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Title: Economic Viability of Bt-corn in the U.S.

ABSTRACT

Bt-corn, a gendticdly engineered insect resgant variety, has been adopted by dmost one-quarter
of dl corn famers, resulting in economic impacts on both conventiond corn growers and Bt-
corn growers. we edimate changes in profits for both types of famers with different levels of
seed premiums, yield increases and adoption rates. We find that Bt-corn growers will see their
profits decline when the adoption rate and seed premium are high, if they are not offset by higher
yidds. Conventiona corn growers will dways experience a dedine in profits because the yied

increase from Bt-corn causes corn priceto fall.
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production model, economic benefits



INTRODUCTION

In 1999 United States corn production was estimated at $19 billion and accounted for
over 90 percent of the value of al feed grains in the U.S. with gpproximately 20 percent exported
to aher countries. However, an insect, the European Corn Borer (ECB), has stymied the healthy
growth of corn production in the U.S. This pest, firgt introduced in North America in 1919, has
been respongble for widespread crop damages and a loss of profits for corn farmers. For
example, crop losses were estimated to range up to 33 bushds per acre in lowa between 1991
and 1996 (Rice and PFilcher). Corn growers in other regions have been experiencing samilarly
sgnificant damages to their crops.

In 1996 Bt-corn was introduced to fight ECB. It relies on a geneticaly engineered seed
that produces a protein found in a soil bacterium (Bacillus thuringienss) which kills ECB.  Since
then, the corn market has undergone a dramatic change. Bt-corn growers have experienced yield
increases of 11.7, 4.2, 3.3 bushds per acre in 1997, 1998, 1999, respectively, over conventiona
corn yieds. The seed premium for Bt-corn was $10 per acre in 1997 and 1998, and $8 in 1999.
The adoption rate of Bt-corn has increased from 6% in 1997, to 18% in 1998, and 26% in 1999
(Carpenter and Gianess).

Severd dudies (Alsad e d.; Andow and Hutchison; Marra, Carlson, and Hubbel;
Stewart, Schaafsma, and Sears, Carpenter and Gianess) have looked a the economic effects of
adopting Bt-corn in the U.S. These sudies have found that, as Bt-corn is better able to fight
ECB and produce higher yields, those who grow it are likely to enjoy higher profits compared to
conventional corn growers. However, since the yield loss caused by ECB varies from year to
year, the benefits to Bt-corn growers aso vary and depend on the adoption rate and seed

premium. Algad, et d. dudied the risk of investing in Bt-corn in southern Minnesota from 1988



to 1995 and found an increase in average profits of $17.24 an acre for Bt-corn growers during
this period. However, for the years when ECB infestations were low, the increased yidd was
only enough to cover the seed premium. Marra Carlson, and Hubbdl anayzed farm:-leve
survey data in South Carolina which showed that a yield increase between 4 and 8 percent
resulted in gains ranging from $3 to aloss of $16 per acre.

Stewart, Schaafsma, and Sears showed that the yield increase for Bt-corn ranged from 3
to 5 bushds an acre in low infestation areas, 5 to 8 bushels in moderate infestation areas, and 10
to 15 bushels in high infestation arees. Increases in Bt-corn grower’s profit varied from $7.50 to
$37.50 per acre depending on the infetation level. Profit increases were sometimes higher and
sometimes lower than the seed premium costs of $9 to $14 an acre.  Carpenter and Gianess
edimated that in 1997, when ECB infetation was high and only 4 million acres of Bt-corn were
planted, Bt-corn increased totd yields in the U.S. by 47 million bushes and increased the Bt-corn
growers income by $72 million. In 1998 when ECB infetation was low and 14 million acres of
Bt-corn were planted, Bt-corn growers lost $26 million due to the smdl yield increase per acre
and a dgnificant decrease in the price of corn. The profit changes for Bt-corn growers were
estimated to have an increase of $18 per acre in 1997, and a decrease of $1.81 and $1.71 per acre
in 1998 and 1999, respectively.

These studies were conducted with the farm-level historica data and focused aily on the
profits of Bt-corn growers. But farm-levdl andyses necessarily ignore how changes in Bt-corn
yidds influence the market price for corn. When tota corn output increases, due to yield gains
on Bt-corn farms, the market price for corn, as well as the expected profits for dl corn farmers
ae likedy to decline. Thus, changes in yidd and production costs for corn affect farmers

cropping patterns, which result in changes in market price for dl crops including that of corn.



No study has taken into consideration the price consequences and the likdy impact of Bt-corn
production on conventiond corn growers, and ignoring them will likey overetimate the
economic benefits of Bt-corn. Therefore, a comprehensve economic study of Bt-corn should
take into congderation that adoption rate, yield increase, and seed premium for Bt-corn vary year
to year, and that these factors combined have an influence on market price for corn. These
dynamics, which are excuded in the exiging dudies, can dffect corn growers profits
ggnificantly.

Corn growers adopt Bt-corn as insurance aganst ECB damage, but, prior to planting,
farmers do not know if and/ or to what extent their corn crop will be infeted with ECB and
hence they cannot predict yidd reliably. Furthermore, a the start of a planting season, farmers do
not know to what extent Bt-corn will be adopted and hence influence yidds. A rdiable
knowledge of the yidd incresse and the adoption rate would dlow corn growers to form
expectations concerning corn price and profitability, ultimaely deciding whether to grow Bt or
conventiond corn.  The fact that the market price for corn will decrease as corn production
increases means corn growers must look at not only the expected yield changes, but dso a the
adoption rates, and the seed premiums. This sudy estimates the potentid economic effects of
Bt-corn adoption on Bt-corn and conventional corn growers under different corn yield, seed
premium, and adoption rate leveds. ~ The andyses ae conducted with a mathemética
programming modd of the U.S. crop sector (the United States Agriculture and Resource Modd -
USARM). The results will give corn growers and agricultura policy makers an indght into as to

the viahility of Bt-corninthe U.S.



METHODOLOGY

A market equilibrium modd for crop production is needed to messure the impact of the
changes in adoption rate of Bt-corn, corn yield, and seed premium, on the market price for corn
and ultimately farmer’s profits. Measuring the impact on corn price is crudd in cgpturing the
net economic effect of Bt-corn on its adopters as well as conventiona corn growers.

USARM is a nortlinear mathematica program mode that accounts for endogenous price
effects, cropping patterns, acreage, and the subdtitution of inputs in response to changes in prices
and production costs (see Howitt; Konyar and Howitt for a detailed description of USARM).
This modd is based on the assumption that farmers maximize their profits by sdecting the crop
mix, acreege, and input levds As maket conditions change due to changes in policy and
resource use, this modd dlows farmers to determine the totd level of production, to adjust
production among crops, and to subditute their production input mix in such a way to maximize
therr profits (Murphy et d.). The modd represents the full range of subgtitution available to U.S.
crop producers. Falure to address such adjusments by farmers would results in overestimation
of economic cogts of policy shocks.

USARM combines the 48 contiguous states into twelve regions. Each region is treated as
a farming unit using seven inputs to produce nine field crops (barley, corn, cotton, hay, oats, rice,
sorghum, soybeans, and wheat) grown under dry or irrigated cultivation. These crops accounted
for 94% of dl harvested crop acreage in the U.S. in 1990. Cropping activities are modeled with
a congant dadicity of subditution (CES) production function and farmers are assumed to
maximize profits For a given external shock, the modd predicts acres dlocated to specific
crops in each region (with or without irrigation), the amount of inputs used, and the impact on

crop prices, consumer surplus, and farm net income.



A two-step procedure is used in edimating per acre profit changes for Bt-corn and
conventiona corn growers.  Firs, USARM dmulates a medium (2-3 years) equilibrium market
price and regiond acre for corn based on farmer’s profit maximization as yield change, adoption
rate, and seed premium vary. Then, per acre profits for Bt-corn and conventional corn growers
are cdculated based on the resulting corn price. Since the benefits for growing Bt-corn are an
increase in yidd rather than a reduction in pedticide cods, the benefits of growing Bt-corn are
cdculated as the economic vaue of increased yiedd minus the seed premium for Bt-corn.

Changesin net profit for Bt-corn growers per acre are;

1) Dpst = (DPeorn ™ Yacre) + (Peom ™ DY acre) — PRMseed

where,

Dpst : changein profits per acre for Bt-corn growers

Pcorn : market price for corn per bushel (Market price for corn is assumed at $2.289 per bushel.)
DPcorn : change in market price for corn due to change in yield per acre

Y acre : @verage yield in bushels per acre (Average yield per acre is assumed at 130 bushels))

DY acre : Yield increase in bushels per acre

PRM seeq : S220 premium per acre

Net profit changes for non Bt-corn growers per acre would be:

2) Dpnongt = (DPcorn ™ Y acre)
where,

Dpnonst : change in prafits for non Bt-corn growers per acre



The tota of 64 combination of yield increases, adoption rates, and seed premiums were
consgdered and USARM estimates new equilibrium market prices for corn for each of the 64
combinations. Per acre profits for Bt-corn and conventional corn growers were then caculated
based on equations 1 and 2. The following are the different levels of the variables used in the 64
combinations:

1) yiedincreasesof 2%, 5%, 10%, or 15%.
2) adoption rates of 10%, 35%, 70%, or 95%.

3) seed premiums of $10, $8, $5, or $2.

RESULTS

Both Bt-corn and conventional corn growers experience significant changes in profits due
to the change in the price of corn brought on by the increased supply of Bt-corn. While the
adoption rate and the increased yield of Bt-corn have a strong influence on the price, the seed
premium plays only a minor role. Figure 1 shows that the price of corn varies little with a 10%
adoption rate.  But when the adoption rate is 95% (shown in the rightmost portion of Figure 1),
the price of corn fdls to below $2.00 per bushd as yidd increase of 15% per acre. Figure 1 dso
shows that the changes in the seed premiums have little effect on the price of corn compared to
the adoption rate and yidld. In fact, corn prices at different seed premiums vary, a most, by 3
cents per bushd. Therefore, ally when high adoption rates are coupled with high yields, do corn
prices change significantly.

Table 1 shows the changes in profit per acre for Bt-corn and conventiona corn growers
as the adoption rate increases from 10% to 95% with expected yield increases between 2% to

15% per acre, and seed premiums of $2, $5, $8 and $10 per acre. For example, the profits



increase by $7.28 for Bt-corn growers and decline by $5.33 per acre for conventiond corn
growers, when the adoption rate is 35%, the yidld increase is 5%, and the seed premium is $2 per
acre.  Notice that while Bt-corn growers profit changes range from podtive to negative,
conventional corn growers dways see adecline in their profits.

Although conventional corn growers do not pay the Bt-corn seed premium, they are ill
affected by it because the higher the seed premium, the more Bt-corn growers will shift to other
crops. And by devoting less land to corn, the price of corn will not fal as much. Therefore,
conventional corn growers are benefited by an increase in the Bt-corn seed premium.  Again,
using an adoption rate of 35% and a yied increase of 5%, conventiona growers see a decline in
profits of $5.33 per acre when the seed premium is $2, but this lessens to $2.86 per acre when
Bt-corn growers pay a $10 seed premium. Bt-corn growers dso experience a reduction in their
profits as the adoption rate increases. In fact, a the 95% level of adoption, Bt-corn grower
benefits are aways negative.

When ECB infedaion leves ae low, resulting in a sndl yidd increese, and seed
premium is high, both Bt-corn growers and conventional corn growers experience a decrease in
profits. Table 1 shows that when the seed the premium is $10 and the yield increase is 2%, the
profit change per acre for Bt-corn growers ranges from -$4.05 (10% adoption rate) to -$4.58
(95% adoption rate), while it ranges from and from $0 to -$0.52 for conventiona corn grower.
As the adoption rate increases, the decline in profits for both groups becomes larger.  Only when
the seed premium is low ($5 or $2) and the adoption rate is aso low (10%), do Bt-corn growers
enjoy a smal profit gain a a 2% yidd increase. In this casg, it is better for corn growers not to

adopt Bt-corn, except when both the seed premium and the adoption rates are low.



If the yield change per acre is moderate at 5%, corn growers have more chances to see
profit gains by growing Bt-corn than when the yield increase per acre is low a 2%. The per acre
profit gain for the Bt-corn grower was estimated a $3.92 per acre when the yield increase is 5%,
the adoption rate is 10%, and the seed premium is $10, while they experience a profit loss of
$4.05 per acre when yied increase is 2%. Conventiond corn growers are likely to suffer more
due to the large decrease in the price for corn that results from a larger increase in corn
production. But even Bt-corn growers will experience a profit loss if the adoption rete is high
enough to induce alarge price decrease.

When the seed premium is high, $8 or $10, Bt-corn growers will experience a decrease in
profits a al adoption rates unless the yidd increase is high enough to offset high seed premiums.
When the seed premium is low, $5 or $2, Bt-corn growers will enjoy increased profits even a a
70% adoption rate only if the yield increase if 5% or greater. On the other hand, Bt-corn growers
will experience a grester decline in profits than the conventiond corn growers if there are high
seed premiums and low yidds. But if the yield increase is expected to be 5% per acre, corn
growers are likely to choose Bt-corn in order to have a profit gain or & least minimize their loss
relative to conventiond corn.

With a yield increase of 10% or 15% per acre, corn growers will enjoy larger profit gains
by adopting Bt-corn. An increase in profits for Bt-corn grower was estimated at $37.25 per acre
when the yidd increases by 15% with an adoption rate of 10% and a seed premium of $2. Their
profit per acre, however, declines as the adoption rate increases resulting in a large decrease in
the price for corn. Even with the high increased yidd per acre, Bt-corn growers suffer a decline
in profits as they increase their adoption rate of Bt-corn to 95%. Conventional corn growers aso

experience a greater decline in profits when there is a higher yield increase for Bt-corn growers.
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The decline in profits for conventiona corn grower ranges from $4.68 to $39.52 per acre when
the yield increases 15%, the seed premium is $2, and the adoption rate varies from 10% to 95%.
Figure 2, which holds the seed premium congtant at $8, shows how the adoption rates
have a dramatic influence on the change in profits for both types of corn growers, and that this
effect is magnified by the incresses in yidd. The left set of bars (showing a 10% adoption rate at
different yields) illustrate the dramatic increese in profits for Bt-corn growers and the dight
reduction in profits for conventiond corn growers as the yidd increases.  Bt-corn growers see a
negligible increase in profits per acre when the yidd increase is 2%, but if the yidd of Bt-corn is
15% higher than conventiond corn, there is a remarkable increase of $31.70 in per acre profits
for the Bt-corn growers. The dramatic increase in profits for the Bt-corn growers and the smal
decline in profits for the conventiona growers occur because the adoption rate remains a 10%.
When the adoption rate increases to 95%, profits for both Bt-corn and conventiona corn growers
reman negative & dl yiedd levds. The negative effects are most pronounced for conventiona
corn growers who see declines in their profits up to $39.52 per acre when the yield increase for

Bt-corn is 15%.

CONCLUSION

This study has analyzed the potentia economic effects of the adoption of Bt-corn on U.S.
corn growers when corn yield, seed premium, and adoption rate vary. Changes in corn growers
production decisons and market conditions were smulated through the use of USARM to
edimate changes in Bt-corn and conventional corn growers profits associated with the Bt-corn

adoption.
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The amulaion results show that Bt-corn growers benefit as corn yield increases (relative
to conventionad corn growers) if the seed premium and the adoption rate remain low. On the
other hand, Bt-corn growers can suffer declines in profits when the adoption rates and the seed
premiums ae high. At lower adoption rates, higher yidds patidly shidd Bt-corn growers
profits.  Higher yields, however, fal to prevent Bt-corn growers from suffering profit losses
when adoption rates reach 95%. Conventiona corn growers experience a fdl in profits when
corn yields for Bt-corn increase and the market price for corn decreases. Moreover, as yield
increase per acre rises, conventional corn growers experience a greater decline in profits due D
the larger price decrease for corn.  Therefore the changes in profits of Bt-corn growers range
from negdive to pogdtive It is dways negative for conventiona corn growers, assuming the
market for Bt-corn is not segregated from conventiond corn.

Changes in profits, for both Bt-corn and conventiond farmers, depend largely on the
adoption rate, which in turn depend on the farmer’s risk tolerance. If infedation leves are
expected to be low and seed premiums are high, only risk-averse famers will plant Bt-corn as
insurance againg an ECB outbresk. On the other hand, if infestation levels are expected to be
high and seed premiums are low, rationa corn growers will adopt Bt-corn only when they expect
the yidd increaese is large enough to offset the pice decrease. The availability and the adoption
of Bt-corn is not necessarily a welcome event for dl; the higher yidds from Bt-corn farms are
likely to depress the market price of corn and cause depressed or negative economic profits for
conventiona corn famers.  The solution to the plight of the non-adopters might not lie in for
them adopting Bt-corn. A wholesale adoption of Bt-corn could result in profit losses for dl corn

farmers.
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Table 1.

Changesin Profits ($ per Acre)

Bt-corn Growers

Conventiona Corn Growers

Adoption Yied Seed Premium for Bt-corn Seed Premium for Bt-corn?

Rate Change

$2 $5 $  $10 $2 $5 $8 $10
10% 2% 342 0.69 -218 -4.05 -052 -026 -0.13 -0.00
10% 5% 11.38 851 579 3.92 -143 -130 -104 -091
10% 10% 2447 2161 1875 16.90 -299 -286 -273 -2.60
10% 15% 3725 3455 31.70 29.10 -4.68 -442 -429 -481
35% 2% 117 -167 -258 -4.18 -4.03 -273 -052 -0.13
35% 5% 728 496 265 228 -533 -468 -403 -247
35% 10% 16.17 13.89 11.46 10.89 -1053 -9.88 -9.36 -8.06
35% 15% 2425 2199 1959 18.04 -15.99 -15.34 -14.82 -14.43
70% 2% 024 -144 -324 -431 -3.64 -234 -117 -0.26
70% 5% 223 046 -1.18 -2.36 -10.14 -897 -7.67 -6.89
70% 10% 516 345 174 059 -20.54 -19.37 -18.20 -17.42
70% 15% 765 600 28 324 -3042 -29.25 -29.38 -27.30
95% 2% -1.09 -236 -3.64 -458 -494 -325 -156 -0.52
95% 5% -1.59 -282 -418 -5.09 -13.78 -12.09 -10.53 -9.49
95% 10% -242 -356 -6.13 -5.70 -2743 -25.74 -25.35 -23.13
95% 15% -281 -3.87 -791 -6.93 -39.52 -37.83 -38.74 -36.14

& Conventiond corn growers do not pay the seed premium, but since it influences the planting
decisons of Bt-corn growers, conventiona corn growers profits are affected by itsleve.
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Figure 1. Corn price
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Figure 2. $8 Seed premium
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