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Appendix A

EPA Actions Considered in this Study

As part of this study, each of the program offices at EPA submitted
a description of the regulations that were passed during the past
five years and those that were being considered for the next five
years. These regulations were reviewed to determine which ones
were likely to have a direct economic impact on the agricultural
sector; regulations having an indirect economic impact were not
included in this analysis because of the difficulty in determining
what portion of their cost would be passed on to agricultural
producers. The set of potential direct impacts included:

Air

Air

OPTS

Lead Phasedown: If lead is banned from gasoline, farmers
that use gasoline powered tractors, combines and trucks
would have to use a fuel additive or rebuild their
valves. These costs were incorporated into Scenario 3. 

Agricultural Burning Restrictions: Agricultural open              
burning of crop residues may be restricted. P o s s i b l e  
control techniques include proper fire and fuel manage-
ment, appropriate burning operations under optimum
meteorological conditions, and alternative residue
disposal procedures. The impact of this regulation was 
not quantified in this study because of insufficient
information on its cost and incidence.

SARA Title III (jointly with OSWER): Title III of SARA
requires farmers to provide information on the chemicals
that they use and store. The cost of Sections 302-303
are estimated to be approximately $50 per farm, and
apply to 33% of all farms. Farms are exempt from 311-
312 requirements provided that they do not employ more
than 10 full-time employees. This means that virtually
all farms are exempt from Section 311-312 requirements.
SARA Title III costs were incorporated into Scenarios 
1-3.

OSWER

OSWER

Financial Responsibility Requirements for Petroleum
Underground Storage Tanks (USTs): Would require farms
with petroleum USTs of greater than a 1,100 gallon
capacity to carry insurance. This would cost farms
$2,500 per year. Information is available on the
number of covered USTs in each USDA production region;:
however, no information is available concerning the
types of farms most likely to have them. Insurance
costs were incorporated into Scenarios 1-3.

Technical Standards for Design and Operation of USTs
Containing Petroleum or Hazardous Substances: By 1991,
farms having USTs will have to begin monitoring. This
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OSWER Waste Oil Management: There is insufficient information
to determine whether this is relevant.

Water Nonpoint Source Guidance and Management Plans: Under
legislation passed in February 1987, states were given
grants to assess the magnitude of NPS problem and to
develop management plans. These plans will have to be
submitted by August 1988. EPA has until February 1988
to approve the plans. Information from Office of Water
indicates that this should not be considered a direct
affect on agriculture because EPA cannot force states
to implement their management plans and because actions
on the part of farmers will be voluntary.

is estimated to cost $500 and will have to be repeated
at least every 3 years. If a leak is found, they will
have to be repaired and upgraded. No information is
available on the likelihood of finding leaks in farm
USTs or the cost of repairing or replacing the tanks.
By year 10, all USTs will have to be brought up to
standards, again. Monitoring costs were incorporated
into Scenarios l-3. Although there is no information
specific to farm USTs, national data estimate that 15
percent of all USTs may be leaking. The estimated cost
of replacing a 4,000 gallon coated and cathodically
protected tank system is $21,000 and the cost of upgrading
an existing tank is $3,050.

Water Wellhead Protection Program: Section 1428 of SDWA as
amended in June 1986 mandated states to submit wellhead
protection programs to EPA. Although states are required
to submit plans, there are no federal sanctions for not
submitting except for the withholding of grant funds.
Twenty states have begun development of plans. The
cost question is difficult to address because there are
no minimum federal standards or management strategies
which states must include as part of an approvable WHP;
therefore, impacts are likely to vary considerably from
state to state. These costs were not quantified in
this study.

Water National Estuary Program: There are no national program
guidances and/or regulations yet associated with the
NEP. The first is expected in 1989. For agriculture,
use of pesticides in certain watersheds may be eliminated
or restricted. Target reductions of nutrient loadings
may be established and BMPs may be put into place by
SCS and state cost sharing programs. No information is
currently available to determine the impact of this
program on agriculture.
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Water

OPTS

OPTS

OPTS

OPTS

Sewage Sludge Regulations: A proposed rule is planned
for October 1988. This rule may limit the amount of
municipal sludge farmers are allowed to use on their
fields. No information currently exists on the limits
that would be imposed or the costs that farmers would
bear as a result of this rule.

FIFRA/OPP Part 170 (Farm workers): The proposed rule
establishes requirements to improve the occupational
health and safety of workers performing hand labor in
the fields. Specific estimates on per acre production
cost increases for various crops were utilized in this
analysis and were incorporated into Scenarios 1-3.

Pesticides in Groundwater Strategy: Groundwater
protection may result in prohibitions of certain water
soluble pesticides in areaswith vulnerable groundwater.
Three alternative sets of impacts associated with the
Pesticide in Groundwater Strategy were developed by
OPTS and used-in Scenarios l-3.

Endangered Species Act: Actions that bring EPA into
compliance with the Endangered Species Act will impose
some direct costs on agriculture. No information
currently exits to determine the extent of costs imposed
by the ESA; therefore, these costs were not included in
this analysis.

FIFBA/OPP Individual Actions: The following individual
actions were included in this study: cancellation of
EDB, toxaphene, dinoseb; restricted use of alachlor;
cancellation of yield enhancement of cholordimeform;
and an expansive, intermediate, and conservative scenario
for actions on the following groups of pesticides:
fungicides, corn rootworm insecticides, broad spectrum
organophosphates, and grain fumigants.

Direct Impacts Included in the Empirical Analysis:

The objective of this study is to examine the cumulative impact
that EPA policies promulgated over the period 1983-1992 have on
the agricultural sector. It is obviously difficult to predict
what future EPA policies might look like: therefore, we have
defined three alternative scenarios corresponding to a range of
future EPA policies. The scenarios can best be summarized as
follows:

SCENARIO 1: Past and current EPA actions plus a conservative
(low cost) set of assumptions about future
actions.
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SCENARIO 2: Past and current EPA actions plus an inter-
mediate (mid cost) set of assumptions about
future actions.

SCENARIO 3: Past and current EPA actions plus an expansive
(high cost) set of assumptions about future
actions.

Past and Near Term Actions Included in Scenarios 1 - 3:

Actions that the Agency has undertaken in the past five years or
plans to undertake in the very near future were included. in all
three scenarios. These actions are:

EDB - cancellation
Toxaphene - cancellation
Dinoseb - cancellation
SARA Title III 
Leaking Underground Storage Tanks
Farm Worker Protection Standards
Chlorodimeform - cancellation of yield enhancement
Alachlor - restricted use.

For actions that there is a great deal of uncertainty over, three
alternative plans were considered, with the most conservative
plan being incorporated into Scenario 1, the intermediate plan
into Scenario 2, and the most expansive plan into Scenario 3.
These actions and the alternative plans are listed below:

Fungicides

Scenario 3: EPA would cancel the use of all EBDCs and
chlorothalonil. Captan would not be
cancelled.

Scenario 2: EPA would cancel the use of all EBDCs.
Chlorothalonil and captan would not be
cancelled.

Scenario 1: EPA would put additional restrictions on the
use of all EBDCs chlorothalonil and captan
(e.g., restricted use, pre-harvest
restrictions, limited number of
applications).

Corn Rootworm Insecticides

Scenario 3: EPA would cancel all of the corn rootworm
insecticides.
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Scenario 2: EPA would cancel all of the corn rootworm
insecticides with the exception of one of the
organophosphates and one of the carbamates.

Scenario 1: EPA would cancel soil use, but not foliar
use, of all of the corn rootworm
insecticides.

Broad Spectrum Organophosphates

Scenario 3:

Scenario 2:

Scenario 1:

Grain Fumigants

Scenario 3:

Scenario 2:

Scenario 1:

EPA would cancel three-quarters of all of the
broad spectrum OPs. The most toxic ones
would be cancelled.

EPA would cancel one-half of all of the broad
spectrum OPs. The most toxic ones would be
cancelled.

EPA would place restrictions on the use of
OPs (e.g., closed cabs).

EPA would cancel methyl bromide. Aluminum
phosphine and magnesium phosphine would not
be cancelled.

EPA would put additional restrictions on the
use of methyl bromide, aluminum phosphine,
and magnesium phosphine.

No action.

Pesticides in Groundwater Strategy

Scenario 3: EPA would cancel the use of aldicarb, alachlor,
and three triazines over the next five years
in all counties having high drastic scores
and 20% of the counties having medium drastic
scores.

Scenario 2: EPA would cancel the use of aldicarb, alachlor,
and three triazines over the next five years
in 25% of the counties having high drastic
scores.

Scenario 1: EPA would cancel the use of aldicarb in 25%
of the counties having high drastic scores.
Restricted use would be instituted for alachlor
and the triazines. Monitoring would be-required
for the triazines that have not yet had
monitoring required.
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Lead Phaseout

Scenario 1,2: A total ban of lead in gasoline (for agricul-
tural use) was not assumed in these two
scenarios.

Scenario 3: EPA would eliminate lead in gasoline for
agricultural use.

Risk Reductions Corresponding to the Actions Considered:

The objective of the preceding report is to estimate cumulative
costs associated with EPA actions. To provide some background as
to why EPA has undertaken, or might consider, the actions listed
above, the following section describes the health and environmental
risks and exposure pathways associated-with the substances those
actions are meant to control.

EDB:

Health effects were the primary concern that motivated the cancel-
lation of EDB. EDB is classified as a likely human carcinogen
and may cause adverse reproductive effects to exposed workers.
The exposure routes were: food consumption, drinking water, and
worker exposure. Cancer risk estimates due to occupational

  inhalation of EDB range from 1 x 10-1 to 3.6 x 10-4 . Millworkers
and farmers had the largest populations of workers at risk, with
16,000 millworkers and 14,000 farmers estimated as being exposed
to EDB through inhalation. Dietary risks occurred through the
consumption of wheat products, citrus, and tropical fruits.
Cancer risks from EDB to the average U.S. consumer were estimated
to be 3.55 x 10-3 d u e to wheat product consumption and from 2.8 x
10-4 to 1.7 x 10-5 due to citrus fruit consumption, depending on
state requirements about fumigation.

Toxaphene:

Ecological damages were the primary concern motivating the cancel-
lation of toxaphene. Toxaphene was found to cause adverse reproduc-
tive effects in fish populations at very low concentrations. It
may be carried for long distance in the upper atmosphere and find
its way into water bodies far from the locations where it was
used. In addition to the concern about fish populations, laboratory
experiments indicated that toxaphene has both acute and chronic
effects on several bird species. Finally, human exposure may
occur both through worker exposure (inhalation and dermal) and
dietary exposure. Estimates of lifetime probability of cancer to
toxaphene applicators (toxaphene was applied to several crops)
ranged from 2 x 10-2 to 3 x 10-5. Dietary risk was estimated to
be the greatest for local populations of fish consumers in areas
where significant fish contamination had been demonstrated.
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Dinoseb:

Exposure to dinoseb may cause a variety of hazards such as develop-
mental toxicity, reproductive toxicity, acute toxicity, induction
of cataracts, and immunotoxicity. An oncogenicity hazard (resulting
in benign tumors) may also exist. A particular concern that led
to the emergency suspension of dinoseb was its potential to cause
birth defects. Exposure to dinoseb occurred through direct contact
by farm workers. Approximately 45,000 workers, including up to
2,200 females, were involved in the application of dinoseb. A
large number of farm workers and bystanders had the potential to
be exposed to dinoseb during or shortly after application, and
other people had a chance of being exposed by a secondary route
(e.g., laundering of contaminated clothing). In addition, dinoseb
has been found in groundwater in several states, indicating that
exposure through drinking water is also possible.

Chlorodimeform:

The registrants of chlorodimeform have voluntarily cancelled it
since the beginning of this project. Chlorodimeform was used
only on cotton. The health risk of concern was the possibility
of cancer in exposed workers.

Alachlor:

Risk of cancer is the primary concern associated with alachlor.
There are multiple routes of exposure: worker exposure, consumption
of ground water and surface water, and residue on food products.

Farm Worker Safety:

The objective of farm worker safety requirements are to minimize
the acute and chronic health effects for pesticide handlers and
field workers. There are approximately 500,000 handlers and 1.8
million field workers. The regulations are directed primarily
towards minimizing the risk of acute poisoning. There are 20,000
to 300,000 acute poisoning incidences estimated to occur annually
due to farm worker exposure.

Underground Storage Tank Regulations:

The proposed underground storage tank regulations would set
insurance and monitoring requirements for underground petroleum
tanks (with greater than 1,100 gallon capacity) on farms. The
primary health risks associated with leakage from these tanks are
cancer (caused by benzene, a component of petroleum) and fire and
explosion. Ecological damages may occur if leakages found their
way into streams. Risks are greatest in small streams where the
opportunity for dilution is less than in larger streams.
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SARA Title III:

Benefits associated with Title III take the form of "negative
reductions in damages". Title III is expected to contribute to
human health and welfare in at least two ways: by helping to
prevent potentially harmful releases of hazardous substances, and
by making it possible to reduce the harm from those releases that
still occur.

Fungicides:

The fungicides OPP may consider for cancellation are classified
as probable human carcinogens. Exposure routes for fungicides
are: worker exposure, dietary, and groundwater. Worker exposure
is the primary concern associated with chlorothalonil at this
point, with dietary exposure the primary concern for both captan.
and EBDCs; however, evidence of thyroid and teratogenic effects
(birth defects) have been found for EBDCs. Chlorothalonil and
EBDCs (or their breakdown products) have been found in groundwater.

Broad Spectrum Organophosphates:

There are both human health and ecological concerns associated
with broad spectrum organophosphates (OPs).
toxic.

The OPs are acutely
They depress an enzyme that causes an interference with

nerve transmission, and may result in nausea, diarrhea, dizziness,
or death. In addition, some OPs may result in adverse eye effects
(myopia) and neurological disorders. Worker exposure, dietary
exposure, and groundwater contamination are all of concern.
Ecological impacts are also a concern, since broad spectrum OPs
are acutely toxic to birds and fish, as well as humans.

Corn Rootworm Insecticides:

The health and ecological concerns associated with corn rootworm
insecticides are similar to those for broad spectrum organophos-
phates. However, worker exposure is not thought to be a problem
with corn rootworm insecticides because they are applied in granular
form, as opposed to a spray. Hazard to bird populations is a major
concern with corn rootworm insecticides.

Grain Fumigants:

Worker exposure is the primary concern with grain fumigants.
Methyl bromide may result in acute toxicity (possibly causing
nausea, diarrhea, dizziness, or death) while aluminum phosphine
and magnesium phosphine are neurotoxins.

Pesticides in Groundwater:

Alachlor effects and exposure routes are discussed above.
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Aldicarb is an acutely toxic substance that may result in nausea,
diarrhea, dizziness, or death. The exposure paths of concern for
aldicarb are residues on food (mainly potatoes and citrus crops)
and groundwater contamination.

Triazine herbicide (cyanazine, atrazine, and simazine) exposure
may occur through groundwater and surface water. Health effects
are the primary concern for these substances. All of the triazines
are considered possible human carcinogens, And there is some
concern that the triazines can react with nitrites (also found in
groundwater) to form nitrosamines, which are potent animal carcin-
ogens. In addition, exposure to cynanzine may cause birth defects.

Lead in Gasoline:

Lead in gasoline has been shown to increase blood lead levels,
which in turn have been linked to a variety of serious health
effects, particularly in small children. Recent studies linking
lead to high blood pressure in adult males also are a source of
concern. People are exposed to lead from gasoline through a
variety of routes, including direct inhalation of lead particles
when they are emitted from vehicles, inhalation of lead contaminated
dust, and ingestion of lead contaminated food.
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Appendix B

AGSIM Model and Results

1.0 Introduction

In examining the impact of EPA actions on the financial condition
of agri cultural producers, it is crucial to account for the crop
and livestock price increases that result from these actions.
Failure to account for these price changes would result in an
overestimation of the impact of EPA actions on farmers. The crop
and livestock price changes resulting from EPA policies were
predicted using AGSIM, a regional econometric-simulation model of
U.S. crop and livestock markets (Eales, Frank, Taylor 1987a,
1987b, 1987c). The new crop and livestock prices obtained from
AGSIM under each scenario, were then used as inputs to represen-
tative farm models (along with additional information on production
costs and yield impacts) to determine the change in financial
condition caused by EPA actions. The-set of crop and livestock
prices in the base run of AGSIM (no EPA actions) is presented in
Table B-2 (tables appear at the end of this appendix). T h e
change in these prices under Scenarios 1, 2, and 3, are presented
in Tables B-6, B-11, and B-16, respectively.

In addition to providing information on price changes, AGSIM is
useful in predicting the impact of EPA actions on: crop acreage,
livestock production, and changes in aggregate producer and
consumer welfare. All of these impacts are examined in this
appendix; however, only the price changes are essential to the
preceding report. While the examination of these additional
impacts does not shed any further light on how representative
producers are impacted by EPA actions, it provides a more complete
picture of the cost these actions are likely to have on society
as a whole.

2.0 Description of AGSIM

AGSIM simulates regional production of major field crops and
livestock as well as the demand for those commodities. Together
the demand and supply systems provide estimates of commodity
production, distribution, prices, and the economic welfare of
producers and consumers. Initial impacts of EPA actions under
each scenario are expressed as inputs to AGSIM in the form of
increased costs of crop production and reduced crop yields.

The crop supply component of AGSIM is comprised of a set of
supply equations for each of 11 regions. Results from only 10
regions are presented here to correspond to the principal produc-
tion regions. Crops included in the model are corn, grain-sorghum,
barley, oats, wheat, soybeans, cotton, and hay. Cultivated
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summer fallow is treated as another land use in semi-arid regions.
Region definitions are presented below.

Corn Belt:
Lake States:
Northern Plains:

Southern Plains:
Mountain States:

Pacific States:
Delta States:
Southeast:
Appalachia:

Northeast:

Iowa, Illinois, Indiana, Missouri, Ohio
Michigan, Minnesota, Wisconsin
Kansas, Nebraska, North Dakota, South
Dakota
Oklahoma, Texas 
Arizona, Colorado, Idaho, Montana,
Nevada, New Mexico, Utah, Wyoming
California, Oregon, Washington
Arkansas, Louisiana, Mississippi
Alabama, Florida, Georgia, South Carolina
Kentucky, North Carolina, Tennessee,
Virginia, West Virginia
Mid-Atlantic States and New England

For each region, the model first determines total acreage planted
or placed in summer fallow and total acreage diverted or set-aside
under farm programs. Then, a set of equations determine the
proportion of acreage planted to each crop. Acreage is modeled
as a function of expected returns, which account for target
prices. Yield per acre, modeled as a time trend-for each crop in
each region is held constant after 1987 (except as altered by EPA
actions). Yield per acre is multiplied by acreage to calculate
production. Summing crop production across regions and adding
inventories determines crop supply.

Crop demands are estimated for cotton lint, hay, grain exports,
grain stocks, food, soybeans, feed, and cottonseed. The soybean
demand component consists of a crushing, export, and stock demand
function as well as demands for the derivative meal and oil
products. These functions are primarily determined by relative
prices.

Equating crop supply and demand functions and solving the system
of price-dependent equilibrium excess supply equations provides
annual equilibrium prices. Prices from one simulated year are
used to calculate net returns for that year. The system is
recursive. A price from one year may affect acreage response
the following year. Expected net returns drive the acreage
response functions. The maximum of price from the previous
simulated year and the effective support price is used to calculate
expected net returns. That is, price from the previous year
serves as a price expectation for the following year.

The livestock sector of AGSIM is linked to the crop sector through
feed and hay prices which determine the supply and inventory of
livestock products: beef, veal, pork, chicken, and milk. Also,
quantities of feed demanded are influenced by livestock prices.
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The model runs twice to simulate a technological change. The
initial, or base run simulates commodity market conditions without
any technological change. A second run simulates market condi-
tions under the new technology, showing differences attributable
to the technology. The three scenarios were simulated by changing
the yields, and both fixed and variable production costs of
selected crops in particular regions.

The principal limitation on the interpretation of AGSIM results
is that the model is not specific and detailed enough to recognize
any particular technological change. That is, any two changes
having identical impacts on net returns would be treated identi-
cally by AGSIM and, thus, calculated economic impacts would be
identical. The factors that might limit use of any particular
technology may not be incorporated in AGSIM. Overestimating
impacts is a real possibility.

Income impacts may be overestimated because AGSIM does not account
for the effects of price changes on commodity program payments.
Commodity programs may stabilize farm income. When prices rise,
revenues derived from commodity sales rise, but deficiency payments
fall, thereby partially offsetting the revenue increase. AGSIM
calculates farm income based on a market price ignoring deficiency
payments and hence the reduction in payments likely to accompany
an increase in market price.

AGSIM simulates production and the operation of commodity markets
over a ten year horizon. The year-by-year changes cannot be
considered market forecasts. Instead, the multi-year infor-
mation is designed to provide a longrun description of the policy
impacts. AGSIM is designed to equilibrate supply and demand
forces in each simulated year. Actual commodity markets may
operate, at times, with much greater or lesser speed than AGSIM
suggests. For example, price expectations modeled-in AGSIM do
not rapidly adjust to changed conditions. That expectations
mechanism is empirically adequate for historical data. Whether
that expectation formation mechanism will hold in the future is a
matter of speculation. The particular type of equilibrium assumed
for commodity markets in AGSIM leads to stocks being rapidly
depleted. In recent years, stocks have demonstrated much more
inertia, suggesting that prices may not increase as rapidly as
the AGSIM simulations suggest. Again, these examples indicate
that the presented time paths variables follow are primarily
descriptive, rather than exact.

Information from the AGSIM base run and the three alternative
policy runs is presented in this appendix. Information from a
base run, which is common to all three policy scenarios, is
presented in Tables B-l through B-4. This information includes
crop acreage by commodity, commodity prices (farm level prices
for crops and retail prices for dairy and livestock commodities),
crop and livestock income, and livestock production. Crop income
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is calculated by subtracting most fixed and variable production
costs from gross revenue. Land costs and commodity program
payments are not considered in that calculation. Changes in
acreage, prices, and income are presented for each policy scenario.
Also, several variables measuring income changes throughout the
agricultural sector and impacts on consumers are shown.

Gains and losses resulting from regulations affecting crop
productivity may go far beyond the farms for which yields and
costs of production are immediately affected. The crop sector
supplies the dairy and livestock sectors. Increased crop produc-
tion costs and reduced production may lead to higher feed costs
and hence higher meat and dairy products. Other industries
depend on the success of crop enterprises. Industries that
process and market field crops as well as dairy and livestock
products depend on the price and volume of those products. AGSIM
provides some estimates of the aggregate gains and losses to
industries up and down the food and fiber marketing chain.

The heading, "Crop Consumer Effect" in the boxheads of Tables B-9,
B-14, and B-19 refers to the sum of gains or losses to consumers
(that is, the effects of higher prices for all food and fiber
products) and to all industries beyond the farm gate that depend
on crop production. These industries include, but are not limited
to, processors, packers, retail grocers, and transportation
firms. One should expect that as crop production is carried out
less efficiently, farm prices will rise and output will fall.
The intermediate industries will have reduced business and the
price increase, representing higher input prices to processors,
will imply reduced profits for the various processing industries.
With higher input and output prices throughout the marketing
chain, consumers should face higher retail prices.

Similarly, the heading "Livestock Consumer Effect" refers to the
sum of gains and losses beginning with livestock purchasers and
ending with consumers of meat and dairy products.' These gains
and losses are a subset of those included in the "Crop Consumer
Effect". The "Livestock Consumer Effect" is smaller, in absolute
value, than the "Crop Consumer Effect" because the latter effect
includes crop uses that do not support livestock production.
Only a small portion of wheat supply, for example, is used for
livestock feed. Cotton is not used for livestock feed, although
cottonseed meal is used for feed.

Just and Hueth showed that in vertically related industries where
the output of each industry is an input for the industry one
step up the marketing chain, the welfare effects of an imposed
price distortion in an initial or intermediate market on all
forward industries can be captured by measuring the change in
consumers' surplus (the difference between what consumers are
willing to pay and what they are required to pay to acquire goods
and services). That is, if a calculation to compute changes in
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consumers' surplus were carried out on an initial or intermediate-
level general equilibrium demand function, the change should be
interpreted as the change in final consumers' surplus plus the
changes in all forward industry rents. Chavas and Collins
generalized this analysis to include technological change or
distortion. These ideas are incorporated in the AGSIM calcula-
tions presented here.

3.0 Results

As discussed above, the impact of EPA actions on crop producers
are entered into AGSIM in the form of yield decreases and/or
production cost increases. These impacts result in a decline in
crop production and an increase in crop prices - a cost for crop
purchasers. Yield and cost changes in Scenario 1 are the least
of the three scenarios. The changes induce losses for both crop
consumers and producers. As a result of higher costs of feeding
livestock, livestock income decreases, but livestock purchasers
are affected less since livestock prices change less then crop
prices.

Scenarios 2 and 3 generate greater effects than Scenario 1,
primarily because of larger corn yield declines beginning in
1992. Prior to 1992, these two scenarios have somewhat greater
cost changes than Scenario 1, while Scenario 3 has greater changes

 than Scenario 2. Thus, Scenarios 2 and 3 cause somewhat larger-
price changes than Scenario 1, during that time period. A s  a
result, crop consumers, livestock producers, and livestock
consumers generally lose more and crop producers lose less than
in Scenario 1. Beginning in 1992, prices, in Scenarios 2 and 3
increase so much that crop income increases. In effect, the
relatively large yield and cost changes of Scenarios 2 and 3
cause an income transfer from crop consumers to crop producers.
Crop consumers, livestock producers, and livestock consumers lose
more while producers gain more for Scenario 3 than Scenario 2,
during 1992-96.

While crop producers gain in aggregate under Scenarios 2 and 3
during 1992-96, income does not increase for all crops and all
regions. The cost and yield changes cause a complex change of
acreages and prices for different crops. Income decreases for
some crops because price increases do not outweigh cost increases
and/or yield declines. Crop income declines in some regions.
For example, the Northeast and Appalachian States lose in Scenario
3 because they have the highest corn yield losses, despite higher
corn prices.

Scenario 1

Scenario 1 assumes the smallest initial direct changes in yields
and costs among the three scenarios. Only cotton, soybeans, and
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wheat yields decrease, all by less than 0.5 percent. Fixed
costs generally increase by less than $1 per acre, but never by
more than $1.50 per acre. Similarly, variable production costs
generally increase by less than $1 per acre. Thus, changes in
acreage, output, and prices are smaller than changes estimated
for Scenarios 2 and 3.

Acreage and Prices. Total crop acreage steadily decreases, but
never by more than 200,000 acres which is less than 0.1 percent
of baseline total crop acreage (Table B-5). The acreage of all
crops decreases in most years. Price changes for field crops
never exceed $0.022 per bushel and are generally less than $0.01
per bushel (Table B-6). Retail prices for livestock products
either fail to change or change by less than $0.01 per pound.
Price decreases occur for soybean meal in 1991-93 because soybean
production increases. AGSIM predicts that higher hay prices
encourage the slaughter of cattle and calves. The result is that
beef and veal prices fall by less than $0.0l after 1991. 

Income. Since the cost increases outweigh the price increases,
total crop income (net of fixed and variable costs) decreases in
all years (Table B-7). The greatest income loss, $339 million,
which is about 4 percent of baseline total crop income, occurs in
1988. The losses become smaller in succeeding years as cost and
yield changes decline. On average, the crop income losses are
less than $l per baseline crop acre. However, income (net of 

  variable costs) increases for barley in 1992-93 and for hay from.
1991-96. In 1987, there are crop income gains (net of fixed and
variable costs) in some regions. These gains are exceeded by
losses in the Delta States and Southeast (Table B-8). These two
regions have relatively high soybean and cotton yield losses from
1987-89. From 1988 on, income declines in all regions.

Consumer Effects. Crop consumers lose from higher prices and
lower production (Table B-9). The losses become steadily larger,
varying from $23 million in 1987 and to $95 million in 1996.
Livestock producers generally suffer income losses due to higher
feed and hay costs and unchanged or lower livestock prices
beginning in 1988. The greatest loss, $42 million (less than 0.1
percent of baseline income for the S livestock products), occurs
in 1993. Additionally, livestock consumers would gain in some
years and lose in others.

Scenario 2

Scenario 2 has greater cost and yield changes than Scenario 1.
The largest differences from Scenario 1 are the corn yield declines
beginning in 1992 due to restrictions on soil insecticides. Corn
yield losses exceed 8 percent in the Corn Belt and Northern
Plains and vary from 2 to 6 percent in the remaining regions.
The yield losses moderate in later years. Some variable costs
increase noticeably in 1992. Cotton costs increase by $5.40 in
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the Delta States. However, corn costs decrease by less than $2
per acre in the Corn Belt, Northern Plains, Southern Plains, and
Pacific States.

Acreage and Prices. Prior to 1992, price and acreage changes are
greater than Scenario 1. As a result, total crop acreage declines
range from 19,000 in 1987 to 108,000 in 1991 (Table B-10). From
1988 to 1991, total crop acreage declines less for Scenario 2
than for Scenario 1. Higher crop prices in Scenario 2 seem to
explain this result. Soybean price increases by $0.18 per bushel
in 1988 and by lesser amounts in 1987 and 1989 (Table B-11).
During these three years, the Appalachian, Delta, and Southeastern
States suffer greater soybean yield losses than in Scenario 1.
These initial -soybean yield losses reduce soybean and increase
corn and cotton acreage, primarily due to similar changes in the
Southeast. The prices of meal and oil products of cotton and
soybeans increase during 1987-89 as a result of lower soybean
production and higher prices.

The larger corn yield losses (as compared to Scenario 1) beginning
in 1992 cause a noticeable change in results from Scenario 1.
Total crop acreage decreases by 300,000 in 1992, but increases by
46,000 in 1993 to 226,000 in 1996 (Table B-10). Corn price
increases by $0.51 per bushel in 1992 (Table B-11). AGSIM predicts
an interesting pattern for corn and soybeans. Soybean acreage
increases and price decreases in 1992, because corn cost and
yield changes reduce expected corn return-s and, hence, planted
acreage. The higher corn price in 1992 encourages farmers to
shift acreage from soybeans and other crops to corn. Corn price
rises less in following years, and the prices of barley, oats,
wheat, soybeans, and cotton also increase as the acreage and
production of those crops decrease. As a result, prices of meal
and oil products of cotton and soybeans also rise. Since sorghum
is a good feed substitute for corn, sorghum demand rises causing
its price and acreage to rise. Hay acreage increases in 1988 and
later years causing price decreases in most years. In 1992,
lower feed and hay prices reduce retail livestock prices. After
that, higher feed costs increase all livestock prices in some
years. However, all price changes are less than $0.10 per pound.
Beef and veal prices increase in some years and decrease in others.

Income. Crop income (net of fixed and variable costs) rises $159
million in 1987, but falls $111 million in 1988 and $315 million
in 1991 after fixed costs increase in 1988 (by the same amount as
in Scenario 1) and groundwater regulations begin in 1990 (Table
B-12). All of those income changes are less than 2 percent of
baseline total crop income. Income (net of variable costs only)
decreases for all crops except soybeans, barley, oats, and hay in
1987 and soybeans in 1988, because cost increases outweigh price
increases. Beginning in 1992, crop income increases because
price increases, particularly for corn and soybeans, outweigh
cost increases. Crop income increases the most in 1992, $1.9

B-7



billion (12 percent of baseline crop income) or an average of
about $5 per crop acre, but the increases become smaller as cost
and yield changes decline over time. After 1992, income rises
for corn (the crop suffering the greatest regulation induced per-
acre production loss), and soybeans, but decreases for barley,
oats, wheat, and hay in some years.

Prior to 1992, crop income (net of fixed and variable costs)
falls in most regions (Table B-13). In 1987, before fixed costs
increase, income increases in the Corn Belt, Lake States, North-
east, and Appalachian States. From 1988 to 1991, crop income
decreases in all regions but the Corn Belt in 1988-89. In 1992
and later years, income increases in all regions except the
Delta States in 1992 because soybean prices fall and in the
Mountain and Northeastern States in 1996 because higher crop
prices no longer rise enough to outweigh cost increases and yield
losses.

Consumer Effects. Consumers lose much more in Scenario 2 than in
Scenario 1 (Table B-14). Prior to 1992, crop consumer loss peaks
at $272 million and declines to $45 million in 1991. Because of
the large price increases after 1992, the consumer loss peaks at
$2.8 billion in 1992 but falls to $1.5 billion in 1996. Due to
higher feed costs and modest livestock price increases, livestock
income declines after 1987. Before the corn yield losses have 
their full effect on feed prices in 1993, livestock producer
losses do not exceed $100 million (less than 0.1 percent of
baseline income for the 5 livestock products). In 1993 and some
later years, their losses exceed $1 billion (2 percent of livestock
income). Before the corn yield losses have their full effect,
livestock consumers have losses of less than $100 million while
gaining in 1991-92 when beef prices fall. In 1993-94, livestock
consumers lose more than $2 billion. However, lower beef and
veal prices cause consumer gains in 1996.

Scenario 3

Scenario 3 has greater fixed cost changes throughout the simulation
than Scenario 2. Yield losses and variable cost changes are
greater during 1990-96. In particular, greater corn yield losses
occur after 1991, than in Scenario 2. Corn yield losses are
approximately 23 percent for the Northeast, 13 percent for the
Appalachian States, and 10 percent for the Corn Belt and Northern
Plains in 1992. Production costs are also greater than for
Scenario 2; cost increases approach $12 per acre in the Northeast
and Southeast and $14 per acre in Appalachian States in 1992.
The yield losses and cost changes moderate in later years.
Fixed costs also increase more than Scenario 2 but never by more
than $2.25 per acre. The result is greater price changes, income
changes, and consumer losses than for Scenario 2. The two-
scenarios produce identical results for 1987.
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Acreage and Prices. Prior to 1992, total crop acreage in Scenario
3 decreases, ranging from 57,000 in 1988 to 141,000 in 1991.
These changes are greater than those in Scenario 2 for 1988-91,
but less than those in Scenario 1 for 1987-89 (Table B-15). The
pattern of individual crop acreage and price changes is very
similar to Scenario 2 for 1988-91. However, acreage changes
tend to be greater for Scenario 3 than Scenario 2. Also, soybean
acreage increases in 1991 rather than decreases. Price changes
for Scenario 3 are also greater than Scenario 2, but soybean,
soybean meal, and cottonseed meal prices increase in 1990-91
rather than decrease (Table B-16). Some livestock prices do not
change during 1988-91, but increases of $0.003 per pound or less
occur for beef and pork.

For 1992 and later years when the larger corn yield losses occur,
total crop acreage is less for Scenario 3 than Scenario 2.
Total crop area decreases by 505,000 acres in 1992, decreases by
lesser amounts in 1993-94, and increases by less than 200,000
acres in 1995-96 (Table B-15). Scenario 3 shows the same pattern
of corn and soybean acreage changes as Scenario 2, but has greater
price changes. Corn price increases by $0.78 per bushel and
soybean price decreases by $0.26 per bushel in 199-2, reflecting
greater corn acreage decreases and soybean increases for Scenario
3 (Table B-16). The higher corn prices encourage farmers to shift
acreage from other crops to corn causing the prices of the crops
to increase. As a result, the price of soybeans increases in
1993-96, with its greatest increase, $0.43, in 1994. Barley
acreage increases from 1994-96, but did not in Scenario 2.
However, hay acreage does not begin to increase until 1995, while
in Scenario 2 it began to increase in 1993. Higher feed prices
cause higher pork and chicken prices. Most livestock prices do
not change by more than $0.10 per pound, but pork price increases
by $0.13 per pound in 1994. Beef prices decrease $0.016 per
pound or less in 1992 and 1996. Veal prices decrease $0.067 per
pound or less through the entire time period.

Income. Total crop income (net of fixed and variable costs)
declines during 1988-1991, ranging from $200 million in 1988 to
$303 million in 1991, approximately 2 percent of baseline crop
income (Table B-17). Income declines more than for Scenario 2 in
1988-90. In 1991, income decreases less for Scenario 3 than
Scenario 2 because of higher soybean prices in Scenario 3.
Income (net of variable costs only) decreases for all crops
except corn and sorghum in 1990-91 and barley and hay in 1991.
Beginning in 1992, crop income (net of fixed and variable costs)
increases because of price increases that outweigh yield and cost
changes. Crop income increases by $2.6 billion in 1992 (16
percent of baseline income), approaching an average of $7 per
crop acre, but increases are smaller in later years as cost and
yield changes decrease. These crop income increases are greater
than those in Scenario 2. After 1992, income (net of variable
costs only) increases for all crops in most years.
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From 1988-91, regional crop income (net of fixed and variable
costs) decreases for all regions except the Corn Belt in 1988-89,
when it benefits from higher soybean prices (Table B-18). From
1992-96, most regions gain, but some lose. The Delta States
lose in 1992 due to lower soybean prices. The Northeast and
Appalachian States lose in all those years, because they incur
relatively high corn yield losses. In most regions, corn replaces
soybeans as corn price rises. However, corn acreage in the
Northeast and Appalachian States is replaced by soybeans, resulting
in income declines. In Scenario 2, these two regions generally
did not lose although the Northeast lost in 1996.

Consumer Effects. Consumers lose in all years due to higher
prices and lower production. Prior to 1992, the greatest consumer
loss is $280 million in 1988. Consumer loss falls to $170 million
in 1989 but then rises to $206 million in 1991. After the
comparatively large price increases beginning in 1992, consumer
loss peaks at $4.4 billion in 1992 declining to $2.2 billion in
1996. These consumer losses are larger than those in Scenario 2.
Livestock effects are identical for Scenarios 2 and 3 in 1988.
Livestock income falls more under Scenario 3 than Scenario 2 from
1989-96 due to higher feed costs which outweigh livestock price
increases. Livestock income declines range from $3.5 million in
1989 to $122 million in 1992 (less than 0.2 percent of baseline
income for the 5 livestock products). After the corn yield
losses have their full effect on feed prices, livestock income
decreases by $2.5 billion in 1993 (about 3 percent of baseline
livestock income), ranging from about $1 billion to $2 billion in
later years. From 1989 to 1993, livestock consumers incur losses
of less than $86 million while gaining in 1992 when beef prices
fall slightly. After 1992, livestock consumers suffer greater
losses than under Scenario 2, exceeding $3 billion in 1993-94.
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