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ABSTRACT 

Despite much research on feed grains and oilseeds, little is known about the 

dairy industry’s influence on aggregate cottonseed demand.  A transcendental 

logarithmic production model with regional dummy variables is used to estimate the 

U.S. dairy industry’s derived demand for cottonseed meal, corn, alfalfa hay and other 

grains.  Own-price and cross-price elasticities for the U.S. dairy industry are estimated 

using a marginal approach.  Two case analyses: selected plausible future price events 

in the feed grains market and increases in milk production are investigated to 

determine its effect on aggregate demand for cottonseed and cottonseed prices.   This 

analysis enables forethought concerning the domestic demand for cottonseed and its 

implication for cotton farmers and their expected revenues from cottonseed.  
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CHAPTER I 

INTRODUCTION 

 
Most U.S. farmers have been quite comfortable with the 2007 Farm Bill 

particularly the major commodity groups who have been its primary beneficiaries.  

The bill has generated much criticism because of its cost and has become extremely 

unpopular with developing countries.  Cotton farmers are aware that their safety net 

might be much smaller for years to come given forecoming negotiations of cotton 

support within the World Trade Organization (WTO). 

A fundamental purpose of a farm policy safety net is to help producers manage 

risk.  The major risks faced by cotton farmers are weather and price.  These two 

components constitute most of the revenue risk faced by all farm operations.  With 

government subsidized public and private sector crop insurance, emergency disaster 

programs, and certain commodity program benefits, weather risk has been well 

managed.  On the other hand, U.S. farmers have been managing price risk by using 

private sector mechanisms such as futures, options and forward contracts.  Yet even 

these can be inefficient mechanisms for managing price risk as neither ascertains 

profit gained for a crop year (Yeutter, 2005).  Cotton farmers need to find other ways 

to assure profit margins.  

In the face of managing market signals, such as prices and expected yields, 

cotton farmers must decide how much acreage must be planted in order to balance 

production, demand and profit margins.  Cotton has been grown for its fiber for 
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several thousand years.  The use of cottonseed on a commercial scale is of relatively 

recent origin.  With each 100 pounds of fiber the cotton plant produces approximately 

162 pounds of cottonseed per acre (USDA, 2008).  Cotton farmers have historically 

relied on cotton fiber as the main source of income representing an average of 83.8 

percent of gross value of production for 2006 (USDA, 2008).  On the other hand, 

cottonseed, a by-product of a very significant U.S. crop, has mainly been a source of 

cash funds.  Many cotton farmers depend upon the income from cottonseed sales to 

pay the costs of ginning their cotton.  Revenue from cottonseed is often the only 

source of cash at harvest time for these producers and must support them until lint 

sales are large enough to pay off their debts (Bondurant, 1998).  Cottonseed 

represented an average of 16.2 percent of gross value of production in 2006 (USDA, 

2008).   

With WTO challenges and long term declining cotton fiber prices, cotton 

farmers may now have to find additional sources of income.  That is, they may 

eventually need to rely more on the cash funds from cottonseed.  The national average 

for 2006 was around 1,113 pounds of cottonseed produced per acre of cotton grown, 

with an average price of $0.06 per pound (USDA, 2008).  Less than 5 percent of the 

seed must be set aside to plant the following year's crop.  The remaining seed is used 

as raw material for the cottonseed processing industry or is fed to cattle while a small 

amount is exported (National Cottonseed Products Association, 2007).     

The crushing industry and the dairy industry are the main components of 

demand for cottonseed.  Both determine the market price for cottonseed.  According to 
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Robinson (2001), “Typically about half of the cottonseed… produced each year is 

used for dairy feeding.”  In many U.S. regions, the dairy industry pays a premium over 

the oil mill price.  The oil mill determines the price it will offer for seed based on the 

value of the products it can obtain from cottonseed (oil, meal, hulls, and linters).  The 

dairy industry determines the quantity of cottonseed they will use in the ration based 

on the nutrient characteristics, price, and the substitutability and complementarities of 

the nutrients found in other inputs.  Cottonseed provides additional fat to dairy cows to 

improve butterfat and the hull provides fiber (Robinson, 2000).  Competition among 

mills and other handlers for available seed frequently leads to higher prices 

(Bondurant, 1998).   

The growing demand for cottonseed has increased cottonseed prices 

substantially.  Cottonseed prices have risen on average from $89.50 per ton in 2001 to 

$110 per ton in 2006 (USDA, 2007).  In February 2008, average cottonseed prices 

were estimated at $168 per ton, representing an 87.7 percent increase from 2000 and a 

52.7 percent increase from 2006 (USDA, 2008).  During the first quarter of 2008 

market prices in West Texas reached $270 dollars per ton. 

Increasing demand for cottonseed might also be due in part to the ethanol 

effect.  Welch (2007) has stated that for the next few years there will be decreased 

cotton plantings, lower production, higher cotton lint market prices and substantially 

higher cottonseed prices.  The culmination of these effects would increase cotton 

producer net revenue particularly from the sale of cottonseed.  The ethanol effect may 

also result in increased net returns for corn and soybean producers, while cotton 
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producers with the production flexibility to grow alternative crops, may shift acreages 

to corn or soybeans.  Rising prices for soybean oil may mean higher prices for 

substitute vegetable oils such as cottonseed oil, which may mean higher cottonseed oil 

prices, and thus cottonseed prices (Robinson, 2007). 

As a result, there is a need to identify the factors that have a direct or indirect 

effect on aggregate demand for cottonseed, especially the dairy industry’s derived 

demand for cottonseed which is expected to use approximately half of the cottonseed 

produced.  By estimating the dairy industry’s demand parameters and accounting for 

the crushing industry’s previously estimated demand, a more accurate assessment of 

cottonseed prices can be determined and, consequently, the level of cash funds that 

cotton farmers can receive during future crop years can be estimated.  This analysis 

will allow cotton farmers to better project future incomes from cottonseed, evaluate 

their price risk, and determine the approximate gross value of revenue they may 

receive from cottonseed. 

 

Objectives 

This study seeks to analyze the factors that have an effect on aggregate demand 

for cottonseed by estimating the dairy industry’s derived demand for cottonseed and 

taking into consideration the crushing industry’s already estimated demand as well as 

forecasted cottonseed supply.  The study will focus mainly in the U.S. dairy industry’s 

derived demand for cottonseed, and other feed grains and forages, estimate the 

industry’s input demand elasticities as well as its output elasticities.  Finally, a case 
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analysis of plausible future price events in the feed grains market will be analyzed to 

help determine how it affects shifts in projected aggregate demand for cottonseed and 

consequently its effect on forecasted cottonseed prices.   Similarly, a case analysis of 

how plausible increases in dairy industry production may affect the local demand for 

cottonseed and other feed grains will be estimated.   
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CHAPTER II 
 

LITERATURE REVIEW 

 
 

In general, the objective of the literature review is to learn as much as possible 

from other research available and to provide an understanding of each reading.  In this 

chapter, the analysis of literature that is relevant to this study is presented in four main 

categories: the crushing industry and demand for cottonseed products (oilseed, oil, and 

meal), the ethanol effect on the pricing structure of grain commodities and oilseed 

markets, the dairy industry’s derived demand for feed grains and meals and its effect 

on cottonseed prices, and the transcendental logarithmic production model.  

 

The U.S. Crushing Industry and Demand for Cottonseed Products 

Most research conducted on the demand for fats and oils evaluates long-run 

demand relationships.  However, Goodwin, Harper and Schenepf (2002) conducted a 

study of short-run (monthly) demand relationships for edible fats and oils.  It is 

suspected that because of biological production lags the short-run (monthly) supply of 

individual fats and oils is likely to be very inelastic.  Thus monthly quantities of fats 

and oils are likely to be relatively fixed, and as a result an inverse Almost Ideal 

Demand System (AIDS) specification was utilized.  The analysis allows the demand 

system to vary in accordance with structural shifts that may have impacted short-run 

patterns of consumption.  It utilizes a smooth, continuous transition function to model 

gradual shifts in the structural parameters of the inverse demand system.  The timing 
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and speed of the structural shifts were endogenously modeled.  This permits the 

application of standard maximum likelihood (ML) procedures to estimate the 

parameters of the transition function.  The residual covariance matrix of the share 

equation is singular and as a result, one was omitted when estimating the system.  The 

likelihood of autocorrelation in the application of monthly consumption data was also 

acknowledged.  The general autocorrelation procedure for singular demand systems 

developed by Moschini and Moro (1994) was used to correct for autocorrelation.   

Goodwin, Harper and Schenepf (2002) added seasonal fluctuations to the 

model, since the underlying structure of demand fluctuates in a deterministic fashion, 

which had no effect on the implied flexibilities.  However, the specification containing 

the seasonal components did imply a faster process of adjustment.  As a result, two 

estimation strategies were pursued in the regime switching analysis:  gradual 

switching model using ML and grid search.  Both yielded the same results.  Parameter 

estimates for the gradual switching model were 265.2 and 38.1 and the estimates 

obtained using a grid search were 265 and 38.  This demonstrated that a faster pattern 

of adjustment was implied when an allowance is made for deterministic seasonality, 

although the general timing of the switch was very similar.  The functions implied a 

gradual structural change that commenced in the late 1980’s to early 1990’s (1986 in 

the first model and 1990 in the second) and took about 4-8 years to near completion.  

The shifts were centered about 1992-1993.  A standard likelihood ratio test of the 

significance of the differences in the standard model and the regime switching model 

was conducted and showed high significance across regimes.   
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Goodwin, Harper and Schenepf (2002) also analyzed price and scale 

flexibilities for the inverse AIDS model.  Flexibilities represent the percentage 

decrease in the marginal value of the commodity that occurs in response to a one 

percent increase in consumption of the commodity.  Hicks (1956) termed commodities 

to be gross “q-complements” if their cross-price flexibilities are positive and “q-

substitutes” if the cross-price flexibilities are negative.  Scale flexibilities indicate the 

percentage change in normalized prices that will occur if consumption of all goods in 

the system is scaled up by one percent.  Commodities are considered necessities if 

scale flexibilities are less than -1 and luxuries otherwise.   

The findings of the research, the relatively small values of the flexibilities, 

suggest that increasing the quantity of fats and oils consumed did not have a large 

impact on the marginal valuations (prices).  This is analogous to a situation where 

demands are relatively price elastic in a direct (q-dependent) demand model.  The 

largest flexibility (-0.59) is obtained for soybean oil, the most prominent commodity.  

This implies that prices are relatively flexible for soybean oil in response to changes in 

the quantity of soybean oil demand.  The cottonseed oil flexibility is -0.47.  Also, 

nearly all cross-price flexibilities are negative, suggesting that all fats and oils in the 

study are gross q-substitutes.  However, these cross-price flexibilities are often close 

to zero, suggesting a relatively low degree of substitutability.  The own-price 

flexibilities for corn and cottonseed are quite close to zero, suggesting that marginal 

valuations of these commodities would have to change considerably to induce 

additional consumption.  Estimated scale flexibilities are all negative; indicating that 
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increased consumption lowers the marginal valuation of all goods, and all quite close 

to one in absolute value indicating the preferences are homothetic.  In other words, 

increasing the scale of total consumption tends to increase consumption of each of the 

individual fats and oils commodities by about the same proportion.   

The model was successful in terms of meeting objectives and providing useful 

insight into short-run demand for edible fats and oils.  Firstly, Goodwin, Harper and 

Schenepf (2002) study involved the development of a smooth transition function that 

provides a flexible approach to the incorporation of gradual structural change that 

occurs at an unknown point in the data series.  Secondly, it illustrated the methods 

developed by Hansen (1996) for testing structural change under conditions where 

nuisance parameters are unidentified under the null hypothesis of no structural change.  

However, as Goodwin, Harper and Schenepf (2002) state, the model implicitly 

assumed homothetic preferences in the first stage of the more general consumption 

model.  The analysis did not address issues related to the allocation of budgets in the 

first stage across aggregate goods categories.  They also did not take into 

consideration external factors that affect the edible fats and oils market indirectly, such 

as the pulling-effect of the dairy market on cottonseed prices.  Lastly, Goodwin, 

Harper and Schenepf (2002) did not estimate the crushing industry’s derived demand 

for inputs, but instead they estimated the demand for the final product, i.e. the short-

run demand for fats and oils.   
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Mattson, Sun and Koo (2004) conducted an analysis of the world oil crops 

market using traditional long-run demand systems.  Their analysis of the world oil 

crops market provided useful insight about the external factors that affect the oils 

market directly.  Specifically, the study sought to identify trends in production, 

consumption and trade; estimated trends in yields and acreage harvested in the major 

producing countries and projected future production; estimated demand in the U.S. 

and projected future demand, supply and exports; and identified major issues being 

faced in the world market.   

To examine trends in area harvested and yield in major oilseed producing 

countries, they used a simple econometric model where area harvested in the top 

producing countries is regressed against a trend variable that equals 1 the first year and 

increases by 1 each successive year.  The soybean area model for India and the 

rapeseed area model for Germany are semi-log models; all others are linear.  Also, 

dummy variables were used to show changes in trends.  In the U.S. soybean model, a 

dummy variable is used for the period after 1979.  Likewise a dummy variable is used 

for the period after 1996 for Argentina and the period after 1998 in the India rapeseed 

area model.  The results from these models were used to forecast area harvested, yield 

and production in 2010 that would result if the current trends continue.   

Mattson, Sun and Koo (2004) also conducted an Almost Ideal Demand System 

(AIDS) analysis to estimate U.S. demand for oilseeds, meals and oils.  The oilseed 

model examined consumption of soybeans, cottonseed, peanuts, sunflower seed and 

rapeseed.  Sunflower seed and rapeseed are grouped together.  The meals model 
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estimates consumption of soybean meal, cottonseed meal, sunflower seed meal and 

rapeseed meal; the oils model estimates consumption of soybean oil, cottonseed oil, 

corn oil, sunflower oil and rapeseed oil, with sunflower seed oil and rapeseed oil 

grouped together.  The results of this study indicate that the own-price elasticities are 

negative and the expenditure elasticities are positive.  Higher expenditure elasticities 

for rapeseed and sunflower seed indicate that consumption of these commodities 

responds more to changes in income.  Soybean demand is more price elastic than the 

demand for other oilseeds, and peanut demand is the least elastic.  The estimated price 

elasticities for meals are higher than those for oilseeds or oils indicating that 

consumption for meals is more responsive to changes in price.  The cross-price 

elasticities were not reported given that many were not statistically significant.   

 U.S. consumption of oilseeds, meals and oils were then estimated as a 

function of time to determine how changes in income affect domestic consumption of 

these commodities.  The results indicate that a 1 percent increase in real GDP leads to 

a 0.5 percent increase in expenditures on oilseeds, a 0.7 percent increase in 

expenditures on meals, and a 0.8 percent increase in expenditures on oils.  Estimated 

expenditure elasticities were also used to project consumption of individual 

commodities.  Soybean consumption is projected to increase from 47.8 million metric 

tons in 2002 to 58.5 million metric tons in 2010.  Cottonseed consumption is projected 

to increase from 5.8 million metric tons in 2002 to 7.05 million metric tons in 2010.  

Cottonseed oil was projected to slightly increase from 308 thousand metric tons in 

2002 to 374 thousand metric tons in 2010, while soybean oil was projected to greatly 
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increase from 7.7 million metric tons to 9.5 million metric tons in 2010.  Cottonseed 

meal, on the other hand, showed a decrease from 991 thousand metric tons in 2002 to 

874 thousand metric tons in 2010, whereas soybean meal increased from 29 million 

metric tons to 37.6 million metric tons in 2010.   

In Mattson, Sun and Koo’s (2004) competitive analysis of U.S. soybean and 

soybean product exports, they affirm that analysis conducted by Dohlman et al. 

(2001), McVey et al. (1999) and Auburn et al. (1991) found that Brazil and Argentina 

maintained a competitive advantage over the U.S. in production costs mainly due to 

higher land costs in the U.S.  Lower transportation and marketing costs in the U.S. 

partially offset the production cost disadvantage, however Brazil and Argentina have 

been reducing these costs in recent years, thus representing intense competition for 

U.S. exports in the long term.   

Mattson, Sun and Koo (2004) also mention that major importers are becoming 

increasingly important.  India and China are influencing the market dramatically.  

They state that self-sufficiency policies, such as the one China is striving to achieve, 

will likely become the main long-term policies in many large countries.  Many 

countries have attached great importance to an increase in the domestic production of 

oilseeds given that vegetable oils and fats are considered essential consumer goods. 

Although, Mattson, Sun and Koo’s (2004) study provides much information 

about the world oil crops market and the external factors that affect the oils market 

directly, they do not estimate the derived demand for inputs on behalf of the crushing 

industry. Instead, their study analyzes consumer demand for the final product using an 
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AIDS model.  The crushing industry, as well as the dairy industry, influences the 

market for cottonseed by competing for the available seed.  That is, the amount of 

cottonseed that the crushing industry and dairy industry demand will affect the market 

price for cottonseed.   

The Food and Agricultural Policy Institute (FAPRI) also conducts analysis of 

the world market and trade, identifies trends in production and consumption, and 

estimates yields and acreage harvested in the major producing countries and 

commodities worldwide.  FAPRI’s 2008 U.S. and World Agricultural Outlook and 

Outlook Base provides information on the U.S. oilseed industry, including forecasted 

estimates of many countries’ production, supply, consumption and prices.  

FAPRI (2008) U.S. and World Agricultural Outlook forecasts total domestic 

use of cottonseed and crush production in the U.S.  Estimated total domestic use of 

cottonseed for 2008/09 was 5,123 thousand tons.  Estimated total crush for 2008/09 

was 1,933 thousand tons. A sharp 16 percent increase in total use and a 26 percent 

increase in crush production are expected for the year 2009/10.  Nonetheless, total use 

of forecasted cottonseed decreases an average 1 percent from the year 2008/09 to 

2016/17 and cottonseed used for crush decreases an average 1 percent during this 

period.  An average crush use as a percentage of total use is 40 percent from the year 

2008/09 to 2016/17.  Figure 2.1 shows a line plot of the forecasted estimates from 

FAPRI’s 2008 U.S. and World Outlook.   

13 



Texas Tech University, Priscilla Argüello, December 2008 
 
 

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

9,000

97
/98

98
/99

99
/00

00
/01

01
/02

02
/03

03
/04

04
/05

05
/06

06
/07

07
/08

08
/09

09
/10

10
/11

11
/12

12
/13

13
/14

14
/15

15
/16

16
/17

17
/18

Years

Q
ua

nt
ity

 P
ro

du
ce

d

Use, Crush (Thousand Tons) Total Use (Thousand Tons)  

Figure 2.1  Total Use and Crush of U.S. Cottonseed. 
Source:  Prepared by the Author based on FAPRI 2008 U.S. and World Agricultural 
Outlook.  
 
 

Estimated total cottonseed oil production in the U.S. is 612 million pounds for 

2008/09.  A sharp 26 percent increase in cottonseed oil is expected for 2009/10.  

However, total cottonseed oil production is forecasted to decrease an average 1 

percent from the year 2008/09 to 2016/17 whereas cottonseed meal is forecasted to 

increase an average 2 percent from the year 2008/09 to 2016/17.  Estimated total 

cottonseed meal production in the U.S. is 888 million tons for the year 2008/09.  

Figure 2.2 depicts a line plot of the forecasted estimates of cottonseed oil and meal 

production from FAPRI’s 2008 U.S. and World Outlook.   
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Figure 2.2  U.S. Cottonseed Oil and Meal Production. 
Source:  Prepared by the Author based on FAPRI 2008 U.S. and World Agricultural 
Outlook. 

 

 

Madison (2008) reports that FAPRI’s estimated own-price elasticity of demand 

for cottonseed oil is -1.00 percent.  Own-price elasticity for cottonseed meal is equal 

to -0.60 percent.  Estimated own-price elasticity of soybean oil is -0.80 percent and 

soybean meal is -0.60 percent.  Corn oil demand is inelastic with an own-price 

elasticity of -0.30 percent.  Madison (2006) also reports that supply elasticity for 

cottonseed oil is 0.20 percent and for cottonseed meal 0.08 percent.  Soybean oil and 

soybean meal have own-price elasticity of supply of 0.15 percent and 0.22 percent 

respectively.  Similarly, corn oil has an own-price elasticity of supply of 0.15 percent. 
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FAPRI’s 2008 U.S. and World Agricultural Outlook provides much 

information about the U.S. oilseed industry’s worldwide as well as the U.S. dairy 

industry.  However, it does not estimate the derived demand for oilseeds and feed 

grains.  They do not estimate how the dairy industry indirectly affects the oilseed 

industry or vice versa.  Both industries demand similar inputs, such as cottonseed and 

other feed grains, and both influence the market price for cottonseed.     

Table 2.1 provides a summary of the literature reviewed for the U.S. crushing 

industry’s estimated elasticities and flexibilities.  As can be noted the demand 

elasticities for oilseeds, meals and oils differ across studies.  The own-price demand 

elasticities for cottonseed meal and cottonseed oil vary from inelastic to elastic.  Also, 

all three studies estimate the demand for final consumer products by either using an 

AIDS model or an inverse AIDS model.  The derived demand for cottonseed on behalf 

of the crushing industry is not estimated.  As previously mentioned, the crushing 

industry demands approximately half of the cottonseed produced in the U.S., making it 

an important factor in the market price for cottonseed.   
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Table 2.1  U.S. Crushing Industry Elasticities and Flexibilities.  

  
Demand 
Elasticity  

(1) 
 

Demand 
Elasticity 

(2) 

Supply 
Elasticity 

(2) 
 Flexibility 

(3) 

Oilseed       
Soybean  -0.867         
Cottonseed  -0.618         
Peanuts  -0.031         
Rapeseed + Sunflower  0.54         
Meal            
Soybean Meal  -1.041  -0.60 0.22    
Cottonseed Meal  -1.559  -0.60 0.08    
Sunflower Meal  -1.409         
Rapeseed Meal  -2.303         
Oils            
Soybean Oil  -0.774  -0.80 0.15  -0.5889
Cottonseed Oil  -0.592  -1.00 0.20  -0.0800
Corn Oil  -0.018  -0.30 0.15  -0.0775
Sunflower + Rapeseed Oil  0.083         
(1) Mattson, Sun and Koo (2004)       
(2) Food and Agricultural Policy Institute (2008)      
(3) Goodwin, Harper, Schenepf (2002)      
      

 

 

Ethanol Effect on the Pricing Structure of Grain Commodities and Oilseed Market 

 
 Welch, et al. (2006) analyzed the projected boom in ethanol production on 

the U.S. cotton industry.  Increased demand by the ethanol industry for biomass 

feedstock is projected to considerably alter agriculture markets in the U.S., most 

specifically the corn market, which has already shown an increase in futures prices.  

The main concern was how cotton and its by-products may be impacted by increased 

plantings of corn as it competes with cotton and other crops for land acreage.  

Accordingly, this study sought to determine how changes in the vegetable oil market 

17 



Texas Tech University, Priscilla Argüello, December 2008 
 
 
and feed grain market will likely impact the demand for whole cottonseed and its 

prices.   

 Welch, et al. (2006) used the World Cotton Fiber Model developed by the 

Cotton Economics Research Institute (CERI) to estimate the effects of changes in 

cotton policy on the world’s raw cotton and fiber markets.  The model is a partial 

equilibrium econometric model which includes 24 major cotton importers and 

exporters.  The World Fiber Model was used to create a baseline of projections for 

cotton and cottonseed production and prices from 2007/2006 through the 2011/12 

marketing year.  Baseline projections were based on normal weather conditions and 

exogenous macroeconomic estimates.  The baseline estimate assumed continuation of 

all current government policies and programs.   

Seed cotton production was modeled using separate acreage and yield 

equations in Welch, et al. (2006) study.  Current production was specified as a 

function of previous year’s net returns for cotton and the relative net returns of 

competing crops.  The share of seed cotton that is lint was then allocated to the fiber 

market, while the seed component enters the cottonseed marketing channel.  In the 

U.S. model, cotton production was divided into four regions: Delta, Southeast, West 

and Southwest.   

  The results of the study were notable.  Increased returns for competing crops 

such as corn, wheat and soybeans reduce estimated U.S. cotton planted acreage.  The 

largest declines, just over 2 percent on average, occurred in the Delta and Southwest 

areas.  The model showed that the Delta region is more likely to shift to soybeans 
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while the Southwest producers shift acreage from cotton to feed grains in response to 

higher prices.  For the U.S., cotton plantings were projected to decline by 255,000 

acres (2.1 percent) compared to the baseline.  As a result, seed cotton, lint and 

cottonseed production declined by about 2.8 percent.  Cotton lint prices increased at 

the world and U.S. farm levels.  However, at current prices and with current U.S. farm 

policies, an increase in the A-index increased the adjusted world price causing loan 

deficiency payments to decrease.  And, as returns from the market increase, 

government payments decrease resulting in a lower total per pound compensation for 

cotton lint.  That is, higher cotton prices reduce the net revenues that U.S. cotton 

producers receive from cotton lint production.  On the other hand, cottonseed revenue 

increased as much higher prices (+16 percent), overwhelm the slight production 

decrease (-3 percent).  Overall net farm income from lint and seed increases about 

$120 million per year, roughly 2.4 percent per year.   

 Although Welch, et al. (2006) provides useful insights about the effects of the 

ethanol boom on world and U.S. cotton industry they do not take into account changes 

in agricultural policies.  Also, the effect on changes in consumer demand for oils and 

meals due to increased prices is not considered.  For example, dairy farmers have 

demonstrated a willingness to pay a higher price for cottonseed but price fluctuations 

may influence whether or not they will remain loyal to it.   
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The Dairy Industry’s Derived Demand for Feed Grains 

There have been no studies known to the author analyzing the dairy industry’s 

effect on the aggregate demand for cottonseed and cottonseed prices.  Most research 

conducted regarding the dairy industry and feed grains and meals is directed towards 

improving production and quality, minimizing feed costs, analyzing trends in the dairy 

industry, integrating management approaches, among other issues.  The migration of 

dairy farms from traditional production states, such as California and New York, to 

Southern states, such as New Mexico and Texas, is expected to have a local effect on 

the demand for cottonseed and market price.  There is an opportunity to explore the 

issues regarding the dairy industry’s effect on the cottonseed pricing structure.  

According to Robinson (2001), “Typically about half of the cottonseed… produced 

each year is used for dairy feeding.”  This study will include the dairy industry’s 

derived demand for cottonseed and other feed grains and forages using a derived 

demand model and analyze its effect on cottonseed prices.  Given that dairy farmers 

have shown a willingness to pay a premium over the oil mill price, a direct 

relationship (pulling-effect) on behalf of dairy farmers is expected to cause a change in 

aggregate demand for cottonseed and consequently a change in prices offered for 

available seed.  

The U.S. dairy industry’s demand for cottonseed and other feed grains is a 

derived demand, that is, the amount of inputs or feed grains that the industry consumes 

is based partly on the market price and quantity of milk they produce and sell, other 

input prices and quantities, and the firm’s characteristics and efficiencies.  The dairy 
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cow’s ration requires a certain combination of nutrients for milk production such as 

protein, calories, fiber, calcium, and phosphorus.  Parts of these requirements are met 

by pasture and hay and the rest must be supplied by concentrated feeds including 

whole grains, such as corn and oats, and mill feeds, such as cottonseed meal and bran.  

The degrees of substitutability among feeds depend on the nutrients in each feed and 

market prices.  Although many dairy farmers produce their own pasture and harvest 

their own feed, much of the ration is purchased.  The feed regimen usually constitutes 

the largest expense per hundredweight of milk produced and must be strategically 

balanced to maximize milk production and profit, thus making the input demand 

model the best estimation for the dairy industry’s derived demand for cottonseed and 

other feed grains in the production of milk.   

Thijssen (1990) conducted an analysis of supply response and input demand of 

Dutch dairy farms using panel data.  A short-term model using the duality approach 

was estimated in order to obtain short-term elasticities of prices and fixed inputs.   

Thijssen (1990) begins his analysis by assuming that the objective of the dairy 

farmer is the maximization of short-run profit and is a price-taker in the output and 

variable input markets.  The dairy farmer is in static equilibrium with respect to output 

and a subset of inputs (the variable input) that is conditional on the level of remaining 

inputs (fixed inputs).  Profit is maximized by farm h, subject to production technology 

governing the relationship between inputs and farm outputs.  Duality theory suggests 

that the optimizing behavior of farmers constrained by technology can equivalently be 

represented by the profit function.  If the profit function satisfies certain regularity 
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conditions, it is dual to the production function and its parameters contain sufficient 

information to describe the farm’s production technology at profit maximizing points.   

Thijssen (1990) uses a quadratic functional form with exogenous stochastic 

shocks influencing the profit level.  These stochastic shocks can be caused by 

measurement errors, by differences between the quadratic form and the true profit 

function, or by optimization errors.  Thijssen uses Hotelling’s Lemma to estimate the 

demand function for the variable input by differentiating the profit function with 

respect to price and estimates the output supply function by using the definition of 

normalized profit.  The benefits of using a quadratic form is that own-price elasticity 

of the demand for the variable input is negative and own-price elasticity of the output 

is positive, thus abiding by regularity conditions of profit decreasing in prices of 

inputs and increasing in prices of outputs.  The functions also exhibit homogeneity of 

degree zero, given p is the ratio of the price of the variable input to the price of the 

variable output and the symmetry condition is fulfilled.   

Thijssen (1990) also analyzes whether the intercept is assumed to be fixed or 

random when only incomplete panel data are available, that is not all cross-sectional 

units are observed in all periods.  This intercept is assumed to capture quality 

differences in the inputs between farms.  If the panel is incomplete, the covariance 

matrix is no longer the same for all individuals.  Thijssen stipulates a number of issues 

to be considered when making the choice between a fixed or random effect.  He 

stipulates that when the number of farms is large and the number of time-series 

observations is small the two estimators can differ significantly.  The fixed effects 
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estimator is consistent but the random effects estimator will be more efficient.  For the 

random effects estimator to be consistent it must be assumed that there is 

independence between the individual effects and the regressors.  Thijssen refers to the 

Hausman (1978) test to determine whether there is a correlation between the 

individual effects and the regressors.  Rejection of the null hypothesis suggests that the 

random effects model is not appropriate.   

The results of the analysis showed that there was no difference in sign between 

the fixed effects model and the random effects model.  The Hausman (1978) test 

implied that strong misspecification in the random effects model was present.  The 

fixed effects model was therefore used to calculate the elasticities.  Own price 

elasticity of the output was 0.10 percent.  The price elasticity of the demand for the 

variable input was estimated at -0.25 percent.  Thijssen (1990) suggests that the 

possibilities of traditional agricultural policies and environmental policies to influence 

the level of supply with levies or subsidies are small in the short term.  The influence 

of technical change in the production function was only 0.6 percent per year and the 

total effect of technical change in output supply was 2.1 percent.   

Thijssen’s (1990) study provided useful insight regarding the analysis of Dutch 

dairy farms input demand and supply response using price, land, capital, labor and 

technological change.  He provided a detailed analysis of whether to use a fixed 

effects model or a random effects model when the panel data is incomplete.  However 

his study does not analyze input demand for feed grains.  The feed regimen constitutes 

the largest expense per hundredweight in dairy farms production costs.  It is important 
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to be able to analyze input use of feed grains and by-products on a disaggregated basis 

to understand the price sensibilities and substitutability of these inputs.  Given that it is 

assumed that the dairy industry’s derived demand for cottonseed and other feed grains 

may have an effect on the aggregate demand for feed grains, including feed grains in 

the model will permit further analysis of the expected pulling-effect on behalf of the 

dairy industry on cottonseed market prices. 

 

Transcendental Logarithmic Production Model 

The transcendental logarithmic production function was first introduced by 

Christensen, Jorgenson and Lau (1973) as an alternate representation of a production 

possibility frontier by functions that are quadratic in the logarithms of the quantities of 

inputs and outputs, which provide a local second-order approximation of the 

production frontier.  The transcendental logarithmic production frontier permits a 

greater variety of substitution and transformation patterns than frontiers based on 

constant elasticities of substitution and transformation, such as the Cobb-Douglas 

production frontier.  The quadratic nature of the function also allows regularity to be 

held locally and ensures monotonicity and convexity.   

Wang and Lall (1999) examined the value of water for Chinese industries by 

estimating an industrial production function with a data set of approximately two 

thousand industrial firms.  They assumed the existence of a twice differentiable 

aggregate production function for the industrial sector.  Trans-log functions were 

specified with dummies for firm’s characteristics such as sector, ownership and 
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location, etc. to differentiate production efficiencies as well as water values.  In the 

production function, output is related to the availability of five inputs: capital, labor, 

water, energy and other raw materials.  The production function is also assumed to be 

characterized by constant returns to scale and any technical change affecting capital, 

labor, water, energy and other raw materials is Hicks neutral.  The elasticity of output 

with respect to each factor of production is calculated by taking the partial derivative 

of output with respect to the factor under consideration.  In order to estimate price 

elasticity, price is set equal to the marginal cost of water use and the marginal value of 

output is equal to the marginal cost in a profit maximizing firm, resulting in a water 

price equal to the marginal value of water.  The partial derivative of this last equation 

results in the price elasticity of water.   

Wang and Lall (1999) also conducted the White test for heteroskedasticity.  

The results indicated that heteroskedasticity was present and was corrected using 

White’s (1980) formulation of a heteroskedasticity consistent covariance matrix 

estimator that provides correct estimates of the coefficient covariance in the presence 

of heteroskedasticity of an unknown form.  They also tested whether the trans-log 

form was a more appropriate measure than the Cobb-Douglas function for estimating 

the production function.  The Wald test was used by restricting the coefficients for the 

interaction terms to zero.  The Wald test indicated that the unrestricted model was 

favored.  The trans-log function was a better specification than the Cobb-Douglas for 

fitting the data.  Finally, the Wald coefficient restriction test was also performed to 

determine whether the interaction terms of water consumption and sector were 
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statistically valid.  The null hypothesis of the interaction terms was rejected, 

concluding that there were significant sector-specific differences in the output 

elasticity of water.   

Wang and Lall (1999) provide insight regarding the estimation of input 

demand using a trans-log function specified with dummies for firm’s characteristics to 

differentiate production efficiencies among firms, as well as input values.  This 

functional form can be applied to the U.S. dairy industry’s derived demand for 

cottonseed and other feed grains.   

 

Summary 

 This chapter reviewed studies of aggregate cottonseed demand and its by-

products for both the world and U.S. markets.  There are many useful economic 

studies in cotton and cottonseed demand.  Most studies on cottonseed analyze the U.S. 

crushing industry’s component of demand (see Goodwin, Harper and Schenepf 

(2002), Mattson Sun and Koo (2004) and the Food and Agricultural Policy Research 

Institute).  Only a few studies consider external events, such as the ethanol effect on 

the grain commodities market and oilseed market.  Such events may have a direct 

effect on world and U.S. demand for cottonseed and should be considered in the 

estimation of aggregate demand and price analysis.  

On the other hand, there are no studies known to the author analyzing the U.S. 

dairy industry’s derived demand for cottonseed.  Most research conducted regarding 

the dairy industry and feed grains is directed towards improving production and 
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quality, minimizing feed costs, analyzing trends in the dairy industry and integrating 

management approaches, among other issues.  This study will estimate the dairy 

industry’s derived demand for feed grains and meals using a trans-log production 

model and a marginal approach to estimate own-price and cross-price elasticities for 

the U.S. dairy industry.  This study will also analyze how changes in grain prices 

affect the dairy industry’s derived demand for cottonseed and market prices, as well as 

analyze the expected pulling-effect on behalf of the U.S. dairy industry.   
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CHAPTER III 
 

CONCEPTUAL FRAMEWORK 

 
 

   The level of revenue that cotton farmers can expect to receive in future crop 

years depend in part on projected cottonseed prices.  Economic theory tells us that 

cottonseed prices are determined by the interaction of aggregate demand and supply.  

However, cottonseed is a by-product; its supply is determined by the amount of cotton 

harvested.  There are many cotton supply models that estimate U.S. cotton supply, 

such as Texas Tech University’s World Cotton Fiber Model.  This will study 

incorporate forecasted U.S. cottonseed supply from the World Cotton Fiber Model and 

uses these as an exogenous variable in the model.  Therefore, this chapter will focus 

on theoretical approaches for estimating derived demand for cottonseed in order to 

project cottonseed prices. 

The U.S. crushing industry and dairy industry’s demand for cottonseed is a 

derived demand meaning the amount of inputs that each industry demands depends on 

the price of that input, the price of the output produced, and the firm’s production 

characteristics and efficiencies.  Figure 3.1 below demonstrates the relationship 

between both industries and their effect on cottonseed price.   

The Food and Agricultural Policy Research Institute (FAPRI) previously 

estimated domestic cottonseed use in crushing production until the year 2017.  This 

study will thus incorporate FAPRI’s forecasted U.S. cottonseed use in crushing 

production and use it as an exogenous variable in the simulation analysis.     
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Figure 3.1  Cottonseed Pricing Structure. 
 

 

This chapter focuses on the derived demand for inputs using production 

frontiers.  Two widely used functional forms: the Cobb-Douglas production function 

and the transcendental logarithmic production function are explained.  A marginal 

approach to derive own-price and cross-price elasticities from the transcendental 

logarithmic production function are also explained.  Finally, a brief overview of the 

simulation analysis is analyzed. 

 

Cobb-Douglas and Transcendental Logarithmic Production Frontiers 

Input demand analysis embarks on taking the economics of the firm from an 

input perspective.  The firm chooses the appropriate level of inputs or factors in its 

effort to maximize profit or minimize costs.  The economic relationships are therefore 

expressed with factors as the independent variables.  Given a one product, one variable 

factor case, where x represents the factor used in the production process and q 
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represents the product that is a result of the production process, the production 

function is written as, 

)(xfq =  (3.1) 

This production function is continuous and non-negative in both factor and product.  

The firm’s production function is then used as the basis for profit maximization or cost 

minimization, as the firm chooses the amount of factor to be used and converted into 

product.   

 Cobb and Douglas (1928) developed a theory of production which suggested 

the existence of laws governing factors of production.  In their study, the distribution 

of output P into factors (capital C and labor L) was consistent with the estimated 

values of their parameters permitting the estimation of marginal values.  The 

production function is specified with the form,

                                                                   (3.2) )1( kkCbLP −=

The production function exhibits convex isoquants and demonstrates properties of 

additivity and homogeneity, which imply constant factor shares and unitary elasticity 

of substitution.  The production function does not allow for technically independent or 

competitive factors of production.  However, it provides a good approximation for 

production processes in which factors are imperfect substitutes over a range of values.   

 Christensen, Jorgenson and Lau (1973) propose an alternate representation of a 

production possibility frontier by functions that are quadratic in the logarithms of the 

quantities of inputs and outputs, which provide a local second-order approximation of 

the production frontier.  The trans-log production frontier permits a greater variety of 
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substitution and transformation patterns than frontiers based on constant elasticities of 

substitution and transformation, such as the Cobb-Douglas production frontier.  The 

quadratic nature of the function also allows regularity to be held locally and the 

function is monotonic and convex. 

 Christensen, Jorgenson and Lau (1973) approximate the logarithm of the 

production frontier plus unity by a function of the logarithms of the outputs and 

inputs, assuming two outputs (consumption C and investment I), two inputs (capital K 

and labor L) and an index A for technology, and non-negative quantities, 
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The trans-log function exhibits two normalizations: 1−=+ LK αα   is required for the 

estimation of the parameters of equations for the value ratios; and 

0=+++ ILIKCLCK ββββ  permits group-wise additivity in outputs and inputs.   

 Although theory does not provide much guidance in terms of selecting a 

functional form, the transcendental logarithmic functional form will be implemented 

using Wang and Lall’s (1999) marginal approach to output optimization.  There are 
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certain limitations to using the Cobb-Douglas, partly the assumptions of additivity and 

homogeneity as these imply that factor shares are constant and the elasticity of 

substitution as well as the cross-partial elasticity of substitution are limited to unity.  

The transcendental logarithmic production model provides greater variety of 

substitution and transformation patterns than frontiers based on constant elasticities of 

substitution and transformation.  

 

Marginal Productivity Analysis  

Wang and Lall (1999) provide a useful starting point for the estimation of input 

demand using a trans-log production function, specified with dummies for the firm’s 

characteristics to differentiate production efficiencies among firms was well as input 

values.  Theoretically the marginal productivity approach that they employ is dual to 

the cost function approach as the marginal cost would be equal to the marginal value 

of production given the assumption that the firm is maximizing profits.  A marginal 

productivity approach may be a more efficient estimation of value since it reflects the 

maximum that the firm is willing to pay (Wang and Lall, 1999).   

Wang and Lall (1999) assumed the existence of a twice differentiable 

aggregate production function for the industrial sector of the form, 

∑∑∑ ∑ +++=
i j

jiij
i i

iiiio XXXXY lnln
2
1ln

2
1lnln 2 γβαα                   (3.4) 

In the production function output Y is related to the availability of five inputs:  capital, 

labor, water energy and other raw materials.  The production function is assumed to be 
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characterized by constant returns to scale and any technical change affecting capital, 

labor, water, energy and other raw materials are Hicks neutral.  The quadratic function 

allows regularity to be held locally and the function is monotonic and convex.   

The elasticity of output with respect to each factor of production is calculated 

by taking the partial derivative of output with respect to the factor under consideration 

of the form, 

 ∑++=
∂
∂

=
j

jijiii
i

i XX
X
Y lnln

ln
ln γβασ                                                    (3.5) 

In order to estimate price elasticities, the marginal value of each factor of 

production is first derived.  Price is set equal to the marginal cost of the input used and 

the marginal value of output would be equal to the marginal cost of a profit 

maximizing firm, therefore resulting in input price equal to the marginal value of the 

input used (Wang and Lall, 1999), which is derived as, 
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Figure 3.2 demonstrates the optimization principle in production economics where 

marginal value of output  equals the marginal cost of inputs and at point A.  oy *
ix *

jx
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Figure 3.2 Optimal Production 

 

 

Elasticities measure the percentage response of the quantity demanded to a one 

percent change in price or total expenditure.  The own-price elasticity of demand 

measures the percentage change in the quantity demanded for a commodity from a one 

percent change in the price of that commodity.  If own-price elasticity is greater (less) 

than 1 demand for the commodity is elastic (inelastic).  The partial derivative of 

equation (3.6) with respect to an input results in the price elasticity of that input such 

that, 
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The own-price elasticity is estimated by, 
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The cross-price elasticity of demand measures the percent change in quantity 

demanded for a commodity from a one percent change in the price of another 

commodity.  If cross-price elasticity of demand is positive (negative) the commodities 
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are considered substitutes (complements).  The partial derivative of equation (3.6) 

with respect to another input results in the cross-price elasticity of that input such that, 
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Simulation Analysis and Price Forecast for Cottonseed 

 A simulation analysis will be conducted in which aggregate demand for 

cottonseed, including both crushing industry and dairy industry’s derived demand 

estimations is equated to forecast aggregate supply of cottonseed.  Aggregate demand 

for cottonseed will be derived using the previously stated dairy industry derived 

demand and a derived demand estimate of cottonseed based on FAPRI’s forecasted 

U.S. cottonseed use in crush production.   Aggregate demand for cottonseed is the 

horizontal summation of the two demand equations, and where, dairyQ crushQ

crushdairycs QQAD +=                                                                                     (3.11) 

Given that the U.S. dairy industry’s own-price and cross-price elasticities 

(equations 3.8 and 3.10) are not constant, the U.S. dairy industry derived demand 

equation is estimated at the mean of the estimated elasticities for each factor of 

production.  Own-price and cross-price elasticities can later be used to simulate for 

changes in quantities demanded or changes in prices.   

 The aggregate supply of cottonseed, on the other hand, is not derived.  

Cottonseed is a by-product meaning that cotton farmers determine whether to farm 

cotton based on the price of cotton, its marginal costs of production, farm subsidies 

and the opportunity costs involved in producing cotton.  The amount of cottonseed 

supplied in a year will depend on that year’s cotton crop.  Aggregate supply of 

cottonseed is therefore assumed to be constant in the short-run. 
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 The simulation analysis will generate a forecasted pricing structure of the U.S. 

cottonseed market.  Figure 3.3 demonstrates the market interaction of aggregate 

cottonseed demand and aggregate cottonseed supply in the determination of market 

price.   

csAD  

   

 

 

csAS  

*
csP  

Quantity

Price 

 

Figure 3.3 U.S. Aggregate Supply and Demand for Cottonseed. 
 

 

Summary 

 For the objectives of this study, input demand is the most appropriate method 

of estimating the U.S. dairy industry’s derived demand for cottonseed meal and other 

feed grains, given that the dairy industry consumes feed grains in response to final 

consumer demand for milk.  Similarly, the crushing industry consumes cottonseed in 
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response to final consumer demand for cottonseed oil, meal and hulls.  Input demand 

analysis will provide information on the degree and nature of interrelatedness of the 

U.S. dairy industry’s derived demand for different inputs such as cottonseed meal, 

corn, alfalfa hay and feed grains in their maximization of profits, as well as own-price 

and cross-price elasticities of these factors of production.   

 This chapter discusses factor demand estimation using two widely used 

functional forms: the Cobb-Douglas production function and the transcendental 

logarithmic production function.  The Cobb-Douglas production function exhibits 

convex isoquants and demonstrates properties of additivity and homogeneity, which 

imply constant factor shares and unitary elasticity of substitution.  It does not allow for 

technically independent or competitive factors of production, whereas, the trans-log 

production function permits a greater variety of substitution and transformation 

patterns.  Although theory does not provide much guidance in terms of selecting a 

functional form, the transcendental logarithmic functional form will be implemented 

following Wang and Lall’s (1999) marginal productivity approach.   

Wang and Lall (1999) provide a useful starting point for the estimation of input 

demand using a trans-log function.  The marginal productivity approach is a dual to 

the cost function approach as the marginal cost should equal the marginal value of 

production given the assumption that firms are maximizing profits.  The trans-log 

form and marginal approach are implemented in the estimation of the U.S. dairy 

industry’s derived demand for cottonseed.    
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A simulation analysis will then be conducted in which aggregate demand for 

cottonseed, including both crushing industry and dairy industry’s demand estimations 

are equated to forecast aggregate supply of cottonseed.  Aggregate demand for 

cottonseed is the horizontal summation of the dairy industry’s demand and crushing 

industry’s demand for cottonseed.  The dairy industry’s demand will be estimated 

using Agricultural Resource Management Survey (ARMS) data and the crushing 

industry’s demand is obtained from FAPRI’s 2008 U.S. and World Agricultural 

Outlook.  Aggregate supply for cottonseed is obtained from Texas Tech University’s 

World Cotton Fiber Model.   
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CHAPTER IV 

METHODS AND PROCEDURES 

 
 

The general objective of this research is to study the aggregate demand and 

supply for cottonseed in order to ascertain the possible impact of events that could 

influence cottonseed prices and the dairy industry’s pulling effect on aggregate 

demand for cottonseed.  As discussed in the Conceptual Framework section above, the 

factor demand approach is the most appropriate methodology to be implemented when 

the factors being considered are not directly demanded by the consumer but instead 

are derived by way of the demand for a firm’s output.  Aggregate demand for 

cottonseed has shown strong relationships with commodities in both the crushing 

industry and dairy industry.  Moreover, the factor demand approach incorporates 

assumptions of production economics in the estimation process, providing parameter 

estimates in accordance with production theory, which is not feasible with 

conventional demand analysis.  

The accomplishment of the general objective requires first to identify the 

components of aggregate market demand for cottonseed in the U.S.   Cottonseed 

demand is a derived demand, which means that cottonseed is demanded by the 

crushing industry and dairy industry in response to final consumer demand for 

vegetable oils and meals, milk and dairy products.  There have been various studies on 

the crushing industry’s demand for commodities, including cottonseed.  This study 

will thus incorporate the estimated crushing industry’s demand for cottonseed using 
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FAPRI’s (2008) estimated quantities demanded for the period 2008/09 through 

2017/18.  Table 4.1 depicts total domestic use and crush use of U.S. cottonseed. 

 

Table 4.1  U.S. Cottonseed : Total Domestic Use and Use for Crush. 
Source:  Prepared by the Author based on FAPRI 2008 U.S. and World Agricultural 
Outlook.  
 

Year 
Use, Crush 
(Thousand 

Tons) 

% Increase / 
Decrease 

Total Use 
(Thousand 

Tons) 

% Increase / 
Decrease 

Crush as a % of 
Total Use 

97/98 3,888.60  6,841.00  56.84% 
98/99 2,719.00 -30.08% 5,673.90 -17.06% 47.92% 
99/00 3,063.90 12.68% 6,582.50 16.01% 46.55% 
00/01 2,752.80 -10.15% 6,421.80 -2.44% 42.87% 
01/02 2,791.16 1.39% 7,533.12 17.31% 37.05% 
02/03 2,494.70 -10.62% 5,970.24 -20.75% 41.79% 
03/04 2,642.70 5.93% 6,237.48 4.48% 42.37% 
04/05 2,922.70 10.60% 7,648.89 22.63% 38.21% 
05/06 3,010.30 3.00% 7,639.99 -0.12% 39.40% 
06/07 2,680.00 -10.97% 6,844.43 -10.41% 39.16% 
07/08 2,652.66 -1.02% 6,378.63 -6.81% 41.59% 
08/09 1,933.09 -27.13% 5,122.98 -19.69% 37.73% 
09/10 2,430.64 25.74% 5,928.94 15.73% 41.00% 
10/11 2,390.96 -1.63% 5,881.73 -0.80% 40.65% 
11/12 2,397.95 0.29% 5,909.63 0.47% 40.58% 
12/13 2,344.61 -2.22% 5,826.60 -1.40% 40.24% 
13/14 2,307.92 -1.56% 5,766.09 -1.04% 40.03% 
14/15 2,245.60 -2.70% 5,662.25 -1.80% 39.66% 
15/16 2,240.57 -0.22% 5,659.46 -0.05% 39.59% 
16/17 2,232.25 -0.37% 5,651.20 -0.15% 39.50% 
17/18 2,211.13 -0.95% 5,625.10 -0.46% 39.31% 

 

 

On the other hand, there are no prior studies known to the author analyzing the 

dairy industry’s effect on the aggregate demand for cottonseed.  According to 

Robinson (2001), “Typically about half of the 6 million tons of cottonseed produced 

each year is used for dairy feeding.”  This shows that the dairy industry’s role in the 
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determination of market price is noteworthy.  The dairy industry’s derived demand for 

feed grains and meals will therefore be estimated by using factor demand estimation.  

Given that dairy farmers have shown a willingness to pay a premium over the oil mill 

price, a direct relationship (pulling-effect) on behalf of dairy farmers is expected to 

cause a change in aggregate demand for cottonseed, and consequently, a change in 

prices offered for available seed.  Following the estimation of the dairy industry’s 

derived demand for cottonseed own-price and cross-price elasticities of inputs will be 

calculated and compared.   

Subsequently, a case analysis of plausible future events given projected 

aggregate supply and demand for cottonseed will be performed.  The case analyses 

will include external variables that have a direct effect on cottonseed prices.   

 

The Dairy Industry’s Derived Demand for Cottonseed and Other Feeds 

 The size of the U.S. dairy industry is determined by the demand for milk.  In 

other words, the amount of milk that farmers will be able to sell, and thus need to 

produce, is directly determined by what consumers are willing to buy directly or 

indirectly.  The number and size of farms are influenced by the demand for milk, the 

level of milk production per cow, economies of size, among other factors.  The total 

number of dairy cows will be determined by the demand for milk and the level of milk 

production per cow.  According to a study by LaRue, Goy and Cuykendall (2003) the 

number of cows needed to satisfy U.S. demand in 2010 would be 8.297 million to 

8.393 million, with production per cow between 7.681 million to 7.931 million pounds 
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in 2010, representing a downward trend in cow numbers and an increase in production 

per cow.  The increase in production per cow has resulted from improvements in 

breeding, feeding and housing.  According to FAPRI’s 2008 U.S. and World 

Agricultural Outlook, the number of dairy cows in Texas will increase an average of 2 

percent per year, from 367 thousand heads in 2008 to approximately 432 thousand 

heads in 2017.  Milk production in Texas will increase an average 4 percent per year, 

from 7,828 million pounds to approximately 10,748 million pounds in 2017.  As 

shown in figure 4.1.  Texas will produce approximately 5 percent of the national milk 

production by the year 2017, with approximately 10,748 million pounds (FAPRI, 

2008).   
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Figure 4.1  Texas Dairy Cow Heads and Milk Production as a Percentage of Total 
U.S. Dairy Cow Heads and Milk Production.  
Source:  Prepared by the Author based on FAPRI 2008 U.S. and World Agricultural 
Outlook.  
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The reduction of feed cost and maintenance of productivity becomes a primary 

strategy of successful milk production.  Dairy farmers minimize input costs of 

production by choosing feed grains, meals and by-products that meet all the nutrient 

requirements of dairy cattle and yield the highest milk production.  All feeds have 

specific functions in the rumen, which make them unique and unable to directly be 

substituted for other commodities.  However there is a certain degree of 

substitutability between them.   

By-product feeding has been regarded as a substitute for more traditional 

feedstuffs, such as corn and soybean meal.  It has also become increasingly important 

given its low cost. Cottonseeds, almond hulls, beet pulp, citrus pulp, corn gluten feed, 

corn gluten meal and rice bran are by-products that can be economically valuable over 

a range of market prices and regimens.  According to Kaiser (2006), the increase in 

ethanol production to meet demand and the renewable fuels standard will significantly 

increase the supply of distiller grains.  Distiller grains with solubles are excellent feed 

resources for dairy cattle.  It is the fastest growing commodity feed for livestock.  

However, it must be competitively priced to displace feedstuffs currently included in 

dairy rations and there is a limit as to how much can be used in the ration.  

Accordingly, the U.S. dairy industry’s derived demand analysis must take into 

consideration traditional feed grains and meals, such as corn and soybean meal, as 

well as by-products such as cottonseed and distiller’s grain, in their maximization of 

profits.  The feed regimen usually constitutes the largest expense per hundredweight of 

milk produced and thus must be strategically balanced to maximize milk production. 
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Model Specification 

 For the objectives of this study the trans-log production function is the most 

appropriate method of estimating the U.S. dairy industry’s derived demand for 

cottonseed and other feed grains given that the dairy industry consumes feed grains in 

response to final consumer demand for milk.  The trans-log production model provides 

information on the degree and interrelatedness of the U.S. dairy industry’s demand for 

inputs such as cottonseed meal, corn, alfalfa hay, and other grains and forages in their 

maximization of profits as well as own-price and cross-price elasticities of these 

factors of production.  

 Hence the U.S. dairy industry’s derived demand for cottonseed meal, corn, 

alfalfa hay and other feed grains and forages will be estimated using a trans-log 

production function with one output, four inputs and two dummy variables of the 

form, 

ahgccsQ ahgccsm lnlnlnlnln 0 ααααα ++++=   
 

2222

2
ln

2
ln

2
ln

2
ln ahgccs

ahgccs ββββ ++++  

 
ahcsgcsccs ahcsgcsccs ln*lnln*lnln*ln *** γγγ +++  

 
ahgahcgc ahgahcgc ln*lnln*lnln*ln *** γγγ +++   

 
rMWdistilleMWsoy 21 δδ ++                                                                           (4.1) 

 
where :    

mQ        =  quantity of milk produced per cwt per year,  

cs      =  quantity of cottonseed meal purchased per cwt per year,  
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c       =  quantity of corn harvested and purchased per cwt per year,  

g   =  quantity of aggregate grains and forages including harvested and  

   purchased soybean, distiller’s grain, commercial feeds, wheat and corn  

   silage per cwt per year,  

ah =  the quantity of alfalfa hay harvested and purchased per cwt per year. 

 

And where binary variables, 

MWsoy       =  dummy for harvested soybean in the Midwest region,  

MWdistiller  = dummy for purchased distiller’s grain in the Midwest region.   

 

gccs ααα ,, and ahα are first derivatives.  gccs βββ ,, and ahβ are own-second 

ahccah ** ,derivatives.  gcsgcs ** ,,ccs* , γγγγγ  and ahg*γ  are cross-second derivatives.  

 

Following Wang and Lall’s (1999) marginal productivity analysis, output 

elasticity with respect to each factor will be estimated by taking the partial derivative 

of the trans-log production function with respect to the factor under consideration.  For 

example, 
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Assuming perfect competition and a profit maximizing firm where the 

marginal cost of a factor equals the market price and the marginal value of output is 

equal to marginal cost, then marginal values of each factor of production 

gccs ρρρ ,, and ahρ are equal to the market price of that factor, where 
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Similarly, own-price elasticities are estimated using equation (3.8) of the form, 

 
cscscs

cs
pcs σσβ

σε
−+

= 2   

 

 
ccc

c
pc σσβ

σε
−+

= 2  

 

 
ahahah

ah
pah σσβ

σ
ε

−+
= 2  

 

48 



Texas Tech University, Priscilla Argüello, December 2008 
 
 

 
ggg

g
pg σσβ

σ
ε

−+
= 2                                                                                       (4.4) 

and cross-price elasticities are estimated using equation (3.10).  For example the 

cottonseed meal cross-price elasticities are, 
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Data  

The U.S. dairy industry’s derived demand analysis requires information on 

milk production costs and disaggregated input use of feed grains and meals, such as 

corn and soybean meal, as well as by-products, such as cottonseed.   

U.S. dairy industry data was obtained from the Agricultural Resource 

Management Survey (ARMS) 2000 Dairy Production Practices and Costs and 

Returns Report and the 2005 Dairy Cost and Returns Report conducted by the 

National Agricultural Statistics Service (NASS)1.  This data set includes feed 

operating costs such as purchased feed, homegrown harvested feed, and grazed feed.  

                                                 
1 Any interpretations and conclusions derived from the ARMS data represent the authors’ views and not 
necessarily those of NASS.  

49 



Texas Tech University, Priscilla Argüello, December 2008 
 
 
Purchased feed types include feed grains and by-products that are essential to the feed 

regimen, including distiller’s grains.  Homegrown feed types include feed grains 

which are later broken down by the amount actually fed to the dairy cows during that 

year.  Pasture or crop land data was also collected, which is naturally a complement in 

the feed regimen.  All these alternative feeds data are essential to the estimation of the 

U.S. dairy industry’s derived demand for cottonseed. 

 In the ARMS data, each observation represents itself and many other farms 

through a weight or expansion factor.  The concept is that each observation is repeated 

the number of times indicated by its weight.  ARMS weights are observation weights 

not strata weights.  These are based on a value of sales.  The idea is to have a dataset 

based on a sample that represents the population.  A dataset with both small and large 

dairy farms may be heavily represented by small dairy farms and with little 

observations for large dairy farms.  These weights adjust the results for large dairy 

farms in the population.   

 The delete-a-group jackknife variance estimator is applied to the ARMS data.  

NASS divided the sample data into 15 nearly equal and mutually exclusive different 

parts and created replicate weights by setting the full sample weight of every 15th 

observation to zero (Dubman, 2000), such that each observation’s greatest effect is 

measured when it is deleted from the replicate.  The delete-a-group jackknife variance 

is estimated using the formula, 

 (∑
=

−=
15

1

2

15
14)(

k
kVar βββ )                                                                              (4.6) 
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where β  is the full sample estimate and kβ is a replicate estimate with part k removed 

(Dubman, 2000).  This formula adjusts the degrees of freedom for each weight used.  

Similarly, the delete-a-group jackknife covariance of regression coefficients are 

estimated by, 

( )( '
15

115
14)( βββββ −−= ∑

=
k

k
kCOV )                                                               (4.7) 

where β  is the full sample vector of coefficients using the weighted regression and 

kβ is a replicate estimate with part k removed.  The degrees of freedom are set to 14 

for hypothesis testing, which are the number of replicate weights minus one (Dubman, 

2000).  

Joint linear hypothesis testing of the form dD =β (Brick, et al, 1997) is 

estimated with the statistic, 

)()'*)(*()'(
*15

16 1
16, dDDCOVDdD

d
dF dd −−

−
= −

− βββ                             (4.8) 

where d is the rank of the matrix D equal to the number of linearly independent 

restrictions.  Individual T-tests for each variable equal zero of the form 

dD =β (Brick, et al, 1997) is estimated with the statistic: 

)()'*)(*()'( 12 dDDCOVDdDTd −−= − βββ                                                (4.9) 

  

The ARMS data was pooled for the years 2000 and 2005.  The sub-sample 

used in this study consisted of 179 observations which reported cottonseed meal, corn, 

alfalfa hay and grains and forages as a factor of production.  These inputs were either 
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harvested or purchased and used on farm per hundred weights per year.  Table 4.2 

below shows the descriptive statistics of the ARMS data used.  The descriptive 

statistics of the sub-sample data used were estimated using the base weight expansion 

factor.  The sum of weights equals 6,940.61 meaning that this sub-sample represents 

approximately 6,940.61 U.S. dairy farms.   

 

Table 4.2  Weighted Aggregate Quantities Used (per hundred weights per year). 
Source:  Prepared by the Author based on ARMS data.   
 
 

Variable Obs.
Weighted 

Mean Std. Dev.

Alfalfa Hay 179 81,509 74,451

Commercial Feed 57 9,538 6,075

Corn 179 86,118 74,517

Corn Silage 167 33,493 4,081

Cottonseed Meal 179 40,438 37,236

Distiller's Grain 56 19,686 13,539

Grains 179 36,314 4,844

Milk 179 37,301 4,066

Soybean  25 1,912 484

Wheat 11 4,121 2,458

 

Sum of Weights = 6,940.61 
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Figure 4.2  Count of Distiller’s Grain and Soybean Meal Observations by Region and 
Year. 
Source:  Prepared by the Author based on ARMS data. 
 

 

 The Agricultural Resource Management Survey (ARMS) dataset used for this 

study revealed that the Midwest region had the most observations with soybean and 

distiller’s grains as a factor input.  Figure 4.2 depicts the distribution of observations 

across regions in the ARMS dataset.  The demand for soybean was most significant in 

the Lake States region and distiller’s grain was most significant in the Corn Belt 

region.  Dummy variables were added to the model to detect shifts in the quantity of 

milk produced for dairy farmers that used soybean and distiller’s grains as factor 

inputs in the Midwest region.   
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According to Dubman (2000) at least 30 observations are needed for jackknife 

variances estimation and 60 observations are needed for hypothesis testing.  As a 

result, the aggregate grains and forages variable was created to account for feeds that 

were not reported across all observations.  The aggregate grains and forages variable 

includes quantities of soybean, distiller’s grain, commercial feeds and wheat used in 

production.  Corn silage is not a grain, but was added to aggregate grains quantities 

reported.  Figure 4.3 depicts quantities if soybean, distiller’s grain, commercial feed, 

wheat and corn silage as a percentage of the aggregate grains and forages variable 

created.  The aggregate forages and grains variable represents an average 24.84 

percent of the total inputs used for production in the sub-sample data.   Figure 4.4 

depicts the composition of inputs used as a percentage of total inputs.  

Soybean
2.78%

Distiller's 
Grain

28.63%

Corn Silage
48.72%

Commercial 
Feed

13.87%

Wheat 
5.99%

 

Figure 4.3  Composition of the Aggregate Grains and Forages Variable. 
Source:  Prepared by the Author based on ARMS data.  
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Figure 4.4  Dairy Input Use as a Percentage of Total Input Use. 
Source:  Prepared by the Author based on ARMS data.  
 

 

 

Simulation Analysis and Price Forecast for Cottonseed 

The simulation analysis begins by deriving aggregate demand for cottonseed, 

including both crushing industry and dairy industry’s demand estimations, and 

equating this to forecasted supply of cottonseed where forecasted supply of cottonseed 

is taken from Texas Tech University’s World Cotton Fiber Model.  Figure 4.5 portrays 

the World Cotton Fiber Model’s forecasted U.S. cotton production per million bales 

(Fadiga, 2008). 
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Figure 4.5  Forecasted U.S. Cotton Production. 
Source:  Fadiga, 2008. 
 

 

Aggregate demand for cottonseed is derived by adding the dairy industry’s 

derived demand and crushing industry’s demand for cottonseed.  According to the 

National Cottonseed Products Association (NCPA), approximately 5 percent is set 

aside to plant next year’s crop.  FAPRI has already estimated the crushing industry’s 

demand for cottonseed using their World Trade Model.  Table 4.1 lists the forecasted 

total domestic use and total crushed cottonseed through the year 2017.  This facilitates 

the derivation of the dairy industry’s demand for cottonseed which can be estimated as 

U.S. production of cottonseed less crushing industry’s demand for cottonseed less 5 

percent which is used to plant next year’s crop.     
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The dairy industry’s derived elasticities are used to determine the sensitivity of 

the dairy industry’s demand for cottonseed from changes in own price and the price of 

other grains.  For example, the sensitivity of the dairy industry’s demand for 

cottonseed based on a percentage increase or decrease in the price of other grains and 

forages holding all other factors constant can be determined.  Similarly, the output 

elasticity helps determine how a percentage increase in the production of milk will 

respond to increases or decreases in inputs demanded on behalf of the dairy industry 

holding all other factors constant.    

The simulation of the U.S. cottonseed market will generate a forecasted stream 

of quantities of cottonseed demanded on behalf of the dairy industry holding all other 

factors constant.  The case analysis will take into consideration external variables that 

have a direct effect on cottonseed prices, such as the long-term trend of increases in 

national milk production, as well as increases in the national price of grains which 

may be due in part to the ethanol effect on grain commodities and vegetable oil 

markets.   

 

Summary 

This chapter provides an overview of the methods and procedures to be 

implemented in the analysis of the dairy industry’s derived demand for cottonseed.  As 

discussed in the Conceptual Framework, the input demand approach is the most 

appropriate methodology to be used when the demand for the factors being considered 
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are not directly demanded by the consumer but instead are derived by way of the 

demand for a firm’s output.   

Following Wang and Lall’s (1999) a marginal approach will be implemented 

to estimate the U.S. dairy industry’s derived demand for cottonseed.  The production 

model takes as factor inputs cottonseed meal, corn, alfalfa hay and an aggregate 

variable which includes grains and forages (soybean, distiller’s grain, commercial 

feeds, wheat and corn silage).  The model will include dummy variables for soybean 

and distiller’s grains in the Midwest region to detect shifts in production for this 

region.   

 The data used for this analysis is the Agricultural Resource Management 

Survey (ARMS) implemented by the National Agricultural Statistics Service (NASS).  

The ARMS data is pooled across the years 2000 and 2005.  In the ARMS data each 

observation represents itself and many other farms through a weight or expansion 

factor.  The idea is to have a dataset that represents the population.  These weights 

adjust the results for large dairy farms in the population.  The delete-a-group jackknife 

variance estimator is applied to the ARMS data using the 15 different weights created 

by NASS to have more efficient estimates of variances as well as accurate f-tests and 

t-tests.  

 Finally, the simulation analysis of the U.S. cottonseed market will take into 

consideration Texas Tech University’s World Cotton Fiber Model aggregate 

cottonseed supply.  Aggregate cottonseed demand will take into consideration the 

estimated dairy industry’s derived demand for cottonseed and other feed grains, and 
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FAPRI’s forecast estimates of the crushing industry’s demand for cottonseed.  The 

dairy industry’s derived price elasticities and output elasticities will be used to:  

determine how increments in the production of milk increase demand for cottonseed, 

determine how changes in the prices of grains will affect demand for cottonseed, and 

finally how these changes in quantities will affect U.S. market prices.  
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CHAPTER V 
 

RESULTS AND DISCUSSION  

 

 This chapter provides a discussion of the trans-log production model results in 

terms of estimations and the simulations and price forecasts of the U.S. cottonseed 

market.  It is divided into two main sections:  the dairy industry’s derived demand for 

cottonseed and other feed grains and the simulation and price forecast of the U.S. 

cottonseed market.  The simulation and price forecast of the U.S. cottonseed market 

introduces different scenarios:  the long-term trend of increases in national milk 

production and as increases in the national price of grains. 

 

 The U.S. Dairy Industry’s Derived Demand for Cottonseed and Other Feeds 

 The trans-log production function was estimated under different nested 

hypotheses to test the validity of nonlinear restrictions.  The log-likelihood ratio test 

which is approximated by a chi-square distribution is significant at the one percent 

level in favor of the unrestricted model in equation 4.1.  Table 5.1 below presents the 

results of the estimated model in equation 4.1.  Standard errors were estimated using 

the delete-a-group jackknife variance formulas described in the conceptual framework.  

These were estimated by taking the square root of the diagonal of the covariance 

matrix estimated with equation 4.7.  Standard errors are expressed in parenthesis.  
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Table 5.1  Translog Production Function with One Output, Four Inputs and Two 
Dummy Variables. 
 

0α  
0.2803 

(5.3191) 
CSβ  

-0.0695 

(0.1973) 
ccs*γ  

-0.0963 

(0.1280) 

CSα  
-0.5441 

(1.4853) 
Cβ  

0.0830 

(0.5009) 
gcs*γ  

-0.0122 

(0.1044) 

Cα  
-0.5416 

(0.9716) 
gβ  

0.1302 

(0.0966) 
ahcs*γ  

0.0943 

(0.1551) 

gα  
0.7929 

(0.4132) 
ahβ  

0.0226 

(0.1577) 
gc*γ  

0.0371 

(0.2836) 

ahα  
0.9049 

(0.9511) 
  ahc*γ  

-0.0327 

(0.1999) 

    ahg*γ  
-0.0181 

(0.1607) 

    1δ  
-0.0571 

(0.1721) 

    2δ  
-0.1788 

(0.1403) 

       Number of Observations:  179 White’s Test:       0.1280 
R-square:                           0.8363 Breusch-Pagan:   <.0001 
Adjusted R-square:           0.8202 Durbin Watson:   2.0825 
 

 

The White’s (1980) test was used to examine the presence of heteroskedasticity.  

The White’s test failed to reject the null hypothesis of no heteroskedasticity with a 

value of 0.1280, meaning there is evidence of homoskedasticity.  In the same manner 

the Breusch-Pagan test for homoskedasticity was applied for quantity of milk 
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produced depending on the seventeen explanatory variables.  The test rejects the null 

hypothesis (<.001) showing evidence in favor of homoskedasticity in the model.   

 A Durbin Watson test for first-order autocorrelation was also estimated to test 

the hypothesis of no auto regression against a one-sided alternative – positive 

regression – at the 5 percent significance level.  The appropriate values for 200 

observations and 16 explanatory variables (excluding the intercept) are  1.599 and 

1.943.  The calculated d statistic is 2.0825 such that the test failed to reject the 

hypothesis of no autocorrelation.  First-order autocorrelation in the model does not 

appear to be statistically significant.  

Ld

Ud

The F-test or joint linear hypothesis testing of all seventeen coefficients 

including the intercept are equal to zero could not be estimated.  The rank of the D 

matrix does not conform to equation 4.8 and therefore could not be tested.  

Nonetheless, individual T-tests for each variable equal zero of the form 

dD =β (Brick, et al, p.188) were estimated with equation 4.9.  Table 5.2 below 

presents the estimated T-calculated values.  As can be noted, own-second derivatives 

and cross-second derivates are all significant at the 1 percent level.  First derivatives 

are not as significant for CSα and Cα , but are insignificant for 0α , gα  and ahα .  
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Table 5.2  Estimated T-calculated Values. 

0α  0.1353 CSβ  5.4205 ccs*γ  8.5621 

CSα  1.0396 Cβ  1.8306 gcs*γ  9.6980 

Cα  1.5866 gβ  9.0008 ahcs*γ  5.8403 

gα  0.5011 ahβ  6.1984 gc*γ  3.3956 

ahα  0.1000   ahc*γ  5.1639 

    ahg*γ  6.3337 

    1δ  6.1415 

    2δ  8.4002 

 

 

Analysis of the sub-dataset shows that as quantity of milk produced increases 

during the year 2000 to 2005, the demand for feeds also increases.  This proportionate 

increase was reflected in all five regions – Atlantic, South, Midwest, Plains and West 

– of the U.S.  There also seems to be a relationship between regional crops and the 

local demand for feed grains.  The Midwest region has the most observations with 

soybean and distiller’s grain as a factor input.  The demand for soybean was most 

significant in the Lake States region and distiller’s grain is most significant in the Corn 

Belt region.  Dummy variables were added to the model (equation 4.1) to detect shifts 

in quantity of milk produced for dairy farmers that use soybean and distiller’s grains 

as factor inputs and are in the Midwest region.  1δ , which represents dairy farmers in 
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the Midwest region that report quantities of harvested soybean used in production, 

have -0.0571 quantity of milk produced per hundred weight per year with a standard 

error of 0.1721 and a t-value significant at the one percent level.  2δ , which represents 

dairy farmers in the Midwest region that report quantities of purchased distiller’s 

grains in production, have -0.1788 quantity of milk produced per hundred weight per 

year with a standard error of 0.1403 and a t-value significant at the one percent level.    

 Output elasticities measure how a one percent change the input being considered 

affects the quantity of milk produced.  Output elasticities with respect to each factor of 

production were estimated using equation 4.2 and are presented in table 5.3 below.    

Each factor, cottonseed meal, corn and alfalfa hay, by itself does not explain much of 

the variation in quantity of milk produced implying that a one percent change in 

quantity of cottonseed meal or corn or alfalfa hay do not have a significant affect on 

the quantity of milk produced.  However, a one percent increase in the amount of 

grains and forages used will increase quantity of milk produced by 0.3055 percent.  

Aggregate grains and forages include harvested and purchased soybean, distiller’s 

grain, commercial feeds, wheat and corn silage, where commercial feeds also include 

custom feeds.   

 

Table 5.3  U.S. Dairy Industry Output Elasticities. 

Cottonseed Meal Corn Grains & Forages Alfalfa Hay 

0.0471 0.0340 0.3055 0.0440 
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 Own-price and cross-price elasticities for each factor of production were 

estimated using equation 4.4 and equation 4.5; and are presented in Table 5.4.  The 

derived demand for cottonseed meal is inelastic with respect to its own-price implying 

that an increase in the price of cottonseed meal will decrease quantity demanded by -

0.4120 percent.  The derived demand for feed grains and forages, and alfalfa hay are 

elastic with respect to own-price meaning that a percentage change in each factor’s 

own-price will decrease the quantity demanded by -3.7288 percent and -2.2644 

percent respectively.  Grains and forages have the highest negative percentage change 

in quantity demanded given a change in own-price out of the four inputs studied.  

Corn, on the other hand, has a positive own-price elasticity implying that the output 

effect supersedes the substitution effect of other inputs for corn, such that a one 

percent increase in the price of corn will increase the quantity demanded by 0.6784 

percent.   

 The estimated cross-price elasticities of demand for cottonseed meal imply that it 

is considered a complement of corn with a cross-price elasticity of -0.9581 percent and 

a substitute for grains and forages, and alfalfa hay with a cross-price elasticity of 

1.3497 percent and 0.3333 percent respectively (table 5.4).  A one percent increase in 

the price of cottonseed meal will affect the quantity demanded of corn by -0.5457 

percent, slightly more than it affects quantity demand of cottonseed meal, which has 

an own-price elasticity of -0.4120.  However, grains and forages have an elastic 

demand with respect to the price of cottonseed meal with an elasticity of 1.0416 

percent.  Alfalfa hay on the hand has an inelastic demand with respect to the price of 
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cottonseed meal with an elasticity of 0.3182 percent.  In summary, the quantity 

demanded for cottonseed meal is sensitive to changes in own-prices and corn prices; 

nonetheless, an increase in the price of grains and forages helps augment demand for 

cottonseed.   

 

Table 5.4  U.S. Dairy Industry Own-price and Cross-Price Elasticities. 

Price 

Quantity Cottonseed 
Meal Corn Alfalfa Hay Grains & 

Forages

  

Cottonseed 
Meal 

 

-0.4120 -0.9581   0.3333  1.3497

Corn 

 

-0.5457  0.6784 25.3301  0.4782

Alfalfa Hay  

 

 0.3182  3.8798  -2.2644  1.6962

Grains & 
Forages 

 

 1.0416  0.8917   1.0628 -3.7288

 

 

  The estimated cross-price elasticities for corn imply that corn is a complement 

of cottonseed meal with an elasticity of -0.5457 percent and a substitute for grains and 

forages and alfalfa hay with elasticities of 0.4782 percent and 25.3301 percent 
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respectively (table 5.4).  However, a one percent increase in the price of corn will 

decrease quantity demanded for cottonseed meal by -0.9581 percent but will increase 

the quantity demanded for corn by 0.6784 percent, as well as increase quantity 

demanded for grains and forages by 0.8917 percent and alfalfa hay by 3.8798 percent.   

 The estimated cross-price elasticities for grains and forages imply that it is a 

substitute of all other inputs (table 5.4).  Grains and forages have a cross-price 

elasticity of 1.0416 percent with respect to the price cottonseed meal, 0.8917 percent 

with respect to the price of corn, and 1.0628 percent with respect to the price of alfalfa 

hay.  An increase in the price of grains and forages, which contains harvested and 

purchased soybean, distiller’s grain, commercial feeds, wheat and corn silage, will 

significantly increase the quantity demanded for alfalfa hay by 1.6962 percent and 

cottonseed meal by 1.3497 percent.   

 

Simulation and Price Forecast of the U.S. Cottonseed Market  

As described in the Methods and Procedures chapter the simulation of the U.S. 

cottonseed market generates a forecasted stream of quantities of cottonseed demanded 

on behalf of the dairy industry holding all other factors constant.  The case analysis 

will take into consideration external variables that have a direct effect on the quantity 

demanded of cottonseed or cottonseed prices.  Two cases will be analyzed using the 

dairy industry’s derived price elasticities and output elasticities such as the long-term 

trend of increases in national milk production and increases in the national price of 

grains.   
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Increases in National Milk Production 

FAPRI estimates national milk production to increase from 185,599 million 

pounds in 2007 to 212,385 million pounds in 2017 with an average 1.4% increase per 

year.  Taking these projections and the estimated output elasticities (table 5.3), the 

dairy industry’s demand for cottonseed and its relationship with milk production can 

be derived holding all other factors constant.  Figure 5.1 demonstrates the simulated 

quantities of milk produced on behalf of the dairy industry given changes in input use 

of cottonseed, holding all other factors constant.   
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Figure 5.1  Quantities of Milk Produced. 
Source:  Prepared by the Author based on Simulation. 
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Figure 5.2 depicts the stream of cottonseed demanded on behalf of the dairy 

industry using the simulated quantities of milk produced.  Simulations are estimated 

for an additional 1.5 percent increase and 2.9 percent increase above estimated 

quantities of milk produced and 1.5 percent below estimated quantities of milk 

produced. 
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Minus 1.5% Base Plus 1.5% Plus 2.9%  

Figure 5.2  Dairy Industry Demand for Cottonseed given changes in Milk Production. 
Source:  Prepared by the Author based on Simulation Results. 
 

 

As can be noted from figure 5.2, the quantity of cottonseed demanded on 

behalf of the dairy industry’s increases at an increasing rate given higher increases in 

milk production, holding all other factors constant.  That is, if milk production 
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increases at an average rate of 4.3 percent annually (plus 2.9 percent per year) the 

quantity of cottonseed demanded would increase beyond 6 million tons (plus 66 

percent).  Using the World Cotton Fiber Model’s forecasted cotton production; 

cottonseed production would reach approximately 6.95 million tons for the year 2016.  

This would imply that the dairy industry would demand all of the cottonseed produced 

by 2016 if milk production increased at an average rate of 4.3 percent.  Similarly, if 

milk production increased at an average rate of 1.5 percent annually above FAPRI’s 

milk production estimates the demand for cottonseed on behalf of the dairy industry 

would be 5.7 million tons in 2016 (plus 34 percent).  This represents approximately 82 

percent of the estimated cottonseed produced.  On the other hand, if milk production 

were to decrease 1.5 percent the demand for cottonseed would be 2.9 million tons in 

2016, which represents 41 percent of the estimated cottonseed produced in 2016.   

This simulation analysis has shed some light into the influence that the dairy 

industry has on quantity of cottonseed demanded.  The migration of dairy farms from 

traditional production states such as California and New York, to Southern states such 

as New Mexico and Texas, may have a significant effect on the local demand for 

cottonseed.  Texas milk production is expected to increase an average 4 percent per 

year, from 7,828 million pounds to approximately 10,748 million pounds in 2017.  

This is expected to have significant increases in the local demand for cottonseed.  

These projected quantities of cottonseed demanded on behalf of the dairy 

industry given changes in milk production can be used to simulate its effect on 

cottonseed prices.   Aggregate quantities demanded for cottonseed are the summation 
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of the dairy industry’s simulated demand for cottonseed and FAPRI’s forecasted 

crushing industry’s demand for cottonseed plus 5 percent of cottonseed production 

that is set aside to plant next year’s crop.  Figure 5.3 shows the stream of aggregate 

cottonseed demanded from the simulation of changes in quantities demanded on 

behalf of the dairy industry given changes in milk production.  Figure 5.3 illustrates 

that, holding all other factors constant, increases in milk production at a rate higher 

than 1.4 percent would imply that the dairy industry and the crushing industry demand 

more than the forecasted cottonseed supply for 2016.  This implies that the shortage of 

supply may result in increasing cottonseed prices as both industries demand more than 

what is produced.  
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Figure 5.3  Aggregate Quantities of Cottonseed Demanded given changes in Milk 
Production. 
Source:  Prepared by the Author based on Simulation Results.  
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Consequently, the effect that these changes in aggregate quantities demanded 

would have on cottonseed prices can be simulated, holding all other factors constant.  

Figure 5.4 illustrates the estimated price of cottonseed given changes in milk 

production.    The figure demonstrates that given increases in quantities demanded by 

the dairy industry the price of cottonseed will also increase, holding all other factors 

constant.  If milk production were to increase at an average rate of 4.3 percent then 

cottonseed prices would increase 105 percent by the year 2016.  This implies that there 

is pulling-effect by the dairy industry.   
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Figure 5.4  Price of Cottonseed given Increases in Milk Production. 
Source:  Prepared by the Author based on Simulation Results.   
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Increases in the Price of Grains 

In order to simulate how changes in the price of grains affect the demand for 

cottonseed, an A-index was created using FAPRI’s forecasted prices for distiller’s 

grains and wheat, and NASS’ forecasted soybean prices.  NASS also has historical 

data on dairy feed prices in their annual report “Agricultural Prices”.  Dairy 

concentrated feeds are forecasted using a linear regression of dairy feeds as a function 

of the price of corn, price of soybean and the price of wheat.2  The corn silage price 

was also forecasted using a linear regression of corn silage as a function of the yield of 

corn production per acre, price of soybean and alfalfa hay.3  Corn silage gross value 

per acre was obtained from The NASS annual reports on “Corn Production Costs and 

Returns” (1996-2006).  Although there is much literature that encourages using corn 

prices as a base price to determine corn silage price per acre, the variable resulted 

insignificant and was therefore dropped from the model.  After estimating the A-index 

it was evident that corn silage price per ton was pulling the A-index price down.  Corn 

silage represents 48.72% of the aggregate grains variable (figure 4.3) and it had the 

least cost per ton.  Corn silage was dropped from the A-index in order to have an 

accurate estimate for grains.  Figure 5.5 depicts the grains index estimation.  

 
2 The linear regression explained 89.10% of the variation in the price of dairy feeds.  Soybean price was 
significant at the 1% level, corn price was significant at the 5% level and wheat price was significant at 
20% level. 
3 The linear regression explained 82.69% of the variation in corn silage price.  Corn yield and soybean 
price were significant at the 1% level, alfalfa hay price was significant at 10% level.  
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Taking the A-index projections and the cross-price elasticity of demand 

estimates (table 5.4), the dairy industry’s demand for cottonseed was derived, holding 

all other factors constant.  Figure 5.6 depicts the stream of cottonseed demanded on 

behalf of the dairy industry using the projected grains index (base) which had an 

average growth rate of 1.6 percent.  Simulations were estimated for a 0.5 percent 

increase and a 0.5 percent decrease in the rate of grains index prices.  
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Figure 5.5  Grains Price Index. 
Source:  Prepared by the Author using FAPRI and NASS Forecasted Price Estimates 
for Distiller’s Grain, Wheat, Soybean and Historical Prices for Dairy Feeds. 
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Figure 5.6  Dairy Industry Demand for Cottonseed given changes in the Grains Price 
Index. 
Source:  Prepared by the Author based on Simulation Results.  
 

 

As can be noted from figure 5.6 an additional 0.5 percent increase above the 

average grains price index rate will increase the quantity demanded of cottonseed 

significantly, holding all other factors constant.  Using the World Cotton Fiber 

forecast for cotton production, cottonseed production was derived.  Cottonseed 

production was expected to reach approximately 6.9 million tons by 2016.  If grains 

prices were to increase at an average rate of 2.1 percent per year the dairy industry 

would demand almost all cottonseed production by the year 2016 holding all other 

factors constant.  On the other hand, if projected grains prices were to decrease 0.5 

percent per year the dairy industry would demand 2.6 million tons or approximately 
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38 percent of the estimated cottonseed production by 2016 holding all other factors 

constant.   

 These projected quantities of cottonseed demanded on behalf of the dairy 

industry given changes in the price of grains will then used to simulate its effect on 

cottonseed prices.   This simulation was estimated using the changes in aggregate 

quantities demanded and the inverse of the derived own-price elasticity (table 5.4), 

holding all other factors constant.  Aggregate quantities demanded for cottonseed is 

the summation of the dairy industry’s simulated demand for cottonseed and FAPRI’s 

forecasted crushing industry’s demand for cottonseed plus 5 percent of cottonseed 

production that is set aside to plant next year’s crop.  Figure 5.7 shows the stream of 

aggregate cottonseed demanded from the simulation of changes in quantities 

demanded on behalf of the dairy industry given changes in grains index prices.  Figure 

5.7 illustrates that holding all other factors constant the dairy industry and the crushing 

industry demand more than what the forecasted cottonseed supply will be for 2016.  

This implies that the shortage of supply may result in increasing cottonseed prices.      
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Figure 5.7  Aggregate Quantity of Cottonseed Demanded given changes in Grains 
Index. 
Source:  Prepared by the Author based on Simulation Results. 
 

 

Consequently, the effect that these changes in aggregate quantities demanded 

would have on cottonseed prices can be simulated, holding all other factors constant.  

Figure 5.8 illustrates the estimated price of cottonseed given changes in the grains 

index.    The figure demonstrates that given increases in quantities demand on behalf 

of the dairy industry the price of cottonseed will also increase, holding all other factors 

constant.  That is, a 2.1 percent increase in the gains price index (0.5 percent above 

base estimate) will lead to a 152 percent increase in the price of cottonseed holding all 

other factors constant.  Yet again, this implies that there may be a pulling-effect on 

behalf of the dairy industry.  This correspondence is also expected given increases in 
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milk production, where the dairy industry demands significantly more cottonseed, 

holding all other factors constant.  
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Figure 5.8  Price of Cottonseed given changes in Grains Price Index. 
Source:  Prepared by the Author based on Simulation Results.  
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Summary 

This chapter has presented the results of the dairy industry’s derived demand 

for cottonseed and other feed grains and the simulation and price forecast of the U.S. 

cottonseed market.  The derived demand model uses factor inputs: cottonseed, corn, 

alfalfa hay and an aggregate variable which includes grains and forages (soybean, 

distiller’s grain, commercial feeds, wheat and corn silage).  The model also includes 

dummy variables for soybean and distiller’s grains in the Midwest region to detect 

shifts in production for this region.   

The results of the estimated output elasticities imply that each factor, 

cottonseed meal, corn and alfalfa hay, by itself does not explain much of the variation 

in quantity of milk produced implying that a one percent change in quantity of 

cottonseed or corn or alfalfa hay will not have a significant effect on the quantity of 

milk produced.     

Own-price and cross-price elasticities for each factor of production were also 

derived.  The results of the model show that the quantity demanded for cottonseed 

meal is sensitive to changes in own-prices and corn prices; nonetheless, an increase in 

the price of grains and forages help augment demand for cottonseed.  The derived 

demand for cottonseed meal is inelastic with respect to its own-price, implying that an 

increase in the price of cottonseed meal will decrease quantity demanded by -0.4120 

percent. The demand for cottonseed meal is more susceptible to an increase in the 
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price of other feed grains and alfalfa hay.  An increase in the price of other feeds can 

increase the demand for cottonseed meal by way of substitution in the feed ration.   

The derived demands for grains and forages, and alfalfa hay are elastic with 

respect to own-price.  Grains and forages have the highest negative percentage change 

in quantity demanded given a change in own-price out of the four inputs studied with 

an own-price elasticity of -3.7288 percent.  Feed expenses in 2008 are forecast to have 

the largest increase of all expenses as they rise $6.9 billion (18.2 percent) to a record-

high $45.0 billion (USDA, 2008).  A one percent increase in the price of grains will 

significantly increase the quantity demanded for cottonseed meal by 1.3497 percent.  

On the other hand, a one percent increase in the price of corn will decrease quantity 

demanded for cottonseed meal by -0.9581 percent.  This predisposition in the feed 

grains market may significantly alter cottonseed meal share in the U.S. dairy ration 

and consequently the demand for cottonseed.   

A simulation of the U.S. cottonseed market was performed to forecast a stream 

of quantities of cottonseed demanded on behalf of the dairy industry holding all other 

factors constant.  Two cases were analyzed using the dairy industry’s derived price 

elasticities and output elasticities:  the long-term trend of increases in national milk 

production and increases in the national price of grains.   

The simulation of increases in milk production indicates that quantity of 

cottonseed demanded by the dairy industry increases at an increasing rate given higher 

increases in milk production, holding all other factors constant.  That is if milk 

production increases at a rate of 4.2 percent annually (2.9 percent above FAPRI milk 
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production estimates) the quantity of cottonseed demanded would reach 6.9 million 

tons in 2016.  This simulation implies that the dairy industry would demand all of the 

forecasted cottonseed supply, which would lead to an estimated 105 percent increase 

in cottonseed prices by 2016, holding all other factors constant.   

Similarly, the stream of cottonseed demanded on behalf of the dairy industry 

using the projected grains index (base), which has an average rate of 1.6 percent, 

displayed increases in quantities of cottonseed demanded.  If grain prices were to 

increase at an average rate of 2.1 percent per year the dairy industry would demand 

almost all cottonseed production by the year 2016 holding all other factors constant.  

The simulation demonstrates that given increases in quantities demanded by the dairy 

industry the price of cottonseed will also increase, holding all other factors constant. 

U.S. cottonseed prices would increase approximately 152 percent by 2016 if the grains 

index were to increase at an average rate of 2.1 percent.  The simulation implies that 

there is a pulling-effect on behalf of the dairy industry.  This correspondence was also 

implied given increases in milk production where the dairy industry demands 

significantly more cottonseed, holding all other factors constant.  This shows that the 

dairy industry’s role in the price determination of cottonseed is significant and 

noteworthy.  
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CHAPTER VI 

CONCLUSION  

 
Despite much research on feed grains and oilseeds, little is known about the 

U.S. dairy industry’s influence on aggregate cottonseed demand.  There have been no 

studies known to the author that estimate the dairy industry’s derived demand for 

cottonseed and other feed grains on a disaggregated basis.  According to Robinson 

(2001), “Typically about half of the cottonseed… produced each year is used for dairy 

feeding.”  In many U.S. regions the dairy industry pays a premium over the oil mill 

price.  The migration of dairy farms from traditional production states, such as 

California and New York, to Southern states, such as New Mexico and Texas, may 

have a local effect on the demand for cottonseed and market price, thus making the 

dairy industry’s role in the determination of market price for cottonseed important.   

This study focused mainly in the U.S. dairy industry’s derived demand for 

cottonseed, and other feed grains and forages by estimating the industry’s price 

elasticities as well as its output elasticities.  A transcendental logarithmic production 

model with regional dummy variables was used to estimate the U.S. dairy industry’s 

derived demand for cottonseed meal, corn, alfalfa hay and other grains and forages.  

Following Wang and Lall’s (1999), marginal productivity analysis, own-price and 

cross-price elasticities were successfully estimated for the U.S. dairy industry using 

data from the Agricultural Resource Management Survey (ARMS).   

The study provided useful insight into the sensitivity of prices and quantities 

demanded by the dairy industry.  Output elasticities and price elasticities were further 
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used to analyze the factors that have an effect on aggregate demand for cottonseed.  

Two case analyses, plausible future price events in the feed grains market and 

increases in milk production, were estimated to help determine its effect on aggregate 

demand for cottonseed and consequently its effect on forecasted cottonseed prices.    

Case analyses of plausible long-term increases in dairy industry production 

demonstrate that the dairy industry will demand proportionately more cottonseed 

given increases in milk production holding all other factors constant.  This implies that 

the migration of dairy farms to Southern states such as Texas, where milk production 

is expected to increase an average 4 percent per year, from 7,828 million pounds to 

approximately 10,748 million pounds in 2017 (FAPRI, 2008), will proportionately 

increase local demand for cottonseed, which means that the gross value of production 

of cottonseed for the cotton farmer will also increase.  Regional cotton farmers can 

expect bigger cash funds from cottonseed as dairies migrate to southern states.   

Nonetheless, the quality of the cottonseed produced also influences the market 

price.  According to Robinson (2001) the size and quality of the seed has decreased.  

Robinson states that cottonseed production per bale of cotton has decreased from 780 

pounds per bale of cotton in the 1980’s to 740 pounds per bale of cotton in 2001.   

Cotton farmers naturally focus on maximizing cotton production given that it 

represents 83.8 percent of gross value of production, while cottonseed represents only 

16.2 percent (USDA, 2008).  However, if cottonseed prices continue to increase, more 

emphasis on the size and quality of the cottonseed will be brought to the attention of 

cotton farmers, meaning that future studies will now not only focus on maximizing 
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cotton production but also maximize the size and quality of the cottonseed as its value 

increases.  The role of cottonseed in cotton production may switch from a simple cash 

crop to a significant part of gross value of cotton production.  Revenues from 

cottonseed may eventually be the determining factor as to whether cotton farmers 

finished the crop year with positive returns.   

 

Further Research 

 Further research in the area of derived demand for cottonseed that has been 

ascertained by this research could consist of assessing all inputs on a disaggregated 

basis.  Due to limitations in the sub-sample of ARMS data used for this study, 

distiller’s grains, soybean, wheat, commercial feeds and corn silage had to be 

aggregated into one variable.  A complete disaggregated analysis of inputs used in the 

dairy farmers’ maximization of milk production would permit further analysis of the 

sensitivities to prices in all feeds used.   

Perhaps an even more interesting aspect to explore is the regional demand of 

feed grains and forages.  It is suspected that regional crops and prices affect the local 

and national demand for feed grains and forages.  Own-price elasticities and cross 

price elasticities across regions would provide much information of relationships in 

feed.  This analysis can also take into consideration the proximity of ethanol plants 

and cotton production areas and their effect on local demand and prices. 
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Further efforts could also concentrate into analyzing the crushing industry’s 

derived demand for cottonseed and other oilseeds.  As noted in the literature review, 

most research regarding the crushing industry is on the demand for the final consumer 

product.  A derived demand analysis of the oilseed market would permit the 

estimation of the crushing industry’s effect in the cottonseed market and its sensitivity 

to prices, as well as its effect in other oilseed markets.    
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