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1. Economic Effects of

Technological Change:

Efficiency, and Distribu-

tions of Benefits and

Costs

Introduction

The future of biotechnological development, or genetic engi-
neering, is generating much public discussion. The discussion centers
on the immense potential to make improvements in human welfare
through appropriate use of genetic engineering versus the immense
potential to make the human condition worse off through it appropri-
ate use or because of unexpected side effects. But regardless of the
philosophical issues in ethics or risk that surround the concept of
biotechnological change in plants and animals, from the point of view
of the economics of agricultural production, biotechnological change is
no different than technological change of any other type. Technologi-
cal change in agriculture will produce economic winners and losers
among producers and consumers of agricultural and nonagricultural
products.

In this report, the probable winners and losers, and :he magni-
tudes of the winnings and losses that would result from the initial
adoption of two technological advances that soon could be available to
U.S. and Arizona producers, are identified. This investigation serves
three purposes. It offers empirical estimates of potential economic
effects resulting from changes in the dairy and cotton industries. It
illustrates the overriding importance of U.S. agricultural price policy
on both the impacts resulting from the adoption of a technology, and
on the adoption of the technology in the first place. Finally, it demon-
strates that it matters not whether technological change is output -
increasing (with constant cost) or cost-reducing (with constant output).
The economic results of either type of technological change will be
complex adjustments in prices and quantities across many sectors of
the economy. Understandings and misunderstandings about the
magnitude of the impacts and the probable distributions of winners
and losers among producer and consumer groups are the bases of
arguments about the economic benefits and costs of technological and
biotechnological development policies.

Economic Impacts

Economic impacts of a technological change are best defined in
terms of the resultant changes in real income to consumers and in
profits to producers. At the producer level the net benefits are the
changes in the differences between gross returns and variable costs.
This measure of profits is the economic return to the fixed factors of
production such as land, the physical facilities, and management. rt is
known formally as producers' surplus. For consumers the net benefits
may be estimated in three alterative ways. First, there is the maximum
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amount of income that they could pay for the techno-
logical development, and be just as well off as they
were before the payment and the technological change:
compensating variation. Second, there is the minimum
amount of additional income they would have to
receive to be just as well off as without the technologi-
cal change: equivalent variation. It is somewhat larger
than compensating variation. Finally, there is the
measure lying between these two values known as
consumers' surplus. The specific measure used will
vary depending on both conceptual circumstances and
ease of estimation. The aggre-
gate of the increase in consum-
ers' and producers' welfare is the
measure of the economic effi-
ciency of a technological change.
The larger the net increase in the
sum of consumer and producer
benefits, the more efficient is the
technology. In addition to the
net aggregate economic impact,
the distribution of impacts also is
relevant. Some groups will be
winners while others are losers.
Society might prefer lower net
benefits in favor of an alternative
distribution of benefits. For this
reason, gainer /loser (G /L) ratios
are generated in addition to the
measures of change in aggregate
net societal benefits.

A G/L ratio is similar in
concept to a benefit /cost (B/C)
ratio. The difference is that a B/C
ratio is more descriptive for the situa-
tion where all benefits and costs accrue to the same
individual or group. Distribution is not an issue. Only
the efficiency of one action relative to an alternative
action is of interest. The B/C ratio expresses net
benefits to that individual or group. A G/L ratio
compares the net benefits of gainer individuals or
groups to the net losses of loser individuals or groups.
It describes the distribution of net gains and losses
across society. Thus, an aggregate benefit /cost ratio
that is only slightly larger than one indicates that the
loser groups have almost as much losses as the gainers
have gains. It is better described as a G/L ratio.

Table 1.1 presents a hypothetical situation for
two alternative technological innovations. Both
alternatives result in net benefits equalling 200.
Consumers receive the same benefits in either case.
Innovation 1 produces gains of 100 for each of pro-
ducer groups 1 and 2, but losses of 200 for producer
group 3. The gainer /loser ratio equals 2.0. Innovation
2 produces much smaller gains of 20 for each of
producer groups 1 and 2, but also inflicts much
smaller losses of only -20 on producer group 3. The
gainer /loser ratio equals 11.0.

Table 1.1. Hypothetical Distributions of Benefits Resulting
from Two Alternative Technological Innovations.

Group
and Results

Consumers

Producers of Good 1

Producers of Good 2

Producers of Good 3

Total Gains

Total Losses

Net Benefits

G/L Ratio: Gains /Losses

Change in Benefits

Innovation i Innovation 2

+ 200 + 200

+ 100 +10

+100 +10

-200 -20

+400 +220

-200 - 20

+200 +200

2.00 11.0

Which is the preferable technology? Clearly it
depends on one's point of view. Consumers would be
indifferent. Producers of goods i and 2 would prefer
innovation 1 and producers of good 3 would prefer
innovation 2, if there had to be an innovation at all.
Innovation 2 is more economically efficient than
innovation 1 in that it produces greater gains per unit
of loss. Innovation 2 also creates less disruption
through the redistribution of gains and losses in the
total economy. From a political point of view, one
must look at both the size of the G/L ratio, at the
relative gains and losses of each group, and at who is
in each group. How would an individual view the
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Figure 1.1. A Hypothetical Distribution of Gainers and Losers.

hypothetical benefits of the redistribution illustrated in
Figure 1.1? It is economically efficient in that gains are
almost twice the losses. But are losses to the losers
worth the societal disruption? Who are gaining and
who are losing?

Empirical and Conceptual Models

In the following two sections, empirical
estimates of economic impacts resulting from adoption
of biotechnological innovations are presented. Section
2 focuses on bovine somatotropin in the dairy indus-
try; section 3 on insect damage resistance in cotton.
The economic econometric and mathematical pro-
gramming models used in generating these results are
described in Appendices A and B, respectively.

The dairy analysis is an example of an output -
increasing technology, where the increase in cost is
relatively minor. Results are presented for the U.S.

industry as a whole, and for implied
redistributions of the industry
among regions under the alternative
assumptions of continued U.S.
government farm price policy
versus a free market price policy.
The cotton analysis is for a cost -
reducing technuiugy, where yields
per acre are unaffected. A special
feature of this analysis is to examine
the specific impacts of early versus
late adoption by Arizona cotton
farmers.

These empirical models
capture much of the complexity of
the U.S. agricultural production and
processing sectors, although like all
empirical economic models they are
necessarily simplifications of reality.
Specific results are a consequence of
the assumptions built into the
modelling systems, the reality about
which individuals can argue. One
should interpret the projections as to
relative magnitudes and directions,
rather than as to precise estimates.

A value of such complex (yet still simplified) models is
their ability to suggest results that are not always
obvious from casual introspection. Indeed, it is their
ability to track unexpected impacts through the
complex interrelationships of the economy that
differentiates these models from models of partial
equilibrium where the direct, first -round results are
obvious.

In Appendix C, a completely conceptual
model of an economic system is developed that leads
us to expect unexpected results, whether or not the
empirical models of sections 2 and 3 are in fact true
reflections of reality. The range of possible impacts
resulting from very similar actions can be very wide
depending on the initial equilibrium relative to the
range of resource endowments. This appendix need
not be read by those interested only in the empirical
projections.
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2. Potential Economic

Impacts of the Use of

Bovine Somatotropin in

the U.S. Dairy Industry

The biotechnological innovation likely to produce the first
widespread impacts on the U.S. agricultural sector is the use of
bovine Somatotropin (bST) to increase milk output per cow. A
hormone that occurs naturally in cows, bST currently can be pro-
duced in volume through standard genetic engineering techniques.
When injected into a dairy cow, bST increases blood flow through
the mammary glands, thereby enhancing the animal's ability to
produce milk without apparent changes in the milk's composition or
quality.

Although bST is not yet approved for commercial use, the
Food and Drug Administration (FDA) has determined that milk from
bST -treated cows is safe for human consumption. Milk from test
herds is being sold (Fleming and Kenney, 1989). Throughout the
analysis in this chapter, it is assumed that consumers accept milk
produced from bST -treated cows, and do not distinguish it from milk
produced by untreated cows. There is growing evidence in the
popular press that some consumers may make a distinction, and
reject milk from treated cows, even though scientific evidence shows
milk from treated and untreated cows to be identical. Our analysis
focuses only on economic impacts if bST -treated milk is widely
accepted.

Research on the effects of bST on production has been
extensive. A recent USDA bibliography of bST research (Kenney and
Fallert, 1987) indudes 110 entries. Most of the studies have been of a
physiological nature with only a limited number examining eco-
nomic implications. Coppock's (1987) survey of production response
studies shows that mean productive response to long term use of bST
to be about 14 percent on an annual basis. Individual studies have
reported percentage increases in the high 30s to low 40s (Bauman
and Eppard, 1985; Chalupa, 1987; Annexstad and Otterby, 1987).

Econometric Results

In cooperation with Womack et al., using their FAPRI
econometric model, (Appendix A), three scenarios were developed to
examine the possible economic effects of bST on the national dairy
industry, the consumer, and on the U.S. government. They are a
baseline scenario (no use of bST through 1996 and continuation of a
current government dairy program identical to the Food Security Act
of 1985), and two scenarios assuming that adoption of bST begins in
1990 (the government program also is continued). These latter two
analyses bracket the 14 percent mean response with 9 and 19 percent
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Table 2.1. Milk Production, Milk Prices, and Government Costs.

Baseline 9% bST a 19% bST b

1987 1990 1993 1996 1987 1990 1993 1996 1987 1990 1993 1996

Total Prod.
(bil lbs)

142.46 149.76 157.00 163.61 142.46 150.60 159.81 165.02 142.46 152.15 166.30 16958

Removals
(bil lbs ME)

6.70 4.00 4.35 3.28 6.70 4.70 557 2.62 6.70 6.50 12.00 6.19

Govt. Cost
(bil $)

1.13 0.60 0.66 0Á9 1.13 0.67 0.67 0.39 1.13 0.93 1.45 0.61

Support Price 11.29 10.10 10.10 10.10 11.29 9.60 8.10 8.10 11.29 9.60 8.10 6.60

($ /)

Farm Price 12.53 11.45 11.40 1150 1253 10.95 9.45 9.45 12.53 10.95 9.45 7.95

($/cwt)

a Assumes a 9 percent increase in production per cow where bST is adopted.

b Assumes a 19 percent increase in production per cow where bST is adopted.

increases in production per cow because of bST
adoption. These productivity increases correspond to
assumed feed consumption increases of 3.3 and 6.7
percent respectively (Coppock, 1987).

The diffusion path utilized is based on the
recent USDA publication bST and the Dairy Industry
(Fallert et ai, 1987). The primary distinction between
the USDA diffusion path and those suggested earlier
(e.g. Kalter, et al., 1984) is a much lower maximum
diffusion rate. In the current analysis, the bST diffu-
sion path is assumed to begin at 10 percent in 1990,
and following the traditional logistic relationship
(Griliches, 1957), end at 43 percent adoption in 1996.
No additional adoption occurs after 1996. Studies by
Kalter, et al. (1984), Yonkers, et al. (1987), and Butler
and Carter (1988), report that early and middle
adopters are likely to have larger herd sizes than late
adopters. Since the current study assumes, for conve-
nience, equiproportionality of adoption and produc-
tion by size of farm, the results obtained are more

likely to underestimate than overestimate the aggre-
gate production response for a given level of bST
response. Thus, the result of the 19 percent scenario is
viewed as "most likely." Results were obtained for
each year, 1987 through 1996, although results are
reported in the tables at 3 -year intervals.

Baseline Scenario

Milk production increases 15 percent from
1987 to 1996 under the baseline of this analysis (Table
2.1). In contrast to the early 198Os, however, increased
commercial utilization should accompany the expan-
sion in supply. Growth areas will be in the cheese,
frozen, and fluid sectors. Per capita butter, powder,
and evaporated use will decline.

Table 2.2 contains forecasted values for costs
and returns of producing a hundredweight of milk
under the assumptions of the baseline. Despite
stabilization of receipts per hundredweight in 1990
due to government removals falling below five billion
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Table 2.2. Costs and Returns Per cwt. of Milk ($ /cwt).

Total
Year Receipts

Fend
Costs

Other
Variable
Costs

fixed +
Replacement

Costs

Total
Cost

Net
Revenue

Baseline-
1987 13.56 4.21 2.68 3.52 10.40 3.16

1990 12.48 4.67 2.55 3.66 10.88 1.60

1993 12.31 4.65 2.58 3.78 11.01 1.30

1996 12.50 5.21 2.74 4.21 12.16 0.35

9% bST a

1987 13.56 4.21 2.68 3.52 10.40 3.16

1990 11.98 4.43 2.38 3.36 10.17 1.81

1993 10.36 4.41 2.41 3.38 10.20 0.17

1996 10.45 4.94 2.56 3.76 11.26 -0.81

19% bST b

1987 13.56 421 2.68 3.52 10.40 3.16

1990 11.98 4.19 2.23 3.08 9.49 2.49

1993 10.36 4.17 2.26 3.09 9.52 0.84

1996 8.95 4.67 2.39 3.45 10.51 -1.56

a Assumes a 9 percent increase in production per cow where bST is adopted.

b Assumes a I9 percent increase in production per cow where bST is adopted.

pounds in that year, increasing variable and fixed
costs erode the profitability per hundredweight of
milk. After 1989 each successive year brings lower
returns per hundredweight.

Lower relative prices, a stable group of fluid
consumers, and strength in the cheese and frozen
sectors should enable government removals to remain
below 5 billion pounds after 1989. Government costs
associated with the dairy program should also fall.
However, net revenues per hundredweight (Table 2.2),
as well as net revenues to the U.S. dairy industry as a
whole (Table 2.3) are projected to decline.

Nine Percent Scenario

In the 9 percent bST scenario (Table 2.1) total
milk production is less than 1 percent higher in 1996
relative to the baseline. However, due to the Food
Security Act of 1985 (FSA85) prescribing a 50 cent

reduction in milk support prices for any
year in which net government removals are
expected to exceed 5 billion pounds, the
average farm price is $2.00 per hundred-
weight lower from 1993 through 1996.
Total returns to the dairy industry are
projected to be substantially lower with bST
relative to the baseline.

Table 2.2 contains forecasted values
for costs and returns of producing a hun-
dredweight of milk with an assumed 9
percent increase in production per cow due
to bST adoption. This table shows that,
despite lower national average costs per
hundredweight due to bST adoption, the
declining milk support price more than
offsets the lower costs of production.
Although average net revenues per hun-
dredweight in 1990 are greater than for the
baseline, net revenues per hundredweight
deteriorate quickly thereafter and are below
baseline levels from 1991 forward. Through
1994, government removals are higher in
the 9 percent bST scenario than under the
baseline. However, the lower support
prices from 1990 forward keep government
costs close to baseline levels.

Total revenues to the industry are summarized
in Table 2.3. Under the 9 percent bST scenario, total
revenues decline relative to the base beginning with
adoption in 1990. Total net revenues (total revenues
less both fixed and variable costs) are slightly higher
than the base in 1990 because of the spreading of fixed
costs per hundredweight. They decline relative to the
base thereafter and become negative by 1994. Produc-
ers' surplus, that is, net returns to the fixed factors of
production (total revenues less variable costs), remain
positive through 1996, but are below the base scenario.
A lower, but not negative return on fixed capital is
implied.

Nineteen Percent Scenario

Results of the 19 percent bST scenario are also
contained in Tables 2.1 through 2.3. While total
production increases less than 4 percent above baseline
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levels in this scenario because of reduced
numbers of cows milked, the increased
production causes government removals to
exceed 5 billion pounds in every year of the
forecast period. Therefore, the support price
falls to $6.60 per hundredweight by 1996
and the average farm price of all milk falls
to $7.95 per hundredweight; $3.50 per
hundredweight below baseline levels.
Although government costs are over twice
as large as baseline levels in 1992, they
decline substantially after that and approxi-
mate baseline levels in 1996.

The substantially lower support
prices in this scenario cause the percentage
increases in production to fall to very low
levels by 1993 after the initial rapid bST
diffusion process occurs. Annual produc-
tion increases per cow remain below 1.5
percent and total milk production increases
by less than 1 percent per year. Removals
fall from 12 to 6 billion pounds from 1993 to
19%. In other words, once the diffusion
process is substantially complete, the total
supply of milk remains relatively constant
and population and income related growth
in demand begin to bring the supply and
demand situation into balance.

Table 2.3. Total Revenues to Milk Producers ($ billions).

Total
Revenue

Total
Aret Revenue

Producers'
Surplus

Baseline

1987 19.3 4.5 9 5

1990 18.7 2.5 8.0

1993 19.3 2.0 7.9

1996 20.5 0.6 7.5

9% bST a

1987 19.3 4.5 9.5

1990 18.0 2.7 7.8

1993 16.6 0.3 6.4

1996 17.2 -1.4 4.8

19% bST b

1987 19.3 4.5 9.5

1990 18.2 3.8 8.5

1993 17.2 1.4 6.5

1996 15.2 -2.6 3.3

a Assumes a 9 percent increase in production per cow where bST is adopted.

b Assumes a 19 percent increase in production per cow where bST is adopted.

Costs of production fall even farther in this
scenario than under the 9 percent bST scenario (Table
2.2). As a result, average net revenues per hundred-
weight are higher in 1990 -92 than under both the
baseline and the 9 percent bST scenario. After 1992,
however, the 50 cent annual support price reduction
drives average net revenues per hundredweight below
the levels realized under the baseline. Average net
revenues per hundredweight are less than those
realized under the 9 percent bST scenario after 1994.

As shown in Table 2.3, total net revenues for
the industry are above the base and the 9 percent
scenario in 1990 when bST is first adopted. As bST use
spreads, total net revenues remain above the 9 percent
scenario through 1993, but are below the base. As use
reaches the full 43 percent adoption rate, total net
revenues become more negative than in the 9 percent

scenario. Producers' surplus (net return to fixed
capital) also originally rises above the base, remains
greater than or equal to the 9 percent scenario through
1993, and then declines below producers' surplus
generated under either of the low -use scenarios.

Implications

While FSA85 and its support price adjustment
mechanism are expected to bring supply and demand
into balance by 1990 in the absence of bST, commercial
introduction and adoption of bST will alter the adjust-
ment process currently at work in the U.S. dairy
industry.

Under the 9 percent bST scenario, total
production increases in 1990 -93 trigger support price
reductions in each of those years. As a result, the
average farm price of milk falls $2.00 per hundred-
weight relative to the baseline. bST adopters are better
off, at least initially, because of reduced costs per
hundredweight of milk produced. However, the
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decline in milk prices outstrips the average production
efficiency gains and average net revenues per hun-
dredweight are lower than the baseline from 1991
forward.

Under the 19 percent bST scenario, production
increases bring support price reductions every year
through 1996. The average farm price of milk falls to
$7.95 per hundredweight in 1996. As in the 9 percent
bST scenario, profit levels in excess of the baseline can
be earned by early bST adopters. But these extra
profits would erode as milk prices fall. After 1992,
average net revenues per hundredweight are substan-
tially lower than the baseline, although still positive
through 1994. Average net revenues per hundred-
weight become negative after 1993. Total net rev-
enues, and total producers' surplus to the industry are
less than without the use of bST after 1993. Individual
adopters could, of course, remain gainers. The results
presented in Tables 2.1, 2.2 and 2.3 are for the industry
as a whole.

In the recent past milk production has shifted
toward regions having larger average size farms with
lower costs of production (Yonkers, et al., 1987). In
particular, the proportion of milk production in the
Mountain and Pacific states has increased, offsetting
proportional declines in the Corn Belt, Northern
Plains, and Appalachian regions. Since larger farms
are more likely to adopt new technologies (Kalter, et
a1.,1984; Carley and Fletcher, 1986; Butler and Carter,
1988), it is likely that these regional shifts will be
accelerated with bST use. In other words, while
underlying economic conditions have determined the
direction of change in regional production patterns,
bST will likely increase the rate of those changes. The
relative hesitancy of smaller farms to adopt new
technologies will mean an accelerated decline in the
number of smaller sized farms in all regions.

Government costs are not likely to change
substantially due to bST use because increased re-
moval levels will generally be offset by the lower
prices paid for those removals. Unless consumers
perceive milk produced using bST as inferior to milk
produced without bST, consumers should be the major
beneficiaries of bST adoption. Retail dairy product
prices are projected to fall between 11 and 19 percent
relative to the baseline if bST is adopted, and if milk

produced by bST treated cows is accepted by consum-
ers as a normal product.

Mathematical Programming Results

An alternative to the FAPRI econometric
procedure for estimating the economic impacts of
posited technological change is the use of mathemati-
cal programming. In cooperation with Chang, McCarl
and Adams (Appendix B), the same basic assumptions
relative to bST adoption by the U.S. dairy industry
were examined using this alternative procedure. The
regional mathematical programming model is used to
compare a 1986 base solution to solutions assuming a
43 percent adoption rate for bST use, with a 19 percent
increase in production per cow where bST is adopted.
These productivity increases correspond to a 6.7
percent increase in feed consumption. As with the
FAPRI model they assume equiproportionality of
adoption by size of farm. In contrast to the FAPRI
model, solutions are obtained both under the assump-
tion of a continuing 1985 Food Security Act (FSA85)
type of farm program, and under the assumption of a
free market economy without a farm program. The
nine percent productivity scenario is not examined.
Where the FAPRI model makes yearly projections, the
mathematical programming model produces only the
base and the final solutions. The mathematical
programming model is advantageous, however, in
that it can provide regional results, as well as esti-
mates of the impacts on other producer groups.

Prices and Production: FSA85 Assumed

The projected effects on prices and production
after bST adoption is completed is shown in Table 2.4
by commodity group. Base milk production nation-
ally is estimated as 1,399,076 thousand hundred-
weight 97.1 percent of reported milk production in
1986 (USDA, 1987). Price per hundredweight, as
estimated by the model, is almost exactly the 1986
actual. When adoption of bST is complete, milk
production is projected to rise 189 percent while price
falls by 3.4 percent.

The projected very large increase in produc-
tion and the relatively small decrease in price are a
result of having the FSA85 support price and govern-
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Table 2.4. The Effects on Prices and Production of Increasing Average Milk Production

Per Cow Throughout the U.S Through the Use of bST. a

(Assumes 1985 Farm Programs)

Commodity Units

Base Percent Changes in Prices and
Production

Pria Production Price Production

($) (thousands)

Cotton bales 234.02 9,716 51.18 -19.33

Corn bu. 1.92 8,077,749 677 -6.08

Soybean bu. 4.65 2,009,254 6.02 -9.76

Wheat bu. 2.40 2,035,110 7.92 -6.03

Sorghum bu. 1.74 922,269 6.90 1531

Rice bu. 3.71 136,597 32.08 -7.44

Barley cwt. 156 604,613 14.74 -12.74

Oats bu. 1.16 367,346 8.62 15.49

Other Livestock CC4U 179.88 3,165 8.74 -3.29

Cull Dairy Cows cwt. LW 37.06 25,531 2.02 167.68

Cull Beef cwt. LW 37.06 35,068 2.02 -22.43

Milk cwt. 12.49 1,399,076 -3.36 189.30

Silage tons 13.38 87,141 18.68 5537

Hay tons 58.04 118,246 16.20 56.49

Hog Slaughter cwt. LW 49.24 192,166 1.48 -0.25

Feeder Pig cwt. LW 9323 48,285 051 -537

Live Calves cart. LW 58.29 64,624 0.69 6.32

Beef Yearling cwt. LW 52.68 167,822 1.42 -19.48

Fed Beef Slaughter cwt. LW 56.90 279,046 2.76 -1.09

Cull Sow cwt. LW 31.75 9,984 137 -11.42

Poultry GCAU 236.15 32,588 639 -232

Lamb Slaughter cruet. LW 73.45 4,085 17.45 -6.24

Lamb Feeder cwt. LW 7737 1,763 -0.05 0.02

Wool cwt. 0.41 79,768 -14.63 16.17

Wool Incentives 1.10 40,137 0.00 56.61

Unshorn Lamb 2.86 825 0.00 357.48

a Assumes a 43 percent adoption rate for bST use, with a 19 percent increase in production per cow where bST is
adopted.

ment removal mechanisms built into the optimization
model without having the modifying effects of the
trigger support price reductions built in as with the
FAPRI projections. The model is telling us what
would result if the government did not reduce its price
support and removal programs as bST was adopted
and increased milk production was induced. The
FAPRI model, with its year by year iterative projec-
tions, probably is a closer approximation of future
reality. The mathematical programming model, with
its single projection for the final year of adoption,

given current price supports and removal mecha-
nisms, warns us that in reality increased government
costs would force the government to reduce drastically
its milk support program as bST was adopted.

The projected adjustments in the dairy indus-
try would cause adjustments in other sectors of
agricultural production as land and other resources
are transferred to other uses, and other product prices
are affected. The projected change in dairy productiv-
ity without drastic milk price reductions would have
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major effects on other production sectors. In Table 2.4,
increased dairy production is projected to increase
hay, silage, and sorghum production and prices.
These effects might be expected through their direct
connection as feed. Corn, soybean, and wheat produc-
tion would fall, even as prices for those products rose.
Even cotton production would be affected signifi-
cantly, as land was transferred to feed crops. The
price of cotton would rise. Clearly current cotton
producers in production areas such as Arizona would
be beneficiaries of bST adoption as cotton land in
marginal production areas shifted to other crops.

Producer Effects by Region: FSA85 Assumed

While milk producers as a whole are projected
to suffer lower prices in response to increased use of
bST, farmers as a whole would gain. Total national
producers' surplus for all crop and livestock produc-
tion in the model (fruits, nuts and vegetables are not
included) is estimated at $27.2 billion in the base year
1986 (Table 2.5). Total producers' surplus is estimated

Table 2.5. The Effects on Producers' Surplus of Increasing

Average Milk Production Per Cow Throughout

the U.S. Through the Use of bST.a
(Assumes 1985 Fane Programs)

Regiort

Base Producers
Surplus

(s billions)

Percent Change
in Producers'

Surplus

Mountain 3.2 7.72

Pacific 1.9 18.18

Northeast 01 147.11

lake States 3.1 6.74

Corn Belt 71 7.74

North Plains 5.0 10.12

Appalachia 2.0 558

Southeast 1.0 9.70

Delta States 1.2 11.26

South Plains 2.0 11.97

272 11.13

a Assumes a 43 percent adoption rate for bST use, with a 19 percent increase

in production per cow where bST is adopted.

to increase by 11.13 percent, with all regions register-
ing gains. Some producers would gain and others
would lose. These estimates are the projected net
gains and losses over all included crops.

Total Social Benefits and Losses: FSA85 Assumed

In Table 2.6 estimates of aggregate benefits
and losses are shown grouped by domestic and
foreign producers and consumers. Total domestic
producers' surplus rises as previously shown in Table
2.5. Domestic consumers win in the market place as
generally lower prices and larger outputs generate an
additional $1.6 billion in consumers' surplus. Foreign
producers lose slightly, while foreign consumers have
a marginal gain. Net total social benefits to all con-
sumers and producers rise, with only foreign produc-
ers suffering losses.

All of these estimated gains and losses are
generated against the backdrop of our current farm
programs, with the caveat that the trigger mechanism
to cut government payments as they rise too high in
response to production incentives is missing. The total
cost of farms programs in the base year was estimated
as about 64 percent of total domestic producers'
surplus. With adoption of bST, the total costs of the
farm program are projected to rise by almost eight
times the rise in domestic producers' surplus. Defi-
ciency payments increase only slightly more than the
increase in producers' surplus, but loan payment
increases dramatically. If loan payments could be
expected to be recouped through eventual sale, the
increased program costs might not be considered too
burdensome. But with loan payments this large
relative to total producer surplus value, recovery of
costs could not be expected. Thus, the projected
increase in the total costs of the farm program is
almost four times the projected increase in total social
benefits. The consumer would win in the marketplace,
but lose greatly at tax time. Total social benefits less
farm program costs decline by $17,926 million.

The changes in total benefits and costs for
producer and consumer groups, as shown in column
one of Table 2.6, are expressed in total dollars, rather
than as percentage changes as are shown for prices
and production in Table 2.4, and for producers'
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Table 2.6. The Social Benefits of Increasing Average Milk Production Per Cow

Throughout the U.S. Through the Use of bST. a

(Assumes 1985 Farm Programs)

Total
Changes in Change in
Benefits and Costs Million Dollars

Dollars
Per

capita e

Benefits '
Domestic Producers' Surplus 3,024 1,008

Domestic Consumers' Surplus 1,645 7

Subtotal 4,669 19

Foreign Producers' Surplus -34

Foreign Consumers' Surplus 896

Subtotal 861

Total Social Benefits 5,531

Costa of Farm Programs 23,457 97

Deficiency Payments -3,262

Loan Payments 26,719

Total Social Benefits
Less Farm Program Costs d -17,926

a Assumes a 43 percent adoption rate for bST use, with a 19 percent increase in production
per cow where bST is adopted.

b The change in domestic and foreign benefits associated with 43 percent adoption of bST use
by domestic producers.

c These payments make both domestic and foreign consumers' surplus, and domestic pro-
ducers' surplus, larger than under a free market equilibrium. The sum of the increased
consumers' and producers' surpluses is less than the total amount of government pay-
ments, creating a deadweight loss. Consumers have a net loss since they pay in taxes all of
their consumer gain, plus the majority of the producer gain, plus the deadweight loss.

d Total social benefits adjusted for distorting effects of government payments. Assumes that
loan payments are not recovered.

e Assumes the 1987 domestic population of approximately 242 million and a farm labor force
of approximately 3 million. Of these 3 million, about 2 million are unpaid workers who
would actually receive most of the surplus (USDA, 1988).

surplus in Table 2.5. Percentages are useful for price
and production changes because they express the
magnitude of change relative to widely known and
well defined base data. The percent change in produc-
ers' surplus also is a useful measure since producers'
surplus is a reasonable measure of net farm income, a
widely recognized concept by economists and
noneconomists alike. The concept of total net farm
income can be well defined for a region or a group of
producers, and the mathematical programming model
produces a defensible estimate of total producers'
surplus. Estimates for each region are consistent and
may be compared one to another even if the total

estimate of producers' surplus is
slightly larger or smaller than
estimates developed for net farm
income by other means.

But while the sum of
total producers' and consumers'
surplus is a correct measure of
total social benefits, the practical
definition of total consumers'
surplus is difficult to define, and
may be defined only arbitrarily in
the mathematical programming
model. One can estimate the
changes in consumers' surplus at
the margin where the demand
and supply relationships inter-
sect, but the total consumers'
surplus cannot be defined other
than arbitrarily because one
cannot know where the true
demand functions intersect the
price axis where quantity is zero.
Thus, the change in consumers'
surplus must be expressed in
absolute terms or relative to some
other well defined quantity (e.g.,
total consumer expenditure or
total consumer income). In Table
2.6, both the change in consum-
ers' surplus and the change in
producers' surplus are expressed
in dollars so that they may be
added in order to show the
change in total social benefits.

The total increase in domestic producers'
surplus of $3,024 million is an 11.1 percent increase. Is
eleven percent much or little for producers? The
increase of $1,645 million in consumers' surplus is less
than that for producers by almost half. Is that increase
much or little for consumers? The last column in Table
2.6 attempts to answer these questions by converting
these increases into dollars per capita. For producers,
the increase is about $1,008 per capita over all people
who worked on farms, either paid or unpaid, as
defined in USDA (1988). Unpaid family laborers,
including farm owners, are about two- thirds of the total
of 3 million workers. If they receive most of the surplus
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their per capita increase would be half again as much,
and paid farm labor would gain little. An average
increase of 1,000 to 1,500 dollars per family worker
clearly could mean a very large increase for some
individuals. The increase in consumers' surplus must
be divided by a much larger group of people. A seven
dollar per year increase in mean per capita benefits
would barely be noticeable for most people. On the
other hand, a $97 per capita increase in taxes in order
to pay for the increased costs of the farm program
could be quite noticeable indeed.

Prices and Production: No Government Programs

The mathematical programming model was
also solved under the assumption of a fully free
market with no government program. Under these
conditions, adoption of bST would have dramatically
different effects. Table 2.7 presents the estimated
percent changes in prices and production that would
result under free market conditions. In general, the
changes in prices and production of products other
than milk are shown as less than when government
programs are controlling the market. The milk price is

Table 2.7. The Effects on Prices and Production of Increasing Average Milk Production

Per Cow Throughout the U.S. Through the Use of bST. a
(Assumes Free Market Without Farm Program)

Commodity

Base

Unite Price Production

Percent Changes in Prices and
Production

Price Production

Cotton
Corn
Soybean
Wheat
Sorghum
Rice

Barley

Oats
Other Livestock
Cull Dairy Cows
Cull Beef

Milk

Silage

Hay
Hog Slaughter
Feeder Pig
Live Calves

Beef Yearling

Fed Beef Slaughter

Cull Sow
Poultry
Lamb Slaughter
Lamb Feeder
Wool

Wool Incentives
Unshorn Lamb

bales

bu.

bu.

bu.

bu.

bu.

cwt.

bu.

GCAU

cwt. LW

cwt. LW

cwt.

tons

tons

cwt. LW

cwt. LW

cwt. LW

cwt. LW

cwt. LW

cwt. LW

GCAU

cwt. LW

cwt. LW

cwt.

($)

36630
2.39

4.02

2.96

2.25

10.17

1.72

1.20

188.26

36.27

36.27

12.42

(thousands)

7,722

5,971,382

1,935,454

1,885,251

953,964

104,540

581,850

588,071

3,108

25,284

46,204

1,382,713

0.05

0.00

0.00

0.00

0.00

-0.20

0.58

0.00

0.19

-0.11

-0.11

-9.26

-0.02

0.05

0.00

0.14

-0.50

0.06

0.21

-0.06

-0.07

-5.53

038
230

11.88 91,798 -1.26 -0.61

50.82 135,900 -0.49 -0.66

48.83 193,235 0.00 -0.01

91.12 46,653 0.00 0.02

53.47 75,829 -0.26 0.18

51.89 149,344 -0.08 0.60

56.80 279,233 -0.11 0.04

31.47 9,474 -0.03 0.41

257.07 31,501 -0.01 0.00

77.17 4,005 -0.18 0.07

67.75 1,861 0.06 -0.02

0.35 93,108 0.00 0.03

1.10 64,196 0.00 0.02

2.86 2,809 0.00 -0.02

a Assumes a 43 percent adoption rate for bST use, with a 19 percent increase in production per cow where bST is
adopted.
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estimated to fall farther with less increase in produc-
tion.

Recognize, however, that these estimated
adjustments in prices and production are measured
from a different base-one that assumes a free market
equilibrium to start with. For some crops, for example
cotton and corn which are widely traded in interna-
tional markets, prices and production are greatly
different under free market and government program
conditions. Milk, surprisingly, shows similar base
prices and production under both conditions. This is
not to suggest, however, that how and where milk is
produced is not affected by the government programs.
The distribution of where milk is produced, and of
which producers are winners or losers could be
greatly affected. In addition, net profits could be very
different. As shown in Table 2.8, as compared to Table
2.5, total base producers' surplus for all crops and
livestock without a farm program is much less than
with a program ($20.0 billion vs. $27.2 billion).

Table 2.8. The Effects on Producers' Surplus of Increasing
Average Milk Production Per Cow Throughout

the U.S. Through the Use of bST. a

(Assumes Free Maria Without Faun Ruston)

Region

Base Producers'

sulpha
(s billions)

Percent Change

in Producers'
surplus

Mountain 3.0 -0.16

Pacific 1.6 -0.26

Northeast 0.3 -5.14

Lake States 2.1 -0.11

Corn Belt 4.7 -0.20

North Plains 3.8 -0.23

Appialachia 1.4 -0.25

Southeast 0.7 -0.23

Delta States 0.8 -0.38

South Plains 1.6 -039

Total 20.0 -0.30

a Assumes a 43 pert adoption rate for bST use, with a 19 paced increase in production

per cow where bST is adopted.

Producer Effects by Region: No Government

Programs
Whereas the net producer effects of adopting

bST for milk production were positive over all prod-
ucts for every region under the assumption of continu-
ing government support programs, the net change in
producers' surplus is negative in twvery region under
the assumptions of free markets (Table 2.8). Adoption
of bST would have the largest percentage negative
effect in the Northeast, and the smallest percentage
negative effects in the Lake States. But the Lake States
region, with milk an important product, loses much
more than the Pacific or Mountain regions from
elimination of all of the government support programs
for the crops and livestock included in the model. The
Lake States would be affected heavily by elimination
of the government support programs. Once adjust-
ment to the free market was achieved, the effects of
bST adoption would be relatively minor.

Total Social Benefits and Losses, Na Government

Programs
Aggregate net social benefits are positive with

bST adoption under a free market, even though
producers suffer losses (Table 2.9). The domestic
consumer is projected to obtain about the same gains
($1.6 billion) in the market as they did under the
government program scenario. Under the free market
scenario, however, the consumers need not transfer
their gains to producers. Producer losses are fairly
small, creating positive net benefits to society in
general. Losses to agricultural workers in all crops
average only $20 per capita. Consumer gains are
about $6 per capita. Clearly, some agricultural work-
ers would suffer large losses, and some consumers
would have fairly large gains.

Distribution of Gainers and Losers

The distributions of the total social benefits
and losses among producer, consumer, and taxpayer
groups are more clearly illustrated in Figures 2.1 and
2.2 for the with and without farm program scenarios,
respectively. Figure 2.1 illustrates the huge tax
subsidy that would be required to continue to support
milk production and other farm products, as they
currently are being supported, after all producers had

15



Table 2.9. The Social Benefits of Increasing Average Milk Production

Per Cow Throughout the U.S. Through the Use of bST. a

(Assumes Free Moist Without Farm Frogs-)

Total

ChtngetKChanges b Million WINO

Dollars

Per
Capita;

Domestic Producer? Surplus -59 -20

Domestic Consumer? Surplus 1,570 6

$ubtopd 1,511

Foreign Producers' Surplus -7

Foreign Consumers' Surplus 82

Subtotal 75

Total War *144 1,586 6

a Assumes a 43 percent adoption rate for bST use, with a 19 percent increase in produc-
tion per cow where bST is adopted.

b The change in domestic and foreign benefits associated with 43 percent adoption of bST
use by domestic producers.

C Assumes the 1987 domestic population of approximately 242 million and a farm labor
force of approximately 3 million. Of these 3 million, about 2 million are unpaid work-
ers who would actually receive most of the surplus (USDA, 1988).

adjusted to the use of bST in milk
production. The G/L ratio is only 0.2.
This solution would not be an efficient
way for taxpayers to support producers

or to lower consumer milk costs in the
market. In Figure 2.2, the distribution
(assuming no farm program) produces a
G/L ratio of 27.1. Producers in the
aggregate would earn less net income
that before adoption of bST by milk
producers, but the final solution obvi-
ously would be a net economic benefit to
society. Even with such a large G/L
ratio, however, society might feel that
the $1.6 billion gain to consumers is not
large enough to merit the required
adjustments among agricultural produc-
ers. That decision is a political judge-
ment about balancing economic effi-
ciency and income distribution.

Figure 2.1. Distribution. of Gainers and Losers after Adoption Figure 2.2. Distribution of Gainers and Losers after Adoption

of bST (With 1985 Farm Programs). of bST (Without Farm Programs).

Producers + $3.0 billion

- Consumers + $1.6 billion

Gainer ILasers Ratio =

1. 6 /.059 271 I Consumers + $1.6 billion

Producers - $59 million
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3. Potential Economic

Impacts of Reducing

Insecticide Costs for

Growing Cotton in the

U.S.

While commercial adoption of biotechnically generated bST
could be almost upon us, given public acceptance of the milk produced
by treated animals, most other agricultural biotechnical advances are
much farther in the future. A survey of the biotechnical research at The
University of Arizona (Kulakowski, 1988) found that most potential
agricultural applications are still speculative, particularly in the plant
sciences. While work in the animal sciences is quite advanced, espe-
cially with growth hormones, the plant biologists still have much basic
work to do before applied engineering becomes practicable.

One current project at The University of Arizona that the
researchers themselves believe could produce a product for possible
adoption in the "intermediate" future, is that of transplanting a gene
from insects into cotton and alfalfa which prevents insects from digest-
ing the plants. The transplanted gene controls the expression of a
protein called a trypsin inhibitor. This protein, which exists in all
animals, regulates digestion. A plant containing the gene controlling
trypsin inhibitor transplanted from insects in its tissues cannot be
digested by insects.

The researchers stated that their goal is to produce crop plants
that are "naturally" resistant to insect pests. This resistance will allow
farmers to sustain yields without having to apply chemical pesticides.
"In approximately eighteen months we will have obtained seeds from
the transformed plants. There will be about three years of corporate
breeding, and one to two years to produce seeds. Farmers should be
able to purchase cotton and alfalfa seed with the transplanted gene in
five to seven years."

These researchers further stated that "If our research continues
to be successful and pest- resistant plant strains are purchased by
farmers, the cost of producing cotton and alfalfa should decrease by
approximately thirty percent. This figure is based on the fact that
chemical pesticides presently account for an average of one -third of the
cost of production. Thus, if farmers no longer have to buy pesticides,
they will spend about 30 percent less to produce the same crops."

These statements are rough quotes from the biotechnical
researchers actually involved in cotton and alfalfa research in a state
where these two crops are major agricultural sectors. We conclude that
there is a real potential for reducing insecticide costs for growing cotton
through biotechnological advance at some future date - but by how
much and at what adoption rate is unknown.
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Mathematical Programming Analysis

The mathematical programming model is
used to examine the economic impacts of a 50 percent
reduction in insecticide costs by all U.S. cotton farm-
ers. This assumption is arbitrary, but within a reason-
able range of possibility. To illustrate the advantages
of early adoption, three analyses are compared. The
three analyses have the alternative assumptions of
adoption in all states growing cotton, by Arizona
growers only, and by growers in all states except
Arizona. The analyses are made with and without the
current government farm programs (FSA85).

Price and Production: FSA85 Assumed

The projected price and production effects are
presented in Table 3.1. The base model is the same as
the base model for the bST analysis. National cotton
production in the base model is estimated as 99.8
percent of reported production for 1986 (USDA, 1987).

The projected direct results on the cotton
industry illustrate the complexity of the possible
adjustment process. Under the farm program, a 50
percent reduction in insecticide costs initially would
make cotton extremely profitable. The current pro-
gram allows base cotton acreage to be expanded over

Table 3.1. The Effects on Prices and Production of Reducing Insecticide Costs for Growing
Cotton by 50 Percent.

(Assumes 1985 Farm Programs)

Comnwddy !mitt

Base

Percent Changes in Prices and Production

All States Arizona Only All States Except Arizona

Pria Production Prim Praductwn Pane Production Prke Production

(s) (thousands)

Cotton bales 234..02 9,716 -36.45 40.99 -0.67 0.42 31.25 31.50

Corn bu. 1.92 8,077,749 0.00 3.04 0.00 0.10 0.00 2.98

Soybean bu. 4.65 2,009,254 0.00 -2.49 0.00 0.01 0.00 -2.30

Wheat bu. 2.40 2,035,110 0.00 ó.66 0.00 -1.05 0.00 -3.97
Sorghum bu. 1.74 922 ,269 0.00 -8.48 0.00 -0.06 0.00 -8.47

Rice bu. 3.71 136,597 24.53 -5.91 0.00 -0.03 29.11 -6.89

Barley curt. 1.56 604,613 0.00 0.14 0.00 259 0.00 1.93
Oats bu. 1.16 367,346 0.00 1.49 0.00 051 0.00 1.76

Other Livestock GCAU 179.88 3,165 0.00 0.00 0.00 0.00 0.00 0.00

Cull DairyCows curt. LW 37.06 25,531 0.00 0.00 0.00 0.00 0.00 0.00

Cull Beef cot. LW 37.06 35,068 0.00 -0.68 0.00 0.48 0.00 -1.16

Milk cart. 12.49 1,399,076 0.00 0.00 0.00 0.00 0.00 0.00

Silage tons 13.38 87,141 -052 -.051 0.15 -1.28 -0.15 0.32

Hay tons 58.04 118,246 0.09 -0.48 -0.03 0.02 0.03 -0.26

Hog Slaughter curt. LW 49.24 192,166 0.02 -0.03 0.00 0.00 0.00 -0.03

Feeder Pig cat. LW 93.23 48,285 0.03 0.03 -0.01 0.01 0.01 0.06

Live Calves cat. LW 58.29 64,624 -0.03 -0.14 0.02 1.49 -0.02 -0.09

Beef Yearling cat. LW 52.68 167,822 0.00 0.35 0.00 -0.40 0.00 0.21

Fed Beef Slaughter curt. LW 56.90 279,046 -0.02 0.00 0.00 0.00 0.00 0.00

Cull Sow cat. LW 31.75 9,984 0.03 0.65 0.00 -0.07 0.00 0.70

Poultry G CAU 236.15 32,588 0.00 0.00 0.00 0.00 0.00 0.00

Lamb Slaughter cat. LW 73.45 4,085 -0.08 0.03 0.01 -0.01 -0.03 0.01

Lamb Feeder cat. LW 77.57 1,763 -0.12 0.05 0.03 -0.01 -0.04 0.02

Wool curt. 0.41 79,768 0.00 -0.25 0.00 0.07 0.00 -0.09

Wool Incentives s 1.10 40,577 0.00 -1.04 0.00 0.29 0.00 -0.38

Unshorn Lamb s 2.86 825 0.00 -4.27 0.00 1.19 0.00 -1.55
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time, as the model reflects. Thus, if growers in
all states adopted the new technology and the
government program remained in effect, produc-
tion would increase by over 40 percent. The
result, however, would be a 36 percent reduction
in price. While more cotton would be grown,
current growers would not necessarily benefit.
Benefits would be distributed toward growers in
areas with high initial insecticide costs.

The importance of early adoption, or of
the necessity of adoption when other regions
have adopted, is illustrated by alternative
assumptions about Arizona behavior vis à vis the
rest of the nation. If all growers except Arizona
growers adopted the new technology, cotton
production would rise almost as much and price
would fall almost as much as if all growers,
including Arizona growers, were adopters.
Arizona growers would suffer significant losses.
Quite different results are obtained if Arizona
growers were the only adopters. Increased
Arizona production would cause only a small
price reduction and total national production,
probably mostly in Arizona, would rise. Arizona
cotton growers would benefit at the expense of
growers elsewhere.

Table 3.2. The Effects on Producers' Surplus of Reducing

Insecticide Costs for Growing Cotton by 50 Percent.

(Assumes 1985 Finn Programs)

Region

Base Producers'

Surplus

(s bitlíons)

Percent Change in Producers' Surplus

All

States

Arizona

Only

All States

Except Arizona

Mountain 3.2 0.46 0.68 -0.13

Pacific 1.9 1.73 -0.02 1.91

Northeast 0.4 0.00 0.00 0.02

Lake States 3.1 -0.02 0.00 -0.06

Corn Belt 7.4 0.02 0.00 0.02

North Plains 5.0 -0.01 0.00 -0.03

Appalachia 2.0 0.23 -0.01 0.22

Southeast 1.0 7.00 -0.02 6.93

Delta States 1.2 10.66 -0.03 11.05

South Plains 2.0 1.22 -0.03 1.33

Total 27.2 1.03 0.07 0.99

Production adjustments in the cotton industry
would cause adjustment in production of other crops.
The largest reductions would be of wheat, sorghum,
and rice under the assumption of national adoption of
insect resistant cotton varieties. Corn production is
projected to increase.

Producer Effects by Region: FSA85 Assumed

National adoption of insect resistant cotton
varieties would have the largest percentage beneficial
impact on Delta -State farmers (Table 3.2). Farmers in
the Southeast, the South Plains, and the Pacific region
would also benefit significantly. These benefits are to
farmers in general - not just to cotton farmers.
Farmers in the Lake States and North Plains would
suffer slight losses. The nationwide change in produc-
ers' surplus is 1.03 percent. If Arizona were the only
adopter, national benefits would still be positive (0.07
percent), but a number of regions would have slight
losses.

Total Social Benefits and Losses: FSA85 Assumed

As with the projected economic impacts of
increased milk production, assuming the farm pro-
gram, both domestic producers and domestic consum-
ers are beneficiaries in the market of the improved
cotton varieties (Table 3.3). Producers' surplus
increases by $280 million while consumers' surplus
increases by $620 million under the "all states" adop-
tion assumption. Foreign consumers also win.

The farm program figures prominently in the
results. Under the "all states" scenario total social
benefits before adjusting for the farm program rise by
$1,127 million. After adjusting for farm program costs,
however, total social benefits actually fall by $278
million. Costs of the farm program are greater than
consumer gains.

Neither the benefits nor the costs to consum-
ers would be terribly large when evaluated on a per
capita basis. Increased consumers' surplus in the
market would be $3 per capita. Increased costs of the
farm program would be $6 per capita. The $3 per
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Table 3.3. The Social Benefits of Reducing Insecticide Costs for

Growing Cotton by 50 Percent.

(Assumes 1985 Fans Programs)

Change in Benefits end Ones s

Total Changes in Million Dollars

AU Araona Ail Sutra Dollars per Capita,.

stales Only bra Arizona All Staaes d

Benefits

Domestic Producers Surplus 280 10 26s 93

Domestic Consumers Surplus 620 12 519 3

Subtotal 9111 22 787 4

Foreign Producers' Surplus 0 0 4 -

Foreign Consumers' Surplus 227 3 156 -

Subtotal 227 3 159 -

Total Social Benefits 1,127 2S 946 5

Costs of Fenn Progrinu b 1,905 is 1,176 6

Defaenry Payments 1,536 15 1 ,210 -

Loan Payments -131 3 34 -

Total Sodal $atefils

Less Farm Program Coats C -278 7 -230 -

a The change in domestic and foreign benefits associated with reducing U.S. cotton insectidde costs by 50
percent.

b The payments make both domestic and foreign consumers' surplus, and domestic producers' surplus,
larger than under a free market equilibrium. The sum of the increased consumers' and producers' surpluses
is less than the total amount of government payments, creating a deadweight loss. Consumers have a net
loss since they pay in taxes all of their consumer gain, plus the majority of the producer gain, plus the
deadweight loss.

c Total social benefits adjusted for distorting effects of government payments. Assumes that loan payments
are not recovered.

d Assumes the 1987 domestic population of approximately 242 million and a farm labor force of approxi-
mately 3 million. Of these 3 million, about 2 million are unpaid workers who would acutally receive mast of
the surplus (USDA, 1988).

capita net loss to consumers creates a $93 per capita
benefit to farm owners and workers.

Prices and Production: No Government Programs

As with the impacts of bST on prices and
production, impacts of decreased pesticide costs for
cotton would be less under a free market if computed
from the free market base. Less cotton would be

produced under base conditions
in a free market, and the adjust-
ment effects of decreased costs
would be less on both cotton and
other crops (Table 3.4). The
model projects that under free
market conditions, early adoption
by Arizona only would not effect
total U.S. prices and production
noticeably.

Producer Effects by Region: No

Government Programs
Under the no government

program scenario, the Delta States
and the Southeast still are the
winners from reduced insecticide
cost (Table 3.5). All other regions
suffer losses under this scenario,
whereas with government
programs, most regions had
producer gains. Regional gains
and losses largely balance out,
resulting in a net reduction in
producers' surplus of -0.73
percent.

Total Social Benefits and Losses:

No Government Programs
The net effects of this

proposed biotechnological
advance, when taken over all
crops and regions, is a decrease in
both domestic and foreign
producers' surplus (Table 3.6).
Reductions are $146 million to
domestic producers and $3
million to foreign producers.

Both domestic and foreign consumers show total gains
much larger than total producer losses. The per capita
loss to farm workers does not seem excessively large,
but it produces almost nothing for the average con-
sumer. The best that can be said about this scenario is
that, since no consumer to producer transfers are
involved under government farm programs, the
change in net social benefits derived from agricultural
production remains positive, if small. There could be
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Table 3.4. The Effects on Prices and Production of Reducing Insecticide Costs for Growing
Cotton by 50 Percent.

(Assumes Free Market Without Fame Program)

Commodity Un{Is

Base

Percent Changes in Prices and Production

All Stata Arizona Only All States Except Arizona

Pria production Priai Production Price Production Price Production

(S) (Thousands)

Cotton bales 366.30 7,722 -8.94 422 0.00 0.00 -6.31 2.89

Corn bu. 2.39 5,971,382 -0.84 0.93 0.00 000 -0.84 0.99

Soybean bu. 4.02 1,935,454 0.25 0.00 0.00 0.00 0.50 -0.17

Wheat bu. 2.96 1,885,251 -0.68 -0.84 0.00 0.00 0.00 -0.86

Sorghum bu. 2.25 953,964 -0.89 -1.45 0.00 0.00 -089 -1.81

Rice bu. 10.17 104,540 2.36 -0.56 0.00 0.00 1.28 -0.30

Barley cart. 1.72 581,850 -038 -2.89 0.00 0.00 -1.74 -2.41

Oats bu. 1.20 588,071 -1.67 1.59 0.00 0.00 -L67 1.59

Other Livestock GCAU 18826 3,108 -0.72 0.29 0.00 0.00 -0.75 0.30

Cull Dairy Cows can LW 36.27 25,284 -0.06 0.02 0.00 0.00 -0.36 007
Cull Beef cwt. LW 36.27 46,204 -0.06 0.70 000 0.00 -0.36 1.11

Milk cart. 12.42 1,382,713 -0.08 0.03 0.00 0.00 -0.24 0.07

Silage tons 11.88 91,798 -0.84 -0.14 0.00 0.00 -3.79 0.00

Hay tons 50.82 135,900 -0.22 0.04 0.00 0.00 -0.92 0.63

Hog Slaughter cwt. LW 48.83 193,235 0.00 0.00 0.00 0.00 -0.06 0.02

Feeder Pig cwt. LW 91.12 46,653 -0.O6 0.00 0.00 0.00 -0.11 0.02

Live Calves cwt. LW 53.47 75,829 -0.09 0.50 0.00 0.00 -0.71 0.74

Beef Yearling trot. LW 51.89 149,344 -0.04 -0.34 0.00 0.00 -0.25 -0.33

Fed Beef Slaughter cwt. LW 56.80 279,233 -0.14 0.06 0.00 0.00 -0.40 016
Cull Sow cwt. LW 31.47 9,474 -0.03 0.16 0.00 0.00 -0.06 010
Poultry GCAU 257.07 31,501 -0.17 0.07 0.00 0.00 -0.14 0.05

Lamb Slaughter cwt. LW 77.17 4,005 0.01 -0.01 0.00 0.00 -0.01 0.00

Lamb Feeder cout. LW 67.75 1,861 0.04 -0.02 0.00 0.00 -0.21 0.09

Wool cwt. 0.35 93,108 0.00 -0.01 0.00 0.00 0.00 0.04

Wool Incentives S 1.10 64,196 0.00 -0.01 0.00 0.00 0.00 0.04

Unshorn Lamb S 2.86 2,809 0.00 -0.02 0.00 0.00 0.00 0.08

additional positive social benefits derived from the
environmental effects of less insecticide use, but these
environmental effects are not measured by the model.

Distribution of Gainers and Losers

The distribution of gainers and losers among
producer, consumer, and taxpayer groups, after all
producer adjustments are made, and assuming
continuance of the 1985 farm program, is shown in
Figure 3.1. As with adoption of bST, reducing insecti-
cide cost while continuing the farm programs is
economically inefficient. The G/L ratio is 0.64. The

subsidy by taxpayers is an inefficient means of gener-
ating producer and consumer gains in the market
place.

When the free market (without a farm pro-
gram) is assumed (Figure 3.2), reducing insecticide
costs produces a gainer /loser ratio of 2.2. Consumer
gains in the market are more than double producer
losses on the farm. The technology is economically
efficient. But whether the economic gains to society
are worth the short-mn disruption on the farm still is
an unanswered question. One would suspect that the
answer would be yes. In the long -run population will
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Table 3.5. The Effects on Producers' Surplus of Reducing

Insecticide Costs for Growing Cotton by 50 Petrent.

(Asmara Fra Mad WIt had F.ni Progron)

Region

Base Producers'
Surplus

$b#üiausj

Percent Change in Producers' Surphis

Ail

States

Arizona
Only

Ail States

I oeptArizona

Mountain 3.0 -0.67 0.49 -0.95

Pacific 1.6 -153 0.00 -132

Northeast 03 -139 0.00 -2.89

take States 2.1 -0.35 0.00 -0.63

Corn Bell 42 -1.16 0.00 -1.12

North Plains 3.8 -0.78 0.00 -0.94

Appalachia 1.4 -1.09 0.00 -1.20

Southeast 03 3.14 0.00 437

Delta Stales 0.8 5.62 0.00 7.83

South Plains 1.6 -3.45 0.00 -2.72

Total 20.0 ` -0.73

Table 3.6. The Social Benefits of Reducing Insecticide Costs for Growing

Cotton by 50 Percent.

(Assumes Fra Markel }Ytbad Farm Program)

Changes in

&mpg

Total Changes in Million Dollars

AU

&Ms

Arms

Onty

AU States Dollars Pa Capita

Earpf Armor Al Midst?

Domestic Producers' Surplus -146 15 - 130 -49

Domestic Consumers' Surplus 326 0 341 1

Subtotal 180 15 211 -

Foreign Producers' Surplus -3 0 -8 -

Foreign Consumers' Surplus 50 0 21 -

Subtotal 47 0 13 -

Total Soetat Sagas 227 15 224 1

a The change in domestic and foreign benefits associated with reducing U.S. cotton insecticide ousts by 50
percent.

6 Assumes the 1987 domestic population of approximately 242 million and a farm labor force of

approximately 3 million. Of these 3 million, about 2 million are unpaid workers who would actually

receive most of the surplus (USDA, 1988).

grow and consumer demand will
rise, increasing producer benefits.
Further, the environmental benefits
of reduced insecticide costs have not
been included. The long -run net
benefits could be much larger than
shown. But our main point is made.
There will always be gainers and
losers associated with any techno-
logical advance.
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Figure 3.1. Distribution of Gainers and Losers after Reducing

Insecticide Costs (With 1985 Farm Programs).

Gainer /Loser Ratio =

900 /1,400 = 0.64

Producers + $280 million

Consumers + $620 million

Taxpayers - $1,400 million

Figure 3.2. Distribution of Gainers and Losers after Reducing

Insecticide Costs (Without 1985 Farm Programs).

Gainer /Loser Ratio =

326 /146 = 22

Consumers + $326 million

Producers - $146 million
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4. Summary and

Comparison of

Results
Summary

Estimates of the economic impacts on producers, consumers,
and government programs of two distinctly different types of biotech-
nological change were presented. The change projected for the dairy
industry is output increasing for the average cow, with relatively small
cost increases associated with the input costs of feed and the bovine
growth hormone bST. The change projected for cotton producers is
cost reducing for the average acre, with yield per acre remaining
constant. Two techniques were used. The dairy analyses used both
econometric and mathematical programming techniques. Only
mathematical programming was used in the cotton analyses. (Both
types of analyses, while mathematical and computerized in nature, are
highly labor intensive for labor with very specialized knowledge. The
specialized labor for a cotton econometric analysis was unavailable.)

The econometric analysis starts with national data in order to
generate national results for the directly involved dairy industry.
Exogenous inputs are informed judgements about production and
economic conditions in other industries and about the macroeconomic
conditions of the U.S. economy, including changes in aggregate
consumer demand. The mathematical programming models build
from representative farm models by production regions, yielding both
individual product and regional results, and are aggregated to national
results. Changing macroeconomic conditions, including changing
aggregate consumer demand, are not an input into the analysis.

Both techniques of analysis for both types of biotechnological
change yield the same general qualitative results. Regardless of
whether the technology is "output increasing" or "cost reducing ",
aggregate outputs of the directly affected product rise and the price of
that output falls. As these direct effects occur, early adopters can
increase their net revenues significantly for a time before widespread
adoption. After widespread adoption, both milk producers and cotton
producers in general would be worse off unless the government
programs were maintained at a high level of support. In that case
producers could, of course, continue to gain.

Consumers of the directly affected product will gain in the
market from the lowered price and greater quantities. They gain more
from a product like milk that is more directly consumed than a product
like cotton which is highly processed. But while consumers will gain
in the market, they will be overall losers as farm program costs in-
crease by more than the market gains.
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These general qualitative results for the
directly impacted products are not unexpected. Of
greater interest are the projected indirect impacts in
the other production sectors in agriculture, on the
distribution of aggregate gains and losses between
regions, and on total net societal benefits. It could be
argued that the econometric model may produce more
accurate predictions of the directly produced effects
than does the programming model since the former
relies on observed behavior from the past while the
latter relies on projections of optimal behavior in the
future. But the mathematical programming model
allows greater examination of these sectorial and
regional trade -offs, and the overall impacts on the
consumer.

The bST milk models emphasize the impor-
tance of government programs on the size and distri-
bution of producer income, and on the role the con-
sumer plays in creating this increase though govern-
ment program transfer payments. Increased milk
production yields a net social benefit over all crops
only under the no- government -program scenario.
From a regional perspective, it is the Northeast
production region that has the most to gain from
increased milk production under government pro-
grams, and the most to lose if no programs existed.

The general relationship between producers,
consumers, and government programs is the same for
the cotton models as for the milk models. Increased
production generates increased net social benefits only
under free market conditions. Under either conditions
for cotton production, it is the Delta States and the
Southeast that would see much greater producer
incomes as a result of the biotechnological change.

Without government supports, all other producing
areas would lose in total producers' surplus over all
crops.

Conclusion

The potentially complex interactions in the
economy, resulting from a single technological innova-
tion, are not always apparent. The larger the number
of sectors that can be included in the analysis, the
wider the appreciation of effects becomes. As more
sectors are added, sectors originally thought to be
gainers may become losers and vice versa.

Every new technology will produce a distribu-
tion of winners and losers. It is only through use of
models such as examined in this report that the
potential effects of technological change can be
understood. Even then, because of the complexity of
the economic system, the answers must be interpreted
in terms of general directions and magnituces, rather
than as precise estimates.

Biotechnological change has the potential to
induce large adjustments within the economy.
Whether these adjustments are good or bad will
depend on the evaluator's perception of who should
be winners and who should be losers. As these
analyses have shown, the distribution of winners and
losers is not generated only by some impersonal
market process. The analyses have shown that U.S.
agricultural support programs, generated through the
political process, weigh much heavier than potential
effects of biotechnological innovations alone.
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Appendix A

The FAPRI Econo-

metric Model of the

U.S. Dairy Industry

The Model

Ten -year projections for the U.S. agricultural sector and
international agricultural commodity markets are produced biannually
by the Food and Agricultural Policy Research Institute (FAPRI). These
projections incorporate macroeconomic and financial forecasts from
the WEFA Group (Bala Cynwyd, Pennsylvania) and domestic and
trade policy assumptions for major participants in world markets for
feed grains, soybeans, wheat, cotton, and rice.

The purpose of the FAPRI ten -year exercise is to evaluate
implications of current and projected agricultural policies of the
United States and other countries in the context of a likely world
macroeconomic and financial environment. Consequences of
macroeconomic, financial and agricultural policy for the performance
of U.S. agriculture and the international commodity markets are
emphasized in the interpretations of the results. The following brief
description of the specific model used for the dairy analysis for this
report is abstracted from Womack, Perso, and Brandt (1988).

Inputs into the dairy industry model include macroeconomic
conditions, agricultural policy assumptions, and outcomes of models
of world and domestic markets for feed grains, wheat, soybeans,
cotton, rice, and other livestock sectors. For the U.S. livestock sectors,
prices, production, consumption, and other market outcomes are
estimated for beef, pork, poultry, eggs, and dairy. The system used to
develop the FAPRI projections is solved simultaneously for world and
U.S. market outcomes and includes provision for feedback between the
crop and livestock sectors.

The 36 equation econometric model of the U.S. dairy industry
(Figure A.1) includes behavioral equations at the farm, wholesale and
retail levels. As a result, the impact of technological change on pro-
duction can be assessed at all levels with price signal feedback an
integral part of the process. Individual equations were estimated over
the time period 1962 -1985 via ordinary least squares regression. The
resultant equations are the product of extensive research combining
theoretical concerns with the desire for empirical validation. The
criteria for ultimate inclusion in the model are the consistency of each
parameter estimate's sign with a priori expectations and the size of the
standard error relative to the parameter estimate. The solution values
are obtained for projections by the simultaneous solution of the system
of equations using the Gauss -Seidel iterative technique.
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Figure A.1. Dairy Model Product Flows.
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The supply sector of the model consists of five
structural equations and one identity. Structural
equations are estimated for January 1 dairy cow
numbers, average number of cows on farm, feed
consumed per cow, 16 percent protein ration cost and
milk production per cow. The farm price of milk is the
single most important variable influencing the supply
of milk. The effects of government programs on cow
numbers and milk prices are integral to the supply
system.

Fifteen behavioral equations and 15 identities
comprise the demand sector of the dairy industry
model. Per capita consumption (net of donations) is
estimated for each of six product categories; fluid
milk, butter, cheese, non -fat dry, frozen and evapo-
rated. One area in which the current dairy model
differs from previous research efforts is the inclusion
of demographic factors in the retail demand equations.
The hypothesis is that failure to incorporate appropri-
ate demographic variables may lead to a missing
variable problem and inappropriate estimation of
economic impacts. The results of the retail demand
equations are particularly encouraging in this respect.

Perhaps the most important improvement in
the current model relative to earlier dairy models (e.g.
Novakovic and Thompson, 1977; Salathe, et al., 1982;
Kaiser, et al., 1987), is the retail fluid demand equation.
Although fluid is the largest utilization category,
accounting for 40 percent of civilian dairy consump-
tion in 1986, it has been a difficult component to
portray econometrically. Negative or insignificant
coefficients on the income variable have been the norm
when using time series data. This has prompted some
researchers to exclude income from their retail fluid
demand equation (e.g. Salathe, et al., 1982). Other
studies (Salathe, 1980; Blaylock and Smallwood, 1983)
have opted for the utilization of cross- section data to
estimate income elasticities for fluid milk. These
studies found the income elasticity to be small but
positive. The current FAPRI equation posits per capita
demand for fluid milk as a function of the real price of
fluid milk deflated by the consumer price index for
non -durables less food, real per capita income, the
deflated price of non -alcoholic beverages, and the
proportion of the U.S. population under the age of 20.
The income elasticity is 0.14. An increase in income of

10 percent generates an increase in fluid milk demand
of 1.4 percent.

The retail demand equations for manufac-
tured products follow a logic similar to the fluid
equation. Cheese, non -fat dry, and evaporated milk
retail demands are estimated as a function of the price
of the good, the price of a substitute, real per capita
income, and an age of the population variable. Butter
and frozen product retail demands include lagged
dependent variables rather than demographic vari-
ables because of the importance of habit formation for
these products.

The farm price of milk is endogenous in the
current model and is consistent with the pricing
mechanism for federal milk marketing orders. The
federal milk marketing order system sets the price of
fluid milk equal to the manufacturing grade price plus
an administratively determined differential. This
differential is exogenous in the model.

Economic Environment

The model used to determine changes in dairy
industry production, consumption, price, and stock
levels is conditioned by the economic environment
expected over the next decade. Consumption of milk
and dairy products is influenced by factors affecting
consumer well -being. Profitability to dairy farmers is
partially determined by costs of production of the
operation. Both of these important factors are largely
outside the control of the producer.

Real gross national product is projected
(WEFA Group) to grow annually at the rate of 2 to 3
percent over the next decade. Civilian unemployment
is expected to remain in the 5 to 6.5 percent range over
this time period. A modest recession is projected for
1990. The federal budget deficit will decline slowly
but remain above $100 billion per year through 1994.

On the production side, corn prices will rise
over time as stocks are brought into a more reasonable
ratio relative to production. The drought of 1988 has
speeded this process. Soybean meal may rise sharply
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in the year ahead but decline thereafter to more
normal levels as supply responds in both North and
South America to world prices. Barley and oats prices
are expected to remain high relative to corn due
largely to the tighter stock levels in these two

feedgrains. All these factors suggest that the feed cost
of producing milk will rise substantially in the years
ahead, particularly relative to the falling prices of the
past three years.
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Appendix B

The Mathematical

Programming

Model of the U.S.

Agricultural Sector

The Basic Model

This agricultural sector model was originally developed by
Baumas, and previously used in Burton; Tyner, et al.; Chattin, et al.;
Hamilton; and Adams, Hamilton, and McCarl. Related versions have
been used by USDA (House) and by Hickenbotham. This model has
progressed through a number of stages over time and multiple ver-
sions exist. The version used here is described below, as abstracted
from Chang, McCarl, and Adams (1988).

Conceptually, the model is a price endogenous mathematical
programming sector model of the type described in McCarl and
Spreen. It is designed to simulate the effects of changes in agricultural
product demand, yields, resource usage, and resources available, on
the characteristics of the agricultural sector including agricultural
prices, quantities produced, consumers' and producers' welfare,
exports, and imports. In doing this, the model depicts production,
processing, domestic consumption, imports, exports, and input
procurement. The model works from a set of regionalized production
budgets for the primary crops and livestock to a set of processing
budgets for the processing of these primary commodities. For produc-
tion purposes the U.S. is disaggregated into 64 geographical subre-
gions. Each region possesses different endowments of land, labor, and
water as well as crop yields.

The model distinguishes between primary and secondary
commodities with primary commodities being directly produced by
the farms and secondary commodities being those involving process-
ing. There are 30 primary commodities and 21 secondary commodities
as listed in Table B.1. Some primary commodities (e.g. milk and
soybeans) are inputs to the processing activities yielding these second-
ary commodities and certain secondary products (feeds and by-
products) are in turn inputs to agricultural production.

Three inputs are available on a regional level: land, farm
labor, and water. Production of crops and livestock compete for these
scarce resources in each state or region. Three types of land are
specified. Type 1 is land suitable for crop production. Type 2 is land
suitable for pasture or grazing, and the third type is animal unit
months (AUMs) of grazing land. The labor input includes both family
labor and hired labor. The model requires specification of a maximum
amount of family labor available, and a reservation wage for family
labor. The hired labor supply is based on an inducement wage rate
and an elasticity. The water resource is disaggregated into surface
and pumped groundwater sources. The surface water is available at a
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Table B.1. Commodity Coverage of Sector Model.

PriasaryCbaumoáitíes Secondary Consasodities

1. Cotton 1. Soybean meal
2. Corn 2. Soybean oil
3. Soybeans 3. Fluid milk
4. Wheat 4. Feed grain
5. Sorghum 5. Dairy protein feed
6. Rice 6. High protein swine feed
7. Barley 7. Low protein swine feed
8. Oats 8. Low protein cattle feed
9. Other livestock (horses) 9. Fed beef
10. Cull dairy cows 10. Veal

11. Cull beef cows 11. Nonfed beef
12. Cull dairy calves 12. Pork
13. Milk 13. High protein cattle feed
14. Silage 14. Butter

15. Hay 15. American cheese
16. Hogs for slaughter 16. Other cheese
17. Feeder pigs 17. Ice cream

18. live (beef feeder) calves 18. Nonfat dry milk
19. Beef feeder yearlings 19. Cottage cheese
20. Slaughtered calves 20. Skim milk
21. Slaughtered nonfed beef 21. Cream
22. Slaughtered fed beef
23. Culled sows
24. Poultry
25. Slaughtered lambs
26. Feeder lambs

27. Culled ewes
28. Wool
29. Wool incentive payments
30. Unshorn lamb payments

constant price, but the amount of pumped water is
provided according to a supply schedule where
increasing amounts of water are available at
higher prices.

There are two levels of regional disaggre-
gation. The fundamental unit of disaggregation is
64 state and substate areas. These 64 areas are
grouped into 10 larger regions for the purposes of
land supply, labor supply and water supply. A
list of these regions, and state and substate areas
are given in Table B.2 and are shown in Figure B.1.

A total of 1,683 production possibilities
(budgets) are specified to represent agricultural
production. Some field crop activities are also
divided into irrigated and non -irrigated activities
according to the irrigation facilities available in
each state or area. For each production possibility,
information on yields, and use of national and
regional inputs or other commodities is required.

The model is constrained so that for each area
the crop mix falls within one of the mixes observed in
the past 25 years. Production may be sold in both
domestic and foreign markets, and imports of prod-
ucts are allowed.

Incorporation of the Farm Program into the
Model

There are two major farm price and income
support programs that are dealt with in the model; the
commodity price support loan, and the target price
and deficiency payment program. Both programs can
affect commodity market equilibriums as well as
causing significant government stock accumulation
and expenditures.

Price Support Loans

The price support loan program is assumed to
create a floor market price. Under this program,
farmers are assumed to receive a loan at the support
price for each unit of commodity placed under the

Table B.2. States and Regions in Sector Model.

Nórtliéast

Connecticut
Delaware
Maine
Maryland
Massachusetts
New Hampshire
New Jersey
New York
Pennsylvania
Rhode Island
Vermont

take Statts

Michigan
Minnesota
Wisconsin

Northern Plains

Kansas
Nebraska
North Dakota
South Dakota

,Asvalachiaï:

Kentucky
North Carolina
Tennessee
Virginia
West Virginia

North Illinois
South Illinois
North Indiana
South Indiana
North East Iowa
Central Iowa
South Iowa
West Iowa
Missouri
North East Ohio
North West Ohio
South Ohio

Southeast

Alabama
Florida
Georgia
South Carolina

Delta States

Arkansas
Louisiana
Mississippi

Southern Plains

Oklahoma
Texas Central Blacklands
Texas Coast Bend
Texas East
Texas Edwards Plateau
Texas High Plains
Texas Rolling Plains
Texas South
Texas Trans Pecos

Mountain : :.

Arizona
Colorado
Idaho
Montana
Nevada
New Mexico
Utah
Wyoming

Paci 'c

North California
South California
Oregon
Washington
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Figure B.1. Farm Production Regions in the United States.

loan. The farmer pays the cost of storage and is free to
sell the commodity at any time, but must immediately
pay off the loan plus interest costs. The loan is
"nonrecoursive" which means if the farmer does not
sell the commodity by the due date, the commodity
becomes the property of CCC in full payment of the
loan. Therefore, the loan rate becomes a "floor" on the
market price because farmers who cannot find a
higher market price will forfeit their grain to the
government. All grain in the market is assumed to be
eligible for the loan rate.

Target Prices and Deficiency Payments

The target price is assumed to provide farmers
with a direct payment (deficiency payment) amount-

ing to the difference between the target price and the
market price whenever the market price falls below
the target price. The payment is only paid to the
farmers who participate in farm programs based on
their normal level of production.

Participation in farm programs is voluntary
and therefore so is eligibility for deficiency payments.
The participating farmers must remove a portion of
their land from production. In turn, certain uses are
allowed on those lands set -aside to keep them in
compliance with the program. Modeling of the farm
program therefore considers the fraction of the farm-
ers participating, the acreages they set aside, and the
cost of keeping set -aside acreages in compliance.
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Solution of the Model

The model simulates a long -run, perfectly
competitive equilibrium as reflected in 1986 economic
and policy parameters. Thus, the solution reflects
those conditions that maximize the area under the
demand curves less the area under the supply curves.
That is, the solution maximizes the sum of ordinary
consumers' and producers' surplus, or net social
benefits. It is a normative model in the sense that it
projects how each sector in the economy ought to act,
given its resource and policy constraints and given the
overall goal of maximizing net social benefits. The
model is positive to the degree that the resource and

policy constraints, and the consumer and producer
goals of maximizing consumers' and producers'
surpluses, respectively, reflect reality.

In the empirical work reported herein, a base
solution under 1986 conditions fir't was obtained.
Then, alternative solutions were obtained under
alternative assumptions about the production coeffi-
cients in the cotton and milk activities, reflecting
assumptions about improved production technologies.
Empirical results are generated only for the base year,
and the equilibrium year after complete adjustment to
the changed technologies.
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Appendix C

A Conceptual Model of

the Distributional

Impacts of Technologi-

cal Change:

The Evaluation Problem

Adoption of a new technology in the agriculture sector first
will be by a few innovative firms, followed by adoption by other firms
if the new technology proves profitable. The adoption rate typically
may be described by a sigmoid curve. Initially almost all of the
economic impacts are concentrated in the increased profits of the early
adopting firms. As more and more firms adopt the technology, the
economic impacts become more complex as changes in profits lead to
changes in quantities supplied and resulting changes in both product
and input prices. These price and quantity changes in the agricultural
sector in turn have indirect impacts in the remainder of the economy.
After initial adoption, impacts may be either positive or negative in
any of the sectors involved. To correctly identify and project these
economic impacts as they ripple throughout the economy is the basic
task necessary for making an accurate assessment of the economics of
possible biotechnological innovations.

The simplest view of technological change is to look at a
budget for a producer and determine the change in profits of adopting
the new technology holding everything else, including product and
factor prices and government programs, constant at current levels.
This procedure leads to the conclusion that increased production
without increased costs will be of benefit to the adopters and neither
benefit nor harm any other sector, including consumers. Such an
approach completely ignores the interdependence of the different
sectors in a dynamic economy and is only correct for the initial stage of
technology introduction where only a few innovative firms are using
the improved technology. Such an approach is a serious misstatement
of the facts and has resulted in the past in an incorrect public percep-
tion of who benefits from technological change.

A slightly more sophisticated approach is to recognize the
relationship between quantity supplied and price. Using the paradigm
of partial equilibrium allows consideration to be given to both consum-
ers and the directly affected producers, but does not consider impacts
in other markets. Such a paradigm leads to the public perception that
technologies which increase production will cause prices to fall and
will not be of benefit to producers. The implications of who benefits
has shifted to the consumer, with the producer facing the possibility
that prices will fall faster than costs, resulting in a reduction in profits.

A more realistic approach is to recognize the interconnection
of the markets for goods and inputs in the agricultural sector and
introduce the possibility that a change in the production process for
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one commodity may have impacts on the production
and ultimately the price to consumers for all agricul-
tural products.

The most realistic approach would be to
recognize the interconnection between all sectors of
the economy and attempt to estimate the impacts of
biotechnological innovations in a specific agriculture
sector on every production and consumption sector of
the economy. Carried to the absurd, estimates could
be made of the impact of a change in cotton produc-
tion technology in Arizona on the price of tea in
China.

Since the costs of economic analysis are not
zero and well tested accurate general equilibrium
models do not exist, the selection of appropriate
procedures for the economic analysis of biotechnology
is not a trivial problem. Clearly the simple budgeting
of individual firms, holding all prices constant, is not
appropriate. The real question comes down to choos-
ing between partial equilibrium models and agricul-
tural sector models which have some of the character-
istics of general equilibrium models. The choice must
be made on the trade -offs between the costs and
complexity of the analysis, the accuracy of the analysis
in terms of efficiency related welfare measures, and
the accuracy of the estimates of the distribution of
impacts among sectors of society.

Economic logic suggests that partial equilib-
rium approaches will result in incorrect estimates of
the economic impacts of biotechnology as they do not
consider the complex adjustment process which occurs
in agriculture when major changes in the production
process result in changes in relative prices among
outputs and inputs. Limited research on the differ-
ences between the results of partial equilibrium
models and general equilibrium models empirically
document that major differences in welfare measures
can exist in results from analysis using partial as
opposed to general equilibrium models (Whalley,
1975; Edlefsen, 1983; and Kokoski and Smith, 1987).

A Basic Illustrative Model

Assume a competitive economy where
instantaneous market equilibrium applies. As a first
approximation to a completely general equilibrium
model where all sectors are endogenous, we have
devised the following three -good model which allows
illustration of the complexities of market equilibrium
systems. A market equilibrium system is defined as a
system where cunsumers and producers simulta-
neously interact to determine the quantities and prices
of goods to be produced and consumed.

We take it as an axiom that consumption by
people is the driving force in a market economy. They
wish to maximize their utility. They attempt to do so
simultaneously with producers attempting to maxi-
mize their profits subject to the resources and technol-
ogy available to them. These resource and technology
constraints are embedded in the producer supply
functions. A supply function is the locus of profit -
maximizing points of producers, given changing
consumer demands, and the resource and technology
constraints. Of course producers are also consumers.

Our simple generic model maximizes consum-
ers' utility, subject to producers' maximizing profits
(producing at the optimum point on their supply
function), and a consumer income constraint. The
assumptions of this model are that (1) consumers have
identical utility functions, (2) producers maximize
profits in response to consumer actions and their own
resource and technology constraints, and (3) consumer
income is not related to producer profits. This model
is not a completely general equilibrium model particu-
larly because of assumption number 3. However, it is
a useful intermediate step between partial equilibrium
and general equilibrium analysis. We believe that the
model is a reasonable approximation of an economy
consisting of an agricultural sector which is a small
component of the total economy, if what are varied are
agricultural technologies. Thus, consumer incomes in
general are not directly related to agricultural incomes.
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utility.
Consider the following model of consumer The result is that a doubling of price results in less

than a doubling in output.

U = Q'3 (Q2 + Q3)3

where:

U is a measure of an individual's
utility,

Q, is a measure of the quantity of good
i purchased and consumed.

One may consider Q, to represent all
nonagricultural goods and Q2 and Q3 to represent
agricultural products. The structure of the utility
function implies that Q, is a complementary good to
both agricultural goods, while Q2 and Q3 are perfect
consumption substitutes. Utility is a function of the
level of all nonagricultural goods times a function of
the sum of all agricultural goods.

The logic of the model is that for agricultural
goods there are many ways to meet the levels of
quantity and quality of one's diet. Levels of quantity
and quality of diet will interact directly with
nonagricultural goods to determine utility. A high
level of quantity and quality of diet and a low level of
other goods (or vice versa) imply a lower level of
utility than moderate levels of both. The sum of the
exponents on the Q's of the model implies that a
doubling of the goods available to be consumed
results in less than doubling of utility; that is, decreas-
ing marginal utility of goods is implied.

Goods are produced for consumption accord-
ing to the following three supply functions, represent-
ing the given technologies and resource endowments:

QI 1 i

Q_apb2-2 2 2

Q3 = a3 p3 b3

The Pi are the prices at which consumers
purchase the Qi from producers. The functions reflect
the assumption of marginal costs of production
increasing at an increasing rate, that is, O < bi < 1.0.

Consumer income is assumed constant at K
per capita. This simplifying assumption reflects the
fact that most consumers' incomes are not related to
producer profits, at least in the short run.

What can we learn from operation of this
simple model relative to biotechnology policy? By
definition, any improvement in production technology
lowers the cost of production for a given quantity of
output, and simultaneously, increases quantity of
output for a given cost. This definition implies that
any technological improvement will result in a down-
ward shift in the supply curve; more goods are
produced for the same price. While this result might
appear as a no -lose situation, in fact, there can be both
winners and losers because of the market interactions
in a general equilibrium economy.

While consumers in general will always win
with a technological advance (assuming a competitive
economy and abstracting from negative externalities),
some producer groups may win and others may lose.
It is possible for technological improvement to result
in benefits for all groups, or in major negative impacts
on some industries with major benefits for others.
This model illustrates these alternative results. In
addition to the politically sensitive issue of distribu-
tion of net benefits, there is the economic issue of the
total quantity of net benefits, i.e., the economic effi-
ciency issue.

Net benefits of a technological change for
consumers are defined as the minimum amount of
additional income they would have to receive to be
just as well off as without the technological change;
that is, equivalent variation. Net benefits for each
producer group is the difference between gross
returns and variable costs - the measure of produc-
ers' surplus.

These measures are computed as follows.
First, consumer utility is maximized given the original
income and supply function constraints. The results
give a level of utility, and a set of prices and quantities
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of each good produced and consumed. Producers'
surplus for each group of producers is calculated as
the difference between gross returns (price times
quantity) and the area under the supply curve, which
is equal to total variable cost.

A technological advance is introduced into the
model by changing either of the coefficients on one of
the supply functions, shifting the function downward
and to the right. The model is re- solved. The results
are a higher level of utility and a new set of prices and
quantities, and associated producers' surpluses. The
changes in producers' surpluses are computed. The
new level of utility is substituted back into the original
model as a restraint, and the model is re- solved by
minimizing the level of income necessary for consum-
ers to reach this level of utility. The additional income
above the original income constraint is
the equivalent variation generated by
the technological advance. Total
net benefit to society is the sum of
the change in equivalent variation
and the changes in producers'
surpluses. While the change in
equivalent variation is always
positive, the changes in produc-
ers' surpluses may be either
positive or negative.

Even with such a simple
model, the nature of the results
will differ depending on how and
by how much the supply curve
shifts, and by whether demand
intersects the supply curve at a
lower or an upper level of the
curve. [Miller, Rosenblatt, and
Hushak (1988) recently have
demonstrated mathematically
"that for general convex supply
curves, ...the major determinants of changes in pro-
ducers' surplus are the relative slopes of the supply
and demand curves at equilibrium and not the elastici-
ties of supply and demand" (p. 891).] The supply
curves are of the form Q = a Pe'. Along any given
curve there is constant supply elasticity equal to the
value of b. Thus, a 10 percent change in price will
result in b times a 10 percent change in quantity
supplied. If the exponent b is reduced, the supply

curve will be lowered at all points up to quantity a.
See curves S, and S2 in Figure C.1. The quantity a° is
assumed to be the maximum possible quantity of that
good that the economy could produce. This assump-
tion is enforced by restricting all prices to be less than
1. The technological advance implied by reducing the
coefficient b reduces the cost of production of all
quantities up to the maximum quantity defined by
some resource limit a °.

Alternatively, technological change can be
thought of as increasing resource limits. Increased
limits can be reflected in our model by increasing
coefficient a° to a *. See S3 in Figure C.1. Curve S2 has a
lower constant elasticity than curve SI. Curve S3 has
the same constant elasticity as curve Si.

Figure C.1. Alternative Supply Curves in the Models .

In addition to how the supply function is
shifted by technological change , the nature of the
results depends on the slopes of the supply curves at
the points where they are intersected by demand.
When the supply curves are steeper, changes will be
reflected more in consumer price than in quantities
demanded. With flatter supply curves the technologi-
cal change will be reflected more in quantity de-
manded than in price.
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Technological change is not likely to occur
without cost; research expenditures to develop the
technology and extension expenditures to promote
adoption will be required. Much of technological
change in agriculture occurs as a result of public
funding of the Land Grant System of Agricultural
Experiment Stations. The consumer, rather than the
producer, is funding much of the development. This
fact can be reflected in our model by subtracting a
contribution to research and extension (R and E)
expenditures from the consumers' income constraint,
i.e., I = K - R and E.

Operation of the Basic Models

Ruttan (1988) argues that a certain amount of
R and E expenditure is necessary just to keep agricul-
tural supply functions constant. Thus the models
illustrated in this report assume the income constraint
to be I = 10,000 -100, where the 100 are R and E
expenditures necessary to maintain current productiv-
ity. These expenditures are paid for by the consumer,
but the technological change itself is achieved without
additional expense. Clearly additional R and E
expenditures could be required. Since consumers are
always beneficiaries of technological advance, it
would be useful to inquire how paying for the techno-
logical advance would affect their utility. The model
is structured so that this inquiry may be addressed by
increasing the R and E expenditures, but those models
are left for another report.

Model A

In this model the a coefficient for all supply
curves is set at 100,000 units. The b coefficient, that is,
the elasticity of supply, is initially set at 0.5 for all
supply curves, and then iteratively lowered from 0.5
to 0.1 for the agricultural commodity Q2 causing that
supply curve to shift to the right. Since R and E is held
constant at 100, the technological change in this model
is assumed to have occurred without additional R and
E cost. All producers of commodity Q2 immediately
adopt the new technology, and adjustments are
instantaneous.
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The results are shown in Table C.1 and Figure
C.2. The sum of quantities of Q2 and Q3 purchased by
consumers interacts with purchases of Q, to determine
consumers' utility. The quantities produced deter-
mine the prices. The interaction of these phenomena
determine equilibrium at maximum consumer utility,
consistent with producers maximizing profits.

With each downward shift of this supply
curve for commodity Q2, consumers' total utility rises.
The quantities of Q, produced are larger and its price
is lower. Because Q2 and Q3 have been defined as
perfect substitutes, and they have identical initial

supply functions, initially consumer utility is maxi-
mized where equal quantities of Q2 and Q3 are pro-
duced and sold at the same price per unit.

As the supply curve for Q2 begins to differ
from that of Q3, becoming lower and flatter, consum-
ers are able to make marginal adjustments in the
consumption of all three commodities that will further
increase their total utility. As the price of Q2 falls, Q2
is substituted for Q3and the price of Q3 also falls. A
partial equilibrium, two -good analysis, might suggest
that because Q2 and Q3 are perfect substitutes to the
consumer, that the price of Q3 would fall to equal that

of Q2 at the new equilibrium. Such is not the
case. Because consumers also have the
opportunity to purchase extra quantities of Q,
with their newly freed -up income, and
because Q3 no longer has an identical supply
function to Q2, consumers maximize utility by
increasing consumption of Q2 greatly, decreas-
ing consumption of Q3 only slightly, and
spending more on Q,. The price of Q3 falls,
but not to the level of P2. The price of Q, is
driven up by the increased consumption.

Figure Cl. Adjustments as Described for Model A.

This three -way adjustment is possible
because in the vicinity of the equilibrium
solution, the supply curve for Q3 is steeper
than for Q2. A relatively small cutback in
consumption of Q3 frees up enough income to
satisfy the desire for more Q2, as well as
allowing more consumption of Q1.

How have net benefits been affected
by these changes in prices and quantities? See
Table C.1. Equivalent variation (EV) for
consumers rose from zero to 10,377. They are
now as well -off, after the technological change
and the resulting consumption adjustments,
as they would have been without the change
and adjustments and had an income of 20,377.

Producers of Q2, the group experienc-
ing the technological change, first earn addi-
tional profits but then suffer losses as the
change becomes more drastic. The change in
producers' surplus (OPS2) rises from O to 390
and then falls to minus 298 as the b, coefficient
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is changed from 05 to 0.3 to 0.1. Given that nominal
aggregate consumer income has not risen, and that the
basic utility function has not changed, producers of Q2

gain from a relatively small technological change, but
lose with a large one.

Producers of Q3, the substitute good, would
lose with technological change in the production of Q2.
APS3 continuously falls from 0 to minus 432 as cost of
production of Q2 becomes less and less. Producers of
Q, continuously gain. As less income is needed for
food consumption, all other goods are purchased in
greater quantities.

Producers in total (A Total PS) gain under all
posited technical changes, but are better off in total
with the medium level change. Total net benefits to
society in general (EV + APS) increase with each
posited change.

Alternative Models

Six alternative models were evaluated as
summarized in Table C.2. In each model, technologi-
cal change was expressed through lowering the
supply function for Q2 in a slightly different way or in
slightly different circumstances relative to the supply
curves for Q, and Q2.

The most general conclusion is that, neglecting
any negative externalities such as environmental
degradation generated in association with production,
consumers will always benefit from technological
change in a competitive market society. Equivalent
variation - the equivalent amount of income that they
have gained by the technological change is always
positive. In our models, producers in general (A Total
PS) and society in general (TNB) also always have
positive net benefits. The sum of gains outweigh the
sum of losses. One can imagine constructing a model
where producer losses to some groups of producers
are so large that they outweigh gains to all other
producer groups, but it is difficult to imagine such a
situation in real life. The price of a previously impor-
tant and profitable product would have to fall precipi-
tously, while the increased demand for other goods
was negligible. It is even harder to imagine a scenario
where net loss to society in general would occur, given
that consumers will always have gains. It is the
distributive issue of gains and losses among producer
groups that is at issue.

Models A through C illustrate that when
technological change in agriculture is effected only by
lowering the elasticity of supply, and not by increasing
the total productive capacity for that product, produc-
ers outside of agriculture (APS,) are likely to be
beneficiaries. The producers experiencing the techno-

Table C.2. Summary of Net Benefits or Losses to Consumers and Producers; Models A through E.

Model EV
A Total Total Net

APS1 APS2 APS3 PS Benefits

A ai = 100,000; b1= b3= 0.5; b2varied +

B ai = 7,500; b1= b3= 0.5; b2varied +

C ai = 10,000; b1= b3= 0.5; b2varied +

D a1 = a3= 10,000; bi= 0.5; a2varied +

D1 a1 = a3= 10,000; b2= b3 # bi a2varied +

E al = a3= 10,000; b1= b2= 0.5; b3 d.).3; a2varied +

E
1

al = a3= 10,000; b1= b2= 0.5; b3=0.7; a2varied +

0

0

0
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logical change (APS2) are likely to be losers if they are
operating near an ultimate resource constraint near the
top of this supply curve. If their initial position is back
on the supply curve in a relatively low -cost area, some
technological change would create gains, but too much
change, without growth in the overall economy,
would create losses. Producers of Q3, the substitute
good, might either lose, gain, or be unaffected, de-
pending on whether their supply curve was steeper,
flatter, or of about equal slope, respectively, of the
supply curve for Q2.

Models D through E1 illustrate cases where
supply elasticities remain constant while the techno-
logical advance increases the maximum resource
constraint. In these cases the group experiencing the
technological change is always a gainer and the
producers of substitute goods are losers. Producers of
the complementary goods may be gainers, losers or

unaffected depending on the relative values of the
various supply elasticities.

In every case total net benefits to society
(TNB) are positive; that is, total gains exceed total
losses. In terms of a standard benefit -cost analysis,
benefits exceed the costs and the benefit /cost ratio has
a value greater than 1.0. From the perspective of
society as a whole, each of the technological changes
would be economically beneficial. Society is also
interested in the distribution of the gainers and losers,
however. In each of these cases the total benefits
exceed the total costs, but the benefits and costs are
incurred by separate groups. It is for this reason (as
discussed in section 1) that we prefer to speak of a
gainer /loser (G /L) ratio rather than a benefit /cost (B/
C) ratio when evaluating the distributional impacts of
technological change.
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