 2.10 0 0
NY® 25 2.36 0 0
PA 32 445 0 0
VA 63 2.99 0 0
wVv 40 2.79 0 0
NC* 60 11.77 0 0
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Table 19 (continued)
Acreage Change in Cost Change in Change in
Treated Yield Fresh Share
% ($/acre) % %
Simazine
CA 14 3.11 0 0
WA 50 7.70 0 9.7
OR 13 8.79 0 -9.7
MI 35 6.72 0 0
OH 18 20.90 0 0
NY® 40 7.25 0 0
PA 30 5.90 0 0
VA 40 2.92 0 0
wv 38 4.68 0 0
NC¢ 40 0.43 0 0




Table 20. First-Year Economic Surplus Changes after a Ban on 2,4-D

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity

000 $ 000 $ 000 $ 000 $ mill. Ib. 000 $ 000 § 000 $ mill. Ib,
West -333 -7.2 -42.1 34.8 -0.2 -26.1 -35.6 9.6 -0.4
Midwest 1.8 0.9 -0.3 1.1 0.0 1.0 -0.4 1.4 0.0
N-East 5.7 4.4 0.5 39 0.0 1.2 0.1 1.1 0.0
M-Atlantic 5.8 -5.6 -6.7 1.2 0.0 -0.2 -1.0 0.8 0.0
S-East -8.6 -7.6 -8.0 04 0.0 -1.1 -13 0.2 0.0
Prod. -40.2 -15.1 -56.5 414 -0.2 -25.1 -38.2 13.0 0.5
Cons. -98.0 -86.5 -0.1 -11.5 -0.2
Total -138.2 -101.6 -36.6
Table 21. First-Year Economic Surplus Changes after a Ban on Diuron

“Total Fresh Apples Processed Apples

Total User Non-User  Quantity Total User Non-User  Quantity

000 $ 000 $ 000 $ 000 $ mill. Ib. 000 $ 000 $ 000 $ mill. Ib.
West 33.2 53.2 -29.0 82.1 0.0 -20.0 -35.6 15.6 -0.4
Midwest 5.8 3.7 0.6 3.1 0.1 2.1 -0.1 22 0.0
N-East 114 9.8 -0.3 10.1 0.1 1.6 0.0 1.6 0.0
M-Atlantic -2.6 -2.9 -6.3 35 0.0 02 -1.0 1.3 0.0
S-East -110.4 -94.0 -95.2 1.2 -0.6 -16.4 -16.7 0.4 -0.2
Prod. -62.6 -30.2 -130.2 100.0 -0.5 -32.5 -53.4 21.0 -0.6
Cons. -221.6 -206.5 0.3 -15.1 -0.3
Total -284.2 -236.7 -47.5
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Table 22. First-Year Economic Surplus Changes after a Ban on Glyphosate

Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity
000 $ 000 $ 000 $ 000 $ mill. Ib. 000 $ 000 $ 000 $ mill. Ib.
West -4,5384  -1,188.8 -1,862.0 673.2 -14.0 -3,349.6  -3,7109 361.3 -55.3
Midwest 225.3 52.6 17.4 35.2 1.1 172.7 59.9 112.8 0.1
Northeast 3279 190.4 76.1 114.2 1.1 137.6 55.0 82.5 0.1
M-Atlantic 204.9 75.9 8.2 67.7 0.5 129.0 20.2 108.9 0.1
Southeast -8.6 414 -46.7 5.3 -0.3 32.8 259 7.0 -0.2
Prod. -3,788.8 9113  -1,806.9 895.6 -11.5 -2,877.8  -3,549.9 672.4 -55.2
Cons. -5,777.6 -4,459.6 -6.5 -1,318.0 2219
Total 9,566.4  -5370.9 -4,195.5
Table 23. First-Year Economic Surplus Changes after a Ban on Norflurazon
Total Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity
000$ 000 $ 000 § 000§ mill. 1b. 000 $ 000 $ 000 $ mill. 1b.
West -43.7 -19.3 -33.2 13.8 -0.2 244 -29.9 5.5 -0.4
Midwest 1.9 0.7 0.1 0.6 0.0 1.3 0.1 1.2 0.0
Northeast 33 2.3 0.3 2.0 0.0 1.0 0.2 0.9 0.0
M-Atlantic 1.9 0.9 0.1 0.9 0.0 1.0 0.1 0.9 0.0
Southeast 0.8 0.4 0.0 0.4 0.0 0.3 0.0 0.3 0.0
Prod. -35.8 -15.0 -32.7 17.7 -0.1 -20.8 -29.5 8.7 -0.4
Cons, -57.8 -48.2 -0.1 9.5 -0.2
_Total -93.6 -63.2 -30.4




Table 24. First-Year Economic Surplus Changes after a Ban on Oryzalin

Total

Fresh Apples Processed Apples
Total User Non-User  Quantity Total User Non-User  Quantity

000$ 000 $ 000 § 000 $ mill. 1b. 000 $ 000 $ 000 $ mill. Ib.
West 4313 -192.2 -364.0 171.8 -1.5 -239.1 -304.0 64.9 -3.9
Midwest 18.8 6.3 0.5 5.8 0.1 12.5 1.1 11.4 0.0
Northeast 31.7 219 1.1 20.8 0.1 9.9 0.5 9.4 0.0
M-Atlantic 18.1 8.8 0.0 8.9 0.1 93 0.1 9.1 0.0
Southeast 7.2 3.9 0.0 3.8 0.0 33 0.1 3.2 0.0
Prod. -355.5 -151.4 -362.4 211.1 -1.2 -204.1 -302.1 98.0 -3.9
Cons. -553.8 -460.4 -0.7 933 -1.6
Total -909.2 -611.8 -297.8
Table 25. First-Year Economic Surplus Changes after a Ban on Paraquat

Total Fresh Apples Processed Apples

Total User Non-User  Quantity Total User Non-User  Quantity

000$ 000 $ 000 $ 000 $ mill. 1b. 000 $ 000 % 000 $ mill. b,
West -334 5.5 -36.1 30.6 -0.2 279 -35.8 7.9 -0.5
Midwest 2.2 0.9 0.0 0.9 0.0 14 0.3 1.0 0.0
Northeast 1.5 0.6 -3.1 3.7 0.0 0.9 -0.1 1.0 0.0
M-Atlantic -14.0 -12.6 -13.6 1.1 -0.1 -14 -2.1 0.7 0.0
Southeast -0.3 -0.5 -1.1 0.5 0.0 0.2 0.1 0.3 0.0
Prod. -44.0 -17.2 -54.0 36.8 -0.2 -26.8 -37.6 10.9 -0.5
Cons. -107.5 -95.4 -0.1 -12.2 -0.2
Total -151.5 -112.6 -38.9
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Table 26. First-Year Economic Surplus Changes after a Ban on Simazine

Total Fresh Apples Processed Apples
Total User  Non-User Quantity Total User Non-User  Quantity

000 $ 000 $ 000 $ 000 $ mill. Ib. 000 $ 000 $ 000 $ mill. Ib.
West -3,756.9 -1,662.0  -2,646.0 984.0 -133 2,049  -2,4993 404.4 -343
Midwest 160.5 529 15.1 37.8 1.1 107.6 35.8 71.8 0.1
Northeast 257.1 172.7 56.3 1164 1.0 84.3 32.5 51.8 0.0
M-Atlantic  155.6 749 225 52.3 0.5 80.7 274 53.3 0.1
Southeast 64.7 35.6 14.1 215 0.2 29.1 11.6 17.5 0.0
Prod. -3,119.1 -1,325.9  -2,537.9 1,212.0 -10.5 -1,793.2  -2,392.0 598.7 -34.1
Cons. -4,883.2 -4,068.3 -6.0 -815.0 -13.6
Total -8,002.3 -5,394.2 -2,608.2
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Appendix 2A: A Regional Econometric Model of U.S. Apple Supply and Demand
Introduction

Estimation of consumer and producer surplus changes that are caused by technology shifts
requires knowledge of demand and supply elasticities in the markets in questions. Because
apple production systems are very heterogeneous across the United States, growers’ abilities
to respond to technology changes and market forces differ widely. To capture the dispersion
of responses, estimates of elasticities are needed for the different grower groups. To this end,
a model of U.S. apple production was estimated at a regional level.

Several econometric models of the U.S. apple industry exist in the literature, but none
of them provides regional elasticity estimates that are suitable for our modeling effort.
Willett (1993) estimates an econometric model of the apple industry with a focus on the
demand side. Supply is estimated at the aggregated U.S. level. Baumes and Conway (1984)
also estimate a model at the aggregated U.S. level, and use their model to demonstrate the
effects of a hypothetical pesticide ban. However, their model does not allow for the analysis
of regional effects.

Hossain (1993) estimates a model of U.S. apple industry for two regions, dividing the
United States into the West/Central (excluding Michigan) and the East (incl. Michigan). The
model is specified at the wholesale-retail level. Supply is considered to be fixed in any given
period and the model is not useful for the estimation of short-run or long-run production
impacts because growers can only adjust to price changes by reallocating fruit from fresh to

processed consumption. Chaudhry (1988) estimates a regional model, concentrating on
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allocation decisions to the fresh and processing market and to the month of sale within a
given year. He models production as exogenous in any given year.

Fuchs, Farish, and Bohall (1974) and Dunn and Garafola (1986) simulate regional
demand and supply impacts via mathematical programming models. While these models are
the only ones whose regional specification would allow modeling regional impacts as
desired, mathematical models need a large amount of information and this data is hard to
obtain when seeking long-run impacts. Miller (1976) estimates regional price response
functions for eight regions of the U.S. in a model of regional competition. He models supply
as given.

In general it can be said that although several models of the apple industry exist, most
of them are dated and interest is mostly focused on short-term allocation decisions or
structural changes in product demand. None of these models is appropriate for the modeling
of regional impacts of technology shifts because supply is usually taken as given. The results
in this appendix show that production adjustments differ across regions and that this
heterogeneity ought to be acknowledged in a welfare assessment of technology changes.

The Model

The structural model is organized into five components: supply, allocation, pricing, demand,
and net imports. We divide the United States into four apple production regions, the
Northwest, the Southwest, the Central, and the East, as described in table 2A.1, and for each
region the total supply and the allocation between markets for fresh and processed utilization
are modeled. The demand and net import equations on the other hand are set at the

aggregated U.S. level. To link the regional supply components with the demand component,
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regional pricing equations are introduced that translate U.S. level prices into regional prices.

In this section we describe the specification of the model component by component.

Supply

In each production region, supply decisions for a crop are divided into a decision about
acreage to be planted and a decision about planned yields. Apple orchards can have a
lifetime of several decades and acreage decisions in apple production are expected to be

inelastic in the short run. Following French, King, and Minami, we model the change in

bearing acreage in region j and year t, A4B; , rather than the total bearing acreage, 4B;,

directly and it is described as a function of past input and output prices, /PP3, and PA3] .
Yield per acre, Y, is modeled as a function of expected price and a time trend, 7,

that captures changes in the production technology. Specifically, price expectations are

modeled as adaptive expectations and approximated by a three-year moving average of past
average prices received, PA3/.
Total production for a region, QPT,’, is the product of yield and bearing acreage.

The general form of the functions describing the supply sector for each region can be

summarized as:
AMB! = af, + al,PA3], | IPP3,_; + &, @A
AB; = AB’, + AAB/ (2A-2)
7 =aj +a3 PA3., +anT +¢&,, (2A-3)

OPT/ = AB] Y] (2A4)
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where subscripts ¢ signify the time index and superscripts j denote the region and IPP3, is
the index for prices paid by farmers on the U.S. basis. Greek letters signify error terms in the
equations to be estimated and a’ are the parameters to be estimated.

Allocation

The allocation equation estimates the amount of apples sold in the market for fresh apples,

QPF’ . Explanatory variables include the price premium paid for fresh apples, i.e. the
difference of prices paid for fresh and process apples, PF’ — PP/, and total production in the
current year, QPT, . The coefficient to QPT,’ indicates the share of total production above

average total production allocated to fresh consumption, while the coefficient to PF,’ — PP/’

measures the change of fresh utilization due to price incentives.
Produce allocated to the processing market is defined as the difference between total

and fresh production, so that the allocation component of the model is described by

OPF/ =aj, +a, (PF; - PP!)+a}, OPT/ +5, (2A.5)
OPP/ = QPT/ - QPF! (2A-6)

Demand

Regional production of fresh and processed apples is aggregated to the U.S. level at which
the demand system estimates apple consumption per person in the form of inverse demand
functions. The per capita quantities of consumption of fresh apples, QUF, , and consumption
of an alternative fresh fruit, e.g., fresh oranges, enters the estimation of the inverse demand
for fresh apples, as do per capita personal food consumption expenditures, PCEDC,. A time

trend was also included. Alternative fruits were included to measure substitution effects or
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changes in taste parameters. The demand for processing apples is specified as a function of
processed apple consumption, QUP, , consumption of an alternative processed fruit, e.g.,
orange juice, and personal food consumption expenditures.

PF, =d, +d, QUF, +d,, QUFO, +d,; PCEDC, +d,,T +n, A.7)
PP =d,, +d, QUP, +d,, QUJO, +dy, PCEDC, +d, T +7,,  (2A.8)

where QUFO, denotes fresh orange consumption, and QUJO, the consumption of orange
juice.

Pricing

To link the regional supply sectors of the model to the national demand sector, regional fresh
and processing prices are modeled as a linear function of the average U.S. price.

PF? =by, +b,,PF, + j, (2A.9)
PP’ =by, +by PP, + B, (2A.10)

Our modeling approach is similar to that of Miller, who estimates a demand function for each
region as a function of U.S. supply. Using linear pricing equation jointly with the inverse
demand equations, we restrict the differences in the regional demand equations to linear

transformations of a common national demand function.

Net Imports

Net imports for fresh and processed apples are modeled as a function of the U.S. price for the
respective product, PF, and PP,, and the quantities of U.S. fresh and processed production,
QPF,and QPP,. In addition, the per-unit values of net imports, PIF, and PIP,, was
included; it is calculated as the value of net imports and exports over the respective total

quantity. The equations are of the form:
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NIF, = e,, +e,, PF, +e,, PIF, +¢,,0OPF, +e, T + u, (2A.11)
NIP, = e, + €, PP, +e,, PIP, +¢,,0PP, +¢,,T + i1,, (2A.12)

Data

The model is estimated using data from 1971-97. The index of prices paid by farmers (IPP,)
is obtained from U.S. Department of Agriculture, Agricultural Statistics and the import and
export data from the U.S. Department of Agriculture, Foreign Agricultural Trade of the
United States: Annual Supplement. Production and consumption data are taken from several
U.S. Department of Agriculture ERS/CED publications and Johnson. For the estimation all

prices, including, /PP, , are deflated by a GDP deflator (1992=100) taken from the economic

report of the U.S. President.

Although apple production statistics are reported for all major production states, some
statistics are incomplete for minor states. For the ten major apple producing states
(Washington, Michigan, New York, California, Pennsylvania, Virginia, North Carolina, West
Virginia, Oregon, and Ohio) that produce 92% of total U.S. apple production all necessary
data are available. For some minor states, in which not all statistics are recorded
continuously, missing values are filled in and we describe the procedures used in the process.

For bearing acreage, a quadratic trend curve is fitted through the available years of
data and the predicted values are used to fill in missing values. The percentage of crop
allocated to the fresh market is estimated using a linear regression of fresh production in the
state with missing data on fresh allocation in other states of the same region in the same year.
This method measures the average percentage going to the fresh market and captures average

responses to market, weather, and pest conditions in the region.
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Total production data are complete, and yield data are obtained by dividing total
production by acreage. Average grower prices are also reported for all states. The price
received for fresh apples is not availabie in every year for all states, and missing values are
replaced by regional averages for the given year. The missing value for the processing price
is calculated to ensure that the weighted average of processing and fresh prices results in the
average price for the state.' It should be noted that, since the complete data accounts for
more than 90% of U.S. production, filling in the missing data should not have significantly
changed the results significantly.

Results

The system is estimated using three-stage least squares. For the supply side, apple
production in the United States is segmented into four production regions: Northwest,
Southwest, Central, and East and table 2A.1 gives some production statistics for the four
regions. The estimated model is presented in table 2A.2 and the numbers in parentheses
report t-values for the parameter estimates. Variable definitions are given in table 2A.3. The
variables IPP3, POP, T, QUFO, QUJO, QUFB, QUCPP, QUCEP, PCEDC, PIF, and PIP are
used as instruments in the estimation. The R? values suggest a good fit and the Durbin-
Watson statistics either reject the presence of first-order autocorrelation or are inconclusive.

Apple production technologies have significantly changed in the years over which the
model is estimated. Large areas of land became available to apple production due to
irrigation, particularly in the Columbia-River area in the Northwest. Because of this, the
West has replaced the East as the largest apple-producing region of the United States. New

varieties have been adopted, and a shift to high-density orchards occurred.
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These changes cannot be explained solely by changes in input and output prices and
even if they could, hardly any data on input costs are available for the apple industry. To
model these structural shifts in the data, dummy variables are employed in the estimation
process. Next, we will describe our results and explain any adjustments that are made to the
general model outlined in the previous section.

Northwest

The acreage equation includes a dummy for the years 1986-87, when Washington
experienced an unusually large increase in bearing acreage. The allocation equation suggests
that 66% of the increases in total production are allocated to fresh consumption and that an
increase in the price premium paid for fresh apples increases fresh production significantly.
Looking at the regional pricing equations, we can conclude that prices are more variable in
the Northwest than in the other regions, as the multiplicative term is greater than one.
Southwest

The equation for the acreage includes a dummy variable to account for sudden increases that
occurred in the acreage of apple production in the late 1980s in California. This increase
might have been caused by the large increase in prices for fresh apples after 1986. California
experienced in the 1980s an increased acreage planted to the then new variety Fuji. The alar
crisis of the 1980s might be another factor explaining these structural shifts.

In comparison to the Northwest, a smaller share of the above average production is
allocated to the market for fresh apples, and increases in the premium for fresh apples causes
a statistically significant adjustment in the allocation to the fresh market. Prices for fresh

apples are less variable than they are in other regions.
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Central
A dummy variable for years after 1981 is included in the acreage equation. It marks the year
when the trend of decreasing acreage in Michigan was reversed and when Michigan started
planting heavily towards processing apples. At the same time we experience an increase in
the average yield level. Industry experts indicated to us that at this time returns in the apple
industry were quite favorable and encouraged replanting of older orchards. Many of the then
newly planted orchards are of improved technology (higher density) and yield a larger crop.
For the yield equation, the relationship between prices and yields seemed to change in
the last two years of the data. We control for this change by including a dummy variable for
1996-97. During these years, imports of processed apples increased substantially, where
most of these additional imports originate in China. We experience for instance at the same
time a sudden drop in the price for processed apples in the Northwest from 7.5 ¢/Ib. to
4.1 ¢/1b. More years of data would be needed to measure a structural adjustment or to
establish that this is a temporary aberration.
East
Due to the growing competition from western states, acreage has been steadily declining in
the East. Changes in acreage depend significantly on price developments, much more so here
than they do in other regions. About 17% of above average total production are allocated to
the fresh market.

General Supply Component

In general, the estimates of the yield equation show that the Northwest has benefited more

from technological progress in the apple industry than any other region. After accounting for
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market changes, average yields increased by 698 lb./acre/year in the Northwest, compared
with 229 Ib./acre/year in the Southwest, 250 Ib./acre/year in the Central, and 113 Ib./acre/year
in the East.

The allocation equations in all regions show that if total production increases, a
smaller than average share of total production is allocated to fresh utilization, i.e., the average
share of fresh production in the Northwest is 73.2% and 66% of an increase in total
production are marketed as fresh. For the Southwest the average fresh production share is
38.5%, for the Central it is 50.6%, and for the East it is 43.4%.

Net Imports

Turning to the net import equations it is found that the home price level is significant in the
determination of net imports of both fresh and processed apples. The per-unit value of
imports, on the other hand, is significant in the fresh market but not so in the processed
market. Low quantities of home production increase net imports, i.e., increase imports and/or
lower exports.> Net imports respond more to home production in the processing sector than
they do in the fresh sector. Both imports for fresh apples and processing apples increase over
time but imports in the processing sector are increasing at a faster absolute rate. In fact, net
imports are negative for fresh apples and positive for processed apples so that our model
predicts a decreasing trade surplus in the fresh apple market and an increasing trade deficit in
the processed apple markets given recent price and home production levels.

The estimates indicate that imports of processed apples are much more responsive to
changes in the home market than it is the case for the fresh market. Both the responsiveness

to the U.S. price level and the responsiveness to the quantity of home production are larger.
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Demand
The demand equations show that demand for fresh and processed apples is decreasing in
prices and increasing in income. The income coefficient is larger in the demand for fresh
apples than for processed apples.

Fresh oranges were used as the alternative fruits in the equation for fresh demand and
orange juice as the alternative in the equation for processed demand. Other fruits such as
fresh bananas, canned pears, and canned peaches were tested as additional or alternative
substitutes but failed to improve the estimation. Fresh oranges serve as substitutes for fresh
apples. However, orange juice serves a complement of processed apples. Since increased
apple juice consumption is the primary cause for the increased consumption of processed
apples in general, we conclude that orange juice measures a change in taste towards higher
juice consumption, a result that is also found in Willet.

Elasticity Estimation

Elasticities are calculated by first evaluating the system at the means of the data. Then U.S.
level prices for fresh apples and/or processed apples are shocked by a constant over a five-
year period. The changed quantities in the market are simulated forward separately for the
supply and demand side and the elasticities for each year are calculated using the changed
quantity in the specific year after the initial shock. Their value is reported for a one-year lag
and five-year lag. Given the structure of the model, the elasticities for the first year after an
exogenous change in output price can only include yield and allocation changes, while at a
five-year lag acreage might adjust as well. For the demand and net import equations the

model is static, hence elasticities are the same for all years.
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We report two types of elasticities. Table 2A1.4 gives partial elasticities that measure
immediate quantity responses following a change in prices, for instance € ppnw o1

= 8IlnQPFNW /3In PF where QPPNW is held constant. Table 2A1.5 gives in addition
elasticities for the overall production component of the model where fresh and processed
production are allowed to adjust simultaneously, e.g., Eppraw pr = d InQPFNW /dIn PF .

Total supply response elasticities are not reported for the demand and net import component
because those do not include cross terms.

A nonparametric bootstrap method of 1000 iterations was used to determine the
statistical significance of the elasticity estimates and asterisks mark the elasticities that are
significant at the 0.1 level. To implement the bootstrap the system is first estimated and
predicted values are calculated for the sample period. A matrix of residuals is formed for the
entire system, and we randomly draw with replacement residuals from this matrix. Adding
the series of resampled residuals to the respective series of predicted values, a new data set of
random-error-adjusted predicted values is formed. The system is reestimated using these
adjusted predicted values and this procedure is repeated 1000 times. Elasticities are
calculated for each estimation and their statistical significance is determined (Efron;
Schroeder).

Supply responses are inelastic to price changes in the short run. The technology of
apple production allows only for slow adjustments because newly planted orchards take
several years to come into full bearing and yields can only be adjusted to a very limited

extent. Although technology constrains growers to a relatively inelastic response in total



75

production, they can also adjust by reallocating production between the fresh and processing
sector if relative prices change.

Looking at the cross elasti;:ities of supply for the combined supply responses (table
2A.5), we can see that they are negative in all regions in the short run. The increase in
average price due to the increase in the price for fresh or processed apples will induce an
increase in yield and acreage. The change in relative prices will in addition cause the
reallocation of crop to the utilization for which prices increase, and this reallocation
outweighs the increase in total production in the short run. Turning to the long-run
elasticities, the cross-price elasticity of processed production with respect to fresh price turns
positive in the Northwest and Southwest, as now, given the increase in fresh price, total
production will increase so much that both fresh and processed production increases.’

Own-price demand elasticities for fresh and processing apples are -0.37 and -0.70,
respectively, and the overall demand elasticity with respect to an increase in average price is
-0.55. The demand for apples responds relatively inelastically to changes in prices. The
income elasticity is 1.2 for fresh apples and 2.6 for processed apples.

Hossain reports own price demand elasticities of -0.81 and -0.94 for fresh and
processed apples respectively. For his model, this gives a total demand elasticity of about
—0.86 . a higher elasticity of demand than our result. His income elasticities are, on the other
hand, much lower with values of 0.04 and 0.43 for fresh and processed apples. He calculates

short-term supply elasticities of 0.08 and 0.12 for fresh and processed apples that are smaller

than ours. However, his model allows only for direct reallocation effects.
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Our income elasticities are more in line with results of Baumes and Conway who
report income elasticities of 1.07 and 0.73 for fresh and processed apples, respectively. Their
demand elasticities are -1.14 and -1.17 respectively, resulting in a total demand elasticity of
-1.15.

Conclusion

Elasticity estimates are obtained for supply and demand responses to price changes in the
markets for fresh and processed apples. The supply elasticities are estimated for four
production regions, and differences in growers’ ability to respond to market changes are
evident in these estimates. The resulting elasticity estimates are useful in the estimation of
regional impacts that result from changes in the technological or economic environment.

Notes

' List of filled in data: Acreage: Arizona (1984-88), Colorado (1984-92), New Mexico
(1988-92), Utah (1984-92), Idaho (1984-92), Georgia (1988-89), Delaware (1985-92),
Maryland (1984-92), Connecticut (1984-92), Maine (1984-92), Massachusetts (1984-92),
New Hampshire (1984-92), Rhode Island (1984-92), Vermont (1984-92), Kentucky (1984-
92), Illinois (1984-92), Indiana (1984-92), Iowa (1984-92), Kansas (1984-92), Minnesota

(1984-92), Missouri (1984-92). Percentage of Fresh Production: Arizona (1978-88),

Colorado (1975-76), New Mexico (1969-75,1980-86), Utah (1971), Georgia (1969-1997:
replaced by regional mean), Delaware (1973-97: replaced by regional mean), Rhode Island
(1969-97: replaced by regional mean), Arkansas (1969-97: replaced by regional mean),
Kentucky (1969-76,1979-81), Tennessee (1969-70, 1972-1997: replaced by regional

mean), Illinois (1975), Iowa (1969-73,1976,1978-97), Kansas (1974-76,1980,1989-97),
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Minnesota (1971,1973-75,1979-1997). Fresh Prices: Arizona (1978-88), Colorado (1975-
76), New Mexico (1969-75,1980-86), Utah (1971), South Carolina (1969-72,1980,1982),
Georgia (1969-1997), Delaware (1973-97), Rhode Island (1969-97), Arkansas (1969-97),
Kentucky (1969-76), Tennessee (1969-70, 1972-1997), Illinois (1975), lowa (1969-
73,1976,1978-97), Kansas (1974-76,1980,1989-97), Minnesota (1971,1973-75,1979-
1997).

The United States produces 4,733 mill. metric tons or 9% of worldwide apple production
(FAO, Production Yearbook, 1996). Exports amount to 0.6 mill. metric tons or 12% of the
5.2 mill. metric tons exported worldwide (FAO, Trade Yearbook, 1996).

One can check the supply elasticities with system (1) and (2). There we model the change

in price resulting from a change in quantity using the flexibility, under the assumption that
we can approximate 8MC' /6Q' by oP' /8Q’ , i, | =F, P. Employing the fact that the

system of flexibilities equals the inverse of the system of elasticities, i.e.,

dInP" /3InQ" omPF/omQ”"| |dlnQ"/6lmP" oInQF/oInP” ™
8lnQ’ /dlmP* d8InQ’ /ol P

dlnP?/0lmQF o6mP’/8InQ’°
the second-order conditions of profit maximization or cost minimization require that
OMCF 16Q" -oMCF* 18Q" - oMCF 18Q° -dMC* /18Q* = 0, which is equivalent to the
restriction €.-€,, — €,€,-2 0 on the elasticities, a restriction that holds for our

system in all regions. Hence the supply system is stable in the sense that producers

cannot increase profit by reallocating fruit from fresh to processed utilization.



Table 2A.1. Production Regions, 1997 *

Region States Bearing Total Fresh Average Fresh  Processed
Acreage Production  Production Price Price Price
(000 acres)  (mill. Ib)  (mill. Ib.) (c/lb) (c/lb.) (c/lb.)
Northwest Washington, Oregon, Idaho 170.3 5270.0 3762.0 16.7 217 4.1
Southwest Arizona, California, Colorado, 50.5 1091.0 440.0 16.6 32.4 6.4
Utah, New Mexico
Central Arkansas, Illinois, Indiana, lowa, 92.6 1413.1 1050.1 13.2 20.3 73
Kansas, Kentucky, Michigan,
Minnesota, Missouri, Ohio,
Tennessee, Wisconsin
East Delaware, Georgia, Maine, 140.6 2627.0 574.9 13.5 249 8.3
Maryland, Massachusetts, New
Hampshire, New Jersey, New
York, North Carolina,
Pennsylvania, Rhode Island,
South Carolina, Vermont,
Virginia, West Virginia,
U.S. 454.0 10401.1 5827.1 154 23.0 6.4

* Numbers might not add up due to rounding.

8L
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Table 2A.2. Estimation Results

Supply Sector
Northwest

AABNW, =

ABNW, =
YNW, =

QPTNW, =

Southwest
AABSW, =

ABSW, =
YSW,=

QPTSW, =

Central
AABC, =

ABC, =
YC, =

QPTC, =

AABE, =

ABE, =

QPTE, =

-0.124 + 20.540 PANWS3,,/IPP3,; + 11.000 D867
(-0.059) (1.491) (8.951)

ABNW,, + AABNW,

7.192 + 0.674 PANW3,, + 0.698 T
(2.054) (4.426) (8.805)

ABNW, * YNW,

-2.821 +22.290 PASW3,; /IPP3,; + 4.834 D879
(-1.497) (1.521) (6.782)

ABSW,, + AABSW,

-0.165 + 1.065 PASW3,, + 0229 T
(-0.083) (8.818) (6.398)

ABSW, * YSW,

-7.926 + 37.948 PAC3,,/IPP3,, + 3.952 D81

(-3.883) (2.883) (6.965)
ABC,, + AABC,

9.906 + 0.050 PAC3,, +0.250 T - 4.730 D967
(3.227) (0.340) (3.907) (-5.026)
ABC, * YC,

-11.659 + 79.046 PAE3, /IPP3 ;
(-4.911) (4231

ABE,, + AABE,
13.567 + 0.071 PAE3,, +0.113 T
(10.405) (1.081) (4.087)
ABE, * YE,

R?* =0.497
DW=1.276

R* =0.523
DW=1.695

R* =0471
DW=2312

R? =0.513
DW=2.400

R* =0.433
DW=1.324

R* =0.316
DW=2.383

R* =0363
DW =1.851

R* =0.350
DW=1.841
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Table 2A.2 (continued)

Allocation

Northwest

QPFNW, = -0.808 +~ 16.419 (PFNW, - PPNW)) + 0.661 QPTNW, R®* =0.975
(-0.007) (2.033) (44.637) DW=2.437

QPPNW, = QPTNW, - QPFNW,

Southwest

QPFSW, = -128.253 + 8.251 (PFSW, - PFSW)) + 0.354 QPTSW, R®* =0.878
(-5.086) (5.414) (12.127) DW=}.931

QPPSW, = QPTSW, - QPFSW,

Central

QPFC, = -357.647 + 28.488 (PFC, - PPC) + 0.493 QPTC, R* =0.693
(-3.366) (6.960) (9.603) DW=2372

QPPC, = QPTC, - QPFC,

East

QPFE; = 242.384 + 34.544 (PFE, - PPE) + 0.173 QPTE, R* =0.627
(2.336) (7.491) (4.652) DW=1.730

QPPE, = QPTE, - QPFE,

Regional Price Determination

Northwest

PFNW, = -4.596 + 1.197 PF, R®> =0.881
(-3.125) (17.833) DW=1.794

PPNW, = -4.923 + 1.535 PP, R? =0.764
(-5.376) (15.205) DW=1.557

PANW= (QPFNW, * PFNV, + QPPNW, * PPNW,)/ QPTNW,

Southwest

PFSW, = 15.260 + 0.460 PF, + 4.617 D86 R* =0.533
(5.809) (4.123) (5.970) DW=2.133

PPSW, = -2.758 + 1.364 PP, R* =0.702
(-2.673) (11.862) DW=1931

PASW,=

(QPFSW, * PFSW, + QPPSW, * PPSW,)/ QPTSW,
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Table 2A.2 (continued)

Central

PFC,= 1.794 + 0.916 PF, R? =0.718
(0.875) (9.990) DwW=1.826

PPC, = 2.024 + 0.814 PP, R* =0.832
(3.414) (12.787) DW=2.446

PAC= (QPFC, * PFC, + QPPC, * PPC)Y/ QPTC,

East

PFE, = 0.670 + 1.020 PF, R* =0.627
(0.238) (8.077) DwW=1.270

PPE, = 2.731 ~ 0.688 PP, R* =0.872
(6.398) (15.070) DwW=1.785

PAE= (QPFE, * PFE, + QPPE, * PPE) QPTE,

Aggregation to U.S. Production

QPF, = QPFNW, + QPFSW, + QPFC, + QPFE,

QPP= QPPNW, + QPPSW, + QPPC, + QPPE,

Utilization

QUF, = QPF/POP, - NIF/POP,

QUP, = QPP/POP, - NIP/POP,

Net Imports

NIF, = 3024.12 - 31.320 PF, - 579.324 PIF,- 0.632 QPF,+23.779 T R?* =0.873
(11.346) (-5.540) (-2.026) (-11.900)  (3.688) DW=0.941

NIP, = 2855.47 - 100.344 PP, - 23.190 PIP, - 0.758 QPP, + 172.664 T R* =0.870
(4.803) (-2.369) (-0.094) (-3.827) (9.229) DW=1.424

Demand

PF,= 24.401 - 3.202 QUF, - 0.059 QUFO, + 0.021 PCEDC, -0.941 T R? =0.650
(2.281) (-7.947) (-0.514) (4.189) (-4.458) DW=0.920

PP, = -8.667 - 0.540 QUP, + 0.507 QUJO, + 0.009 PCEDC,-0.316 T R? =0.478
(-1.155) (-5.989) (2213) (3237 (-2.509) DW=1.747
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Table 2A.3. Definition of the Variables

ABNW,
ABSW,
ABC,
ABE,

AABNW,
AABSW,
AABC,
AABE,

YNW,
YSW,
YC,
YE,

QPTNW,
QPTSW,
QPTC,
QPTE,

QPFNW,
QPFSW,
QPFC,
QPFE,

QPPNW,
QPPSW,
QPPC,
QPPE,

QPF,
QPP,

PFNW,
PPNW,
PANW,
PANWS3,

PFSW,
PPSW,
PASW,
PASW3,

Bearing acreage in Northwest in year t
Bearing acreage in Southwest in year t
Bearing acreage in Central in yeart
Bearing acreage in East in year t

Change in bearing acreage in Northwest from year t-1 to year t
Change in bearing acreage in Southwest from year t-1 to yeart
Change in bearing acreage in Central from year t-1 to yeart
Change in bearing acreage in East in year t-1 to year t

Yield/acre in Northwest in year t
Yield/acre in Southwest in year t
Yield/acre in Central in year t
Yield/acre in East in yeart

Total production in Northwest in year t
Total production in Southwest in year t
Total production in Central in year t
Total production in East in yeart

Quantity marketed as fresh in Northwest in yeart
Quantity marketed as fresh in Southwest in yeart
Quantity marketed as fresh in Central in yeart
Quantity marketed as fresh in East in yeart

Quantity marketed as processed in Northwest in year t
Quantity marketed as processed in Southwest in year t
Quantity marketed as processed in Central in yeart
Quantity marketed as processed in East in year t

U.S. fresh production in year t
U.S. processed production in year t

Price received by growers for fresh apples in Northwest in year t

Price received by growers for processed apples in Northwest in yeart

Average price received by growers in Northwest in year t
Three-year average of PANW, based on periods t-2, t-1, t

Price received by growers for fresh apples in Southwest in year t

Price received by growers for processed apples in Southwest in year t

Average price received by growers in Southwest in year t
Three-year average of PASW, based on periods t-2, t-1, t

(000 acres)
(000 acres)
(000 acres)
(000 acres)

(000 acres)
(000 acres)
(000 acres)
(000 acres)

(000 lb./acre)
(000 Ib/acre)
(000 Ib./acre)
(000 Ib./acre)

(mill. Ib.)
(mill. Ib.)
(mill. Ib.)
(mill. Ib.)

(mill. Ib.)
(mill. b.)
(mill. b))
(mill. Ib.)

(mill. b)
(mill. Ib.)
(mill. b))
(mill. Ib.)

(mill. Ib.)
(mill. Ib.)

(¢/1b.)
(¢/1b.)
(¢/1b.)
(¢/1b.)

(¢/1b.)
(¢/1b.)
(¢/1b.)
(¢/1b.)
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Table 2A.3 (continued)

PFC, Price received by growers for fresh apples in Central in year t (¢/1b.)

PPC, Price received by growers for processed apples in Central in year t (¢/1b.)

PAC, Average price received by growers in Central in yeart (¢/1b.)

PAC3, Three-year average of PAC,based on periods t-2, t-1, t (¢/1b.)

PFE, Price received by growers for fresh apples in East in yeart (¢/1b.)

PPE, Price received by growers for processed apples in East in year t (¢/1b.)

PAE, Average price received by growers in East in year t (¢/1b.)

PAE3, Three-year average of PAE, based on periods t-2, t-1, t (¢/1b.)

PF, Price received by growers for fresh apples in yeart (¢/1b.)

PP, Price received by growers for processed apples in year t (¢/1b.)

IPP, Index of prices paid by fanmers in year t (1977=100)
1PP3, Three-year moving average (t,....t-2) of IPP,

T Time index, incremented by 1 each year (1971=1)

D81 Dummy variable (0 before 1981, 0 otherwise)

D86 Dummy variable (0 before 1986, 1 otherwise)

D867 Dummy variable (1 in 1986-87, 0 otherwise)

D879 Dummy variable (1 in 1987-89, 0 otherwise)

D967 Dummy variable (1 in 1996-97, 0 otherwise)

NIF, Net imports of fresh apples in year t (mill. Ib.)

NIP, Net imports of processing apples (fresh fruit equivalent) in yeart (mill. 1b.)

PIF, Unit value of fresh net imports in year t (¢/1b.)

PIP, Unit value of juice net imports (fresh fruit equivalent) in year t (¢/1b.)

POP, U.S. Population in year t (mill.)

QUF, Per-capita utilization of fresh apples with net imports in year t (Ib./capita/year)
QUP, Per-capita utilization of processed apples with net imports in yeart (Ib./capita‘year)
QUFB, Per-capita consumption of fresh bananas in year t (Ib./capita/year)
QUFO, Per-capita consumption of fresh oranges in year t (Ib./capita/year)
QUCPP, Per-capita consumption of canned peaches in yeart (Ib./capita/year)
QUCEP, Per-capita consumption of canned pears in year t (Ib./capita/year)
QUIJO, Per-capita consumption of orange juice in yeart (Ib./capita/year)
PCEDC, Private consumption expenditure per person on food in year t (%)

(all prices, including IPP,, are deflated by the GDP deflator, 1992=100)
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Table 2A.4. Partial Elasticities (calculated at means)®

Short Run Long Run
(Year 1) (Year 5)
Northwest
Fresh Production [ 0.313 0.622
€ qpFNw PP -0.063 -0.025
Processed Production € qornw o 0.504 1.139
€ gpprw PP 0.095 0.261
Southwest
Fresh Production € oprswrE 0.359* 0.518*
€ qprsw.pp -0.237* -0.157
Processed Production - 0.110 0.259
€ gprsw.pe 0.197* 0.494*
Central
Fresh Production €qprcrr 0.873* 1.018*
€ qprcrp -0.288* -0.281*
Processed Production EqprcrF 0.033* 0.197*
€gpecpp 0.004* 0.054*
East
Fresh Production € qrrerF 0.639* 0.717*
Eoprere -0.162* -0.159*
Processed Production S 0.026* 0.225*
€ oprE P 0.008* 0.071*
Consumption
€ QPF_P’F ‘0 .374 -0,3 74
Eqrrrr -0.701 -0.701
€ortra -0.554 -0.554
€qrrrcenc 1.195 1.195
€qrrreEDe 2.591 2.591
€gerrcEne_ 1.961 1.961
Import
€Nt pe -0.609 -0.609
Enp.pp -0.791 -0.791
€r.opr -3.276 -3.276
€np.opp -3.193 -3.193

* The asterisk marks significance at the 10% level.
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Table 2A.5. Total Supply Response Elasticities (calculated at means)”

Short Run Long Run
(Year 1) (Year 5)

Northwest

Fresh Production Eopenw.re 0.306 0.623
Eqervw.ee -0.059 -0.006

Processed Production Eqeonworr -0.220 0.237*
Eopenw pp 0.229* 0272*

Southwest

Fresh Production Eqpesw.rr 0.346* 0.540*
Eqersw.ee -0.225* -0.065

Processed Production Eqepsw.pr -0.055* 0.215*
Eoppsw rp 0.279* 0.452*

Central

Fresh Production Eqpecrr 0.868* 0981*
Eqercee -0.288* -0.269*

Processed Production Eqercer -0.831 -0.668
Egprcrp 0.291 0.295

East

Fresh Production Eqererr 0.638* 0.708*
Eqprere -0.162* -0.157*

Processed Production Eqprerr -0.467 -0.288
Eopre pp 0.133 0.180

* The asterisks marks significance at the 10% level.
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CHAPTER 3. CAPTURING EXPERTS’ UNCERTAINTY IN WELFARE
ANALYSIS: AN APPLICATION TO ORGANOPHOSPHATE USE
REGULATION IN U.S. APPLE PRODUCTION

A paper to be submitted to the American Journal of Agricultural Economics

Jutta Roosen'?

Abstract

Many regulatory actions require ex-ante assessments of benefits and costs although the
impacts of these actions are uncertain and information about the statistical properties of
impacts is needed for welfare analysis. This paper proposes a method for deriving
distributions of welfare changes. Issues of impact uncertainty in welfare assessments are
explained, and it is shown how probability distributions over policy impacts can be estimated
using a collection of dispersed expert opinions. Welfare outcomes are ordered using a
nonparametric test for stochastic ordering of probability distributions. The methods are
demonstrated for the case of organophosphate use regulation in U.S. apple production.
Introduction

Many regulatory actions require the assessment of benefits and costs of policies although the
outcomes of those policies are uncertain. Then information about the statistical properties of
changes in the economic environment is sought for alternative policies. Knowledge of first
moments of uncertain supply and demand shifts is not sufficient in welfare analysis, even if
the goal is only to assess the expected change in economic surplus using linear shocks and
linear supply and demand functions. Welfare analysis involves the study of areas in price-
quantity space and entails the integration over the distribution of shift parameters. Even if
supply and demand curves are linear in the shocks of interest, the welfare areas they define

are not. Hence welfare analysis requires the knowledge of second and possibly higher



87

moments.

Because of a lack of historical or experimental data, future scenarios are frequently
based on expert opinions. However, policy makers, regulatory agencies, and experts
themselves are often concerned about the uncertainty that underlies these expert estimates.
In this study, 2 method of dealing with experts’ uncertainty is proposed. It is shown how ex-
ante welfare analysis can include uncertainty over experts’ estimates and how it can
stochastically order random outcomes of policies under consideration. The procedure is
demonstrated using the example of regulating organophosphate insecticides in U.S. apple
production.

The paper proceeds with a discussion of the implications of impact uncertainty on
welfare analysis. It is shown how expert opinion can be gathered in a partial probabilistic
specification and how opinions from several experts can be combined. A description of the
application and the economic model used to estimate the welfare impact of random
technology shocks is followed by a discussion of the data. Welfare impacts are presented as
estimated distributions of economic surplus changes, and it is demonstrated how those
distributions can be ordered using a nonparametric test for stochastic orderings. The paper
concludes with a discussion of advantages and disadvantages of the proposed method.
Impact Uncertainty in Welfare Assessments
Throughout this paper, we use economic surplus as a welfare measure which is defined as the

sum of consumer and producer surplus and the usual caveats regarding their appropriateness
as welfare measures apply. Formally, welfare is specified as W = f " Z(Q)dQ where

Z(Q)is the inverse excess demand function and where Q° is the market-clearing quantity
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such that Z(Q°)=0.’ Suppose that a random shock 8 occurs to the excess demand function.

The new market clearing occurs at Q ={0:Z(Q)+6 =0} or Q = Z"'(—0) and the expected

change in welfare® is defined as
E.faw)= | [*z@)+6lag]- [ 200
To simplify the exposition, let Z(Q) =a—bQ where a and b are positive constants, so that

O = (a + 8) / b and the expected welfare change solves as E,[dW]=E, [2a0 +6° ]/2b ,
which is clearly a function of the second moment of 8. If shocks or the excess demand
function are nonlinear, higher moments will be needed for the welfare analysis. This would
also be the case if the policy-maker’s utility function is nonlinear in welfare changes, for
instance if the policy-maker expresses risk aversion.

If the objective is to compare the welfare properties of two policies that induce
random shocks to the supply or demand curve, it can be shown that an ordering of the shocks
in a first-degree stochastic dominance (FSD) sense will suffice to order the distributions of
welfare changes for all policy makers, as long as they seek to maximize expected utility and
as long as their utility function increases in expected welfare changes. That is if 6, FSD 6,,

then the distribution of welfare changes induced by 4, will be preferred to the welfare

changes induced by 6,.° However, since economic surplus is a convex function of any
shock to the excess demand function, the result cannot be extended to the case of second-
degree stochastic dominance (SSD).

This means that an ordering of the shocks to the excess supply curve in the FSD sense

is sufficient for a welfare ordering but that this does not hold true if shocks can only be



89

ordered in the SSD sense. Then it is necessary to compare the distributions of induced
welfare changes directly. Distributions can be ordered in the FSD or SSD sense using a
nonparametric test for stochastic orderings (Anderson) whose implementation is illustrated
later in this paper.

This discussion illustrates that the knowledge of the distributional properties of @ is
needed for welfare analysis, and we turn next to the issue of how to obtain such information.
Combining Probabilistic Expert Opinion
Information about the unknown & that follows the unknown random distribution G(&)is
sought. The goal is to find an estimate of G using expert opinion so that policies can be
compared by using ex-ante welfare measures. G is unknown and any estimate of G will be a
random function itself.

Expertsi=1,2,..., N are asked to give their probability assessment for &, and we
denote expert i’s opinion over @by &,. To simplify the experts’ task, estimates of
probabilities for a small number of intervals of @ are collected rather than a complete

estimate of G(@). For this purpose the range of & is partitioned into K intervals with
endpoints —o0 <@g, <..<a, <o, which is equivalent to collecting information about a
discretized version of @ denoted by 8 such that 6* = j if #e(a,,,a,]. The information
obtained from each expert can be described by

H ={(g,,8:>--.8.)8,=Pr(6' =) j=L...K;¥ g =1},

i=1,...,N, where g, isexperti’s estimate of the probability that & is in the k-th interval.

Note that 8* is a complete partition of the range of 8 and that Zf_l g, =1 must hold.
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The Bayesian approach has proven useful in problems of aggregating probabilistic
information from different sources (Dorfman). We employ Bayes paradigm in a
Suprabayesian framework, where a Suprabayesian S collects and summarizes opinions

coming from several experts. He himself supplies an estimate of G(6) which will serve as

the Bayesian prior and is denoted by p(8) .

We can combine the probability estimates using Bayesian updating. Treating S’s
opinion as the prior and the expert’s information H; as data, Bayes’ formula yields the
posterior

p(8) Pr(H,|9)
N GADOL

p;(01S,H,)= « p(6) Pr(H,|9)

where Pr(H. IO) is a K-dimensional probability measure. To combine the information
coming from several experts, the assumption of conditional independence between experts is
made, i.e., {H, |6},{H, 16}, .., {H, |68} are assumed to be independent. This assumption is
commonly made in expert opinion analyses and means that the dependence in experts’
opinions stems from & and only from @ (Genest and Schervish). Then the full posterior can

be calculated as
. N
p (alsleaHZy"'QHN)xp(a)ni_lPr(HiIa)' (1)
The problem is to specify Pr(H, IB) , and we apply a result derived by West and also

West and Crosse. Suppose S holds some joint prior over {6, H,}. As it would be very
difficult to specify this prior completely, assume that S specifies her joint prior only partially

through her prior over 8, p(6), her expectation of the i-th expert’s opinion,
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E[H,1=El(g;>----8«x )] =(4,,-.., 4 ) = i, and an estimate of correlation between her

assessment p(@) and the expert’s assessment H;. West’s result (Theorem 1, p. 554) applies

and the posterior can be calculated as

K
p (618, H,)=p@)+> (016 = )(g; —u,) )

=
where 7(8|8} = j)=p;(@1g, =1). Thus z(6 |6} = j)is the S’s posterior, were he to learn
that the expert i believed 8/ = j with probability 1. This conditional probability is
calculated consistent with the information available for the joint distribution over {8, H,},
i.e., it shows the specified correlation between the two random variables and is consistent
with the marginals # and p(f). As aresult p(@) = Z,— 7(8)6f =j)u , and the posterior

results as

K
p; (@IS, H)=> =016/ =g, - 3)

J=i
The posterior according to (2) or (3) is a linear combination of the prior and a
weighted sum of the deviations between the expert’s opinion and S’s expectation of the

expert opinion. It has to be emphasized that the expert opinion over the entire partition of
6* will enter the calculation of the posterior for each point of 4.

The weights in the sum are formed by the conditional distribution of 8|8* = j . For
a correlation close to zero, 7(8 | 8f = j) will resemble p(8) for all * and the posterior will
favor the prior over the expert opinion. As the correlation increases, 7(8 |8 = j) will

deviate more from the prior and the expert opinion receives a large weight at points where
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@ is likely given the expert’s assessment on §° and a low weight if & ’s conditional

probability is low. In this study, it is supposed that 8 and H, are positively correlated and

higher weights are given to the deviation in probability estimates for intervals of 8/ close to
@ . If we would choose a negative correlation, more weight would be given to the expert

opinion over & far from 8. Appendix 3A offers a more detailed discussion of how one

could interpret 7(8 | 8* = j)and the correlation structure.
Using the rules for conditional probabilities, equation (3) can be rewritten in a more

suitable form for the calculations as

: £, (6" = j|6
p 618, H)=p@)s 28 =119 . @)
=R

Combining equations (1) and (4) and applying the law of conditional probabilities the
posterior for combining several expert opinions can be calculated as

. Nl& n0f =6
p(61S, H,, Hy.oe H.mcp(a)[]‘[(z”‘—'—”—)-g,, H )

=l
This is the formula used to derive the posterior from a collection of expert opinions. As we
use the same x and the same 7z (8} = j| @) for each expert i, all experts but S are treated
identically. It would be straightforward to extend equation (5) to allow for an asymmetric
treatment of the individual experts. Computational issues of implementing (5) are explained
together with our data subsequently to the discussion of our case study to which we turn now.
An Application to Organophosphate Regulation in U.S. Apple Production

Using the context of a possible ban on organophosphate insecticides in U.S. apple

production, it is shown how probability distributions over shocks to a market system can be
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estimated using expert opinion surveys and how these distributions can be used in ex-ante
welfare analysis. Economic impacts of banning one organophosphate, azinphos-methyl
(APM), and of banning the whole group of organophosphates (OPs) are estimated. The
following paragraphs explain our application, and outline the economic model used for the
welfare analysis.

Case Description

OPs are a group of neuroactive insecticides that are applied to more than 98% of the apple
growing acreage in the United States (USDA. NASS/ERS). The Food Quality Protection Act
(FQPA) of 1996 has brought new attention to the use of OPs in the Unites States and it is
expected that in the near future strong limitations will be imposed on the use of OPs. This is
because FQPA mandates risk assessments of pesticides by mode of toxic action instead of on
a pesticide by pesticide basis and because it demands a higher level of risk protection for
infants and children. A general loss of OPs is perceived as a major problem in the $1.7 bill.
U.S. apple industry, as growers would lose control over many key insect pests. With 86% of
U.S. apple acreage treated, APM is the most widely used OP (USDA. NASS/ERS). APM is
an OP of particularly high toxicity and is one of the five highest ranking OPs posing risk to
children according to the Environmental Working Group report by Wiles, Davies, and
Campbell.

To limit the risk coming from OPs, it has been suggested to restrict the use of
pesticides that pose the highest risk. In this way it is hoped to leave growers with substitute
pesticides and thereby to limit the cost of the policy. However, a consumer study has shown
that consumers are willing to pay a premium to avoid OPs but that the premium is negligible

for avoiding APM only (Roosen et al.). Hence, we compare the welfare costs of removing
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APM alone versus removing all OPs where a positive willingness to pay (WTP) shifts the
demand function in the case of removing all OPs. Resuits show that depending on the size of
the shift in the demand function, a cancellation of OPs could be the preferred option in terms
of expected economic surplus changes.
Marker Model of a Pesticide Ban in Apple Production
In apple production, pesticides are mainly used to preserve quality while protection against
yield losses is generally a secondary consideration. Loss of quality is therefore an important
consideration in this analysis. Apple production orchards are modeled as joint-product firms,
producing apples for the fresh and processing market where the fresh market pays a
considerable premium. A deterioration of quality is modeled as a decrease in the share of
fruit allocated to the fresh market. The marginal welfare analysis suggested by Lichtenberg,
Parker, and Zilberman is extended to this multiproduct analysis. In this framework, supply
and/or demand functions are assumed to undergo parallel shifts given changes of the
production technology, and flexibility estimates are used to calculate price and quant.ity
changes. Marginal-cost impacts can be differentiated by region, and grower groups that are
affected by the pesticide ban can be distinguished from those that will only be affected
through market changes.

The market model is one of partial equilibrium, and growers are arranged into j=1,...,
J groups that distinguish themselves in the way that their marginal cost function is impacted
by the loss of a pesticide. Specifically, producers are grouped into sets of users and non-
users of a pesticide in four geographical production regions: Northwest, Southwest, Central,
and East. The cancellation of a pesticide presents a change in the technology available to

growers, and the shift in technology is parameterized by A and if growers do not use the



95

pesticide, their technology is independent of 1. We order the groups such that j=1,..., t
identify the producers that are affected by a change in 4, i.e. in our case the users of a
pesticide to be banned, and j=t+1,..., J, denote the producers groups that are not affected by a
ban. Denoting prices by P and quantities by Q, with subscript j identifying regions and
superscript F and P signifying fresh and processed, respectively, the partial equilibrium can

be described as:

Supply User: P/ = MCi(Qf,0/:4), i=F,P;j=1..1 6.1)
Supply Non-User: P/ = MC.(Qf,Q)), i=F,P;, j=t+1,...J (6.2
Regional Pricing: P! = h/(P'), i=F,P;j=1..J  (6.3)
Demand: D'(Q,;A)=P", i=F,P (6.4)
Net Imports: Oy = M'(P',%;0), i=F,P (6.5)
Market Clearing: Y. Q) +0Qj, =0}, i=F,P (6.6)

Equation (6.1) is the supply function for pesticide users and equation (6.2) is the supply
function for non-users. The marginal cost functions (MC) depend on production to the fresh
and processing sector to capture the joint-product character of the technology. Users and
non-users produce at a level such that their level of marginal costs equals price both in the
fresh and processing market. Equation (6.4) presents the inverse demand function (D) for
fresh or processed apples. Demand is modeled at the U.S. level and P’ is the U.S. level
price. The demand functions depend also on 4 and a change in production technology can
change consumers’ preferences for the good. The regional supply functions are linked to the

U.S. demand via regional pricing equations presented by k;(P')in equation (6.3). Equation

(6.5) models net imports ( Q,, ) and the last equation (6.6) poses the market clearing

conditions.
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Totally differentiating this system, we can derive the impact of a change in

technology (the loss of a pesticide) which is parameterized as a shiftin 1.

P MC*
== dQ + f7 do; - dP/ = - L di  j=l..,t (7.la)
Q o;
P’ P’ aM(:”
1 5,—49; + S Grdd) —dpf = -—ptdh =l (1Y)
J
PF
7 Q" dQ’ + f7 Q%,dQ,‘-’ ~dPf =0 j=t+l...J (1.2a)
J
fr dQ + frr L B dof - dPf =0 i=t+1,.,J (7.2b)
J Q; Qp Jj=t+l,.., .
dP' - oh; dP' = 0 i=F,P,j=1..,J (71.3)
] = 1=r,r;]=l.., .
J aPl J
A é;de ~-dP' = ——%—dl i=F,P (7.4)
d

f i QL{ i i .
dQ,, —ep——dI ﬁ—) Z:Q ): i=F,P (7.5)
P, J=I

dQ| + --- +dQ, +dQ,, -dQ, =0 i=F,P (7.6)
Expression fj’“ denotes the flexibility of the price of good K with respect to the quantity of
good L, where j indexes the region. The flexibility is a demand flexibility if j=d. For net
imports e,, and e,,, indicates the elasticity of net imports with respect to U.S. price level

and U.S. production for the respective market i. System (7) is linear in quantity and price
changes, and can be solved by inversion.

Welfare Analysis

Using these solutions, consumer and producer surpluses can be calculated assuming that the

ban induced shifts in the supply and demand curves are linear. We calculate producer and
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consumer surplus changes in the respective markets as the change in the area behind the
supply or demand curve.

Calculating Marginal Cost Changes

To solve (7), an estimate of the change in marginal cost for producer group j is needed. A

grower chooses the profit-maximizing level of production of apples for the fresh and
processed market using his technology described by the cost function C,(Q7, O7; 1). As

described in (6.1) and (6.2), she will choose the level of production that equates the marginal
cost of production for the fresh and processed market with the respective price. The problem

is isomorphic to selecting the optimal level of yield, Yj, and the optimal share of fruit going
to the fresh market, z,, as to

max 7z, (Y, a;;4) = (“ijF +(1 - aj)Pf)Y} - ¥, 2,5 4)

a,.t,
where ¥, () is the alternative cost function specification that arises from the same
technology as C; (Qf , f ; 4). Itis assumed to be convex in Yj and ;. The first-order
conditions can be stated as

¥,¥,a,)=a,P, +1-a,)P/
¥, (., =] -P))Y,
where second subscripts on '¥'; denote first derivatives. This system of equations can be

solved for
F F P P
P, =MC;(Q;.0;,A)=Y,, +(-a,)¥;, /Y, 8.1
P/ =MC[(Q].0] . )=, - a,¥,, /Y. 8.2)

Following Lichtenberg, Parker, and Zilberman, we approximate locally marginal costs of
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yield and fresh share by their average costs, i.e., ¥,, =W,/Y,and ¥, /Y, =P - P,
where the parameter W, denotes the per acre cost. Implementing these approximations in
(8.1) and (8.2), the change in marginal cost for fresh and processing production in the j-th
region can be derived by taking the total differential with respect to #}, ¥, and «,, and
results as

[aw, 1Y, - (a,PF +(1-a,)P7)dY,/Y, - (Pf -P?) da,]/(1+05 dY,/Y,) (9)
This is the equation used to estimate the change in marginal cost in region j given experts’
estimates of changes in cost, yield, and fresh-market share.

Data and Computational Methods

Data

To estimate welfare impacts, (7) requires estimates of current prices and quantities in the
market, flexibilities, demand shifts, and marginal cost impacts. Prices and quantities are
obtained from USDA statistical publications and impacts were based on averages for 1994-
1996 data. Summaries are provided in table 1 along with the percentage of acres treated by
APM or NAI in each region given in table 2. Elasticity estimates are obtained in an
econometric estimation of the U.S. apple market, and have been estimated for short-term
(year 1) and long-term (year 5) impacts (Appendix 2A). Demand shift estimates are inferred
from a consumer study (Roosen et al.), where it is found that consumers are willing to pay a
premium for apples not treated by all OPs whereas the premium is almost negligible if only

APM is removed. The demand function is shocked in the case of banning all OPs by
dP' /dA ~ N(z,0.004), = F,P,where 7 is set to be 0%, 1.25%, or 2.5% of the market

price for fresh and processing apples. The case 7 =0% was chosen to estimate the impact if
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demand shifts are ignored, as it is often the case in studies of pesticide cancellations.®

Estimates of marginal cost impacts were obtained via an expert opinion survey and
the survey instrument is included as Appendix 3B. The survey asked experts for their best
probability estimates over intervals for changes in cost of production, yield, and fresh market
share for the instance of a ban on APM and a ban on all OPs. The intervals are defined as in
table 3. Experts were asked to estimate impacts for the year following a pesticide ban (short
run) and the impact five years after the ban (long run).

The survey was sent to 52 experts who are entomologists working in extension,
research, and industry. They were identified by the Suprabayesian S who is in charge of
conducting a U.S. Department of Agriculture supported national study of impacts resulting
from a loss of OPs in apple production. For the purpose of the survey, the United States were
divided into three growing regions: East, Central and West, and 12, 4, and 14 valid
questionnaires were returned for the respective regions.” The data supplied by the experts is
shown in tables 4-15. Tables 4-6 give the short-run estimates for a ban on APM, tables 7-9
for a ban on OPs. Tables 10-15 continue with the long-run estimates. Expert estimates for
the East are denoted by El, E2, ..., for the Central by C1, C2, ..., and for the West by W1,
‘W2, .... Not all experts replied to all questions which is the reason for some rows being
blank in these tables.

In general, it appears that experts feel much more uncertain about the implications of
a total ban on all OPs in the short run and in the long run, while their uncertainty about
estimates of APM cancellation impacts increases when going from short run to long run.

In tables 4-15, the prior is given at the top of each category. It was formed using the

probability estimations of the Suprabayesian who supplied the prior in the same discrete form
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as the experts for all three regions, i.e. as probabilities over intervals p* =(p,, 0,,..-, 0¢)
where p; = f * p(6)d6 . However, for computational reasons, his prior was smoothed out

to give a non-zero probability to every interval that received a positive probability by at least
one expert.’®

Computation

The posterior is set equal zero for intervals that received zero probability from all experts

including S. We choose to modify the supplied expert opinion for all other intervals by

giving some positive probability to g, . To do so we add a probability of 0.01 to each g,

and normalize the modified vector to sum to one, such that g, = (g,j + 0.0I)/ ZI (g; +0.01).
The practice of assigning some positive measure over the entire range of a random variable is
common in studies of combining probability distributions to avoid sensitive behavior in
calculations with zero probabilities (Gelfand, Mallick, and Dey).

Expert data are combined using equation (5) where 4* is set to equal p*. This
assumption supposes that ex-ante S expects the experts to supply the same probability vector
as he himself does, which is a suitable assumption for if all experts supply H, = p* then the
posterior will equal the prior. We form 7(€ |8 = j) numerically and consistent with the
marginals x4* and p* using a method proposed by Johnson and Tennenbein. In this
procedure, two correlated random variates are created by forming a weighted linear
combination of two independent normal random variables. These variates can be used to

create random variables of any distribution function using the inverse transform method.

Johnson and Tennenbein provide the weights that are necessary to reach a given level of
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Spearman rank correlation between the variates of any distribution and we draw correlated
variates with Spearman rank correlations SPR = 0.13 and SPR = 0.09.° These two values
were chosen because the posteriors yield a suitable mix of the collected opinions while
illustrating how the correlation structure influences the weighting between S’s and the
experts’ opinion.

Using this method, we draw 10,000 variates to numerically estimate (8 |6* = j)
where this large number of draws is chosen to ensure stable estimates of the tails of the
distribution. The posterior is calculated via (5). Since (8|8} = j) is an estimate of all the
possible 7(8 |6} = j) given the marginals and the correlation structure, it is random and we
reiterate the procedure 1000 times and report the mean posterior interval probabilities along
with their respective t-values. Standard errors of the estimated posterior distribution suggest
a stabilization after 1000 draws.

Using the mean posterior distributions, we draw 1000 realizations of changes in cost,
yield, and share allocated to the fresh market in each region for each scenario. For each of
these 1000 realizations, we calculate the change in the marginal cost function via (9) and
compute the changes in economic surplus accordingly via system (7).' The Monte Carlo
analysis is repeated for the three different values of 7 for the demand shift in the case of
banning all OPs.

Results

The mean posterior distributions are shown in tables 16-27 for SPR = 0.13 and tables 28-39
for SPR =0.09. As in tables 4-27, the roman numbers [-VII denote as the intervals for the

changes in cost, yield, and share of production marketed to the fresh market. To aid the
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interpretation of the results we repeat the prior and the unweighted arithmetic mean of the
expert opinion in the row “expert” and present the mean estimate of the posterior together
with the t-value that was calculated from the 1000 estimates of the posterior. For SPR =
0.13, tables 16-18 show the posteriors for a ban of APM one year after the ban, tables 19-21
show the same for a ban on all OPs. Tables 22-24 and 25-27 repeat the same for five-year
impacts. Tables 28-39 are organized similarly for SPR = 0.09.

Two important observations can be made. For smaller SPR the correlation is lower,
and the expert opinions weigh less in the posterior and S has more influence. This is
consistent with the result we derived for linear mixing distribution 7(8 |8 = ;) that we
derived in Appendix 3A. Results also show that the posterior is not a simple linear
combination between the prior and the experts’ opinion. In particular, for each interval the
experts’ opinions over all intervals will enter. Therefore the posterior will not necessarily lie
between the prior and the mean of the expert estimates. Also as the number of expert opinion
that enter the posterior gets larger, the opinion of each individual expert becomes less
important.

Table 40 and 41 show some summary statistics of the posterior distributions for the
marginal cost changes in all regions for all scenarios. Marginal cost increases are stronger
after a ban on all OPs than after a ban of APM. After a ban on APM they grow larger when
going from the short run to the long run in the East and in the West, but in the Central they
are smaller in the long run than in the short run. For the OPs marginal cost impacts are less
severe in the long run.

Weaker or stronger impacts in the long run are both plausible scenarios. Over time,

growers might become more flexible to adapt their production system to the loss of the
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pesticides and learn how to use alternative means. New technologies might become available
as well. On the other hand, insect pests have their own complex population dynamics. For
instance, a possible alternative for the OPs are pyrethroids, a class of insecticides that is
effective against the same pests but that is more toxic to beneficial insects. Switching from
OPs to pyrethroids could trigger an increase in mite populations that are otherwise partly
controlled by beneficials. These problems with secondary pests might not be significant in
the first year after the loss of OPs but could become more severe in later years. Another
aspect is that the use of pheromones for mating disruption, a tactic that is used to control the
key pest population of codling moths, seems to be relatively effective in the northwestern
United States but it does not seem to work as well in some other regions. Furthermore,
although many substitute OPs are available to replace APM, losing APM could be disruptive
to integrated pest management systems that rely on switching between different insecticides
as a resistance management strategy.

Using 1000 realizations of the marginal cost function distributions, we calculate the
welfare losses for each realization using system (7). For each posterior calculation with SPR
= (.13 and SPR = 0.09, we calculate the welfare impacts assuming 7=0, 7=1.25%and 7=
2.5%. The resulting distributions of economic surplus changes are summarized in table 42
for SPR =0.13 and in table 43 for SPR = 0.09. We can see that banning all OPs would have
much stronger welfare impacts than banning APM only if 7=0%. In addition, the variation
of the estimate increases when going from short run to long run. As we increase 7, welfare
losses after a banning OPs become smaller and expected welfare losses of banning APM

exceed those of banning all OPs if 7 =2.5%. However, the variance of the estimate for losing
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all OPs is also much larger and a ranking of the welfare impacts will depend on the decision-
maker’s utility function.

Our objective is compare the welfare implications of the two policy options of
banning APM or all OPs and for a comprehensive comparison of the two distributions in
their welfare properties a non-parametric test for stochastic dominance of first- and second-
degree as introduced by Anderson is implemented. The Hj of the test is no dominance of one
distribution over the other and it is tested against the H; stating that one distribution
dominates the other. The test arises as a transformation of a Chi-squared goodness of fit test
that uses a transformation of the total deviations between two distributions." In addition to a
simple Chi-squared test, the Anderson test allows us to see the location and direction of
disagreement in the distributions. We use the test to compare the distributions of welfare
impacts of a ban on APM versus the welfare implications of a ban on OPs, both in the short
run and in the long run.

We briefly summarize the test procedure. Under the null, both samples are assumed
to originate from the same population. We form a joint sample from the OPs and APM
sample each for the short run and long run, and divide it into a partition with equal cell
probabilities. For our implementation a partition into 10 cells is chosen and the probability
of being in the cell equals 0.1 under the null. The cell length d is defined by this partitioning,
i.e. it is defined such that 0.1 observations of the joint sample are assigned to each cell. The
cell frequencies x* and x® using this same partition for the separated samples are calculated
together with cell probabilities p*=x*/ n* and p®=x®/n®, n* and n® being the respective
sample sizes. Superscript A (B) denotes here the sample of welfare distribution after a ban

on APM (OPs).
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The x* and x® follow a multinomial distribution and a normal approximation is
appropriate if n' p'>5,i=A,B. Then v=x"/n" —x?/n”® is asymptotically distributed as
N(0,mQ) and v'Q™'v is asymptotically distributed as y?(k —1). Here, Q' is the general
inverse of Q, m=n"' (n* +n®)/n*n®,and Q is defined as in Anderson (p. 1185).

FSD is defined by differences in cumulative distributions and these are approximated

by forming the cumulative cell probabilities as

1 00 0
110 0
I/v= 1 1 1 O

111 -1

- -

For SSD, the integral of the cumulative distribution is approximated using a trapezoidal rule

for approximating integrals as

d, 0 0 - 0
d, +d, d, 0 e 0

I, I,v=05d +d, dy+d, d, - 0 |I,v.

dyrd, dy+d, dyvd, o dy)
Dividing each entry of these vectors by its standard deviation gives the vector of test
statistics.

Because the test gives rise to a vector of test statistics, it requires multiple
comparisons. We adopt the same convention as Anderson: the hypothesis of dominance of
distribution APM over OPs requires that no element is significantly larger than 0 whilst at
least one element is significantly less than 0. Given the symmetry of the test, the dominance

of OPs over APM is established if no element is significantly smaller than 0 whilst at least



106

one element is significantly larger than 0. Test statistics are compared to the table of the
studentized maximum modulus distribution and the 1% critical value for a test with 10 cells
is 3.29 (Stoline and Ury).

Results for the test statistics are given in tables 44-46 and tables 47-49 for SPR = 0.13
and SPR = 0.09, respectively. The left four columns summarize the test for the short-run
distributions; the right four columns repeat the same for the long run. For each, the first two
columns give the cell probabilities, and the second two columns give the test statistics for
FSD and SSD. Starting from the posterior calculation with SPR = 0.13, for =0, the
distributions of economic surplus impacts after a ban on APM are preferable to those after a
ban on OPs in the SSD sense in the short run, but the distribution cannot be ordered in the
FSD sense. In the long run the policy of banning APM clearly dominates the one of banning
all OPs in both the sense of FSD and SSD. Given 7 =1.25%, the distributions can only be
order in the SSD sense both in the short run and in the long run, while they cannot be ordered
in the FSD sense in either case. For 7 =2.5%, the ordering is reversed for the long-run
distributions, and banning all OPs would now be the preferred option in the FSD and in the
SSD sense, while at the same time the short-run distributions cannot be ordered. The results
for SPR = 0.09 (tables 47-49) are relatively similar, but for the fact that the difference
between the two distributions is in general smaller.

Using the vector of test statistics other interesting conclusions can be drawn by noting
that for our case the vector of test statistics switches sign at only one point if the test is
inconclusive. Looking for instance at the test for FSD in table 45, the welfare distribution
after a loss of APM is superior for the first six deciles but inferior for the last four. Therefore

a policy-maker who is concerned about the probability of large losses but cares less about the
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ordering of the policies for smaller impacts might still prefer the option of canceling APM.
Hence the test can be informative for preference that do not adhere to the requirements of
FSD or SSD, even if the test result itself is inconclusive.

Conclusion

The paper discusses issues of impact uncertainty in welfare analysis and shows how impact
distributions can be derived from expert opinion. Resulting distributions of welfare changes
can be ordered using a nonparametric test, comparing distributions in the FSD and SSD
sense. We demonstrate the methods for the topical example of banning OPs in U.S. apple
production.

With regard to organophosphate regulation in U.S. apple production, we have seen
that marginal-cost impacts are considerably larger when banning all OPs versus banning
APM only. In the case of banning all OPs, short-run impacts are in general more severe than
long-run impacts. The order is reversed for banning APM only. When analyzing at the
welfare impacts, we must not only consider supply function shifts but also possible changes
in the demand function. If the average WTP for apples without OPs increases sufficiently,
welfare will increase. In the long run, we found that a 2.5% increase in average WTP is
sufficient to offset additional welfare losses resulting from cost increases due to losing all
OPs versus APM only.

Estimates of ex-ante welfare impacts of changes in the legal or natural environment
are often desired for informed policy decision making. However, in many situations no
suitable data are available to predict the distributions of the parameters of change. Such
situations arise frequently in the prediction of complex system responses. Woodward and

Bishop analyze situations of environmental policy making under pure uncertainty. The here
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proposed method of combining expert opinion can be useful when trying to move from a
state of pure uncertainty over policy outcomes to a state with known probability distributions,
so that a welfare analysis under risk becomes feasible.

Experimental data are by their nature created under well-defined conditions that
depict a particular situation, but economic studies need information about general behavior.
The role of the expert is then to arrive at a prediction of system behavior under general
conditions using her expertise to generalize the experimental data. However, the discrepancy
between the data needs of natural scientists and economists leads often to tensions in
interdisciplinary work (Zilberman and Millok). To give experts the opportunity to express
their difficulty in arriving at impact estimates and to ask them for probability distributions
rather than for expected values might alleviate the strain on the collaboration.

While the information demand on experts increases, it has been our experience that
experts feel more comfortable with their assessment if they can express their uncertainty.
Despite the fact that the survey required a considerable time commitment from the experts, a
response rate of 58% was achieved for this study. Experts may also be less inclined to factor
a risk premium into the reported expected impacts.

The proposed procedure for combining expert opinion is consistent with the laws of
probability theory. The correlation structure can be used to give different weights to the
Suprabayesian and the experts. The resulting economic surplus distributions can be
summarized using different statistical measures depending on the preferences of the policy
maker. Given the level of risk aversion or the nature of the project, percentiles of extreme
events might for instance be of interest. As shown in this study, outcome distributions can be

ordered for any increasing or increasing and concave utility function using a nonparametric
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test. An interesting extension would be to find a test that would allow ordering welfare
measures of higher dimensions for instance the distribution of consumer versus producer
surpluses.

Possible other applications that seem immediate are studies of global climate change
and the assessment of environmental risks. An interesting agricultural application would be
the prediction of resistance development in response to widespread adoption of pesticide
resistant plants. In situations where several experimental studies exist, it might be possible to
estimate impact distributions from the data directly rather than by using expert opinion.
Methods such as empirical Bayes might be a more suitable approach in these situations
(Efron).
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3 A sufficient condition for existence of Qis that Z(Q) is continuous, Z(0) =20, and
Z(c) £ 0. For uniqueness we require that Z(Q) is decreasing everywhere.

* By using the expected economic surplus criterion we perform a state-dependent welfare
comparison. Ready shows that for welfare analysis under uncertainty, state-dependent
variables are likely to overestimate the value of a project because affected groups can
coinsure each other in states when the project benefits one group and damages another
group. In our study however, this coinsurance effect is likely to be small because changes
in consumer and producer surplus are strongly correlated through market forces.

3 The proof of this assertion is a straightforward application of the results by Hadar and
Russell.

§ Roosen et al. found an average WTP of 18% of market value but this value seems rather
high and we use the more realistic values of up to 2.5%. The choice of standard deviation
was motivated by the relative standard error of WTP found in the same study.

7 In the survey the regions Northwest and Southwest of the economic model were combined

to region West because of fear that not enough experts would participate in our study if the

regions were defined to small. The number of experts in the Central is relatively small,
because the region is small compared to the two other regions and there are basically only
two states, Michigan and Ohio, where apple production is sufficiently important to have
extension and industry experts working in apple production.

Looking at equation (5), it is immediately clear that the posterior

p (@|H,,H,,.,H,)=0 if the prior P; =0 no matter how likely all other experts

consider the outcome 6~ .
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% Johnson and Tennenbein propose a method of creating correlated random variates using a
weighted linear combination method by forming a weighted sum of independent random
variates. They give values for the weights c that result in a given level Spearman rank
correlation. Because of the discreteness of our distributions, we implement a Monte Carlo
study of 1000 iteration to estimate the value of Spearman rank correlation for the two
different values of c that we use in our study, i.e., ¢ = 0.0952 and ¢ = 0.05. For these two
values of ¢, we estimate a correlation of 0.1308 (0.0160) and 0.0871 (0.0177), respectively,
where the numbers in parentheses report standard errors.

'® The same distribution for marginal cost changes is used for the Northwest and Southwest
as growing and pest conditions are very similar in both regions.

"Tolley and Pope introduced a similar test of stochastic dominance that was formed as an
exact test, i.e. the critical values of the test statistic were derived from the sample.

Anderson derives a test statistic that follows a known and tabulated distribution.
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Table 1. U.S. Apple Production across Regions

U.S. East Central Northwest  Southwest
Production (mill. Ib.) 10,583.2 2,580.6 1,342.9 5,632.4 1,027.3
Yield (Ib.) 23,537.1 17,488.0 14,819.0 33,814.0 22.887.0
Fresh Share (%) 58.3 40.6 440 72.0 36.2
Fresh Price (¢/1b.) 21.1 19.2 20.7 21.0 30.1
Proc. Price (¢/1b.) 7.9 8.1 8.9 7.7 7.6

Table 2. Percentage of Acreage Treated with APM and OP

APM oP
East 79.3 99.0
Central 91.5 99.5
Northwest 88.1 994

Southwest 48.0 88.7




Table 3. Definition of Interval Ranges for Expert Opinion Collection®

1 11 111 1\Y \Y Vi Vil
Cost dC<-0.5% -0.5%<dC 0.5%<dC 1%<dC 2%<dC 5%<dC 10%<dC
<0.5% <1% <2% <5% <10% <15%
Yield dY<-10% -10%<dY -5%<dY -2%<dY -1%<dY -0.5%<dY 0.5%<dY
<-5% <-2% <-1% <-0.5% <0.5%
Fresh da <-10% -10%<da -5%<da 2%<da -1%<da -0.5%<da 0.5%<da
Share <-5% <-2% <-1% <-0.5% <0.5%

* dC denotes the change in cost per acre, dY the change in yield per acre and da denotes the change in share of production

allocated to the fresh market.

SI1
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Table 4. Loss of APM, Year 1, Expert Assessment for Change in Cost®

Expert I i i} v v VI VI
Prior 88 118 353 176 1.8 8.8 59
El 0 100 0 0 0 0 0
E2 1 98 1 0 0 0 0
E3 0 0 10 60 20 10 0
E4 0 75 20 5 0 0 0
ES 0 0 10 10 50 25 5
E6 0 30 60 10 0 0 0
E7 0 0 0 0 10 80 10
ES 5 10 20 20 40 5 0
E9 0 10 10 10 30 30 10
E10 0 20 20 40 20 0 0
Ell

El2

Prior 0.0 5.0 10.0 20.0 50.0 10.0 5.0
Cl 0 0 5 40 50 5 0
C2 0 0 0 0 25 25 50
C3 0 0 20 40 40 0 0
c4 0 0 5 5 20 30 40
Prior 5.9 11.8 11.8 17.6 29.4 14.7 8.8
wi 0 0 10 50 30 10 0
w2 0 5 5 5 10 35 40
w3 0 0 0 0 40 60 0
w4 0 0 20 60 20 0 0
w5 0 5 20 60 15 0 0
w6 0 0 0 0 0 0 100
w7 0 20 30 40 10 0 0
w8 0 5 10 10 10 15 50
w9 0 0 10 70 20 0 0
w10 0 0 0 0 10 20 70
w1l 5 10 10 10 10 25 30
w12 0 0 0 5 10 20 65
w13 0 100 0 0 0 0 0
wi4 10 25 25 25 10 5 0

* Rows list the expert estimates for probabilities over intervals I-VII as defined in table 3.
E1 identifies first expert for region East, C1 identifies first expert for region Central, and
W1 identifies first expert for region West. The row Prior at the top of each category list
the prior formed by the Suprabayesian.



Table 5. Loss of APM, Year 1, Expert Assessment for Change in Yield

Expert I i m v v VI i
Prior 0.0 0.0 6.1 6.1 3.1 61.6 3.1
El 0 0 0 0 0 100 0
E2 0 0 0 0 1 98 1
E3 0 0 0 10 20 70 0
E4 0 0 0 0 20 80 0
ES 0 0 0 25 50 25 0
E6 0 0 0 0 25 75 0
E7 0 0 0 5 5 90 0
E8 0 0 10 35 30 20 5
E9

E10 0 0 0 0 10 80 10
Ell 0 0 0 10 80 10 0
E12

Prior 5.8 6.4 7.0 7.6 8.3 64.9 0.
Cl1 0 0 0 0 0 100 0
c2 30 25 25 20 0 0 0
C3 0 0 10 40 40 10 0
c4 0 0 10 60 20 10 0
Prior 5.9 5.9 5.9 59 59 64.7 5.9
w1 0 0 0 10 10 70 10
w2 40 30 10 10 5 5 0
w3 0 0 0 0 5 95 0
w4 0 0 0 0 0 100 0
w5 0 0 5 5 5 80 5
w6

w7 0 0 0 0 0 100 0
w8 5 5 10 10 20 50 0
w9 0 0 0 0 10 80 10
w10 0 0 0 0 2.5 95 2.
Wil 35 30 10 10 10 5 0
w12 0 0 0 0 0 100 0
w13 0 0 0 0 0 100 0
w14 0 0 0 0 20 60 20
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Table 6. Loss of APM, Year 1, Expert Assessment for Change in Allocation to Fresh

Expert T i ini v v VI Vil
Prior 0.0 5.0 15.0 30.0 30.0 15.0 5.0
El 0 0 0 0 0 0 100
E2 0 0 0 0 1 98 1
E3 0 0 0 0 20 80 0
E4 0 0 0 10 10 70 10
ES 0 0 20 50 30 0 0
E6 0 0 0 0 10 90 0
E7 0 0 5 90 5 0 0
ES8 0 0 5 30 30 30 s
E9 0 10 10 10 20 50 0
E10 0 0 0 10 60 20 10
Ell 0 0 0 10 80 10 0
E12

Prior 0.0 6.1 11.7 14.4 47.8 20.0 0.0
Cl 0 0 5 40 40 5 0
C2 0 25 50 25 0 0 0
C3 0 0 40 40 20 0 0
c4 0 0 10 60 20 10 0
Prior 59 59 59 17.6 41.2 17.6 59
Wi 5 10 50 20 15 0 0
w2 5 5 20 20 15 20 15
w3 0 0 0 0 0 100 0
w4 0 0 0 0 10 80 10
w5 0 0 0 5 10 85 0
w6 0 5 10 15 30 40 0
w7 0 0 0 0 0 100 0
w8 0 0 0 0 75 25 0
w9 0 0 0 0 30 60 10
w10 0 0 0 0 0 100 0
Wil 30 25 10 10 10 10 5
w12 0 0 0 0 0 100 0
w13 0 0 0 0 0 100 0
w14 5 5 10 10 10 60 0




119

Table 7. Loss of OP, Year 1, Expert Assessment Change in Cost

Expert I i I v v Vi i
Prior 59 59 118 11.8 294 735 1.8
El 0 100 0 0 0 0 0
E2 90 10 0 0 0 0 0
E3 0 0 0 0 20 60 20
E4 10 70 5 5 5 5 0
ES 0 0 0 0 0 20 80
E6 0 0 0 40 60 0 0
E7 0 0 0 0 10 40 50
ES 1 1 1 1 1 5 90
E9 0 0 10 10 10 20 50
E10 0 0 0 20 20 50 10
Ell 0 0 0 0 0 0 100
E12 0 0 0 0 10 80 10
Prior 0.0 5.0 5.0 10.0 20.0 50.0 10.0
Cl 0 0 5 40 40 10 5
C2 0 0 0 0 0 0 100
C3 0 0 10 40 40 10 0
C4 0 0 0 0 0 30 70
Prior 11.8 23.5 353 11.8 5.9 59 5.9
w1 0 0 30 50 20 0 0
w2 0 0 10 30 30 20 10
w3 0 0 0 0 20 50 30
w4 0 0 10 40 40 10 0
w5 0 0 10 20 50 15 5
w6 0 5 10 15 30 30 10
w7 0 10 10 20 20 20 20
w8 0 0 0 0 20 30 50
w9 0 0 0 0 0 10 90
w10 0 0 0 0 0 5 95
Wil 0 10 10 15 15 25 25
W12 0 0 0 10 25 50 15
W13 0 0 0 20 40 40 0
w14 20 50 10 10 10 0 0




Table 8. Loss of OP, Year 1, Expert Assessment for Change in Yield

Expert I i I v Y VI VI
“Prior 88 11.8 17.6 294 14.7 11.8 59
El 0 0 0 0 0 100 0
E2 0 0 0 0 0 20 80
E3 0 0 10 50 30 10 0
E4 0 0 0 0 10 80 10
E5 70 20 10 0 0 0 0
E6 0 0 0 20 50 30 0
E7 0 25 50 25 0 0 0
E8 10 20 25 20 15 5 5
E9
E10 0 10 30 30 20 10 0
Ell 0 0 50 50 0 0 0
El12 10 70 10 10 0 0 0
Prior 5.9 5.9 5.9 59 11.8 52.9 11.8
Cl 0 0 5 20 50 25 0
Cc2 100 0 0 0 0 0 0
C3 0 40 40 20 0 0 0
Cc4 0 30 60 10 0 0 0
Prior 2.9 59 8.8 11.8 11.8 41.2 17.6
w1 0 0 20 50 30 0 0
w2 30 30 20 10 5 5 0
w3 30 40 30 0 0 0 0
w4 0 0 20 60 20 0 0
w5 0 0 0 15 60 25 0
w6 10 20 10 20 20 20 0
w7 5 15 20 30 20 10 0
w8 0 5 10 50 20 15 0
w9 0 5 15 30 30 20 0
W10 0 5 5 5 5 80 0
Wil 30 30 15 10 10 5 0
wi2 0 0 0 0 0 100 0
W13 0 0 0 0 0 100 0
w14 20 20 20 40 0 0 0




121

Table 9. Loss of OP, Year 1, Expert Assessment for Change in Allocation to Fresh

Expert I I 11} v \% VI VII
Prior 11.8 235 29.4 11.8 8.8 8.8 5.9
El 0 0 0 0 0 100 0
E2 0 0 0 0 1 98 1
E3 0 10 50 30 10 0 0
E4 0 0 0 5 10 80 5
E5 80 20 0 0 0 0 0
E6 0 0 0 5 25 70 0
E7 80 15 5 0 0 0 0
E8 0 5 30 30 20 10 5
E9 100 0 0 0 0 0 0
E10 0 0 20 60 20 0 0
Ell 0 50 50 0 0 0 0
E12 20 20 30 20 10 0 0
Prior 10.0 30.0 30.0 15.0 10.0 5.0 0.0
Cl 5 20 50 20 5 0 0
C2 100 0 0 0 0 0 0
C3 0 60 40 0 0 0 0
C4 60 30 10 0 0 0 0
Prior 29 8.8 11.8 17.6 294 17.6 11.8
W1 45 35 10 10 0 0 0
w2 10 25 30 20 10 5 0
w3 0 0 20 20 20 40 0
w4 0 0 0 0 20 20 60
W5 0 5 20 40 25 10 0
w6 50 30 10 5 5 0 0
w7 10 20 30 20 10 10 0
w8 0 0 10 20 50 10 10
w9 0 10 30 30 20 10 0
w10 0 0 0 0 0 100 0
wWi1 25 25 20 10 10 5 5
wWi2 10 60 20 5 5 0 0
W13 0 0 0 0 0 100 0
wWi4 0 5 25 40 25 5 0




Table 10. Loss of APM, Year S, Expert Assessment for Change in Cost

Expert I i m v Vv VI Vil
“Prior 5.9 8.3 11.8 294 23.5 11.8 8.8
El 0 100 0 0 0 0 0
E2 1 98 1 0 0 0 0
E3 0 0 0 10 40 40 10
E4 5 70 10 10 5 0 0
E5 0 80 10 10 0 0 0
E6 0 25 60 15 0 0 0
E7 0 0 0 0 0 0 100
E8 10 30 30 20 10 0 0
E9 0 0 0 10 20 20 50
E10 0 10 20 50 20 0 0
Ell 0 0 30 40 30 0 0
E12 0 100 0 0 0 0 0
Prior 10.0 50.0 20.0 10.0 5.0 5.0 0.0
Cl 0 5 40 30 20 5 0
C2 50 25 25 0 0 0 0
C3 0 0 0 20 40 40 0
Cc4 10 70 10 10 0 0 0
Prior 10.0 10.0 10.0 30.0 20.0 15.0 5.0
w1 40 50 10 0 0 0 0
w2 10 15 20 20 20 10 5
w3 10 80 10 0 0 0 0
w4 0 10 50 30 10 0 0
w5 0 10 10 60 10 10 )
w6 50 10 10 10 10 10 0
w7 0 5 30 20 20 20 5
w8 40 20 10 10 10 5 5
w9 0 2 40 30 28 0 0
W10 40 40 10 5 5 0 0
Wil 20 50 10 10 5 5 0
wi2 5 40 40 15 0 0 0
w13 100 0 0 0 0 0 0
W14 50 20 15 15 0 0 0
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Table 11. Loss of APM, Year S, Expert Assessment for Change in Yield

Expert 1 i m v v VI Vil
Prior 59 88 17.6 353 176 88 59
El 0 0 0 0 0 100 0
E2 0 0 0 0 1 98 1
E3 0 0 10 50 30 10 0
E4 0 0 0 0 20 80 0
ES 0 0 0 10 10 80 0
E6 0 0 0 0 30 70 0
E7 0 5 15 80 0 0 0
E8 0 0 5 5 20 60 10
E9 50 20 20 10 0 0 0
E10 0 10 60 20 10 0 0
Ell 0 0 0 10 80 10 0
E12 0 0 0 0 0 100 0
Prior 5.7 6.3 6.8 7.4 11.4 51.1 11.4
Cl 0 0 0 0 0 100 0
c2 10 10 20 50 10 0 0
C3 0 0 0 0 20 40 40
c4 0 0 10 60 20 10 0
Prior 5.0 6.0 9.0 10.0 20.0 30.0 20.0
w1 0 10 50 40 0 0 0
w2 15 30 20 15 10 5 5
w3 0 0 0 0 0 100 0
w4 0 0 0 10 80 10 0
w5 0 0 5 10 20 60 5
w6 0 5 10 15 40 30 0
w7 0 0 0 10 10 80 0
w8 5 5 5 15 15 40 15
w9 0 0 0 0 10 80 10
w10 0 0 0 0 0 100 0
Wil 20 40 10 10 10 5 5
w12 0 0 0 0 0 100 0
w13

o

10 10 0

W
o
N
(=)
—
(=)

wi4
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Table 12. Loss of APM, Year 5, Expert Assessment for Change in Allocation to Fresh

Expert I i i} v v Vi Vil
Prior 83 7.6 29.4 17.6 1138 88 5.9
El 0 0 0 0 0 100 0
E2 0 0 0 0 1 98 1
E3 0 10 50 30 10 0 0
E4 0 0 0 0 5 90 5
ES 0 0 0 10 10 80 0
E6 0 0 0 5 10 85 0
E7 85 10 5 0 0 0 0
E8 0 0 0 10 15 60 15
E9 100 0 0 0 0 0 0
E10 0 0 0 10 40 40 10
Ell 0 0 0 10 80 10 0
El2 0 0 0 0 0 100 0
Prior 5.9 11.8 353 17.6 11.8 8.8 8.8
Cl 5 40 40 10 5 0 0
C2 0 5 10 20 60 5 0
C3 0 0 0 0 20 40 40
ca 5 10 50 30 5 0 0
Prior 5.9 5.9 5.9 5.9 17.6 47.1 11.8
w1 40 25 25 10 0 0 0
w2 5 5 10 30 20 20 10
w3 0 0 0 0 10 90 0
W4 0 0 0 0 0 20 80
w5 0 0 10 10 20 50 10
w6 0 5 5 5 15 70 0
w7 0 0 0 10 20 40 30
w8 0 0 0 10 20 70 0
w9 0 0 0 0 10 80 10
W10 0 0 0 0 0 100 0
wil 5 5 15 15 25 25 10
w12 0 0 0 0 0 100 0
w13 0 0 0 0 0 100 0
w14 20 40 20 20 0 0 0
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Table 13. Loss of OP, Year 5, Expert Assessment Change in Cost

Expert I i T v v \Yi Vi
Prior 59 88 88 1.8 1.8 353 17.6
El 0 20 50 30 0 0 0
E2 20 60 20 0 0 0 0
E3 0 0 0 0 0 0 100
E4 0 60 10 10 10 10 0
E5 0 0 0 0 10 20 70
E6 0 0 0 70 30 0 0
E7 0 0 0 0 10 30 60
ES 0 5 5 5 5 5 75
E9 0 0 0 10 10 10 70
E10 0 0 0 30 60 10 0
Ell 0 0 0 0 0 0 100
E12 0 0 0 10 10 10 70
Prior 5.9 8.8 8.8 11.8 17.6 29.4 17.6
Cl 0 0 0 0 10 30 60
C2 0 0 0 0 0 100
C3 20 60 20 0 0 0 0
C4 0 0 0 0 10 20 70
Prior 11.8 11.8 17.6 29.4 11.8 11.8 5.9
w1 0 0 0 0 10 40 50
w2 5 10 20 20 20 15 10
w3 0 0 0 0 0 90 10
w4 0 0 0 20 60 20 0
w5 0 5 10 20 50 15 0
w6 0 0 0 0 10 10 80
w7 0 5 10 20 20 20 25
w8 0 0 0 0 0 40 60
w9 0 0 0 0 0 5 95
W10 0 0 0 0 0 0 100
wil 5 10 10 10 15 20 30
Wi2 0 0 0 10 20 50 20
W13 0 0 0 0 0 0 100
W14 0 0 0 20 20 20 40
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Table 14. Loss of OP, Year 5, Expert Assessment for Change in Yield

Expert T i m v v VI Vil
Prior 59 88 176 353 7.6 88 59
El 0 0 0 0 0 100 0
E2 0 0 0 0 20 60 20
E3 20 60 20 0 0 0 0
E4 0 0 0 10 10 80 0
ES 0 20 50 30 0 0 0
E6 0 0 0 40 50 10 0
E7 50 40 10 0 0 0 0
E8 0 0 0 0 15 70 15
E9

E10 0 0 20 60 10 10 0
Ell 0 0 20 70 10 0 0
E12 50 30 10 10 0 0 0
Prior 5.0 10.0 15.0 40.0 15.0 10.0 5.0
Cl 0 5 40 40 15 0 0
C2 50 50 0 0 0 0 0
C3

c4 0 40 60 0 0 0 0
Prior 5.0 10.0 15.0 40.0 15.0 10.0 5.0
Wi 10 50 20 10 10 0 0
w2 30 30 20 10 5 5 0
W3 80 20 0 0 0 0 0
w4 0 0 0 20 60 20 0
w5 0 0 0 10 55 35 0
W6 0 0 0 50 30 20 0
w7 5 20 30 20 15 10 0
w8 0 0 10 30 30 30 0
w9 10 25 20 20 20 5 0
W10 0 0 0 0 0 100 0
wil 10 35 20 10 10 10 5
w12 0 0 0 0 0 100 0
w13

wi4 10 40 20 20 10 0 0
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Table 15. Loss of OP, Year 5, Expert Assessment for Change in Allocation to Fresh

Expert I i it v Vv \i \ii
Prior 17.6 353 147 11.8 88 59 59
El 0 0 0 0 0 100 0
E2 0 0 0 0 20 60 20
E3 0 50 30 20 0 0 0
E4 0 0 5 5 5 80 5
E5 50 30 20 0 0 0 0
E6 0 0 0 30 50 20 0
E7 60 40 0 0 0 0 0
E8 0 0 0 10 40 40 10
E9

E10 0 20 40 20 20 0 0
Ell 0 30 60 10 0 0 0
El12 30 30 30 10 0 0 0
Prior 17.6 35.3 11.8 11.8 8.8 8.8 5.9
Cl1 70 20 10 0 0 0 0
Cc2 30 40 20 10 0 0 0
C3 0 0 0 0 0 40 60
C4 80 20 0 0 0 0 0
Prior 8.8 8.8 17.6 29.4 17.6 11.8 5.9
wi 30 30 20 10 10 0 0
w2 5 5 15 30 20 15 10
w3 0 0 40 20 20 20 0
w4 0 0 0 0 0 20 80
w5 0 10 20 40 20 10 0
w6 0 0 50 30 20 0 0
w7 10 20 20 20 20 10 0
w8 0 15 30 20 20 10 5
w9 0 10 30 25 25 10 0
W10 0 0 0 0 0 100 0
w11 10 25 25 15 10 10 5
wi2 0 0 0 0 0 100 0
w13 20 40 40 0 0 0 0
wi4 40 20 20 20 0 0 0
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Table 16. Loss of APM, Year 1, Change in Cost, SPR =0.13"

I I 111 v \'/ VI VII

East

Prior 8.8 11.8 353 17.6 11.8 8.8 5.9
Expert 1.5 33.0 15.0 154 16.8 15.0 3.3
Posterior 7.8 11.4 35.6 18.1 12.1 9.1 5.8
t-value 3.8 4.7 9.2 5.8 4.5 3.7 3.0
Central

Prior 0.0 5.0 10.0 20.0 50.0 10.0 5.0
Expert 0.0 0.9 8.0 21.0 32.8 15.1 22.2
Posterior 0.0 3.2 7.6 17.2 52.0 12.7 7.3
t-value 0.0 6.1 8.9 13.9 31.2 10.9 8.1
West

Prior 59 11.8 11.8 17.6 294 14.7 8.8
Expert 1.9 12.3 10.3 233 14.0 13.6 24.6
Posterior 2.2 6.5 8.1 14.6 31.5 20.7 16.4
t-value 24 3.5 3.6 50 7.5 5.4 43

¢ Rows show the probability estimates over the intervals I-VII. For convenience, we repeat
the prior from table 4 and list a summary statistic of the expert opinion using the arithmetic
mean of all probabilities supplied by experts in the respective regions. The row “posterior”
gives the mean estimate of the posterior obtained in a Monte Carlo of 1000 iterations and
the row “t-value” reports the corresponding t-value.

Table 17. Loss of APM, Year 1, Change in Yield, SPR =0.13

Expert I I I v A" VI VII
East

Prior 0.0 0.0 6.1 6.1 13.1 61.6 13.1
Expert 0.0 0.0 1.9 9.0 23.9 62.7 2.5
Posterior 0.0 0.0 8.7 8.0 15.8 59.1 84
t-value 0.0 0.0 6.2 6.0 8.9 26.6 7.0
Central

Prior 5.8 6.4 7.0 7.6 83 64.9 0.0
Expert 8.0 6.8 11.6 29.2 15.1 29.2 0.0
Posterior 83 8.3 8.5 8.8 9.1 57.1 0.0
t-value 74 7.6 79 7.8 8.5 29.2 0.0
West

Prior 59. 5.9 59 59 5.9 64.7 5.9
Expert 6.7 5.6 35 42 7.2 68.5 43
Posterior 53 5.7 5.8 59 5.9 66.0 54

t-value 9.1 10.5 11.0 112 1.1 62.8 11.7
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Table 18. Loss of APM, Year1, Changg in Allocation to Fresh, SPR =0.13

Expert I II I v A\ \21 VII
East

Prior 0.0 5.0 15.0 30.0 30.0 15.0 5.0
Expert 0.0 1.8 44 19.0 23.8 394 11.7
Posterior 0.0 0.8 4.8 17.9 322 27.7 16.5
t-value 0.0 2.1 3.9 6.3 7.4 6.0 3.6
Central

Prior 0.0 6.1 11.7 14.4 47.8 20.0 0.0
Expert 0.0 6.9 26.1 41.3 21.0 4.7 0.0
Posterior 0.0 9.7 153 16.9 448 13.3 0.0
t-value 0.0 7.3 10.5 11.5 233 11.4 0.0
West

Prior 5.9 5.9 5.9 17.6 41.2 17.6 5.9
Expert 39 43 7.6 6.3 14.6 59.7 3.6
Posterior 1.2 2.0 2.6 9.3 36.2 29.9 18.8
t-value 1.3 1.4 1.3 2.5 44 3.6 2.0

Table 19. Loss of OP, Year 1, Change in Cost, SPR =0.13

Expert I II HI v \" Vi VII
East

Prior 5.9 59 11.8 11.8 294 23.5 11.8
Expert 8.8 15.0 2.2 6.9 11.5 22.7 32.9
Posterior 2.6 35 8.3 9.5 28.3 28.7 19.0
t-value 2.1 2.2 3.3 34 6.0 5.9 4.0
Central -
Prior 0.0 5.0 5.0 10.0 20.0 50.0 10.0
Expert 0.0 0.9 4.5 19.8 19.8 12.7 42.2
Posterior 0.0 34 3.8 8.3 18.3 533 12.9
t-value 0.0 43 43 6.5 10.0 234 8.0
West

Prior 11.8 23.5 353 11.8 59 5.9 5.9
Expert 23 5.9 7.6 16.3 223 21.3 243
Posterior 0.3 2.7 14.4 13.5 12.0 17.2 39.9

t-value 1.2 1.9 2.4 1.8 1.4 1.6 2.6
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Table 20. Loss of OP, Year 1, Change in Yield, SPR =0.13

Expert I II I v \'/ VI VII
East

Prior 8.8 11.8 17.6 29.4 14.7 11.8 59
Expert 8.6 13.3 16.7 18.4 11.6 22.6 9.0
Posterior 5.7 9.5 16.0 304 16.7 14.2 7.4
t-value 5.4 7.2 9.4 15.2 9.9 9.4 6.4
Central

Prior 5.9 59 5.9 59 11.8 52.9 11.8
Expert 24.3 17.3 25.5 12.6 12.6 6.8 0.9
Posterior 13.0 10.1 8.8 7.9 13.9 41.6 4.7
t-value 5.6 52 5.0 4.7 6.8 15.2 5.1
West

Prior 2.9 59 8.8 11.8 11.8 41.2 17.6
Expert 9.3 12.3 13.3 22.3 15.6 26.3 0.9
Posterior 15.6 16.9 17.5 15.9 11.6 20.0 2.5
t-value 2.5 32 3.5 3.8 3.6 5.5 3.2

Table 21. Loss of OP, Year 1, Change in Allocation to Fresh, SPR = (.13

Expert I I I v \" VI VII
East

Prior 11.8 23.5 29.4 11.8 8.8 8.8 5.9
Expert 22.7 10.3 15.3 12.6 8.4 28.8 1.8
Posterior 9.0 21.8 30.1 12.8 9.7 9.9 6.7
t-value 3.1 5.1 6.8 3.7 3.2 3.3 2.6
Central

Prior 10.0 30.0 30.0 15.0 10.0 5.0 0.0
Expert 39.9 26.9 24.5 5.7 2.1 0.9 0.0
Posterior 16.4 36.0 27.7 11.2 6.2 2.4 0.0
t-val