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Introduction
In 2001, roughly 4 million hectares of cotton were
planted to Bt cotton. This includes Bt-only varieties and
stacked Bt and herbicide-tolerant varieties. With nearly
2.4 million hectares of Bt cotton planted in 2001, the
United States accounted for about 60% of world Bt cot-
ton acreage (Williams, 2001). China planted nearly 1.5
million hectares (Huang, Hu, van Meijl, & van Ton-
geren, 2004; James, 2001) and Australia roughly 0.1
million hectares (Cotton Research and Development
Council [CRDC], 2002). Smaller areas of Bt cotton
were also planted in Argentina, Indonesia, Mexico, and
South Africa (Ismael, Bennett, & Morse, 2002; James,
2001; Qaim & de Janvry, 2003, 2005). A now-large
body of literature reports that Bt cotton has led to signif-
icant yield gains, reductions in conventional insecticide
sprays, or both throughout the world. These include stud-
ies of Argentina (Qaim, Cap, & de Janvry, 2003; Qaim
& de Janvry, 2003, 2005), Australia (CRDC, 2002;
Doyle, Reeve, & Barclay, 2002), China (Huang et al.,
2004; Huang, Hu, Fan, Pray, & Rozelle, 2002; Huang,
Hu, Pray, Qiao, & Rozelle, 2003; Huang, Hu, Rozelle,
Qiao, & Pray, 2002; Huang, Rozelle, Pray, & Wang,
2002; Pray, Huang, Hu, & Rozelle, 2002; Pray, Ma,
Huang, & Qiao, 2001), India (Barwale, Gadwal, Zehr, &
Zehr, 2004; Bennett, Ismael, Kambhampati, & Morse,
2004; Bennett, Kambhampati, Morse, & Ismael, 2006;
Qaim, 2003; Qaim, Subramanian, Naik, & Zilberman,
2006; Qaim & Zilberman, 2003), Mexico (Magaña,
García, Rodríguez, & García, 1999; Traxler & Godoy-
Avila, 2004; Traxler, Godoy-Avila, Falck-Zepeda, &

Espinoza-Arellano, 2002), South Africa (Bennett,
Morse, & Ismael, 2006; Gouse, Pray, & Schimmelpfen-
nig, 2004; Ismael et al., 2002; Shankar & Thirtle, 2005;
Thirtle, Beyers, Ismael, & Piesse, 2003), and the United
States (Carpenter & Gianessi, 2001; Falck-Zepeda,
Traxler, & Nelson, 2000a, 2000b; Frisvold & Tronstad,
2002; Gianessi, Silvers, Sankula, & Carpenter, 2002;
Klotz-Ingram, Jans, Fernandez-Cornejo, & McBride,
1999; Marra, 2001; Price, Lin, Falck-Zepeda, & Fernan-
dez-Cornejo, 2003; Traxler & Falck-Zepeda, 1999).

Studies of farm-level impacts of Bt cotton adoption
do not examine effects on world or domestic cotton
prices. With rare exception, studies of Bt cotton impacts
examine adoption in one region, in isolation of adoption
impacts in others. Two exceptions are Falck-Zepeda et
al. (2000a), who considered a case where productivity
gains in the United States were matched in the rest of the
world, and Elbehri and MacDonald (2004), who consid-
ered ex ante the potential impacts of Bt cotton adoption
in West and Central Africa (WCA). Elbehri and Mac-
Donald (2004) compared the impacts of adoption and
nonadoption by WCA, given adoption elsewhere.

This article reports on estimates of production, price,
trade, and welfare impacts of Bt cotton adoption in the
United States and China, using a three-region, output
price endogenous model of the world cotton market cal-
ibrated to 2001. These two countries accounted for
roughly 40% of world cotton production and over 95%
of Bt cotton production in 2001. Although modest adop-
tion occurred in the third region (i.e., the rest of the
world, or ROW), these impacts would be small on a
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world scale. In this study, ROW is affected by Bt cotton
adoption only via changes in the world price of cotton.

Modeling Approach 
A 28-region quadratic programming model of US cotton
production is combined with linear supply and demand
functions for cotton in China and a third region (ROW).
Model equations are reported in the Appendix, and more
detailed discussion of the model structure is provided in
Frisvold and Tronstad (2002) and Frisvold, Tronstad,
and Reeves (2006). A trade balance equation requires
that net exports equal net imports. The model also
accounts for Loan Deficiency Payments and Marketing
Gain Payments received by US producers to support the
price of cotton and, following Moschini and Lapan
(1997), monopoly rents captured by suppliers of Bt cot-
ton seeds.

Model Calibration and Data
The model is calibrated so that the equilibrium solution
replicates observed conventional and Bt cotton acreage,
average yields, pest control costs, cotton prices, Bt
adoption costs, and cotton program payments for the
base year 2001 in each US production region. The base-
line model also replicates the world cotton price as well
as aggregate production, consumption, imports, and
exports for the United States, China, and ROW.

US regional and aggregate data sources used in the
model are discussed in Frisvold and Tronstad (2002)
and Frisvold et al. (2006). Estimates of domestic and
export demand elasticities were based on Isengildina,
Hudson, and Herndon (2000), Meyer (1999), Price et al.
(2003), and Sullivan, Roningen, and Waino (1989).
ROW consumption, production, and demand for US
exports were derived from the Production Estimates and
Crop Assessment Division of the United States Depart-
ment of Agriculture’s (USDA) Foreign Agricultural
Service, the International Cotton Advisory Council
(ICAC), and from various issues of the USDA Eco-
nomic Research Service Cotton and Wool: Situation and
Outlook Yearbook. The 28 regions within the United
States correspond to those reported in the Cotton Insect
Losses database (Williams, 2001), with the addition of a
Southern California region.

Modeling Supply Shocks from Bt Cotton 
Adoption
In the baseline model, US acreage, yields, prices, pro-
gram payment rates, exports, and costs are calibrated to
actual USDA data. China and ROW cotton production,

consumption, demand for US cotton exports, and the
world price of cotton are also set equal to USDA and
cotton industry data. Implicitly, this data already
accounts for the impacts of US and Chinese Bt cotton
adoption.

To estimate the impact of Bt cotton adoption, we ask
the counterfactual question, “What would the US and
Chinese cotton supply functions look like if Bt cotton
had not been adopted?” For the United States, the pro-
gramming model is constrained so producers can only
grow conventional cotton. The impacts of US Bt cotton
adoption are measured by the differences between the
baseline and constrained models. This approach is simi-
lar to previous analyses of pesticide cancellations
(Deepak, Spreen, & Van Sickle, 1996; Sunding, 1996).
The effect of Bt cotton adoption on the US supply step
function is shown in Figure 1. For a high effective price
(market price plus LDP payments) the supply function
is perfectly inelastic. If the effective price falls suffi-
ciently, the marginal region-technology combination
(highest marginal cost combination) will reduce produc-
tion first, followed by other region-technology combina-
tions as the price falls further. In the baseline calibration
and after simulated shocks, the effective price of cotton
remains in the range where the US supply function is
perfectly inelastic.

Estimates of changes in US insecticide application
rates from Bt cotton adoption were derived from sur-
veys of empirical studies of Bt cotton adoption impacts
(Carpenter & Gianessi, 2001; Gianessi et al., 2002;
Marra, 2001). Data on costs per insecticide treatment for
target pests and Bt cotton technology fees were obtained
from the Cotton Insect Losses database. The Bt cotton
technology fees, per-acre insecticide cost savings, and
yield advantages assumed in the simulations are
reported in Table 1. Individual regional impacts were
aggregated to obtain a national supply shift. In the simu-
lations, Bt cotton adoption reduced insecticide use by a
weighted-average of 2.4 applications per acre in the
United States. In a survey of empirical studies, Marra
(2001) reported large variations in the impact of Bt cot-
ton on insecticide use. In most major Bt cotton adopting
areas, however, the mean impact was a reduction of
between two and three applications per acre. So, our
simulation assumptions seem in line with this overall
finding. Although Bt cotton reduces costs for insecticide
applications, adopters must pay higher prices for Bt
seed. In our simulations, US insecticide cost savings
exceeded higher seed costs by only about $1 million.
This came out to a per-acre net pest-control cost saving
of only $0.23 per acre. Gianessi et al. (2002) estimated
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that Bt cotton actually led to a $2.00 per acre increase in
net pest-control costs, with technology fees exceeding
insecticide cost savings.

In either case, it is yield gains—not per-acre cost
savings—that are the major economic incentive for
adopting Bt cotton (Table 1). To estimate the impacts of
Bt cotton adoption on US producer yields, percent yield
increases were taken from the moderate impact scenario
developed in Frisvold, Tronstad, and Mortensen (2000)
and Frisvold and Tronstad (2002). Although in the sim-
ulations Bt cotton had little impact on per-acre costs, it
had more of an impact on per-pound cost as yield
increased. In the simulations, total US cotton production
was 2.7% greater with Bt cotton adoption.

If Bt cotton were not adopted in China, the China
supply function would shift upward in a parallel fashion.
This is the approach used by Lichtenberg, Parker, and
Zilberman (1988) to estimate impacts of pesticide can-
cellations and also follows the standard, proportional k-
shift assumption of studies of returns to research
(Alston, Norton, & Pardey, 1994). Through the market

equilibrium equation, these shifts induce a shift in the
equilibrium world price of cotton. One can then simu-
late how much higher the world price would have been
had there been no US or Chinese Bt cotton adoption.

To construct estimates of the k-shift parameter, we
rely on information and data provided in Huang et al.
(2004) for China. Bt cotton accounted for 31% of total
cotton acreage (Pray et al., 2002). Econometric studies
have examined the farm-level impact of Bt cotton adop-
tion on Chinese cotton production costs and yields
(Huang, Hu, Rozelle, et al., 2002; Huang, Rozelle, et al.,
2002; Pray et al., 2001, 2002). Based on these studies,
Huang et al. (2004) reported a yield advantage of Bt cot-
ton of 8.3% in Hebei, Henan, and Shandong provinces.
These provinces accounted for 86% of Bt cotton acreage
and 43% of all cotton acreage in China in 2001. The
yield advantage in Anhui, Jiangsu, and Hubei provinces
was 5.8%. These provinces accounted for 12% and 24%
of Bt cotton and total cotton acreage. The reported yield
advantage in the remainder of China was 3%. This area
accounted for a third of total cotton acres but only 2.5%

Figure 1. Impact of Bt cotton on US cotton supply.
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of Bt cotton acres. Based on these numbers, we assumed
that Bt cotton adoption in China shifted supply in such a
way to increase production 2% (at baseline price) and to
reduce the marginal cost of production (at baseline
quantity) by 24%. These assumptions appear in line
with other studies (Huang et al., 2004; Huang, Rozelle,
et al., 2002; Pray et al., 2001, 2002).

Impacts on Price, Production, 
Consumption, and Trade
We consider three scenarios: (a) Bt cotton adoption in
the United States only, (b) adoption in the China only,
and (c) adoption in both the United States and the China.
Bt cotton increases cotton production and consumption
and reduces world and US prices. The effects are great-

est with adoption in both areas, followed by adoption in
the United States alone, then China alone (Table 2).
Under joint US-Chinese adoption, increased production
contributed to a 1.4 cent per pound reduction in the world
price of cotton.

In all scenarios, the rest of the world increases con-
sumption, reduces production, and increases its cotton
imports, with the effects stronger with combined adop-
tion. China’s production increases (and imports
decrease) the most if it is the sole adopter, but produc-
tion declines (and imports increase) if the United States
is the sole adopter. US exports rise 4.3% if it is the sole
adopter. With adoption also occurring in China, US
exports increase by only 3.6%. If adoption occurred
only in China, US exports would fall by –0.7%. US pro-
duction is unaffected because of the highly inelastic US

Table 1. Bt cotton insecticide cost savings per acre, technology fees, and yield advantages assumed in model simulations.

Region
Bt cotton insecticide 
cost savings ($/acre)

Bt cotton technology 
fee ($/acre)

Bt cotton yield 
advantage (%)

Alabama – North $16.80 $25.00 7
Alabama – Central $18.00 $28.00 7
Alabama – South $17.11 $25.00 7
Arizona $41.49 $31.90 5.5
Arkansas – North $18.00 $22.00 7
Arkansas – South $27.60 $22.00 7
California – Southern $41.49 $31.90 5.5
California – San Joaquin Valley $13.83 $12.00 1
Florida $36.99 $26.50 8
Georgia $27.00 $26.00 8
Louisiana $34.42 $29.75 6
Mississippi Delta $23.52 $26.00 5
Mississippi Hills $23.52 $26.00 5
Missouri $13.50 $24.50 4
New Mexico $36.00 $32.00 7
North Carolina $18.72 $19.25 4.5
Oklahoma $35.70 $20.00 8.5
South Carolina $22.50 $22.50 8
Tennessee $20.24 $23.79 8
Texas – Coastal Bend $19.73 $19.99 4
Texas – Northern Rolling Plains $20.50 $23.00 4
Texas – High Plains $21.50 $20.00 4
Texas – Far West $20.00 $17.62 4
Texas – Rio Grande Valley $16.00 $19.99 4
Texas – Southern Rolling Plains $19.00 $14.40 4
Texas – Northern Blacklands $30.00 $21.50 4
Texas – Southern Blacklands $15.00 $18.00 4
Virginia $20.00 $12.00 6.5

Note. Data from Williams (2001) and authors’ calculations.
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supply function combined with the LDP payments
maintaining the US effective price at a relatively con-
stant level.

The results reported in Table 2 and the welfare
impacts reported in Table 3 suggest that adoption of Bt
cotton in the United States and China have a near-addi-
tive effect. That is, the impact of joint adoption is quite
close, if not identical, to the sum of effects of individual
country adoption. There are small differences in ROW
and global production (Table 2) and Chinese and US
welfare measures (Table 3), yet the remainder of the
impacts appear additive.

Two things account for this result. First, near-addi-
tive impacts are not unusual in models estimating spill-
overs. For example, in Edwards and Freebairn (1984)
and Frisvold (1997), the difference between joint adop-
tion impacts and the sum of individual adoption impacts
are often negligible. Second, we have rounded numbers
up to avoid overstating the precision of our results.

Welfare Impacts
The change in economic welfare in ROW and China are
measured as the sum of changes in producer and con-
sumer surplus (Table 3). For the United States, the
change in welfare is measured as the sum of the change
in US producer surplus, consumer surplus, and innova-
tor-monopolist rents charged to US producers for seed,
minus the change in US government program payments
to cotton producers. Including innovator-monopolist
rents follows the approach introduced by Moschini and
Lapan (1997). Ideally, one would also want to include
measures of these rents captured in China. There, Bt
seed varieties are supplied both by Monsanto/Delta and
Pine Land and the Chinese Academy of Agricultural
Science (CAAS). At the time of writing, we did not
have access to information about any monopoly rents
captured in China in 2001. For 1999, however, Chinese
suppliers just covered their costs, while Monsanto/Delta
and Pine Land received less than $2 million in gross
revenue (Pray et al., 2001). Besides greater formal com-
petition in the seed sector in China, farmers also save
and replant Bt seed. Saved seed thus competes with new
seed, exerting downward pressure on rents. Bt cotton
acreage has roughly tripled in China from 1999 to 2001
(Huang et al., 2004), so it would be interesting to
include estimates of seed sales rents captured in future
analysis.

The world economic surplus from Bt cotton adoption
in the United States and China was $836 million in 2001.
Chinese producers capture 51% of this gain with a $428
million increase in producer surplus, while Chinese con-
sumers capture 20% of world economic surplus a $167
million increase in consumer surplus. ROW captured
8% of the gain, with consumer gains slightly exceeding
producer losses. Losses to ROW producers accrue
because of the falling world price of cotton. US producers
captured $179 million and consumers $48 million.

US commodity program payments shelter US pro-
ducers from the impact of the falling world price, but at a
budgetary cost. Under joint US-Chinese adoption, US
producer surplus would have declined if not for com-
modity program payments of $198 million. This result is
similar to one obtained by Sobelevsky et al. (2002) in
their analysis of global adoption of transgenic soybeans.
They found that US producers gained from global adop-
tion of biotechnology with loan deficiency payments in
place, but, in general, not when they were absent. When
the United States adopts Bt cotton alone, program pay-
ments account for 82% of producer surplus gains.

Table 2. Impact of Bt cotton adoption on cotton prices, pro-
duction, consumption, and trade, 2001.

Bt cotton adoption in:

US
only

China
only

Both US 
and China

Change in US cents per pound
World price -0.7 -0.7 -1.4
US LDPa rate 0.7 0.7 1.4
US farm price 
received

-0.6 -0.5 -1.1

% change
US consumption 0.9 0.8 1.7
US production 2.7 0.0 2.7
US exports 4.3 -0.7 3.6
China consumption 0.6 0.5 1.1
China production -0.3 1.8 1.5
China importsb 60.2 -82.9 -22.7
Rest-of-world 
consumption

0.2 0.2 0.4

Rest-of-world 
production

-0.2 -0.2 -0.3

Rest-of-world 
imports

2.3 2.2 4.5

World cotton 
production

0.4 0.4 0.7

a LDP: Loan Deficiency Payment.
b In 2001, net imports of upland cotton in China were small, 
about 1% of consumption. Large percentage changes repre-
sent small changes in import levels.
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The United States captured 21% of the increase in
world economic surplus, with 17 of this 21% going to
seed suppliers as profit. Relative gains in China were
larger, in part, because China was starting from a base of
less effective pest control. Bt cotton adoption led to
greater yield increases and greater reductions in insect
control costs in China than in the United States.

Table 3 also highlights the consequences of falling
behind technologically. If Bt cotton were adopted in the
China but not the United States, US export share falls
and welfare falls by $26 million from a no-adoption
baseline. The declines are even more pronounced com-
pared to a case where both countries adopt. Moving
from joint adoption to China-only adoption, US welfare
falls by $198 million. If Bt cotton were adopted in the
United States, but not China, then welfare in China
would only increase by $3 million, instead of $595 mil-
lion with combined adoption. With only US adoption,
producer surplus in China falls by $84 million. These
results reinforce those of Elbehri and MacDonald
(2004) that found that costs of not adopting Bt cotton in
Africa could be quite significant.

Under joint adoption, ROW producers are worse off
by $349 million. ROW producers were almost entirely
nonadopters of Bt cotton in 2001. (Producers in Austra-
lia are a notable exception.) Unlike Bt cotton adopters in
China and the United States, ROW producers do not
benefit from higher yields and lower per-pound produc-
tion costs. They are only negatively affected by US-Chi-
nese adoption through the falling world price of cotton.

In simulation exercises, Edwards and Freebairn
(1984) found that technological spillovers across
regions reduce the gains from technological change in
net exporting regions, while increasing the gains to net-

importing regions. Our results are consistent with these
earlier findings. In the case of cotton, the United States
is a net exporter, while the rest of the world and China
are net importers. US welfare is highest when it adopts
alone, while welfare is highest for ROW and China
when there is combined adoption.

Conclusions
This article presented simulation results from a three-
region output price endogenous model of the world cot-
ton market to evaluate the global impacts of Bt cotton
adoption in the United States and China in 2001. Bt cot-
ton reduced insecticide use and per-pound production
costs in both countries. Higher yields and production
contributed to a 1.4 cent per pound reduction in the world
price of cotton. Net global benefits were $836 million.
China captured 71% of this benefit, the United States cap-
tured 21%, and the rest of the world captured the remain-
der. ROW cotton purchasers benefited from lower cotton
prices, while returns to ROW producers fell.

The results provide an indication of the costs of not
adopting Bt cotton. Both the United States and China
were significantly worse off under scenarios when they
did not adopt Bt cotton. These results mirror those of
Elbehri and MacDonald (2004) that suggest significant
costs of nonadoption of Bt cotton in Africa. Bt cotton
adoption rates were negligible in the rest of the world in
2001 and assumed to be zero in the model. In the simu-
lations, ROW producers lose from falling prices, but do
not benefit from lower insecticide use or higher yields
from adopting Bt cotton. In contrast, producers in China
gained more than any other group examined in the simu-
lations, gaining $595 million.

Table 3. World welfare effects of Bt cotton adoption in the US and China, 2001 (million $).
Bt cotton adoption in:

US only China only Both US and China
Rest of world Change in consumer surplus 217 201 418

Change in producer surplus -181 -168 -349
Change in welfare 36 33 69

China Change in consumer surplus 87 81 167
Change in producer surplus -84 514 428
Change in welfare 3 595 595

United States Change in consumer surplus 25 23 48
Change in producer surplus 164 14 179
Change in government payments 134 63 198
Seed supplier US profits 143 0 143
Change in welfare 198 -26 172

Global welfare 237 602 836



AgBioForum, 9(2), 2006 | 75

Frisvold, Reeves, & Tronstad — Bt Cotton Adoption in The United States and China: International Trade and Welfare Effects

References
Alston, J.M., Norton, G.W., & Pardey, P.G. (1994). Science under

scarcity: principles and practice for agricultural research
evaluation and priority setting. Ithaca, NY: Cornell Univer-
sity Press.

Barwale, R., Gadwal, V.R, Zehr, U., & Zehr, B. (2004). Prospects
for Bt cotton technology in India. AgBioForum, 7(1-2), 23-26.

Bennett, R., Ismael, Y., Kambhampati, U., & Morse, S. (2004).
Economic impact of genetically modified cotton in India.
AgBioForum, 7(3), 96-100.

Bennett, R., Kambhampati, U., Morse, S., & Ismael, Y. (2006).
Farm-level economic performance of genetically modified
cotton in Maharashtra, India. Review of Agricultural Econom-
ics, 28(1), 59-71.

Bennett, R., Morse, S., & Ismael, Y. (2006). The economic impact
of genetically modified cotton on South African smallholders:
Yield, profit and health effects. Journal of Development Stud-
ies, 42(4), 662-77. 

Carpenter, J., & Gianessi, L. (2001). Agricultural biotechnology:
Updated benefits estimates. Washington, DC: Case National
Center for Food and Agricultural Policy.

Cotton Research and Development Council. (2002). Annual
report 2001-2. Narrabri, Australia: CRDC. 

Deepak, M.S., Spreen, T.H., & Van Sickle, J. (1996). An analysis
of the impact of a ban of methyl bromide on the U.S. fresh
vegetable market. Journal of Agricultural and Applied Eco-
nomics, 28, 433-43.

Doyle, B., Reeve, I., & Barclay, E. (2002). The performance of
Ingard cotton in Australia during the 2000/2001 season.
Armidale, Australia: University of New England Institute for
Rural Futures.

Edwards, G.W., & Freebairn, J.W. (1984). The gains from research
into tradable commodities. American Journal of Agricultural
Economics, 66, 41-49.

Elbehri, A., & MacDonald, S. (2004). Estimating the impact of
transgenic Bt cotton on West and Central Africa: A general
equilibrium approach. World Development, 32(12), 2049-64.

Falck-Zepeda, J., Traxler, G., & Nelson, R. (2000a). Rent creation
and distribution from biotechnology innovations: The case of
Bt cotton and herbicide-tolerant soybeans in 1997. Agribusi-
ness, 16(1), 21-32.

Falck-Zepeda, J., Traxler, G., & Nelson, R. (2000b). Surplus dis-
tribution from the introduction of a biotechnology innovation.
American Journal of Agricultural Economics, 82(2), 360-69.

Frisvold, G. (1997). Multimarket effects of agricultural research
with technological spillovers. In T. Hertel (Ed.), Global trade
analysis: Modeling and applications. Cambridge: Cambridge
University Press.

Frisvold, G., & Tronstad, R. (2002). Economic impacts of Bt cot-
ton adoption in the United States. In N. Kalaitzandonakes
(Ed.), The economic and environmental impacts of agbiotech:
A global perspective. Norwell, MA: Kluwer-Plenam.

Frisvold, G., Tronstad, R., & Mortensen, J. (2000). Bt cotton adop-
tion: Regional differences in producer costs and returns. Pro-
ceedings Beltwide Cotton Conferences, 1, 337-40.

Frisvold, G., Tronstad, R., & Reeves, J. (2006). International
impacts of Bt cotton adoption. In R.E. Evenson and V. Sant-
aniello (Eds.), International trade and policies for genetically
modified products. Wallingford, UK: CAB International.

Gianessi, L.P., Silvers, C.S., Sankula, S., & Carpenter, J.E. (2002).
Plant biotechnology: Current and potential impact for improv-
ing pest management in U.S. agriculture, an analysis of 40
case studies. Washington, DC: National Center for Food and
Agricultural Policy.

Gouse, M., Pray, C., & Schimmelpfennig, D. (2004). The distribu-
tion of benefits from Bt cotton adoption in South Africa.
AgBioForum, 7(4), 187-94.

Huang, J., Hu, R., Fan, C., Pray, C., & Rozelle, S. (2002). Bt cot-
ton benefits, costs, and impacts in China. AgBioForum, 5(4),
153-66.

Huang, J., Hu, R., van Meijl, H., & van Tongeren, F. (2004). Bio-
technology boosts to crop productivity in China: trade and
welfare implications. Journal of Development Economics, 75,
27-54.

Huang, J., Hu, R., Pray, C., Qiao, F., & Rozelle, S. (2003). Bio-
technology as an alternative to chemical pesticides: A case
study of Bt cotton in China. Agricultural Economics, 29(1),
55-67.

Huang, J., Hu, R., Rozelle, S., Qiao, F., & Pray, C.E. (2002).
Transgenic varieties and productivity of smallholder cotton
farmers in China. Australian Journal of Agricultural and
Resource Economics, 46, 367-87.

Huang, J., Rozelle, S., Pray, C., & Wang, Q. (2002). Plant biotech-
nology in China. Science, 295, 674-677.

Isengildina, O., Hudson, D., & Herndon, C.W. (2000). The export
elasticity of demand revisited: Implications of changing mar-
kets. Proceedings Beltwide Cotton Conferences, 1, 265-269.

Ismael, Y., Bennett, R., & Morse, S. (2002). Benefits from Bt cot-
ton use by smallholder farmers in South Africa. AgBioForum,
5(1), 1-5.

James, C. (2001). Preview: Global review of commercialized
transgenic crops: 2001 (ISAAA briefs no. 24). Ithaca, NY:
International Service for the Acquisition of Agri-biotech
Applications. 

Klotz-Ingram, C., Jans, S., Fernandez-Cornejo, J., & McBride, W.
(1999). Farm-level production effects related to the adoption
of genetically modified cotton for pest management. AgBio-
Forum, 2(2), 73-84.

Lichtenberg, E., Parker, D., & Zilberman, D. (1988). Marginal
analysis of welfare costs of environmental policies: the case
of pesticide regulation. American Journal of Agricultural
Economics, 70, 867-74.

Magaña, J. E. M., García, J.G., Rodríguez, A.J.O., & García,
J.M.O. (1999). Comparative analysis of producing transgenic
cotton varieties versus no transgenic variety in Delicias, Chi-



AgBioForum, 9(2), 2006 | 76

Frisvold, Reeves, & Tronstad — Bt Cotton Adoption in The United States and China: International Trade and Welfare Effects

huahua, Mexico. Proceedings of the Beltwide Cotton Confer-
ences, 1, 255-56.

Marra, M.C. (2001). The farm level impacts of transgenic crops:
A critical review of the evidence. In P.G. Pardey (Ed.), The
future of food: Biotechnology markets in an international set-
ting (pp. 155-184). Baltimore: Johns Hopkins Press and Inter-
national Food Policy Research Institute.

Meyer, L.A. (1999). An economic analysis of U.S. total fiber
demand and cotton mill demand. Cotton and wool situation
and outlook yearbook, pp. 23-28.

Moschini, G., & Lapan, H. (1997). Intellectual property rights and
the welfare effects of agricultural R&D. American Journal of
Agricultural Economics, 79, 1229-42.

Pray, C., Huang, J., Hu, R., & Rozelle, S. (2002). Five years of Bt
cotton in China – the benefits continue. The Plant Journal, 34,
423-30.

Pray, C., Ma, D., Huang, J., & Qiao, F. (2001). Impact of Bt cotton
in China. World Development, 29(5), 813-25.

Price, G.K., Lin, W., Falck-Zepeda, J.B., & Fernandez-Cornejo, J.
(2003). Size and distribution of market benefits from adopting
biotech crops (technical bulletin no. TB1906). Washington,
DC: Economic Research Service.

Qaim, M. (2003). Bt cotton in India: Field trial results and eco-
nomic projections. World Development, 31(12), 2115-27

Qaim, M., Cap, E., & de Janvry, A. (2003). Agronomics and sus-
tainability of transgenic cotton in Argentina. AgBioForum,
6(1-2), 41-47.

Qaim, M., & de Janvry, A. (2003). Genetically modified crops,
corporate pricing strategies, and farmers’ adoption: The case
of Bt cotton in Argentina. American Journal of Agricultural
Economics, 85(4), 814-28.

Qaim, M., & de Janvry, A. (2005). Bt cotton and pesticide use in
Argentina: Economic and environmental effects. Environment
and Development Economics, 10(2), 179-200.

Qaim, M., Subramanian, A., Naik, G., & Zilberman, D. (2006).
Adoption of Bt cotton and impact variability: Insights from
India. Review of Agricultural Economics, 28(1), 48-58.

Qaim, M., & Zilberman, D. (2003). Yield effects of genetically
modified crops in developing countries. Science, 299, 900-02.

Shankar, B., & Thirtle, C. (2005). Pesticide productivity and
transgenic cotton technology: The South African smallholder
case. Journal of Agricultural Economics, 56(1), 97-115.

Sobolevsky, A., Moschini, G., & Lapan, H. (2002). Genetically
modified crop innovations and product differentiation: Trade
and welfare effects in the soybean complex (working paper
02-WP 319). Ames, IA: Iowa State University Center for
Agricultural and Rural Development.

Sullivan, J., Roningen, V., & Waino, J. (1989). A database for
trade liberalization studies (staff report AGES 89-12). Wash-
ington, DC: USDA Economic Research Service.

Sunding, D.L. (1996). Measuring the marginal cost of nonuniform
environmental regulations. American Journal of Agricultural
Economics, 78, 1098-1107.

Thirtle, C., Beyers, L., Ismael, Y., & Piesse, J. (2003). Can GM
technologies help the poor? The impact of Bt cotton in
Makhathini Flats, KwaZulu-Natal. World Development,
31(4), 717-32.

Traxler, G., & Falck-Zepeda, J. (1999). The distribution of bene-
fits from the introduction of transgenetic cotton varieties.
AgBioForum, 2(2), 94-98.

Traxler, G., & Godoy-Avila, S. (2004). Transgenic cotton in Mex-
ico. AgBioForum, 7(1-2), 57-62.

Traxler, G., Godoy-Avila S., Falck-Zepeda, J., & Espinoza-Arell-
ano, J. (2002). Transgenic cotton in Mexico: Economic and
Environmental Impacts. In N. Kalaitzandonakes (Ed.), The
economic and environmental impacts of agbiotech: A global
perspective. Norwell, MA: Kluwer-Plenam.

Williams, M.R. (1996). Cotton insect losses [database]. Proceed-
ings Beltwide Cotton Conferences.

Williams, M.R. (2001). Cotton insect losses [database]. Proceed-
ings Beltwide Cotton Conferences.

Appendix: Simulation Model Structure
We assume a “putty-clay” specification for US cotton
production. Cotton planting decisions (acreage and seed
variety choice) are flexible at the beginning of the crop
year, but then production is characterized by a fixed-
proportion technology. At the beginning of the crop
year, growers in each region i choose how much cotton
to plant Ai, subject to a capacity constraint , which
limits the total acreage where cotton may be grown
profitably. Growers allocate cotton acreage between
conventional cotton acres Ai1 and Bt cotton acres Ai2,
where .

Bt seed varieties cost more than conventional seed
varieties but reduce the need for conventional insecti-
cide applications to control cotton bollworm, pink boll-
worm, and tobacco budworm. Bt varieties have higher
yields, to the extent they reduce losses from these pests.

Growers choose conventional and Bt cotton acreage
(Ai1 and Ai2) to maximize profits, subject to constraints.
The first is the overall capacity constraint, limiting total
cotton acreage planted in a region, . Given the Leon-
tief constant returns technology, if producers can earn
profits from producing using either technology, the
overall capacity constraint will be binding.

The second constraint is an adoption ceiling, ,
that places a cap on the total acreage planted to Bt cot-
ton in a region. Bt cotton may have a profit advantage
over conventional cotton on only part of a region’s cot-
ton acreage. Within a region, there will be areas where

Ai

Ai Ai1 Ai2+≥

Ai

Ai2



AgBioForum, 9(2), 2006 | 77

Frisvold, Reeves, & Tronstad — Bt Cotton Adoption in The United States and China: International Trade and Welfare Effects

bollworm/budworm pressure neither exceeds insecticide
treatment thresholds, nor causes appreciable yield
losses. For example, in 1995, 15% of US cotton acreage
was not infested by bollworm/budworms, while 37% of
acreage did not receive insecticide treatments for these
pests (Williams, 1996). On these acres, there is little
scope for Bt cotton to reduce pest control costs or
increase yields. The adoption ceiling is meant to capture
this relationship. Regulation also limits regional adop-
tion. To slow the development of pest resistance to Bt
cotton, the US Environmental Protection Agency
requires Bt cotton adopters to plant refuges of conven-
tional cotton to allow susceptible and resistant pests to
interbreed.

The Lagrangian, Li, for profit maximization in
region i is

(1)

Yields and per-acre costs for conventional cotton are Yi1
and Ci1; for Bt cotton they are Yi2 and Ci2. For each
region, yields and costs are constant for each technology
within a given crop year. Per-pound ginning costs (Gi)
are the same for each technology. For every pound of
lint produced, growers receive the market price Pi and a
government support price payment, Si. The terms λi and
γi are the shadow costs of the land use constraints.

The market price (Pi) a grower receives for a pound
of cotton lint is

Pi = Pf + zi, (2)

where Pf is the average US farm price and zi is the
regional price premium or discount that reflects differ-
ence in lint quality and transportation costs. The US
farm price of cotton is a function of the endogenously
determined world price, Pw:

Pf  = θPw
ε, (3)

where θ and ε are parameters. Domestic and world
prices can differ because of quality difference, transpor-
tation costs, and government market interventions. The
term ε is a price transmission elasticity that determines
the percent change in the US farm price in response to
world price changes. The transmission elasticity reflects
how the domestic price is sheltered from changes in

world price. Following Sullivan et al. (1989), we
assume ε = 1.

The government price support payment rate (Si) is

Si = σili(Pw), (4)

where li is the weighted average of the Loan Deficiency
and Marketing Gain Payment rates and σi is the share of
production receiving payments. The payment rate (li) is
determined by the difference between the adjusted
world price (Pw – ω) and the loan rate, R:

li = max [0, R – (Pw – ω)]. (5)

Producers receive payments if the adjusted world price
falls below the loan rate, which is set at 51.92 cents per
pound. The adjustment factor ω is set by the US Depart-
ment of Agriculture and is based on transport costs and
cotton grade. It typically ranges from 12–14 cents. Pay-
ment rates, li, vary by region, ranging between 25–28
cents per pound in 2001.

The solution to the Lagrangian yields the optimal
allocation of acreage to conventional and Bt cotton as
functions of the regional market price received and pro-
gram payment rates, A*

i1(Pi, Si) and A*
i2(Pi, Si). From

Equations 2–5, optimal regional acreage allocations can
be expressed as functions of the world price of cotton,
A*

i1(Pw) and A*
i2(Pw). The regional supply of cotton

Qi
S is

Qi
S = A*

i1(Pw)Yi1 + A*
i2(Pw)Yi2. (6)

The US supply of cotton lint is the sum of optimal pro-
duction over all 28 production regions:

. (7)

Equation 7 generates a step-function supply curve,
where each step represents marginal costs and produc-
tion of cotton in each region for each technology (Figure
1).

The supply functions for China (QS
c) and ROW

(QS
c) are linear:

QS
c = αc (1 + k) + βc Pw and (8)

QS
r = αr + βrPw, (9)

Li Pi Si+( ) Ai1Yi1 Ai2Yi2+( )
Ai1Yi1 Ci1 Yi1⁄( ) Gi+[ ]

Ai2Yi2 Ci2 Yi2⁄( ) Gi+[ ]+
{

}
–

λi Ai Ai1– Ai2–( ) γi Ai2 Ai2–( ).+ +

=

Qu
S A∗i1 Pw( )Yi1 A∗i2 Pw( )Yi2+

i 1=

28

∑=
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where the α and β terms are scalar constants. To esti-
mate the impact of China’s adoption of Bt cotton, a sup-
ply shift parameter, k, is introduced into China’s supply
function. Yield increases and cost reductions from Bt
cotton adoption are reflected in the size of k. A large
value of k implies that more cotton will be supplied at
any given market price.

US demand QD
u, Chinese demand QD

c, and ROW
demand QD

r are linear functions:

QD
u = au – buθPw, (10)

QD
c = ac – bcPw, and (11)

QD
r = ar – brPw, (12)

where the a and b terms are scalar constants. US supply
equals domestic plus export demand:

QS
u = QD

u + QE
u. (13)

Export demand can be expressed as a function of the
world price of cotton. The model is calibrated to 2001
data. In that year, ROW was a large importer of cotton.
China was also a net importer, but imports were only
about 1% of consumption. The trade balance equation
requires that net exports equal net imports,

QE
u = (QD

c – QS
c) + (QD

r – QS
r), (14)

where QE
u is US exports. The US export demand equa-

tion can be expressed as a function of the world cotton
price and exogenous variables by substituting Equations
8, 9, 11, and 12 into Equation 14, thus:

(15)

The equilibrium world price can be determined by sub-
stituting Equations 7, 10, and 14 into Equation 13 and
solving for Pw:

(16)

The equilibrium world price is the Pw that solves
Equation 16.

Qu
E ac ar+( ) αc 1 k+( ) αr+( )–[ ]

Pw bc br βc βr+ + +( ).–

=

A∗i1 Pw( )Yi1 A∗i2 Pw( )Yi2+
i 1=

28

∑

au ac ar+ +( ) αc 1 k+( ) αr+( )–[ ]

Pw bc br buθ βc βr+ + + +( )[ ].–

=
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