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Abstract

A genetically edited high-oleic soybean seed has been recently introduced. There has also been increasing
demand for healthy substitutes for low-oleic oils and even a regulatory ban on trans-fats in processed foods.
The likely market and welfare impact of the new variety on the U.S. soybean and oil markets, with and without
the transfat ban, are quantified by using an equilibrium displacement model. The results indicate that the
introduction of the variety alone would have little market impact, given the estimated yield drag relative to
current varieties. The primary beneficiaries of the variety introduction combined with trans-fat bans we find
to be consumers of low-oleic oil because of a price decrease and land owners because of a price increase.
The biggest losers would be corn consumers because of a price increase and soybean processors because
of a price decrease. The food and agribusiness sector might increase benefits further through marketing
campaigns potentially driving higher demand for high-oleic products.
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1. Introduction

A gene-edited (GE) high-oleic soybean variety was commercially released in the United States in 2019,
offering improved oil composition and oxidative stability compared to conventional soybean varieties.
Developed without transgenic modification, such as that used in conventional genetically modified (GM)
soybean varieties, this GE variety was introduced during a period of increasing regulatory pressure to
eliminate trans-fats from the food supply. As a result, GE high-oleic soybeans represent a targeted innovation
that aligns with evolving market and policy preferences for healthier edible oils. This study examines the
expected market impacts of adopting gene-edited high-oleic soybean in the U.S. soybean and oil markets,
both with and without a policy to ban trans-fats in food manufacturing.

Soybeans are one of the most economically important crops in the United States, with over 33.6 million ha
cultivated in 2025. The crop supports a broad value chain encompassing seed developers, farmers, processors,
food manufacturers, and consumers. The soybean processing industry crushes the crop to provide soybean
oil and soybean meal, with the remainder of soybean production primarily exported as whole beans. Soybean
oil accounts for more than half of the U.S. edible oil consumption. Recent food policy changes, specifically
the U.S. Food and Drug Administration’s ban on partially hydrogenated oils, have led food manufacturers
to seek healthier and more stable oil alternatives. In this context, high-oleic oils derived from GE soybeans
are gaining importance as substitutes for trans-fat-producing oils. However, their adoption depends on
identity-preserved (IP) supply chains that ensure segregation from conventional soybeans, which increases
coordination requirements and production costs (Nicholson ef al., 2023).

While the nutritional attributes of high-oleic soybean oil are well recognized, the economic and market-level
consequences of this new variety remain largely unexplored. Previous studies have theoretically considered
the market potential of high-oleic soybeans (Darroch and Jardine, 2002; Giannakas and Yiannaka, 2004),
yet no empirical quantification of value chain impacts under real-world market and policy conditions has
been presented.

To address this gap, this study uses an equilibrium displacement model (Perrin, 1997, Brester et al. 2023) to
examine the potential market responses and welfare impacts of the introduction of GE high-oleic soybean to
the U.S. across the entire supply chain. We consider these outcomes with and without a ban on trans-fats in
food manufacturing that would increase demand for the oil produced by this GE soybean. The multimarket
model we use simulates the effects of these two shocks on prices and quantities in each market comprising the
supply chain and allows us to estimate the welfare effects on the different stakeholders in the supply chain.

Our results show that in the presence of a trans-fat ban, GE high oleic soybean technology can increase
the economic well-being of soybean farmers, even though an additional production cost is predicted for
the new variety. Consumer surplus measures of welfare indicate that consumers of traditional low-oleic oil
would gain because that price falls, while consumers of GE high-oleic oil (primarily food manufacturers)
would lose, but would lose less than the low-oleic consumers gain. These welfare measures do not whether
the trans-fat ban is good or bad policy, because the consumer preferences expressed by demand elasticities
for the two types of oil do not reflect health benefits that motivated the policy. The study does reveal that a
trans-fat ban policy has a big impact on the effect of the new variety: the supply-side introduction of the GE
variety alone would have little impact. The market success of a GE high-oleic soybean variety such as this
is likely to depend less on supply-side efficiencies and more on the expansion of trans-fat regulations and
consumer demand for oils with improved health attributes.

2. Methods

The study employs comparative statics in a multimarket partial equilibrium model, also known as an
Equilibrium Displacement Model (EDM) (Brester et al., 2023; Muth, 1964; Perrin, 1997), to simulate the
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effects of a supply and a demand shock to the markets involved in the value chain for soybeans. This study
considers a value chain in which high-oleic soybean seeds are marketed to farmers, soybean production is
procured from farmers by exporters and by soybean processors who sell soybean oils to food manufacturers
which in turn sell oil-containing products to consumers. The model quantifies how the introduction of a
new GE high-oleic soybean (supply shocks) and policy-driven demand shocks propagate price and quantity
changes through the soybean value chain.

We use log-linearized supply and demand equations representing equilibrium in the related markets of
the soybean value chain under competitive market conditions. The rationale behind adopting a perfectly
competitive market model is based in part on the low market concentration level in food processing industry,
representing about 80% of final soybean oil consumption, and in part on the relatively minor changes in
modeling and outcome that a monopsonistic specification would achieve.

Food processing markets in the United States have low market concentration levels. According to Gschwandtner
and Hirsch (2018), the Herfindahl-Hirschman Indexes (HHI) were found to be lower than 1500 on average.
This finding is consistent with the study conducted by Saitone and Sexton (2017), which categorized 29 out
of 37 food manufacturing and retailing (NAICS-6) industries as unconcentrated, with only three industries
considered highly concentrated. The particular industries in which edible oils are used as a raw material,
such as frozen cakes, pies, and other pastries, have HHI values lower than 1500, where 1500 is a threshold
that represents a moderate level of concentration in the industry.

Currently, high-oleic soybean seed suppliers include Corteva and Calyxt.! The contracted hectares of
high-oleic soybean (2023-2024) is reported to be 0.69 million ha (John Jensen, Vice president of oil strategy,
U.S. Soybean Board, private communication, 3 February 2021), which to some extent establishes the
viability of the identity-preserved supply chain. Introduction of the high-oleic soybeans into the supply chain
increases costs required for segregation and identity preservation (Nicholson et a/., 2023; Smyth and Phillips,
2001; Tillie and Cerezo, 2015) which are accounted for in our model. In addition, our model incorporates
a higher cost of farm production of the high-oleic soybean relative to conventional soybean due to a likely
yield reduction relative to existing varieties (also known as “yield drag™). For successful innovation, these
additional costs must be offset by a premium for the high-oleic characteristic.

The model incorporates a demand-side shock due to a trans-fat ban, which shifts food manufacturers’ purchases
toward high-oleic oils. Concurrently with the release of the GE variety, a ban on the use of trans-fats in food
manufacturing is being implemented in the U.S., the EU (European Union), and Canada, with support from
the World Health Organization (WHO). In the U.S., food manufacturers are required to replace partially
hydrogenated oils with alternatives such as palm oil, liquid high-oleic oils (e.g., high-oleic soybean oil), or
fully hydrogenated oils, because these conventional low-oleic oils generate trans fats in processed foods.
This regulatory-induced demand increase is modeled as a positive shift in the demand for GE high-oleic
soybean oil. The model captures how shocks at one stage of the value chain propagate through the system.

Building on the factors discussed, this study examines different scenarios for demand and supply shocks
driven by the adoption of GE high-oleic soybean technology and policy-driven demand for high-oleic oils.
The initial equilibrium conditions are based on industry production processes and competitive equilibrium
conditions for soybean farmers, processors, and edible oils markets. Each set of agents is represented by a
specific set of demand and supply functions for its own inputs and outputs. The initial equilibrium is then
shocked by the introduction of the GE variety alone or by the introduction of the GE variety in conjunction
with a trans-fat ban. By solving for changes in prices, quantities, and welfare across multiple market agents,
the model estimates both direct impacts (e.g., cost shocks at farm level) and indirect effects (e.g., changes

! Monsanto has temporarily stopped supplying high-oleic varieties in the domestic market.
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in conventional oil demand and meal by-product prices). Using a standard numeric comparative statics
approach, we solve for the effects of these shocks on various prices, quantities and agents’ welfare.

2.1 The equilibrium displacement model
The production process for industry / (farming, soybean processing) is represented with a cost function as

C'whY', t)=min{w'x";w' e R/, Y e R’ | (x',Y)e '} D

where w' is a vector of prices for the vector of input quantities x’, ¥, is a vector of outputs that are sold at the
vector of prices P, ¢ represents exogenous technological change and t represents the technology available
to the sector. Here, superscript i € [p, f] with p for soybean processors and f for farmers. For a price-taking,
profit-maximizing firm, the derivatives of the cost function with respect to input prices yield optimal input
levels, while the derivatives with respect to output quantities yield marginal costs that the firm would set
equal to output prices.

In our model, soybean processors produce three outputs: GE high-oleic soybean oil (subscript #0), GM
low-oleic soybean oil (/0), and soy meal (m), by using three inputs, GE high- and GM low-oleic soybeans
(h and /) and other inputs (op). Farmers produce two types of soybeans (4,/) and corn (c), using as inputs
the two kinds of seeds (4s and Is), land (L), and other inputs (of) to produce.

Competitive market equilibrium conditions for industry / (soybean processors or farmers) are expressed as:
product demand equations (equation (2)), input demand equations determined by Shephard’s lemma (equation
(3)), marginal costs set equal to the output price (equation (4)), and input supply equations (equation (5)).2

Y'=f(P) 2
C,=x 3)
C,=P “
x'=g (W) )

Cost functions must be homogeneous of degree one in input prices and in the case of constant returns to
scale are also homogeneous of degree one in outputs ¥’. The input demand and output supply equations
(3 and 4) follow from Shephard’s lemma, and because the partial derivative of a function homogeneous of
degree k is homogeneous of degree k1, Cwi is homogeneous of degree zero in w', and Cyi is homogeneous

of degree zero in ¥’. Following the standard comparative statics approach as applied by Perrin (1997), we
totally differentiate these equations, then express them in logarithms. The logarithmic differential equations
corresponding to (2)—(5) are organized with exogenous shocks on the right and endogenous variables on
the left side of the equations:

2 In the context of a comparative statics model as ours, inclusion of non-competitive mark-downs or mark-ups would not change the equilibrium
displacement estimates. For a monopsonistic processor, for example, profit-maximizing input choice would be represented as C, [w * (1 —p), ¥, 1] =
x instead of C, [w, Y, t] = x, where u is the monopsonist’s mark-down equal to 1/c, where o is input supply elasticity. The logarithmic differential of
this condition remains the same because dln{w * (1 — 1)} = dlnw. What would change would be an estimate of monopsonistic rent before and after
the shock, but the amount of that rent would depend on the estimate of the elasticity of supply of the input to the monopsonist. With little information
on which to base an estimate of this elasticity, we choose to ignore this alteration of the model just to estimate the amount of the monopsonistic rent,
given that there would be no impact on the estimated price and quantity changes.
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din¥Y — y'dInP’ = m (6)
dinx’ — T'dInY’ — H'dlnw' = 0 (7
dinP' — y/dInY — kidlnw' = y 3)
dinx’ — Yidlnw' = r ©)

where ' represents the output demand elasticity matrix; 7% is the matrix of elasticities of input quantities
with respect to output quantities; H' is the matrix of output-constant elasticities of input demands; ¥ is the
inverse output supply elasticity matrix; k‘ is the response of marginal output costs to input prices estimated
here as input cost shares; and Y is the input supply elasticity matrix.>

When (6)—(9) represent the processing sector, the vector of horizontal demand shocks in the final oil market
is expressed as m € [m,, m;, 0] where m,, represents the increased demand for GE high-oleic soybean oils,
and m, represents the decreased demand for GM low-oleic soybean oil. When (6)—(9) represent the farmers’

sector, (8) is the vector of dual rates of technical change determined as y = % where y € [y,, 0]. y,, is

the change in farmers’ soybean production cost after adopting the GE high-oleic soybean seeds instead of
conventional seeds. This is also referred to as “Griliches’ k-shift”, the vertical difference between marginal
cost before and after new technology is introduced (Fulginiti, 2010). The shock to input supply is introduced
as a shift in seed supply functions (9), r € [r;, 0] where r; is the exogenous supply shock to the high-oleic
seed market, the bio-seed suppliers’ introduction of their new type of seed.

2.2 Modeling linkages across the supply chain

Markets are connected from upstream to downstream by using equations (9) for one sector and (6) for the
other. For the processing sector, for example, x' may represent the processors’ demand for GE high-oleic
soybeans at price w', while for the farm sector, (6), ¥’ may represent the quantity of GE high-oleic soybeans
that farmers produce at price P'. To connect the two sectors, the demanders’ x’ are set equal to the suppliers’
Y’ and the corresponding w' equal to the P".

dinx? = dinY;/ (10)
dinw? = dlnp; (11)

The market clearing condition for GM low-oleic soybeans is similar to equations (10)—(11), but includes two
sources of demand, domestic and export, for which the total log change in demand is the share-weighted
change in the two quantities demanded. The equilibrium changes in the GM low-oleic soybean market are thus:

X dine? + 542 din?, = diny/ (12)
lf 1 Ylf ex] /

xp . . . xp

where Lf represents the share of the GM low-oleic soybeans that is consumed domestically and &f/ represents
Y, Y

the share of the GM low-oleic soybean exported from the U.S.

3 Important technical notes for representing a technology in this way are that 7% and ' must exhibit reciprocity (a generalization of symmetry) and
homogeneity of degree zero in ¥?, while H must satisfy reciprocity and homogeneity of degree zero in w and ¥”. The matrix k¢ must be homogeneous
of degree zero in w'. We estimate &’ as a matrix with input shares k, on every row (shares are the same for inputs and output since production is joint).
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A3

Similarly, the market clearing conditions for soybean processors’ “other” inputs are determined by the
derived demand and the supply of processors “other” inputs, Y = f(PZ). We thus set changes in prices and
quantities equal to one another, as

dlnx? =dInY/, and dlnw? = dInP? (13)

The above equilibrium equations described in equations (6)—(13) include 28 variables. At the farm level, 8
for the prices and quantities of the four farm inputs (% seed, / seed, land and “other” farm inputs), 6 for the
prices and quantities of three farm outputs (%, / and ¢). At the processing level, 6 for the prices and quantities
of the three processing inputs (%, /, and “other” processing input), and 6 for the prices and quantities of
the three processing outputs (4o, lo and m). The quantity of GM low-oleic soybeans exported and the total
quantity of soybean oil. The equilibrium equations also total 28. We solve this system of linear equations with
right-hand-side shocks as described earlier in this section: the supply of GE high-oleic soybean seeds, the
cost of production of GE high-oleic soybeans and the demands for GM low and GE high-oleic soybean oils.

2.3 Welfare changes

This study measures welfare changes as changes in traditionally-measured consumer and producer surpluses.
These changes are expressed both in dollars and as a fraction of the initial value of the product (price times
quantity) to provide different perspectives on the size of change. We note that this measure of consumer
welfare, based on estimates of the derived demand for oils by the food manufacturing sector, may not include
the value of health benefits to the ultimate consumer of their products. Thus, our welfare measure may not
include health benefits that are intended by a trans-fat ban.

There are four stakeholders whose welfare concern us: consumers of oil products; consumers of soybean
meal; owners of processing plants, and owners of farmland. In our analysis of GE high-oleic and GM
low-oleic soybean oil consumer surplus, the surplus is calculated using changes along their original demand
curves. We represent the change in consumer surplus triangles as a fraction of initial value as in equation
(14) where subscript m in this case represents soybean meal, but the equation with subscript ¢ also represents
corn consumers. Our model specifies zero profits, so earnings to owners of processing plants and farms
are reflected in producers’ surplus for an inelastically-supplied owner input. Change in producers’ surplus
triangles are calculated using equation (15) (owners of processing plants in this case, but comparable for
owners of farmland).

A InY?

Sy _inpr «| 14 90 (14y*
PIY? 2

YACS, _ ApPyel PO L |- 1 AnPP ) w (PEOYs| y 20 4 SPYH 3 p0

R U I R

dlnY,ﬁ
2

In%} A o
«(=dinPP) (PP P0) *[l + dnzm] =—dInPf « [1 + J where dP? = dInPY + PP0 and dY,? = dInY,? *Y,P°, superscript 0 exhibits

1
pEOyp0

initial value.

International Food and Agribusiness Management Review

868



Lee et al. Volume 28, Issue 5, 2025

P
APS _ i *(H(ﬂ%j (15)°

wPx?

070

Because the initial welfare of high-oleic oil consumers is close to zero, their welfare change cannot be computed
as a fraction of the initial welfare. We represent it only as the area of the final consumer surplus triangle.

3. Parameter estimates

To implement this analysis, it is important to identify plausible ranges for the shocks in exogenous demand
(m) and in supply (y and r), in addition to estimates of parameters and initial shares. Therefore, a lower- and
upper-limit scenario are established for an exogenous GE high-oleic oil demand shock m;, from 189.2% to
253% based on the contracted future acreages of GE high-oleic soybean in 2023-2024 and a potential price
premium of high-oleic soybean oils. The lower-limit scenario for the demand curve shift is calculated in the
following steps. First, using a 77% increase in high-oleic soybean planted acreages within 2—3 years (John
Jensen, Vice president of oil strategy, U.S. Soybean Board, private communication, 3 February 2021), the
expected market share of GE high-oleic soybean is calculated as 1.9%. Then, the growth rate of GE high-oleic
soybean production (172%)° is calculated based on the current market share and the expected market share
in three years (0.7% and 1.9%, respectively). To capture the total horizontal demand shock, the change in
quantity demanded is estimated as the product of the price premium of GE high-oleic soybean oils (97%)
and the demand elasticity, which results in a 189.2% increase in high-oleic soybean demand.

With a similar logic for the upper-limit scenario, we assume an increase in GE high-oleic soybean planted
acreages of 231%, which represents a 2.3% market share for GE high-oleic soybean within 2-3 years (John
Jensen, Vice president of oil strategy, U.S. Soybean Board, private communication, 3 February 2021).
This implies a growth of 230% in GE high-oleic soybean based on the current market share and a potential
price premium of high-oleic soybean oils (127%), which results in a 253%? horizontal demand shock. We
acknowledge that the data for contracted GE high-oleic soybean acreages are from the supply side. However,
it indicates potential market equilibrium quantities because they reflect what seed companies expect and
guarantee in the form of agreements with producers and processors. Therefore, lower- and upper-limit
scenario demand shocks for GM low-oleic soybean (m,), are —15.7% and —19%.

Our model specifies that the initial market share of GE high-oleic soybean and their corresponding oil is
5%, while the remaining 95% consists of GM low-oleic soybean and oil. Considering that soybean oil
accounts for 52% of the total edible oil market (USDA ERS, 2020b), the demand shock m,, is estimated to
drive an increase in the market share of high-oleic oils from 4.9% (lower-limit) to 6.6% (upper-limit)° by
2024. Similarly, m;, indicates a decrease in consumer demand for low-quality soybean 0ils'? from —7.8%
(lower-limit) to —8.9% (upper-limit).!!

5

whil wP0p0 2] P00

dxf dinxf
APS __ 1 *(dwf)*[xfo+o ] 1 *(dlnwé’)*(wgo)*[xé’oJrnzxo *(xfo)J
o 0

1 Py p0_p0 dinxf » dinxf) » P p0 » P p0 . S
=W*(dlnwo Yue(wh xh ) * 1+T =dlnw) «| 1+ 5 where dwj, =dlnw}; *wj" and dx; = dInx/ *x5", superscript 0 exhibits initial
Wo Yo

value.

6 (1.903%—0.7%)
0.7%

7 172%%0.2%0.5 + 172%=189.2%, where 0.2 is an inverse supply elasticity and 0.5 is a demand elasticity for high-oleic soybean oil.

8 230%%0.2*0.5 + 230%=253%

9 0.52%0.05*2.53=0.066 and 0.52*0.05 *1.892=0.049

10 Consumers have other high-oleic oil options using different crops (e.g., canola or sunflower). Also, palm oil, lard, and tallow do not necessarily

require partial hydrogenation. But at this point, this study only considers soybean markets.

110.52%0.95%(—0.157) = —0.078 and 0.52*0.95%(—0.18) = —0.089

=172%

International Food and Agribusiness Management Review

869



Lee et al. Volume 28, Issue 5, 2025

The adoption of GE high-oleic soybean production under identity-preserved system is introduced in the
model as a shift, y,, in the supply equation. As shown in Table 1, the estimation result shows that adopting
high-oleic varieties would result in 10.7% in additional production costs per unit produced under the early
implementation of identity-preserved systems in high-oleic soybeans production.

This extra cost arises from the yield drag, additional herbicide expenses, and the costs associated with
segregating high-oleic soybeans to prevent their mixing with conventional (low-oleic) soybeans, thereby
preserving the higher value of the new varieties. These segregation efforts we estimate would result in 4-5%
of additional costs, which we have added to machinery and labor fees.

Finally, the exogenous seed supply shock (r,) represents the introduction of the new seed. An equilibrium
displacement model such as this requires an initial equilibrium to be displaced. The high-oleic soybean market
does not yet exist, so we represent the initial equilibrium as a very high price that results in a negligible
quantity sold. We represent the introduction of these seeds (the “shock”™) as a downward shift in the high-oleic
seed supply of =50% (which is expressed in the model as a horizontal shock of a very flat supply curve).

Initial equilibrium prices and quantities of inputs and outputs are calibrated to those observed in the markets
in 20202021, as shown in Table 2. Some values such as elasticities of demand and supply for various outputs
and inputs, and other parameters are assumed that are displayed in Table 3. The model is calibrated using
national-level U.S. data drawn from USDA and industry sources. This includes average prices, quantities,
acreage, and input costs for soybeans, corn, soybean oil, and meal. A national-level calibration is appropriate
given the aggregate nature of the regulatory shock being modeled (i.e., the FDA’s trans-fat ban). While a large
share of U.S. soybeans is exported, these exports are predominantly in the form of whole beans, which are
then processed abroad—particularly in Asian markets—into meal and oil for animal feed and industrial use.
In contrast, soybean oil is primarily consumed domestically, and GE high-oleic soybean oil currently has no

Table 1. Estimated production costs for low-oleic and high-oleic soybeans

Production cost ($ per kg)

GM low-oleic soybean GE high-oleic soybean
Reference Plastina (2019)
Yield 4167.2 kg/ha 3761.0 kg/ha
Preharvest machinery $1.47 1.53
Seed, chemical, etc. 6.44 6.75
Seed ($36.60 per 140k) 1.74 1.74
Fertilizer 1.68 1.52
Lime 0.46 0.46
Herbicide 1.53 1.78
Insurance $0.35 0.32
Miscellaneous 0.4 0.37
Interest on preharvest 0.26 0.25
Harvest machinery 1.06 1.11
Labor $1.06 1.30
Land 8.06 8.06
Total cost per hectare 1223.77 1238.76
Total cost per kg 0.29 0.33
Additional production cost (%) — +10.7%

GE high-oleic soybean production costs are estimated based on the reported production costs of GM low-oleic soybean in lowa
from Plastina (2019).
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Table 2. Initial equilibrium prices and quantities of inputs and outputs

Market Quantity (million  Price Value Reference
(Units) metric tons) ($/metric ton) (million $)

Soybean  Soybean oil 11.3 694 7842.2 SoyStats (2020); USDA
Soy meal 449 336 15 086.4 ERS (2017, 2020a,b)
Soybeans 112.5 315 35437.5

Crush 58.9 18 553.5
Export 45.8 14 427
Others 7.8 2457
Soybean 33.63 353.3 (Rent, 42 796.5
area planted $/ha)
(million ha)

Corn Corn 358.2 165 59 095.8 USDA ERS (2020a)
Corn area 36.26 343.43 (Rent, 12 454.4 USDA NASS (2021)
planted $/ha)

(million ha)
Inputs Land 69.9 (million 343.4 (Rent, 24 696.1 SoyStats (2020); USDA
acres) $/ha) NASS (2020)
Seed 69.9 (million ha) 191.3 13 366.9 USDA ERS (2021a,b)
($/ha)
Other inputs 69.9 (million ha) 447.1 312414 USDA ERS (2021a,b)
($/ha)

significant export market. Accordingly, the model treats high-oleic oil demand as a domestic phenomenon.
Conventional soybean export demand, however, is incorporated into the model through calibrated market
shares and demand elasticities.

4. Results

Our numerical analyses show that the adoption of gene-edited high-oleic soybeans has a measurable but
relatively limited impact on the value chain in the absence of a transfat ban. The largest market welfare
costs are imposed on the owners of soybean processing plants for whom prices fall and on corn purchasers
for whom prices rise.

4.1 Market effects of GE high-oleic soybean introduction alone

The cost of producing GE high-oleic soybeans is estimated to go up because of a slight yield drag and some
other cost increases (pesticides and identity-preservation costs). We estimate that GE high-oleic soybean would
result in an increase of 10.7% in production cost compared to GM low-oleic soybean. Our results (Table 4)
thus show that the price of high-oleic oil would rise, while the quantity of both high-oleic oil and soybeans
would fall. Soybean processors will reduce output by the same amount, but oil prices rise by only 3.6%.

However, even if the current yield of GE high-oleic soybeans could be increased to the same level as the
current GM low-oleic soybeans, the estimated production cost would still be 1% higher than conventional
soybeans due to additional identity preservation costs. Such a change we calculate would expand GE high-oleic
soybean and oil market to 3.7% greater than the initial scenarios, with 9.2% and 7.4% lower price premiums
for GE high-oleic soybeans and oils, respectively.
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Parameter Value Definition Source and description
n -0.5 0.03 0 Demand elasticity matrix Meyers et al. (1991);
0.03 -04 0 for soybean oils and meal Moschini (2000); Roningen
T? | 0 0 Processors’ input Own-soybean-type elasticities
0 1 0 demand elasticity matrix are 1; the cross-price
003 03 07 with respect to output elasticities equal to 0; the
quantities different types of soybean
oil can only be produced by
crushing the relevant soybeans
H? 0 00 Soybean processors’ input Imposed fixed input
00 0 demand elasticity matrix proportions for processors’
0 0 0 production technology
w? 0.2 -19 -1.7 Inverse soybean Soystats (2020); output
—0.1 03 -02 processors’ output supply revenue shares of soybeans
—0.004 -0.09 0.05 elasticity matrix are estimated and utilized for
other parameters
kP 092 0 0.08 Processors’ marginal cost Eatherly (2017); estimates
0 092 0.08 elasticities with respect to are utilized to compute
0.09 083 008 input prices processors’ input cost share
Olnx? 0.1 Supply elasticity of
dlnw? processors’ “other” inputs
xf xb, 0.54, 0.46 Share of low-oleic USDA ERS (2020b)
Yzf ’ Ylf soybeans consumed
domestically and
exported
dlnYCf —-0.38 Demand elasticity for Kim and Moschini (2018)
dinP/ corn
dinx?, -0.9 Demand elasticity for Reimer et al. (2012)
dinw?, soybean exports
T 1 0 0 Farm demand elasticity Estimated from input cost
0 1 0 for 2 seeds, land, and shares, reciprocity, and
05 01 05 other inputs with respect homogeneity conditions
05 0.1 0.5 to output quantities
H 0 0 0 0 Farm input demand Demand elasticity for land is
0 0 0 0 elasticities, low-oleic assumed to be —0.05; other
0 0 —-005 005 seed, high-oleic seed, derived demand elasticities
00 003 —-003 land, other are determined by reciprocity

and homogeneity conditions
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Table 3. Continued.
w/ 0.3 -0.004 -0.3 Inverse Hicksian supply Supply elasticity of low-oleic
—0.08 0.1 -002 elasticities for soybeans, soybean we estimate to be 0.3;
—0.02 0001 0.023 corn estimated others based on the
reciprocity and homogeneity
restrictions.
2 012 0 032 0.56 Farm input cost shares of USDA ERS (2021a,b)
0 012 032 056 2 seeds land, and other
0 0 036 064 inputs for low-oleic, high
oleic and corn
>f 0 0 0 0 Supply elasticities for 2 Kim and Moschini (2018);
0 0 0 0 soybean seeds, land, other elasticity of land, and other
0 0 005 005 inputs inputs are assumed.
0 0 -0.029 0.029

These findings suggest that in the absence of policy-driven demand increase, the adoption of GE high-oleic
soybeans may not be economically attractive for farmers due to increased production costs and limited
market response. Without a strong demand signal, processors and manufacturers have little incentive to
switch, making supply-side innovation alone insufficient to shift the market.

4.2 Market effects of GE high-oleic soybean introduction and trans-fat ban policy

The FDA trans-fat ban, which aimed to eliminate artificial trans fats from the food supply, officially took
effect on June 18, 2018. Although this marked the end of approval for partially hydrogenated oils (PHOs),
the agency granted manufacturers an extended compliance window, allowing products made before this date
to remain in distribution until January 1, 2021. In our model, this policy change is treated as a demand-side
shock that reflects the cumulative market adjustments following full enforcement. While the simulation does
not track year-by-year transitions, it captures the longer-term steady-state effects on the soybean oil market
once manufacturers have shifted toward alternative oils such as GE high-oleic soybean oil. These changes
are represented by exogenous shocks in demand of soybean oils and a price premium of GE high-oleic
soybean oil.

In the case of the lower-limit representation of the policy shock, the quantity of GE high-oleic soybeans in
the market would increase by 157.6% while the prices rise by 25.6%. GE High-oleic soybean oil quantity
increases by the same amount, but prices increase by 62.3%.!? The quantity for low-oleic oil would fall by
7.1% and the price by 16.9%. These results reveal that the equilibrium adjustments due to demand shocks
from trans-fat ban policies are likely to outweigh those due to the introduction of a new GE high-oleic seed.
In this representation of the policy, the price of corn increases by 5.3% as farmers switch from producing
corn to soybeans, while corn production decreases by 2%. The owners of soybean processing facilities
would experience a substantial reduction in the value of their facilities (—16.2%), because the total quantity
of soybeans being crushed decreases by 0.9%. Landowners realize increases in rents as soybeans increase
in price and quantity.

12 This is not a surprising result because the recent U.S. wholesale price of low-oleic soybean oil is 28.9 cents/pound, which is 62% lower than the
price of high-oleic sunflower oil (76 cents/pound) according to the USDA ERS (2020b).

International Food and Agribusiness Management Review

873



Lee et al.

Volume 28, Issue 5, 2025

Table 4. The percentage changes in market equilibrium with different shocks and scenarios

Introduction of a new
high-oleic GE variety

Lower-limit
representation of

trans-fat ban scenario

Upper-limit
representation of
trans-fat ban scenario

With 5% high-oleic
soybean market share

% change

Low-oleic oil market
High-oleic oil market
Soy meal market
Soybean processor’s
input market

Land market
Farmer’s other input
market

Corn market
Low-oleic soybean
market

High-oleic soybean
market

Low-oleic soybean
seed market
High-oleic soybean
seed market

Supply shock:

o

50% decrease in the
price of high-oleic
soybean seed

10.7% increase in
marginal cost of
producing high-

oleic soybean due to
increases in costs of
complementary inputs

Price Quantity
0.1% 0.1%
3.6% -1.8%
0.1% 0.0%

—0.3% 0.0%
0.0% 0.0%
—0.1% 0.0%
—0.1% 0.0%
0.0% 0.0%
4.5% —1.8%
0.1% 0.04%
—50.0% -1.8%

Demand shock:

s 189.2% increase in
demand (horizontal
shift) for high-oleic
soybean oil

= 15.7% decrease in
demand (horizontal
shift) for low-oleic
soybean oil

Supply shock:

= 50% decrease in the
price of high-oleic
soybean seed

= 10.7% increase in
marginal cost for

producing high-oleic

soybean
Price Quantity
-16.9% —7.1%
62.3% 157.6%
8.2% —2.9%
-16.2% -1.6%
1.5% 1.2%
7.6% 0.8%
5.3% —2.0%
1.8% —4.6%
25.6% 157.6%
—12.0% —4.6%
—49.8% 157.6%

Demand shock:

= 253% increase in
demand (horizontal
shift) for high-oleic
soybean oil

= 19% decrease in
demand (horizontal
shift) for low-oleic
soybean oil

Supply shock:

= 50% decrease in the
price of high-oleic
soybean seed

= 10.7% increase in
marginal cost for
producing high-oleic

soybean
Price Quantity
—21.3% —8.1%
79.9% 212.4%
11.8% —4.2%
—19.5% -1.9%
2.2% 1.8%
11.1% 1.1%
7.7% —2.9%
3.3% —5.8%
33.4% 212.4%
—15.1% —5.8%
—49.8% 212.4%
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In simulating an upper-limit representation of the policy shock, the results show in larger equilibrium
disturbances. For example, GE high-oleic oil price increases by 79.9% rather than 62.3%, with quantity
increasing by 212.4% rather than 157.6%. Similarly, the GE high-oleic soybean price increases by 33.4%
compared to 25.6% with the smaller demand shift. Owners of soybean processing plants (the processing
“other” input) experience a reduction in quantity processed, which reduces owners’ rents by 19.5%.

In both representations of the policy-induced demand shift, characterized by increased preference and a price
premium for GE high-oleic soybean oil, the equilibrium results show that high-oleic soybean production
becomes economically feasible. In contrast, conventional GM low-oleic seed suppliers face declining demand,
with seed prices and quantities falling by 12% and 4.6% under the lower-limit scenario, and by 15.1% and
5.8% under the upper-limit scenario. While the total seed volume remains relatively stable, these results
indicate a notable shift in market share toward GE high-oleic soybean varieties.

The differences between these scenarios indicate that the trans-fat ban shock is the primary shock to this
supply chain, while the supply shocks related to the introduction of a GE variety are relatively small.
These results are in line with the theoretical analysis by Giannakas and Yiannaka (2004). They found that
consumers’ valuation of the high-oleic attribute and the relative price will determine the success of this
new crop in the market. Because there appear to be no sufficient agronomic benefits or cost reduction for
adopting GE high-oleic soybean seeds, farmers would not benefit from the new varieties without increased
consumer demand.

These results highlight how trans-fat regulations can act as a catalyst for broader market realignments. The
policy-induced demand shift increases incentives across the value chain—from processors sourcing more
GE soybeans to farmers reallocating land from conventional crops to GE high-oleic soybean production.
Importantly, the analysis suggests that technological adoption alone (i.e., the introduction of GE seeds) is
insufficient to drive large-scale market changes unless accompanied by aligned demand-side signals. In
this case, regulation not only creates market pull for healthier oils but also alters incentives throughout the
supply chain. For stakeholders, from seed companies to food manufacturers, this underscores the strategic
importance of monitoring and anticipating food policy changes when planning for technology development
and commercialization.

4.3 Welfare changes

Table 5 reports the predicted welfare changes for buyers and owners for the two alternative representations
of the policy change with introduction of the new variety. The result shows that low-oleic soybean oil buyers
gain welfare valued between $1.12 billion and $1.40 billion because the price falls while substantial (though
reduced) quantities continue to be purchased. On the other hand, buyers of GE high-oleic soybean oil lose
market surplus of $0.71 billion to $1 billion because the price rises and at the same time, they are forced by
the policy change to consume more. In this study, traditional consumer surplus (recall that these consumers
are food manufacturers) is measured using demand curves consistent with the pre-shock equilibrium. The
ban on trans-fat in food manufacturing forces these buyers off their demand curves, which should lead us to
expect a reduction in welfare. However, the shocks result in a substantial price reduction in low-oleic oils
which results in a welfare gain that more than offsets the welfare lost by forcing buyers off their demand
curves. These impacts on buyers of edible oils of course do not include health benefits of the consumers
who ultimately consume the food products produced by the food manufacturers who are affected by the
trans-fat ban.

Because of reduced quantities and higher prices, soybean meal consumers suffer welfare losses of about
8.1% up to about 11.5% and corn consumers lose from about 5.2% up to about 7.6%. As fractions of market
value, these may seem small, but the markets are large. Soy meal demanders losses are from $1.22 billion
to $1.74 billion and corn consumers losses from $3.08 billion to $3.79 billion. Landowners would realize
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Table 5. Welfare changes in relevant stakeholders with the introduction of the GE variety under the two
representations of the trans-fat ban policy!

Lower-limit representation Upper-limit representation
As % of initial $ As % of initial $
market value market value
GM low-oleic oil consumers 15.1% 1.12 billion 18.8% 1.40 billion
GE high-oleic oil consumers? - —0.71 billion - —1.00 billion
Soy meal consumers —8.1% —1.22 billion —11.5% —1.74 billion
Corn consumers =5.2% —3.08 billion =7.6% —3.79 billion
Soybean processors -16.1% —2.99 billion —19.3% —3.58 billion
Landowners 1.5% 0.18 billion 2.3% 0.26 billion
GM low-oleic soybean seed suppliers ~ —11.8% —0.57 billion —14.7% —0.71 billion

! The welfare changes are computed as a fraction of initial market value and represented as percentage.
2 The welfare of high-oleic oil consumers is the area of the final consumer surplus triangle in $ given that we cannot compute a

percentage change from an infinitesimal initial market share

significant welfare benefits due to the increased rental rate, from 1.5% to 2.3% of land value, or $0.18 to
$0.26 billion in total welfare value. The welfare effects for the seed innovator are not properly represented
in our model because our specification of variety introduction as a reduction in price is just an artifice to
represent the new seed introduction. However, this study captures that conventional bio-seed companies
would experience a welfare loss in the range of —11.8% to —14.7% because of reduced demand.

The results indicate that short-term welfare gains accrue mostly to low-oleic oil purchasers and farmland
owners, while processors and corn purchasers may lose welfare. These findings provide useful insights for
farmers who have an opportunity to increase GE high-oleic soybean production at a time when demand
increases due to the trans-fat ban, despite an increase in the production cost relative to current varieties.!3
Food manufacturers and other consumers can also expect benefits from using GE high-oleic soybean oil
because it can be relatively cheaper than other high-oleic substitutes and has better quality compared to
low-oleic oils. Therefore, although low-oleic bio-seed production companies experience short-term welfare
loss due to the reduced demand for conventional soybean seed, the important step for them is to successfully
commercialize GE high-oleic soybean varieties.

While the results highlight opportunities for certain stakeholders, they also point to transitional challenges
for others. In particular, processors and corn purchasers may experience relative welfare declines due to
changing input demands and price adjustments along the supply chain. These outcomes reflect the complex
redistribution of value in response to policy-driven demand shifts. Furthermore, the welfare estimates presented
here do not account for broader societal benefits such as improvements in public health, suggesting that the
overall gains from trans-fat regulation may be underestimated. Given these considerations, complementary
policies that support adaptation and encourage consumer awareness may help balance these effects and
maximize net social benefits.

13 To explore how the assumption about the level of initial market share affects impacts on the equilibrium markets, sensitivity analysis was conducted
by varying the initial market share as 5, 10, 15 and 20%. The magnitude of changes in equilibrium prices and quantities increases were within a range
of 9-25% as initial market share rises over that range. The changes in equilibrium adjustments are largest in prices for soybean and oil markets, but
quite low in quantities of other relevant markets such as soy meal. These variations in the market share led to increasing welfare losses for corn and
soy meal consumers and soybean processors, while land and other input owners experience greater welfare gains.
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5. Conclusions, implications and limitations

A high-oleic acid soybean variety became the first GE crop commercialized in the U.S., with an expectation of
substantial demand due to its nutritional benefits and given the impending trans-fat ban in food manufacturing.
This study develops an extensive multi-market analysis of the economic impacts and welfare implications of
those changes along the supply chain: farm production, the soybean crushing industry and food manufacturing.
An equilibrium displacement model is used to estimate the effects of the introduction of a GE high-oleic
soybean variety into a market traditionally dominated by GM low-oleic soybeans, both with and without
the imposition of a ban on trans-fat in food manufacturing.

The introduction of the new variety alone was found to have little impact on markets. The bulk of the market
impacts would only occur only with a simultaneous ban on trans-fat in food manufacturing that increases
demand for GE high-oleic soybeans. An estimated yield drag that increases the farm cost of production
relative to standard soybeans limits the impact of the variety alone. However, our findings also indicate that
even if bio-seed companies could increase the yield of GE high-oleic soybean to the level of GM low-oleic
soybeans, the impact would still be relatively minor.

The primary economic winners from GE high-oleic soybean adoption given the trans-fat ban are consumers
of GM low-oleic soybean oil and farmland owners, while corn consumers and soybean processors experience
the largest losses. GM low-oleic oil consumers would gain $1.12—1.40 billion in consumer surplus annually
(15-19% of market value), due to the 17-21% fall in price. Farm landowners would also gain, about
$0.18-0.26 billion annually (1.5-2.3% of total land rent) due to a 1.5-1.8% increase in land rental rates.
Corn consumers would lose the most, $3.08-3.79 billion annually (5.2—7.6% of the value of the corn crop),
followed by soybean processors at $2.99-3.58 billion (16.1-19.3% of processing costs). GE high oleic soybean
oil consumers would lose because the price is expected to rise by 4.5%, but this loss is small ($0.71-1.00
billion annually) because of the limited quantity traded. Our approach does not allow for identifying welfare
effects on GE high-oleic soybean seed innovators, as it relies on a hypothetical reduction in the seed price
as the method for introducing the variety.

The success of the GE high-oleic soybean variety will primarily depend on policy-driven and consumer-driven
demand. This demand will be increased by trans-fat ban regulations in the U.S. and globally, and could
be further influenced by marketing strategies that highlight the benefits of high-oleic soybean oil over
other vegetable oils. To enhance adoption and demand, food and agribusiness companies should consider
investing in marketing campaigns to educate consumers about the nutritional benefits, functional stability,
and regulatory advantages of high-oleic soybean oil. Such efforts could help drive higher demand, making
the GE high-oleic soybean variety more commercially viable.

5.1 Limitations and future research

This study could be extended in numerous ways. First, the analysis could be expanded to include the world
edible oil market to explore how different agents in different countries interact under the trans-fat ban
movements that are spreading to the developed and developing countries. Second, it would be also useful
to evaluate substitution relationships among various types of oils, such as palm oils and canola oils that are
substitutes for low-oleic soybean oil. Finally, given that the trans-fat regulation decreases the risk of diseases
and mortality (Downs et al., 2017; Restrepo and Rieger, 2016), one could take into account the welfare
benefits from healthcare cost savings from consuming higher quality edible oils. These extensions could
provide more information about how the edible oil markets change under this kind of new food innovation
and provide alternative strategies to U.S. soybean producers and relevant stakeholders.
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