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ABSTRACT

The objective of the research isto understand the volatility of cotton acres and
estimate planted acres based on the factors that drive volatility in the United States at a
regional level. Estimating cotton acresisimportant so that demand for cotton seed and
technology can be anticipated and the appropriate investments in cotton seed production
can be made.

Post Multi-Fiber Arrangement, the US cotton economy has entered a state of
imperfect completion which makes cotton price, ending stocks and the relationship of
cotton to other crops important in understanding volatility in cotton acres. Linear
Regression, Random Forest and Partial Least Squares Neural Networks (PLS NN) were
used to estimate cotton acres at a US and Regional Level. The modeling approaches used
to estimate change in acres yielded similar performance for U.S. total, Southwest, and
West. The PLS NN was dightly better for the Delta and Southeast, where more crop
alternatives exist. Random Forest offered a different perspective on variable importance in

all regions.
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CHAPTER |: INTRODUCTION

The objective of the research isto understand the volatility of cotton acresin the
United States so that demand for cotton seed and technology can be anticipated and the
appropriate investments in production for cotton seed can be made. Demand impacts the
volatility of planted cotton acres.

Monsanto’s Delta and Pine Land Brand isamajor supplier of cotton seed for
production in the United States.  Significant investments are made in the devel opment of
new technology, improved genetics, and seed production. Assuch, it’simportant to
understand the reasons for change in cotton acres across years.

The history of cotton has been influenced by the location of the fiber consumption,
policies and trade agreements for raw materials and textiles, government subsidies, demand
and cost associated with synthetic fiber and the viability of aternative cropsin the regions
of production in the United States (U.S.). Utilization of government subsidized crop
insurance, in lieu of government subsidized set aside, may have had an impact. Trade
policies have changed over time, and a discussion of relevant policy issueswill focus on
the time period starting with the end of the multi-fiber arrangement (1994) to the present.
These changes have had adirect impact of the existing market structure. The availability
of adapted alternative crops has changed. Demand for those aternative crops is dynamic,
asthey aso are commodity crops.

Cotton production is geographically spread across the U.S., and the factors
influencing planted acres may not be affecting al regions equally. This study will examine
potential drivers of cotton planted acres and propose statistical model to estimate acres by

region and for the U.S. asawhole.



1.1 U.S. Cotton Acre Volatility

Cotton is grown as an annual crop in the United States. There are two principal
types grown in the U.S.: Upland Cotton and Pima Cotton. Upland cotton production is
concentrated in the southern states, with the largest cotton producing states being Texas and
Georgia. Production in Texas is concentrated in the high plains. Texas aone accounted for
more than 50% of total cotton acreagein the U.S. in 2010. The remainder is distributed
across the southern states, with the majority of acreage in the Delta (along the Mississippi
River.) These areas produce upland cotton. Pima cotton is grown in California, Arizona,
New Mexico, and Texas. The following table shows the state breakout of acreage for
cotton in 2012. The USDA notes cotton acreage has ranged between 9-15 million acres
since the 1960’ s (USDA-NASS 2010).

Figure 1.1 shows the concentration of acresin 2007 as an example. Tota cotton
acresin thisyear were 12.83 million acre. The summary table shows the acres planted in
2012 from the largest to the smallest state.

Total cotton acres in the US have been fluctuating. Figure 1.2 showstotal US acres
for upland cotton planted acres. The minimum, maximum and standard deviation are

included for the last thirty years (USDA-NASS 2010).



Figure 1.1: Example Annual Distribution of Cotton Planted Acresin the United States

and Summary of 2012 Cotton Planted Acres by State
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2012 Acres

Planted(Acres)
TEXAS
GEORGIA
ARKANSAS
NORTH CAROLINA
MISSISSIPPI
TENNESSEE
ALABAMA
CALIFORNIA
MISSOURI
OKLAHOMA
SOUTH CAROLINA
LOUISIANA
ARIZONA
FLORIDA
VIRGINIA
KANSAS
NEW MEXICO
U.S. TOTAL ACRES

Cotton planted
acreage
6,608,000
1,290,000
590,000
585,000
470,000
380,000
380,000
367,000
350,000
305,000
298,000
230,000
203,000
108,000
86,000
57,000
53,000
12,360,000

Source: (USDA-NASS 2010) (USDA- NASS 2012)




Figure 1.2: United States Cotton Acresin Millions of Acresfrom 1981 to 2012
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Yield has been increasing over time. Genetic improvements, biotechnology
advancements and improved production management have contributed to yield. Relative to
the early part of the 20th century acres have decreased and yet total production on the 8-17
million acresis on par with that achieved when the U.S. had acres greater than 30 million.

(Figure 1.3) (USDA-NASS, 2010)



Figure 1.3: United States Cotton Acresin Millions of Acresfrom 1981 to 2012
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Acreage has some impact on the cotton price aswell. The graph below (Figure 1.4)

shows US cotton acreage plotted relative to US farm gate price (USDA- NASS 2012).

There isapoditive correlation of 33% with cotton acreage and changein price from

December to December. This correlation is lower relative to the same information for other

US crops as seen in following table (Table 1.1).

Figure 1.4: Cotton Planted Acresin the United States versus Previous Year Cotton
Farm Gate Price Over 100 Years

50.0M + $0.9
45.0M - == Cotton Plgnted Acregge $0.8
=== Cotton Prior Y ear Price
40.0M - $0.7
35.0M $0.6
30.0M $05 o
25.0M -+ \ | 04 §
2 20.0M -+
150M - \/ w - $03
10.0M - - $02
5.0M -+ - $0.1
0 . T T T . T T T . $0.0
R S S CONIIC JC



Source : (USDA- NASS 2012)

Table 1.1: Correlation of Acreageto PreviousYear Crop Pricein the United States
for Corn, Soybean, Cotton and Wheat

Correlation

. _|Acreage Change vs. Dec.
Crop |Period Acreagg Vs I:)r'orOver Dec. Price Change

Dec. Price
Percentage

Corn 1970 - 2010 65% 57%
Soy 1924 - 2010 88% 34%
Wheat 1909 - 2010 |-67% 39%
Cotton 1920 - 2010 22% 33%

Source: (USDA- NASS 2012)

1.2 Monsanto’'s SEC Financial Summary (Cotton)
The financial summary below (Table 1.2) is an aggregate taken from Monsanto’s

SEC filings covering atime frame from the first cotton seed company acquisition to 2012.
(Monsanto’ sfiscal year endsin August.) Monsanto’s cotton business has generally shown
increasing return over the years since 2005 with the exception of 2007 and 2012 where
Gross Profit actually decreased in relationship to the previousyear. Though not
conclusive the decline in Gross Profit in these years could be attributed to declinein acres.
Thetotal cotton number of acresin 2007 was 10.83 million acres after a high of 15.27
million acresin 2006. Acresin 2012 were 12.36 million acresfollowing 14.74 in 2011.

This may suggest an issue when cotton acreage drops dramatically.



Table 1.2: Summary of Monsanto's SEC Filings Regarding Cotton from 2005-2012,
With Calculated Growth Rate.

Dollarsin Millions 2012 2011 2010 2009 2008 2007 2006 2005
Net Sales

Cotton seed and traits 779 847 611 466 450 319 376 335
% Change from Previous

Year -8% 3% 31% 4% 41% -15% 12%
Gross Profit

Cotton seed and traits 585 642 454 344 313 267 305 281
% Change from Previous

Year 9% 41% 32% 10% 17% -12% 9%
Growth Rate of Gross Profit 13.52%

CAGR (0,3 19.15%

CAGR (0,7) 11.15%

Source : (Monsanto 2012)

1.3 Monsanto’'sHistory in Cotton
Thetable (Table 1.3) below summarizes the technological achievements made from

Monsanto’ s investment in cotton biotechnology and major milestones.



Table 1.3: Monsanto Milestones Associated with Cotton.

Y ear Monsanto Cotton Comments

1996 | Bollgard® insect-protected ThisisaBt trait providing resistance to the major
cotton commercialized cotton pests of cotton bollworm, tobacco budworm and
providing lepidopteroninsect | pink bollworm. This greatly reduced (or eliminated) the
resistance number of times atypical cotton farmer need to spray

insecticide on his crop to prevent yield damage from
insects. Asin nearly al host:pathogen relationships,
careful management is required to maintain durability
of resistance.

1997 | First Biotechnology Stacked | Thisallowed cotton farmersto use a cost effective way
Trait product released. to manage weeds and enabled minimum tillage
Bollgard® and Roundup methods to be employed since tillage was no longer
Ready® herbicide tolerance. needed for weed control.

2002 | Bollgard® cotton becamethe | Adopted by 6 million farmers
first biotech crop approved for
India

2003 | Introduced a second- This both expanded the range of insects controlled and
generation trait product, increased the durability of resistance to targeted pests.
Bollgard® |1

2005 | Acquisition of the Stoneville
cotton business, including its
NexGen brand.

2006 | Release of second generation | Sameinsect protection benefitsas Bollgard I1. The
stack, Bollgard® Il with improvement was in the herbicide tolerance by
Roundup Ready Flex® providing alonger, more flexible window for the use of

Roundup Flex Technology.
Bollgard® |1 released in India

2007 | Acquisition of Deltaand Pine | Corn hybrids adapted to the Delta cotton region
Land, divesture of Stoneville | become commercialy available.
and NexGen

2010 Launch of anew herbicidefor | WARRANT™ herbicideis designed to be applied
cotton and soybean acres post-emergence of soybeans and cotton and pre-
called Warrant™ Herbicide emergence to weeds. This herbicide provides 30 to 40

days of residual control of grasses and small seeded
broadleaf weeds including the tough to control weeds,
tall waterhemp and palmer amaranth.

(Monsanto 2012)

These achievements are aresult of significant investmentsin research and product
development as well as regulatory approvals. They include both technology milestones and

acquisitions. There are also operational investments that are made on an annual basis for



the development of new technology, genetic/variety development, and seed manufacturing
costs. Ensuring that these investments are appropriately timed and sized will have a

positive impact on the companies overall sustainability for positive growth.



CHAPTER II: LITERATURE REVIEW
2.1 Multi-Fiber Arrangement and Changein Market Dynamics

Market dynamic for cotton began to change when the Multi-Fiber Arrangement
cameto an end. This change impacted import export relationships as well as the location
of textile manufacturing.

The Multi-Fiber Agreement (MFA) was an agreement that governed trade in
textiles from 1974 through 2004. The purpose for this agreement wasto allow atime
period of adjustment for developed countries while devel oping nations began increasing
production of wool, man-made fibers and cotton. The MFA was essentially a system of
multilateral agreements establishing quotas that started with Japan and expanded over time
to 40 countries. The intent was to protect textile workersin the devel oped nations The
implementation saw the reassignment of many jobs to countries such as Bangladesh,
Cambodia and El Salvador and more than 40 other countries, all with guaranteed market
access through trade quotas with the US and EU.  The boon to third world economies
wasn’'t the original intent behind the MFA; it was following the direction of earlier quota
policiesinitialy set forward by the Kennedy administration to protect cotton production
(Yearman 2005). Whileintended to protect producers and exporters, the protectionist
MFA policy had a negative impact on the US consumer through increased clothing prices
and consequently lower consumption.

The MFA did limit market access of the textile manufacturers from Chinaand India
during its duration. After the removal of MFA, cotton trade policy was governed by first
the General Agreement on Trade Tariffs (GATT) and then by the World Trade

Organization (WTO). The MFA expiration and the China s admission to the World Trade

10



Organization have changed China s position in the textileindustry. (Wikipedia2011)
(GATT 1973).

The MFA was replaced by the Agreement on Textiles and Clothing (ATC) in 1995.
This policy established a schedule for eliminating the MFA quotas and increasing growth
rates in the import quantities still under quota. It lowered textile and soft goods (garment)
tariffs and served as the impetus for bringing this trade sector under World Trade
Organization (WTO) rules (MacDonad and Vollrath 2005).

The expiration of the MFA still has not resulted in free trade in cotton. The US has
been in adispute with Brazil over adherence to the WTO Doha Round of negotiations
which would call for the US to amend its marketing loan program and counter cyclical crop
payment programs that continue to subsidize US cotton production since 2003. Brazil won
thisruling in 2010 and the US has since provided recompense to Brazil, both monetarily,
with payments of $147 million, and by allowing some import of Brazilian beef into the US.
Models from the International Centre for Trade and Sustainable Development indicate that
if the US abided completely by the Doha WTO round, world market price would increase
as much as 2% and the US could see areduction of cotton acres of 6-10%. While
adherence would definitely impact world priceit’ s difficult to know if the long term impact
would mean higher prices and more stability over thelong term. The US did pass a new
farm bill in 2008 but it did little to address reforms for the cotton subsidies that keep price
artificialy low (ICTSD 2010).

The chart (Figure 2.1) bel ow supports the misalignment of the US to the other
major cotton producing countries (Brazil, China, Indiaand Pakistan) through the

expression of ending stocks expressed as percent change annually. A look at the volume

11



in ending stocks clearly demonstrates a picture of changing influence in ending stocks

concentration from China (Figure 2.2).

Figure2.1: Percent Changein U.S. Cotton Ending Stocks by Year Compared to the
Percent Change of the Sum in Cotton Ending Stocksfor Brazil, China, India and

Pakistan from 1970-2012.
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Figure2.2: Total Cotton Ending Stocksfor Brazil, China, India, Pakistan and the
United Statesfrom 1970-2012.
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A relationship between fiber consumption and Gross Domestic Product (GDP) was
proposed by Baffes and Gohu (2005) based on data from many countries with various
stages of economic development. Thelir study showed areasonably linear relationship
between GDP and fiber consumption in the year 2000. Fiber consumption was highest
among developed nations. Disruptions to long term trend GDP could therefore have a
negative impact on consumption and consequently demand.

The United Statesis the third largest cotton producer following Chinaand India
With the removal of trade restrictionsin the multi-fiber agreement, textiles from China
have become more available. U.S. cotton exports have nearly doubled from 1997-2007
with 13.6 million 480-pound bales exported in 2007 while domestic mill use declined by
more than 50% from 11.3 balesto 4.6 balesin the same time frame. Thislinksthe U.S.
cotton economy closaly to foreign demand, specifically import demand from China. Thus,
China has a high concentration of buying power with its dominance of the textile industry

(Pan, Hudson and Ethridge 2010) . Further, this supports the proposition that the

13



international cotton market isone of imperfect competition. While there is not consensus
on the effect of developing countries, it is generally thought this market structure will have
more impact on global cotton pricesthan U.S. crop subsidies programs alone. Hudson et a.
(2011) have projected this relationship of the U.S. asthe largest cotton exporter and China
asthe largest importer to persist for the next decade and base this on amore favorable
exchange rate between the Chinese Y uan and the U.S. Dollar. (Hudson, et al. 2011).

According to a study by Isengildina-Massa and MacDonald (2009), structural
changes in the market suggest that change in U.S. cotton price will be most influenced by
U.S. cotton supply, U.S. stocks-to-use ratio, China s net imports as a share of world
consumption, the proportion of U.S. cotton in the loan program, and the world supply of
cotton. These variables explain 68% of the cotton price variation from 1974-2007. There
isnearly al:1 relationship where a 1 percent increase in US supply in the previous year
causes a 0.9 percent drop in U.S. cotton price. Changesin foreign supply affect U.S. prices
on anearly one-to-one basis aswell, with prices faling as foreign supply rises.

2.2 Risk Mitigation Approaches
The cotton trade relationship with China highlights the importance of risk

mitigation strategies for cotton producers (Foreman 2012). Most cotton producers can
produce other commodities as arisk mitigation strategy. Foreman’s research separated
cotton growers by low cost, mid-cost, and high cost in 2007. Foreman noted that the
number of commodities produced averaged between 3.1-4.2 depending on the location and
cost structure of those producers. The southwest had fewer alternatives than the Deltaand
Southeast. Corn, soybean and wheat are all alternativesin Delta and Southeast, whereas
whest isthe most prevaent alternative in the Southwest and West. Cornisgrown in these
regions but not on an equivalent number of acres. Where aternatives are possible, the net

14



return of each commodity is considered before a planting decision is made, according to
Foreman’ s study.

Crop insurance is used as another risk mitigation strategy. Ninety-five percent of
cotton acres in 2007 were covered by crop insurance. As part of the same study, Foreman
found that there was a difference in the type of insurance sought by growers. Southwest
growers are more likely to pursue Federa revenue insurance. These farms are more likely
to be 1500 acres or more. The very large producers of the Deltawith gross salestotaling a
$1M or more were more likely to mitigate risk with buy up insurance that provides
coverage for low yield but not price as revenue insurance does. The Southwest has fewer
commodity diversification options than the Delta and the limited options are likely the
reason of differencesin approach to crop insurance.

Lack of continuity in government programs has been another source of variability
affecting cotton planted areain the U.S. Cotton acresin the southeast US have shown
responsiveness to the cotton loan rate, deficiency payments, and payment in kind programs.
Recently, Foreman (2012) noted that the southwest region is more likely to engagein
government supported revenue insurance programs.

Alternative crops and improved management practices may have been elevated in
importance with the enactment of the Federal Agricultural Improvement and Reform
(FAIR) Act in 1996. Under FAIR, producers must be more responsive to available market
and production information, because many government price supports have been

eliminated. (Hudson, et al. 2011)
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2.2.1 The Relationship of Alternative Cropsto Cotton Acres
The ability to grow alternative crops may also influence the number of acres

planted to cotton in any given year. Thiswill be dependent on the crops that can be grown
in that state based on adaptability and infrastructure. Severa key relationships are
highlighted below. Texasisthe largest state in the Southwest region (Texas, Oklahoma
and Kansas) and Georgiais the largest cotton producing state in the Southeast (Georgia,
Alabama, North Carolina, and South Carolina.) Combined these two states account for
70% of the cotton acresin the U.S. The charts below (Figure 2.3 and Figure 2.4) show
select and interesting relationships to other cropsin Texas and Georgia. Texas showsa
possi ble negative relationship between cotton and wheat as well asincreasing corn acres
over time. Georgia shows amuch different relationship. A look back at the Monsanto
timeline and the introduction of varieties and hybrids with biotechnology would suggest

that this influenced the growth of cotton at the expense of other crops.

Figure 2.3: Texas Planted Acresfor Cotton, Winter Wheat and Corn, 1981-2012.
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Figure 2.4: Georgia Planted Acresfor Cotton, Winter Wheat , Soybean and Corn,

1971-2012.
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Changesin production efficiency have caused a shift in crop acresin the southeast.

The Boll Weevil Eradication (BWE) plan in Georgia reduced the prevalence and the need

for pesticides for control of this difficult pest, making cotton a much more profitable crop

to grow. Tribbleet a. (1999) credit the BWE program with a magnitude increase of cotton

acres from the early 1980's at a historic low of 120,000 acresto 1.5 million acres by 1996.

Theintroduction of biotechnology created production efficiency changes across

crops. Thiswastruefor cotton, corn and soybean alike. Liang, et al note that adoption of

genetically engineered crops accounted for 86% of all upland cotton, 80% of corn and 92%

of al soybean in the U.S. by 2007 according to data collected by USDA-ERS. While seed

cost have increased, production efficiency is gained through the reduction in other input

costs, higher yields and less variability. (Liang, et al. 2011) The impact of adapted corn

hybrids with biotechnology is aso visible when looking at the increase in corn acreage can

be seen in the Deltaregion (Arkansas, Missouri, Louisiana, Mississippi, and Tennessee).
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The chart below illustrates this effect over time for Arkansas and Mississippi (Figure 2.5).
Cotton acres are declining and corn acres are increasing.

California and the other western states show a downward cotton acres trend but
these states produce mostly Pima cotton. These states are also showing a decline in cotton
acresrelative to adight increasein corn (Figure 2.7). Production of this type of cotton may
be shifting to one of the other cotton producing countries.

Figure 2.5: Arkansas and Mississippi Planted Acresfor Cotton, Winter Wheat,
Soybean and Cor n, 2001-2012.
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Figure 2.6: California, New Mexico and Arizona Planted Acresfor Cotton, Winter
Wheat and Corn, 1971-2012.
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In 2011, Liang, et a estimated supply elasticity values for corn, cotton, and
soybeans of approximately 0.670, 0.506, and 0.195, respectively.

Cotton is more price elastic than the potential substitute of soybean. Corn and
cotton respond more to fluctuationsin price and may thus be competitive for acres based on
the relative relationship of price.

Crop insurance has been shown to influence planted acres but has less impact than
returns. Premium changes since 1994 have made crop insurance even more affordable.
Tronstad and Bool (2010) estimated that a 1% increase in expected net returns would
increase cotton acreage by 0.035%, while a 1% increase in expected net market returns

would increase cotton acreage by 0.222%. The portion of total subsidy support going to
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cotton has increased since 1995, averaging 11.5% for the time period, 1995-2005. While
the expected market returns may have more influence, crop insurance is still an important
part of the equation. While the expected market returns may have more influence, crop
insuranceis still an important part of the equation (Foreman 2012). In earlier work, Parrott
and Mclntosh observed that cash price was more influential than government programs.
Cotton acreage is influenced by net expected returns. Farmers take cost of
production and expected market price into account when deciding on what to plant. As
alternative crops become more profitable, acresin even traditional cotton growing areas
such asthe Delta can shift. Mutuc and Hudson (2010) have noted a sustained declinein
cotton acres since 2006. This coincides with increased production of bio-fuels and higher
returns for corn. Growers have shown some reluctance to switch to from cotton to corn,
even forgoing potentially higher returns, due in part to capital investments made in
equipment for cotton production. Nonetheless, cotton acres declined in three consecutive
years from 2006-2008. As corn prices started to rise and the availability of suitable hybrids
increased, the likelihood that farmers would substitute corn for cotton when making
planting decisionsincreased. This demand was influenced by the Renewable Fuels
Standard which ensures that gasoline marketed in the U.S. contains a designated percentage
of ethanol (Mutuc and Hudson 2010). Fannin and Paxton (2011) show that while cotton
producers were willing to forego revenue for atime, even when the foregone return was as
high as 35%, atipping point exists. The 2007 price of corn, for example, helped to convert
Delta cotton producersto corn at the expense of cotton. A similar spike for cotton with a
drop in corn and soybean price would be required to create an upward progress for cotton

acres.
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In summary, many factors may exert influence on cotton acres and add to the
volatility of thiscrop. A selected set of these variables will be examined to determine their
impact on predicting cotton acreage, including previous year’s cotton acres, changein
cotton futures price, corn, the difference between cotton futures price and aternative crop
futures price (corn and soybean), ending stocks (corn, soybean and wheat relative to
cotton), previous years economic growth indicators for China, the largest importer (Gross
Domestic Product and the US the largest finished goods consumer (Gross Domestic
Income and Consumer Price Index) and finally price of ethanol, amajor demand driver for

corn, akey alternative crop to cotton.
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CHAPTER |1l METHODSAND RESULTS
This chapter contains the theoretical model, detailed descriptions of the variables

used to represent that model, an assessment of those variables for each region as well asthe
U.S. overdl, model performance for each region and the U.S. and finally results and
discussion by region and for the U.S.

3.1 Theoretical Model and Variable Definition
Anaysiswas performed at both the U.S. and Regional level. The theoretical model

proposed is.
At =f (A1, Djt, Sty Cre1, Bjtr)

Where A;; isthe change in cotton acresin region i in period t where i=Southeast,
West, Southwest, Deltaand the U.S. D isthe relative price between cotton and aternative
crops, Sistherelative supply between cotton and alternative crops, C isthe growth ratein
cotton consumption and B is the consumption growth in alternative crops. The subscript |
represents the alternative crops (wheat, corn and soy). The relative priceis defined as:
Dy = P / P

Where P; isthe futures price and c is cotton and j is the other crops of interest. This
is represented by the futures price of cotton and the aternative futures price for corn,
soybean and wheat, represented asratios. Relative supply, Sisdefined as.
Sji= Ero/Ei

Where E; isthe ending stock and c is cotton and | is the other crops of interest.
Relative Supply is represented by ending stocks for cotton and the aternative crops of corn,
soybean and wheat, represented as ratios.

The growth rate for cotton consumption, C, is expected to be aleading indicator (t-

1) and is represented by previous year U.S. Gross Domestic Income (GDI) as a measure of
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consumption potential and by previous year Consumer Price Index (CPI) as ameasure of
inflation. Growth in consumption is aso represented by import demand from China but
indirectly as previous year annual change in Gross Domestic Product (GDP) for China.
The decision to use China GDP rather than China cotton imports was an attempt to identify
factors which might serve as leading indicators in a twelve to twenty-four month time
horizon. The concern was that estimates would not be available for China cotton imports.
US GDP was a so considered and discarded after data exploration for the U.S. level cotton
acre estimations,

The consumption growth for aternative crops, B, is also considered as aleading
indicator (t-1) where | isfor the other crops of interest. The last variable considered was
lag ethanol price as an indicator for alternative crop (corn) demand.

This set of analysesis considered foundational to future work; all variables were
assessed for all regions. The acres themselves are regional; valuesfor all other variables

remain the same acrossregions. Table 3.1 outlines the variables and their sources.
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Table 3.1: Summary of Variables Used for Estimating Cotton Acresat theU.S. and

Regional L evel and Associated Sour ces.

acres since previous year

Change Changein cotton acres at U.S. level or
Regional level.
Lag Acres Previous year cotton acresat U.S. level or
Regiona level.

Cotton_Change FPDEC Change in the December futures price of the
next year contract from the previous year.
Cotton_Corn_FPRDEC ~ December price of the next year contract.
Cotton_Soy FPRDEC Future Price Ratios. Ratio of future prices of
cotton to corn and soybean. (December
contract for corn and cotton and November
contract for soy)
Cotton_Corn_ESR Ending Stocks Ratios. Corn, Soybean and
Cotton_Wheat ESR  Whesat; USDA September Quarterly Ending
Cotton_Soy ESR Stock (bushels). Cotton; Annual Ending

Stocks ( 1000 4801b bales)

Changein Acres Dependent variable. Percent change in cotton

Calculated

USDA

USDA

CBOT

Calculated

CBOT

Cdculated

USDA

Cdculated

Lag U.S._GDI Previous year U.S. Gross Domestic Income (aU.S. Bureau of

component of GDP)
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Lag U.S._ CPI Previous year U.S. Consumer Price Index U.S. Bureau of

Economic

Analysis
Lag China GDP Previous year growth % in ChinaGross  Global Insights

Domestic Product
Lag_Ethanol Ethanol Price, FOB Omaha, cal. yr., United Global Insights
States Units of Measure: dollars per gallon
Historic Data Source: RFA Data Edge: 2011
Forecast Date: November 2012
Other Descriptors:

Delta Region Missouri, Arkansas, Mississippi, Lousianaand Tennessee
Southeast Region Alabama, Georgia, North Carolina, South Carolina
Southwest Region Texas, Oklahoma, Kansas

West Region Cdlifornia, New Mexico, Arizona

Years 1983-2012

3.2 Variable Assessment

Variables were assessed for correlation, multicollinearity, significance through
linear regression and rank using Random Forest for each region and for the U.S. A
correlation matrix is generated and variance inflation analyses are run to determine if
multicollinearity exists using athreshold of 5.00%. The presence of multicollinearity must
be considered when assigning importance to the independent variables impacting variance.

Linear regression is performed to estimate the coefficients associated with each variable.
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Random Forest is performed to achieve avariable ranking. Random Forest analyses
aggregate the response across many decision trees, where each tree issimilar to an un-
pruned Classification and Regression Tree (CART) analysis (Ho 1995). An advantage of
this methodology is that it outputs variance importance measures. This analysis defines the
tree number = 200. Mean Square Error is generated and the percent change associated with
that variable is used to rank the variables. Further, the ranks are averaged over 500 runs.
Variables were considered important if they occurred in rank above the first random
variable. Potential pitfalls with this method were addressed by first scaling the variables
prior to analysis (Strobl, et a. 2007).

The general process flow for variable assessment isoutlined in Figure 3.1.
Assessments by region will be discussed in the subsequent sub sections.

Figure 3.1: AnalysisFlow Chart for Estimating Changein Cotton Acresand Variable
| mportance.

Generate Correlation VIF assessment
Matrix — Multicollinearity
Linear Regression X Variables
egres = Significant?
Rank Variables on Vari
Random Forest Seale XY Variables | o CenerdeRandom | f oy oot MsE Abov
Variable Ranking Variables Increase Vs

3.2.1 Variable Assessment for the U.S,
The correlation matrix indicates a strong negative (<-0.50) relationships between

the dependent variable, change in U.S. acres and the cotton to corn ending stocks ratio and

the cotton to wheat ending stocks ratio (Table 4.1).
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There are also interesting rel ationships between independent variables, which
indicated multicollinearity. Since the valuesfor these variables don’t change from region
to region, the relationships persist across regions and will reviewed only oncein this
section.  The correlation matrix indicates strong positive relationships (>0.50) between,
the cotton to corn ending stock ratio and the cotton to wheat ending stocks ratio, cotton to
soybean ending stock ratio and cotton wheat ending stock ratio, the cotton to soybean
future price ratio and the cotton to corn ending price ratio, previous year ethanol price and
previous year U.S. GDI. Strong negative correlations exist between previous year US GDI
and cotton to corn future price ratio, previous year ethanol price and cotton to corn future
priceratio, previous year U.S. CPI and previous year U.S. GDI, cotton to soybean futures
price and cotton to soybean ending stock ratio and cotton to soybean futures price and

previous year U.S. GDI (Table 3.2).
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Table3.2: U.S. Levd Corrdation Matrix

O
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g ‘;: c é’ 5 S 0] Ol g é’ o
Q | 2| ! 3 % ' 0 = <l =
2 S S 8 © 8 > 2 - = ©
§ §8 § 8 §8 § ¥ % % § &
Cotton_Corn_ESR 1.00
Cotton_Wheat ESR 059 100
Cotton_Change FPDEC  0.01 -0.16 1.00
Cotton_Soy_ESR 049 060 -011 1.00
Lag_Cotton_Acres 041 019 -021 -005 1.00
Cotton_Corn_FPRDEC -040 -046 015 -048 005 1.00
Lag_US GDI 035 034 019 036 023 -073 100
Lag_US CPI -0.01 012 -040 000 -004 014 -050 1.00
Lag_Ethanol 037 042 -007 032 -017 -079 063 0.07 1.00
Cotton_Soy_FPRDEC -025 -043 004 -050 028 08 -066 014 -076 1.00
Lag China_GDP 030 032 006 014 -005 -011 -003 -011 021 -0.17 1.00
y -055 -058 039 -042 -047 028 -009 -032 -025 013 -0.17 1.00

The variance inflation analysis assesses the impact of multicollinearity of theses

variables on the changein U.S. cotton acres (Table 3.3). Previous year cotton acres, the

cotton to corn futures price ratio, previous year U.S. GDI, previous year ethanol price, and

the cotton to soybean futures price ratio all exceed the 5% threshold.
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Table 3.3: U.S. Percent Changein Linear Regression Variance I nflation Factors
Variable VIF

Cotton_Corn_ESR 354
Cotton Wheat ESR 2.35

Cotton_Change FPDEC 2.61
Cotton_Soy ESR 3.01

Lag Cotton_Acres 6.57

Cotton_Corn_FPRDEC  8.09

Lag_US GDI 16.73
Lag_US CPI 4.17
Lag Ethanol 9.14

Cotton_Soy FPRDEC  7.78

Lag China GDP 1.94

Linear regression was performed, the R square was 0.71 and the adjusted R square
was 0.54, and the variable coefficients, standard errors, t statistic and P value are
summarized below in Table 3.4. Previous year cotton acres are significant at the 0.01 level
of significance and previous year U.S. GDI and the cotton to soybean ending stock ratio is

significant at the 0.05 level.
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Table 3.4: Summary of Linear Regression Independent Variablesin Responseto
Percent Changein U.S. Cotton Acres

Standard
Variable Coefficients Error t Stat P-value
Intercept 0.614686 0.379687 1.618928 0.122851
Cotton_Corn_ESR 0.018608  0.025772 0.722025 0.479555
Cotton_Wheat ESR -0.03066 0.02637 -1.16264 0.260157

Cotton_Change FPDEC -0.13473 0.176061 -0.76525 0.454039
Cotton_Soy ESR -0.00729 0.003316 -2.20003 0.041106
Lag Cotton_Acres -7.1E-08 2.36E-08 -3.02671 0.007251**

Cotton_Corn_FPRDEC  0.89489 1199647 0.745961 0.465322

Lag US GDI 5.09E-05 22E-05 2310612 0.032913*
Lag_US _CPI 0.02757 0.033162 0.831363 0.416661
Lag_Ethanol -0.26951 0.132677 -2.03133 0.057255

Cotton_Soy FPRDEC  0.648014  3.341684 0.193918 0.848411

Lag_China GDP 0008243  0.010612 0.776809 0.44736

The Random Forest variable ranking shows a different view of the variable
contribution to the model (Figure 3.2). The variable rank of those swith a percent MSE
greater than the first random variable s, in order; cotton to wheat ending stock ratio, cotton
to corn ending stock ratio, change in cotton futures price, cotton to soybean ending stock
ratio, previous year cotton acres, cotton to corn futures price ratio, previous year cotton

acres and the previous year U.S. CPI.
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Figure 3.2: U.S. Random Forest Percent Increasein Mean Square Error

Random forest importance(Cotton Acre Change%-%incMSE, cex=0.6, lwd

Cotton_Wheat_ESR ©
Cotton_Corn_ESR =
Cotton_Change FPDEC =
Cotton_Soy_ESR o
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Lag_US_CPI ©
Random.Var..8 o
Lag_Ethanol ©
Random.Var..11 o
Random.Var..2 o
Random.Var..1 o
Random.Var..7 o
Random.Var..9 o
Random.Var..10 o
Random.Var..6 @
Random.Var..3 @
Random.Var..4 o
Lag_China_GDP ©
Random.Var..5 o
Cotton_Soy FPRDEC ©
Lag_US_GDI o
| | | | | T
-0.001 0.000 0.001 0.002 0.003 0.004

3.2.2 Variable Assessment for the Delta Region
The correlation matrix indicates a strong negative (<-0.50) relationships between

the dependent variable, change in Delta acres and the cotton to corn ending stocks ratio,
the cotton to wheat ending stocks ratio, and the cotton to soybean ending stocks ratio

(Table 3.5).
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Table 3.5: Delta Region Corrédation Matrix
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Lag Delta Acres 1.00
Cotton_Corn_ESR 036 100
Cotton_Wheat ESR 022 059 1.00
Cotton_Change FPDEC -017 001 -016 1.00
Cotton_Soy ESR -010 049 060 -011 100
Cotton_Corn_FPRDEC 028 -040 -046 015 -048 1.00
Lag_US GDI -0.08 035 034 019 036 -073 1.00
Lag_US CPI 0.08 -0.01 012 -040 000 014 -0.50 1.00
Lag_Ethanol -0.41 0.37 042 -0.07 032 -0.79 0.63 0.07 1.00
Cotton_Soy FPRDEC 041 -025 -043 004 -050 088 -066 014 -076 1.00
Lag_China_GDP 005 030 032 006 014 -011 -0.03 -0.11 021 -0.17 1.00
y -033 -062 -062 027 -052 038 -024 -021 -034 028 -023 1.00

The variance inflation analysis assesses the impact of multicollinearity of theses

variables on the change in Delta cotton acres (Table 3.6). Previous year cotton acres, the

cotton to corn futures price ratio, previous year U.S. GDI, previous year ethanol price, and

the cotton to soybean futures price ratio all exceed the 5% threshold.
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Table 3.6: Delta Percent Change Linear Regression VIF

X Variable VIF
Lag Delta Acres 6.88
Cotton_Corn_ESR 4.03

Cotton Wheat ESR 2.76
Cotton_Change FPDEC 221
Cotton_Soy ESR 3.57

Cotton_Corn FPRDEC 8.46

Lag_US GDI 12.57
Lag_US CPI 4.50
Lag Ethanol 12.97

Cotton_Soy FPRDEC  6.50

Lag_China GDP 2.05

The Linear regression for the Delta had an R square was 0.60 and an adjusted R
square was 0.36. The variable coefficients, standard errors, t statistic and P value are

summarized below in Table 3.7. There are no variables that are significant.
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Table 3.7: Summary of Linear Regression Independent Variablesin Responseto
Percent Changein Delta Cotton Acres

Standard
Variable Coefficients Error t Stat P-value
Intercept 0.6701 0.5375115 1.2467 0.2285
Cotton_Soy_ESR -0.0074 0.0050887 -1.4448  0.1657
Lag Delta Acres 0.0000 0.0000001 -1.3208 0.2031
Lag_Ethanol -0.2030 0.222479%6 -0.9126  0.3735
Lag US GDI 0.0000 0.0000269 0.6039  0.5534
Cotton_Corn FPRDEC 0.7612 1.7276245 0.4406 0.6647
Cotton_Wheat ESR -0.0119 0.0402288 -0.2963 0.7704
Cotton_Corn_ESR -0.0100 0.0386930 -0.2588  0.7987

Cotton_Soy FPRDEC  -1.0376 43026564 -0.2412  0.8122

Lag_China GDP 0.0012 0.0153805 0.0777  0.9389
Lag_US CPI 0.0035 0.0485021 0.0712  0.9440
Cotton_Change FPDEC  0.0134 02280170 0.0588  0.9537

The Random Forest variable ranking shows several variables appearing before the
first random variable (Figure 3.3). Thevariablesin rank order are: cotton to corn ending
stock ratio, cotton to wheat ending stock ratio, cotton to soybean ending stock ratio, the
cotton to corn futures price ratio, previous year Delta, change in cotton futures price and

previous year ethanol price.



Figure 3.3: Delta Region Random Forest Variable Ranking
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3.2.3 Variable Assessment for the Southeast Region
The correlation matrix indicates a strong negative (<-0.50) relationships between

the dependent variable, change in Southeast cotton acres and the cotton to corn ending
stocksratio, the cotton to wheat ending stocks ratio, and the cotton to soybean ending

stocksratio (Table 3.8).
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Table 3.8: Southeast Region Correlation Matrix.
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Lag_Southeast_Acres 1.00
Cotton_Corn_ESR 045 100
Cotton_Wheat_ESR 023 059 1.00
Cotton_Change FPDEC 000 001 -016 100
Cotton_Soy_ESR 017 049 060 -011 100
Cotton_Corn_FPRDEC -0.27 -040 -046 015 -048 1.00
Lag_US GDI 069 035 034 019 036 -073 100
Lag_US CPI -046 -001 012 -040 000 014 -050 1.00
Lag_Ethanol 011 037 042 -007 032 -079 063 007 1.00
Cotton_Soy_FPRDEC -004 -025 -043 004 -050 088 -066 014 -0.76 1.00
Lag China_GDP -012 030 032 006 014 -011 -003 -011 021 -017 1.00
y -0.37 -058 -062 031 -050 036 -024 -017 -030 022 -010 1.00

The variance inflation analysis assesses the impact of multicollinearity of theses

variables on the percent change in Southeast cotton acres (Table 3.9). Previous year cotton

acres, the cotton to corn futures price ratio, previous year U.S. GDI, previous year ethanol

price, and the cotton to soybean futures priceratio al exceed the 5% threshold.
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Table 3.9: Southeast Percent Change Linear Regression Variance Inflation.
X Variable VIF

Lag Southeast Acres 24.19
Cotton_Corn_ESR 4.895
Cotton_ Wheat ESR 2.319
Cotton_Change FPDEC 4.056
Cotton_Soy ESR 2.313

Cotton_Corn FPRDEC 8.11

Lag_US GDI 47.12
Lag_US CPI 2.835
Lag Ethanol 9.001

Cotton_Soy FPRDEC 129

Lag_China GDP 1.698

The Linear regression for the Delta had an R square was 0.61 and an adjusted R
square was 0.39. The variable coefficients, standard errors, t satistic and P value are

summarized below in Table 3.10. There are no variables that are significant.
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Table 3.10: Summary of Linear Regression Independent Variablesin Responseto
Per cent Changein Southeast Cotton Acres.

Variable Coefficients Standard Error  t Stat P-value
Intercept -0.2105006  0.8002624 -0.2630 0.7955
Lag_Southeast Acres -0.0000003  0.0000002 -1.7112 0.1042
Cotton_Wheat_ESR -0.0621768 0.0411341 -1.5116 0.1480
Lag US GDI 0.0000874  0.0000581 1.5054 0.1496
Cotton_Soy ESR -0.0061813 0.0045664 -1.3536 0.1926
Lag_Ethanol -0.2662791 0.2066387 -1.2886 0.2138
Cotton_Soy_FPRDEC  4.6699963  6.7568539 0.6911 0.4983
Cotton_Change FPDEC -0.2003357 0.3447379 -0.5811 0.5684
Lag_China_GDP 0.0085800  0.0155938 0.5502 0.5889
Cotton_Corn_ESR 0.0180841  0.0475782 0.3801 0.7083
Cotton_Corn_FPRDEC  0.6926727  1.8860668 0.3673 0.7177
Lag US CPI -0.0069619 0.0429480 -0.1621 0.8730

The Random Forest variable ranking shows severa variables appearing before the
first random variable (Figure 3.4). Thevariablesin rank order are: cotton to wheat ending
stock ratio, cotton to corn ending stock ratio, cotton to soybean ending stock ratio, change
in cotton futures price, previous year Southeast cotton acres, the cotton to corn futures price

ratio, and previous year ethanol price.
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Figure 3.4: Southeast Region Random Forest Variable Ranking

Random forest importance(Cotton Acre Change%-%IincMSE, cex=0.6, lwd=

Cotton_Wheat ESR @
Cotton_Corn_ESR ©
Cotton_Soy_ESR ©
Cotton_Change FPDEC E
Lag_Southeast Acres =
Cotton_Corn_FPRDEC @
Lag_Ethanaol @
Random.Var..8 @
Random.Var..3 @

Random Var..11 o
Random.Var_10 =
Random.Var.6 @
Random.Var..2 o
Random.Var..1 o
Random.Var..7 @
Random.Var._4 @
RandomVar. 9 o
Random.Var.5 o
Cotton_Soy_FPRDEC <
Lag_US_CPI =
Lag_China_GDP o

Lag_US_GDI iz

I I I I I I I I
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014

3.2.4 Variable Assessment for the Southwest Region
The correlation matrix indicates a strong negative (<-0.50) relationships between

the dependent variable, change in Southwest cotton acres and the previous year Southwest

cotton acres (Table 3.11).
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Table 3.11: Southwest Region Corréation Matrix
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Lag_Southwest_Acres 1.00
Cotton_Corn_ESR 026 1.00
Cotton_Wheat ESR 010 059 100
Cotton_Change FPDEC -025 001 -016 100
Cotton_Soy_ ESR -013 049 060 -011 100
Cotton_Corn_FPRDEC -0.17 -040 -046 015 -048 1.00
Lag US GDI 028 035 034 019 036 -073 100
Lag_US CPI 013 -001 012 -040 000 014 -050 100
Lag_Ethanol 017 037 042 -0.07 032 -079 063 0.07 1.00
Cotton_Soy FPRDEC 005 -025 -043 004 -050 088 -066 014 -076 1.00
Lag_China GDP 008 030 032 006 014 -011 -003 -011 021 -017 1.00
y -060 -043 -046 042 -028 016 005 -034 -014 -001 -0.14 1.00

The variance inflation analysis assesses the impact of multicollinearity of theses

variables on the percent change in Southeast cotton acres (Table 3.12). The cotton to corn

futures price ratio and the cotton to soybean futures priceratio all exceed the 5% threshold.

Thiswould indicate that thereis lessimpact caused by variance inflation due to

multicollinearity in this region.



Table 3.12: Southwest Region Linear Regression Variance Inflation Analysis
X Variable VIF
Lag_Southwest Acres  2.23
Cotton_Corn_ESR 221
Cotton Wheat ESR 2.33
Cotton_Change FPDEC 1.68

Cotton_Soy ESR 2.40
Cotton_Corn_FPRDEC 8.28
Lag US GDI 7.94
Lag US CPI 351
Lag_Ethanol 491
Cotton_Soy FPRDEC  7.11
Lag China GDP 1.75

The Linear regression for the Delta had an R square was 0.78 and an adjusted R
square was 0.64. The variable coefficients, standard errors, t statistic and P value are
summarized below in Table 3.13. Previous year cotton acres and previous year U.S. GDI
aresignificant at 0.01 level and the cotton to soybean ending stocksratio is significant at
the 0.05 level.

Table 313: Summary of Linear Regression | ndependent Variablesin Responseto
Per cent Change in Southwest Cotton Acres

Standard
Variables Coefficients Error t Stat P-value
I ntercept 0.95819250 0.31856989  3.0078 0.0076
Lag Southwest Acres  -0.0000002 0.00000003  -4.9494 0.0001**
Lag US GDI 0.00003610 0.00001216  2.9697 0.0082**
Cotton_Soy ESR -0.0056202 0.00237312  -2.3683 0.0293*
Cotton Wheat ESR -0.0413370 0.02104079  -1.9646 0.0651
Lag US CPI 0.03441920 0.02437730  1.4119 0.1750
Lag_Ethanol -0.1054794 0.07788302  -1.3543 0.1924
Lag China GDP 0.00463844 0.00805964  0.5755 0.5721
Cotton Corn FPRDEC 0.43357346 0.97155822  0.4463 0.6607
Cotton Soy FPRDEC  -1.0760370 255770383  -0.4207 0.6790
Cotton_Corn_ESR -0.0028927 0.01629438  -0.1775 0.8611
Cotton Change FPDEC 0.00817118 0.11323569  0.0722 0.9433
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The Random Forest variable ranking shows several variables appearing before the
first random variable (Figure 3.5). Thevariablesin rank order are: cotton to wheat ending
stock ratio, previous year Southwest cotton acres, cotton to corn ending stock ratio,
change in cotton futures price, cotton to soybean ending stock ratio, and previous year

U.S. CPl.

Figure 3.5: Southwest Region Random Forest Variable Ranking
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3.2.5 Variable Assessment for the West Region
The correlation matrix indicates a strong negative (<-0.50) relationships between

the dependent variable, change in Southwest cotton acres and the cotton to wheat ending

stocks ratio and the previous year U.S. CPI. A positive correlation (>0.50) exist with

change in cotton price. (Table 3.14).

Table 3.14: West Region Correlation Matrix
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Lag West_Acres 1.00
Cotton_Corn_ESR -0.20 1.00
Cotton_Wheat_ ESR -0.22 0.59 1.00
Cotton_Change FPDEC 031 001 -016 1.00
Cotton_Soy_ESR -032 049 060 -011 1.00
Cotton_Corn_FPRDEC 0.67 -040 -0.46 0.15 -0.48 1.00
Lag US GDI -0.91 0.35 0.34 0.19 036 -0.73 1.00
Lag US CPI 059 -0.01 0.12 -040 0.00 0.14 -0.50 1.00
Lag_Ethanol -061 037 042 -007 032 -079 063 007 100
Cotton_Soy_FPRDEC 065 -025 -043 004 -050 088 -066 014 -076 1.00
Lag China GDP 008 030 032 006 014 -011 -003 -021 021 -017 1.00
y -023 -040 -059 054 -040 024 -005 -050 -022 014 -011 1.00

The variance inflation analysis assesses the impact of multicollinearity of theses

variables on the percent change in Southeast cotton acres (Table 3.15). The cotton to corn

futures priceratio, previous year U.S GDI, previous year U.S. CPI, previous year Ethanol

and the cotton to soybean futures price ratio all exceed the 5% threshold.



Table 3.15: West Region Linear Regression Variance I nflation Analysis
X Variable VIF

Lag West_Acres 16.51
Cotton_Corn_ESR 231
Cotton_Wheat ESR 2.34
Cotton_Change FPDEC 1.82

Cotton_Soy ESR 2.23
Cotton_Corn_FPRDEC 8.10
Lag US GDI 8.11
Lag US CPI 523
Lag_Ethanol 7.16
Cotton_Soy FPRDEC  6.50
Lag China GDP 2.33

The Linear regression for the Delta had an R square was 0.78 and an adjusted R
square was 0.64. The variable coefficients, standard errors, t statistic and P value are
summarized below in Table 3.16. The previousyear U.S. GDI issignificant at 0.01 level
and previous year cotton acres and the cotton to wheat ending stocks ratio are significant at
the 0.05 level.

Table 3.16: Summary of Linear Regression Independent Variablesin Responseto
Per cent Changein West Cotton Acres.

Standard

Variables Coefficients Error t Stat P-value
I ntercept 1.6026373  0.4996185 3.2077 0.004

Lag US GDI -0.0000569 0.0000167 -3.4041 0.0032**
Lag West_Acres -0.0000005 0.0000002 -2.6860 0.0151*
Cotton Wheat ESR -0.0621895 0.0286897 -2.1677 0.0438*
Cotton_Change FPDEC 0.2544248  0.1604721 1.5855 0.1303
Cotton_Soy ESR -0.0038805 0.0031084 -1.2484 0.2279
Lag US CPI -0.0278872 0.0404958 -0.6886 0.4998
Cotton Soy FPRDEC  -1.6355768 3.3278500 -0.4915 0.6290
Lag_Ethanol -0.0626023 0.1279016 -0.4895 0.6304
Lag China GDP 0.0049081 0.0126651 0.3875 0.7029
Cotton_Corn_ESR 0.0057021 0.0226882 0.2513 0.8044
Cotton Corn FPRDEC  0.1598237  1.3081846 0.1222 0.9041




The Random Forest variable ranking shows several variables appearing before the
first random variable (Figure 3.6). Thevariablesin rank order are: cotton to wheat ending
stock ratio, change in cotton futures price, cotton to corn ending stock ratio, previous year
U.S. CPl, cotton to soybean ending stock ratio, cotton to corn futures price ratio, cotton to

soybean futures price ratio and previous year ethanol.

Figure 3.6: West Region Random Forest Variable Ranking
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3.3 Mode Development and Changein Acres Estimation
Multicollinearity between the exogenous variables was established in variable

assessment through correl ation between variables and as well in the variance inflation
analysis. Estimatesfor change in cotton acres were calculated from two different
modeling methods, linear regression and the combination of partial least squares/neural
network (PLS/NN) and assessed for adjusted R Square. The Partial Least Squaresisa
technique was employed to reduce the effect of multicollinearity by maximising co-
variance. (Yeniay and GAokta 2002). The stepsinvolved for this study were to scale the
variables, create components from the PL S procedure and then predict or estimate the
dependent variabley, using aneural network. The neural network was generated 100 times
and the best performing model was selected for estimation (Qin and McAvoy 2000)

Both methods were used to estimate change in cotton acres by region and for the
U.S. overall. Thefollowing subsectionswill cover the model results by region.

3.3.1 U.S Model Results
The linear regression at the U.S. level had an adjusted R2 of 0.54 and did a

reasonable job of estimating change in cotton acres (Figure 3.7). Based on the coefficient
estimates described in Table 3.4, the model can be written as:
Changein USCotton acres = 0.61+ 1.01 Cotton_Corn_ESR-0.03
Cotton_Wheat ESR— 0.03 Cotton_Change FPDEC-.007
Cotton_Soy ESR+0.0000007 Lag_Cotton_ Acres_+ 0.89 Cotton_Corn_
FPRDEC+ 0.0005 Lag_US_GDI_0.03 Lag_US CPI-0.27Lag_Ethanol+0.64

Cotton_Soy FPRDEC +0.008 Lag_China_GDP.
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Figure 3.7: U.S. Percent Changein Cotton AcresLinear Regression Estimation
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The PLS/NN model for the US change in cotton acres produced a 10-2-1 network
with 25 weights, with linear output option and adecay set to 0.1. Thismeansaweight is
assigned to each linear combination between layers of nodes. The assigned weights are

presented in table 3.17.

Table3.17: US Changein Cotton Acres Neural Network Description and Weights

10-2-1 Network
Pathway | Weight Pathway | Weight Pathway | Weight
b->h1 0.01 b->h2 -0.04 b->0 -0.05
i1->h1 -0.24 i1->h2 0.41 hl->0 -0.36
i2->h1 -0.12 i2->h2 0.21 h2->0 0.51
i3->h1 -0.09 i3->h2 0.13
i4->h1 -0.13 i4->h2 0.16
i5->h1 -0.08 i5->h2 0.11
i6->h1 -0.1 i6->h2 0.16
i7->h1 -0.08 i7->h2 0.06
i8->h1 -0.05 i8->h2 0.03
i9->h1 -0.03 i9->h2 0.02
i10->h1 | 0.01 i10->h2 | -0.01
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Estimates were generated using the PLS NN procedure. The adjusted R2 for this

approach was 0.58, a dight improvement over the linear model. (Figure 3.8)

Figure 3.8: U.S. Percent Changein Cotton AcresPLS NN Estimation
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3.3.1 Delta Region Model Results

The Deltaregion consists of Arkansas, Mississippi, Missouri, Tennessee and

Louisiana. Thelinear model adjusted R2 was 0.36 (Figure 3.9). Based on coefficients

presented in Table 3.7, the model can be written as:

Change in Delta Cotton acres = 0.67- 0.0074 Cotton_Soy ESR+0.0000901 Lag

Delta Acres-0.2Lag_Ethanol+0.00002Lag_US GDI+0.76Cotton

_Corn_FPRDEC-0.01Cotton_Wheat ESR-0.01Cotton to corn-1.04

Cotton_Soy FPRDEC

+0.0012Lag_China_GDP+.003Lag_US GDI+0.01Cotton_Change FPRDEC.



Figure 3.9: Delta Changein Cotton AcresLinear Regression Estimation
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The PLSNN improved adjusted R2 to 0.43 and is closer in the years 1986, 1995,
1999, 2000 and 2002. The PLS NN was not as close as the linear moddl in 2005, 2007 and

2008 (Figure 3.10).

Figure 3.10: Delta Changein Cotton AcresPLS NN Estimation
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The PLS/NN model for the Delta change in cotton acres produced a 9-1-1 network

with 12 weights, with linear output option and adecay set to 0.2. Thismeansaweight is
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assigned to each linear combination between layers of nodes. The assigned weights are

presented in Table 3.18.

Table 3.18: Delta Changein Cotton Acres Neural Network Description and Weights

9-1-1 Network
Pathway | Weight Pathway | Weight
b->h1 -0.09 b->0 -0.05
i1->h1 -0.51 h1->0 -0.36
i2->h1 -0.25
i3->h1 -0.11
i4->h1 -0.13
i5->h1 -0.01
i6->h1 -0.07
i7->h1 -0.01
i8->h1 -0.04
i19->hl 0

3.3.3 Southeast Region Model Results
The Southeast region was characterized as Georgia, North Carolina, South

Carolina, and Alabama. Like the Delta, the models for the Southeast region didn’t perform
aswell asthe overal U.S. model. Linear regression for the Southeast Region has an
adjusted R? of 0.39 (Figure 3.11). Based on the linear coefficientsin Table 3.10, the linear
model can be written as:
Changein Southeast Cotton acres =- 021 -0.0000003 Lag_Southeast_Acres -0.06
Cotton Wheat ESR +0.00009 Lag_US GDI -0.006 Cotton_Soy ESR- 0.26
Lag_Ethanol + 4.67 Cotton_Soy FPRDEC- 0.2Cotton_Change FPDEC+ 0.008
Lag_China_GDP +0.02 Cotton_Corn_ESR+0.69 Cotton _Corn_FPRDEC-
0.01Cotton_Wheat_ESR-0.01Cotton to corn-1.04 Cotton_Soy FPRDEC -

0.006Lag US GDP.
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Figure 3.11: Southeast Region Changein Cotton AcresLinear Regression Estimation
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Estimation does improve with the PLS/NN approach and is noticeably closer in

2002. Theadjusted R? for this approach is 0.53 (Figure 3.12). Neither the linear model or

the PLS/NN approach caught the upward surgesin 1984 and 1995.

Figure 3.12: Southeast Percent Changein Cotton AcresPLS NN Estimation
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The PLS/NN model for the Southeast change in cotton acres produced a 9-2-1

network with 23 weights, with linear output option and adecay set to 0.1. The assigned

weights are presented in Table 3.19.
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Table 3.19: Southeast Changein Cotton Acres Neural Network Description and
Weights

9-2-1 Network
Pathway | Weight Pathway | Weight Pathway | Weight
b->h1 0.28 b->h2 -0.04 b->0 0.24
i1->h1 -0.7 11->h2 041 hl->0 -0.64
i2->hl | -0.44 i2->h2 | 0.21 h2->0 0.33
i3->h1 | -0.12 i3->h2 | 0.13
i4->h1 | -0.14 i4->h2 | 0.16
i5->h1 | -0.03 i5->h2 | 0.11
i6->h1 | -0.21 16->h2 | 0.16
i7->h1 | -0.03 i7->h2 | 0.06
i8->h1 | -0.18 i8->h2 | 0.03
i9->h1 | 0.03 i9->h2 | 0.02

3.3.4 Southwest Region Model Results
The Southwest region included Texas, Oklahoma and Kansas. The linear model

performed well for this region with an adjusted R? of 0.64 (Figure 3.13). Notethat unlike
the Delta and Southeast, the increase change increase in 1984 was somewhat accounted for
inthismodel. Table 3.13 providesthe linear coefficients so the linear model can be
written as:
Change in Southwest Cotton Acres= 0.95 -1.72E-07 Lag_Southwest Acres +
3.61E-05 Lag US GDI -0.005 Cotton_Soy ESR-0.0413370198331225
Cotton_Wheat_ ESR +0.034 Lag_US CPI -0.105479380442622 Lag_Ethanol +
0.005 Lag_China_GDP +0.43 Cotton_Corn_FPRDEC -1.08

Cotton_Soy FPRDEC -0.003Cotton_Corn_ESR +0.008 Cotton_Change FPDEC.
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Figure 3.13: Southwest Region Changein Cotton AcresLinear Regression Estimation
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The PLS NN demonstrated only a dight improvement in performance with an
adjusted R? of 0.66. The estimates were closer to actual than those for the linear model in

1989, 1993, 1997, 1999, and 2005 (Figure 3.14).

Figure 3.14: Southwest Region Percent Changein Cotton Acres PLS NN Estimation
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The PLS/NN model for the Southeast change in cotton acres produced a 9-1-1
network with12 weights, with linear output option and a decay set to 0.1. The assigned

weights are presented in Table 3.20.
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Table 3.20: Southwest Changein Cotton Acres Neural Network Description and
Weights

9-1-1 Network
Pathway | Weight Pathway | Weight
b->h1 -0.06 b->o0 -0.29
i1->h1 0.47 hi->0 0.62
i2->h1 0.21
i3->h1 0.15
i4->h1 0.24
i5->h1 0.17
i6->h1 0.08
i7->h1 0.06
i8->h1 -0.02
i9->h1 0.01

3.3.4 West Region Model Results
The West region included California, New Mexico and Arizona. Analysis of

changein acresin this region yielded results more similar to the Southwest. The linear
regression model for this region performed reasonably well with an adjusted R? of 0.68.
The estimates from this model are more closely capturing the increase in percent change in
upswing years than in any of the other regions (Figure 3.15). The linear model may be
written as (Table 3.16):

Change in West Cotton Acres= 1.6 -5.69E-05 Lag _US GDI -5.44E-07

Lag West_Acres

-0.06 Cotton_Wheat ESR + 0.25 Cotton_Change FPDEC -0.004Cotton_Soy ESR

-0.03 Lag_US CPI -1.64 Cotton_Soy FPRDEC -0.06 Lag_Ethanol + 0.005

Lag China_GDP + 0.006 Cotton Corn_ESR + 0.169 Cotton_Corn_FPRDEC.



Figure 3.15: West Region Percent Changein Cotton AcresLinear Regression
Estimation
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The PLS NN provides a dight improvement to adjusted R Square but the estimates

from the linear model were closer to the actual change in acresin 1984 and 1998 (3.17)

Figure 3.16: West Region Percent Changein Cotton Acres, PLS NN Estimation
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The PLS/NN model for the Southeast change in cotton acres produced a 9-3-1
network with 34 weights, with linear output option and adecay set to 0.1. The assigned

weights are presented in Table 3.21.
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Table 3.21: West Changein Cotton Acres Neural Network Description and Weights

9-3-1 Network

Pathway | Weight Pathway | Weight Pathway | Weight Pathway | Weight
b->h1 0.05 b->h2 | -0.2 b->h3 0.05 b->o0 0.02
i11->h1 | -0.2 i1->h2 | 0.43 i1->h3 | -0.2 hl->0 -0.34
12->h1 | -0.09 i2->h2 | 0.1 i2->h3 | -0.09 h2->0 | 0.67
i3->h1 | -0.13 i3->h2 | 0.28 i3->h3 | -0.13 h3->0 -0.34
14->h1 | -0.14 i4->h2 | 0.2 i4->h3 | -0.14

i5->h1 | -0.09 i5->h2 | 0.13 i5->h3 | -0.09

i6->h1 | -0.07 i6->h2 |0.14 i6->h3 | -0.07

i7->h1 | -0.03 i7->h2 | 0.14 i7->h3 | -0.03

i8>h1 | -0.05 i8>h2 | 0.1 i8->h3 | -0.05

i9->h1 | -0.03 i9->h2 | 0.05 i9->h3 | -0.03
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CHAPTER IV SUMMARY AND CONCLUSIONS
The utility of this study targets estimated cotton acresin a 12-24 month time

horizon suitable for decision support for seed production. An exploration of supply and
demand factors help to identify regional differencesin response to these stimuli.

The Deltaregion had higher variance inflation indicating strong effect of
multicollinearity.

While no variables were significant in the regression, the influence of aternative
crops expresses strongly in thisregion (Table 4.1.) All corn related variables (ending
stocks, futures price and ethanol price) wereinfluential according to the Random Forest
variable ranking. The change in acres are harder to estimate than in the Southwest and
West; the PLS/NN provided improved model performance increasing the adjusted R
Square by seven percent.. The Delta and Southeast regions respond to the same variables,
though cotton to corn ending stock ratio was stronger than whest.

Table4.1: Variable Importancein Linear Regression and Random Forest for the
Delta and the Southeast

Delta Southeast
Linear Random Linear Random
Variable Regression Forest Regression Forest
Lag_Acres X X
Cotton_Corn_ESR X X
Cotton Wheat ESR X X
Cotton_Change FPDEC X X
Cotton_Soy ESR X X
Cotton_Corn_ FPRDEC X X
Lag_Ethanol X X
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The Southeast region responds similar to the Delta and the same variables were
important for both regions (Table 4.1). Like the Delta, the Southeast has high variance
inflation aswell. There were no significant variables from the linear regression model
from thisregion either. The Random Forest did highlight the importance of alternative
crops, especialy cotton to wheat ending stocksratio. Relative to the Delta, cotton to wheat
ending stocks ratio is more highly ranked than cotton to corn. Change in acres are harder to
estimate than in the Southwest and West, again the PLS/NN provided improved model
performance with 14% improvement in adjusted R Square.

The Southwest represents the largest production areaand it also has fewer
alternative crops. The variance inflation islower in thisregion and the linear model
performswell. Lag cotton acres, change in cotton price, lag U.S. GDI and the cotton to
soybean ending stock ratio are important according to the linear regression model (Table
4.2). The cotton to wheat ending stock ratio is very close to significance. The cotton to
wheat ending stocks ratio ranked highly according to the Random Forest, an observation
that isreinforced by the negative correlation (-0.46) between the change in acres and this
variable. Thelag US CPI wasimportant in the Random Forest while lag US GDP was the
lowest ranked, this may be because of the correlation between thistwo variables. The
influence of these macroeconomic variables may indicate sensitivity to consumption

growth.
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Table4.2: Variable Importancein Linear Regression and Random Forest for the
Southwest

Southwest

Variable Linear Regression Random Forest
Lag Acres X X
Cotton_Corn_ESR X
Cotton_Wheat ESR X
Cotton_Change FPDEC X X
Cotton_Soy ESR X
Cotton_Corn_ FPRDEC X
Lag_US GDI X

Lag US CPI X

The West is the smallest growing region and behaves most similarly to the
Southwest. The linear model works well for estimating change in acres for thisregion as
well. Thelinear regression model identified lag U.S. GDI, lag acres, and the cotton to
wheat ending stocksratio as significant (Table 4.3). The cotton to wheat ending stock ratio
was the highest rank in the Random Forest. Change in cotton price, cotton to corn ending
stock ratio, lag U.S. CPI, cotton to soybean ending stock ratio, cotton to corn futures price
ratio as well as cotton to soybean futures price ratio and lag ethanol price were also
identified as important in the Random Forest. Thisisthe only region that demonstrated
response with the cotton to soybean futures price ratio, this may be because of the

correlation with macroeconomic variables.

59



Table4.3: Variable Importancein Linear Regression and Random Forest for the
West

West

Variable Linear Regression Random Forest

Lag Acres X
Cotton_Corn_ESR

Cotton_Wheat ESR X
Cotton_Change FPDEC

Cotton_Soy_ESR

X X X X X

Cotton_Corn_ FPRDEC

Lag US GDI X
Lag US CPI
Lag_Ethanol

X X

Cotton_Soy FPRDEC X

Across regions previous year acres were the variable most often identified as
important. Thisis consistent with areluctance to switch as noted by Fanin and Paxton
(2011). The cotton to whesat ending stock relationship was aso very strong due to
availability of this crop as most likely aternative to cotton in the West and Southwest.

The cotton to corn ending stock ratio, the change in cotton price and the futures price ratio
between cotton and corn were also important in all regions.

The cotton to soybean ending stock ratio was important across regions as well, even
in regions where soybean is not a good alternative, such as the Southwest. This could be an
artifact of the ratio with cotton and cotton’ s relative strength or decline regardless of the
crop or it could be aresult of the moderate correlation with previous year U.S. GDI.

Previous year China GDP was not important in any region.
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The culmination of thiswork is to inform seed production decisions with regional
acreage estimates 12- 24 months ahead of sales. This set of exploratory analyses prepares
afoundation for taking additional stepsin variable selection.

Next steps for variable selection would be to improve variable selection, test and
extend the time horizon, and test other estimation approaches. Variable selection could be
improved by 1) adding region specific variables such as futures/contract and ending stocks
for crops such as sorghum in Texas. Wheat futures were not explored but may also provide
additional predictive performance 2) the refinement and addition of consumption variables
and 3) addressing the impact of Chinamore directly.

Extending the time horizon for estimation and prediction involves assessing
variables have for availability and relevance in the appropriate time horizon as with the
futures priceratios or the ability to forecast the variables themselves aswith U.S. CPI.
Other modeling approaches can be explored aswell. Relationships between the futures
price, ending stocks and consumption change. Multiple decision time points exist and the
information is needed multiple times up during the manufacturing cycle, thus a Bayesian
approach isworth investigating

The model development work in the study showsthat it will be important to address
multicollinearity and that for the regions with more aternative crop options, a non-linear

approach may improve model performance.
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