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Table 5-9—impacts of bST Adoption on the Economic Viability of Moderate-Size Representative Farms, Assuming Small Decrease in
Demand for Milk Due to bST, Trigger Price Policy, by Region, 1989-98 (in percent)

52-cow 52-cow 350-COW 200-COW
Upper Midwest Northeast Southwest Southeast

Non- bST Non- bST Non- bST Non- bST
Measure of impact adopter adopter adopter adopter adopter adopter adopter adopter

Probability of survivala . . . . . . . . . . . . . . . . . . . . . . 40% 48% 100% 100% 88% 94% 99% 100%
Probability of earning 5-percent return

on equity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 48 100 99 88 94 89 94
Probability of increasing equityb . . . . . . . . . . . . . . . 0 0 1 2 35 51 4 9
Present value of ending net worth as percent

of beginning net worthc . . . . . . . . . . . . . . . . . . . . 3 10 65 70 79 99 58 71
Whance  that the individual farm will remain solvent through 1998, i.e., maintain more than a 10-percent equity in the farm.
bchana  that the individual  farm will  increase its net worth in real 1989 dolIars through 1998.
cPresent  value of ending net worth divided by initial net worth indicates whether the farm increased (decreased) net worth in real dollars.

SOURCE: Office of Technology Assessment, 1991.

Table 5-10—Impacts of bST Adoption on the Economic Viability of Large Representative Farms, Assuming Small Decrease in Demand
for Milk Due to bST, Trigger Price Policy, by Region, 1989-98 (in percent)

125-cow 200-COW 1 ,500-COW 1 ,500-COW
Upper Midwest Northeast Pacific Southeast

Non- bST Non- bST Non- bST Non- bST
Measure of impact adopter adopter adopter adopter adopter adopter adopter adopter

Probability of survivala . . . . . . . . . . . . . . . . . . . . . . 85% 91% 100% 100% 100% 100% 100!40 100%
Probability of earning 5-percent return

on equity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 82 98 99 100 100 100 100
Probability of increasing equityb . . . . . . . . . . . . . . . 2 7 26 45 96 98 65 86
Present value of ending net worth as percent

of beginning net worthc . . . . . . . . . . . . . . . . . . . . 40 50 86 95 162 180 110 127

%hance  that the individual farm will remain solvent through 1998, i.e., maintain more than a 10-percent equity in the farm.
%hance that the individual farm will increase its net worth in real 1989 dollars through 1998.
CPresent value of ending net worth divided by initial net worth indicates whether the farm inoreased  (decreased) net worth in real dollars.

I

SOURCE: Office of Technology Assessment, 1991.
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economic success than nonadopters. The positive
economic payoffs for bST adoption are greater under
the dairy termination program than under the trigger
price policy. Thus, bST adoption would be acceler-
ated even with declining milk demand if a termina-
tion program were introduced in lieu of the trigger
price policy.

The supply impacts estimated by the LIVESIM
model in the previous section were based on past
adoption practices, not farmer survey results, which
indicate higher adoption for bST. If the survey
results are accurate predictors of adoption then a
large increase in supply would occur. Unless supply
controls such as a dairy termination program or a
quota are imposed, adverse impacts on economic
viability would be substantial (see app. tables C-12
to C-17).

Enhancing the Survival of
Traditional Farms

Results of the preceding analysis indicate that
smaller, less efficient, farms will have difficulties
realizing sufficient earnings to achieve a reasonable
return and survive even with the adoption of bST.
Northeast farms perform better, in part, because they
receive higher Federal milk marketing order prices.
Farms that do not adopt bST will feel even more
severe impacts.

The economic viability of smaller farms may be
enhanced by changes in scale of operation, progres-
siveness in technology adoption, research and exten-
sion, and dairy policy. The following provides a
brief discussion of the importance of each item.

●

●

Scale of Operation--Generally, larger farms
experience lower costs of production. Studies
now in progress indicate that in the Upper
Midwest and Northeast, economies of size have
resulted in the establishment of larger herds
that have the potential to realize even more
economies of size involved in dairying. Farms
with herds larger than 125 cows in the Upper
Midwest and 200 cows in the Northeast will be
more likely to lower their costs of production
and compete than smaller operations.
Technology Adoption--A key to achieving the
economic benefits of a new technology is to
adopt it early. The traditional milk production
regions have a history of lagging behind other
regions in adopting new technology. This study
has shown that, based on experience, the Upper

●

●

Midwest and Northeast regions will lag behind
the Pacific region by more than 20 percent in
the adoption of bST Ways must be found to
encourage producers in these regions to adopt
new technology earlier to enhance their proba-
bility of economic success.
Research and Extension-Little, if any, empha-
sis is given to conducting research and provid-
ing extension services to different-size farms.
Small, moderate, and large farms each have
their own unique problems, particularly from a
management perspective. Research is needed
on developing management strategies for each
farm size. Extension strategies also need to be
developed to assist farmers in technology
adoption so they can receive more of the
benefits of new technologies. Laggards in
technology adoption receive little economic
pay-off.
Dairy Policy--Based on this study’s analysis,
a fixed support price policy provides farms in
the traditional milk-producing regions with
higher earnings that increase their probability
of survival and the chance of earning a 5-
percent return on equity. However, even with
this policy, net worth continues to erode for
these farms. Thus, the support price may need
to be increased. This is, of course, more costly
in terms of government expenditures. An alter-
native would be to target these farms for a
higher support price-but it still will be more
costly and administratively complex compared
to other alternatives. However, if substantial
progress were made on the items discussed
above possibly no change in policy would be
needed.

BENEFICIARIES OF
TECHNOLOGICAL CHANGE

The issue of who benefits from technological
change is not new but is relevant to this study. The
farm-level results indicate that bST adopters are
better off than nonadopters. First adopters, more-
over, are the greatest beneficiaries of any technolog-
ical change. They receive a relatively high price for
their product and realize the cost reductions result-
ing from bST use. As more farmers adopt, the market
price falls, which makes the consumer the ultimate
beneficiary. As the market price falls, farmers who
do not adopt may be forced out of business.
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Figure 5-4—Dairy Price Indexes at
Three Market Levels (change from prior month)
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Questions have been raised regarding whether
consumer prices do, in fact, decline as producer
prices fall. Some groups opposing the approval of
bST have attempted to show that retail milk prices
do not fall as producer prices decline and, therefore,
consumers do not benefit from the technology (3). A
review of the relevant data on producer prices
received and retail dairy prices paid do not support
this contention.

Novakovic (8) made a comparison of the changes
in dairy prices at the farm, wholesale, and retail
levels for 1989 through 1990. Figure 5-4 illustrates
the monthly changes in average aggregate farm,
wholesale, and retail dairy prices converted to an
index where 1982 to 1984 = 100. The graph shows
a change in each index from one month to the next.
(A line on the graph below (above) 0.0 indicates
prices fell (rose) compared to the prior month.)

The data show that farm, wholesale, and retail
prices did follow each other. There are, however,
differences in the volatility of change. Farm prices

Figure 5-5-Farm and Retail Prices of Beverage
Milk Per Half Gallon (change from prior month)
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are the most volatile while retail prices are the least.
Declines in farm prices are reflected in smaller
declines at retail. However, this is true on the up side
as well. Farm prices increased the most from mid
1989 to the end of 1989 and retail prices increased
the least.

A review of actual price changes for fluid milk
and manufactured products, i.e., cheese, provides a
more insightful analysis (8).5 The pattern in figure
5-5 is similar but not identical to figure 5-4. That is
producer and retail prices for fluid milk did follow
one another up and down.6 Producer prices, how-
ever, decreased more than retail prices in the first
half of 1989 and increased less in the second half.
Some buoyancy exists to retail milk prices relative
to farm prices in reflecting declines in farm prices.

Price changes in cheese markets offer a similar but
more responsive change (see figure 5-6). Note that
producer prices lag wholesale prices by 1 month and
retail prices have a 2- to 4-month lag in reflecting
wholesale price changes. For example, the largest

spercentage changes me not the best way to compare farm, wholesale, and retail prices. When expressed in a common ufit of measmement (e.g.,
dollars per cwt of milk), the farm price will obviously be a smaller number than the retail price. Thus taking a percentage of a smaller number is less
than an equal percentage of a larger number. Part of the seemingly lower volatility in prices higher up the marketing channel is a result of comparing
index or percentage changes.

G~e sme result  was found by outlaw et al. (9) in a more recent  analysis.
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increase in wholesale cheese prices begin in May.
Retail price increases began to increase in August
and peaked in October. By then wholesale prices
were increasing at a more modest rate while retail
prices were increasing by the largest amount.
Examining just the October data, it would be
difficult to justify a 9-cent increase in retail prices by
a 2-cent increase in the wholesale price. It can,
however, be justified by the 5 months of 4- to 8-cent
monthly increases in wholesale prices that occurred
prior to October. Also note that in the second half of
the year, the increase in producer prices was
substantially greater than the increase in retail
prices. These results are similar to other research in
this area. Kinnucan and Forker (5) found the same
asymmetric relationship between farm and retail
dairy prices. This phenomena is found in other
agricultural industries as well.7

This analysis indicates that prices of dairy prod-
ucts to consumers are reflective of changes in supply
and demand factors in the market. Individual dairy
products such as milk and cheese do respond to price
changes differently, reflecting the specific forces at
work in each of their respective markets. Retail milk
prices follow farm price increases but seem to be
relatively slower in reflecting farm price declines.
On the other hand, cheese prices are responsive to
farm price changes and may even start falling before
producer prices. Thus, technological change that
lowers farmers’ production costs will eventually be
reflected in the market and the corresponding
savings passed on through lower prices to the
consumer, the ultimate beneficiary.

INTERNATIONAL TRADE
PROSPECTS

Speculation exists that adoption of new technolo-
gies, such as bST, will enhance the U.S. position in
international milk markets. The U.S. dairy industry
primarily focuses its marketing efforts on the
domestic market. It has had limited success in
international markets. This has been due to a number
of factors including: difficulties in identifying mar-
kets, monetary policies, import restrictions, and
political uncertainty in many countries. Moreover,
the world market price for dairy products is lower
than the U.S. price—largely because of the use of

Figure 5-6-Farm, Wholesale, and Retail Prices
of Cheese (change from prior month)
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subsidies to increase export sales from competing
countries.

Cost-reducing technologies, such as bST, can
improve the United States competitive position in
international milk markets, but alone are not suffi-
cient. An encompassing strategy that at a minimum
identifies promising new markets, benefits from
favorable monetary policies, addresses export subsi-
dies and import restrictions, as well as supports
research to provide cost-reducing technologies for
the industry will be needed.

POLICY IMPLICATIONS
The  dairy  industry is familiar with and has gained

strength from technological change. The constant
adoption of new technology has resulted in a
relatively uniform annual increase in output per cow
in the range of 1.5 to 2.0 percent annually. Emerging
technologies in the 1990s, especially bST, may
temporarily accelerate that rate of increase, putting
the industry on a higher output-per-cow growth path.

The impact of bST on the dairy industry is heavily
weighted by the rate of adoption of the new

TI-IahtI (2), for ex~ple, fo~d that the farm, wholesale, and retail prices for beef and pork show significant evidence Of aS~e@iC price interaction.
That is, prices display greater sensitivity to price-increasing shocks than to price-decreasing shocks.
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technology. Experience in adoption of dairy technol-
ogies suggests slower rates of adoption than has
been predicted by farmer survey. However, this
analysis still indicates substantial economic incen-
tives for, and payoffs from, adoption of bST. The
analysis also indicates that States placing a morato-
rium on the use of bST run substantial risk of
damaging the economic viability of their dairy
farmers.

The rates of adoption indicated by past technol-
ogy adoption trends suggest that a mechanism that
allows producer returns to decline as CCC purchases
increase, i.e., a trigger policy or producer assessment
(as provided for in the 1990 farm bill) could
effectively adjust supply to meet demand without
exceedingly large inventory accumulations. How-
ever, if sharp demand reductions were to accompany
the introduction of bST, supply management poli-
cies such as production quotas or termination
(buy-out) programs may be required. Termination
programs, such as the one implemented in 1986, are
costly and not effective in reducing supply over a
period of time. Production quotas can effectively
control supply. However, quotas do result in freez-
ing regional production shifts and since the quota
has an economic value, make it more costly for new
entrants into the industry.

Regardless of farm size or region, there will be
strong economic incentives to adopt bST. However,
Upper Midwest farms adopting the new technology
still will have problems realizing sufficient earnings
to achieve a reasonable return on equity, compete,
and survive. Northeast farms perform better but they
too are at a disadvantage relative to the Pacific and
Southeast farms. For farms not adopting the new
technology the dilemma will be even more severe.
These results raise questions about the advisability
of State laws, especially in the Upper Midwest, that
place a moratorium on the use of bST. To enhance
the economic viability of farms in these regions
changes in scale of operation, progressiveness in
technology adoption, research and extension policy,
and perhaps dairy policy may be required.
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Appendix A

A National and Regional Analysis of the
Adoption of bovine Somatotropin

Chapter 5 presented the summary results of the
national, regional, and farm-level impacts of emerging
technologies and public policies on the U.S. dairy
industry. A crucial assumption in the analyses is the rate
of adoption of bovine somatotropin (bST). This appendix
discusses the results of the analysis supporting OTA’s
adoption rates for  bST. For more detail than is provided
in this appendix the reader is advised to read the
background paper on which this analysis is based.1

Review of Previous Studies
There have been numerous studies dealing with the

introduction of bST into the dairy industry (1,2,5,6,7,9).
Lesser, Magrath, and Kalter (7) estimated the rate of
adoption of bST based on a primary survey of producer
attitudes towards the technology. This estimate has been
used in simulation studies of bST (6), which predict the
relatively rapid adoption of bST after it is introduced.
Fifty percent of dairy herds adopt bST technology within
the first year and over 80 percent within 3 years.

Other studies (i.e., Fallert et al. (2) and Sellschopp and
Kalter (9)) reviewed the impact of bST under alternative
policy scenarios. Their conclusions were that with the
introduction of bST, inflexible support prices would
result in large Commodity Credit Corporation (CCC)
purchases during the 1990s. To reduce government
purchases, the government would need to continue
reducing the support price by $0.50 increments.

Using a structural model, Kaiser and Tauer also
analyzed the impact of bST on the national dairy market
during the 1990s under a number of government policy
options. Under one, CCC purchases are held stable by
adjusting the U.S. herd inventory through repeated
implementation of the dairy termination program. The
authors note that such adjustments may be difficult to
accomplish if farmers recognize the intent of the govern-
ment and raise their dairy termination program bids.
Without these adjustments, CCC purchases rapidly in-
crease with bST even with lower support prices. The
authors conclude that a combination of price support
reductions and dairy termination programs would be the
most effective policy for balancing the conflicting inter-
ests of dairy producers, taxpayers, consumers, and beef
producers.

The previous analyses have relied on surveys and
hypothetical estimates for the adoption rates of bST. The

studies have generally lacked a consistent economic
foundation for predicting adoption. This is in part because
a model that systematically explains technological change
and/or the consequences for agricultural policy has been
elusive. As Feder (3) and Just and Zilberman (4) observe,
conventional economic models have not consistently
explained adoption patterns of agricultural innovations or
why seemingly profitable technologies are slowly adopted
by specific classes of farms (i.e., small farms). The
analysis here attempts to predict adoption of bST.

Technological Change

Technological change refers to change in production
processes that results from the application of scientific
knowledge. At the firm level, technological change can be
realized in several ways. It can be embodied in inputs
(changes in input quality); it can be disembodied, and
involve improved use of existing resources such that a
higher output rate per unit of input is obtained; or it can
arise from entirely new processes and new inputs (e.g.,
bST). A combination of these three phenomena underlies
many innovations. For example, the development of
hybrid corn varieties represented the embodiment of
scientific knowledge in corn seed. Disembodied manage-
ment knowledge was then needed for its successful use,
and eventually a set of new inputs in the form of pesticides
was developed for use with the hybrids.

These definitions apply to the analytical framework
presented here. The adoption of bST is both the conse-
quence and cause of technological change. To use bST
successfully, farmers must adjust to new, higher produc-
tion levels by increasing technical efficiency. Farmers
with low levels of efficiency are less likely to adjust inputs
to meet the requirements of higher milk production.
Conversely, the higher the current productivity of the
farmer, the more likely he or she will adopt bST
technologies.

Operational Model of bST Adoption

In a theoretical model outlined by McGuckin (8),
changes in technical efficiency (ratio of milk output to
farm resources) drive the adoption of new technologies.
Milk output per cow (a productivity measure) and
changes in scale (size of the dairy unit) are strongly

l~s append~ is bas~ on tie o~ cc)mrnisslon~  backgro~d paper “Adoption of bovine Somatotropin: A National and Regional ~ysis”
prepared by J. Thomas McGuck@ New Mexico State University. It is available through the National Technical Information Service.
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correlated with technical efficiency and thus technology
adoption. As productivity increases over time so does
adoption of new technologies.

The linkages between productivity change, technical
efficiency, and adoption of bST are the cornerstone of this
analysis. However, because of data limitations, only
general trends in productivity over time can be obtained.
Increasing farm productivity is equivalent to increasing
farm technical efficiency, which drives adoption: as
productivity increases because of improved technical
efficiency, so does the willingness to adopt new technolo-
gies such as bST.

The operational model used in this analysis assumes
that a farm’s likelihood of adopting bST is a function of
its scale and technical efficiency (measured by total factor
productivity (TFP)). Because predicting adoption of bST
is ex ante, an index of adoption of previous technologies
(outlined in the data section) is used as a proxy measure.
The empirical model used is the following general
representation:

IAf= g(Sf,TFPf), for f = 1.. N
where IA is an index of adoption of previous technolo-
gies, S is scale or size of the dairy, TFP is total factor
productivity and f represents a cross section of dairy
farms.

Data

The analysis used cross sectional representative farm
data from the 1985 U.S. Dairy Farm Costs and Return
Survey. Detailed data sources and the types of informa-
tion collected through the survey are reported in the
USDA report by Fallert, McGuckin, Betts, and Bruner (2).
The data include dairy farm milk production, amount of
labor (both hired and family), amount of capital (con-
verted to a cow capacity basis—parlor, housing, and
feeding system can berated by the number of cows milked
per day) and respective prices. As the index for the
technological adoption, five type of technologies were
weighted according to their relevance to bST adoption.
The five technologies include:

1. automatic grain feeding system (parlor or other-
wise),

2. automatic milking unit takeoff,
3. three times a day milking,
4. herd production records (DHI), and
5. artificial insemination.

The most heavily weighted (45 percent) measure was
3x milking. Use of this technology indicates that a farmer
can adjust feed, breeding, and herd health practices to a
higher level of production. However, 3x requires addi-
tional labor while bST would not. Artificial insemination,
an improved method of breeding that directly affects milk
production, is weighted 20 percent. DHI is a management

information system, known as Dairy Herd Improvement,
that is weighted 15 percent. Automatic takeoffs are
representative of automated milking systems (weighted
15 percent); automatic grain feeders are similar to
automatic takeoffs, though not universally used by
factory style operations.

The rate of change in the index of technological
adoption indicates the change in use of the bST technol-
ogy over time and across dairy production regions of the
United States. Because the estimated functions are
indices, an initial starting point was derived. A range of
initial adoption levels (low, medium, and high) were
identified for each region.

Results

To predict the adoption of bST, a regression analysis
was used based on historical rates of change in capital,
labor, and feed efficiency in the dairy industry. The results
for each region contain a low, medium, and high scenario
for the initial adoption of the technology in 1991. After
1991, all regional growth in adoption is based on the
relative impact of production efficiency change on the
technological index. The results are presented by region.

The Corn Belt region is one of the lowest adoption
regions (see figure A-l). By 1995, between 20 and 35
percent of herds will receive bST (low and high scenarios,
respectively). By 2000, these percentages rise to 25 and
45 percent, respectively. A medium scenario is 31
percent.

The Southeast is also relatively slow to adopt (see
figure A-2). By 1995, between 24 and 42 percent of herds
will receive bST (low and high scenarios, respectively).

Figure A-l—Projected Adoption Rate of bST
Corn Belt Region

1990 1992 1994 1996 1998 2000
Year

--- Low — Medium . . . . High

SOURCE: Office of Technology Assessment, 1991.
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Figure A-2—Projected Adoption of bST
Southeast Region
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Figure A-4—Projected Adoption of bST,
Lake States Region
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Figure A-6—Projected Adoption of bST
Northeast Region

Figure A-3-Projected Adoption Rate of bST
Southern Plains Region
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Figure A-5-Projected Adoption Rate of bST,
Appalachian Region
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Figure A-7—Projected Adoption Rates of bST,
Pacific Region
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By 2000, these percentages rise to 32 and 55 percent,
respectively. A medium scenario is 39 percent. (However,
confidence in these predicted rates is low, respectively.)

Like the Southeast, the Southern Plains is a low
adoption region (see figure A-3). By 1995, between 28
and 44 percent of herds will receive bST (low and high
scenarios, respectively). By 2000, these percentages rise
to 35 and 53 percent, respectively. A medium scenario is
42 percent.

Adoption rates are slightly higher in the Lake State
region (see figure A-4). By 1995, between 26 and 46
percent of herds will receive bST (low and high scenar-
ios), respectively. By 2000, these percentages rise to 37
and 64 percent, respectively. A medium scenario is 46
percent.

Relatively high rates of adoption are also predicted for
the Appalachian region (see figure A-5). By 1995,
between 27 and 48 percent of herds will receive bST (low
and high scenarios, respectively). By 2000, these percent-
ages rise to 40 and 70 percent, respectively. A medium
scenario is 46 percent.

Adoption rates in the Northeast are similar to those in
the Lake States (see figure A-6). By 1995, between 25 and
44 percent of herds will receive bST (low and high
scenarios, respectively). By 2000, these percentages rise
to 34 and 59 percent, respectively. A medium scenario is
43 percent.

The adoption pattern in the Pacific Region, the fastest
growing dairy region of the United States, is accelerated
relative to that of all other regions (see figure A-7). By
1995, between 45 and 63 percent of herds will receive bST
(low and high scenarios, respectively). By 2000, these
percentages rise to 66 and 81 percent, respectively. A
medium scenario is 67 percent. The strong coefficients of
size and milk output per cow drive the adoption of bST in
this region at a high rate.

Overview of Results
The dairy industry has one of the highest rates of

productivity increases in U.S. agriculture. Yet, adoption
of existing proven technologies is not universal among
dairy producers. Though technologies such as artificial
insemination and herd record systems have existed for
many years, these technologies have only been adopted
by 30 to 40 percent of producers in several major dairy
regions. The most technically efficient producers (highest
ratio of milk output to farm resources) are the most likely
to adopt new technologies. Using regression techniques,
this analysis establishes that producers with high levels of
milk per cow and large operations are more likely to adopt
new technologies (a finding consistent with scientific
literature on adoption of new technologies).

Given that bST has similar characteristics to previous
dairy technologies, improvement in productivity from an
increasing knowledge base will drive its adoption.
Analysis of productivity measures in the major dairy
regions suggest that between 50 and 70 percent of dairy
producers in the United States will adopt bST by the year
2000. The Pacific region will lead all regions in adoption,
possibly reaching 80 percent by 2000.

The projected rates of adoption in this analysis are
lower than other studies based on differing methodolo-
gies. Rather than basing predictions on historical trends,
for example, Lesser, McGrath, and Kalter use contingent
surveys of producers and arrive at higher adoption rates.
There is little to suggest that the adoption of bST will vary
from past adoption practices by dairy operators. bST is
simply a continuation of numerous other productive
technologies in the dairy industry. The lower projected
rates of adoption are, therefore, the more realistic
projections of actual adoption rates.

1.

2.

3.

4.

5.

6.

7.

8.

9.
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Appendix B

Detailed National and Regional Impacts of bovine
Somatotropin and Other Emerging Technologies

Under Alternative Dairy Policies

The national policy evaluation.s in chapter 5 were
conducted with an econometric-simulation model of the
U.S. agricultural sector (AGSIM). AGSIM is a disaggre-
gate agricultural-sector model that utilizes econometric
supply and demand relationships for major crop and
livestock commodities. Figure B-1 illustrates the concep-
tual framework of the simulation model. The model
contains regional supply representations of major crop
commodities and an annual livestock supply sector. For
this study a regional dairy supply component was
incorporated into the model to analyze regional impacts
of technology adoption under alternative dairy policies.
National demand relationships for all crop and livestock
commodities are utilized in the model.1

Supply relationships in the model are specified as
functions of expected returns to production, Thus, aggre-
gate supply relationships directly reflect the microlevel
impacts of policies or technological change that change
revenue components (e.g., yield) or cost components
(e.g., product cost) or both. Further details of the crop
portion of the model and regarding use of the model for
policy analysis are contained in Taylor (2,3).

The livestock model (LIVESIM) utilized in the agricul-
tural-sector model described above was developed by
Peel (l). LIVESIM contains separate market represen-
tations for fed beef, nonfed beef, pork broilers, turkey,
milk, lamb, eggs, and veal. The original aggregate supply
relationships for milk production were replaced by
regional supply equations.

Of particular importance for this study is the disaggre-
gation of beef and dairy sources as contributors to fed and
nonfed meat supplies in the model. The indirect impacts
of dairy policy alternatives on other livestock subsectors
are captured endogenously (within the model) through
changes in fed and nonfed beef supply. Changes in dairy
returns influence not only milk production but also impact
calf crop, cow slaughter, and calf slaughter. The impor-
tance of these impacts was highlighted by the controversy
over the dairy termination program of 1986. That program
caused a significant decline in cattle prices.

Crop and livestock sectors are directly linked in the
market in LIVESIM. Livestock returns (which drive
livestock supply equations) are partly determined by feed

Figure B-l-Simulation Model
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SOURCE: D.S. Peel, “National and Regional Impacts of bovine Somato-

tropin Adoption Under Alternative Dairy Program Policies, ’’OTA
commissioned background paper, Washington, DC, 1990.
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costs calculated internally from feed rations and crop
prices. Changes in crop prices directly impact livestock
returns and thus livestock supply. In turn, total livestock
production in part determines demands for the individual
crops and influences crop prices accordingly.

The Regional Dairy Model

For this analysis, total milk supply is determined from
regional equations for milk production per cow and dairy
cow inventory. Data for the econometric estimates were
aggregated from State data. Ten regions, consistent with
the standard USDA production regions (discussed in ch.
2), were used in the model. Dairy returns for each of the
regions is based on a USDA data series known as the
regional cost of production budgets for dairy.

Market-clearing prices are calculated by balancing raw
milk production, on a per-capita basis, against per-capita
milk demand. The resulting national milk price is
regionalized in the model via regressions of regional milk
price on national milk price. These regional price
relationships implicitly capture the net effect of the
classified pricing system on regional milk prices.

Modeling Dairy Policy

The econometric-simulation model captures the pri-
mary impacts of milk price support programs by calculat-
ing milk and dairy returns based on the maximum
equilibrium market price or on an exogenously specified
milk support price. Thus milk production per cow, dairy
herd inventory, dairy replacement inventory, and the
dairy impact on cow slaughter and calf crop all reflect the
influence of the milk support price.

Government support of milk production is treated on a
raw milk equivalent (ME) basis. Since the government
only purchases manufactured milk products, all govern-
ment purchases are made at a manufacturing milk price,
which is assumed to be $1 per hundredweight (cwt) less
than the all-milk price.

This analysis assumes that a minimum level of
government milk purchases of 3 billion pounds of milk
annually will be required for program needs. Government
may purchase more than this minimum level to balance
milk supply and demand at the prevailing support price.

Modeling Technology Adoption

The impacts of bovine Somatotropin (bST) adoption
and other emerging technologies were incorporated into
the econometric-simulation model under the following
assumptions:

1. output per cow increases 1.5 percent per year in base
scenario without bST,

2. output per cow, due to bST, increases 1,320 pounds
annually,

3. the daily cost of bST is $0.30 per cow,
4. cows are treated for 150 days annually,
5. overall feed efficiency is improved by 5 percent for

treated cows.

The model increases feed use marginally for additional
milk production resulting from bST use. However, feed
required per cwt of milk production is 5 percent lower
with bST because cow maintenance requirements are
spread over more units of production. The model also
assumes that per cwt variable costs for other production
expenses increase incrementally with bST use.

Three alternative rates of industry adoption of bST
(low, medium, and high) were considered for the 10
production regions of the United States. Complete
presentation of the development and assumptions of the
alternative adoption rates are presented in appendix A.

Results

Various combinations of the policy alternatives de-
scribed above and the alternative adoption rates for bST
were analyzed. In addition, the possibility that bST
adoption could have some exogenous impact on milk
demand was considered in several scenarios.

Impact of bST Adoption

Of primary concern in formulating dairy policy is the
impact that bST adoption will have on total milk
production and consequently on government purchases
related to the dairy program. Figure B-2 shows total milk
production under different levels of bST adoption. This
figure assumes an annual trigger adjustment for milk
support price. The maximum impact in terms of addi-

Figure B-2—Projected Total Milk Production With
Trigger Policy Under Alternative bST Scenarios
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Figure B-3-Projected Milk Production per Cow
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tional milk production occurs in 1994, with total produc-
tion of 154 billion pounds under high bST adoption
compared with 151 billion pounds under low bST
adoption. Figure B-3 shows the impact of bST on milk
cow productivity.

Differences in milk production due to alternative levels
of bST adoption would be more pronounced if the milk
support price was not triggered down (see figure B-4).
With no bST, the baseline simulation of the model results
in a single $0.50 per cwt adjustment in milk-support price
from $10.60 to $10.10 in 1992. Under each of the three
alternative levels of bST adoption, an additional $0.50 per
cwt decrease to $9.60 in 1994 is required to keep
government purchases of milk under the 5 billion pound
level. Figure B-5 shows the high levels of government
purchases of milk in 1991 and 1993 that precipitate the
reductions in milk support price.

Comparison of Alternative Policies

The implications of bST adoption depend on the policy
scenario under which adoption takes place. This section
considers the impacts of alternative policy options on
milk production and price under the assumption of a
medium level of adoption.

Figure B-6 shows total milk production under the fixed
support price, annual trigger, and quota policies. The
impact of the dairy termination (buyout) program is not
included in this section because government milk pur-
chases never exceed 15 billion pounds-the amount
assumed to initiate a buyout program. Milk production
generally increases to similar levels under each of the
policies. However, milk production is lowest for the quota
and highest for the freed support scenario for most years.
The trigger policy results in milk production levels

Figure B-4—Projected All Milk Price With
Trigger Policy Under Alternative bST Scenarios
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between those associated with the other two policies and
production that is somewhat more variable from year to
year.

The fixed support price and quota scenarios maintain a
milk support price of $10.60 (see figure B-7). The all-milk
price is $1.00 greater than the manufacturing price of
milk. Beginning in 1995, milk price under the quota
policy begins to rise over the support level. In contrast, the
trigger policy allows milk price to fall substantially before
it rises again as the industry cuts production.

The impacts of the alternative policies on government
purchases of milk are summarized in figure B-8. As
expected, the fixed support price policy is the most
expensive, resulting in government purchases well above
the minimum milk purchase level in order to maintain the
support price. The quota and trigger policies are able to
keep government purchases much lower although the
trigger is slower to compensate for the impact of bST
adoption. Annual government purchases between 1991
and 1998 average about one-third less under the trigger
policy compared to the fixed support price.

The trigger and quota policies accomplish their goals
by different means. All of the policies result in increased
government purchases for milk in 1991, the first year of
bST adoption. However, it is assumed that within a year
the quota policy is able to reduce the size of the dairy herd
to a level that limits government purchases for excess
milk and maintains the milk price at the higher support
price ($10.60). The trigger policy reduces the support
price in 1992 and again in 1994 before controlling
government purchases of excess milk.
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Figure B-5—Projected Government Milk Purchases With Trigger Policy Under Alternative bST Scenarios
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Regional Impacts

In addition to concerns over the national impacts of
bST adoption under different policy scenarios are con-
cerns about how the technology will affect the industry’s
regional structure and dynamics. One way to summarize
what the regional impacts of bST adoption might be is to
analyze changing milk production patterns across the
Nation.

Figure B-9 shows total production shares for the 10
production regions of the country in 1990 and 1998. This
chart assumes a trigger policy for adjusting milk support
price and a medium level of bST adoption. Trends already
observed in the dairy industry continue in this simulation.
Declining market shares are noted for the Corn Belt and
the Northern Plains with smaller reductions in the Delta,
Appalachian, and Southeast. Largest increases in market
share are noted in the Pacific region. The Lake States and
Northeast maintain roughly their current market shares
over this period.

I I I I
1995 1996 1997 1998 1999

my Medium bST _  H i g h  b S T

Figure B-10 shows the impact of alternative policies on
regional market shares, with medium level of bST
adoption. There is little difference between the impact of
the fixed support price and that of trigger policies in
regional market shares. The quota does not allow market
shares to change as much as the other policies. Rather, the
quota is assumed to fix market shares at 1990 levels.
Some change occurs because of trends in milk cow
productivity even though the dairy herd is fixed in size.

Alternative Demand Scenarios

Continued consumer concern over bST prompted
consideration of scenarios with exogenous changes in
milk demand reflecting adverse consumer reaction to bST
in milk. Three alternative demand scenarios were com-
pared in the model:

Baseline: used in all previous scenarios

Temporary: large temporary demand reduction with small
permanent demand reduction

Permanent: large permanent demand reduction
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Figure B-6-Projected Total Milk Production
With Medium bST Adoption Under Alternative

Dairy Policies

Figure B-7—Projected All Milk Price With
Medium bST Adoption Under Alternative

Dairy Policies
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Figure B-8—Projected Government Milk
Purchases With Medium bST Adoption Under

Alternative Dairy Policies
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Details of these alternative demand scenarios are pre-
sented in chapter 5.

Alternative Milk Demand Under Current Policy—
Figure B-n illustrates the impacts of alternative milk
demands assuming a continuation of the current trigger
policy for adjusting milk support price and the medium
level of bST adoption. Changes in milk demand have
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Figure B-9—Actual and Projected Regional
Milk Market Shares With Trigger Price Policy,

1990 and 1998.
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large implications for milk price. While the base level of
demand results in milk price near $12 per cwt for all years,
a permanent large demand reduction would allow milk
price to fall as low as $8.60 in 1997 before beginning to
rise.

Figure B-12 shows the level of government milk
purchases under the different levels of demand. Reduced
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Figure B-l O-Projected Change in Milk Market
Shares for Alternative Dairy Policies Between

1990 and 1998
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Figure B-1 l—Projected All Milk Price With
bST Adoption Under Alternative Milk Demands
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milk demand, under both demand reduction scenarios,
results in government milk purchases of 21 billion pounds
in 1991 at a cost of about $2.5 billion. With the temporary
demand reduction, government purchases decline fairly
rapidly as the support price declines. With the permanent
large demand reduction, however, government purchases
decline slowly as the trigger lowers support price.

Policy Comparison With Permanently Reduced Milk
Demand—In the face of large surpluses in milk produc-
tion, the implications of the alternative policies are more
sharply delineated. Assuming a permanent large reduc-
tion in milk demand, and future excess production, the
choice of policies clearly will have much larger impacts
than it would under the baseline demand scenario.

The reduced demand scenario is useful, not because it
is a likely result of bST adoption, but because similar
conditions (in terms of relative supply and demand) could
prevail for a number of other reasons. For example, if bST
results in greater average productivity increases than is
here assumed, or if adoption rates are substantially higher,
then supply excesses similar to those under the reduced
demand scenario could result. This scenario thus can be
viewed as a proxy for a number of supply or demand
situations that could produce large surpluses of milk.

Figure B-13 shows the impact of reduced demand on
milk production (given medium bST adoption) with
alternative policies-fixed support price, trigger-adjusted
support price, production quota, and a dairy termination

program. Differences in the time path of milk production
under the quota and the other policies are readily apparent.
The quota results in a quick downward adjustment in
dairy herd size necessary to avoid large government
expenditures while maintaining milk price at the $10.60
support level. The dairy termination program (buyout
occurs in 1992) adjusts herd size in a manner similar to the
quota in 1992, but herd size and total milk production
climb rapidly before declining again in 1998. The trigger
policy results in an eventual but much delayed decline in
milk production. The fixed support price policy, as
expected, maintains the highest level of milk production
of the alternative policies.

The implications of the alternative policies on milk
price are likewise quite dramatic (see figure B-14). The
fixed support and quota policies maintain a milk support
price of $10.60. Figure B-14 shows that the all-milk price
correspondingly is at the minimum level of $11.60 with
these policies after bST is adopted (and the demand shift
occurs). The trigger and dairy termination programs allow
milk support price to adjust downward in the face of
excess milk production. The trigger results in milk price
declines to a minimum of $8.60 in 1997. The dairy
termination program also allows milk price to fall to this
level but with a delay of 1 year compared to the trigger
policy. This is because the dairy termination program
buyout occurs in 1992, avoiding the need for a reduction
in milk support price prior to 1993.
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Figure B-15 reiterates these impacts in terms of
government milk purchases. It is significant to note that
while the dairy termination program reduces milk pur-
chases and expenditures quite successfully in 1992 (the
year that liquidation occurs), milk production quickly
bounces back and milk program purchases are not much
lower than those associated with the trigger policy alone.
From 1995 to 1998, purchases under the trigger policy are
actually less than they are under the dairy termination
program.

Impacts on Other Agricultural Sectors

The adoption of bST appears to have relatively minor
impacts on agricultural sectors outside of dairy. Table B-1
summarizes agricultural commodity prices over the
period 1995-1998 for the freed support price, trigger-
adjusted support price, and quota policies with and
without bST adoption (medium level).

The adoption of bST does create a marginal increase in
demand for feed in the dairy industry. However, the net
effect, when all markets adjust, is extremely small.
Among all crops, impacts on the all hay price are largest
with bST adoption; average hay prices increase by $1.25
to $2.50/ton depending on the policy scenario.

Impacts in the livestock sectors are limited mostly to
cattle, and average price effects are minute. Interestingly,
how bST adoption impacts yearling, calf, and cow prices
depends on the policy scenario. This indicates that dairy
policy can affect the timing and magnitude of changes in
the dairy herd.

The impact of a dairy termination program on livestock
prices is of particular interest. Figure B-16 shows the
dynamic paths of yearling cattle price for alternative dairy
policies. (Figure B-16 also assumes a permanent milk
demand decrease in conjunction with bST adoption.)

Figure B-12—Projected Government Milk Purchases With bST Adoption Under Alternative Milk Demands
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Figure B-13—Projected Milk Production With
Permanently Reduced Milk Demand Under

Alternative Dairy Policies
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Figure B-14-Projected All Milk Price With
Permanently Reduced Milk Demand Under

Alternative Dairy Policies
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Figure B-15—Projected Government Milk Purchases With Permanently Reduced Milk Demand
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Table B-l—Impacts of bST Adoption on Other Agricultural Sectors, 1995-98

Policy scenarios

Fixed price support Trigger price Quota

Commodity (units) NO bST bST No bST bST No bST bST

Corn ($/bu) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.85 2.86 2.85 2.86 2.85 2.86
Grain sorghum ($/bu) . . . . . . . . . . . . . . . . . . . . . 2.54 2.54 2.54 2.54 2.54 2.54
Barley ($/bu) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.60 2.61 2.60 2.61 2.60 2.61
Oats ($/bu) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.39 1.40 1.39 1.40 1.39 1.39
Wheat ($/bu) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.09 3.09 3.09 3.09 3.09 3.09
Soybeans ($/bu) . . . . . . . . . . . . . . . . . . . . . . . . 6.46 6.47 6.46 6.46 6.46 6.46
Cotton ($/lb) . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.86 0.86 0.86 0.86 0.86 0.86
All hay ($/ton) . . . . . . . . . . . . . . . . . . . . . . . . . . . 103.06 105.55 102.95 104.64 102.77 104.03
Yearling cattle ($/cwt) . . . . . . . . . . . . . . . . . . . . 74.87 74.94 74.92 74.79 75.08 74.97
Calf ($/cwt) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81.84 82.01 81.93 81.84 82.16 82.06
cows ($/cwt) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56.97 57.11 57.05 56.84 57.33 57.14
Hogs ($/cwt) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51.08 51.09 51.06 51.11 51.01 51.04
Broilers (@/lb) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61.38 61.45 61.43 61.43 61.46 61.47
Turkeys (¢/lb) . . . . . . . . . . . . . . . . . . . . . . . . . . . 69.32 69.38 69.41 69.29 69.55 69.49
Eggs (¢/dozen) . . . . . . . . . . . . . . . . . . . . . . . . . 81.15 81.20 81.14 81.18 81.14 81.16
Lamb ($/cwt) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91.46 91.63 91.45 91.62 91.41 91.51

KEY: bu==bushel; cwt=hundredweight (100 pounds); Ib= pound.

SOURCE: Office of Technology Assessment 1991.

Figure B-16--Projected Yearling Cattle Price
With Permanently Reduced Milk Demand

Under Alternative Dairy Policies
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Annual yearling cattle prices are about $4.35 per cwt
lower in 1992 as a result of the  dairy termination program
(compared to the trigger policy). Cow prices in 1992 are
over $6.00 per cwt lower with the dairy termination
program compared to the trigger policy. The quota policy
affects cattle price in much the same way as the dairy
termination program; its impacts are slightly less in
magnitude in 1992, the year that the quota is imposed, but
prices are slightly lower under the quota relative to the
dairy termination program for several more years.
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Appendix C

Detailed Farm Level Impacts of bovine Somatotropin
and Other Emerging Technologies Under
Alternative Policy and Demand Scenarios

The farm level impacts in chapter 5 were determined by
a Monte Carlo simulation model known as the Farm Level
Income Tax and Policy Simulation Model (FLIPSIM)
developed by Richardson and Nixon (4) at Texas A&M
University. The model is capable of simulating represen-
tative dairy farms in different regions of the United States
under alternative policy and technology assumptions.l

Analyzing the consequences of alternative technolo-
gies on the economic viability of a representative farm
involves several steps. First, data for the representative
dairy farm that is using existing technologies must be
developed. Second, modifications to the basic dairy
farm’s input/output coefficients must be made for each
technology change to be analyzed. For bST, this is done
by annually changing the milk per cow and the lactating
cow ration and by increasing variable costs per cow to
reflect bST purchases. The result is a new representative
farm that has adopted bST. Third, projections for milk
prices, feed prices, cattle prices, annual percentage
changes in herd size, and macroeconomic variables
(interest and inflation rates) for the policy/technology
scenario being analyzed are merged with the farm’s data.
Projections of regionalized milk prices and feed prices are
provided by the LIVESIM model (described in app. B),
and macroeconomic variables are developed by the
COMGEM/AG-GEM model (3).

Representative Dairy Farms

The regions for analysis are the Lake States, Northeast,
Southeast, and Southwest. Two different-size  dairy farms
in each region—moderate and large farms-are consid-
ered. In the Lake States, the representative moderate-size
farm owns 52 cows, and the large farm owns 125 cows;
both farms own 185 acres of cropland and farmstead, with
155 acres devoted to the production of dairy feed (see
table C-l). These farms are most representative of dairy
farms in Minnesota. In the Northeast, the representative
moderate-size farm owns 52 cows, and the large farm
owns 200 cows. The moderate-size Northeast farm
devotes 140 acres to the production of hay, corn silage,
haylage, oats, corn, and pasture. The large Northeastern
farm has 450 acres of hay, corn silage, haylage, oats, and
corn, and 50 acres of pasture. The moderate-size farm is

most representative of Pennsylvania dairy farms and the
large farm represents New York dairy farms.

The moderate and large Southwestern dairy farms,
respectively, own 350 and 1,500 milk cows (see table
C-1) and only 25 acres of land. The two farms are
representative of dairy herds in California and Arizona.
The moderate-size Southeastern dairy farm has 200 cows
and 388 acres and is most representative of farms in
Georgia. The Georgia farm has 305 acres devoted to
coastal hay and sorghum silage production and 50 acres
devoted to pasture. The large Southeastern dairy has
1,500 cows and owns 873 acres, which are largely (750
acres) devoted to pasture. The large Southeastern farm is
most representative of large dairies in Florida.

The initial debt-to-asset ratio was assumed to be 40
percent for all of the farms. All land, machinery, and
livestock had 40-percent debt at the beginning of 1989
(see table C-l). This level of debt represents a moderate
initial debt level. Each of the eight representative farms
were simulated over the 1989 to 1998 planning horizon
for alternative assumptions about the dairy farm program
and the adoption of bST.

Technology Scenarios

The economic consequences of bST adoption were
analyzed assuming bST was introduced in 1991, and the
farm either adopted it in 1991 or did not adopt bST
throughout the planning horizon. Initial milk production
per cow was trended up at 1.5 percent per year in the base
situation without bST (see table C-2). For the bST
adoption scenarios, annual milk production per cow with
bST was increased by 1,320 pounds each year from 1991
to 1998. This increase in milk per cow due to the adoption
of bST assumes lactating cows are treated for 150 days
during each lactation. All cows in the herd were assumed
to be treated at an annual cost of $45 per cow.

The quantity of feed required for bST-treated cows
increased marginally due to the increased milk production
per cow. A linear program (LP) model in FLIPSIM was
used to estimate a balanced dairy ration for the higher
producing dairy herd. Research by Chalupa and Galligan
(1) indicates that the nutritional requirements for bST-
treated cows are the same as they are for naturally high

lllis appm~  is basedon tie OTAcornmissioned  background paper “Farm Uvelhnpacts  of bovine Somatotropin Introduction and Adoption Under
Alternative Farm Policies” prepared by James W. Richardso~  Texas A&M University. It is available through the National Technical Information
Service.
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Table C-l—Characteristics of Representative Moderate-Size and Large Dairy Farms in
the Lake States, Northeast, Southwest, and Southeast

Lake States Northeast Southwest Southeast

Moderate Large Moderate Large Moderate Large Moderate Large

Number of dairy cattle:
cows . . . . . . . . . . . . . . . . . . . .
Calves . . . . . . . . . . . . . . . . . . .
Heifers. . . . . . . . . . . . . . . . . . .
Bulls . . . . . . . . . . . . . . . . . . . . .
Calves born . . . . . . . . . . . . . .

Assets ($1,000):
Land . . . . . . . . . . . . . . . . . . . .
Buildings and machinery . . . .
Cattle . . . . . . . . . . . . . . . . . . . .

Total . . . . . . . . . . . . . . . .

Off-farm salary ($1 ,000) . . . .

Minimum family living
($1,000) . . . . . . . . . . . . . . .

Labor costs ($1 ,000) . . . . . . .
Milk/cow (cwt) . . . . . . . . . . . .

52
21
25

0
48

133.1
262.8

68.6
469.5

9.8

19.8
12.7

168.5

125
48
57

0
113

295.0
482.6
161.6

940.2

0

24.8
37.3

168.5

52
20
23

0
47

274.2
260.8

73.0

608.0

9.8

19.8
11.3

179.4

200
75
88

0
178

640.1
503.0
251.5

1,394.6

0

30.9
70.0

178.3

350
130
152

7
326

117.9
467.3
511.4

1,096.6

0

43.3
115.8
185.9

1,500
495
612

25
1,388

491.8
1,080.8
2,284.9

3,857.5

0

61.9
444.2

196.9

200
75
88

0
176

812.9
487.0
269.4

1,569.3

0

30.9
62.8

153.4

1,500
432
503

25
1,268

4,591.1
1,139.2
1,992.3
7,722.6

0

61.9
488.1

153.1

SOURCE: Office of Technology Assessment, 1991.

producing cows. Thus, it was not necessary to change the
input/output coefficients in the ration-balancing LP—the
increased milk production per cow caused the LP to feed
the cow more protein, energy, and forage. In general, the
ration for bST cows contained 7 to 10 percent more
forage, 9 to 12 percent more grain, and 10 to 13 percent
more soybean meal (or whole cottonseed) than the ration
for control cows.

The new values for average annual milk per cow and
bST costs were used to modify initial farm variables to
account for bST adoption. All other variables for the
representative dairy farms were assumed to remain
constant at pre-bST levels. Of 16 representative farms, 8
adopt bST in 1991, and 8 do not adopt bST. The 16 farms
were simulated under alternative dairy policy scenarios to
quantify the interaction between technology adoption and
farm programs.

Farm Program and Milk Demand Scenarios

Four farm programs were selected for the analysis:
trigger price, fixed price support, production quota, and
dairy termination program. Each of the policies was
analyzed with a commodity-specific livestock simulation
model, LIVESIM (discussed in app. B), under the
assumption that the 1985 farm program for crops would
continue through 1998 (2). The LIVESIM analyses of
these four dairy policies were done for a no-bST scenario
and for a scenario with a medium rate of adoption
beginning in 1991. Three different milk-demand scenar-
ios were analyzed to incorporate the possibility of milk
demand changing in response to bST introduction.

The trigger-price dairy policy is similar to policy from
1985 to 1990 with the milk-support price decreasing 50
cents per hundredweight (cwt) each year that the Com-
modity Credit Corporation (CCC) milk purchases are
expected to exceed 5 billion pounds of milk equivalent.
The support price is increased 50 cents per cwt if CCC
purchases of milk are expected to fall short of 2.5 billion
pounds. This policy is also similar to the producer
assessment option in the 1990 farm bill because the
assessment will effectively trigger reductions in producer
returns as milk price declines. The fixed support policy
assumes that the dairy support price is held constant for
all years of the planning horizon. The production-quota
policy calls for the continuation of the trigger-price policy
with provisions for a quota to be imposed if CCC milk
purchases exceeded 7.0 billion pounds of milk equivalent.
Similarly, the dairy termination program would continue
the trigger-price policy but permit a one-time dairy
termination if CCC milk equivalent purchases exceed
15.0 billion pounds in 1 year. The dairy termination
program is analyzed only for the large demand decrease
scenario, as this is the only demand situation that triggers
the termination.

The three milk-demand scenarios respectively assume
constant demand, a slight decrease in demand, and a
significant decrease in demand after the introduction of
bST. The small demand reduction scenario assumes that
milk demand will decrease 10 percent in 1991,5 percent
in 1992 (i.e., demand increases from 1991 to 1992), and
2.5 percent each year from 1993 to 1998. The large
demand reduction scenario assumes that milk demand is
10 percent lower than it currently is in each year from
1991 to 1998. The trigger price, fixed price support, and



104 . U.S. Dairy Industry at a Crossroad: Biotechnology and Policy Choices

Table C-2—Average Annual Production of Milk/Cow for Moderate-Size Representative Dairy Farms,
in Selected Regions, With and Without bST, 1989-98 (cwt/year)

Lake States Northeast Southwest Southeast

Years No bSTa bSTb No bST bST No bST bST No bST bST

1989 . . . . . . . . .
1 9 9 0  . . . . . , . . .
1991 . . . . . . . . .
1992 . . . . . . . . .
1993 . . . . . . . . .
1994 . . . . . . . . .
1995 ...., . . . .
1996 . . . . . . . . .
1997 . . . . . . . . .
1998 . . . . . . . . .

168.5
171.0
173.6
176.2
178.8
181.5
184.2
186.9
189.8
192.6

168.5
171.0
186.8
189.4
192.0
194.7
197.4
200.1
203.0
205.8

179.4
182.0
184.8
187.5
190.4
193.2
196.1
199.1
202.0
205.1

179.4
182.0
198.0
200.7
203.6
206.4
209.3
212.3
215.2
218.3

185.9
188.7
191.5
194.4
197.3
200.2
203.2
206.3
209.4
212.5

185.9
188.7
204.7
207.6
210.5
213.4
216.4
219.5
222.6
225.7

153.4
155.7
158.1
160.4
162.8
165.3
167.8
170.3
172.8
175.4

153.4
155.7
171.3
173.6
176.0
178.5
181.0
183.5
186.0
188.6

aOutput per cow increases 1.5 percent per year without bST.
bST, introduced in 1991, increases output per cow 1,320 Ibs. per year.

SOURCE: Office of Technology Assessment, 1991.

quota policies were analyzed with and without bST
assuming no change in milk demand. The trigger price
policy was analyzed for the small decrease and large
decrease demand scenarios because this policy represents
current policy under the 1990 farm bill. The dairy
termination program was analyzed for the large decrease
in milk demand and results were compared to those of the
trigger price policy under this demand reduction.

The adoption rates for bST in LIVESIM differ by
region and follow a sigmoid adoption function (see app.
A). It is projected that 43.6 percent of the dairy farms in
the Lake States would adopt bST by 1998. In the
Northeast, 39.9 percent of farms would adopt by 1998; in
the Pacific region, about 63 percent of farms would adopt
bST by 1998; and 36.7 percent of those in the Southeast
would adopt by 1998. Adoption by 1998 in the remaining
regions ranged from 29.7 to 42.9 percent.

For the FLIPSIM analyses, cattle and feed price
projections from LIVESIM were regionalized using
simple regression relationships between National- and
State-level prices. Milk-price projections were region
specific so no adjustment was necessary. The LIVESIM
projected annual changes in the dairy herd that were
region specific; these projections were used to adjust the
number of cows on the representative farms. It was
assumed that each farm’s herd size would change
annually (1990 to 1998) proportional to the annual
percentage change in the respective region’s total number
of dairy cows. Thus, the number of cows milked on the
representative farms fluctuated annually with expected
net returns in the region.

Results
The detailed results of simulating the representative

farms with and without bST are summarized in this
section. Simulation results for various scenarios are
presented in terms of three probabilities and means for the

probability distributions of four key output variables. The
variables used for evaluating the economic impacts of the
alternative scenarios are defined as follows:

● Probability of Survival--chance that the individual
farm will remain solvent through 1998, i.e., maintain
more than 10-percent equity in the farm.

. Probability of Success--chance that the individual
farm will earn a 5-percent or greater after-tax return
on initial equity.

● Probability of Increasing Equity--chance that the
individual farm will increase its net worth in real
1989 dollars over the planning horizon.

● Net Present Value—present value of annual changes
in net worth plus family consumption minus off-
farm income.

. Present Value of Ending Net Worth (PVENW)-
ending net worth for 1998 discounted to 1989
dollars, assuming a 5-percent discount rate.

. PVENW as a Percent of Beginning Net Worth—
PVENW divided by initial net worth indicates
whether the farm increased (or decreased) net worth
in real dollars.

. Average Annual Net Cash Farm Income—total cash
farm receipts minus total cash expenses excluding
family living, income taxes, and principle payments.

Economic Payoffs to bST Adoption for
Alternative Farm Policies

Tables C-3 through C-6 summarize the simulation
results for representative dairy farms in the Lake States,
Northeast, Southwest, and Southeast, respectively, as-
suming bST is introduced in 1991. Results are reported
for the bST adopter and nonadopter. The adopter is
assumed to use bST on all lactating cows beginning in
1991. The nonadopter does not adopt bST over the 1989
to 1998 planning horizon. The economic payoffs for bST
adoption are reported for three different farm policies (see
table C-6).
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Table C-3-impacts of bST Adoption on the Economic Viability of Representative Lake State Dairy Farms
Under Alternative Dairy Policies, Assuming No Change in Milk Demand Due to bST, 1989-98

Policy scenario

Trigger price Fixed price support Quota

Non- bST Non- bST Non- bST
adopter adopter adopter adopter adopter adopter

52-COW farm:
Probability of survival (percent).. . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . .
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
125-cow farm:
Probability of survival (percent).. . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . .
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . -.. .-.. .. ... ------- . . . . . . . . . .

58.0
58.0

0.0
25.2

74.0
74.0
0.0

67.6

73.0
73.0

0.0
65.0

89.0
89.0

1.0
105.6

41.0
41.0
0.0

–15.1

52.0
52.0

0.0
9.8

44.3 81.2 75.9 112.8 7.4 27.8

2.6 9.815.6 28.6 27.1 39.7

-2.0 1.9 1.7 5.8 -4.7 –2.3

85.0
67.0

2.0
68.7

92.0
78.0
3.0

127.7

95.0
90.0

8.0
194.8

99.0
95.0
12.0

271.9

99.0
95.0
11.0

265.0

100.0
98.0
18.0

340.1

329.1 396.4 386.9 451.5 211.9 263.7

78.3 36.7 45.757.1 68.7 67.1

23.1 33.4 32.1 43.0 11.2 18.2
SOURCE: Office of Technology Assessment, 1991.

Table C-4—impacts of bST Adoption on the Economic Viability of Representative Northeast Dairy Farms
Under Alternative Dairy Policies, Assuming No Change in Milk Demand Due to bST, 1989-98

Policy scenario

Trigger price Fixed price support Quota

Non- bST Non- bST Non- bST
adopter adopter adopter adopter adopter adopter

52-COW farm:
Probability of survival (percent).. . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . .
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
200-cow farm:
Probability of survival (percent) . . . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1,000) . . . . . . . . . . . . . . . .
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

100.0
100.0

3.0
254.6

99.0
100.0

8.0
277.5

99.0
96.0
0.0

110.8

99.0
97.0
0.0

117.0

100.0
100.0

3.0
232.3

100.0
100.0

3.0
253.9

268.3 286.4 285.6 303.7 169.0 174.7

72.4 77.2 77.0 81.9 45.6 47.1

-1.9 -0.914.5 17.9 17.8 21.4

100.0
99.0
43.0

616.7

100.0
100.0
53.0

717.6

100.0
100.0
50.0

705.7

100.0
100.0
66.0

812.3

88.0
64.0

1.0
102.8

91.0
72.0
3.0

166.6

776.8 855.4 842.0 922.0 360.0 415.9

49.492.3 101.7 100.1 109.6 42.8

66.2 82.0 79.6 96.2 -1.5 7.3
SOURCE: Office of Technology Assessment, 1991.
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Table C-5—impacts of bST Adoption on the Economic Viability of Representative Southwest Dairy Farms
Under Alternative Dairy Policies, Assuming No Change in Milk Demand Due to bST, 1989-98

Policy scenario

Trigger price Fixed price support Quota

Non- bST Non- bST Non- bST
adopter adopter adopter adopter adopter adopter

350-cow farm:
Probability of survival (percent).. . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1,000) . . . . . . . . . . . . . . . .
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1,500-cow farm:
Probability of survival (percent).. . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent) . . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . .
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

97.0
97.0
56.0

715.4

95.0
95.0
60.0

739.7

97.0
97.0
79.0

885.2

99.0
99.0
81.0

903.5

99.0
99.0
89.0

1,040.0

95.0
95.0
40.0

622.9

701.2 820.7 827.1 939.5 587.1 664.1

109.5 128.1 129.1 146.7 91.7 103.7

109.6 136.1 137.2 163.8 97.1 115.4

100.0
100.0
100.0

4,062.8

100.0
100.0
100.0

4,548.7

100.0
100.0
100.0

4,633.6

100.0
100.0
100.0

5,148.7

100.0
100.0
98.0

3,532.5

100.0
100.0
99.0

3,853.0

4,323.0 4,751.1 4,795.4 5,249.3 3,808.5 4,091.2

194.5 213.7 215.7 236.2 171.3 184.1

713.9 804.4 808.5 900.2 604.8 666.0
SOURCE: Office of Technology Assessment, 1991.

Table C-6—impacts of bST Adoption on the Economic Viability of Representative Southeast Dairy Farms
Under Alternative Dairy Policies, Assuming No Change in Milk Demand Due to bST, 1989-98

Policy scenario

Trigger price Fixed price support Quota

Non- bST Non- bST Non- bST
adopter adopter adopter adopter adopter adopter

200-cow farm:
Probability of survival (percent).. . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0
Probability of success (percent) . . . . . . . . . . . . 100.0 100.0 100.0 100.0 93.0 99.0
Probability of increasing equity (percent). . . . . 13.0 24.0 23.0 44.0 5.0 9.0
Net present value ($1,000) . . . . . . . . . . . . . . . . 453.3 601.5 559.9 712.0 333.3 446.7
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 727.9 854.3 815.3 940.5 615.2 712.8
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . . 75.6 88.7 84.7 97.7 63.9 74.0
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.3 39.2 32.5 55.3 2.6 19.8
1,500-cow farm:
Probability of survival (percent) . . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0
Probability of success (percent) . . . . . . . . . . . . 100.0 100.0 100.0 100.0 100.0 100.0
Probability of increasing equity (percent) . . . . . 88.0 99.0 97.0 100.0 75.0 91.0
Net present value ($1 ,000) . . . . . . . . . . . . . . . . 4,964.9 6,165.7 5,757.5 7,000.8 4,113.7 5,062.2
Present value of ending net worth

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,901.3 6,712.4 6,415.4 7,252.3 5,261.1 5,901.2
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . . 129.4 147.2 140.7 159.0 115.4 129.4
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 609.0 775.4 714.3 880.6 481.9 613.9
SOURCE: Office of Technology Assessment, 1991.
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Trigger Price—Under the trigger-price program, the
milk support price is decreased 50 cents per cwt each year
the CCC purchases 5 billion pounds of milk equivalent.
This option is similar to policy from 1985 to 1990 and to
the assessment option in the 1990 farm bill-the assess-
ment will effectively trigger reduction in producer returns
as milk price declines.

The average annual economic payoffs from bST
adoption (change in average annual net cash farm income
due to adoption), given a trigger price dairy policy, ranges
from $3,400 for a 52-cow Northeastern dairy to $166,400
for a 1,500-cow dairy in the Southeast. Average annual
net cash farm income for the 52-cow Northeast dairy
increases from $14,500 to $17,900 due to bST adoption
(see table C-4). The 52-cow Lake States dairy experiences
a slightly greater economic payoff from bST adoption
($3,900) as net cash farm income increases from -$2,ooo
to $1,900 (see table C-3). The greatest economic payoffs
for bST adoption are earned by the 1,500-cow dairy farms
in the Southwest and Southeast. In the Southwest, average
annual net cash farm income increases $90,500 ($713,900
to $804,400) and in the Southeast, the increase is
$166,400 ($609,000 to $775,400) (see tables C-5 and
C-6). Absolute increases in real net worth are also greatest
for these dairies; however, the greatest percentage in-
creases are observed for the dairy farms in the Lake States,
and for the moderate-size dairy in the Southwest.

Increases in average annual net cash farm income due
to adopting bST lead to greater accumulation (or slower
decline) in net worth which, in turn, leads to greater
after-tax net present values for bST adopters. The 52-cow
Lake States dairy producer who adopts bST has a $42,400
greater net present value than the nonadopter, and
$36,900 greater present value of ending net worth (see
table C-3). This pattern of greater net worth and net
present values due to bST adoption is observed for all
eight representative farms.

Increases in average annual net cash farm income due
to bST adoption also leads to improved probabilities of
survival, success, and to increases in real equity. Probabil-
ity of survival increases from 58 to 74 percent for the
52-cow Lake States dairy as a result of adopting bST (see
table C-3). Adopting bST increases the probability of
increasing real net worth (equity) for five of the eight
representative dairy farms. The three exceptions experi-
enced no change in the probability of increasing real
equity due to adopting bST.

Fixed Price Support--Maintaining the milk price
support at the 1989 value through the 1989-1998 planning
horizon results in higher milk prices and greater average
annual net cash farm incomes than the trigger price policy
(see tables C-3 to C-6). Economic payoffs from bST
adoption are only slightly greater under the fried price-
support policy than under the trigger price policy for six

of the eight farms. For example, the economic payoff for
the 125-cow Lake States dairy increases only $600 from
$10,300 to $10,9OO due to the policy change (see table
C-3). (The two dairy farms that experience lower eco-
nomic payoffs (Southwest 350-cow dairy and 1,500-cow
Southeast dairy) experience very small reductions in their
economic payoffs from bST adoption, $700 and $100,
respectively (see tables C-5 and C-6).) These results
suggest that the economic incentive to adopt bST would
not be greatly increased by increasing the price of milk,
i.e., freezing the milk support price at its 1989 level.
Maintaining a fixed support price would result in a greater
probability of survival, success, and increasing real equity
(i.e., increasing a farm’s economic viability) than ob-
served for the trigger price scenario. For a 52-cow Lake
States dairy farm that adopts bST, probability of survival
increases from 74 to 89 percent, and for the nonadopter,
the probability increases from 58 to 73 percent (see table
c-3).

Production Quota—A quota that reduces the number
of dairy cows to maintain milk prices at levels comparable
to the fixed price support policy was analyzed. Results of
the analyses reveal that a quota reduces average annual net
cash farm incomes for adopters and nonadopters, relative
to the other two dairy policies (see tables C-3 to C-6).
Relative to the trigger price, the quota reduces net cash
farm income about $15,000 per year for the 125-cow Lake
States dairy farm that adopts bST, and about $11,900 for
the nonadopter. The large Southeastern dairy that adopts
bST experiences a $161,500 decrease in average annual
net cash farm income under a switch from the trigger price
to the quota policy (see table C-6). Such dramatic
decreases in net cash farm income lead to lower probabil-
ities of increasing real net worth for all eight farms, and
lower the probability of survival for five farms.

The economic payoffs from adopting bST while a
quota policy is in effect are positive for all eight farms (see
tables C3-C6). However, the absolute economic payoffs
are less than under the trigger price policy. The large
Southeastern dairy farm experiences an average annual
economic payoff from bST of $132,000 under the quota,
compared to $166,400 under the trigger price policy (see
table C-6). Similarly, the 52-cow Lake States dairy
experiences a decrease in bST economic payoffs from
$3,900 to $2,400 due to the policy scenario change (see
table C-3).

The primary reason that the farms perform less
favorably under the quota than the other two policies is
that the total milk sold is reduced while fixed costs remain
the same. Fewer cows and pounds of milk are available to
spread out the fixed costs associated with the fixed plant
size. If the dairy farms were able to utilize the resulting
excess capacity for other purposes, the decrease in net
cash farm income, net worth, and probabilities of survival
and success would not be as great. However, the spe-
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cialized facilities associated with modern dairy farming
are not suitable for other enterprises.

Summary--Simulation results for representative dairy
farms indicate that bST adopters enjoy a greater average
annual net cash farm income than nonadopters across
three different types of farm policies. In addition to
increasing net cash farm income, bST adoption leads to
greater real ending net worth, after-tax net present value,
and probabilities of survival and success. Economic
payoffs to bST adopters are greater for larger farms than
for smaller farms. The increased net return for larger
farms may accelerate the growth in average herd size as
producers seek to reduce fixed costs per cow, and take
greater advantage of high-level management practices
associated with bST adoption.

The absolute economic payoff from bST adoption is
about the same under a trigger price dairy policy and a
fixed support price policy (see table C-7). Increasing the
price of milk by maintaining the milk support price at its
1989 level does not greatly increase the economic
incentive to adopt bST. On the other hand, the economic
incentive to adopt bST is significantly lower if a
production quota is in effect. All but one of the eight
representative farms experienced a 20- to 40-percent
decrease in the economic payoff to adopt bST under a
quota. The exception (52-cow Northeast dairy) experi-
enced a 70-percent decrease in the economic payoff
associated with bST adoption. These results suggest that
the rate of bST adoption would be slowed by imposing a
strict production quota rather than a trigger price policy.

Table C-7-Comparison of Average Annual
Economic Payoffs From bST Adoption for
Eight Representative Dairy Farms Under

Three Alternative Dairy Policies,
Assuming No Change in Milk
Demand, 1989-98a (in $1,000)

Policy scenario

Trigger Fixed
Region/size price support Quota

Lake States:
Moderate . . . . . . . . .
Large . . . . . . . . . . . .

Northeast:
Moderate . . . . . . . . .
Large . . . . . . . . . . . .

Southwest:
Moderate . . . . . . . . .
Large . . . . . . . . . . . .

Southeast:
Moderate . . . . . . . . .
Large . . . . . . . . . . . .

3.9
10.3

3.4
15.8

26.5
90.5

21.9
166.4

4.1
10.9

3.6
16.6

26.6
91.7

22.8
166.3

2.4
7.0

1.0
8.8

18.3
61.2

17.2
132.0

aEconomic payoffs from bST are the average annual change in net cash
farm income between a nonadopter and a bST adopter over the 1989-98
planning horizon. The payoff is net of the cost of bST, the added
transportation costs for milk, and the additional feed.

SOURCE: Office of Technology Assessment, 1991.

Economic Payoffs to bST Adoption for
Alternative Milk Demands

The introduction of bST may contribute to a change in
the demand for milk and milk products, depending on the
perception of consumers. To quantify the impacts of milk
demand changes on the economic incentives to adopt
bST, the eight representative dairy farms were simulated
under three alternative milk demand scenarios, with a
trigger price policy. Tables C-8 to C-n summarize the
simulation results for the following changes in milk
demand: no change, small decrease, and large decrease.
For the no-change scenario, milk demand was assumed to
be the same as under the no-bST scenario. A small
decrease in milk demand is defined as a 10-percent
decrease in 1991, a 5-percent decrease in 1992 (i.e.,
demand increases from 1991 to 1992), and a 2.5-percent
decrease from 1993 to 1998. The large milk demand
decrease involves a 10-percent decrease in demand
persisting from 1991 to 1998.

Decreasing the demand for milk reduces the economic
payoffs associated with bST adoption for all eight
representative dairy farms (see tables C-8 to C-12). This
result is observed for both small and large decreases in
milk demand. For example, the economic payoff for bST
adoption is $10,300 for the 125-cow dairy in the Lake
States if there is no decrease in milk demand (see table
C-12). If demand decreases slightly, the economic payoff
falls to $9,200, and if the demand decrease is large, the
economic payoff declines to $6,900 (see table C-12).
Thus, the incentive to adopt and the rate of adoption
would be reduced if milk demand declines due to
consumers’ reaction to bST.

The probabilities of survival and economic success are
reduced as well by decreases in milk demand. These
probabilities decline as lower milk prices lead to lower net
cash farm incomes, net worths, and net present values.
Examini ng the 350-cow dairy in the Southwest indicates
that for the bST adopter, the probability of survival
declines slightly from 97 to 94 percent if there is a small
decline in milk demand (see table C-10). If the milk
demand decrease is large, this farm’s probability of
survival falls to 69 percent. Because the economic payoff
for bST adoption is positive (see table C-12), those
producers who adopt bST will experience greater proba-
bilities of survival and economic success than nonadop-
ters.

The most significant result for the demand-change
scenarios is the dramatic reduction in the economic
viability of dairy farms (probabilities of survival, success,
and of increasing real net worth) associated with a large
decrease in milk demand (tables C-9 to C-12). AU of the
regions are affected by the lower milk demand, given a
trigger price dairy policy. If a large decrease in milk
demand is experienced, a dairy termination program
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Table C-8—Effects of Milk Demand Changes on the Economic Viability  of Representative Dairy Farms in the Lake
States Who Adopt and Fail To Adopt bST, Assuming a Trigger Price Dairy Policy, 1989-98

Demand scenario

No change in Small demand Large demand
milk demand reduction reduction

Non- bST Non- bST Non- bST
adopter adopter adopter adopter adopter adopter

52-COW farm:
Probability of survival (percent).. . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1,000) . . . . . . . . . . . . . . . .
Present value of ending net worth ($1 ,000) . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
125-cow farm:
Probability of survival (percent).. . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1,000) . . . . . . . . . . . . . . . .
Present value of ending net worth ($1 ,000) . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

58.0
58.0

0.0
25.2
44.3

74.0
74.0
0.0

67.6
81.2

40.0
40.0

0.0
–21 .8

7.5

48.0
48.0
0.0
4.7

27.6

13.0
13.0
0.0

-85.5
-47.9

24.0
24.0
0.0

-63.4
-32.2

15.6 28.6 2.6 9.7 -16.9 -11.3

-2.0 1.9 -6.8 -3.8 -12.1 -10.2

95.0
90.0

8.0
194.8
329.1

99.0
95.0
12.0

271.9
396.4

85.0
68.0

2.0
78.3

227.6

91.0
82.0

7.0
150.6
290.9

46.0
37.0
0,0

-126.8
33.3

61.0
47.0
0.0

-48.6
102.6

57.1 68.7 39.5 50.4 5.8 17.8

23.1 33.4 8.7 17.9 –10.7 -3.8
SOURCE: Office of Technology Assessment, 1991.

Table C-9—Effects of Milk Demand Changes on the Economic Viability of Representative Dairy Farms in the
Northeast Who Adopt and Fail To Adopt bST, Assuming a Trigger Price Dairy Policy, 1989-98

Demand scenario

No change in Small demand Large demand
reduction reduction reduction

Non- bST Non- bST Non- bST
adopter adopter adopter adopter adopter adopter

52-COW farm:
Probability of survival (percent).. . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . .
Present value of ending net worth ($1 ,000) . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
ZOO-COW farm:
Probability of survival (percent) . . . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . .
Present value of ending net worth ($1 ,000) . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

100.0100.0
100.0

3.0
232.3
268.3

100.0
100.0

3.0
253.9
286.4

100.0
100.0

1.0
199.1
241.0

100.0
99.0

2.0
218.4
258.3

100.0
99.0

0.0
149.8
194.1

100.0
0.0

167.6
210.0

72.4 77.2 65.0 69.7 52.4 56.7

14.5 17.9 9.7 12.8 2.3 5.0

100.0
99.0
43.0

616.7
776.8

100.0
100.0
53.0

717.6
855.4

100.0
98.0
26.0

542.6
722.8

100.0
99.0
45.0

632.7
799.4

98.0
91.0

9.0
352.2
542.9

99.0
94.0
17.0

438.8
618.4

92.3 101.7 85.9 95.0 64.5 73.5

66.2 82.0 56.4 71.1 27.4 40.2
SOURCE: Office of Technology Assessment, 1991.
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Table C-l O-Effects of Milk Demand Changes on the Economic Viability of Representative Dairy Farms in the
Southwest Who Adopt and Fail To Adopt bST, Assuming a Trigger Price Dairy Policy, 1989-98

Demand scenario

No change in
milk demand

Small demand
reduction

Large demand
reduction

Non- bST
adopter adopter

Non- bST
adopter adopter

Non- bST
adopter adopter

350-cow farm:
Probability of survival (percent).. . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent) . . . . .
Net present value ($1,000) . . . . . . . . . . . . . . . .
Present value of ending net worth ($1 ,000) . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .
1,500-cow farm:
Probability of survival (percent) . . . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . .
Present value of ending net worth ($1 ,000) . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

95.0
95.0
60.0

739.7
701.2

97.0
97.0
79.0

885.2
820.7

88.0 94.0
88.0 94.0
35.0 51.0

506.5 655.9
508.3 630.9

52.0 69.0
52.0 69.0

6.0 11.0
70.2 233.2
98.9 236.5

109.5 128.1 79.4 98.5 15.4 36.9

109.6 136.1 70.5 94.7 17.6 34.7

100.0
100.0
100.0

4,062.8
4,323.0

100.0
100.0
100.0

4,548.7
4,751.1

100.0 100.0
100.0 100.0
96.0 98.0

3,230.6 3,678.3
3,600.8 3,992.2

98.0 100.0
96.0 98.0
53.0 70.0

1,820.4 2,268.0
2,278.4 2,671.1

194.5 213.7 162.0 179.6 102.5 120.2

713.9 804.4 554.5 642.5 282.7 360.2
SOURCE: Office of Technology Assessment, 1991,

Table C-n-Effects of Milk Demand Changes on the Economic Viability of Representative Dairy Farms in the
Southeast Who Adopt and Fail To Adopt bST, Assuming a Trigger Price Dairy Policy, 1989-98

Demand scenario

No change in Small demand Large demand
milk demand reduction reduction

Non- bST Non- bST Non- bST
adopter adopter adopter adopter adopter adopter

200-cow farm:
Probability of survival (percent).. . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent). . . . .
Net present value ($1,000) . . . . . . . . . . . . . . . .
Present value of ending net worth ($1 ,000) . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

100.0
99.0
13.0

453.3
727.9

100.0
100.0
24.0

601.5
854.3

99.0
89.0

4.0
259.9
562.1

100.0
94.0

9.0
400.4
685.6

88.0
51.0
0.0
8.0

321.5

94.0
80.0

1.0
147.2
444.2

75.6 88.7 58.4 71.2 33.4 46.1

17.3 39.2 –9.7 10.7 -42.7 -25.1
1,500-cow farm:
Probability of survival (percent) . . . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . .
Probability of increasing equity (percent) . . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . .
Present value of ending net worth ($1 ,000) . . .
Present value of ending net worth as a percent

of beginning net worth (percent) . . . . . . . . . .
Average annual net cash farm income

($1,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
SOURCE: Office of Technology Assessment, 1991.

100.0
100.0
88.0

4,964.9
5,901.3

100.0
100.0
99.0

6,165.7
6,712.4

100.0
100.0
65.0

3,139.9
5,001.4

100.0
100.0
86.0

4,032.3
5,772.3

100.0
89.0
19.0

1,689.1
3,633.2

100.0
99.0
50.0

2,562.2
4,390.7

129.4 147.2 109.7 126.6 79.7 96.3

609.0 775.4 453.8 615.2 200.2 343,8
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Table C-12—Comparison of Average Annual
Economic Payoffs From bST Adoption for Eight
Representative Dairy Farms Under Alternative
Milk Demand Scenarios, Assuming a Trigger

Price Dairy Policy, 1989-98a (in $1,000)

Table C-13-Comparison of Average Annual
Economic Payoffs From bST Adoption for Eight

Representative Dairy Farms, Given a Large
Reduction in Milk Demand, Assuming a Trigger
Price and Dairy Termination Program, 1989-98a

(In $1,000)

Demand reduction

Region/size No change small Large

Lake States:
Moderate . . . . . .
Large . . . . . . . . .

Northeast:
Moderate . . . . . .
Large . . . . . . . . .

Southwest:
Moderate . . . . . .
Large . . . . . . . . .

Southeast:
Moderate . . . . . .
Large . . . . . . . . .

3.9
10.3

3.4
15.8

26.5
90.5

21.9
166.4

3.0
9.2

3.1
14.7

24.2
88.0

20.4
161.4

1.9
6.9

2.7
12.8

17.1
77.5

17.6
143.6

aEconomic payoffs from bST are the average annual change in net cash
farm income between a nonadopter and a bST adopter over the 1989-98
planning horizon. The payoff is net of the cost of bST, the added
transportation costs for milk, and the additional feed.

SOURCE: Office of Technology Assessment, 1991.

could be implemented (similar to the program in 1986) to
bring production back into line with milk demand.

The LIVESIM model (app. B) analyzed a dairy
termination program, given a large reduction in milk
demand. The result was higher milk prices than under the
trigger price policy, given the same demand scenario. If
the dairy termination program is implemented in 1991
higher milk prices result from 1992 to 1998. Differences
in milk prices between the dairy termination program and
the trigger price policy declined from 50 cents per cwt in
1992 to less than 10 cents per cwt in 1998 as milk supply
increased relative to milk demand.

The farm-level impacts of the dairy termination pro-
gram are summarized in tables C-13 to C-17. The trigger
price policy results assume the same milk demand (large
demand reduction) and are used as a reference policy. The
dairy termination program leads to higher probabilities of
survival, success, and increasing equity than the trigger
price policy for all eight representative dairy farms. The
moderate-size farms had greater increases in probability
of survival than the large farms from the dairy termin ation
program.

As observed for the other policy and demand scenarios,
bST adopters were more profitable than nonadopters. This
result is summarized, in terms of the average annual
economic payoffs for bST adoption, in table C-13. The
economic payoffs for bST adoption are positive for the
dairy termination program and they are greater for the
dairy termination program than for the trigger price

Trigger Dairy termination
Region/size price policy program

Lake States:
Moderate . . . . . . . . . . . . . . 1.9 4.1
Large . . . . . . . . . . . . . . . . . 6.9 10.3

Northeast:
Moderate . . . . . . . . . . . . . . 2.7 3.2
Large . . . . . . . . . . . . . . . . . 12.8 15.3

Southwest:
Moderate . . . . . . . . . . . . . . 17.1 25.4
Large . . . . . . . . . . . . . . . . . 77.5 85.3

Southeast:
Moderate . . . . . . . . . . . . . . 17.6 22.3
Large . . . . . . . . . . . . . . . . . 143.6 172.7

aEconomic payoffs from bST are the average annual change in net cash
farm income between a nonadopter and a bST adopter over the 1989-98
planning horizon. The payoff is net of the cost of bST, the added
transportation costs for milk, and the additional feed.

SOURCE: Office of Technology Assessment, 1991.

policy. For example, the economic payoffs for a moderate-
size Lake States dairy that adopts bST are $1,900 for the
trigger price policy and $4,100 for the dairy termination
program. A large Lakes States dairy farm had an
economic payoff of $6,900 for the trigger price and
$10,3OO for the dairy termination program (see table
C-13). In the remaining three regions, the large farms
gained more from bST adoption than the moderate-size
farms; this differential was greater under the dairy
termination program than under the trigger price policy
(see table C-13). This reflects the higher milkprices under
the dairy termination program. It also suggests that bST
adoption would be accelerated even in the face of
declining milk demand if a dairy termination program was
introduced.

1.

2.

3.

4.
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Table C-14-Effects of a Large Reduction in Milk Demand on Representative Lake States Dairy Farms Who Adopt
and Fail To Adopt bST, Given a Trigger Price and a Dairy Termination Program, 1989-98

Policy scenario

Trigger price policy Dairy termination program

Non- bST Non- bST
adopter adopter adopter adopter

52-COW farm:
Probability of survival (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of increasing equity (percent). . . . . . . . . . . . . . . . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth ($1,000) . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent of

beginning net worth (percent). . . . . . . . . . . . . . . . . . . . . . . . . .
Average annual net cash farm income ($1 ,000) . . . . . . . . . . . . .
125-cow farm:
Probability of survival (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of increasing equity (percent). . . . . . . . . . . . . . . . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth ($1,000) . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent of

beginning net worth (percent) . . . . . . . . . . . . . . . . . . . . . . . . . .
Average annual net cash farm income ($1 ,000) . . . . . . . . . . . . .,
SOURCE: : Office of Technology Assessment, 1991.

13.0
13.0
0.0

-85.5
-47.9

-16.9
-12.1

46.0
37.0

0.0
-126.8

33.3

5.8
-10.7

24.0
24.0

0.0
-63.4
-32.2

–11 .3
-10.2

61.0
47.0
0.0

–48.6
102.6

17.8
–3.8

90.0
90.0

1.0
111.9
117.2

41.3
3.3

99.0
97.0
20.0

326.1
438.0

76.0
35.9

96.0
96.0

4.0
146.9
147.5

51.9
7.4

100.0
99.0
31.0

395.6
498.6

86.5
46.2

Table C-15--Effects of a Large Reduction in Milk Demand on Representative Northeast Dairy Farms Who Adopt and
Fail To Adopt bST, Given a Trigger Price and a Dairy Termination Program, 1989-98

Policy scenario

Trigger price policy Dairy termination program

Non- bST Non- bST
adopter adopter adopter adopter

52-COW farm:
Probability of survival (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0 100.0 100.0 100.0
Probability of success (percent). . . . . . . . . . . . . . . . . . . . . . . . . . . 99.0 100.0 100.0 100.0
Probability of increasing equity (percent). . . . . . . . . . . . . . . . . . . 0.0 0.0 3.0 7.0
Net present value ($1 ,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149.8 167.6 245.5 265.1
Present value of ending net worth ($1,000) . . . . . . . . . . . . . . . . . 194.1 210.0 277.6 294.4
Present value of ending net worth as a percent of

beginning net worth (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . 52.4 56.7 74.9 79.4
Average annual net cash farm income ($1 ,000) . . . . . . . . . . . . . 2.3 5.0 15.4 18.6
200-cow farm:
Probability of survival (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . . 98.0 99.0 100.0 100.0
Probability of success (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . . 91.0 94.0 100.0 100.0
Probability of increasing equity (percent). . . . . . . . . . . . . . . . . . . 9.0 17.0 55.0 68.0
Net present value ($1 ,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352.2 438.8 733.8 819.5
Present value of ending net worth ($1 ,000) . . . . . . . . . . . . . . . . . 542.9 618.4 871.6 944.5
Present value of ending net worth as a percent of

beginning net worth (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . 64.5 73.5 103.6 112.3
Average annual net cash farm income ($1 ,000) . . . . . . . . . . . . . 27.4 40.2 82.5 97.8
SOURCE: Office of Technology Assessment, 1991.
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Table C-16--Effects of a Large Reduction in Milk Demand on Representative Southwest Dairy Farms Who
Adopt and Fail To Adopt bST, Given a Trigger Price and a Dairy Termination Program, 1989-98

Policy scenario

Trigger price policy Dairy termination program

Non- bST Non- bST
adopter adopter adopter adopter

350-cow farm:
Probability of survival (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of increasing equity (percent). . . . . . . . . . . . . . . . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth ($1 ,000) . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent of

beginning net worth (percent) . . . . . . . . . . . . . . . . . . . . . . . . . .
Average annual net cash farm income ($1 ,000) . . . . . . . . . . . . .
1,500 -cow farm:
Probability of survival (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of increasing equity (percent). . . . . . . . . . . . . . . . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth ($1 ,000) . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent of

beginning net worth (percent) . . . . . . . . . . . . . . . . . . . . . . . . . .
Average annual net cash farm income ($1 ,000) . . . . . . . . . . . . .

52.0
52.0

6.0
70.2
98.9

69.0
69.0
11.0

233.2
236.5

100.0
100.0
91.0

1,104.0
984.3

100.0
100.0
95.0

1,094.9
1,094.9

15.4
17.6

36.9
34.7

153.7
158.8

170.9
184.2

98.0
96.0
53.0

1,820.4
2,278.4

100.0
98.0
70.0

2,268.0
2,671.1

100.0
100.0
100.0

5,241.5
5,263.1

100.0
100.0
100.0

5,735.8
5,693.9

102.5
282.7

120.2
360.2

236.8
882.1

256.2
967.4

SOURCE: Office of Technology Assessment, 1991.

Table C-17—Effects of a Large Reduction in Milk Demand on Representative Southeast Dairy Farms Who
Adopt and Fail To Adopt bST, Given a Trigger Price and a Dairy Termination Program, 1989-98

Policy scenario

Trigger price policy Dairy termination program

Non- bST Non- bST
adopter adopter adopter adopter

200-cow farm:
Probability of survival (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of increasing equity (percent). . . . . . . . . . . . . . . . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth ($1,000) . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent of

beginning net worth (percent) . . . . . . . . . . . . . . . . . . . . . . . . . .
Average annual net cash farm income ($1,000) . . . . . . . . . . . . .

1,500-cow farm:
Probability of survival (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of success (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Probability of increasing equity (percent). . . . . . . . . . . . . . . . . . .
Net present value ($1 ,000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Present value of ending net worth ($1,000) . . . . . . . . . . . . . . . . .
Present value of ending net worth as a percent of

beginning net worth (percent). . . . . . . . . . . . . . . . . . . . . . . . . .
Average annual net cash farm income ($1 ,000) . . . . . . . . . . . . .

88.0
51.0

0.0
8.0

321.5

94.0
80.0

1.0
147.2
444.2

100.0
100.0
45.0

703.1
938.7

100.0
100.0
68.0

837.4
1,054.1

33.4
-42.7

46.1
–25.1

97.5
50.8

109.5
73.1

100.0
89.0
19.0

1,689.1
3,633.2

100.0
99.0
50.0

2,562.2
4,390.7

100.0
100.0
99.0

5,470.5
6,946.5

100.0
100.0
100.0

6,459.4
7,798.4

79.7
200.2

96.3
343.8

152.3
867.7

171.0
1,040.4

SOURCE: Office of Technology Assessment, 1991.
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