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Abstract

Advancements in biotechnology have 1ed to some of the most
important changes in agriculture in this century. The
development of synthetic bovine Somatotropin, a hormone which
increases milk production from dairy cows, may have a significant
impact on the dairy industry in the near future. While bovine
Somatotropin, or bST, has been widely studied, its potential
impacts, both on milk production and on the economics of the
dairy industry, remain controversiail.

At this time, bST has not been approved for use in any of
the developed countries. It appears that, for a variety of
reasons, the United States would be the most likely to approve
PST in the near future. If bST is approved in the US, and widely
adopted by American farmers, it could increase milk production
in the US significantly, although the exact magnitude of its
effects are difficult to determine at this time.

Another important factor in determining US milk production
is the US government’s dairy policy. The policy for 1%91-1695
is contained in the recently passed 1950 Farm Bill. The dairy
provisions in the 1890 Farm Bill will maintain the current
support price for milk at its current level, regardless of how
large dairy surpluses become.

Together, the increase in milk production from bST along
with a guaranteed minimum support price could lead to significant
surpluses of dairy products in the US by 1895. Since the US has
traditionally scld jits dairy surpluses on the international
market at subsidised prices, or simply given them away as food
ajid, a large increase in US surpluses could have a great impact
on the international dairy market. Furthermore, because the 1990
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Farm Bill was only passed recently, no studies have yet been
published which address the impact of bsT under the current
policy environment or what effect this would have on the world
dairy market,

The objective of this study is to empirically estimate the
impact of bST on US preoduction, and determine the implications:
for international trade of dairy procducts. A five eqguation
quarterly econometric model of the US dairy industry is used to
forecast US production through 1955. Then the effects of bST use
are incorporated into the model.

The results show that if bS8T is adopted in the US as
assumed, by 1995 surpluses of dairy products could rise to as
much as 12 billion pounds. This surplus would be nearly as large
as the record surpluses of the early 1980‘s, which caused
unprecedented disturbances te¢ the international dairy market.

Thus, use of b8T in the US could significantly increase the
excess supply of dairy products in the world, and thereby lower
prices, especially of butter and skim milk powder. New Zealand
would be particularly wvulnerable to any price reductions on the
world dairy market. The European Community, which is the largest
exporter of dairy products, may have to increase its own export
subsidies to compete against the US. This, in itself could lead

to even further turmeil in the world market.
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Chapter 1

Introduction

Some of the most important and far-reaching advances in
agriculture in this century have been brought about as a result
of the widespread adoption by farmers of the latest develcpments
in bictechnology. One of the most widely discussed topies in
biotechnology in recent years is the development of synthetic
bovine Somatotropin, or bS?T.

BST is a hormone which cattle produce naturally, but
scientists have been able to produce synthetic bST, which has all
the same effects. Dairy cows which are treated with daily
injections of bST preoduce more milk with no apparent harm either
to the cow’s health or to the guality of the milk. Estimates of
the amount of increase in milk production due to bST use vary,
but bST may increase milk production by as much as 20%.

At present, bST is still being tested, and has not been
approved for use in any of the developed nations. It has never
been shown tc be a risk either to people or cattle, but its use
remains controversial. Aside from health concerns, bST has
sparked controversy because many believe it could fundamentally
restructure the dairy industry wherever it is used. Of the major
dairy producing nations, the US would appear to be the most
likely country to approve DbST in the near future, perhaps
sometime in 1992. Even in the US, however, it remains qguite
controversial.

Much is still unknown about bST. One debatable issue is how



2
many farmers would adopt bST if it were approved. This would
depend most likely on other currently unknown factors such as how
much bST would cost, how much it increased milk production per
cow, the price the producer received for milk, and other factors,
Another controversial issue is how well consumers would respond

to milk that had been produced from bST-treated cows.

1.1: Statement of the Problen

Although several studies have estimated the economic impact
that bST would have if it were adopted in the US, these studies
are found to be lacking in what this author feels are two vital
concerns. One is the change in the policy environment since
these studies were written. The other is their lack of analysis
of the effects that bST cculd have in making the US a larger
exporter of dairy products, and the effects that increased
exportse by the US would have on international dairy trade.

Previous studies were based to a large exXtent on the
assumption that the dairy policies in the US from the late 19807s
would continue into the 1990‘'s. However, since these studies
were completed, the 1990 Farm Bill, which will guide US dairy
policy from 1991 through 1995, was passed and went inte effect.
It altered the dairy price support system that had been in place
gince the passage of the 1285 Farm Bill. Thus, these previous
studies haave become somewhat cutdated.

Furthermore, most studies which analyse bST’s effects on the
US dairy industry do not carry that analysis over to an
examination of the impacts it would have on the internaticnal

dairy market. One study which did concluded that bST may play
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a part in making the US a larger exporter of dairy products. It
was based, however, on the same assumptions that were discussed
above, that the 1985 Farm Bill pelicies would be continued in the
1990 Farm Bill. Therefore, that study’s conclusions may not
accurately show the most probable effects of the use of bsST in
the US on the international dairy market.

There is, therefore, a lack of information on the effects
that the adeption of bST will have on the US dairy industry, and
the implications for international trade of dairy products.
Since the effects of bST use could be very significant, an
indepth analysis is needed to estimate the effects that bST could
have if it 1is adopted in the US under the current policy
envircnment. This analysis could then be used to determine the

implications for the international dairy market.

1.2: Objective

This study will estimate the effects that adoption of bST
in the US will have on the US dairy industry and the implications
for international dairy trade. The purpose is to gain a better
understanding of the effects of bST, and of the US dairy industry
under the current policy environment, in order to forecast with

a greater deal of confidence what the effects of bST use will be.

1.3: Metheds

The general procedures followed in the study include the
specification and estimation of an eccnometric model of the US
dairy industry. The econometric model is then simulated to

generate forecasts of the endogenous variables for the 1991-1995
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period. Based on these forecasts, several scenarios of the use
of bST under various assumptions are developed in order to
analyse the empirical impacts of bST on the US dairy industry,
and the resulting impacts of the excess supplies freom the US that

could be traded on the world market.

1.4 oOutline of the Study

The next chapter in this study discusses the US dairy
industry and the current dairy policies in the US. It then gives
an overview of the policy environment arcund the world, with
particular emphasis on the leading dairy exporters, the EC and
New Zealand. That chapter then explains the current situation
in world dairy trade, and how the US could emerge as a larger
exporter. Chapter 3 discusses the impacts of bST, and reviews
the literature of the economic impact of the adoption of bST in
the US.

Chapter 4 gives a conceptual model of the effects of bST in
the US. Chapter 5 explains the model that was used to estimate
the supply, demand, and prices for dairy products in the US and
shows the empirical results that were obtained. It also shows
how the model was validated, and the results of using the model
to forecast over the 1991-19%¢5 period. Chapter 6 shows how the
adoption of bST was incorperated into the model, and discusses
the implications for internaticnal dairy trade. Chapter 7 gives
a summary of the study, the conclusions that can be drawn from

it, and suggesticns for further reserch.



Chapter 2
An overview of the US Dairy Industry, the World Dairy

Policy Envircnment, and World Dairy Trade

2.1: Introduction
It is important before proceeding to the model to gain a
good understanding of the US dairy industry. This would, of
course, include a review of the US government’s dairy policies
and programs. Because this thesis 1is also concerned with
international dairy trade, it is also important to review
government intervention in the dairy industry of other nations,
in particular the majcr dairy exporters, the EC and New Zealand.
The current situation in the world dairy market must also be
considered.
The first part of this chapter will briefly describe the
US dairy industry. In particular, it focuses on trends in
production and consumption, and on the government programs which
support the US dairy industry. The chapter then discusses the
dairy policies in other nations, with particular emphasis on the
EC and New Zealand. The third part of the chapter gives an
overview of the current situation in world Qairy trade. The
final section of the chapter discusses the possibility of the US
becoming a larger exporter of dairy products under the current

policy environment.



2.2: The U.8, bairy Industry and Dairy Policy
2.2a: Introduction

The US is one of the world’s largest dairy producing
countries, and dairyving accounts for a significant part of the
nation‘s total agricultural production. In 1990, milk production
totalled over 65 million metric tonnes, or over 145 billion
pounds {IDA,1990). Total farm revenues for milk average over USS
15 billion per year. Yet, the US has traditionally been a
relatively minor participant on the international dairy market.
In most vyears, preoduction is almost entirely consumed on the
domestic market, although surplus government stogcks are
occasionally disposed of on the international market. Strict
gquotas limit imports to prevent cheaper foreign goods from
undercutting the domestic price, which is supported by the
government. The feollowing section takes a closer look at the US
dairy industry, and the government policies and programs which

affect it.

2.2b: Dairy Production in the U,S,

American dairy production has traditionally been dominated
by “family" farms. These farms are relatively small and
numerous, with moderate entry and exit constraints. Therefore
they <can be categorised rather accurately as perfectly
competitive.

As Table 2-1 shows the structure of the US dairy industry
has been shaped by trends toward increased milk production per
cow and decreasing numbers of cows and dairy farms during the

past 30 years (Fallert, Blayney, and Miller, 1%%0). Use of bST



could contribute to continuing these trends in the future.

Table 2-1: Structural Changes in the US Dairy Industry, 1955-1989

19556 1975 1989 % Change

1955-89

Cows (’000 head) 21,044 11,13% 10,127 -52%
Farms with Milk Cows

{f0007s) 2,763 444 160 -94%

Ave. No. of Cows per Farm 8 25 49 513%

Milk per Cow (lbs/yvear) 5,842 10,360 14,244 144%
Total Milk Produced

(Million 1b.) 122,945 115,398 145,252 18%

Source: USDA

Despite the changing structure of the industry, total
production has increased only marginally in the past 30 years,
due to relatively steady per capita consumption. Another
important trend during the 1980‘s has been the willingness of the
American dairy farmer to produce more milk for lower real prices,
due at least in part to rising farm efficiency. Despite improved
efficiency, lower prices have led to declining farm earnings

throughout most of the 1980's.

2.2¢: U.S8. Dairy Policy

While dairy farms are almost perfectly competitive price
takers, dairy processing plants are oligopolistic firms with
considerable regional market control. Therefore, there has been
a perceived need to protect farmers from the full force of market
shifts. In response, the federal government instituted two major
dairy programs during the Great Depression, which are still in
effect, and largely unchanged, today. These are the federal

market order program and the price support program.



2.2d: The Federal Milk Market Order Program

The Federal Market Order Program sets minimum prices that
milk processors must pay farmers (or their cooperatives) for
fluid grade milk in a given market crder area. Not all of the
nation is included in the 48 federal market order areas, but
these areas account for over 80% of the fluid milk produced. The
program was designed to prevent processors from using monopsony
power in purchasing milk and to differentiate prices between
fluid grade milk and wmilk for manufacturing purposes (Knutson,
Penn, and Beocehm, 1%83).

In the program, fiuid milk is priced at a higher level than
manufacturing grade milk, due to the more inelastic demand for
the fluid milk. Therefore, the price discrimination results in
higher returns to producers. Since orders only prescribe minimum
prices, the price paid to farmers may actually be higher
{Knutson, Penn, and Boehm, 1983).

The price used to determine the minimum prices in the
federal market order program is the Minnescta-Wisconsin price {M-
W price). The M-W price is the price processors pay farmers for
manufacturing grade milk in the Upper Midwest, the nation’s
largest milk surplus area. The price for manufacturing milk in
each federal order area arcund the country is set at the M-W
price, and the price for fluid grade milk is set at a premium
above the M-W price. Then a transportation differential is added
to reflect the cost of shipping milk from Wisconsin to a given
federal order area. Each farmer in the federal order area then
receives the same price for milk, regardless of which processor

the farmer sells to.
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The appropriateness of the M-W price has come under close
scrutiny recently. It is generally acknowledged that the M-W
price is a falr reflection of the price of manufacturing milk,
but some farm groups, especially those in the Upper Midwest,
argue that it does not set appropriate prices for fliuid milk.
Because of this concern, an alternative pricing mechanism may be
forthcoming, although no clear alternative has yet been

presented.

2.2e:; The Price Support Program

The Price Support Program is designed to maintain reasonable
and stable prices for milk and dairy products, and is operated
by government purchases of dairy preoducts. In this program,
federal law periodically establishes a minimum support price for
milk. Whenever the market price falls below the support price
for a specified length of time, the Commodity Credit Corporation
(CCC) of the U.S. Department of Agriculture (USDA) purchases
butter, cheese, and nonfat dry milk {skim milk powder) on the
open market and then removes them from the market until the price
returns to the support level. CCC purchases are stored until
they can be rescld on the open market at higher prices, used in
federal nutrition programs, donated to foreign aid programs
through PL 480, or sold on the international market. To prevent
cheaper imports from undercutting the supported price, a quota
is imposed c¢n the import of dairy preducts, which usually amounts
to about 2% of tetal supply. Unlike federal support programs fer
other agricultural commodities, such as wheat, the dairy support

program deoes not reguire farmers to control production to qualify
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for the benefits of the supported price.

The support price program was originally designed to
moderate seasonal supply and demand differences because supply
is traditionally greatest in the spring while demand peaks in
autumn. During the 1980‘s, however, the program has been more
annual in nature. Throughout the early 1980's excess supplies
led to dairy surpluses and low prices, forcing the CCC to
purchase huge guantities of dairy products throughout the year,

as shown in Figure 2-1.

Figure 2-1: CCC Net Removals, 1980-80

18

Billion Pounds Milk Equivalent

Li T T T T Li

1980 81 82 83 84 85 86 87 88 89 1990
Source:USDA Dairy Sit. & Qutlock Report

2.2f: Dairy Policy Changes in the 1%85 Farm Bill
The huge costs incurred through purchases and storage of
dairy products, along with growing concern over the federal

budget deficit, led Congress to extraordinary measures in the
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1985 Farm Bill. The 1985 Farm Bill authorized a whole-herd
buyout program, called the Dairy Termination Program (DTP) and
a declining support price.

The DTP allowed farmers to dispose of their cattle and
remain ocut of dairying for five years, in return for government
payments., The program removed cne million cattle and 12 billion
pounds of annual production capacity from the market. Part of
the cost of the program was paid by producers through a 3$.40/cwt
assessment on milk sales.

The 1985 Farm Bill alsc called for a fundamental shift in
the way support prices were to be calculated. Instead of
continuing to link supports to parity prices, the Farm Bill
authorized the Secretary of Agriculture to reduce the support
price by $.50/cwt whenever annual CCC purchases were projected
to be above five billion pounds. USDA economists believed up to
five billion pounds of dairy products could be disposed through
aid and nutrition programs without creating market disturbances
and without forcing the US to dump dairy products on the
international market. This policy led to the support price’s
fall, in nominal terms, from $12.60/cwt. to $10.10/cwt. between
1985 and 1990 (Dairy Situation and Outlook).

These provigions of the 1985 Farm Bill largely succeeded in
their objectives o©f reducing government surpluses while
maintaining farm income. By 1990, surplus stocks of butter,
cheese, and skim milk powder were at historically low levels.
Also, while the support price has been falling, prices farmers
received for milk generally rose frem 1987, when the effects of

the DTP were first felt, through 1990. In fact, the M-W price
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and the average price farmers received for milk reached all-time
highs (in nominal terms) in the fourth guarter of 1989, due
largely to a low supply of milk caused by a widespread draught.
Prices have since declined rapidly, however, as disgplayed in

Figure 2-2.

Figure 2-2: US Milk Price Series
1981 - 1991 {preliminary)
15
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2.2g: The 1990 Farm Bill and GATT Negotiations

The peolicies and programs for the US dairy industry for
1991-95 were adopted as part of the 1%%0 Farm Bill. Another
important factor which may shape dairy policy through the decade
is the ongoing multilateral trade negotiations held under the

auspices ¢f the General Agreement on Tariffs and Trade (GATT).
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The GATT negotiations, popularly known as the Uruguay Round, are
attempting to liberalise world trade in agricultural products.
However, failure in these negotiations could lead to more
restrictive trade if a trade war subsequently develops between
the two largest agricultural traders, the US and the EC. Also,
for any agreement reached in the Uruguay Round to be approved by
the US Cengress, it will most likely have to be compatible with
the 199C¢ Farm Bill.

In anticipation of the possibility of a trade war, the 1980
Farm Bill, which became effective at the beginning of 19%1, is
largely defensive in nature. The Farm Bill‘s dairy provisions
call for maintenance of the current $10.10/cwt. support price,
regardless of dairy product purchases. This contrasts with the
1985 Farm Bill which, as explained in the preceding section,
allowed the support price to fall if anticipated dairy product
purchases exceeded a certain level.

Unlike the 1985 Farm Bill, however, the new legislation
limits outlays for CCC purchases to 7 billion pounds per year.
Funds for additicnal purchases of dairy products necessary  to
maintain the support price would come from the producers
themselves through an assessment on their nilk sales. In
particular, only the farmers who increased production from the
previous period would be forced to pay the assessment.

This legislation allows the maintenance of a steady support
price, something that was lacking in the 1985 Farm Bill, but also
protects the CCC from being forced to purchase huge guantities
of dairy products to maintain that support price. It also

provides an incentive for farmers not to overproduce, since only
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the ones who increase production would pay the assessment to
maintain the support price.

It is not clear how this new legislation would affect the
adoption of bST. Dairy producers would obviously have less
incentive to increase their total milk production. However, bST
would allow farmers te maintain their current preoduction with
fewer cows, and thus lower total costs. Depending on price
levels, it is possible that farmers could even maximize profits
by increasing productiocn above their current Jlevels if the
benefits from using bST outweighed the costs of paying the

assessment.

2.3: The World Policy Environment
2.3a: Introduction

As the previous section showed, government intervention is
a major influence in the dairy industry of the US. The same is
true for most of the octher developed nations of the world. This
section examines the government policies of other nations,
particularly the major participants in world dairy trade, the EC

and New Zealand.

2.3b: Overview of the Werld Dairy Policy Environment

The dairy products industry is among the most heavily
subsidised, and most rigidly protected, industries in the world.
Most nations defend their subsidies to dairy producers as being
necessary to insure the nation an adequate supply of milk and
dairy products at stable prices while providing an acceptable

return to farmers. Likewise, the stiff tariffs or guotas most
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nations impose on imports of dairy products are put in place to
protect domestic dairy farmers from cheaper, and often

subsidised, imports.

2.3c: Measuring Government Intervention in the bairy Industry

Not only is there is a tremendous amount of government
intervention in the dairy industry around the world, but there
is also a great deal of diversity between programs in various
countries. In order to negotiate reductions in subsidies and
protection in agriculture, as the recent GATT rocund of talks has
attempted to do, it is first necessary to be able to measure the
total effects of all these diverse programs.

The most commonly used measure 1s the Producer Subsidy
Equivalent (PSE). The PSE is a measure of the amount of income
that a producer would have to be compensated for the removal all
government supports under current programs and current prices.
A similar measure, the Consumer Subsidy Equivalent (CSE) measures
the amount of income that a consumer would have to be compensated
for the removal of government support. PSE’s and CSE’s are
aggregate measures of support representing the degree to which
a particular agricultural commodity sector is influenced
(Roningen and Diwit, 1989). Because the usual case is a policy
where producers are supported at the expense of the consumer or
taxpayer, the PSE’s is nearly always positive, while the CSE is
nearly always negative.

Figure 2-3 shows PSE’s for wmilk in the OECD countries,
expressed as a percentage of the price preoducer received for

milk.
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Figure 2-3: Milk PSE’S As a Percent of
Producer Price in OECD Countries, 1988
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As the graph shows, Japan leads the world in the support it
gives its dairy farmers. The Japanese are followed closely by
the nations of EFTA, the European Free Trade Association, which
are the non-EC countries of Western Europe. Canada, the EC and
the US also have high levels of government intervention. In
contrast, Australia and particularly New Zealand have very low
levels of government suppert and protection.

As is the case with most products, those countries which
are higher~cocst producers tend to give higher subsidies and
impese stricter contrels on imports, than the lower-cost
producers. This follows logically from the supposition that a

low—cost producer would not need protection from imports, because
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the imports would be more expensive than the domestic product
(agsuming no export subsidies were used by other nations). For
example, Japan and the EFTA countries have particularly high
levels of government intervention, and are also among the
highest-cost producers of milk in the world. New Zealand, in
contrast, is the world’s lowest-cost milk producer, and has
relatively little interventien by the government.

Since the EC and New Zealand are the two largest dairy
traders in the world today, and since their actions largely
determine the shape of the world dairy market, their dairy
policies and programs will be described here. Their wvastly
different policies also makes for an interesting study in the
contrast between a heavily subsidised dairy industry and a non-

subsidised one.

2.3d: Dairy Peolicy in the European Community

In the EC, dairy policy is part of the Common Agricultural
Policy, which has governed agricultural policy in the Community
since 19%6. There were originally two basic policy mechanisms
for dairy, as for most agricultural commodities. The first is
a market intervention system used to achieve politically
determined farmgate prices. At the external frontier, this
domestic marketing pricing structure was protected from
disruption from the ocutside world by variable import levies and
export subsidies.

Milk prices are supported by intervention buyving of butter
and skim milk powder at guarantezd prices., These products are

then removed from the domestic market, keeping the price market
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price at least as high as the guaranteed intervention price..The
intervention price is formulated in such a way as to give dairy
farmers a %Ytarget price," for raw milk and insure them an
adequate return, but this does not always happen in actual
practice (Clough and Isermeyer, 1885).

The dairy products purchased in the intervention programme
must then be stored or resold on the world market, usually at
prices below the intervention price. This often requires the EC
to lﬁwer the price of these goocds through use of export
subsidies, and then sell them at below the world market price.
This policy also creates a high opportunity cost for other dairy
preducts, especially cheese, which must also be sold on the world
market, again at subsidised prices. Storing and selling these
dairy products has been tremendously expensive to the EC,
especially during the early 1980’s. Sales of subsidised gocds
have also tended to be irregular and disruptive to world dairy
prices (Clough and Isermeyer, 1985).

To help combat these problems with surpluses, the EC has
adopted measures to reduce milk productien including a Mco-
responsibility levy" and quotas on farm milk preducticon. The co-
responsibility levy is essentially a tax which is set at 1.5% of
the target price and is collected from suppliers to help pay the
cost of disposing of surpluses. However, the levy was not
effective enough in reducing supplies, so a gquota was added in
1584. Any milk sold by the farmer ({(or, in the case o0f some
countries, the dairy factory) in excess of their assigned quota
incurred a hefty levy, making production above gquota levels

unprofitable. (Clough and Isermeyer, 1985)
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The EC protects domestic producers by imposing a variable
import levy on dairy imports. The levy raises the price of all
imports to a specified “threshceld" price. This means that all
imports, regardless of their price upon entering the EC port,
must be marketed at the threshold price. Since the threshold
price is set above the intervention price, domestic price
programs are protected from cheaper imports. Although suppliers
can theoretically ship unlimited amounts of dairy products to the
EC, the levy makes it unprofitable for them to do so since import
prices are raised above the price of similar domestic goods.
However, special arrangements have made specified quantities from
certain suppliers, most notably New Zealand, exempt from the

variable levy. (Clcough and Isermeyer, 1985)

2.3e: Dairy Policy in New Zealand

New Zealand farmers were once heavily subsidised by the
government. However, these government supports and protections
have been phased out since 1984, and New Zealand farmers now
receive virtually no government support. There are no direct
payments +to farmers, no production incentive programs or
production guotas, and nec border protections. Only small
residual indirect supports, such as disaster relief programs and
government funded research, remain. One aspect of the pre-1984
pelicy that has been maintained is the New Zealand Dairy Board,
a farmer-run corporation, which acts as the sole exporter of New
Zealand’s dairy preoducts (N2 Dairy Board, 189%9Q). A special

provision allows the Dairy Beard a monopoly over dairy exports.
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2.4t The World Dairy Trade Situation
2.4a: Introduction
The previous sectiocns showed the large effect that
government intervention has on most of the developed world’s
dairy producers, New Zealand excepted. The price supports, trade
barriers, export subsidies, and other programs employed by the
US, the EC, and others impact upon the world dairy market both
directly and indirectly. This section discusses the c¢urrent
situatien in the internaticnal dairy market. It also reviews

recent trends in trade levels and prices.

2.4b: An Overview of World Dairy Trade

World production of milk totalled over 530 million metric
tonnes in 1989. Yet, only about 5% of this total was traded
between nations, and approximately 20% of the total traded was
actually donated as food aid. Thus, production of milk and dairy
products is a large part of the agricultural sector, but it
comprises only a small part of world agricultural trade (IDA;
1990) .

One factor that 1imits Q@Qairy trade is simply the
perishability of milk. Because even pasteurised wilk remains
fresh only for a couple of weeks, international trade of milk is
virtually impossible. Milk is also a very bulky commodity,
consisting mainly of water, and is guite expensive to transport.
Thus, virtually all trade consists of dairy products, mainly

butter, cheese, and milk powders.
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Figure 2-4 shows sgome of the main exporters of dairy

products.

Flgure 2-4:Leading Dairy Exporters, 1989
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As the graph illustrates, the EC is by far the leading
exporter of all three dairy products. New Zealand maintains the
next largest share of dairy exports. The United States is a
large exporter of skim milk powder, and an occasional exporter
of butter, but is a net importer of cheese {the graph shows total
exports, not net exports). Australia also maintains a fairly
large role in skim milk powder exports. Major importers of dairy
products include the Soviet Union, South-east Asian nations,

OPEC nations, and some countries in Latin America and Africa.



23
The EC is also a large importer of butter and cheese, although

on net they are a large exporter of these products.

2.4c: World Prices for Dairy Products

Figure 2«5 shows the international prices for dairy
preoducts. Prices were recorded at Rotterdam, the Netherlands,

the largest single site for dairy shipments.

Figure 2-5: Prices of Dairy Products
Average at Rotterdam, Neth.
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Prices for dairy products hit historically high levels in
1988, but have since fallen considerably. Butter prices have
become particularly weak since early 1983, while cheese prices

remained firm throughout 1982 bkefore weakening in 199%0. Prices
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for skim milk powder, which reached record levels in 1988 due to
low stocks and supplies, levelled off in 1989 and have weakened

considerably since as demand has fallen (IDA, 1989).

2.5; The US as a Dairy Exporter - A Review of the Literature
2.5a: Intreduction

As this chapter has shown, the EC and New Zealand are
currently the only major contributors to world dairy exports.
The US has played a role as an coccasicnal exporter whenever it
was necessary to reduce domestic surpluses of dairy products,
especially butter and skim milk powder. However, US dairy trade
has traditionally been relatively small when compared to total

production, as Figure 2-6 shows.

Figure 2-6: US Dairy Trade

As a Parcant of Domeslic Production
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One issue which is currently being discussed is whether the
US could play a larger part in experting dairy products, and what
effect the use of bST could have on increasing the potential of

the US to become a larger dairy exporter.
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2.5b: Review of the Literature

The guestion of whether the US could become a major dairy
expeorter was discussed in a paper by Blayhey and Fallert {1989).
This paper was a follow-up report of an earlier report by
Fallert, et al (1987). Blayney and Fallert concluded that,
assuming no changes in the current GATT rules, the US could
emerge as a significant player in the world market, despite its
almost total absence in the past.

Blayney and Fallert‘’s paper listed three major factors which
would determine the role of the Americans as dairy exporters.
The most important was maintenance of EC production quotas to
keep international prices strong. The domestic dairy policy was
listed as next important, and third was the use of bST in the
U.S. and other dairy trading nations. (Blayney and Fallert, 1989)

A flexible US support price which accommodates domestic
supply and demand relationships, coupled with EC discipline in
production and export subsidies, would allow the US to be an
occasional dairy exporter, according to Blayney and Fallert.
With bST in the US, EC-12 discipline and flexible supports, the
US weould become a commercial exporter more freguently. The
reduced costs of milk production, along with additional output
in the US resulting from bST use, would more often result in US
domestic prices at or below the world price, allowing for more
American exports. The US export position is further enhanced if,
under the same scenaric, American farmers adopt bST while the
Europeans and New Zealanders do not (Blayney and Fallert, 1989).
They conclude that the current international prices offer trade

opportunities for the US, although the continuation of these
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prices is largely dependent upcon EC policy.

Blayney and Fallert also assert that with or without bST,
"...dairy price supports determine the relationship between the
U.S. domestic dairy product prices and the internaticnal prices."
(Blayney and Fallert, 1989)

The analysis by Blayney and PFallert, however, did not
include any references to trade situations for the US if a rigid
price support system is put in place of the 1985 Farm Bill‘’s
flexible pricing system. Because their report was written before
the passage of the 1990 Farm Bill, their work assumed that
increases in production would trigger avtomatic reductions in the
support price. In reality, the 1990 Farm Bill will not do that,
instead, farmers will face the same support price through 1995,

but would be assessed directly on increases in production.

2.6: Summary

This chapter has provided an overview of the US dairy
industry, including the dairy policy of the US government.
The chapter discussed that US dairy industry 1is largely
characterised by competitive "family" farms, and farmers’
production decisions are largely influenced by government
programs. The twe major programs are the Federal Milk Market
Order Program and the Price Support Program. The price supports,
in particular, were fundamentally altered in the 1985 Farm Bill
and again in the 1990 Farm Bill. The current policy of a
guaranteed minimum price for milk through 1995 was set partly in
anticipation of an unsuccessful conclusion to the GATT

negotiations. No previous studies have examined how this new
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legislation would affect preoducers’ decisions regarding adoption
of bST.

This chapter has also examined the world dairy policy
environment. It discussed the large role the government plays
in the dairy industry of most developed nations, and compared the
magnitude of government intervention in various countries. The
chapter paid particular attention to the contrasting policies of
the EC and New Zealand, the most important participants in the
world dairy market today.

The chapter then described the current situation and recent
trends in the world market for dairy products. The most notable
trends were the high prices for dairy products in 1988-8% caused
by low supplies, which followed a period of oversupply and low
world prices in the mid-1980’s. Those high prices, however, have
now subsided.

Finally, the chapter discussed what factors would be needed
for the US to emerge as a major exporter of dairy products. A
previocus study had examined this issue, and found that bST could
indeed be a major facter in making the US a major player in
international dairy trade. That study, however, had been based
on the policies of the 1985 Farm Bill. The passage of the 1990
Farm Bill has altered some of the assumptions upon which that

study was based.



Chapter 3

An overview of BST and Its Impacts

3.1: Introduction

Because the primary focus of this study is the impacts of
pST on the US dairy industry, it is essential to have an
understanding of bST and its effects, especially its economic
effects. This chapter begins with a brief description of bsT,
and the controversy that surrounds it. The latter part of the
chapter is a review of the literature of the economic impacts of

ST on the US dairy industry.

3.2: an Overview of BST
3.2a: Intreduction

The emergence of synthetic Bovine Somatotropin (bST) is one
of the most widely discussed advances in bictechnoleogy. BST is
a protein which 1is produced naturally by cattle. Recently
developed technolcecgy makes it possible for farmers to inject
their cattle with synthetic bST at reascnably low prices. Dairy
cows which are given daily injections of bST will immediately
preoduce more milk, with ne apparent harm to cow health or milk
guality. The amount of additiocnal producticon has not yet been
determined conclusively, but experimental results show an
increase in milk yields of 10 to 20 percent in cows which were
administered supplemental bST (Animal Health Institute, 1988).
To gain the full benefits of bST, however, most farmers will have

to feed and manage their cows more precisely than they do at
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present.
Aslide from increased herd management and the cost of the bST
itself, estimated to be about SUS 0.25 per dose, few additional
capital or operational outlays will be required. Thus bST will

be available to virtually all producers (Fallert et al, 1987).

3.2b: The Controversy Over BST

Despite the benefits of bST, or perhaps because of them, it
has sparked ceonsiderable controversy. Because bST allows farmers
to produce considerably more milk from the same number of cows,
it has prompted cries that it will fundamentally restructure the
current dairy industry wherever it is adopted. Some argue that
dairy surpluses, a chronic problem of the early 1980's will
reappear. Others believe that small and medium sized dairies
will not be able to compete with their larger counterparts, which
will drive many family farmers out of business. Many ecconomists,
however, believe that bST will reinforce, not fundamentally
alter, current dairy structure and trends (Marion and Wills,
1990). Furthermore, in this age of growing public concern over
chemicals in food, bST-treated milk may be rejected by ceonsumers,
even if governmental regulatory agencies regard it as safe.

These concerns have prompted some dairy producer groups and
consumer advocates to call for a ban on the use of kST, even
before it has been made available. In the EC, a ban has been
proposed, and adoption, at least in the foreseeable future
appears unlikely. New Zealand has adopted a "wait and see"
attitude, to gauge the effects of bST in other counties before

beginning adoption. While these two major dairy exporters hedge
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on the use of the new technology, the U.8. could arise as the
only maijor dairy producer to use bST in the early 19%0’s. This
could place the Americans in a position to produce more milk more
cheaply, and increase exports at the expense of the EC and New

Zealand.

3.2¢: Uszse of BST in the United States

The U.S. is in probably the best position of any dairy
producing nation to take advantage of bST, because of current
pelicy and production practices. Unlike many OECD countries, the
U.8. deoes not impose production gquotas for milk. In countries
with guotas, there is little incentive to adopt new technology
if the farmer has to maintain quota levels,

Although New Zealand does not impose guotas on milk
production, bST’s effectiveness there would be hampered by the
constraints of New Zealand’s pasture-based production systen.
American dairy production, in contrast, uses a combination of
concentrates (grains) and forages. The American system allows
for more flexibility in feeding and an increased ability to meet
the nutritional challenges presented by bST than New Zealand’s
pasture-based production system (Blayney and Fallert, 1989),

Even in the U.S., however, future use of bST is in doubt.
The states of Wisconsin and Minnesota, which produce 25% of the
nation’s milk, recently passed a temporary ban on bST use.
Western United Dairymen, a dairymen’s association based in
California, called for an industry imposed moratorium on bST.
The proposed nmoratorium would remain in effect until there is

sufficient evidence that bST would not adversely affect milk
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sales (Dickrell, 1990). However, there has been no Congressional
action to ban the chemical nationally in the U.S.

The U.S8. Fecod and Drug Administration (FDA), which must
approve bST for production and use in the U.S., was expected to
approve it in early 1990. However, the sheer volume of data
submitted to the FDA concerning the effects of bST has forced the
agency teo delay approval. To gain FDA approval, a drug must be
found to be safe and effectual. BST’s effectiveness has been
determined, and it has been ruled as being Generally Regarded as
Safe (GRAS} for both humans and cattle, Further studies,
however, are being ccnducted at present to determine conclusively
if there is any long term detriment te animal or human health.
General expectations are for these tests to be concluded in late
1891. FDA approval could follow in early 1992. Even with FDa
approval, however, bST use could be blocked by industry or

government action,

3.3: The Impacts of BST: A Review of the Literature
3.3a: Introduction

The effects of bST use has been a widely discussed topic in
agriculture in recent years. This section reviews selected
papers which concern bST and the economic impacts it could have,
especially in the US. Many of the papers which have been written
about bST concern its effects on cow health and milk production
under various circumstances. While these studies are important
in investigating the effects of bST, they are not the main topic
of this study, which is concerned with the econcmic implications

the use of bST. Therefore, this section will focus on papers
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which have attempted to gauge the economic impacts of bST on the

American dairy farmer.

3.23b: An Overview of the Literature

Three recent studies which have estimated the impact of bST
on the US dairy sector are given particular attention in this
chapter. These recent studies have consistently concluded that
the econcmic impacts of bST, while significant, will not be as
great as previous studies had suggested. These three papers, in
order of their publication, were written by Fallert, et al;
Maricon and Wills; and Xaiser.

Another recent paper, by Tauer and Kaiser, attempted to
determine the optimal government dairy policy that should be
implemented if bST is approved. This study is discussed later
in this section.

Fallert et al (1%87) concluded that the effects of bST on
the dairy industry would be less dramatic than had been
previcusly thought and that the ecconomic impact of bST would
depend to a large extent on the flexibility of the price support
program. The paper added that bST would tend to reinforce, not
fundamentally alter, structural changes already underway in the
dairy industry. Furthermore, they found that bST would likely
have little effect on the US position in the international dairy
market under 1987 trade policies.

Marion and Wills (1990) study of bST use in Wisconsin agreed
with Fallert et al that bST would have a less dramatic effect
than previous studies had indicated, but would still lead to a

significant increase in national milk production. They also
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approached the guestion from a different way than Fallert et al.
Fallert assumed certain levels for bST costs, response rates, and
adoption rates, and from these assumptions predicted total
increases in milk production in the US. In contrast, Marion and
Wills looked at various possible response rates and possible
costs for bST, and from those predicted the adeption rate of bST
in Wiscensin. Like Fallert et al, Marion and Wills caution that
their results are sensitive to several assumptions, such as
production response rates, which are still controversial.

Kaiser (1990) concluded that without bST, US milk production
would decline from 19%0 to 1995, but with bST milk production
would rise while prices would fall. The result was reduced
farmer incomes as a result of bST use. Kaiser based the
assumptions for this study on the averages of several previous
studies, including Fallert et al and Marion and Wills. Like
these other studies, Kaiser cautions that changes in any of the
several assumpticns about bST’s effect will have a dramatic
impact on the results obtained. Table 3~1 summarises some of the

assumptions that were made by the authors of these three papers.
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Table 3-1: Parameters Assumed in Previous BST Studies

¥ Increase Annual Cost

in Milk of BST Adoption Rate
Study per Cow {S/cow) (% of farmers using bST)
1591 1992 1993 1994 1995
Fallert et al 13.5 50.4 10 20 36 14 48
arion & Wills 9, 12, 15 52.5, 85
ﬁaiser 14.3 55.7 S 19 35 54 60

3.3¢: A Ccloser Look at the Assumptions

It is important to look at the underlying assumptions in
these and other studies, because many of these assumptions remain
controversial. The most commonly discussed topics regarding bST
fall roughly into five categories: the safety of bST to cattle
and people; consumer response to bST treated milk; yield response
per cow from bST use; and adoption rate by farmers.

Numerous studies have been conducted on the safety of bST
to cattle and humans. None has conclusively shown that there are
any short or long term health risks from bST, either to cattle
treated with bST or to people who drink milk from these cows.
The US Food and Drug Administration (FDA) have concluded that
milk and meat from bST-treated cows is safe. Even when ingested
into the human bloodstream, bST is inactive, and the bST protein
is easily digestible {Apostclou, 1988). Barbano and Lynch
(1988), in a study on milk composition, concluded that there is
no difference between the milk from bST-treated and untreated
cows. Numerous studies published in recent years have studied
the effects of bST on cattle health in different areas and under

various conditions. None has found any significant adverse
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effects to cattle health (Journal of Dairy Science, 1988-89).
Most recently, a study by the National Institute of Health
concluded that there were no adverse effects to humans or cattle
from bST. Therefore, most studies assume that the FDA will
approve bST soon.

Another highly controversial issue concerning bST is
consumer acceptance of milk treated with bST. Numercus studies
have noted that milk from bST-treated cows may be rejected by
consuners, even 1f it is approved by the FDA. However, there has
been a lack of conclusive research inteo this area, simply because
consumer response is difficult to measure ex ante. Fallert et
al and cother studies from the USDA have assumed that if bST is
approved as safe by the FDA that it will be accepted as safe by
the general public.

An important factor in determining the effect of HST on milk
preduction is the vyield response rate per cow from bST
treatments. Several studies have attempted to determine the
response rate, but their conclusions remain controversial. It
ig still not clear whether bST gives a proportional (e.g. 15%)
or constant (e.g. 10 pounds/day} increase in milk production, or
a partly constant and partly propeortional response. The age of
cows may also be a factor in the response rate. Fallert et al
assumed a constant response rate of 8.4 pounds/day, which they
equated to a 13.5% increase over current cow producticn. Marrion
and Wills {19%0) used three levels of proportional responses {9%,
12%, and 15%), a constant rate of 1,800 pounds/year, and a mixed
response of 900 pounds per year plus 6% of base production.

Other studies, cited by Kaiser, used proportional response rates
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of 10, 15, and 20 percent. Kaiser used the average of all these
studies, which was 14.3%

The other determinant of bST’s effect on milk supply is the
rate at which farmers adopt bST. Studies have been conducted in
several states to determine the rate at which farmers in those
states would adopt bST. Fallert et al assumed a gradual rate of
adcption for US farmers with about 10% adopting it in the first
year it becomes available and increasing up te a 50% adoption
rate five years after it is introduced onto the market. This
rate is consistent with studies done in California, Minnesota,
and Michigan (Fallert et al, 19%87). The adoption rate used by
Kaiser, again based on several previous studiles, were also
similar to those in Fallert et al, although slightly higher.

All these studies agree that the adoption rate is also
dependent upon the farm milk price and on the cost of bST. In
most studies, various milk price scenarios were assumed, most of
which assumed that an increase in production which led to
government removals of over 7 billion pounds would automatically
trigger a reducticn in the dairy support price. This was the
case with the 1985 Farm Bill, which set dairy policy in the US
from 1886-198%80. However, the 1950 Farm Bill, which set the
policies for 1991-1995 does not contain this provision and has
set a.guaranteed minimum support price of $10.10/cwt. regardless
of anticipated surpluses.

It is more difficult to speculate as to the price of bST,
since the price will be determined by the market after it is
approved. However, Fallert et al (1987) assumed a price of $0.24

per day per cow. Marrion and Wills (19990) used a range of prices
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from $0.25 to $0.40 per day. Xaiser found an average price from

previcus studies of $.55 per day.

3.3d: BST and Optimal Government Policy

In a recent study, Tauer and Kaiser estimated a discrete
control medel of the US dairy sector to determine the optimal
dairy policy the government should implement if bST is made
available (Tauer and Kaiser, 1991). The optimal pelicy was
defined as that which maximises social welfare, which is producer
and consumer surplus less adjustment and net government costs.
A variable (declining) support price and a cow buyout progran,
similar to the DTP, were used as contrel variables. The bST
adoption rate was determined endogenously, based on the
profitability of bsST. A response rate of 13.5% was assumed
(Tauer and Kaiser, 1991).

The study’s results showed that the shock of the
introduction of bST could be reduced if a declining support price
and a cow buyout program were implemented. While the empirical
results show that milk prices and farm profits declined after the
introduction of bST, these reductions were not as severe when
compared to other studies where government policies and adoption
rates were determined exogenously.

Furthermore, the annual adcption rates were lower than those
from previous studies, suggesting that the adeoption of bST will
be slow and incomplete. The results also showed that if a cow
buyout program is put into effect, CCC purchases of surplus dairy
producte would be minimal because the cow removals would curtail

the milk supply.
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The authors cauticn, however, that the medel’s results are
determined using a declining support price, unlike the one
currently in use. There are also currently no provisions for a

dairy buyout programn.

3.4: Summary

This chapter has discussed the impacts of bST, and reviewed
the literature of the effects of the adoption of bST in the US.
The first part of this chapter explained that bST is a naturally
occurring hormone which has now been reproduced synthetically,
and may be able to increase milk production in dairy cows by as
much as 20%. That section alsc explained that bST has not been
approved for use in the US or any other develcoped naticn, and
that bST remains controversial because of both its possible
impacts on health and on the structure of the dairy industry.
The final part of the section discussed why bST was nmore likely
to be approved and adopted in the US than in the other developed
countries,

The latter part of this chapter reviewed some of the recent
literature of the economic impacts of bST use in the US. The
review focused primarily on three papers, all of which concluded
that the effects of bST would be significant, but far less than
previous studies had suggested. All three of these papers also
cautioned that their results were sensitive to several underlying
assumptions which are still controversial. These include
assumptions concerning bsST’s safety, consumer acceptance of bsT-
treated milk, the milk yield increase per cow from bST (response

rate), and the number of farmers who adopt bST (adoption rate).
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Another study which was reviewed suggested that an optimal
government policy for the dairy sector after the introduction of
bST would 1likely include the implementation of a declining

support price and a cow buyecut program.



Chapter 4

A Conceptual Model of the Impacts of BST

4.1: Introduction

Previcus chapters have explained the current policy
environment in the US dairy industry, and the possible impacts
of bhST. This chapter will use econcmic theory to develop a
cenceptual model of the impacts of bST on the US dairy industry
under current policy. The chapter begins by discussing the
impacts of the introduction of a new technology in a perfectly
competitive industry. This model is then modified to account for
government interventicn in the industry. Since bST use in the
US could affect the international market, the model also looks
at those effects as well. In particular, this chapter discusses
the effects of using an export subsidy to dispose of excess

domestic supply on the world market.

4.2: The Bffects of Adopting a New Technology

Figure 4-1 illustrates the impact that a cost-reducing
technology, such as bST, would theoretically have on a perfectly
competitive industry. Panel (a) shows the cost curve of a
typical firm while in panel ({b) the market demand and supply
situations are shown. Assume the market 1s originally at
equilibrium. At that peoint a prefit-maximising firm would
produce where their marginal ceost (MC) is equal to their marginal
revenue (MR). The marginal revenue would be the same as the

equilibrium market-clearing price, where supply egquals demand,
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which is P1. Assuming this industry is in leong-run equilibrium,
the firm‘s minimum average total cost (ATC) also equals MR. The
minimum ATC is also the peint on the ATC curve that intersects
the MC curve. Total revenue, which 1is the quantity produced

muiltiplied by the price per unit, is exactly egual to total cost.

Figure 4-1. Effect of Adopting a New Technology
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The firm will produce, at least in the short run, at any
point on the MC curve above the point where it intersects the
average variable cost {(AVC) curve. The aggregate supply curve,

8, is therefore represented by the MC curve above the AVC curve.
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Now assume that a new cost-reducing technology, like bST,
is introduced. The firms that adopt the technology will be able
to produce the same quantity as before for a lower cost. Another
way to think of this is that the firm can produce a greater
gquantity at the same cost as a smaller gquantity used to cost.

The effect of the technology is to shift the MC curve to the
right. 8Since the supply curve is derived from the MC curve, the
supply curve alsc shifts teo the right to form S*. The demand
curve, D, does not shift because demand is based on consumer
utility which has not changed in this example.

The equilibrium price falls to e*, the intersection of S*
and D. Total output increases from Points a to b. The lower
equilibrium price, P2, means the MR line also falls te the same
lower level, creating MR*. Thus, the firm will shift production
to the point where MC#* = MR*.

In the long run, all the firms in the industry will adjust
their output to the intersection of MC* and MR*. In the short
run, however, prices may adjust slowly. Thus, some firms that
adopt the technolegy early may be able to produce on the new MC*
curve where it intersects the original MR curve. At that point,
the firm‘s total revenues exceed its total costs, and the firm
makes a pure profit, or rent. In time, more producers will adopt
the technology, increasing the supply of the good, until the
price falls to P2, where the industry reaches a new long run

equilibrium.
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4,37 Effect of a Support Price

As an earlier chapter explained, the US government sets a
specified minimum level for milk prices. If the price Ffarmers
receive for milk falls below this minimum, a government agency
will purchase dairy products and remove them from the market,
The government removals reduce the supply of dairy products,
which raises the milk price at least as high as the guaranteed
support price.

Because of the support price, the model of the effects of
a new technology shown above must be adapted to make it more
accurately reflect the actual effects on the US dairy industry.
Figure 4-2 illustrates the effect of a support price as a new
techneolegy is adopted.

Figure 4-2{(a} is similar to Figure 4-1(a). Again, the
industry begins at a long run equilibrium, and for the purposes
of this illustration it is assumed that the long run equilibrium
price is equal to the support price (Ps). As in the above nodel,
the adoption of the technolegy shifts the firm’s marginal cost
curve to the right, to MC*%. This also shifts the supply curve

to S+,
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Figure 4-2: Effect of a Support Price
As a New Technology is Adopted

{a) {b)

Because the price is supported by the government, however,
the price deces not fall to a lower 1level to reach a new
equilibrium. Instead, the price remains at Ps. At price Ps, the
farmers who have adopted the new techneology will supply qguantity
b, but consumers will only demand guantity a. Therefore, there

is an excess supply of guantity (b-a). Thils excess guantity,
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under the current policy, must be bought by the government and
removed from the market. The government removals effectively
shift the supply curve back to the left until equilibrium is
regained at its original point, e. The total purchasing cost to
the government 1is (Ps * (b-a)}), which 1is egqual to the unit
purchase price (the support price) nultiplied by the guantity

purchased.

4.4: Export Subsidies
4.4a: Overview of Export Subsidies

The purchase cost is not the only expense the government
incurs in supporting the milk price. The government must also
store and dispose of the dalry products it has removed from the
market. Much of the government stocks will be sold on the
international market or donated to pocor countries as foed aid.
The effect is a greater supply of dairy products on the world
market. In other words, the US will shift its excess supply of
dairy preoducts to the right, increasing the world’s total excess
supply.

Because the support price in the US is almost always higher
than the world price, the government will usually have to
subsidise the exports. BAn export subsidy is & direct per-unit
payment the government gives an exporter on the volume of goods
cleared for foreign destinations (Hallett, 1981). In other
words, the stocks are sold ogverseas for less than the purchase
price (the support price), and the government absorbs the loss
on the difference.

The government can also provide indirect export subsidies
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by allowing marketing agencies to act as monopelies which may
purchase goods domestically and have monopoly rights to sell cn
the international market. Such an agency would effectively be
using an export subsidy if it purchased a good at a higher price
domestically than it sold the gocd for on the world market
(Hallett, 1981).

Export subsidies may be for a fixed amcunt, or the subsidy
may be allowed to fluctuate. The next sections discuss an

example of each type.

4.4b: Effects of a Fixed Export Subsidy: A Small Nation Example

If the export subsidy is for a specific per—unit amount,
then the domestic price will rise above the international price
by the amount of the subsidy. This is illustrated in Figure 4-3.
The figure assumes the export volume is relatively small compared
to total weorld exports, and the increase in exports from this
country will not affect the world price. Therefore, the
exporting country faces a perfectly elastic excess demand curve,
and can sell all of its excess supply for the given world price,
Pl. The exporter’s guantity of excess supply is the difference
between the guantity demanded and the guantity supplied on the

internal market (4=-3a) at price P1.
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Figure 4-3: Fixed Export Subsidy
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Assume the government cffers a fixed export subsidy egqual
to the vertical distance s in Figure 4-3b. The subsidy lowers
the supply price of exports by the amount of s per unit, giving
a new exXcess supply curve faced by overseas buyers of ES*. The
new equilibrium is at the intersection of ES* and ED, an increase
in export wvolume cof quantity (g2-gl)}. Exporters, eager to earn
subsidy payments, expand export sales and bid up the internal
price to price P2, although the internaticnal price remains
unchanged. The increased domestic price cuts domestic

censumption and expands domestic production, and therefore the
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guantity available for export 1s increased. The cost to the
government of providing the subsidies is the per-unit subsidy,

s, multiplied by the new guantity exported, g2.

4=-4c: A Variable Export Subsidy: A Large Nation Example

The actual use of export sgsubsidies by the US is more
accurately represented by a variable export subsidy than by the
simpler fixed subsidy example shown above because a variable
subsidy disconnects the domestic price from the world price and
allows the government to maintain an internal support price
(Hallett, 1981).

Figure 4-4 shows the effects of a variable export subsidy
used by, in this case, a large exporting nation. Unlike the
example above, this nation faces a downward sloping excess demand
curve, ED in panel (b), because increased guantities from this
nation are large enough to decrease the world price.

In the domestic market, the government guarantees a domestic
price at price Ps in panel (a), which is considerably higher than
the world price, Pl in panel (b). At price Ps, the quantity
supplied on the domestic market exceeds the quantity demanded,
creating an excess supply. Because the price is supported
domestically, the excess supply curve is the vertical line ES%

for any international price below Ps.
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Figure 4-4: Variable Export Subsidy
lLLarge Country Example

() Q (b) Ox

At price Ps, the exporter would like to export gquantity f,
but the rest of the world will only purchase that quantity at the
much lower price of P2Z. To move the volume of exports needed to
maintain the domestic support price, the government may offer an
export subsidy of the vertical distance bec. The cost to the
goevernment is the area abcd, which is the difference between the
support price, Ps, and the new world price, P2, multiplied by
the guantity exported, f.

The effect of such an export subsidy by a large exporter to
maintain a domestic support price is readily apparent. The world

price in Figure 4—4b has fallen from Pl to P2 as a result of the
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increase in the subsidised exports. This price fall reduces the
export revenues of other exporting countries. Those other
exporters are also likely to accuse the subsidising nation of
unfair trade, and may retaliate in some way.

Another apparent result of the subsidy is the cost to the
subsidising nation. If the quantity subsidised and/or the amount
of the export subsidy is large, then the cost te the consumers
and taxpayers could be quite high. Such is the present case in

the EC, and to a lesser extent in the US.

4.5: Developing a Model of the Effects of bST
4.5a: Overview

The above sections of this chapter have shown how the
effects of the adoption of bST and the current policy environment
are represented by eccnomic theory. The next step is to develop
a reasonable and reliable empirical model of the US dairy
industry that is compatible both with economic theory and the
known structure and policy of the industry . That model,
assuming it can be validated, can then be used for forecasting,
and the expected effects of bST can be incorporated inte the

forecasts.

4.5b: Models of the US Dairy Industry =~ A Review of the
Literature

Before developing a model of the US dairy industry, it is
instructive to first review some of the previous work that has
been published in this field. In particular, this section will

focus on two papers which developed medels of the US dairy
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industry. One was written by Wescott and Carman (1985) eof the
USDA. The other was written by Kaiser (1990} of Cornell
University.

Wescott and Carman (1985) presented a quarterly econometric
model of the US dairy industry, which consisted of a nine
equation model. The model estimated eguations for milk cow
inventory, milk production per cow, commercial milk use, and farm
milk price. Identities were used to f£ind milk production, milk
marketings, total milk supply, government removals of milk, and
the effective milk price. The model was then used to forecast
production, prices, and government removals under various policy
scenarios.

They found that a support price which remained unchanged
from its 1984 level of $12.60/cwt. would increase government
removals by over a billion pounds in two years, due to a 4%
increase in preducticen. In contrast, a gradual drop in support
prices to $11.60/cwt. would cut government removals by nearly a
billion pounds, as the reduced price raised commercial milk use
while production remain largely unchanged. Their third scenario
consisted of a sudden fall in the support price to $10.00/cwt.
This created a 60% drop in government removals (from 7.5 billion
pounds to 3 billion pounds), a 13% drop in farm milk price, and
a 4% increase in commercial demand, but only a very small fall
in production.

Wescott and Carman’s model was developed just prior to the
passage of the 1985 farm bill, which significantly altered the
US dairy price support system. The provisions of the 1985 Farm

Bill closely resembled the second scenaric described above (a
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gradual reduction in support prices to $11.60/cwt.), and the
actual effects that it caused were similar to the ones predicted
by Wescott and Carman.

Kaiser (1990) developed a 10 eguation annual econometric
model for the US dairy industry. Unlike Wescott and Carman,
Kaiser distinguished between fluid milk and milk for
manufacturing. In addition to milk cow numbers and production
per cow, the model also estimated eguations for supply, demandg,
farmgate prices, and retail prices for both fluid milk and milk
for manufacturing. The model then used identities to derive
total milk supply, total demand, farm and retail balance, and
government removals of milk.

Kaiser then used the model to predict the results of two
scenarios, which show the impact bST would have on the dairy
industry between 1990 and 1995. Both scenarios assumed that
support price levels will be linked to government removals,
meaning that the support price would fall if government removals
were above a specified level. The first scenario, which assumed
that bST was not used by farmers, indicated that support prices
would fall to $9.10/cwt by 1991, leading to a guick reduction in
cow numbers and a fall in total production, and wvirtually no
government removals after 1993. The other scenario made all the
same assumpticns as the first, except it allowed the use of bST.
The result was that cow numbers declined even more rapidly, but
were offset by markedly higher production per cow, so that total
production actually increased. This created much higher levels
of government removals than in the first scenario.

As was discussed above, the 1990 Farm Bill (which was passed
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after Kaiser’s article was published) will maintain support
prices at $10.1C0. Kaiser’s scenarios, however, allow support
prices to stay below $10.10 for four consecutive years in his

predictions for 1990-1995.

4.6: sSummary

The first part of this chapter was devoted to illustrating
the economic effects of the adoption of b8T. It alsoc showed how
the impacts of bST would be influenced by the current US dairy
pelicy, especially the support price. The section also showed
the impacts of an export subsidy, which would likely be used to
dispose of an excess supply of milk in the US caused by the
support price and bST.

The latter part of this chapter began the process of
developing a model of the US industry. The model would need to
be compatible with economic theory and a priori reasoning of the
effects of current policy and the current structure of the
industry. Such a model could then be used as a forecasting
device, and could incorporate the effects of bST into its

forecasts.

The first step in developing such a model is reviewing the
literature of publications which have done similar work. Two
such papers were reviewed which developed econometric models of
the US dairy sector. Both papers used multiple equation
econometric models which explained supply, demand, and prices for
milk in the US. Both models were then used for forecasting. The

medel by Kaiser incorporated the effects of bST into the model’s
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forecasts using many of the assumptions of bST found in works
which were reviewed in the previous chapter. The forecasts for
both models, however, were based on the assumption that the
pelicies of the 1985 Farm Bill would be extended into the 19%0’s.
As a previous chapter mentioned, the 1990 Farm Bill changed many

of the support price policies upon which these studies relied.



Chapter 5

The Econometri¢ Model and Empirical Results

5.1: Introduction

Since the objective of this paper is to measure the effact
that bST use in the US will have on the US dairy industry, and
the subseguent implications for international @airy trade, an
economic model of the US dairy industry is an esgential part of
this study. This chapter discribes the model that was used in
this study and explains why this particular model was chosen.
The empirical results are presented and discussed. The next
section of this chapter validates the model and uses it to
generate forecasts through 1995. The next chapter will show how
the adoption of bST was included into the model, and the results

that were obtained.

$.2: The bairy Simulation Model
5.2a:; Overview of the Model

This study uses an aggregate quarterly econometric model of
the US dairy sector in order to determine the potential changes
in total milk production in the US as a result of the adoption
of bST. A gquarterly model was chosen to account for the highly
seasonal changes in supply and demand for milk.

The analysis is done in the following stages:

(1) determine appropriate econometric models for the
relevant variakles under consideration

(2} simulate these models tTo generate out of sample
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forecasts for the relevant variables
(3) use the predicted values to estimate the potential
increases in milk production from bST.

The econometric model ceonsists of four behaviourial equations
that explain milk cow inventories, milk production per cow,
commercial milk disappearance {(a measure of milk demand), and
real farm prices for milk. Total milk preduction is derived
through an identity, which is the product of milk per cow and cow
inventory. The model is estimated using gquarterly data for the
pericd starting in the first guarter of 1981 (1981.1) through the

first quarter of 1990 (1%90.1).

$5.2b: Data Sources and Estimatjon Procedures

The definiticns and units of the variables used in the dairy
simulation model are given (in alphabetical order) in Table 5-2.
Most of the data was obtained from the monthly USDA Dairy
Situation and Outlook Reports from 1981-1990, including the data
for commercial disappearances, cow inventory, milk production per
cow, and the effective support price. The soybean meazl price was
found in the USDA 0il Crops Situation and Outlook Reports from
1981-19%0. The data for US disposable income was taken from the
USDA Agricultural oOutlook, 1981-90. 23All the price series data
were deflated by the consumer price index (1967=100), which was
also chtained from Agricultural Outlock.

Because the explanatory wvariables in some eguations are
themselves determined by other equations, two stage least squares
(28L.8) was used as the estimation technigue. The estimated

econometric equations are summarised in Table 5-1 followed by a
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list of the variable definitions in Table 5-2.

A1l variables are specified in their logarithmic form except
for the 0-1 dwmmy variables which are in non-log form. Also,
real prices, which are deflated by the Consumer Price Index are
used. This is in keeping with generally accepted economic theory
that decisions by preoducers and consumers are based on real

prices rather than on nominal prices.



Table 5-1: Econometric Eguations of the Quarterly Dairy Model:

28LS Results
1981.1 - 19%0.1

1. Cow Inventory
in COW = 1.24 + 0.87 1lnCOW, + 0.05 InRFMP, - 0.02 InRBMP,
(3.4) (22.0) (4.3) (-4.0)
- 0.015 DTP - 0.00% D1 - 0.006 D2 —-0.002 D3
(=5.2) (-3.5) (=2.5) (~0.76)
R” = .98; DW= 1.7; F = 236; CV = 0.056
2. Milk Production Per Cow
ln MPC = 2,02 + 0.73 1lnMPC, + InRFMP, — 0.05 1nRBMP,
(2.0) (5.8) (2.0) (~1.9)
+ ¢.002 T + 0.05 D1 + 0,09 D2 —-0.004 D3
(2.7) {6.4) (17.1) (-0.4)
R = ,97; DW= 1.5; F = 190; CV = 0,14
3. Total Milk Production
1n PROD = 1nCOW + 1nMPC
4. Commercial Disappearances of Milk (Demand)
ln CbIS = 8.92 - 0.2 1nRFMP + 0.26 1lnRY - 0.09 Dl
(9.2} (-1.8) (2.1) (~6.8)
- 0.01 D2 + 0.02 D3
(~0.8) (1.5)
R* = .86; DW = 1.24; F = 44.5; CV = 0.25
5. Real Farm Milk Price
in RFMP = 7.1 + 0.79 1lnRESP - (.72 1nCOW - 0.03 D1
(1.8) (9.0) (-1.7) (-1.3)
- 0.09 D2 - 0.07 D3
(-4.1) (=3.1)
R? = .85; DW = 0.53; F = 42.0; CV = 3.4%
Note: 'In’ preceding 2 variable denotes the natural log of that variable.

Subscripts at the end of a varieble denote a quarterly lag.
T-values are shown in parentheses.
DW is the Durbin-Watson value.



Table 5-2: Variable Definitions for the Quarterly Dairy Model

Variable Definition Units
CDIS Commercial Disappearances of Million

Milk pounds (3)
COwW Milk cow inventory (1) Thousand head
Di Dummy variable equal to 1 in the (0 - 1

i® quarter. i = 1,2,3

DTP Dummy variable for the Dairy o - 1
Termination Program. Equals 1
for 1986-87; 0 cotherwise

MPC Milk preoduction per cow (2) Pounds

RBMP Real soybean meal price at Usg/ton (4)
Decatur, 44% prectein {1}

RESP Real Support Price, less price Uss$/cwt. (4)
deductions

RFMP Real farm milk price, for all USS/cwt. (4)
milk sold to plants (1)

RY Real US disposable income (1) Billion $ (4)

T Time trend 1 - 60

Average for the guarter

Sum for the guarter

Milk egquivalent of preducts
Defiated by CPI, 13%67=1G0

—
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Judging by their R-Squares, F-values and the coefficient of
variation, all equations perform reasonably well.
Autocorrelation did not pose a major problem for any of the
equations except for the real farm milk price. Correction of
autocorrelation in this case created additional problems at the

simulation stage.

5.2¢: Results and Discussion
Cow Inventory

As is shown in Table 5-1, cow inventory is determined as a
function of cow numbers in the previous guarter, real farm milk
prices lagged one gquarter, real soybean meal price lagged one
guarter, a dummy variable (DTP) to account for the Dairy
Termination Program, and quarterly seasonal 0-1 dummy variables.
This specification 1s similar to the ones used previously by
Kaiser (195%0) and Wescott and Carman (1985). All coefficients
{except for D3) had the expected signs and were statistically

significant at the 0.5 percent level.

Milk Preduction Per Cow

Milk production per cow was modelled fellowing previous
specification by Kaiser ({1990). It was found that milk per cow
was a function of milk per cow from the previous quarter, the
real farm milk price, the real price of soybean meal, a trend
variakle, and quarterly seasonal dummy variables. As in the
Kaiser model, the estimated cocefficients had the expected signs
and were also significant at the 0.5 percent level. As expected,

the production of milk per cow is highly seasonal. In addition,
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the linear time trend confirms the gradual and steady increase

in milk production per cow over the years.

Total Milk Production

The two above equations were used tc obtain the total
guantity of milk supplied in the US, which is the product of
their results. In its mathematical form, using the wvariable
names, this would be written as:

PROD = COW * MPC.

In other words, the total milk production for the US in any given
guarter is egqual to the number of milk cows multiplied by the
average milk production per cow.

Because the dairy simulation model uses logarithmic form,
the above equation is written by the equivalent logarithmic form:

1n PROD = In COW + 1ln MPC.

Because they determine milk supply, it is important that
equations for milk production follow generally accepted supply
theory. Theory states that the quantity of a good supplied is
a function of the price for the good, which in this case the real
farm milk price. Also, the quantity is determined by the price
of inputs, which are represented by the price of soybean meal,
an important cattle feed. Technological advances are also an
important determinant in the quantity supplied. In this model,
the trend variable, which increase by one unit every guarter is
used to account for technological advances through time.
Government programs also help determine the guantity supplied,
In this model it was found that the DTP was a significant

variable in determining cow numbers, and thus milk supply. Other
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government programs are indirectly represented in the farmgate
milkX price, which is supported by the government. The seasgonal
dummy variables are necessary to account for the seasonality of
production, which is largely a result of biclogical and certain

managerial constraints.

Commercial Disappearances of Milk

Commercial disappearances of milk expresses the gquantity
demanded for milk. In any given quarter, commercial
disappearances of milk equals the difference between total
production during the guarter and the change in inventory stock
levels at the end of the guarter (Dairy Situation and Outlook
Report}. 1In this model, the specification of commercial milk
disappearance equation follows conventional consumer demand
theory whereby the demand for a product is determined by its own
price and the level of income. Demand may also be determined by
the price of substitutes, but since the equaticn explains
commercial disappearance, which is at the wholesale level rather
than at retail, the prices of substitutes become less relevant.

This mecdel gave satisfactory results with the important
explanatory variables highly significant. It was thus found that
commercial disappearances of milk are a function of real farm
milk price, the real US disposable income, and the seasonal dummy

variables.

Real Farm Milk Price
An essential element in the above eguations is the real farm

milk price. Modelling the real farm milk price represented some
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challenges as the performance of this equation was less
satisfactory than the above equations. The real farm milk price
is specified as a function of the real effective support price,
the dairy cow inventory level, and guarterly seasonal dJdummy
variables. The real effective support price is equivalent to the
real support price less deductions. The deductions are levies
that farmers paid on each pound of milk they marketed to finance
such preograms as the DTP. The real effective support price is
used because it, rather than the real support price, is the
guaranteed minimum price upon which farmers base their production
decisions.

Previous attempts to model the real farm milk price by
Wescott and Carman (1985) differ somewhat from the current
specification., This is partly due to the different time period
under c¢onsideration, and the structural changes that have
occurred in the industry since that study was conducted. The
estimated coefficients have the expected signs and apart from one
of the seascnal dummy variables (D1} are all significantly

different from zero.

5.3t Model Validation

So far, the behaviourial equations of the dairy sector model
have been evaluated using statistical tests like the t-test for
individual coefficients, and the R-sgquare and the F-test for the
significance of the different meocdels. It is instructive at this
stage to evaluate the overall performance of the model, to
investigate how well each model 1is capable of tracking the

historical wvalues of its dependent wvariable. In order to
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accomplish this, a dynamic simulation of the model was performed
over the 1981-1990 period. Simulated wvalues of the dependent
variable are generated by feeding predicted values of the
dependent variables into the lagged endogenous terms. Summary
performance statistics for each of the endogencus variables are

presented in Table 5-=3.

Table 5-3: Intra-Sample Simulation Performance

Root mean sguare
Variabkle Definition percent error
{percent)
COW Milk cow inventory 0.7
MPC Milk production per cow 0.1
PROD Total milk preduction 1.6
CDIS Commercial disappearances 2.5
RFMP Real farm milk price 5.0

Source: Estimated

Root mean sgquare percentage errcrs (RMSPE) of less than 5
percent were observed for all five variables under consideration,
which shows that all the model is performing well. The model
appears to be weakest, however, in reproducing the real farm
price of milk. However, to the extent that errors for this
variable in recent periods were substantially less than errors
over the entire sample size, the structure of the present model

was kept for out of sample forecast.

S.4: Forecasting
Once the models were validated, the estimated coefficients
were used to generate conditional forecasts of the endogenous

variables over the period 1991-1995. Conditional forecasts were
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produced based on conditional values of the exogenous variables
over the forecast period. The structure of the present model
meant that assumed wvalues of only a small number of variables
were needed. Futures prices of soybean meal from the Chicago
Board of Trade was used as a guidance for assumed values of
beanmeal prices to 1995. The real support prices were based on
support price of US$ 10.10/cwt. contained in the 1990 Farm Bill.
The real US disposable income for the period 1991-1995 was
derived by extrapolating current income trends. 1In all cases,
an assumed level of inflation of 5 percent annually was assumed.
The forecast values of the endogenous variables are summarised

in Table 5-4.

Table 5-4: Predicted Values of Selected Variables (without BST)

cow MPC PROD CDIS RFMP

(000 head) (1b/year) {mil.lb/yr) (mil.lb/yr) (S/cwt.)

1991 10,143 14,545 147,568 143,252 3.11
1992 10,077 14,815 149,286 144,955 3.01
1993 9,986 15,158 151,359 146,628 2.91
1594 9,884 15,536 153,550 148,293 2.82
1995 3,776 15,935 155,784 149,966 2.73

Source: Estimated

Figure 5-1 {a-d) shows the plots of actual and simulated
values of the endogenous variables over the historical period as
well as over the forecast period. The graphs show that the model
estimated the actual values of all these endogenous variables
very closely. The graphs alsc show that, for the most part, the
forecasts continue trends that have been evident throughout the

past decade.
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Figure 5-1:Actual and Simulated Values of Selected Endogenous

Variables

(a) Dairy Cow Inventory

{b) Milk Production per Cow

14200 {quarterly)
11ooo~/o—’AUA 4200
= 3800
2 \ £ s f
oy 5 WiVA A
§ 102060 - o w00 V
s o bk a 2 LY
Ly 32 'y & h
' LVAYAAY)
5800 L 30004 4/~ ¥
28!
15881 B3 §5 87 - 81 83 19495 1581 83 b5 87 89 Rl 83 1936
L—-— ACTUAL ~ —ee EST[MATEDW ]—- ACTUAL = ESTIMATED
(¢) Commercial Disappearances {d) Real Farm Milk Price
(quarterly) (1957 dollars}
a %
= a
= =
[ =
-4 o)
4 [-%
S g
- | .y
:) g -':.\‘_ F
E = S '._V:.-,__ )
T AR SR R A S ViRMH S pores
-------- ESTIMATED




a7

The results indicate that the number of dairy cows will
continue +to decline over the 1991~1995 period. Although
congistent with other studies, the magnitude of the decline in
this analysis is less dramatic than these reported in Kaiser, for
instance. The number of cows 1is predicted to decline to 9.8
million head by the end of 19885.

Milk production per cow is expected to continue its steady
upward trend over the 1991-1995 period. By 1995, averade annual
milk production per cow is estimated to be 15,935 pounds. This
translates into an annual rate of increase of about 2.4 percent
which is consistent with historical increases in milk production.
This estimate compares favourably with that from Kaiser (1990).

The product of cow numbers and milk produced per cow gives
the total milk production in the US. Again, the estimated total
milk production over the 1991-1995 period is consistent with the
general trend in milk production over the last decade. By 1995,
the US will be preoducing an estimated 155.8 billicon pounds of
milk annually.

The US commercial disappearance of milk shows a slightly
faster rate of growth over the 1991-1985 period. This is partly
due to lower real prices of milk over this period since the
support price is fixed at US$ 10.10. However, when taking the
impacts of inflation into acceount, the real prices of milk over
this period actually declines., By 1985 the real farm milk price
is estimated to be $ 2.73/cwt {in 1967 dollars), a drop of about
12% from 1991 price level. This is consistent with the
historical trend as real farm prices have dropped by about 4%

annually during the 1980’s.
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5.5: Summary

This chapter has shown the dairy simulation model and why
this particular model was chosen. The chapter has also
summarised the results that were obtained from the model. The
mode] used containg four behaviourial egquations which explain cow
inventeory levels, milk production ©per cow, commercial
disappearances (demand) for milk, and the real farmgate milk
price. An identity of the product of the number of cows and the
milk preduction per cow was used to find total milk production.
All of the medels were found to be satisfactory.

The models were then used to forecast through 1995. These
forecasts saw several trends continuing into the future. Cow
numbers were projected to continue to decline at a steady rate,
while milk production per cow would steadily increase. The
result was a marginal increase in total milk producticn. Total
commercial disappearances also increased slowly but steadily.
The real farm milk price was projected to continue to decline as

it has done almost every year during the 19807s.



Chapter &

Incorporating BST Into the Model

6.1: Intreoduction

The previous chapter explained this study’s model of the US
dairy industry, and projected forecasts based on that model.
This chapter incorporates the use of bST into the model’s
forecasts for 1991 through 1985.

As was mentioned in a previous chapter, some important
factors that will determine bST’s effects remain uncertain at
this time. These factors include the response rate (the
percentage increase in milk produced per cow as a result of using
bsT), and the adeption rate (the cumulative percentage rate at
which farmers adopt bST}. Because of this uncertainty, this
chapter will present several possible alternatives to account for
the effects of bST use. These alternatives include three
possible response rates (10%, 15%, and 20% increases in milk
production per cow) and two scenarios of possible adoption rates.

The latter part of the chapter explains how the use of bST
may make the US a large exporter of dairy products, and it shows
the possible magnitude of the exports from the US as estimated

by the model.
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6.2: Impacts of BST on Production

The impacts of bST on US milk production can be derived in
a straightforward fashion as follows. Two factors determine the
extent by which total milk production will increase in the US
following the adoption of bST. These are:

{1) the response of milk preduction per cow to bST and

(2) the rate of adoption of bST by farmers.

As mentioned earlier, proper management and nutrition also
impact on results from bST use. This study assumes that those
farmers who adopt bST are aware of these other factors and as

such derive the maximum benefits from bST.

6.2a The Response Rate

Based on recent studies on the production response to bST,
this study assumes that increases in the production of milk per
cow (response rate) will range from 10 to 20 percent with an
average of 15 percent over the period of the cow’s lactation that
bST is used.

BST will probably only be used, however, after the first 90
days of the cow’s lactation period because earlier use may hinder
the cow’s ability to re-breed. Since the first 90 days of
lactation account for about half of the cow’s total production,
bST will only raise a cow’s total production by akout half of the
response rate. In other words, a 10% response rate will raise
the cow’s production 10% over the time that bST is used, but
since it is given during the period of time when the cow gives
half of her total preoduction, a 10% response rate will increase

total annual production by only 5%. Similarly, a 15% response
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rate will raise total production by about 7.5%, and a 20%
response rate will result in a 10% annual milk increase. Thus,
throughout this chapter, a 5% increase in total annual production
was calculated for the 10% response rate, and similarly for the

other two response rates.

6.2b The Adoption Rate

As previous chapters of this study have indicated, one of
the most uncertain factors concerning bS? is the number of
farmers who will adopt it when it becomes avalilable for use.
Most previous studies have assumed that the rate of adoption will
be rather slow and gradual, as is often the case with a new
technology. These studies cite surveys which suggest that a few
farmers will adopt bST immediately after it is made available,
and increasingly larger numbers will adopt it over the ensuing
years.

Yet, even if most studies agree that adoption of bST will
be gradual, most have disagreed on the exact rates at which it
will be adopted. This is evident in the literature reviewed in
this study.

Therefore, thisg study will present two scenarios of possible
adoption rates for the years 1991-1995. Scenario 1 is based upon
the study by Fallert et al (1987), in which adopticon rates were
determined through a survey of US dairy farmers. Scenarioc 2 is
based upon the paper by Tauer and Kaiser (19%1), in which
adoption rates were determined endogencusly in the study’s model
based on the estimated profitability of bST use. The adoption

rates for these scenarios are shown in Table 6-1.
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Table 6-1: Summary of Adoption Rates Assumed by the Scenarios

Cumulative Adoption Rate
Scenario Source (Percent of Farmers Using bST)

1991 1992 1993 19%4 1995
1 Fallert, et al 0 10% 20% 36% 44%

2 Tauer & Kaiser c 5% i0% 25% 40%

As the table shows, it is assumed that bST will not be used
in 1991, since it is not yet available at this time. Should it
become available in 19%2, 10% of the dairy farmers in the US
would adopt it according to Scenario 1, which is based on the
nationwide survey used by Fallert, et al (1987). By 1935,
according to that scenario, 44% of US dairy farmers would be
using bST. The corresponding adoption rates in Scenario 2 are
more conservative, with only 5% ¢of the farmers adopting bST in
the first year it is introduced. This rises steadily to a total
of 40% four years after introduction.

Although the adoption rate is given here, as it is in other
studies, as the percentage of dairy farmers who adopt bST, this
is slightly misleading. More accurately, the adoption rate
indicates the percentage of the nation’s cows on which kST is
used. The difference is, of course, that the 10% of the cows on
which bST is used, for example, may be on only 5% or so of the
nation’s dairy farms. This example may actually be a realistic
possibility since larger than average farms would likely be more
able to adapt to the special challenges presented by bST and
adopt it more quickly than smaller farms.

For the purposes of this study, however, the termineclogy
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of the “percentage of farmers™ is used, to maintain consistency
with previous studies. Those studies assumed that farms of all
sizes were equally as likely to adopt bST, and thus there would
be no difference between the percentage of farmers who adopted

bST and the number of cows on which bST is used.

§6.2c: Caleulating the Total effect of BST on Production
Based on the above assumptions, the impacts of BST on milk

production can be calculated as follows:

Change in
Milk —({response rate/2){milk per cow) * (adoption rate}{(no. of cows)

Production

For example, if one assumes a response rate of 10%, average
annual milk production per cow of 15,000 pounds, a cumulative
adoption percentage of 20%, and a national dairy cow herd of 10
million head, the increase in the amount of milk produced in the
US for the year as a result of bST use is calculated as:

Change in
Milx  =(.10/2) (15000) * (.20)(10,000,000) = 1.5 billion pounds
Producticon

In this example, total production without bST would have

been 150 billion pounds (15,000 pounds per cow * 10 million

cows), s¢ bST use increases milk production by 1%.

6.3 Incorporating the Impacts of BST Into the Model
Using the forecasts of dairy cow inventory numbers and milk
production per cow from the model in the previous chapter, and

the assumed response rates and adoption rates explained above,
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the impact of bST use in the US for 1991-95 were calculated. The
results are shown below, in pounds and in percentage of total

production.

6.3a: Percentage Increases in Total Production: Scenariocs 1 & 2

The increase in production as a result of bS?T in terms of
a percentage of total national annual production can be
calculated by multiplying the cumulative adoption rate by half
the response rate. The results for Scenarios 1 and 2, which use
different adoption rates, are given in Table 6-~2 and 6-3

respectively.

Table &6-2: Percentage Increases in Tetal Milk Production as a
Result of Using BST : Scenario 1

Cumulative Adoption Rate
0% 10% 20% 36% 44%
Response
Rate 1991 1992 1993 1894 1995
10% 0.0% 0.5% 1.0% 1.8% 2.2%
15% 0.0% 0.8% 1.5% 2.7% 3.3%
20% 0.0% 1.0% 2.0% 3.6% 4.4%

Table 6-3: Percentage Increases in Tetal Milk Production as a
Result of Using BST : Scenario 2

Cumulative Adoption Rate

0% 5% 10% 25% 40%

Response
Rate 1991 1992 1993 1994 1995
10% 0.0% 0.3% 0.5% 1.3% 2.0%
15% 0.0% 0.4% 0.8% 1.9% 3.0%
20% 0.0% 0.5% 1.0% 2.5% 4.0%
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According to Scenario 1, bST would increase total milk
production the first year it is introduced by 0.5% - 1.0%,
depending on the response rate. After four years, it would have
raised production by as much as 4.4%. The increases presented
in Scenario 2 are somewhat lower, because of the glower adoption
rate. The percentage increases range from as little as .3% the

first year to as much as 4% after four years.

6.3b: Increases in Total Milk Production Resulting from BST Use:
Scepnparios 1 & 2

The previous chapter explained how forecasts for cow
inventory, milk preoduction per cow, and total milk production for
1991-1995 were cobtained from the Quarterly Dairy Model. Those
forecasts will now be used, alohg with the assumed response rates
and adecption rates develcped in this chapter, to estimate the
increase in milk production that would result from the
introduction of bS8ST. These estimates of production increases
were found by substituting the forecasts for cow inventory and
milk production per cow from the model, along with the wvarious
response rates and adoption rates, into the equation shown
previously in this chapter for the change in milk production.
The results for Scenarios 1 and 2 are shown in Tables 6-4 and 6-

5, respectively. The results are also displayed graphically in

Figures 6-1 and 6-2.
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Table 6-4: Total Milk Producticn (Billions of Popunds): Scenario

1

Response
Rate

1851 1982 1893 1994 1895

0% (no bST)
10%
15%
20%

147.6 149.3 151.4 153.6 155.8
147.6 150.0 152.9 156.3 159.,2
147.6 150.4 153.6 157.7 160.9
147.6 150.8 154.4 159.1 162.6

Source: Estimated

Fig. 6-1: Total Production, Scenaric 1

Using 10%, 15%, & 20% Response Rates
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Table 6-5: Total Milk Production (Billions of Pounds): Scenario
2

Response

Rate 1991 1592 1993 1994 1995
0% (no bsT) 147.6 149.3 151.4 153.6 155.8
10% 147.6 149.7 152.1 155.5 158.9
15% 147.6 149.8 152.5 156.4 160.5
20% 147.6 150.0 152.9 157.4 162.0

Source: Estimated

Fig. 6-2: Total Production, Scenario 2
Using 109%, 15%, & 20% Response Rates
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The first row of Table 6-3 and Table 6-4 show total annual
milk preduction in the US from 1991-~1995 as estimated by the
Quarterly Dairy Model. According to the forecasts, production
will rise steadily, by about 2 billion pounds of milk per year.

The second row of Table 6-4 shows production if bST is
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introduced beginning in 1992, has a 10% response rate, and is
adopted at the rate described for Scenario 1. As the table
shows, initially there is only a modest increase in production
of 0.7 billion pounds, because only 10% of the nation’s farmers
have begun using bST. As bST is more widely adopted over time,
however, the increase in milk preduction becomes more
substantial. By 1995, the same 10% response rate would lead to
an increase in producticn of 3.4 billion pounds compared to the
baseline situation in which bST was not available. This assumes
that 44% of US dairy farmers will adopt bST by that time,

If the response rate is as great as 20%, the effects of bST
would be even more substantial. For example, a 20% response rate
along with a 44% cumulative adoption rate in 1995 would result
in 162.6 billion pounds of milk production. This would be an
increase of 6.8 billion pounds over the production total without
bSsST.

Figure 6~1 displays the same information in graphic form.
The graph contains one line which represents the baseline
gituation of no bS8T, as well as a line for each of the 10%, 15%,
and 20% response rates. As the graph shows, the increase in
productien in 1992 for all three of the response rates is only
slightly higher than the baseline with no bs8T, because few
farmers will have adopted bST in the first year it is available.
By 1995, however, the differences become dramatic, showing the
ability of bST to substantially increase the US milk supply.

Table 6-5 and Figure 6-2 can be interpreted in the same
manner as those above. Because Scenaric 2 assumes a slower rate

of adoption, however, the increases in milk preduction caused by
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bST are significantly Jlower than they were in Scenario 1,
particularly in the first two years after bST is introduced.
Even in this scenario, though, bST does raise total production
greatly by 1%%5. The increase may be as much as 6.2 billion
pounds by that time. Even more significantly, the
increase in milk production from 199C to 1995 in both scenarios
is gquite substantial. The estimated yearly increase of about 2
billion pounds, coupled with increases from the use of bST, coulg
raise production from its 1850 level of 147 billion pounds to
over 162 billion pounds by 1995. This is an increase of over 15

billion pounds, or about 10%, over 13890 production levels.

6.4t The Effects of BST on Excess Supply

The previous section showed that the adoption of bST could
increase the supply of milk in the US significantly over the next
five years. If the demand for milk does not keep pace with the
increasing supplies, excess supplies {surpluses) of dairy
products will develop. Those excess supplies would then nheed to
be placed in storage or exported to prevent them from disrupting
the price support system. This section will estimate the
possible magnitudes of excess supplies of dairy products that may

develop if bST is adopted in the US.

6.4a: Bupport Prices and Excess Supply

Chapter 4 discussed the theoretical effects that the
adoption of a new technology, such as bST, would have if it were
introduced into a market in which a producer support price were

present. The technology would reduce production costs and thus
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increase supplies, shifting the supply curve to the right. Iﬁ
a perfectly competitive market this shift would lead to lower
prices for the producer, bringing the market back into
equilibrium. If, however, a support price is present, as is the
case in the US dairy industry, the price is not allowed to fall
to the market clearing price. Thus, the gquantity supplied
exceeds the guantity demanded, and a surplus is created.

When a surplus develeops the government must intervene to
remove it, in order to maintain the support price. Import
barriers may alse need to be established to prevent cheaper
foreign products from undercutting the domestic support price.
Chapter 2 explained the methods by which the Commodity Credit
Corporation {CCC) removes dairy surpluses from the market, and

the gquotas which the US imposes on dalry impeorts.

6.4b: Measuring Excess Supply

Excess supply is simply the difference between the gquantity
supplied and the quantity demanded. If the gquantity supplied is
greater than the quantity demanded, then the difference between
them is the amount of the excess supply, or surplus. Therefore,
to estimate the excess supply, it is necessary to estimate both
the quantity demanded and the guantity supplied.

Equations for both supply and demand are found in the
Quarterly Dairy Model in Chapter 5. Supply is estimated by the
equation for total milk production, which is simply the number
of dairy cows in the US multiplied by the milk preoduction per
cow. The demand for milk is found by estimating an eguation for

the commercial disappearances of milk. Commercial disappearance
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is the difference between total production during the quarter and
the change in inventory stocks at the end of the quarter. It
thus measures the amount of milk that was consumed during the
guarter. Commercial disappearances are estimated by Equation 4
of the model.

As Chapter 5 explained, once eguations for the model were
found, those eguations were used to forecast for the period 19%1-
1995, Figure 6-3 shows the excess supplies for the period 1881~

1595, including the forecasts the model for 1991-1995.

Figure 6-3: Dairy Excess Supply
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As Figure 6-3 shows, excess supplies of dairy products
peaked in the early 1980‘s and have since declined to relatively
low levels. Reasons for the decline in excess supply including
a declining suppert price, the DTP, international market
conditions, and other factors were discussed in previous
chapters. The graph alsc shows that the model’s forecasts are
relatively small compared to the surpluses of the early 15807s.
The forecasts alsco predict that excess supplies will rise, but
only slightly, between 1991 and 1995. Since the CCC estimates
that approximately 5 billion pounds of surplus dairy products can
be disposed of without creating a market disturbance, the
forecasts suggest that, without the introduction of bST, excess
supplies should not create a major problem during the first half

of the 1990’s.

6.4c: Estimating The Effect of BST on Excess Supplies

Previously in this chapter, it was shown how bST would
increase milk production. A similar method can be employed to
measure the effect bST would have on increasing the excess supply
of milk., This is done simply by subtracting the forecast values
for commercial disappearances from the forecast of total
preoduction if bST is adopted. Again, the three possible
response rates and two scenarios of adoption rates were used to
estimate the effects of bST on production.

Figures 6-4 and 6-5 show the forecasts for excess supply
under Scenario 1 and Scenariec 2, respectively. In the graphs,
10%, 15%, and 20% response rates are conmpared to the baseline of

no bST.
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Fig. 6-4: Excess Supply, Scenario 1
Using 10%, 15% and 20% Response Rates
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Fig. 6-5: Excess Supply, Scenario 2
Using 109, 15% and 20% Response Rates
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As the graphs show, without bST the excess supply of dairy
preducts would be a relatively modest 4 billion to 6 billion
pounds per year every year through 1995. TIf, however, bST is
adopted by farmers at the rate predicted by Scenario 1, the
excegs supply of dairy products could rise to over 11 billion
pounds or more by 1995, depending on the response rate. In
Scenario 2, the excess supplies grow more slowly, but still may
exceed 10 billion pounds by 1995. Thus, even conservative
estimates of the effects of bST would still create excess
supplies which would rival the largest surpluses of the early

1980’'s.

6.5 Effects of the 1990 Farm Bill

The above analysis has included several implicit assumptions
that are based on the 1990 Farm Bill. For example, this study
has made feorecasts through 199%, because the 1990 Farm Bill has
established policy until then. Thus, one can be relatively
certain that most of the policies in place will remain unchanged
through 1995. Predictions for further years, however, would be
based on a much greater degree of uncertainty, because they would
almost certainly have to assume that the policies of the 1990
Farm Bill would be carried forward in future agricultural
legislation. As the differences between the 1980, 1985, and 195990
Farm Bills show, policies have changed greatly over time, and
predictions keyond the current Farm Bill would be unreliable.

The difference between Farm Bills is, in fact, one of the
distinguishing features between this study and previous studies

of the effects of bST. COther recent studies, which were reviewed
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in this study, based their predictions on the assumption that the
policies of the 1985 Farm Bill, including a declining Support
Price, would be continued in the 1990 Farm Bill. As this study

has mentioned, that policy and others were altered.

6.5a The Effect of the Support Price

This study, in its analysis of the effects that bST would
have on milk productiocn, assumed that the price of milk, both at
the farm level and retail level, would remain relatively
unaffected by the adoption of bST. Although one would usually
assume that an increase in supply would lead to declining prices
both at the farm and retail levels, the support price prevents
this effect by keeping the price from falling below the supported
level.

Equation 5 in the Quarterly Dairy Model (see Table 5-1)
showed that the real farm milk price is a function primarily of
the real effective Support Price, which is the Support Price less
any mandatory deductions (such as those deductions which paid
part of the cost of the DTP}). Therefore, if the Support Price
remains constant at $10.10/cwt. as the 1990 Farm Bill authorises,
then the real farm milk price will remain relatively unchanged
(relatively unchanged, but not entirely, because the real farm
milk price is also dependent, to a lesser extent, upon cow
inventory numbers and the seasonal dummy variables).

This is an important distinction because if the Support
Price were allowed to fall if production rose above a certain
point, as was the case in the 1%8%5 Farm Bill, then the study

would naturally assume that preoducers would base their production
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decisions on the declining Support Price. This is the assumption
that has been made by previous studies. If, however, the Support
Price is going to remain constant for the next five years, and
the real farm milk price is dependent to a large degree on the
Support Price, one can be relatively certain that the farm price
will not fall below a certain level even if the supply is
increased by the adoption of bST. 8Since the real farm milk price
forecast in Chapter 5 is only slightly higher than the Support
Price, one can be relatively confident that the introduction of
bST will have a rather small effect, if any, on farm prices.
Therefore, this study assumed that the forecasts for the real
farm milk price would not be altered by the introduction of bST,
and the increases in production from the adoption of bST were
added onto the forecasts to find the total production after bST
is introduced.

Similarly, this study found that the demand (commercial
disappearance) of milk is a function of the real farm milk price,
real disgposable income, and seasonal dummy variables. Since the
study assumes ne change in the real farm milk price if bST is
introduced, and there is no reason to alter the other independent
variables, the introcduction of bST will not affect the guantity
of milk demanded. Therefore, the forecast value for excess
supply for 1991-15995 would be the difference between the forecast
of total production including bST and the original forecast of

commercial disappearances.

6.5bt The Effect of Price Deductions

As the previous secticon mentioned, the Support Price will
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remain constant through 1995. As Chapter 2 discussed, however,
the 1990 Farm Bill established a policy that any producer who
exceeds a certain production level (based on that producer’s
cutput over the past 5 years) will incur a mandatory deduction
from the price he is paid for his milk. Since the price
deduction affects only those farmers who increase preoduction, it
will make the use of bST unattractive to many producers. Other
producers, however, would find that the benefits of using bST to
increase production would outweigh the costs of the price
deduction, and would therefore chocse to use bST, Still others
would find that they could increase their profitability by
adepting kST and simultanecusly reducing their herd size. They
would thus take advantage of the cost savings from bST without
increasing their total production enough to incur the price
deduction.

The price deductions would therefore probably affect the
nunber of producers who would adopt bST, reducing the adoption
rate. As was mentioned previously in this chapter, the adeption
rate is one of the uncertainties concerning the introduction of
bS8T. Several previous studies have used very disparate adoption
rates. It is therefore even more difficult to predict what the
adoption rate would be now that those who adopt bST would face
a possible price deduction.

Because of that uncertainty, this study has used two
relatively conservative adoption rates for the two scenarios.
Scenaric 2 is the more conservative of the two, and may therefore
be regarded as more likely to be accurate. It is impossible at

this time, however, to be certain vhat the adoption rate will be,
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s0 both are presented as possibilities.

6.6;: Effects on Other Dairy Exporting Nations

The above analysis has shown clearly that the adoption of
bST in the US could potentially produce substantial surpluses of
milk in the US, perhaps in excess of 12 billion pounds. Assuming
that 5 billicon pounds could be disposed of through domestic
programs, 5 billicn to 7 billion pounds of dairy products would
still need to be disposed of. Much of the excess supply of dairy
products would undeocubtedly end up on the international market.

To put these estimated increases into perspective, New
Zealand‘s total milk production in 1988 amounted to approximately
17 billion pounds, of which about 13 billion pounds was exported
(NZ MERT). Thus, the increase in US excess supplies to as much
as 12 billion pounds, although small when compared to the total
US production of 145 hillion pounds, means that the use of bST
in the US could create a surplus in the US which would rival New
Zealand’s teotal annual exports. If a large percentage of the US
surplus ends up on the world market, as it has in the past, the
US could potentially become almost as large an exporter of dairy

preoducts as New Zealand by 1995,

6.6a: The Effect of Subsidised Exports

Because the US cannot produce dairy products as cheaply as
other dairy exporters, particularly New Zealand, the US would
most likely have to use some form of expert subsidisation to
dispose of its surplus dairy products on the world market.

Chapter 2 discussed some of the subsidy programs, as well as
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foreign aid donation programs the US has empleoyed in the past to
dispose ¢f dairy surpluses. As Chapter 4 showed, the use of
export subsidies by a large exporter {which the US would be if
the surpluses calculated in this chapter are exported) would
drive the world price down. Because the US has not been a major
player in the international dairy market in the past, the
emergence of the US as a dairy exporter, which may follow the
adoption of bST in the US, could create guite a shock to the
market.

The exports from the US, in addition to lowering the world
price, would also tend to displace some of the markets of the
current dairy exporting nations. Since New Zealand has adopted
a peclicy not to use export subsidies, it could be potentially
hardest hit if the New Zealand dairy product prices were
underpriced by US export subsidies. Since the US exports mainly
dry milk powder and butter, New Zealand ceould be particularly
hard hit, since those are also New Zealand’s principle exports.
Australia, another large exporter of dry milk powder, could also
be adversely affected if the US emerges as a larger exporter.

The EC, which is the largest dairy exporter, does have an
aggressive export subsidisation policy. It would likely lose
less market share to emerging American competition, but the
result could become quite costly to the EC if it is forced to

increase export subsidies to compete against the US.

6.6b: Effects on the World Price
This analysis has assumed that if bST causes large surpluses

in the U8, the US would have to use export subsidies to sell
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thelr surplus dairy products on the world market. If this
occurs, the world price may become as depressed as it was in the
early 1980‘s, when substantial surpluses forced several exporters
to subsidise their exports of dairy products. Export
subsidisation by the US could also lead to a bidding war between
the US and the EC, which would not only be costly to those
nations, but also to non~subsidising nations such as New Zealand

which would see the world price drop and its revenues decline.

The magnitude of any price effect on the world dairy market
is difficult to gauge accurately because of he complex structure
of he industries and the great amount of government intervention

in he industry.

6.7 Other Issues and Potential Developments

The above analysis has assumed that the US is the only
country that will use LST over the 1991-1995 period. However,
should the US adopt bST, the EC could also do the same to
maintain their competitiveness on the world dairy market. Such
a situation would further add to the world surplus of dairy
production. As a response to these surpluses, world prices of
dairy products could decline significantly.

An important implication of this development would be the
threat that the US would represent to other dairy exporters. As
a result, there might be increasing pressures on these exporters,
in particular the EC countries, to also adopt the use of bST in
order to maintain and increase thelr competitiveness on the world

market. Since the EC is by far the largest producer and exporter
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of dairy products in the western world, the adoption of bST could
compound the surpluses of dairy products on the world market.

As discussed above, such a situation could potentially lead
the major exporters, the EC and the US, to use export subsidies
in order to dispose of their surpluses. Previous experiences with
the use of export subsidies during the mid 1980‘’s have shown
clearly that such a practice would not benefit the major
producers and exporters of dairy products.

In New Zealand, the adoption of bST would not necessarily lead
to similar gains in producticon as in the US. This is mainly due
to the forage based dairy preduction system in New Zealand which
is not fully ceompatible with the use of bST, as was discussed in
a previous chapter. In order to capture the full benefits of bST,
major changes in management and production practices would be
required. Thus New Zealand’s international competitiveness in
dairy could be seriously affected by adoption of bST in other
countries. New Zealand cculd see its market share eroded if its
customers turn to cheaper, subsidised products from the EC and
the US. The potential drop in the world price due to the added
supplies from the US on the markeit and from the increased use of
export subsidies, would also hurt New Zealand revenues.
Furthermore, because bST is a cost-reducing technology, if it is
adopted in other dairy producing countries, but not in New
Zealand, then New Zealand’s comparative advantage as the world’s

lowest cost dairy producer would be ercded.

6.8: Summary

This chapter has shown how the use of bST is incorporated
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intoc the US dairy simulation model. It has shown the assumptions
that have been made regarding bST use, and has shown three
possible scenarios of possible response rates in milk production.
The results show that bST could increase US total milk production
by nearly 7 billion pounds per year by 1995. This increase in
production would add to an already growing surplus, which could
result in a total excess supply of 12 billion pounds by 1995S.
Thig surplus would rival the record surpluses of the 1980‘s.

These results indicate that, if the US adopts bST as the
model has forecast, then the US will have very significant
supplies of surplus dairy products which it will need to dispose
of by 1995. Much of this surplus will undoubtedly be given away

or scld on the internaticnal market at subsidised prices.

The implications te the current dairy exporters are rather
clear. Added supplies from the US onte the internaticnal market
will increase competition and lead to reduced prices, especially
for butter and skim milk powder. This could take away some of
New Zealand’s market share, and would likely force the EC to
increase its own export subsidies. In the end, the adoption of
ST in the US could be gquite costly to the current dairy
exporters, if the US enters into a larger role as a dairy

exporter.



Chapter 7
Summary, Conclusions, and

suggestions for Further Research

7.1: summary of the Study

The objective of this study was to estimate the effects that
the adeption of synthetic bovine Somatotropin (bST) by US dairy
farmers would have on the US dairy industry, and what the
implications of bST use in the US would be for international
trade of dairy products.

BST is a growth hormone for cattle that increases milk
production. Recent advancements in biotechnology have led to the
development of a synthetic form of bST. Although bST has not yet
been approved for use in the US, it is expected to be approved
scon, and could have a great economic impact on the dairy
industry.

The primary focus of the study was the specification and
estimation of an econometric model of the US dairy industry.
Once simulated and validated, that model was used to generate
forecasts of the production, consumption, and price of dairy
products in the US for the periocd 1591-1995. Based on those
forecasts, several scenarios of the use of bST were developed to
analyse its empirical effects on the US dairy industry. Among
these effects, the excess supplies from the US that would be
created by the widespread adoption of bST were calculated.

Finally, the study discussed the resulting impacts that the
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excess supplies of dairy products from the US would have if they
were traded on the world market.

Before the actual development of the econometric meodel,
however, the study discussed several relevant topics, including
the US dairy industry and peolicy. The study noted that the US
dairy industry is one of the largest in the world, but has
traditionally been only a minor participant in world dairy trade.
The current US dairy policy environment is shaped by the 1980
Farm RBill, which includes a provision te maintain the current
minimum dairy support price. This is an important distinction
from the 1985 Farm Bill, and one which previcus studies of bsST
had not acccounted for.

This study alsco discussed the current world dairy trade
environment. The dairy products industry is one of the most
heavily subsidised and rigidly protected industries in the world.
As a result, world dairy trade accounts for only a small
percentage of world dairy production. Because of its small size,
the international market is subject to volatile price swings.

While the EC and New Zealand are the primary dairy
exporters, the study also investigated the possibility of the US
becoming a large dairy exporter., This subject was discussed in
a paper by Blayney and Fallert (1989%), who concluded that the US
could become a larger dairy exporter in the 1996’s. The role of
the US as a dairy exporter would be enhanced, they said, if the
EC maintains dairy production quotas; US policies, such as export
enhancement programs, that encourage dairy exports are adopted;
and if US farmers adopt bST.

The study alsc discussed the impacts of bST and the



@5
controversy that surrounds it. Although bST is a cost-reducing
technology, many farm groups in the US are opposed to its use.
They believe that it will fundamentally restructure the US dairy
industry, and reduce farm income. Some consumer groups are also
opposed to bST because they fear that it may be unsafe, although
no studies have found cenclusive evidence of adverse effects on
either cattle or human health. Other dairy producing countries,
such as the EC, have banned bS7T, citing concerns by consumer
groups for human heaith.

Several previcus studies which examined the economic impact
of bST on the US dairy industry were reviewed. These studies
generally agreed that bST would not have as great an effect as
previous studies had indicated. They did agree, however, that
bST would tend to continue certain trends in the dairy industry
including declining cow numbers, declining farm numbers, and
increased milk production per cow. Many of the assunptions these
studies used, including the response rate, adoption rate, and
others remain controversial. This study discussed these and
other issues.

Before developing an econometric model of the US dairy
industry, the study investigated the theoretical and conceptual
implications of the adoption of bST in the US. It discussed the
effects of the adoption of a new technelogy, such as bST, in an
industry which is supported by a producer support price. It was
found that such a situation led to an excess supply, or surplus,
which the government would have to remove in order to maintain
the support price. One means of removal is to export the

products, often at subsidised prices. If a country does export
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a relatively large amount of a good at a subsidised price, the
international price will decline, and revenues for other
exporting countries will fall.

Chapter 5 of this study developed an econometric model of
the US dairy industry. The guarterly model contains four
behavioural eguations which explain cow inventory numbers, milk
production per cow, commercial disappearances of milk (demand),
and the real farm milk price. An identity of the product of the
number of cows and the milk production per cow was used to find
total milk preduction. All of the equations performed
satisfactorily. Once the egquations had been validated, they were
then used to simulate forecasts through 19%5. Cow numbers were
projected to continue to decline at a steady rate while milk
producticon per cow would increase. The result was a marginal
increase in projected total milk production. Total milk
consumption was projected to increase slowly, but steadily, while
the real farm milk price declined at a constant rate. These
projections show, to a great extent, a continuation of trends
that were evident through the 1980's.

In Chapter 6, the effects of the adoption of bST were
incorporated into the medel. Since bST has not yet been approved
for use, it was assumed that bST would first be introduced and
adopted in 19%2. Projections were made through 1995 based on the
forecasts from the model and from assumptions concerning the
response rate and adoption rate. Three possible response rates
{the percentage increase in milk production per cow that occurs
as a result of bST use) of 10%, 15%, and 20% were assumed. Also

two possible scenarios of adoption rates (the rate at which
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farmers begin using bST) were developed. The adoption rates were
based on those used by Fallert, et al (1987) and Tauer and Kaiser
(1991} .

The predictions indicated that, depending on the response
rate and adoption rate, US milk producticn could rise from its
1990 level of 145 billion pounds to over 165 billion pounds by
1995, Also, excess supplies of dairy products could be as high
as 11 or 12 billion pounds in 1995 if bST is adopted, compared
to only 5 or 6 billion pounds if it is not. These projected
surpluses would be nearly as great as the record surpluses of the
early 1980‘s.

The study then discussed the implications of these projected
surpluses on the internaticnal dairy market. The US would most
likely %try to dispose of 1its surpluses on the international
market, either by donating them as food aid, or selling them at
subsidised prices. The emergence of the US as a dairy exporter

would adversely affect current exporters, especially New Zealand.

7.2 Conclusions

There are several important conclusions that can be drawn
from this study. One is that a reliable, and relatively simple,
model of the US dairy industry can be developed. The guarterly
model presented in this study, which consists of feour behavioural
equations and one identity, satisfactorily estimates supply,
demand, and farm prices for the dalry industry. The model tracks
past data wvery well, performs satisfactorily on several
statistical tests, and projects forecasts that appear to be

reasonable.
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Another important conclusion 1is that, 1f current policies
are mailntained, the adoption of bST in the US will raise excess
supplies, perhaps dramatically, within a few years of being
introduced. This study found excess supplies that can be
directly attributed to the use of bST alone at 5 billion to 7
killien pounds within four years of its intreduction, using
relatively conservative assumptions of the response rate and
adoption rate. According to this study’s forecasts, that would
give the US an excess supply of 10 billion to 12 billion pounds
of dairy products. This surplus is nearly as great as the record
surpluses of the early 1980‘s, and rivals New Zealand’s total
annual export volume.

It can also be concluded that if such surpluses do develop
in the US, and the US employs the same export policies it has in
the past to dispose of the surplus, the effect will be damaging,
perhaps very damaging, to other dairy exporting countries,
especially New Zealand. The US would likely subsidise its dairy
exports, and even give much of it away, which would tend to
reduce the world price. The subsidised exports from the US would
also 1likely take market share away from current exporting
countries by undercutting their prices.

New Zealand is especially vulnerable to the emergence of the
US as a major player in the world dairy market for several
reasons. Perhaps most.importantly, New Zealand has adopted a
policy of not subsgidising exports, and so it could not compete
with subsidised experts from the US without cutting its own price
of dairy products. Furthermore, US dairy exports would almost

certainly consist of butter and skim milk powder, which are also
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New Zeazland’s primary dairy exports.

Subsidised exports from the US would also compete against
products from the EC, which also subsidises dairy exports. The
EC could avoid losing market share to the US, but would likely
have to increase its own subsidies, and accept lower prices, to
do so.

Finally, because of the small size of the world dairy market
and its price wvolatility, any sudden increase in excess supply
from a country such as the US would lead to a decline in prices
and profits for current dairy exporters. Since New Zealand is
the only country in the world that depends upoen the dairy
industry for a significant portion of its foreign exchange
earnings, the New Zealand economy would be hurt more than any
other by the emergence of the US as a large exporter of dairy

products.

7.3: Suggestions for Further Research

As this study has noted, the effect of bST remains one of
the most controversial subjects confronting agriculture today.
There are numerous aspects of this subject that need further
research, a few of which are discussed in this section.

Many recent studies, including this one, have used the
adoption rate found in the study by Fallert et al (1987} as the
basis of their adoption rate. However, the survey which was used
to determine the adoption rate for the Fallert study was
conducted five years ago, as of this writing. In those five
years, many facters which affect farmers decisions about bS8T have

changed, including the Farm Bill, the recent instability of farm
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prices, and a growing perception of consumers’ sensitivities to
chemical additives to the foed supply. It would therefore be
interesting to conduct another survey to determine farmers’
attitudes toward bST teoday. It is likely that such a survey
would find a significant difference between the predicted
adoption rate from the late 1980‘s and today.

This study did not attempt teo calculate the magnitude of the
reductions in the world price that could ccecur if the US becomes
a large dairy exporter, because this subject is beyond the scope
of this paper. Such a study of bST‘s international price effects
would be interesting. That study would have to take into account
the effects of the current border restrictions, production and
export subsidies, trade volumes, and other factors which are
difficult to determine. Linked to such a study would be the
probable effects that the current GATT negotiations could have
if those negotiations succeed in liberalising world agricultural

trade.
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