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Impacts of Expanded Ethanol Production on

Southern Agriculture

Dwi Susanto, C. Parr Rosson, and Darren Hudson

This study analyzes the potential impacts of expanded ethanol production on southern

agriculture. Results of regression analysis suggest that acreage planted for field crops (corn,

cotton, soybeans, and wheat) is inelastic with respect to relative prices. The results provide

statistical evidence of potential significant acreage shifts favoring corn over cotton,

soybeans, and wheat. Simulations indicate that higher corn prices will increase corn acreage,

but the South continues to be a deficit corn region. U.S. corn production is capable of

supplying domestic demand for ethanol, feed for livestock and poultry, and other uses,

while maintaining exports at more than 2 billion bushels annually.

Key Words: acreage shifts, corn exports, ethanol production, southern agriculture

JEL Classifications: Q11, Q42

Ethanol production in the United States

increased fivefold over the last decade, reach-

ing 4.86 billion gallons in 2006. It is expected

that ethanol production will grow more

rapidly in the future as industry expansion

takes place and the mandatory Renewable

Fuel Standards (RFS) through the Energy

Independence and Security Act (EISA) of

2007 requires fuel producers to use at least

15 billion gallons of ethanol by 2015. The

Renewable Fuels Association (RFA) reported

that there are currently 141 active plants

capable of producing 8 billion gallons of

ethanol per year. Most of these existing

facilities are located in the Midwest and North

Central United States. An additional 59 plants

under construction and 7 plants under expan-

sion will add 5.406 billion more gallons of

capacity, bringing total biofuels capacity to

13.4 billion gallons.1

The rapid expansion of ethanol production

affects virtually every aspect of the field crops

sector, ranging from domestic demand and

exports to prices and the allocation of acreage

among crops (Wescott; Elobeid et al.). For the

southern states,2 the impacts have not yet

completely manifested themselves but it is

likely that the South will face adjustment

challenges in the future if requirements of

EISA are fully met. First, increased corn

demand will initially cause higher corn prices,

inducing farmers to increase corn production

(Schoonover and Muller). Corn production
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can be increased by increasing corn acreage or

yields. Expansion of corn acreage will likely

occur at the expense of other crops such as

soybeans, wheat, and cotton or possibly some

of the land currently held in the Conservation

Reserve Program. This latter outcome is

unlikely, however, given the substantial pen-

alties for withdrawing land before the end of

the agreed-upon contract period. Second, the

South has historically been a grain-deficit

region. Therefore, an increase in demand for

corn for ethanol feedstock will have a

significant impact on the livestock and poultry

sectors because they compete directly with the

ethanol industry for corn supplies.

The main objective of this study is to

analyze the potential impacts of expanded

ethanol production on southern agriculture,

utilizing the RFS set forth in the EISA 2007.

The specific objectives are (1) to analyze the

impact of ethanol production on corn area

planted and competing commodities: cotton,

wheat and soybeans, (2) to project future corn

supply and utilization, and (3) to describe the

impacts of ethanol production on livestock

and poultry industries that rely on corn as an

important input.

Crop Acreage

Table 1 shows area planted for the four main

crops that were analyzed (corn, cotton,

soybeans, and wheat). Grain sorghum was

included in the table for discussion purposes,

but was not explicitly analyzed in the study.

Excluding 2007, area planted for corn had

been relatively stable, with slight declines

occurring in 2001 and 2006 (Table 1). Soy-

beans and wheat exhibited a downward trend.

Cotton acreage showed a light upward trend

over the sample period. Before 2007 it does

not appear that higher corn prices had any

major impacts on the distribution of crop

area. In 2007, however, corn area increased by

51.4% from the previous year, while area

planted to cotton dropped by 30.0%. Sorghum

area had also been declining, but rebounded in

2007 largely in response to higher corn prices

and increased demand for substitutes. The

soybean area also experienced a decline, but to T
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a lesser extent (10.5%) than the other crops.

Somewhat surprising is the area planted for

wheat, which increased from 13.7 million acres

(2006) to 15.9 million acres (2007), an increase

of 15.7%. These additional wheat acres in the

South accounted for 70% of the U.S. wheat

area expansion. The most recent data clearly

signal the impact of higher demand for corn,

particularly from the ethanol industry. The

expansion of corn acreage in the South seems

to come at the expense of other crops,

particularly cotton and soybeans.

Acreage changes among the four main

crops were examined using regression analysis

acreage planted as a function of relative price

ratios and a dummy variable (Dummy post-

2006) representing the acreage shift in 2007 as

explanatory variables. To detect changes

across regions, dummy variables were includ-

ed for each of the four southern production

regions (Green). The 12 southern states were

grouped into four different regions: Southern

Plains (Texas and Oklahoma), Delta (Arkan-

sas, Mississippi, and Louisiana), South East

(Alabama, Florida, Georgia, and South Car-

olina), and Appalachian (Tennessee, North

Carolina, and Virginia).3 The data used in

estimation are from the U.S. Department of

Agriculture (USDA) and cover the period of

1995 to 2007. The regression results are

presented in Table 2. Because all variables

except the dummy variables are in log values,

the coefficient estimates indicate elasticities of

relative prices.

All estimated price ratio parameters are

less than one, indicating that area planted of

the four crops is not highly responsive to

changes in relative prices. Not all parameter

estimates have the expected signs, nor are they

significant. Four of the parameters of relative

prices have signs contrary to those expected,

but these parameters are not significant. The

relative price of corn to cotton in corn and

cotton equations, relative price of corn to

wheat in corn equation, relative price of

cotton to soybeans in the cotton equation,

and relative price of soybeans to wheat in the

soybean equation are all significant. The

parameter estimates are similar in magnitude

(less than 0.4), except for the relative price of

corn to wheat in corn acreage, with a

magnitude slightly higher than 0.6. Although

the estimates show inelastic responses of

acreage to changes in relative prices, there is

statistical evidence of possible switching acre-

age planted between cotton and corn, cotton

and soybeans, corn and wheat, and soybeans

and wheat. Another point to mention is that

none of the parameter estimates of relative

prices in the wheat equation is significant. This

result may limit the effectiveness of the

simulations discussed in the next section.

Another important point is about the

relative price of corn to soybeans. The

estimates of this variable are not significant

in either the corn or the soybean acreage

equation. The lack of statistical significance of

the relative price of corn to soybeans can be

explained in part by the fact that corn and

soybeans are normally planted in rotation.

Switching soybeans to corn is fairly common,

but relative prices have favored corn for most

of the analysis period. Data show that the

average of the soybean to corn price ratio is

2.3, which is higher than the ratio that is

normally required to move acres of soybeans

into corn—less than 2:1 (Peel). Inferences

using these nonsignificant parameters, if made

at all, should be made with caution.

In the case of the dummy variables, 11 of

the 12 parameter estimates for regional

dummy variables are significant. All parame-

ter estimates of the dummy variables for post-

2006 are significant, indicating statistically

significant crop changes after 2006.

Impacts of Changes in Commodity Prices

Corn prices have increased to their highest

levels in the last decade. Sustained increase in

demand for ethanol is one important factor. In

2007 corn prices averaged at $3.04 per bushel,

a 52% increase over the 2006 average price

(Table 3). The impacts of higher prices will

likely go beyond corn. Farmers are likely to

switch acreage to corn from soybeans, wheat,

and even cotton. This will lead to lower

3 For simplicity, Kentucky is excluded from the

analysis because it does not produce cotton.

Susanto, Rosson, and Hudson: Impacts of Ethanol Production 583
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production for those other products and thus

higher prices. This section presents simula-

tions of the likely impacts of changes in

commodity prices on acreage shares, acreage

planted, and total production. The analysis is

extended to highlight the impacts of changes

in production on infrastructure.

Four scenarios were simulated (Table 4),

where each scenario is based on changes in

commodity prices as described in Table 3.

Under scenario 1, both corn and soybean

acreage decreased by 8.17% and 4.39%,

respectively, whereas cotton and wheat acre-

age increased by 7.97% and 7.16%, respec-

tively. This is as expected given price changes

used under scenario 1 where percentage

changes in corn and soybean prices fall, but

cotton and wheat prices increase. Scenario 2

shows opposite results to scenario 1. A 52%

increase in corn price is associated with an

increase in the relative price of corn to the

other commodity prices. As a result, corn

acreage increased by 41.8% from the base,

while cotton acreage declined 20.4%.

Scenario 3 analyzed the situation where all

prices increase but the results showed a decline

Table 3. Prices Used in Simulations

Year Corn ($/bu) Cotton (cents/lb) Soybeans ($/bu) Wheat ($/bu)

2005 2.06 42.00 5.74 3.40

2006 2.00 47.70 5.66 3.42

2007 3.04 46.50 6.43 4.26

2008 4.00 61.40 10.40 6.65

Assumed price 7.00 85.00 13.50 8.75

Source: Price data from 2005 to 2007 are from National Agricultural Statistics Service (NASS), USDA. The 2008 price data are from

World Agricultural Supply and Demand Estimates (WASDE): average of mid-point prices for January and February. Assumed

prices are based on future prices obtained from Chicago Board of Trade (CBOT) and National Cotton Council of America.

Table 4. Percentage Price Changes Used in Simulations and Simulation Results with 2007-

Based Acreage

Scenario

Price

Changes (%)

Base Acreage

(1,000 acres)

Simulated Acreage

(1,000 acres)

Acreage Change

(1,000 acres)

Acreage

Change (%)

Scenario 1

Corn 2.91 8,635 7,930 2705 28.17

Cotton 13.57 9,689 10,461 772 7.97

Soybeans 21.39 9,059 8,661 2398 24.39

Wheat 0.59 15,458 16,566 1,108 7.16

Scenario 2

Corn 52.00 8,635 12,247 3,612 41.83

Cotton 22.52 9,689 7,710 21,979 220.43

Soybeans 13.60 9,059 9,112 53 0.59

Wheat 24.56 15,458 14,463 2995 26.44

Scenario 3

Corn 31.58 8,635 7,488 21,147 213.28

Cotton 32.04 9,689 9,363 2326 23.36

Soybeans 61.74 9,059 9,524 465 5.13

Wheat 56.10 15,458 13,654 21,804 211.67

Scenario 4

Corn 130.26 8,635 9,462 827 9.57

Cotton 82.80 9,689 8,874 2815 28.41

Soybeans 109.95 9,059 9,421 362 4.00

Wheat 105.40 15,458 14,515 2943 26.10

Susanto, Rosson, and Hudson: Impacts of Ethanol Production 585



in all crop acreage except soybeans. One

explanation for this result is that the decision

with regard to acreage planted is based on

relative prices. Therefore, the results depend

on the magnitude of change in relative prices.

The high percentage increase in soybean prices

in scenario 3 resulted in a net positive increase

in soybean acreage. Similarly, a large increase

in the prices of the other crops resulted in a

lower area planted. The slight reduction in

cotton acreage may be attributed to rigidities

associated with specialized infrastructure such

as cotton gins, especially in the short run.

Scenario 4 was performed assuming there

are large increases in all prices. This situation

is likely during periods of drought or unusu-

ally strong demand, resulting in high com-

modity prices. The assumed prices were based

on future market prices. As shown in Table 3,

corn prices increased the most, followed by

soybeans, wheat, and cotton prices. Simula-

tions indicate that corn area increased by

nearly 20%, or an additional 1.7 million

acres. The increase in corn acreage is mainly

at the expense of cotton acreage. Cotton-

planted area declined by about 12% or 1.1

million acres. Soybeans area increased 4.3%

(387,000 acres), while wheat area fell about

5%. One should note that none of the price

coefficients in the wheat equation is significant.

The four scenarios show that a relatively

large increase in corn prices led to substantial

increases in corn acreage. Assuming yields are

constant, this will result in an increase in corn

production and decrease in production of

other commodities. These results have some

implications for transportation infrastructure,

grain drying, and grain storage facilities.

Recent studies have shown that rapid increas-

es in ethanol production will have substantial

impacts on infrastructure. Ginder, for exam-

ple, projected that an increase of corn

production in Iowa from the current level of

2.6 billion bushels to 3.96 billion bushels will

require an additional storage capacity of

nearly 1.4 billion bushels. Furthermore, high-

er corn production will create a need for an

increased availability of trucks and rail cars,

along with the receiving capacity at ethanol

plants and grain elevators.

Assuming 140-bushel corn yields, scenarios

2 and 4 will result in an addition of

505 million bushels and 236 million bushels

of corn, respectively. With such an increase,

the South can expect major pressure on

existing infrastructure. The pressure will not

only strain storage capacity, but also trans-

portation systems such as trucking, rails, and

barge shipping. The most important impacts

are depicted by the decrease in cotton

production. Scenario 2 results in a reduction

in cotton acreage of nearly 2 million acres.

Assuming cotton yields of 900 pounds of lint

per acre, the reduction in cotton acreage is

translated into approximately 3.95 million

bales. Scenario 4 results in a lower reduction

in cotton output, about 2.1 million bales. If

this shift in cotton acreage persists, the

industry will experience a larger impact than

other crop sectors because some gins will be

permanently closed and cotton producers will

face higher transportation costs and lower

prices.

Corn Supply and Utilization: Projection

Methods of Projection

Corn has dominated recent discussions about

expanded ethanol production and its impacts

on agriculture. The following analysis includes

projections of corn supply and utilization,

including corn used for ethanol production,

livestock feed, and exports. This analysis is

very important given the fact that livestock

and poultry industries in the South compete

directly for supplies of corn used by the

ethanol industry. More importantly, the no-

tion of the South as a grain-deficit region will

make the analysis more relevant as ethanol

production expands.

Several steps were performed in making

projections of corn supply and utilization.

Corn supply consists of corn production,

beginning stocks, and imports. Corn produc-

tion equals area harvested times corn yield.

Area harvested is projected using an exponen-

tial growth function. The growth function is

first estimated using a nonlinear procedure to

obtain the growth rates. To account for the
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acreage shift in 2007, a dummy variable for

the year 2007 is included in the model. Corn

yields are projected using estimated geometric

means for the period of 1990 to 2006. The

estimated growth function and the geometric

growth of corn yields are used to project corn

area harvested and corn yield, respectively in

the southern states and rest of U.S. states

(ROS). Corn production in the United States

is the sum of corn production in South and

ROS. The South was divided into four main

subregions: Southern Plains, Delta, South

East, and Appalachian.

U.S. corn imports are assumed to grow at a

rate of 6.97%, which is the geometric average

growth from 1990 to 2006. Ending stocks are

assumed to stay constant during the period of

projection at 15% of total production. Ending

stocks of period t are the beginning stocks of

period t + 1.

In terms of corn utilization, corn for seed

and corn for food and industrial use are

projected at the rates of 1.26% and 1.43%,

respectively. These growth rates are the

geometric average growth from 1990 to 2006.

Because data on corn used for feed and

residual are only available for the total United

States, the regional allocations were based on

the relative proportions of grain-consuming

animal units4 in the South.

Ethanol production is broken down into

two subregions: southern states and ROS.

From 2008 to 2014, ethanol production in

ROS is assumed to grow at the rate of 10.7%,

which is the estimated geometric average

growth from 1985 to 2006. Beyond 2014,

ethanol production in ROS is assumed to

grow at the rate of 3.5%. Ethanol production

in the southern states is estimated on the basis

of current plant capacity and capacity under

construction (see footnote 4), which according

to RFA amounts to 493 million gallons per

year for corn-based ethanol. Corn used for

fuel is calculated on the basis of the rate of

2.75 gallons of ethanol per bushel of corn.

Ethanol Production, Ethanol Feedstock, and

Corn Exports

Table 5 summarizes the projections of ethanol

production and corn exports in the Unites

States and the southern states. Ethanol

production in the South in 2007 was 100 mil-

lion gallons (Table 5). This represents the

total of current capacity of corn-based ethanol

(RFA). Ethanol production increased in 2008

as biorefineries currently under construction

started to produce. Full capacity in the

Appalachian states and Southern Plains is

projected to be achieved in 2011 and 2013,

respectively. Afterward, production is project-

ed to grow at the rate of 3.5%. As shown in

Table 5, ethanol production in the South is

projected at 513 million gallons in 2013 and

588.7 million gallons by 2017. This assumes

that no additional capacity comes on line

during the projection period.

RFA data indicate that U.S. ethanol

production recorded in September 2007 was

4.7 billion gallons. With an average monthly

production of 0.57 billion gallons per month,5

2007 U.S. ethanol production was estimated at

6.4 billion gallons. Total U.S. ethanol pro-

duction in 2008 is projected to be 7.2 billion

gallons. According to the EISA of 2007, fuel

producers are required to use at least 15 bil-

lion gallons of conventional biofuel by 2022.

However, if the 15 billion gallon target is

achieved in 2015, additional output will not

receive tax credits. Our analysis shows that

U.S. ethanol production is projected to reach

approximately 14 billion gallons in 2015. This

is likely to be achieved given the tax credit

schedules. Our analysis also indicates that the

mandatory RFS will be achieved if ethanol

production grows 11% annually.

When converted into corn feedstock, total

ethanol industry demand for corn in the

United States is projected at 2.6 billion bushels

in 2008. In 2015, demand for corn feedstock is

projected at 5.1 billion bushels. In the South,

demand for corn for ethanol feedstock is

projected at 59.2 million bushels in 2008. This

4 Due to space limitations, the detailed procedure

is not presented here. Interested readers may obtain

the detailed procedure by contacting the authors.

5 This is approximated using 2007 monthly data of

U.S. ethanol production as reported by RFA.
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constitutes 5.2% of corn production in the

South or 2.7% of total domestic use.

U.S. corn exports are projected to be

3.36 billion bushels in 2008 (Table 5). In the

following year, corn exports are projected to

decline and reach their lowest level of 2.3 bil-

lion bushels in 2014 before starting to rebound

in 2015. Our projections show that corn

exports start to rebound by the time ethanol

production approaches the mandatory RFS of

15 billion gallons. Given these projections,

there will be only minimal adjustment in corn

markets. Increased domestic demand for corn

will be met from additional domestic produc-

tion. The United States is projected to

maintain corn exports at about 2.5 billion

bushels annually.

The South also is projected to continue as a

corn deficit region. Of the four regions, the

corn deficit in the Southern Plains grows at a

faster rate than that in the Delta and

Appalachian regions. The corn deficit in the

Delta, on the other hand, is projected to

decline because corn production in the Delta

region is projected to grow at a faster rate than

that in the other three regions.

Corn Use for Feed and Residuals

Table 6 provides projections of corn use for

feed and residuals in both the United States

and the South. Corn used for feed and

residuals in the South is projected at a level

of 2.01 billion bushels in 2008. This consump-

tion level accounts for 75% of annual produc-

tion and about 92% of total domestic use (on

the basis of Tables 6 and 7). Although the

South constantly experiences corn deficit, the

deficit declines over time.

Impact on Livestock and Poultry Sectors

Livestock and poultry sectors are projected to

compete directly with the ethanol industry for

corn. This can be seen in the projections in

Table 7 where shares of corn for feed and

residual use relative to total domestic use

decrease constantly during the projection

period, from 92% in 2008 to 85% in 2017.

On the other hand, shares of corn for ethanol

feedstock increase from 3% to 9% during the

same period. Although the livestock and

poultry sectors will face challenging competi-

tion from the ethanol industry, we argue that

the impacts may not be as severe as many

analysts expect, in the sense that corn will be

available from domestic production. One can

observe that U.S. corn exports will not be

severely affected by growing demand for corn.

In fact U.S. corn exports remain above

2 billion bushels annually over the entire

projection period.

Table 6. Projected Corn Use for Feed and Residuals and Shares of Feed and Residuals to Total

Corn Production

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Corn Use for Feed and Residuals (Million bushels)

USA 6,121 6,177 6,230 6,281 6,329 6,375 6,418 6,459 6,499 6,536 6,571

Southern States 1,993 2,011 2,029 2,046 2,062 2,077 2,092 2,106 2,120 2,133 2,146

South Plains 466 479 491 503 514 526 538 549 560 571 582

Delta 445 447 450 452 453 455 457 458 459 460 461

South East 518 520 522 524 525 526 527 528 529 530 531

Appalachian 564 566 567 568 569 570 570 571 571 572 572

Percent of Feed and Residual to Total Production (%)

USA 46.8 46.4 45.8 45.2 44.5 43.9 43.2 42.5 41.8 41.1 40.4

Southern States 178.5 175.2 171.7 168.1 164.3 160.4 156.4 152.2 148.0 143.8 139.5

South Plains 152.5 152.3 152.1 151.8 151.4 150.9 150.3 149.6 148.7 147.8 146.8

Delta 128.3 120.4 113.0 105.9 99.3 93.0 87.0 81.5 76.2 71.3 66.7

South East 494.1 506.7 519.8 533.0 546.4 559.9 573.6 587.5 601.6 615.9 630.5

Appalachian 157.1 157.2 157.2 157.2 157.1 157.0 156.9 156.7 156.5 156.3 156.1
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One of the most profound impacts of

increased corn demand on the livestock and

poultry sectors is high corn prices (as opposed

to availability), which consequently generates

higher feed costs. The rising market demand

for ethanol has created upward pressure on

corn prices over the last several years. From

2000 to 2006, for example, corn prices

increased from $1.85 per bushel to $3.00 per

bushel. If these higher corn prices are sus-

tained, they will likely lead to a reduction in

corn use for livestock feed and encourage

livestock producers to seek alternative feed

sources, such as grain sorghum and possibly

wheat in some cases. By-products from

ethanol production such as wet and dried

distiller grains provide other alternative sourc-

es of livestock feed (FAPRI), but this may

create problems for poultry and hogs because

of their lower and more variable nutritional

properties. With limitations that require more

intensive management, ethanol by-products

may still be used as an alternative source of

feed for livestock and these alternatives are

also relatively less expensive than corn.

There will likely be some sources of

livestock feed than can offset the higher corn

prices and reduce dependency on corn. Fur-

thermore, the development of advanced bio-

fuels (renewable fuel other than ethanol

derived from corn starch) may also increase

corn availability for livestock and poultry

(Baker and Zahniser). Finally, new or im-

proved technological efficiency in ethanol

production could alter these results. We also

assume that current ethanol policies remain in

place.

Conclusions

Before 2006, empirical data show that there

had not been a significant impact of ethanol

expansion on southern agriculture, particular-

ly with respect to area planted to corn and

other crops: cotton, soybeans, and wheat. In

2007, however, it appears that a significant

shift in area planted occurred in which the

share of corn acreage increased from 15%

(2006) to 22% (2007) and the share of cotton

acreage declined from 30% (2006) to 21%

(2007).

Results of regression analysis suggest that

the acreage planted for field crops under study

are inelastic with respect to relative prices. The

results also suggest statistical evidence of

acreage changes between cotton and corn,

cotton and soybeans, corn and wheat, and

soybeans and wheat. Simulations on the basis

of these regression results reveal that a

relatively larger increase in corn prices than

other crop prices leads to an increase in corn

acreage. Assuming constant yields, this will

result in an increase in corn production and a

decrease in production of other commodities

that eventually will have a serious impact on

infrastructure, particularly for the cotton

industry.

The southern states are projected to

continue experiencing a deficit in corn. How-

ever, the deficit will be met by increased

domestic production. Although corn con-

sumption for feed in southern states is

projected to increase, its share relative to

domestic corn use should decline over time.

Corn used for ethanol feedstock, on the other

hand, grows at a faster rate such that its share

relative to total domestic use increases sub-

stantially during the projection period.

The major impacts of ethanol production

on livestock and poultry are higher prices of

corn instead of less availability of corn

supplies. U.S. corn production is capable of

supplying domestic ethanol requirements and

feed for livestock and poultry as well as other

uses, while maintaining exports at current

rates, approximately 2.5 billion bushels annu-

ally. The development of advanced biofuels

may also release additional corn supplies for

feed, while the by-products from the ethanol

industry provide alternative sources of feed to

livestock and poultry producers.
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