ANALYZING THE SUCCESS OF STRATEGIC ROLLOVER HEDGING FOR

COCOA

by

TAMIKA NICHOLE TOLBERT
(Under the direction of Dr. Steven C. Turner)
ABSTRACT

There have been wide swings in cocoa prices, and periods of extremey high and
low prices. Attempts have been made through the International Cocoa Agreement to
stabilize cocoa prices, but its efforts have been unsuccessful. The purpose of this
research is to analyze cocoa prices from 1961-2000 and find aternative ways to protect
producers from unstable cocoa prices.

Severa procedures were used in thisanalyss. Fird, attention is given to previous
research on the causal factors of price volatility in the cocoa market and the hitory of the
sructura changes that took place in the cocoa market from the 1960s to 2000. Next, a
fundamental analys's of the cocoa market was done to determine the relationship between
end-of-year cocoa stocks and prices. A seasond analysis also was done to determineif a
seasond pattern existed for cocoa prices and to determine which month had the highet
seasond index. Ladtly, dternative price risk management dirategies, such asroutine
hedging, Strategic rollover hedging, and cash sdes at harvest were andyzed to determine
if any of the drategies were successful a stabilizing routinely volatile cocoa prices.

The resaults of this research indicate that despite the effectiveness of strategic
rollover hedging to improve average net prices for commodities such as corn and
soybeans, the outcome for cocoa was unsuccessful. Using strategic rollover hedging
from 1971-2000, resulted in aloss of $304,825.72. Thisincluded $50 per round turn for
brokerage fees, without the consderation of margin cals. However, implementing the
routine hedging Srategy every year in the month with the highest seasona index
generated net revenues of $15,916.34 from 1971-2000.

INDEX WORDS: Strategic rollover hedging, Routine hedging, Cocoa prices,
Fundamentd analys's, Seasond andlys's, Futures market,
Price risk management Strategies



ANALYZING THE SUCCESS OF STRATEGIC ROLLOVER HEDGING FOR

COCOA

by

TAMIKA NICHOLE TOLBERT

B.S, Fort Valey State University, 2000

A Thesis Submitted to the Graduate Faculty of The University of Georgiain Partid
Fulfillment of

of the Requirements for the Degree

MASTER OF SCIENCE

ATHENS, GEORGIA

2002



© 2002
Tamika Nichole Tolbert

All Rights Reserved



ANALYZING THE SUCCESS OF STRATEGIC ROLLOVER HEDGING FOR

COCOA

by

TAMIKA NICHOLE TOLBERT

Approved:

Major Professor: Dr. Steven C. Turner

Committee: Dr. Lewdl Gunter
Dr. Jack Houston

Electronic Verson Approved:

Gordhan L. Patd

Dean of the Graduate School
The University of Georgia
August 2002



DEDICATION
To my family, my chorus of encouragers who faithfully cheer me on as| driveto
accomplish every endeavor and realize every dream | haveinlife. Your prayers and

constant support have made the completion of thisthesis possible.



ACKNOWLEDGEMENTS

Fird, | haveto give dl the praise, the honor, and the glory, to the one who makes
me who | am, my Lord and Savior Jesus Chrigt. Crossing this giant hurdle has shown me
that | can truly do dl things through Christ. He has given me wisdom, strength and
motivation to successfully complete every class, every test and every paper. Heled meto
every source that contributed to the completion of thisthesis. With His divine direction |
can't lose.

To my mgor professor Dr. Steve Turner, thanks for your guidance, helpful
suggestions, and pleasant demeanor that made the completion of thisthesis possible. No
meatter how many questions | asked, or how many times | came by your office, you were
adwayswilling to lend ahand. Thanksamillion! To my advisory committee, Drs. Jack
Houston, Lewel| Gunter, and Nathaniel B. Brown Jr. thanks for your helpful suggestions
aswdl as your organizationd assstance that definitely improved my thess. A specid
thanks to Dr. Nathaniel B. Brown J. for introducing me to the field of Agriculturd
Economics and for going way beyond the cal of duty on many occasons. Thanksa
million Doc! To Dr. Glenn Ames and Laura Alphonso, thanks for your research
assistance.

To my fird teacher, and biggest fan, my mother. Thanks for the daily phone cdls,
encouraging words and never-ending support (emotiondly and financidly). Words

cannot express how truly blessed | am to have you as amother. 'Y ou were convinced |



could fly before | could even walk. Now you have raised an eagle. Do not forget that
you are the strong gust of wind that | fed under me whenever | spread my wings.

To my brothers Jason and Maine, who aways remind me that no matter how
many degrees | have on my wall, | am il just “Mika” Thanksfor humbling me.
Always remember | am your BIG sster no matter how tall you guys get.

To my boyfriend Dion, Thanks for your support of my educational endeavors
even though we had to be apart. Y our prayers, pep talks and encouraging words hel ped
me at times when | needed minigtering to.

To Dr. Epperson, thanks for your assistance on non-thesis matters. Y our advice,
encouragement and assistance redly helped me tremendoudly during my matriculation at
the univerdity. To Tony Garciaand Chris Peters, thanks for your computer tech support
when | dmost lost my first two chapters. You saved mealot of time and effort. To Dr.
Mack Nelson, thanks for making me go to graduate school when | was eager to explore
other options. To SaraHull, thanks for our conversations about the goodness and
fathfulness of God that motivated me when the stress of school seemed unbearable.

Lastly, to dl of the graduate students in the department, thanks for broadening
my horizons. Over the past two years, | have grown as an individua by being exposed to
your cultures. | fed like | have traveled to your countries by listening to you talk in your
native tongue and hearing your experiences. Because of you, | am more equipped to live

and thrive in aworld with amelting pot of different cultures

vi



TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS ... s v

LIST OF TABLES ... oottt n e IX

LIST OF FIGURES ... .ottt s n e s ene e X
CHAPTER

. INTRODUCTION ...ttt s sbe e e e sse e s n e nne e 1

Introduction to Cocoa's Problem of Price Volatility........ccccccevvvecviieenennnnne 1

Price Risk Management and Structural TOOIS .........ccocevieeeiieicncncnisene 2

Problem SEaemeNnt ... 4

OBJECLIVES ...ttt st b nne s 5

PrOCEAUIES.......coiiiiie e 5

DaA.....eeiiiiii 6

OFQANIZBEION. ....cveteeieeieeee ettt sttt n e b snesne e 6

1. PREVIOUS RESEARCH AND HISTORY OF STRUCTURAL CHANGESIN
THE COCOA MARKET ...ttt 7

Previous Research on Causal Factors of the Price Voldtility in the Cocoa

Brief History of the Structural Changesin the Cocoa Market.................. 12
I1l. RESEARCH PROCEDURES FOR COCOA MARKET ANALYSISAND
PRICE RISK MANAGEMENT ASSESSMENT......ccooi i 25

Fundamental ANAIYSIS.......c.ooieiiiiiieeee e 25

vii



SEASONEl ANAIYSIS ... 27

ROULINE HEAGING ...t 28

Strategic Rollover HeAgiNg.........cocvvieeieeiie e 29

[V. DATA AND RESULTS ... 33
Fundamental ANalYSIS.........ccoiiiiiiiiiieeeee e 33

SEASONAl ANAIYSIS ...ttt e 36

ROULINE HEAGING ... e 36

Strategic Rollover HeAgiNg.........cocvieeieriieieereeeeee e 39

V. CONCLUSION AND IMPLICATIONS.......oei e 50
Study limitations and further research............cccooveieicieiesesese 53
APPENDILX L.t n e ne e 54
REFERENCES ... .ottt sttt st nne e nnee e 59

viii



LIST OF TABLES

Page

Table 1. World Cocoa Bean Stocks/Grinding Ratio and Annud Prices from

TO70-1999.... et e r e 55
Table 2. Example of Strategic Rollover Hedging Potential..............ccocviriiiiiinencncnns 32
Table 3. Edtimated Coefficients of the Regresson Analysis for End of Y ear Cocoa

Stocks from 1960-2000..........uerveerrerrerreerresreeeesre s e nreeas 34
Table4. Pearson Correation Coefficientsfor Yearly Average Prices and End of Y ear

Cocoa Stocks from 1960-2000............ceuereruerrereeerrerieesre e se e e seens 37
Table 5. Monthly Cocoa Seasonal Index 1971-2001..........cccoverererenerienieeeeniesee e 38
Table 6. Routine Hedging Results from 1971-2000.........cccceiirienirnnneeneeriesee e 40
Table 7. May Cocoa Futures Price Distributions 1968-2000 ..........ccccccevveresieeseereeseenn 43
Table 8. Opportunity Time in the Futures Market to Implement Strategies

TOBB-2001 ...ttt r e e n e ne e sar e ne e 44
Table 9. Strategic Rollover Hedging for Cocoa 1971-2000 .........ccccoivreereereeseeseerensneens 46



Figure 1.1.
Figure 1.2.
Figure 1.
Figure 2.

Figure 3.

LIST OF FHHFGURES

Page
Y early Average Cocoa Bean Spot Prices from 1961-2001..........cccocceveereennnne 9
Cocoa Prices Average Standard Deviation Per Decade............ccccccveveneeee. 10
PlOt Of PriCES PEr YA ... e 56
PlOt Of SLOCKS PEr Y €8I ... 57
PLOt Of PriCeS* SEOCKS.......cviiriiieirieiceses e 58



CHAPTERI
INTRODUCTION
Introduction to Cocoa's Problem of Price Volatility

After coffee and sugar, cocoa is the most important agriculturd export in
internationd trade. It isproduced in countries within 10 degrees north and 10 degrees
south of the equator where the climate is appropriate for growing cocoatrees. The largest
producing countries are Cote d' Ivoire, Ghana, Indonesia, Nigeria, and Brazil (ICCO
2000).

A characterigtic of the world cocoa market isthat world cocoa prices are routingly
volatile. Frequently, there are large price movements within seasons and from one
season to the next. At times these movements have been larger than most mgor primary
export commodities for along period of time (Short 1987, 50).

Supply variahility, often due to weether factorsin the mgor producing aress of
West Africa, isthe angle mgor factor in price fluctuations. One factor contributing to
short-run swingsin price is that cocoa beans undergo a great amount of processing and
differentiation, and are transformed into a variety of retall products. Thisand other
factors typically contribute to alag between the adjustment of final demand for cocoa-
derived products and the congtantly changing prices of cocoabeans. Frequently, thislag
amplifies swings in short-run bean prices. For example, bean prices may berising, asa
result of an anticipated deficit in the West African cocoa crop. At the same time, demand

for cocoa by chocolate manufacturers may be increasing as adelayed responseto afdl in



cocoa prices six to twelve months earlier. Asareault, thereis anincrease in the price
rise. The processworksin asmilar manner in the opposte direction (Short 1987, 51).
Price Risk Management and Structural Tools

Price uncertainty is one of the biggest problems facing agricultura producers.
There have been many attempts at devising policies or seeking solutions to reduce this
uncertainty, many of which are based upon intervention into markets by governments or
their agents (Morgan 1999). The International Cocoa Agreement is a structura tool
designed to stabilize pricesin the cocoa market.

The International Cocoa Agreement

Theingtability of world cocoa prices has been of concern for many years. It was
one of the main arguments used by the British Government to establish cocoa marketing
boards in former West African colonies after World War 11 in order to stabilize prices.
On the Internationd leve, involvement in the problem began in 1956 when the Food and
Agriculture Organization Committee on Commodity Problems established the Cocoa
Study Group. (Okorie and Blandford 1979). The group also produced a draft
International Cocoa Agreement.

International commodity agreements are atype of structura tool formed to help
support pricesin agiven market (Gilbert 1996). The Internationa Cocoa Organization
adminigtered the International Cocoa Agreements of 1972, 1975, 1980, 1986 and 1993
(1CCO 2000). The International Cocoa Agreement has been ineffective in stabilizing
cocoa prices due to the lack of financia resources, the absence of the United States, the
world' s largest consumer of cocoa, and the Cote d’ Ivoire, the world' s largest producer of

cocoa as members, and itsinitid reliance on buffer stock stabilization (Gilbert 1996).



Commodity Futures Markets

Perceptions of the International Cocoa Agreement’ s ability to stabilize cocoa
prices are now largely negative. This has prompted a search for dternative means of
stabilizing cocoa prices. One choice isthe use of commodity futures markets.

Futures trading is an organized and highly liquid form of trading in forward
contracts. It provides an dternative means for managing the varigbility and risk
associated with producing and trading soft commodities. 1t offers users the benefits
associated with forward pricing without the need to make a physicd transfer of the
commodity (Morgan, Rayner, and Ennew 1994).

Futures markets perform severa functions. Primarily, they (1) facilitate the
management of risk; (2) aid firmsin discovering forward prices, (3) provide a means for
firms to request and secure additiond operating capital; and (4) provide asource of
information for decison making (Leuthold, Junkus, Cordier 1989, 3).

Cocoa futures and options are traded on the Coffee, Sugar and Cocoa Exchange
(CSCE) in New York, the London Terminal Market, and the Kuala Lumpur Commaodity
Exchange (KLCE). The ddiverable amount is 10 metric tons of cocoa, and is quoted in
dollars per metric ton. (Bridge Commodity Research Bureau 1999).

Strategic Rollover Hedging

Another option to stabilize prices in the cocoa market and improve producer
returnsis the use of srategic rollover hedging. Strategic rollover hedging is atype of
price risk management tool with the intent of alowing producers to obtain higher average
prices over some time frame (usualy three or more years) (Huang 1993). If producers

could receive higher average prices for severd years production, the possbility for



substantia profits would exist (Kenyon and Beckman 1997). Hedge-to-arrives or
rollover contracts might also be useful to reduce the variability of receipt, or to specuate
on old-crop-new-crop spread (Lence and Hayenga 2001).

Using drategic rollover hedging, the producer retains postions for multiple years.
He /she will enter the market only when the price trades above the entry price and offset
and exit his positions only when the price is higher than the exit price level. The entry
and exit levels are based on historica futures data and are chosen by the hedger. Suppose
aproducer decides to use grategic rollover hedging to attempt to receive a higher average
price for the next three years. Prior to hedging, he may examine the historical futures
datato set entry or exit levels. Assume the producer sets hisentry leve at the upper 5%
of the historical database, and his exit level at 25% above the entry level. When the
futures price is above the entry price, it is possible the farmer can receive a higher
average price for cropsto be harvested each year for the next three years (Huang 1993).

Problem Statement

Annua fluctuations in world prices for cocoa result from changesin supply for
the product. It takes some years for the decision to expand acreage to be reflected in
higher production. Periods of supply shortages, often associated with losses in output
due to adverse climatic conditions or spread of diseases and pests, result in the reduction
in stocks of cocoa beansin rdation to demand. “Higtoricdly, thereisan inverse
rel ationship between changes in the world cocoa stocks-to-grindings retio, which is
defined astheratio of total end-of-season stocks of cocoa beans to annud world
grindings. This ratio measures the world demand for cocoa beans and the movement of

cocoa bean prices’ (ICCO 2000).



Specificdly, in the cocoa market, rising price levels are often associated with a
declining stocks-to-grindings ratio and vice versa. When stock levelsfal below normad
industry requirements, there is strong upward pressure on prices (see Table 1 in
Appendix) (ICCO 2000).

Cocoa prices are voldtile. Producers need help in dedling with this voltility.
Attempts have been made through the Internationad Cocoa Agreement to stabilize cocoa
prices, but its efforts have been unsuccessful (Roberts 1986). With the use of strategic
rollover hedging, there exists a possibility that cocoa producers or marketing boards can
receive higher average prices for more than one crop year, thus reducing the concern of
volatile cocoa prices in the cash market.

Objectives

The International Cocoa Agreement’ s attempt to stabilize prices has been largely
unsuccessful. Thus, the generd objective of this paper isto andyze the cocoa market and
find dternative ways to stabilize cocoarevenues. The specific objectives of this study
are;

1. To anayze cocoa prices from 1961-2000.
2. To examine dternative price risk management strategies.
a) Routine hedging
b.) Strategic rollover hedging
c.) Cash Sdesat harvest
Procedures
In order to achieve these objectives, severa procedures were used. Firdt, attention

is given to previous research on the causd factors of price volatility in the cocoa market



and the structural changes that took place in the cocoa market from the 1960s to 2000, to
give the reader background information about the distinctiveness of the cocoa market.
Next, afundamenta analysis of the cocoa market was done to evauate the relationship
between end- of-year cocoa stocks and prices. A seasonal analysis was aso done to
determineif a seasond pattern existed for cocoa prices and to determine which month
had the highest seasond index. The dternative price risk management dtrategies--
routine hedging, strategic rollover hedging and cash sdes at harvest were andyzed to
determineif any of the strategies were successful at stabilizing routingly volatile cocoa
prices.
Data

Dally dosing futures prices for the May cocoa from 1961- 2000 were used in this
study. The data was obtained from PROPHET database (Prophet 2000). The end-of-year
stocks and yearly prices from 1960- 2000 were obtained from International Cocoa Trade
and the International Cocoa Organization. World Cocoa monthly prices from 1971-2001
were obtained from the International Cocoa Organization.

Organization

Thisthess hasfive chapters. Chapter 2 is background information about the
previous research and the history of structurd changes that took place in the cocoa
market from the 1960s to 2000. The research procedures for the cocoa market analysis
and price risk management assessment are presented in Chapter 3. The data and results
are presented in Chapter 4. The conclusion and implication of the results are presented in

Chapter 5.



CHAPTERII
PREVIOUS RESEARCH AND THE HISTORY OF STRUCTURAL CHANGES
IN THE COCOA MARKET

Cocoa beans, from which cocoa products are derived, come from the cocoa or
cacao tree, atropical plant that bears cantaloupe-sized pods. The pods contain cocoa
beans that can be processed into cocoa, cocoa butter, and various chocolate products.
Thistree grows up to 14 mtal. It originated in the tropica forests of Central and South
Americaand can take up to 4 years from planting before producing sufficient fruit for
harvesting. They may live up to 80 years or more, dthough the fully productive period is
usually between 15 and 30. The trees productive years begins to decline between 40 and
50 years and can no longer be used in commercid production. The cocoatreeis highly
vulnerable to pests and diseases, and it is adso very sendtive to climatic changes (Africa
South of the Sahara 2000).

During harvesting, the ripe pods are cut from the tree, where they grow directly
out of the trunk and branches. When opened, cocoa pods rel ease a mass of beans
surrounded by white mucilage. After harvesting, the beans and mucilage are scooped out
and fermented. Fermentation lasts severd days, dlowing the flavor to develop. The
mature fermented beans, dull red in color, are then dried and bagged as raw cocoa, and
then processed or exported (Africa South of the Sahara 2000).

Many different sorts of products are derived from cocoa. Some examples of its

usssare. animd feed from cocoa husk, production of soft drinks, alcohol, potash, jam



and marmalade. Once the cocoa beans have been fermented and dried they can be
processed to produce additional products. These productsinclude: cocoa butter, cocoa
powder, and cocoa liquor, which is used in the production of chocolate (Africa South of
the Sahara 2000).

Previous Resear ch on Causal Factors of the Price Volatility in the Cocoa M arket

Over the 1960s and 1970s, the price volatility for tropica beverages was some
two-thirds higher than the average for al commodities. Thiswas partly attributable to
the price ingtability of cocoa beans during these two decades, which isused in the
production of hot cocoathat far exceeded the great majority of other traded commodities.
The main reason for this price instability was a series of poor crops, which led to a
worldwide shortage during the 1970s. Contributing to the price ingtability was the oil
crigsin the mid-1970s that aso caused many commodities to have volatile prices during
thisdecade. Asaresult, prices reached record highs. However, since the early 1980s,
the commodity price instability has been moderate but somewhat to alesser extent for
cocoa (seefigure 1.1 and figure 1.2) (Maizels, Bacon, Mavrotas 1997, 23).

The volaility inherent in the world market for cocoalis reinforced by two market
features. Thefirg isthe low price-dadicities of both demand and supply, especidly in
the short term, which resultsin a congderably larger proportionate change in price than
in output or exports. Moreover, thereis a delayed supply response to higher world prices.
It takes severd years for the decision to expand acreage to be reflected in higher
production. Consequently, it islikely to creste an oversupply Stuation in future periods
if demand does not respond accordingly. Conversdly, thelag in supply in responseto a

fdl in prices will create ashortage later if demand by then hasincreased. Thus, supply



100¢/0002

66/866T
16/966T
S6/766T
€6/266T
T16/066T
68/886T
18/986T
G8/7861
€8/2861
T8/086T
6./8L6T
L//9/6T
S/Iv.6T
€L/2L6T
T./0L6T
69/896T
£9/996T
S9/796T
€9/2961

T9/096T
o

2
18

© < N — @ ©
— — — o [}

0.4
0.2

|/S1U82 S321.1d

Year

Figure 1.1 Yearly Average Cocoa Bean Spot Prices from 1961-2001

Source: Horticultural and Tropical Division, FAS/USDA, 1997

ICCO 2000



Prices

1960-1970 1970-1980 1980-1990 1990-2000
Years

Figure 1.2 Cocoa Prices Average Standard Deviation Per Decade

10



lags tend to result in price cycles and uncertainty, particularly where demand isitself
subject to short-term variability (Maizels, Bacon, Mavrotas 1997, 25).

The second element adding to short-term fluctuations on the cocoa market isthe
flow of speculaive fundsinto and out of cocoa futures contracts traded on the terminal
markets (which are mainly in London and New Y ork). To the extent that speculators buy
(sdl) when prices are rising (fdling), they will amplify the price fluctuations arising from
fluctuations on the supply and demand sides of the 'red’ market for physica cocoa
(Maizels, Bacon, Mavrotas 1997, 25).

Cocoa price movements can be separated into three categories. long- term, short-
term, and intermediate. Each of the three classes of price fluctuations can be identified
with its own causad mechanisms (Weymar 1968, 6).

Long-term cocoa price fluctuations are produced by the response to various
relationships in the cocoa market, linking cocoa prices with the rate of new plantings,
plantings with production, production with inventories, and inventories with prices. The
dynamics generated include: (1) aperiod of low prices, (2) the substantial delay required
to clear the pipeine of maturing trees results in production leveling off and perhaps
dedlining; (3) with normal growth, consumption begins to exceed production, causing
inventoriesto fdl; and (4) cocoa prices climb, bringing a resurgence in new plantings.
The length of the period between successive peaks and troughs in these long-term
fluctuationsisin large measure determined by the average length of the delay between
the time of planting and the time of peak production of a cocoatree (Weymar 1968, 6).

At the opposite extreme, short-term month-to-month price fluctuations, in part,

11



reflect the bullish and bearish speculative enthusiasm in the world cocoa market.
Speculators in the market tend to focus their attention on one or two background
developments that may have an important effect on future cocoaprices. For example,
trends in the influence of natural hazards on production (Weymar 1968, 7).

In between the long and short types of behavior, lie the intermediate-term
movements in cocoa prices, consumption, and inventories. These fluctuations represent
the response in the cocoaindustry to annud variations in world cocoa production
(Weymar 1968, 7). For example, in response to a weather-caused crop shortage,
inventories and expectations regarding future inventories, both fal, causing the price to
rise. After adjustment lags, consumption and consumption expectations decline toward a
level more in line with the declining crop, but not before the stocks in inventory have
been further depleted and the price isforced even higher. Asaresult of the price
increase, production increases, and consumptionis reduced below the production rate.
The price now beginsto fdl, but the consumption rate does not end its decline until after
an adjusment lag. By thistime, the ocksin inventory are increasing even further,
causing the price to continue to decline. Consumption findly beginsto climb in response
to the lower prices. (Weymar 1968, 7,8).

Brief History of the Structural Changesin the Cocoa M ar ket

In the 1960s, cocoa production increased by 60 percent and consumption
increased by 59.3 percent from the late 1950s. Stocks at the end of the 1964/65 season
reached arecord of 845,000 tons, equivaent to eight months supply, resulting in the price
of cocoafaling to alow of 90 pounds on the London Market and 12 cents/lb in New

York, itslowest levd for 18 years (Economist Intelligence Unit 1989). Full scae
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conferences were held in 1963, 1966 and 1967 to attempt to initiate the first Internationa
Cocoa Agreement, but al were unsuccessful. (Okorie and Blandford 1979).

In the later years of the 1960s, consumption continued to expand while production
began to stagnate. In arapid turnaround, prices began to boom while stocks declined.
By the end of the 1968/69 season, stocks had fallen to 433,000 tons, equivalent to less
than four months supply, and the price of cocoa had peaked at 482 pounds'ton. Asa
result, the volume of grindings began to fal back dightly but quickly recovered asthe
price began to decline during the late 1969, 1970 and 1971.

In 1972, the fourth UN Cocoa Conference took place in Geneva and resulted in
the firg International Agreement. 1t was adopted by 52 countries, although the United
States, the world's principa cocoaimporter, did not sign. During the 1972/73 season, the
growing conditionsin practicaly al cocoa growing regions of the world were drier than
norma, resulting in reduced globd production from 1.59 to 1.41 million tons. In
response, prices rose quickly to al time highs. Poor crops in Ghanaand Nigeria further
exacerbated the Stuation the following year, which helped keep world production below
world consumption. In 1974, the price of cocoa peaked at 1,375 pounds/ton in London
and 131 cents/lb in New York. A return to surplus forced prices down during 1975, but
further declinesin production during the next two years, most noticegbly in Ghana and
Nigeria, together with currency consderations at the time, aswell asthe generd
inflationary pressure caused by the ail crigs, forced market prices up into acompletey
new dimension. Throughout 1976, the price of cocoaincreased from alow of 770
pounds'ton to anew high of 2,295 pounds/ton in London and from an average of 56

cents/Ib to 135 centg/lb in New York. Thisrise was due to increased speculative activity
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on the markets, but supplies were exceptiondly tight and world stocks were fdling to
historicaly low levels. At the end of the 1976/77 season, stocks accounted for less than
ten weeks supply (Economist Intelligence Unit 1989).

During early 1977, the market continued on its upward path reaching a record
2970 pounds/ton in London on March 7 and arecord average of 182 cents/Ib in New
York. On March 10, the London Cocoa Termina Market Committee announced that it
would be introducing on March 14 specid sdective deposits of 10,000 pounds per lot (10
tons) for non-trade and non-members with net positionsin excess of 100 lotsin order to
cam the market down. Similar action was taken in New Y ork, where deposits were
raised from $4000 to $6000 per lot and the daily limit was raised from 4 to 6 cents/lb.
These announcements had an immediate and rather dramatic effect on the market, which
fdl 760 pounds/ton in the next three days of trading (Economist Intelligence Unit 1989).

The decline came to an end in late April by the publication of higher than
anticipated grinding satistics for the first quarter of the year. Combined with fears over
physicd availability in Europe, and delays in shipments of cocoa from origin, the prices
began to climb again. Concern over severe shortages in gpot suppliesin both Europe and
the United States encouraged the rise. Much of the early activity on the market resulted
from speculative activity, however, this resurgence of a strong bull market was mainly
the result of a physical shortage of cocoa, backed by increasing awareness that production
in both Ghana and Nigeriawas unlikely to recover much during the 1977/78 season.
Consequently, the market peaked in mid-July, reaching 3,740 pounds/ton in London and

248 cents/lb in New Y ork (Economigt Intelligence Unit 1989).
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With an improvement in shipments of cocoa, the tight stock position was eased in
consuming countries and prices began to retreat during late July and early August 1977.
Within four weeks of reaching its record highs the market had falen by nearly 600
pounds in London and stabilized around this new leve for the next two to three months.
In New Y ork, however, an acute shortage of spot Ghana cocoa forced its price to anew
high of 260 cents/lb (Economigt Intelligence Unit 1989).

As shipments of the new cocoa crop from Africa began to increase, and the
market became increasingly aware that extraordinary high values for cocoa were
depressing grinding, as well as stimulating the use of subgtitutes, the market sarted to
collgpse. Thefal continued until around the middle of February when it was known that
Ghand s production was not going to recover and that the 1977/78 crop was likely to be
below expectation. This reversed the downward trend and prices began once again to
climb strongly from an average of 1655 pounds/ton in February 1978 to 2011 pounds/ton
in March. In New Y ork the average increased from 124 cents/lb in February 1978 to 153
cents/pound in March 1978. The price fluctuated around thislevel for awhile, reflecting
both the decline in consumption and the inflexibility in supply. The expectation of a
subgtantia shortfal in supply during the 1978/79 season, dominated the market during
the last quarter of 1978, but such an expectation was fase and that while the crop might
be dightly lower in 1978/79 than in 1977/78, production would exceed grindings.
Consequently, prices began to fal. By September 1979, the price of cocoa had fallen to
1427 pounds/ton and the average pricein New Y ork fell to 146 cents/lb (Economist

Intelligence Unit 1989).
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Alarmed by such afdl, Cote d'Ivoire announced that it was going to ban further
sdes of cocoa until the price recovered. Problems with the collection and shipment of
cocoa from Ghana helped push prices dowly upwards. During November 1979,
producers and consumers met in Genevato try to negotiate a new International Cocoa
Agreement to tabilize prices, however, the meeting failed. There had been two previous
Agreements, in 1972 and 1975, but because the market was experiencing extraordinary
high prices during the time, the effectiveness of neither Agreement was tested.

Apart from an increase of speculative activity in February, the market was
exceptiondly quiet in early 1980. Negotiations for a new Internationa Cocoa Agreement
falled again and the old one lapsed in March 31, 1980. Cocoa producers were darmed by
the turn of events. A meeting was held to discuss ways in which the price could be
forced back up to acceptable levels. But the meetings were unsuccessful.

Asaresult, the price of cocoa began to fall steadily. Cote d' Ivoire was unable to
maintain its ban on sales and had to dispose of its accumulated stock. Consequently, the
market fell to new lows, with contractsin New York at less than $1.00/Ib and London
prices dipping below 1000 pounds/ton for the firgt time in four years (Economist
Intelligence Unit 1989).

A conference held in Genevain 1980 on the Internationa Cocoa Agreement
boosted confidence that a solution to the price volatility was close at hand, especially as
the meeting concluded with agreement to keep the accumulated buffer stock funds intact.
The market, however, did not share this confidence and prices remained unaffected.
Under the terms of the new Agreement, the buffer slock was the sole instrument for

dabilizing prices. The new price rangewas. minimum 100 cents/Ib, lower intervention
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price 110 centd/lb, upper intervention price 150 cents/lb and the maximum 160 cents/lb
(Economigt Intelligence Unit 1989).

Cote d'Ivoire, however, refused to join the Agreement arguing that the price range
wastoo low. The new Agreement began with a massive handicap with Cote d' Ivaire,
accounting for dmost a quarter of world production, and the United States, the largest
consuming country refusing to join. Newsthat heavy rains affected production in Brazil
coincided with higher than expected grinding figures, hel ped stabilize and support the
market during the first few months of 1981. Nonetheless, by April, rapid sdlling by a
number of countries helped push the price back down below the 1000 pound/ton level
and 95 cents/lb in New York. The downward trend continued throughout May and early
June. By late June the price of spot cocoa on the London market had reached 890
pounds/ton and the September futures position was trading at 786 pounds/ton, the lowest
level since March 1976, and an average 75 cents/lb in New Y ork, its lowest average since
April 1976 (Economigt Intelligence Unit 1989).

At the end of June 1981, ameeting was held in Geneva at which 35 countries
indicated that they would be prepared to sign the new International Cocoa Agreement.
This had a positive effect on the market. Prices moved upwards in anticipation of an
effective buffer sock operation. The Internationa Cocoa Organization’s indicator price
rose from alow of 72 centg/lb in mid-June to well over 100 cents/lb by September.

It was decided that the buffer stock manager could only purchase, direct from
origin, up to 36,000 tons for shipment not later than July 1982 and that bulk cocoa
exporting members would have the option of sdlling a further 60,000 tons for shipment

later than September 1982 on a deferred payment basis. Unfortunately, purchases for the
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buffer stock had atemporary effect on prices as the market failed to remain within the
target price range (Economist Intelligence Unit 1989).

November 1982 proved to be the low point of the market. However, news that
West Africawas experiencing a drought, which would serioudy affect production,
completely reversed the downward trend. Prices averaged 88.4 cents/lb in 1982/83 and
production setbacks caused prices to rise sharply again, to an average 109.4 centg/lb in
1983/84, a season in which net output fell short of grindings by 212,000 tons. Prices
decreased to an average of 100.8 cents/Ib in 1984/85 and 97.5 cents/Ib in 1985/86 as
production returned to norma and another surplus emerged.

The changing perceptions of the future of the International Cocoa Agreement dso
influenced the market during thistime. Fearsthat anew Internationa Cocoa Agreement
would not be negotiated, and that the 100,000 tons of cocoa held by the buffer stock
would have to be released onto the market, forced the market downward during the first
sx months of 1986. However, following aten-day meeting of 70 nationsin Genevain
July 1986, an agreement was finaly reached on the establishment of a new Internationa
Cocoa Agreement. This had a dramétic effect on the market, forcing the price up from
1330 pounds/ton in early July to 1550 pounds/ton by the end of August in London and
from an average of 92 cents/lb in July to 94 cents/lb in August in New Y ork (Economist
Intelligence Unit 1989).

During September 1986, the market began to ease, partly because surplus
production was expected for 1986/87. By December the price had fallen back to around
1390 pounds/ton and an average of 89 centglb. The old Agreement expired on

September 30, 1986. The new agreement came into force on January 20, 1987, and the
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1986 International Cocoa Agreement was provisiondly brought into force. It was not
fully effective until March 27, 1987, when the rules governing the operation of the buffer
stock were established (Economist Intelligence Unit 1989).

The price of cocoaremained weak throughout the first quarter of 1987 reflecting
the expected excess of globa supplies over demand for the third successive season. By
the end of March, the price on the London market had falen to 1277 pounds/ton. The
finalization of the buffer stock rules helped firm prices temporarily but it was not long
before they began to fal once again. The market remained relatively weak, only showing
sgns of activity each time the Internationa Cocoa Organization met to try to overcome
the stalemate that had been established. As each meseting ended in failure, the market
retrested even further, reaching alow of 1035 pounds/ton during the second week of
December and an average of 86 cents/lb in during the month of December (Economist
Intelligence Unit 1989).

The possibility of aresolution of the problem during aspecia meeting in January
1988 helped fud amodest recovery. Newsthat the International Cocoa Organization
resolved its differences of opinion over the revison of its price range and agreed on rules
for the withdrawa scheme, helped push prices up even further, but not enough to reach
the new pricerange. Asaresult, the buffer stock was forced to resume its operations
amog immediately and within a month had purchased a further 75,000 tons teking it to
its maximum holding of 250,000 tons. This triggered another meeting of the
Internationa Cocoa Organization to consider the automatic introduction of the
withholding scheme under which producing members agree to withhold up to atotal of

120,000 tons from the market at their own expense. However, doubt was expressed as to
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whether there was sufficient money in the buffer stock fund to finance the cot of the
withholding scheme. This, combined with disagreement over the level of price support,
paralyzed the Internationa Cocoa Organization, and the International Cocoa
Organization ended without agreement. Without the support, the market plunged,
reaching alow of 895 pounds/ton on March 18, 1988 in London, and fell to an average of
76 centg/lb in New York, itslowest average in six years (Economist Intelligence Unit
1989).

Throughout the remainder of April and May the market remained fairly quiet due
to alow volume of sdes. Although the refusa of the authoritiesin Cote d' Ivoire to
release any further cocoa onto the world market dowly helped prices recover from their
sx year lows. News that the USDA revised its estimate for Maaysia s cocoa production
to 215,000 tons did push prices down for awhile (Economist Intelligence Unit 1989).

The market fell back during June but recovered in early July due to the news that
the buffer stock manager had to buy over 2000 tons of cocoa as aresult of dealerswho
had previoudy contracted to supply the buffer stock with Ivorian cocoafailed to pay.
During August and September, rumors that Cote d' Ivoire had made sales and news that
the September session of the International Cocoa Council failed to resolve any of the
outstanding issues forced the market lower, decreasing to an average 56 cents/lb in
September, its lowest average since 1975 (Economist Intelligence Unit, 1989).

Towards the end of 1988, prices began to rally due to arumor that Cote d' Ivoire
had arranged to sell 400,000 tons of cocoato a French trading house. However in 1989,
the cocoa market certainly represented a commodity in crisis, as cocoa futuresin New

Y ork and London fell to sixteen-year lows, with averages fdling aslow as 44 cents/lb, as
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aresult of increasing surpluses forecasted into the early 1990s. In late 1989, cocoa
futures fel to 41 cents/Ib, the lowest level since 1973 (Economigt Intdligence Unit
1989).

In 1990/91, current prices reached sixteen-year lows. However, after spending
the first weeks of 1990 at thisdismd point, the London futures price gained more than
250 metric tonsin two short months. At the International Cocoa Organization’s meeting
in 1990, the International Cocoa Agreement was extended for two years until September
1992. The buffer stock continued to exist but the manager would not intervene to
dabilize prices. Thistook away the upper price cap and the market showed a favorable
response to that decison (Economist Intelligence Unit 1989).

Cocoa stocks were down for the first time in seven yearsin 1991/92. However,
the cocoa market till had heavy stocks in consuming countries. The efforts of cocoa
producers to reingtate the International Cocoa Organization in 1991 were largely
unsuccessful. Little progress was made to reestablish the Agreement and many delegates
felt an Agreement was no longer needed (Bridge Commodity Research Bureau 1991).

Cocoa bulls were disappointed in 1992. The cocoa surplusin 1991/1992 began to
erode. Consequently, in the second hdf of the year, prices rdlied sharply from around 39
cents/lb to over 50 cents/lb. The continued presence of large stocks ultimately negeted
the impact of a second straight year of drought and disease reduced crops, however, and
the market fell back to new lows by the end of the year. Late in the year, the market was
negatively influenced in part by USDA egtimates of an increase in total world production
to 2.35 million metric tones, four percent higher than 1991/92' s estimated 2.27 million

metric ton crop (Bridge Commodity Research Bureau 1991).
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World cocoa prices floundered during the first haf of 1993 between 36 centg/lb to
45 centd/Ib. The action was a continuation of a decade-long downtrend. The new
International Cocoa Agreement was adopted on July 16, 1993. The new Internationa
Cocoa Agreement contained no provisions dlowing direct intervention in the market to
regulate prices. Nor any provisons related to the International Cocoa Organization’s
buffer stock (Stainer 1993). Asaresullt, prices firmed during the second haf and closed
the year near their high (Bridge Commaodity Research Bureau 1993).

The new International Cocoa Agreement entered in force on February 22, 1994.
The new International Cocoa Agreement, negotiated in 1993, allowed for a production
management plan designed to achieve alagting equilibrium between world production
and consumption. In 1994, the Internationa Cocoa Organization decided to dowly
reduce its buffer stockpile during the next few years. World cocoa prices neared afive-
year high in mid-1994, which overshadowed prospects of arecord large 1994/95
production. The price increase reflected fears that the world crop would tral initia
expectations, but the bullish enthusiasm proved short-lived and by year-end 1994, prices
were about midway between the year’ shigh and low. The International Cocoa
Agreement’ s success was uncertain due to some reluctance from some producing nations
to voluntary limit their production (Bridge Commodity Research Bureau 1994).

World prices drifted lower during 1995, with an average price of 65 cents/lb in
New York. World cocoa production for 1996/97 was forecasted at 2.7 million metric
tons, down 8 percent from the record 1995/96 crop of 2.9 million metrictons. Asa
result, average prices increased one cent to 66 cents/lb (Bridge Commodity Research

Bureau 1996).
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The world cocoa market experienced ups and downs during 1997/98, passing
through severa periods of strength aswell as periods of weakness. The mgjor factors
which influenced cocoa prices movements during the 1997/98 cocoa year, included: the
changing perception of the outcome of the current 1997/98 crop, in the latter part of the
year, reports concerning the development of the coming 1998/99 world crop, and
concerns of adowdown in global demand amid the increasing prospects of arecesson in
anumber of economic areas of the world economy. World stocks of cocoadeclined in
1997/98 resulting in the average price increasing to 73 cents/Ib (International Cocoa
Organization 1998).

The world cocoa market passed through several phases during the 1998/99 cocoa
year but the generd direction was downwards. The market followed a clear downward
trend for the first eight months of the 1998/99 cocoa year-from the beginning of October
1998 to the end of May 1999. Thefirst Sgnificant recovery in prices during the year
was seen in June when the market reacted to a perception of a possible nearby supply
shortage and to signs of economic recovery in Asa, Eastern Europe and Latin America
due to improving consumption prospects. This resulted in average prices increasing to 76
cents/lb in 1999 (International Cocoa Organization 1999).

The USDA forecasted world cocoa production in 1999/2000 at 2.89 million
metric tons, up one percent from the previous season. Thiswould be the largest crop
since the 1995/96 crop of 2.94 million metric tons. Facing lower cocoa prices from a
large crop, Cote d'Ivoire' s producers banded together to protest the low prices by
reducing the amount of cocoa that they would sdll. Prices responded by moving higher

but then fell back. World production of cocoa exceeded consumption, and global cocoa
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stocks increased by the end of 1999/00, resulting in average prices reducing to 51

centg/lb, its lowest average since 1993 (Bridge Commodity Research Bureau 2000).
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CHAPTER I
RESEARCH PROCEDURES FOR COCOA MARKET ANALY SISAND PRICE RISK
MANAGEMENT ASSESSMENT
Fundamental Market Analysis

Fundamenta andysisis amethod of research that involves the use of economic
theory and data (e.g., supply, demand, seasond price influences, government agricultura
programs, internationd politica agreements etc.) to examine the underlying factors that
will affect supply and demand and thus the price of astock or futures contract. Some of
the key attributes of fundamenta andysisinclude thefollowing: A.) It provides an extra
dimension of information not available to the purely technica trader, such as knowing
why amarket isacting asit is, which can be invduable in trading decisons. B.) It may
sometimes forecast amagjor price move well in advance of any technicd sgnas. C.) A
knowledge of fundamentals permits a trader to adopt a more aggressive stance in those
Stuationsin which the fundamentas suggest the potentia for amgjor price move. D.)
An undergtanding of the underlying fundamentas can provide the trader/hedger incentive
to stay with thewinning trade. E.) The way in which amarket responds to fundamental
news can be used as atrading tool (Schwager 1995, 3, 229, 230).

Regresson Analyss

In the cocoa literature, it is noted that as end-of-year stocks increase, the price of

cocoa beans decrease and vice versa. For example, in the years when the first two

International Cocoa Agreements were implemented, the cocoa market was experiencing
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record high prices. These high prices were not associated with the implementation of the
International Cocoa Agreement, but rather a decline in the end- of- year stocks.
Therefore, aregresson analyss was undertaken in order to determine if thereisan
inverse relationship between end-of-year cocoa stocks and prices.

Regresson analysisis atype of fundamental andyssthat is concerned with
describing and evauating the relationship between a given variable and one or more
other variables. The primary god of regresson andysisisto define amathemética
relationship between the dependent variable and the independent variables (Schwager
19095, 241). Regresson andysis provides an efficient learning tool for understanding the
interrelationships between various fundamental factors and price. Using regression
andysis, reationships depicted in tabular and graphic form can be trandated into asingle
precise equation:

(D) P =ap+ agstocks.; + axYear + E

The dependent varidble in (1) is yearly average cash prices P;. The explanatory
variadlein (1) isthe end-of-year cocoa stocks. Y ear is an explanatory variable used as a
function of time. E isthe error term and ap and a, are unknown moded parameters. The
regresson procedurein SAS was used to caculate aregresson andysisin order to
eva uate the relationship between cocoa prices and end-of- year stocks. Yearly average
cash prices and end-of-year stocks were plotted to visualize the relationship between
prices and end-of-year stocks, and to determine whether prices and end-of-year stocks are
currently increasing or decreasing. Pearson correlation coefficients were aso caculated

to determineif there is an inverse reaionship between end- of-year stocks and prices. |
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expect the results to show that there is an inverse relationship between end-of-year stocks
and prices.
Seasonal Analysis

Seasond analysis provides a source of additiona information that can
complement traditiona fundamental and technical analyss. The fundamentalsin most
markets are heavily influenced by seasonal factors. For example, crops are harvested at
specific times of the year, and for many commodities, demand exhibits seasond
fluctuationsaswdl. Thus, it is hardly surprisng that most commodity markets exhibit
seasond price patterns (Schwager 1984, 70).

Utilizing seasond price patterns in making trading decisons is useful, because its
concept is based on the assumption that seasond influences will cause biasesin the
movement of market prices. However, thisisnot dwaysthe case. It is hardly
uncommon for markets to move opposite to their norma seasond trends. The key
question is whether, there is enough postive correlation between future price movements
and past seasonal patterns for such information to be useful (Schwager 1995, 115).

Apparent seasond patterns would be expected to appear even in random series,
however, it is difficult to determine to what extent seasond price patterns reflect true
biases as opposed to random occurrences. Hence, there is an unavoidable degree of
subjectivity in deciding how much weight to give past seasond patterns (Schwager 1995,
115). However, ignoring seasond patterns can easlly lead to the misinterpretation of
fundamenta data (Schwager 1984, 70).

In order to determine whether a seasonal pattern existed for cocoa prices, a

seasond index was calculated from 1971-2001. The average percentage method isthe
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smplest approach for caculating a seasond index. This method involves the following
approach:

1. Cdculating an annud average for each year.

2. Expressing each monthly value as a percentage of the corresponding annua

average.

3. Averaging the percentage values for each month (Schwager 1995, 117).

| expect the results of the seasonal analysisto revedl that there is a seasond
pattern for cocoa prices. Theresults of thisandysswill be used in the routine hedging
drategy to evauate its successif one enters the futures market in the month when the
Seasond index is highes.

Routine Hedging

Routine hedging is atype of price risk management strategy. It isthe most basc
hedging strategy. With aroutine hedging strategy, a producer will enter and exit the
futures market at the same time every year in order to reducerisk. A routine hedge goes
asfollows. suppose a producer decides to sdll futures contract(s) in quantity equd to one
crop at the beginning of the planting season(s) for ddivery at the harvest of the year. At
harvest, he sdls the crop, and the futures contract(s) is bought back. The dtrategy is
repeated every year (Huang 1993).

In order to determine whether routine hedging is successful at stabilizing volatile
cocoa prices, one May cocoa contract was sold around the 15th of the month with the
highest seasond index from 1971-2000. Brazil is one of the leading cocoa producers and
isused for illudtrative purposes. The main cocoa season in Brazil isfrom October to

April. Thus, the contracts were offset in mid-April from 1971-2000. Tota net revenues
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from 1971-2000 will be evauated to determine if the routine hedging procedure is
successful @ minimizing risk or improving returns of cocoa producers.
Strategic Rollover Hedging

The intent of Strategic rollover Strategiesisto alow producers the opportunity to
obtain higher average prices over some time frame (usudly three or more years). With
the use of dtrategic rollover hedging, there is a possibility that cocoa producers or
marketing boards can receive higher average prices for more than one crop year, thus
reducing the concern of volatile cocoa prices in the cash market.

It has been shown that Strategic rollover hedging improved producer returns for
corn and soybeans. These Strategies were entered when prices were at historically high
price levels and exceeded price forecasts based on current yield estimates. Asaresult,
average net prices over 1980-1992 improved. However, the success of strategic rollover
hedging has been limited to only afew commodities and unsuccessful for commodities
such aslivestock (Kenyon and Beckman 1997).

Kenyon and Beckman (1997) suggests that further research should focus on
individual commodity characteristics and market dynamics that determine whether or not
these drategies will be successful in the long run. Thus, the objective of thisresearch is
to evauate cocoa and determineif it is a candidate for srategic rollover hedging.

Strategic Rollover Hedging Procedure

Assume producers make hedging decisions to reduce cash price risk and

maximize their returns. Consequently, the entry and exit price levels have to be

determined in order for producers to receive a higher average price that will reduce the
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risk of price volaility and increase returns. The entry and exit levels are devel oped based
on frequencies salected by the hedger.

The srategic rollover hedging procedure used in thisandyssis asfollows:

1. A three-year srategic rollover hedging period was used in thisandysis. The
first Sep in deveoping multiple-year pricing strategiesis to determine historical futures
price digributions. Brazil isused for illudtrative purposesin thisanalysis as well.
Therefore, the May contract was used to develop multiple year pricing strategies.

The dally closing futures prices for May cocoa are used from 1961-2000. Seven years of
daily higtorica futures prices are used to develop adigtribution. In each successive year,
an additiona year of futures pricesis added to the previous distribution and the beginning
years dataisdeeted. Thereby, creating amoving seven-year distribution.

2. Any price a or above the top 5% of the distribution represents an entry signa
or opportunity time for the producer. At any time a price equa to or exceeding the price
in the top 5% of the digtribution, the hedger will sdl 3 contracts, unless arollover hedge
isaready in place. For example, assume the price trades in the top 5% of the distribution
on January 2, 1997 the producer would sell three May 1997 cocoa contracts. At harvest
in 1997, the three May cocoa contracts will be offset and two May 1998 contracts will be
sold. At harvest in 1998, the two May 1998 contracts would be offset and aMay 1999
contract would be sold and then offset at harvest in 1999 (see table 2).

3. Using strategic rollover hedging, producers can experience large losses if
futures prices increase after initiating the strategies for severa years. Thus, to reduce
losses an exit rule is established. According to that rule, the producer will lift the hedge

if pricesincrease by more than 25% of the entry price. At any time the price increases
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25% or more than the entry price, the hedger will close dl positionsin the futures market
and will only sdll a harvest in the cash market until the price is favorable to implement
the rollover drategiesin the futures market. An asterisk (*) denotes when the exit rule
was enforced in table 9.

4. Returnsfrom cash sde at harvest, and returns from using the strategic rollover
hedging dtrategies will be evauated to determine whether strategic rollover hedging is

successful for cocoa
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Table 2. Example of Strategic Rollover Hedging Potential

Date Cash Futures Gain/loss
1/2/97
After examining the He Sdls 3 May
historical database, May 97 | 97 @.65 for
Cocoafuturesisinthetop | April ddivery
5% of the historical
distribution, so the farmer
decides to enter the market
4/97 .
Farmer decidesto harvest | He Buys 3 May $.65/b
22046lbs of cocoa. The 97 harvest @ -$.691b
average world priceis.71. .69 -04x 3=
-.12/b
Net Revenue without
hedge=%$15,652.66
Net Revenue with hedge =
$13,007.14
4/97 _
The farmer adds thisyear’s | Farmer rolls
contract into his historical over two of
data base. next year's
contracts
He Sells2 May
98@ .68
4/98 $.68/b
Farmer harvests 22046lbs | He buys 2 May -$.74/lb
of cocoa. The average 98@ .74 -06x2=
world priceis.78. -.12/Ib
Net Revenue without
hedge=$17,195.88
Net Revenue with hedge = 14,550.36
4/98 The farmer adds thisyear’s | Farmer rolls
contract into his historical over next
database. year’s contract
Hesdlls1 May
9@ .79
4/99 $.79/1b
Farmer harvests 220461bs Hebuys 1 May -53/b
of cocoa. The average 9@ .53 26x1=
world priceis .53. .26/1b

Net Revenue without
hedge=$11,684.38

Net Revenue with hedge=$17,416.34

Total without hedge = $44,532.92

Total with hedge = $44,973.82

Net Revenuewith Strategic Rollover

Hedging = $440.90




CHAPTER IV
DATA AND RESULTS
The research procedures for the cocoa market analysis and price risk management
assessment were discussed in the previous chapter. In this chapter, the data and results of
each dtrategy will be presented separately.
Fundamental Analysis
Dataand Results
End-of-year cocoa stocks and yearly average cash prices from 1960-2000 were
obtained from the International Cocoa Trade and the International Cocoa Organization.
Equation (1), P, = ap + aystocks..1 + axYear + ;. was estimated using the regression
procedure in SAS. The estimated coefficients and the t statistics for the intercept, and the
explanatory variables stocks and year appear in Table 3. The t satidtic is used to test the
null hypothesisthat a parameter is zero. The independent variablesin thismodd are
stocks and year. |If the p-vaueisless than the significance leve .05 of the test, then the
null hypothesisis reected in favor of the alternative that the parameter isnot zero. The
p-vaues for ocks and year are both 0.0001. Thus, the null hypothesisisrgected in
favor of the dternative hypothesis that the parameters end- of-year stocks and year are
ggnificant varigbles (see table 3).
The coefficient of determination, r-square, is used to measure the amount of

variation in the dependent variable explained by the regresson model. The r-square of
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Table 3. Estimated Coefficients of the Regression Analysisfor End of Year Cocoa

Stocks from 1960-2000

Variables Egtimated Standard T-Values P-Value
Coefficients Error
I ntercept -130521 20402 -6.40 .0001
Stocks -2.00226 .29783 -6.72 .0001
Y ear 67.30736 10.39739 6.47 .0001
F-Vdue 24.25 .0001
Durbin Watson 423
Degrees of 40
Freedom
R-Square .5607
Adjusted 5376
R-square
1% Order 716
Autocorreation
Number of 41
Obsarvations




the regresson model is 0.5607. For time series data, r-square is in areasonable range
when it is greater than .7. Thus, the r-square vaue is not high for time series data.

To determine whether there is alinear relationship between the dependent
variable and the explanatory variables in the model, atwo tailed test for the null
hypothesis Ho: B1=0 was conducted, which means that thereis no sgnificant
relationship between the dependent variable and the explanatory varidbles. The
dternative hypothessisHa B1+ O, meansthat there is a significant relationship
between the dependent variable and the explanatory variablesin the modd. The mode
mean square is divided by the error mean square in order to compute the F Satistic. The
F getigtic istheratio of the explained variation to the unexplained variation. If the
p-vaueislessthan .025, then the null hypothesisis rgected in favor of the dternative
that that there is a sgnificant relationship between the dependent variable and the
explanatory variablesin themodd. The p-vduefor thef Satigticis.0001. Therefore, we
regiect the null hypothesis that there is no relationship between the dependent variable and
the explanatory varigbles. Thus, thereisasgnificant linear relationship between the
dependent variable yearly average prices and the explanatory variable end-of-year stocks.

The Durbin-Watson test statistic was used to test for autocorrelation.
Autocorrelation is common with time series data because each observation comes from a
different time period. When there is no autocorrelation, the expected vaue of the
Durbin-Watson test satistic d is gpproximately 2.0. When there is positive
autocorrelaion d < 2.0. When there is negetive autocorrdation d >2.0. Thed inthis
regresson moded is .423. Thereby, indicating that there is positive autocorreltion.

When there is positive autocorrelation, adjacent resduas tend to be smilar. The reasons
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for autocorrelation in this regresson modd may be due to an omitted explanatory
variable or dow adjustments in regressors.

The dependent variable yearly average prices and the explanatory variable end-of-
year socks areinversaly related, with a Pearson correlation coefficient of -.27627 (see
table 4). However, -.27627 is not avery strong negative correation. The plot of stocks
per year and prices per year indicate that interaction is present between the variables
prices and stocks. The nonparald scheme indicates that the change in prices depends on
the end- of- year stocks. The plot of the prices per year from 1960- 2000 indicate that
prices are declining. Conversdly, the plots of end-of-year stocks per year indicate that
stocks are on the rise (see appendix Figures 1, 2, and 3). Thus, the price decline
(increase) in the cocoa market is somewhat influenced by the rise (decline) in the end- of-
year cocoa stocks.

Seasonal Analysis
Dataand Results

World cocoa monthly prices from 1971-2000 were obtained from the
International Cocoa Organization. The monthly seasond indexes ranged from alow of
98 in Juneto ahigh of 1.02 in September (table 5). Thus, there was not much variation
in the monthly seasona indexes from 1971-2001. Thiswas because the volatility that
occurred in the cocoa market was yearly related and not seasondl.

Routine Hedging
Dataand Results
World cocoa average representative monthly prices were obtained from the

Internationa Cocoa Organization. Closing futures representative prices for the May
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Table 4. Pearson Corrdation Coefficientsfor Yearly Pricesand End of Year Cocoa

Stocks from 1960-2000

Simple Stocks _
Statistics Prices

Mean 777.63415 1191
Standard 418.20191 693.87414
Deviation

Um 31883 48832
Minimum 263.00000 389.000000
Maximum 1549 3130

N 41 41
Pearson Corrdation Coefficients
-.27627
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Table5. Monthly Cocoa Seasonal |ndex 1971-2001

Year | Jan | Feb | Mar | Apr | May | June July Aug | Sept | Oct Nov Dec

71111 1.04| 1.00 | 1.01| 0.95 | 0.98404 | 1.0598 | 1.102 | 1.0233 | 0.9198 | 0.8989 0.89194

721083 ] 0.85| 0.89 [ 0.90 [ 0.96 | 0.96707 | 1.0031 | 1.065 | 1.1269 | 1.1328 | 1.1153 1.14477

731 0.63 | 066 | 0.74 | 0.83 | 1.04 | 1.13121 | 1.3706 | 1.252 | 1.1747 | 1.1449 | 1.0113 1.00877

741 0.71| 082 | 095 | 1.16 | 1.16 0.9935 | 1.0131 | 1.039 | 1.0228 | 1.1193 | 1.0686 0.90981

751118 | 1.20 | 1.10 [ 0.99 [ 0.84 | 0.79483 | 0.9356 | 0.943 | 0.9288 | 1.0037 | 0.9911 1.05913

76 | 0.68 [ 0.70 | 0.69 | 0.80 | 0.86 | 0.94071 | 0.9568 | 1.037 | 1.1687 | 1.2655 | 1.4303 1.45451

771091 | 100 | 1.06 [ 0.94 | 0.99 | 1.12208 | 1.1512 | 1.047 | 1.0162 | 0.9745 | 0.9186 0.84295

78 1 0.87 | 0.83 | 0.99 [ 1.01 [ 0.92 | 0.87916 | 0.9296 | 0.988 | 1.1021 | 1.1247 | 1.1843 1.16005

79| 111 | 1.06 | 1.03 | 0.98 | 1.02 | 1.05692 | 0.9876 | 0.952 | 0.9786 [ 0.929 0.916 0.96785

80| 121 | 124 | 1.18 | 1.11 | 0.99 | 0.95943 | 0.9467 | 0.888 | 0.9165 | 0.8855 | 0.8349 0.8106

81 1.0) 098] 1.01 | 1.01 ) 0.93 | 0.79955 | 0.9864 | 1.082 | 1.1255 | 1.0463 | 0.9903 1.01348

82| 125( 119 111 1.0 | 0.98 | 0.90229 | 0.9061 | 0.895 | 0.968 | 0.9403 | 0.8848 0.94355

831|084 | 091 | 0.87 | 0.88 | 0.97 1.0845 | 1.0869 | 1.087 | 1.0092 | 0.9886 | 1.0477 1.19927

84| 1.09| 1.04 | 1.05 | 1.05 | 1.12 | 1.03727 | 0.9252 | 0.924 | 0.9647 | 0.9422 | 0.9413 0.89344

851]1 098 | 1.00 | 0.99 [ 0.99 | 0.94 | 0.92774 | 0.9802 | 1.009 | 1.0388 | 1.0481 | 1.0191 1.05534

86| 1.12 | 1.07 | 1.01 | 0.96 | 0.92 | 0.92186 | 0.9779 1] 1.0668 | 1.0023 | 0.977 0.95566

871099 098 [ 100 [ 1.03 [ 1.04 1.0021 | 1.0594 | 1.013 | 0.9957 | 0.9578 | 0.9708 0.9503

88| 124 | 1.13| 1.06 | 1.04 | 1.07 1.0249 | 1.0149 | 0.914 | 0.782 | 0.823 | 0.9316 0.94769

89| 115| 1.19| 1.13 | 1.04 | 0.97 | 1.00888 | 1.0838 | 1.035 | 0.9192 | 0.857 | 0.8133 0.78171

90| 0.78 [ 080 0.89 | 1.05] 1.14 | 1.04432 | 1.061 | 1.017 | 1.0813 | 1.0309 | 1.0659 1.02016

91| 103| 1.01| 1.01 [ 0.95| 0.89 | 0.87087 | 0.8624 | 0.953 | 1.0662 | 1.0878 | 1.1009 1.14352

92| 116 | 1.08 | 1.02 | 0.94 | 0.91 | 0.87548 | 1.0026 | 1.071 | 1.0233 | 0.9741 | 0.9785 0.94205

931092 | 0.89 | 0.87 [ 0.91 [ 0.89 | 0.88358 | 0.9491 | 0.982 | 1.1348 | 1.1569 | 1.1896 1.2129

94 1 0.90 | 0.88 | 0.93 | 0.89 | 0.99 1.045 | 1.1118 | 1.111 | 1.0643 | 1.0371 | 1.0292 1.00237

95 1.02 | 1.05| 1.03 | 1.03 | 1.01 | 1.00277 | 0.9517 | 0.986 | 0.9746 | 0.9731 | 1.0023 0.96201

96| 09] 094|091 100 1.05 | 1.05619 | 1.0274 1.03 | 1.0141 | 1.0147 | 1.0094 1.01287

97 |1 0.88 | 0.84 | 0.94 | 0.97 | 0.97 1.0429 | 1.0361 | 1.021 | 1.0931 | 1.0757 | 1.0468 1.07313

981099 | 097 | 1.02 | 1.03 | 1.07 | 1.02736 | 1.0217 | 1.005 | 1.0068 | 0.9824 | 0.9516 0.90384

99 | 1.27 | 1.23 | 1.15 [ 1.04 [ 0.93 | 1.01915 | 0.9766 | 0.927 | 0.931 [ 0.896 | 0.8091 0.80584

00| 1.03| 096 | 1.05| 1.03 | 1.02 | 1.06059 | 1.0551 | 0.989 | 0.9948 | 0.9891 | 0.9022 0.90514

01| 088 | 106 | 1.03 [ 0.99 | 0.99 | 0.89289 | 0.8882 | 0.95 | 0.9366 | 0.9964 | 1.1395 1.22778

Avg | 0.99| 0.99 | 0.99 | 0.98 | 0.98 | 0.97933 | 1.0103 1.01 1.021 | 1.0103 | 1.0055 1.00653

Source: ICCO 2000
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cocoa futures contracts from 1961- 2000 were obtained from PROPHET database
(Prophet 2000).

The results from the routine hedging strategy arein table 6. The results from the
seasona andysisindicated that September had the highest seasond index. Thus, on
September 15, 1970, one May 71 was sold at .33. At harvest in 1971, the amount
equivalent to one cocoa contract was sold in the cash market at .24 and the May 1971
contract was bought back at .25. This process was repeated every year from 1971-2001.
The reaults indicate that entering the market in mid- September and offsetting the
contractsin mid-April generated net revenues of $15,916.34 from 1971-2000. This
included $50 per round turn for brokerage fees without the consideration of margin cdls.
Thetotd profit without the hedge from 1971-2000 was $514,553.64. Thetotal profit
with the routine hedge was $531,969.98. Therefore, the routine hedging strategy was
successful @ minimizing price risk from 1971-2000 (see table 6).

Strategic Rollover Hedging
Data and Results

Dally closing futures prices for the May cocoa from 1961- 2000 were obtained
from PROPHET database (Prophet 2000). World cocoa average monthly prices were
obtained from the ICCO.

Table 7 reports the price at the 5, 10 and 15% upper tail of digtribution, the
number of contracts and the number of observations from 1968-2000. Table 8 reports the
opportunity time for the producer to implement strategies a the 5% upper tail of
digtributionfrom 1968-2000. 1n 1973, 1975, 1977 and 1997 the prices traded above the

top 5% of the digtribution. Thus, the strategies were implemented. However, in 1971,
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Table 6. Routine Hedging from 1971-2000

Date Cash Futures Gain/loss WO _With Hedge
9/15/70 Sl 1 May 71@.33

4/15/71 Sdl 22046@ .24 Buy 1 May 71@ .25 .08 5291.04 7054.72
9/15/71 Sl 1 May 72@ .25

414172  Sdl 22046@ .26 Buy 1 May 72@ .24 .01 5731.96 595242
915/72 Sdl 1 May 73@ .33

4/16/73  Sdl 22046@ .43 Buy 1 May 73@ .43 -1 9479.78  7275.18
9/15/73 Sdl 1 May 74@ 58

4/15/74  Sdl 22046 @ .82 Buy 1May 74@ .93 -35 18077.72 10361.62
9/16/74 Sl 1 May 75@ .64

4/15/75  Sdl 22046@ .56 Buy 1 May 75@ .58 .06 12345.76 13668.52
9/15/75 Sdl 1 May 76@ .50

4/15/76  Sdl 22046@ .74 Buy 1 May 76@ .81 -.31 16314.04 9479.78
9/15/76 Sl 1 May 77@ 1.02

4/15/77  Sdl 22046@ 1.62 Buy 1May 77@ 1.64 -.62 35714.52 22046
9/15/77 Sdl 1 May 78@ 1.64

4/17/78  Sdl 22046@ 1.56 Buy 1 May 78@ 1.59 .05 34391.76 35494.06
9/15/78 Sl 1 May 79@ 1.66

4/15/79 Sdl 22046 @1.47 Buy 1 May 79@ 1.38 .28 32407.62  38580.50
915/79 Sl 1 May 80@ .66

4/15/80 Sdl 22046@ 1.32 Buy 1 May 80@ .57 .09 29100.72 31084.86
9/15/80 Sl 1 May 81@ 1.11

4/15/81 Sdl 22046 @.96 Buy 1 May 81@ .91 2 2116416 25573.36
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Date Cash Futures Gain/loss WO _With Hedge
9/15/81 Sdl 1 May 82@ 1.06

4/15/82 Sdl 22046@.79 Buy 1 May 82@ .75 31 17416.34 24250.60
9/15/82 Sdl 1 May 83@ .79

4/15/83 Sl 22046@ .85 Buy 1 May 83@ .80 -.01 18739.1 18518.64
915/83 Sl 1 May 84@ .96

4/16/84 Sdl 22046@ 1.15 Buy 1 May 84@ 1.09 -.13 253529 22486.92
9/14/84 Sdl 1 May 85@ 1.03

4/15/85 Sdl 22046@1.02 Buy 1 May 85@ 1.09 -.06 22486.92 21164.16
9/16/85 Sdl 1 May 86@ 1.03

4/15/86 Sdl 22046@ .90 Buy 1 May 86@ .80 .23 198414 24911.98
9/15/86 Sdl 1 May 87@ 1.01

4/15/87 Sdl 22046@.94 Buy 1 May 87@ .89 .12 20723.24 23368.76
9/15/87 Sl 1 May 88@ .88

4/15/88 Sdl 22046@.75 Buy 1 May 8@ .68 .2 165345 20943.7
9/15/88 Sl 1 May 89@ 54

4/15/89  Sdll 22046@ .59 Buy 1 May 89@ .59 -.05 13007.14 11904.84
9/15/89 Sdl 1 May 90@ .50

4/15/90 Sl 22046@ .60 Buy 1 May 90@ .59 -.09 13227.6 11243.46
917/90 Sdl 1 May 91@ .63

4/15/91  Sell 22046@ 52 Buy 1 May 91@ 49 .14 11463.92 14550.36
9/16/91 Sdl 1 May 92@ 58

4/15/92  Sdl 22046@ .47 Buy 1 May 92@ .42 .16 10361.62 13888.98
9/15/92 Sdl 1 May 93@ .48

4/15/93 Sdll 22046@ .46 Buy 1 May 93@ .42 .06 10141.16 11463.92
9/15/93 Sl 1 May 94@ .56
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Date Cash Futures Gain/loss WO _With Hedge
4/15/94 Sell 22046 @ .56 Buy 1 May 94@ .51 .05 12345.76 1344806
9/15/94 Sdl 1 May 95@ .65

4/15/95 Sdl 22046@ .67 Buy 1 May 95@ .60 .05 14770.82 15873.12
9/15/95 Sdl 1 May 96@ .61

4/15/96 Sdl 22046@ .66 Buy 1 May 96@ .61 0 1455036 14550.36
916/96 Sell 1 May 97@ .65

4/15/97  Sell 22046@ .71 Buy 1 May 97@ .64 .01 15652.66 15873.12
9/15/97 Sdl 1 May 98@ .77

4/15/98 Sdl 22046@ .78 Buy 1 May 98@ .70 .07 17195.88 18739.1
9/15/98 Sdl 1 May 99@ .74

4/15/99 Sdl 22046@ .53 Buy 1 May 9@ .49 .25 11684.38 17195.88
915/99 Sell 1 May 00@ .46

4/14/00 Sdl 22046@ 41 Buy 1 May 00@ .37 .09 9038.86 11023

Average Cash Price=$.78  Average Futures Price = $.86
Average Futures Gainlyear = $.03

Totd Profit Without hedge = $514,553.64
Averagelyear without hedge = $17,151.79

Tota Profit With hedge = $531,969.98
Averagelyear with hedge = $17,732.33

Net Revenue from 1971-2001= $17,416.34 ($531,969.98-$514,553.64)

-1,500.00 (brokerage fees)
$15,916.34
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Table7. May Cocoa Futures Price Distributions 1968-2000

Price at 5% Priceat 10% Priceat 15%
Contracts Number of  uppertall of  uppertal of  upper tal of

Year Included observations  digtribution digribution  digtribution

1968 1961-1967 1749 272 .266 .26
1969 1962-1968 1749 .28 27 .266
1970 1963-1969 1746 .39 .29 .28
1971 1964-1970 1744 41 .39 37
1972 1965-1971 1743 41 .39 37
1973 1966-1972 1745 41 .39 37
1974 1967-1973 1743 41 40 .38
1975 1968-1974 1742 .58 .52 45
1976 1969-1975 1743 .68 .63 .60
1977 1970-1976 1746 .69 .66 .63
1978 1971-1977 1749 1.37 .95 .76
1979 1972-1978 1747 1.65 1.56 1.40
1980 1973-1979 1747 1.73 1.64 1.58
1981 1974-1980 1752 1.73 1.64 1.59
1982 1975-1981 1754 1.73 1.64 1.59
1983 1976-1982 1757 1.73 1.64 1.59
1984 1977-1983 1760 1.73 1.64 1.59
1985 1978-1984 1765 1.68 1.60 1.54
1986 1979-1985 1768 1.63 151 1.44
1987 1980-1986 1766 1.45 1.37 1.18
1988 1981-1987 1763 1.14 1.09 1.04
1989 1982-1988 1765 1.14 1.09 1.04
1990 1983-1989 1764 1.14 1.09 1.04
1991 1984-1990 1765 1.14 1.09 1.04
1992 1985-1991 1762 1.04 1.02 1.00
1993 1986-1992 1762 1.00 .95 91
1994 1987-1993 1765 91 .89 .86
1995 1988-1994 1765 91 .82 .73
1996 1989-1995 1764 .68 .66 .64
1997 1990-1996 1762 .65 .64 .63
1998 1991-1997 1760 .68 .65 .64
1999 1992-1998 1759 g7 72 .68
2000 1993-1999 1758 g7 .75 73

43



Table 8. Opportunity Timein the FuturesMarket to Implement Strategies
1968-2000

Opportunity time Priceat 5% Priceat 10% Price at 15%
Contracts  at 5% upper  upper taill of  upper tail of upper tail of
Yex Included tal of disr.  didribution didribution digribution

1968 1961-1967 * 272 .266 .26
1969 1962-1968 * .28 27 .266
1970 1963-1969 * .39 .29 .28
1971 1964-1970 NA 41 .39 37
1972 1965-1971 NA 41 .39 37
1973 1966-1972 41 41 .39 37
1974 1967-1973 RO 41 40 .38
1975 1968-1974 .58 .58 52 45
1976 1969-1975 RO .68 .63 .60
1977 1970-1976 1.33 .69 .66 .63
1978 1971-1977 RO 1.37 .95 .76
1979 1972-1978 RO 1.65 1.56 1.40
1980 1973-1979 NA 1.73 1.64 1.58
1981 1974-1980 NA 1.73 1.64 1.59
1982 1975-1981 NA 1.73 1.64 1.59
1983 1976-1982 NA 1.73 1.64 1.59
1984 1977-1983 NA 1.73 1.64 1.59
1985 1978-1984 NA 1.68 1.60 154
1986 1979-1985 NA 1.63 151 1.44
1987 1980-1986 NA 1.45 1.37 1.18
1988 1981-1987 NA 114 1.09 1.04
1989 1982-1988 NA 114 1.09 1.04
1990 1983-1989 NA 1.14 1.09 1.04
1991 1984-1990 NA 114 1.09 1.04
1992 1985-1991 NA 1.04 1.02 1.00
1993 1986-1992 NA 1.00 .95 91
1994 1987-1993 NA 91 .89 .86
1995 1988-1994 NA 91 .82 73
1996 1989-1995 NA .68 .66 .64
1997 1990-1996 .65 .65 .64 .63
1998 1991-1997 RO .68 .65 .64
1999 1992-1998 RO A7 72 .68
2000 1993-1999 NA A7 75 73

NA means the price did not trade above 5% of the historical distribution.
RO indicates the contracts that were rolled over after the strategies were implemented.
* World cocoa monthly average prices unavailable.



1972, 1980-1996, and 2000, the prices did not trade in the top 5% of the distribution.
Consequently, the strategies were not implemented.

The drategic rollover hedging results for cocoa from 1971-2000 areillustrated in
table 9. On March 26, 1973, the price traded at the 5% upper tail of the distribution.
Thus, three May 73 contracts were sold in the futures market at $.41/Ib. At harves,
22046 |bs of cocoa were harvested and sold in the cash market at $.427/lb and 3 May 73
contracts were offset. Two May 74 contracts were sold a $.37/Ib. On May 7, 1973, the
price increased 25% above the entry- leve price. Thus, the exit rule was enforced and
two contracts were offset. The next time the price was favorable was on January 2, 1975.
Therefore, the Strategies were implemented. However, on April 6, 1976, the price
increased above 25% of the entry price, Consequently, the exit rule was enforced and the
remaining contracts were offset. On January 3, 1977 the price traded above the entry-
level price. Asaresult, the strategies were implemented. From 1981-1996, the price
never reached the upper 5% of the historica distribution. Consequently, the Strategies
were not implemented. The Strategies were implemented again on January 2, 1997.

The second column in table 9 illudtrates the price the producer received each year
in the cash market. The average price was $.80. The third column illugtrates the positions
the producer held in the futures market. The fourth column represents the futures loss or
gain. The averageloss per year was .19. The fifth column illugtrates the profit the
producer would have recelved without the hedge. The total without the hedge is
$492,323.34. The sixth column illustrates the net revenue with the hedge. The total net
revenue with the hedge is $188,647.62. Using gtrategic rollover hedging from 1971-

2000, a producer would have incurred aloss of $304,825.72. Thisincluded $50 per
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Table 9. Strategic Rollover Hedging for Cocoa 1971-2000

Date World Cocoa Prices

Futures Futuresloss/gain Net Revenue W/O With Hedge

3/26/73 Opportunity time

4173 Harvest time

Sdl 22046lbs @ 427
473
*5/7/73

Sdl 22046lbs@ .53
1/2/75 Opportunity time
4/75 Sdl 22046lbs@ .56
475

*4]6/76
Sell 22046lbs@ .65

1/3/77 Opportunity time

477
Sell 22046lbs@ 1.62

477

4/78 Harvest time
Sdl 220461bs@ 1.56

4/78

4/79 Harvest time
Sdl 22046lbs@ 1.47

4/79

4/80 Harvest time
S| 220461bs@1.31

4/81 Sdll 220461bs@.95
4/82 Sdl 22046lbs@ .79
4/83 Sdl 22046lbs@ .85
4/84 Sdl 22046lbs@ 1.15

Sdl 3May 73@ 41

Buy 3 May 73@ .42

Sell 2 May 74@ .37

Buy 2 May 74@ 51
Sdl 3 May 75@ .58
Buy 3 May 75@ .61

Sdl 2 May 76@ .54

Buy 2 May 76@ .74

Sdl 3May 77@ 1.33

Buy 3 May 77@ 1.63

Sdl 2 May 78@ 1.38

Buy 2 May 78@ 1.62

Sdl 1 May 79@ 1.40

Buy 1 May 79@ 1.41

Sdl 1 May 80@ .70

Buy 1 May 80@ .58
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Date World CocoaPrices

Futures Futuresloss/gain Net Revenue W/O With Hedge

4/85 Sell 22046lbs@ 1.01
4/86 Sdll 22046lbs@ .90
4/87 Sdl 22046lbs@ .93
4/88 Sdll 22046lbs@ .74
4/89 Sdl 22046lbs@ .58
4/90 Sdll 22046lbs@ .60
4/91 Sdl 22046lbs@ .51
4/92 Sdl 22046lbs@ .47
4/93 Sdl 22046lbs@ .46
4/94 Sdll 22046lbs@ .56
4/95 Sdl 22046lbs@ .66
4/96 Sdll 22046lbs@ .66
1/2/97 Opportunity time

4/97 Harvest time
Sdl 22046lbs@ .71

4/97
4/98 Sdl 22046lbs@ .78
4/98

4/99 Harvest time
Sl 220461 bs@.53

4/00 Sdl 22046lbs @ 41

Sdl 3 May 97@ .65

Buy 3 May 97@ .69

Sl 2 May 98@ .68
Buy 2 May 98@ .74

Sdl 1 May 9@ .79

Buy 1 May 99@ .53

2226646
198414

20502.78
16314.04
12786.68
13227.60
1124346
10361.62
10141.16
12345.76
14550.36

14550.36

-12 1565266 13007.14

-12 1719588 14550.36

26 1168433  28880.26
9038.86

Avg. Cash Price =$.80
Avg. Futures Price= $.80

Avg. Futures losslyear = $-.19

Total Profit With Hedge= $188,647.62
Average With Hedge= $17,149.78

47



Total Profit Without Hedge= $492,323.34
Avg. Per Year Without Hedge = $17,011.15

Tota losses from 1971-2001 using Strategic rollover hedging
($188,647.62-492,323.34) = -$303,675.72
-(brokerage fees)
-$304,825.72
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round turn for brokerage fees, without the congderation of margin cals. Thereby,
indicating that cocoa is not a candidate for strategic rollover hedging.

In this chapter we have shown that end-of-year cocoa stocks somewhat influence
cocoa prices and that the routine hedging was the only price risk management Strategy
that was successful in stabilizing cocoa prices from 1971-2000. Further discussion and

conclusons drawn from the results are presented in the next chapter.
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CHAPTER V
CONCLUSION AND IMPLICATIONS

Cocoaisthe third most important agricultura export in internationd trade. A
problem facing cocoa producersisits price volatility. Due to the importance of cocoain
internationa trade, the problem of price volatility prompted a search for tools to stabilize
cocoa prices. The Internationa Cocoa Agreement is a structural tool designed to
stabilized cocoa prices. However, despite the implementation of the International Cocoa
Agreements of 1972, 1975, 1980, 1986 and 1993, cocoa prices still remained volatile.

The objectives of this sudy were to anayze the cocoa market and find dternative
way's to stabilize cocoa revenues for producers. The specific objectives of this sudy
wereto 1) andyze cocoa prices from 1961- 2000, 2) examine dternative price risk
management srategies. They included: @) routine hedging, b) strategic rollover hedging,
C) cash sdles at harvest.

The first objective was achieved by giving attention to the causal factors of price
volatility and the structura changes that took place in the cocoa market from the 1960s to
2000. This provided background information on the distinctiveness of the cocoa market
that was useful in the cocoa market anadlyss. Additiondly, afundamenta anadysis was
done to determine whether end-of-year cocoa stocks have an impact on the movement of
prices. The results from this study indicate thet there is an inverse relationship between
end-of-year cocoa stocks and prices and that end-of-year cocoa stocks somewhat

influenced cocoa prices. A seasond andysis was done in addition to the fundamental
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anaysis to determine whether a seasona pattern exited for cocoa prices. The results
indicated that there was not much seasond variation in cocoa prices with monthly
seasond indexes ranging from .98 to 1.02. This was because the voldtility that occurred
in the cocoa market was not seasonally related but yearly related.

The second objective was to find dternative ways to stabilize producer returnsin
the cocoamarket. This was achieved by examining the aternative price risk management
strategies—routine hedging, strategic rollover hedging and cash sdes at harvest in order
to determine whether any of the Srategies were successful a stabilizing routingly voldile
cocoa prices.

The results of the routine hedging strategy indicate that implementing a routine
hedge every year in the month with the highest seasona index from 1971-2000 generated
net revenues of $15,916.34 from 1971-2000. This suggests that routine hedging would
be an appropriate strategy for cocoa producers to decrease risk.

On the other hand, the results of grategic rollover hedging indicate that despite its
effectiveness to improve average net prices for commodities such as corn and soybeans,
the outcome for cocoa was unsuccessful. During the past 30 years, cocoa was hot a good
candidate for drategic rollover hedging. Using srategic rollover hedging from 1971-
2000 a producer would have incurred aloss of $304,825.72. Thisincluded $50 per round
turn for brokerage fees, without the consideration of margin calls.

The reason for its faillure was the fact that strategic rollover hedging is based on
the assumption that prices will continue to fluctuate within arange smilar to those of
previous years. However, the cocoa market underwent mgjor structura changesin the

last forty-years that might have affected the success of srategic rollover hedging. These
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sructura changes include the mounting fluctuation of the end-of-year cocoa stocks and
the implementation of the International Cocoa Agreement in 1973, and the agreements of
1975, 1980, 1986, and 1993.

The end-of-year cocoa stocks had an impact on prices due to the digtinctiveness of
the cocoa market. Twelve countries dominate world cocoa production. Thus, a shortage
or an excess of production in amgor cocoa producing country has an effect on the
market because thereis an inverse reationship between end-of-year cocoa stocks and
prices. Whenever end-of-year cocoa stocks are low, this prompts a price increase.
Likewise, when end- of-year cocoa stocks are high thisresultsin a price decline.

The implementation of the International Cocoa Agreement hed little effect on the
cocoa market. Although the International Cocoa Agreement failed at its attempt to
gtabilize prices in the cocoa market, the agreement was effective in improving cocoa
prices prior to itsimplementation. It gppears speculation about a new agreement had a
psychologicd influence on prices. Asaresult, prices increased during the discusson
dage. But after itsimplementation, prices quickly retreated.

The structura changes that took place in the cocoa market from 1961-2001
caused the 5, 10, and 15 % upper tail of the price distributions to have large price gaps for
severd years. For example, the price at the 5% upper tail of the distribution increased
from $.69 in 1977 to $1.37 in 1978 because of declining world stocks to historicaly low
levels. Consequently, from 1981 to 1996, the strategies were not implemented because
the price never reached 5% of the upper tail of the digtribution (table 9). Thisresulted in
the failure of strategic rollover hedging because it is based on historica futures price

digtributions.
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Study Limitations and Further Research

The amount of time the routine hedging and rollover hedging Strategies were
andyzed was alimiting factor in this study. Futures prices were avaladle from 1961-
2000. However, world cocoa average monthly prices were not available until 1971.
A longer time frame may have yielded different results for both strategies.

Further research is recommended to determine if dtrategic rollover hedging is
successful for cocoa by implementing the strategies at the 10 or 15% upper tail of the
digtribution, and to evauate its effectiveness with other tree crop commodities. This
research provides evidence for further study into the success and failure of rollover

hedging strategies.
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APPENDIX



Tablel. World Cocoa Bean Stocks/Grinding Ratio and Annual Pricesfrom

1970-1999
Cocoa Y ear Stockg/Grinding Ratio Annual Average Prices
% Centdlb
70/71 35 0.27
7172 35 0.25
72/73 24.9 0.39
73/74 21.7 0.55
74/75 25.2 0.49
75/76 24 0.65
76/77 18.4 1.42
77/78 26.8 1.22
78/79 26.3 1.23
79/80 37.1 0.98
80/81 434 0.79
81/82 48.7 0.75
82/83 41.1 0.82
83/84 27.2 1.05
84/85 28.9 1.01
85/86 34.9 0.86
86/87 38 0.73
87/88 46.1 0.58
88/89 574 0.47
89/90 63.7 0.41
90/91 66.3 0.39
91/92 63.8 0.38
92/93 64.1 0.34
93/94 57.5 0.44
94/95 48.2 0.43
95/96 51.3 0.45
96/97 47.9 0.51
97/98 41.8 0.73
98/99 46 0.63

Source: Dand 1999
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