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ABSTRACT 

Moon, Sang Young, M.S., Department of Agribusiness and Applied Economics, 
College of Agriculture, North Dakota State University, April 2002.  Effects of Price 
and Exchange Risks on an Offshore Wheat Trader in Korea.  Major Professor: Dr. 
Won W. Koo. 
  
 The objective of this study was to evaluate risk associated with currency and price 

fluctuations in wheat trade and to develop marketing strategies which reduce the risks in 

wheat trade.  Generalized Autoregressive Conditional Heteroskedasticity (GARCH) was 

used to estimate variances and covariances for hedge ratio.  Data used for this study were 

weekly time series data from 1999 to 2001. 

 Hedging ratios with hedging simultaneously is lower than hedge ratios with 

hedging separately.  Currency hedging ratios are reduced by hedging simultaneously 

compared to only currency hedging.  However, commodity hedging ratios are not 

reduced much between the two different hedging methods.  These results imply that 

commodity hedging results in lower risk than currency hedging.  

 Hedge effectiveness with hedging simultaneously is larger than hedge 

effectiveness with commodity hedging and currency hedging.  Increasing hedge 

effectiveness could induce more importers to participate in the futures markets.  
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CHAPTER 1 
INTRODUCTION 

 

 South Korea was one of the poorest countries in the world a few decades ago.  

Most people in South Korea were engaged in primary industries like agriculture, 

forestry, or fisheries.  The manufacturing industries had rapidly developed from the 

1970s to the 1980s, and the service industries began growing more recently.  

Beginning in the 1990s, service industries have increased their share in the South 

Korean economy.  The primary industries like agriculture, forestry, and fisheries in 

Korea, however, have experienced rapid decreases in their portion of Korea’s 

economy.  While the main industries in Korea have transferred from the primary 

industries to manufacturing and the service industries, the economic situation has 

changed: increasing Gross Domestic Product (GDP), expanding metro area, and 

increasing imports and exports.  Per capita Gross National Product (GNP) increased 

from 103 dollars in 1964 to 9,628 dollars in 2000 (National Statistic Office (NSO), 

2001).  The costs of labor in Korea have been increasing as income increases.  The 

increase of labor cost has caused a decrease in the Korean agricultural sector because 

agriculture is one of the most labor-intensive industries in Korea.  As labor costs have 

risen, the Korean agricultural sector has abandoned production of many labor-

intensive feed crops.   

Land used for cultivation has also decreased because of the growing 

opportunity costs of agriculture.  Land rent cost has increased since industrialization.  

The increase in labor and rent costs is a major reason why production of grains in 
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Korea has been decreasing over the last decade.  Agricultural products in Korea have 

lost their competitiveness against imported agricultural products.  Essentially, wheat 

production is at “zero.”  The production of barley, soybeans, and corn in Korea relies 

heavily on government subsidies and trade policies.  Even the producers of rice, a 

heavily consumed and produced grain in Korea, cannot maintain their current level of 

production without the government subsidies and trade policies.        

The consumption of grains in Korea has also changed: rice is still a major 

consumed grain in Korea, but consumers have been diversifying their diets towards 

other grains such as wheat and corn as their income increases.  There is increasing 

concern for their health and an interest in the quality of food.   

The westernized diet is another reason for an increased wheat consumption and 

decreased rice consumption in Korea.  Consumers in Korea are as familiar with 

westernized fast food, such as hamburgers, pizza, and soft drinks, as many other 

Asian countries’ consumers.  Changes in consuming patterns toward westernized 

foods have caused decreases in the consumption of rice and increases in the 

consumption of other agricultural commodities, such as wheat.  Wheat consumption 

has increased steadily in the last two decades.  Although the absolute quantity of rice 

consumption has increased, it cannot be compared with the increase in demand for 

other agricultural commodities.       

 The decrease in production and increase in consumption of agricultural 

commodities have resulted in increased imports by Korea.  Korea’s agricultural 

imports grew from 3 billion dollars in 1980 to 6 billion dollars in 2000, and accounted 

for 3.75 percent of all imports in 2000 (Ministry of Agriculture and Forestry (MAF), 
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2002).  The chief source of imports is the United States.  Major import items include 

corn, soybeans, milling wheat, fruits and vegetables, and beef.  Korea’s agricultural 

imports from the United States were valued at 2.6 billion dollars in 2000 (MAF, 

2002).  Grain imports accounted for 32 percent of total agricultural imports from the 

United States (Figure 1.1).  Wheat import accounted for 7 percent of total agricultural 

imports. 

   
 

 
        Figure 1.1. U.S. Agricultural Exports to Korea, FY 2000. 

                   Source: United States Department of Agriculture-                                                            
        Economic Research Service (ERS), 2002. 
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Need for Study 

 

 Korea is one of the largest grain-importing countries in the world.  In 2000, 

Korea imported more than 10 million metric tons of grain (United States Department 

of Agriculture (USDA), 2002).  The self-sufficiency rate for wheat is less than 1 

percent.  This rate is expected to decrease further.  Korea has to rely on imports for 

nearly the entire amount of wheat needed.  Therefore, the world market situation for 

wheat is critically important to grain importers and food manufacturers in Korea.    

 Global grain markets are extremely volatile.  For example, wheat production in 

the United States went from 1.9 billion bushels in 1991 to 2.5 billion bushels in 1998.  

During the same period, the price of wheat in the United States went from $2.43 per 

bushel (1999) to $4.48 per bushel (1995) (USDA, 2002).  Market instability is mainly 

due to inelastic demand (Chavas and Holt, 1993) and the large impact of 

uncontrollable shocks, such as weather, natural disaster, and/or disease and insects, 

on agricultural production.     

 Korean grain importers face huge price variations in the world market because 

of a volatile supply coupled with an inelastic demand for grain. If there is no proper 

means to manage price risk, it hinders grain importers from making optimal decisions 

on imports.  Fortunately, futures markets, which provide an opportunity to reduce 

price risk, exist for those commodities.  Futures markets are simple and easy in terms 

of managing price risk.  Wheat is traded in many futures markets such as the Chicago 

Board of Trade (CBOT). 
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 Korean grain importers face an additional risk in the movement of the 

exchange rate.  Korean importers, as foreign buyers, usually pay exporters in U.S. 

Dollars, which must be purchased with the local currency, the Korean Won.  When 

the Korean Won depreciates against the U.S. Dollar, Korean importers have to pay 

more Korean Won for goods purchased from the United States, even if the grain price 

in the United States remains constant.  On the other hand, Korean importers need to 

pay less for goods purchased from the United States when the Korean Won 

appreciates against the U.S. Dollar.   

 The fluctuation of the Won-to-Dollar exchange rate can be managed through 

the Korea Futures Exchange (KFE) which started to trade currency futures in July 

1999.  Before July 1999, no futures markets for trading foreign currency were 

available in Korea.  Korean wheat importers participate in currency futures markets to 

manage the risk from changes in the exchange rate.  Therefore, risk management in 

agricultural commodities should be discussed starting from July 1999. 

  

 

Objectives 

 

The primary objective of this study is to estimate empirical dynamic time-

varying hedge ratios for Korean wheat importers who import wheat from the United 

States.  The dynamic time-varying hedge ratio is estimated for every week from July 

1999 to October 2001. 

 Specific objectives are 
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1. To estimate optimal hedge ratios when an importer participates in commodity 

and currency futures markets separately. 

2. To estimate optimal hedge ratios when an importer participates in commodity 

and currency futures markets simultaneously. 

3. To compare the optimal hedge ratios from separately hedging and 

simultaneous hedging, and to discuss which strategy is more effective risk 

management tool for importers.   

 

 

Methods 

 

  It is assumed in this study that the offshore trader has a fixed cash position 

and that there is no wheat production in Korea.  The importer takes a long position in 

the futures markets, which will be liquidated later if the importer has no cash position 

when he decides to participate in futures markets. 

 The optimal hedge ratio is estimated by using covariances and variances of the 

following variables: wheat futures price, wheat spot price, futures exchange rate, and 

spot exchange rate.  Variety hedge ratios are estimated depending on preparation of 

these covariances and variances.  Therefore, the covariances and variances of 

variables are estimated every week to structure dynamic time-varying hedge ratios. 

 Generalized Autoregressive Conditional Heteroscedasticity (GARCH), which 

was established by Bollerslev (1986), is used to estimate dynamic time-varying hedge 
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ratios.  There are two variables affecting the hedge ratios: the price of wheat and the 

exchange rate between Korea and the United States.  Because of the influence of each 

variable on another, the influence is considered to estimate the covariances and the 

variances.  Multivariate GARCH (M-GARCH) is used to avoid skew because 

previous univariate GARCH is biased in estimating the time-varying covariances and 

the time-varying variances of two variables simultaneously.  In this paper, univariate 

GARCH with vector error correction model (VEC) is used to estimate those 

covariances and variances.  

 

 

Organization 

 

 The Korean wheat industry is briefly reviewed in Chapter 2.  A body of 

literature has been published on optimal hedge ratios for agricultural commodities 

including wheat, corn, and soybean.  Some of these studies are reviewed in Chapter 3.  

Methodology used for this research is explained in Chapter 4.  Chapter 5 presents 

estimated hedge ratios for currency and commodity, and discusses the implications 

for Korean wheat importers.  Chapter 6 presents the Summary and Conclusions. 
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CHAPTER 2 
KOREAN WHEAT INDUSTRIES 

 

  Korea has experienced rapid economic growth since the Korean War in 1950.  

Per capita GNP increased from 249 dollars in 1970 to 9,628 dollars in 2000; the 

figure for 2000 is nearly 38.7 times as large as per capita GNP in 1970 (Table 2.1).     

  

Table 2.1. Major Economic Indicators and Population in Korea  
(1970-2000) 

  Per Capita 
GNP CPI Population 

Year ( $ )   
1970 249 8.9  32240827 
1975 592 18.2  35280725 
1980 1598 40.3  38123775 
1982 1847 52.5  39326352 
1984 2190 55.5  40405956 
1986 2550 58.4  41213674 
1988 4268 64.5  42031247 
1990 5886 74.0  42869283 
1991 6810 80.9  43295704 
1992 7183 85.9  43747962 
1993 7811 90.1  44194628 
1994 8998 95.7  44641540 
1995 10823 100.0  45092991 
1996 11380 104.9  45524681 
1997 10307 109.6  45953580 
1998 6723 117.8  46286503 
1999 8551 118.8  46616677 
2000 9628 121.5  47008111 

    Source: National Statistics Office (NSO), 2002. 
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Korea was one of the poorest countries in the world a few decades ago, as 

indicated in Table 2.1.  Before 1970, most people in Korea were engaged in primary 

industries such as agriculture, forestry, or fisheries.  More than 50 percent of the total 

population in Korea, 14.5 million, was working in the agricultural sector in 1970.  

Sudden changes in the social framework and development of the manufacturing and 

service industries have caused rapid economic growth.   

However, the Korean agricultural sector has been contracting because of the 

following reasons.  First, labor costs have risen.  The growth of per capita GNP to an 

amount 38.7 times that in 1970 indicates an increase in the labor cost.  Increasing 

labor costs made the agricultural sector, which is labor-intensive relative to other 

industries in Korea, less competitive in the liberalizing trade environment created by 

the Uruguay Round of trade negotiations.  Second, the land for agriculture has 

decreased mainly because land productivity in producing agricultural goods is much 

smaller than that for producing industrial goods.  As a result, land has been diverted 

to industrial uses.  

A sudden industrialization has changed the economic structure in Korea.  A 

great number of people had left agriculture for the manufacturing industries in the 

1970s.  During the industrialization process, the total farming population did not 

change, but the percentage of the farming population within the total population 

decreased: 58.3 percent of the total population was engaged in agriculture in 1960, 

but that number shrank to 28.4 percent in 1980 and 8.3 percent in 2001 (MAF, 2002).   

With economic development, both the share of agricultural GDP within the 

Korean economy and the agricultural population within the total population are 
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declining.  The share of agricultural GDP decreased from 33.3 percent in 1965 to 4.6 

percent in 2000 (MAF, 2002).  The population in the agricultural sector decreased 

from 51.0 percent during the 1970s to 8.7 percent in 2000 (Figure 2.1; NSO, 2002). 

  

1970 1980 1990 1996 2000

Agriculture Manufacturing Service
  

 
  Figure 2.1. Composition of Employed Population  
  by Industry (%).  Source: NSO, Korea, 2002. 

 

The development of service industries in Korea since the 1980s was another 

factor contracting the agriculture sector in the Korean economy.  International events 

such as the 1986 Asian Game, the 1988 Olympics, and the 1996 Taejon EXPO were 

major factors contributing to the development of the service industry in Korea.  The 

service industry absorbed labor forces from the agriculture industries.   
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Wheat Production  

 

Wheat production in Korea has steadily declined since 1960.  Wheat 

production was 224 thousand tons in 1968, which was the largest annual wheat 

production in Korea.  Wheat production decreased rapidly since that year to 5 

thousand tons. For the 1990–2000 period, wheat production remained at about 5 

thousands ton annually (Figure 2.2; USDA, 2001).   

 

  
Figure 2.2. Wheat Production in Korea. 

 Source: USDA, 2001. 
           

 As mentioned, insufficient cultivating land and increases in labor costs caused 

the decrease in wheat production.  While wheat production was reduced, production 

of rice, which is a major consumption grain in Korea, remained about 5,000 metric 

tons for 10 years.   

No sudden change is showed in the graph of rice production in Korea because 

regulation has prohibited rice imports (Figure 2.3).  The regulation includes a tax on 
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imported rice until 2004, and the Korean government has the right to negotiate a tax 

on imported rice after 2004.  Therefore, the regulation made barriers for the rice 

industry to keep it from importing rice.  In the case of wheat, which has no regulation 

prohibiting imports, Korean farmers lost the competitiveness to produce wheat in 

domestic market.   

 

 
 Figure 2.3. Rice Production in Korea. 

                   Source: MAF, 2002. 
   

In addition, an increase in the production of vegetables and fruits diverted the 

use of land and the labor forces.  The freshness of vegetables and fruits is important 

to customers.  Domestic production has an advantage in vegetables and fruits which 

are difficult to transport.  In addition, the population’s taste for domestic vegetables 

and fruits has caused an increase in domestic production.   

The production of pears in Korea has increased from 153 thousand tons in 

1981 to 474 thousand tons in 2000.  The production of garlic in Korea has also 

increased from 59 thousand tons in 1980 to 324 thousand tons in 2000, over 5 times 
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the production in 1980.  The critical point in Figure 2.4 is that both products 

experience an upward trend, contrary to the production of wheat.  

 

 
Figure 2.4. Production of Pears and Garlic in Korea. 
Source: MAF, 2002. 
 
 
One reason why the production of wheat has a downward trend is yield.  

Relatively small yields made wheat less competitive among other agricultural 

commodities, such as fruits and vegetables, in Korea.  The yield of wheat reached  

434 kg per 10 ares (a) in 1995 but decreased to 244 kg in 2000 (Figure 2.5; MAF, 

2002).    
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    Figure 2.5. Yields of Wheat, Rice, Garlic, and Pear in Korea. 
    Source: MAF, 2002. 
 

The yield of wheat is decreasing and ranks lowest among those yields of pears, 

garlic, and rice in Korea.  The yield of wheat is half that of rice, one-fourth of that of 

garlic, and one-fifth of that of pears in 2000.  The decreasing yield of wheat resulted 

in an avoidance of wheat production by farmers in Korea.  
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Wheat Consumption 

 

Demand for wheat has grown in the last three decades.  The consumption of 

wheat in Korea has increased from 585 thousand tons in 1961 to 4,305 thousand tons 

in 2001 (Figure 2.6; USDA, 2001).  Per capita consumtion of wheat was 13.5 kg in 

1965 and increased to 35.9 kg in 2000 (Figure 2.2; MAF, 2002) 

  

        
       Figure 2.6. Total Wheat Consumption, per Capita Wheat Consumption, and  
       Per Capita GNP in Korea.  Source: The Bank of Korea, 2001;           
      International Monetary Fund, 2001; USDA, 2001; NSO, 2001; MAF, 2002. 
  

Wheat consumption and per capita GDP in Korea have increased by nearly 

similar identical increments since the 1960s, indicating changes in the Korean diet 

resulting from increased per capita income.  Since 1997, the per capita GNP has 

broken its upward trend, but maintenance of a diet including wheat has continued.   
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Since 1960, per capita wheat consumption rapidly increased, reaching about  

30 kg in 1975.  The per capita wheat consumption remained between 30 kg and 35 kg.  

In Korea, wheat is used to produce many different types of wheat flour, noodles, 

cakes, bread, and other finished products.   

Westernized foods affected the Korean diet.  Increasing consumption of foods 

such as pizza and bread includes consumption of wheat.  Per capita wheat 

consumption in Korea reached 36 kg in 2000, up from 14 kg in 1965.  It has increased 

by nearly 2.5 times in the last 25 years.  Per capita rice consumption has decreased by 

28.2 kg in the same time.  This decreased consumption is caused not only by decrease 

of per capita total grain consumption, but also by increase of per capita wheat 

consumption as a share of total grains (Figure 2.7; MAF, 2002). 
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 Figure 2.7. Per Capita Consumption of Total Grain, Rice, and Wheat. 
 Source: MAF, Korea, 2002. 
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The consumption of rice and total grain demonstrates a downward trend at 

regular intervals.  It implies that the decrease in the consumption of total grain is 

caused by the decrease in the consumption of rice.        

 

Wheat Imports 

To satisfy the increasing demand for wheat, Korea has imported large 

quantities of wheat.  Korea’s imports of wheat reached 3,127 thousand tons in 2000,  

up from 413 thousand tons in 1961 (Figure 2.8).  Korea’s wheat import has had an 

upward trend but has been highly volatile since 1987.  The import of wheat in Korea 

is controlled by the Korean government by assigning quotas of wheat imports.  

Therefore, the increase and decrease of the wheat imports largely depend on the 

regulation by the Korean government.   

 

 

   Figure 2.8. Wheat Import in Korea. 
              Source: USDA, 2001. 
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Korea imported wheat mainly from the United States and Australia.  Korea 

imported 1.4 million tons of wheat from the United States in 2000, which is about 42 

percent of total imports from the world market.  Korea imported 1.2 million tons from 

Australia, which is about 37 percent of Korea’s total wheat imports in 2000.  Other 

countries, such as Canada and Ukraine, export wheat to Korea.  However, their 

exports to Korea are not significant (Figure 2.9).  

 Wheat imports have been in a downward trend since 1998, as shown in Figure 

2.9, but the share of imports from the United States has not changed.  The imports 

from the United States account for 36 percent in 1998 and 45 percent in 2000.  The 

Korean government tries to import from the United States as much as possible in 

order to reduce the trade surplus with the United States because Korea relies heavily 

on the United States as an export market.  The trade policy of the Korean government 

is to import as much wheat as possible from the United States. 
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 Figure 2.9.  Weight and Share of Wheat Import from Countries  

Source:  MAF, 2001.  
  

Current Issues 

 The use for imported wheat is the production of wheat flour in Korea.  Firms 

in the wheat flour milling industry, which input wheat from the offshore market, face 

risks by engaging in the wheat trade.  One risk stems from volatility in wheat import 

price, and the other is from volatility in the exchange rate between Korea and the 

exporting country, e.g., the United States.  There may be other variables affecting the 

firm’s profit, but the variables are assumed to be given in the short run.   

Wheat import price is a major source of risk.  The prices of agricultural 

commodities are difficult to forecast because there are many unpredictable variables 

on the supply side, including natural disaster, disease, and insects.  In addition, the 

0

100

200

300

400

500

600

700

1998 1999 2000

U.S. Aus Ukraine Can Others



 20

supply of agricultural commodities is affected by seasonal factors such as the amount 

of rainfall, daylight hours, and other uncontrollable factors.   

Demands for agricultural commodities, however, are inelastic related to supply 

of the commodities.  This inelasticity means that, whenever the price of certain 

commodities moves, the demand for those commodities does not move to match the 

supply of those commodities because they are a necessity for living.               

Differences between supply and demand for an agricultural commodity cause 

large variations in the price of that commodity.  Variations for the agricultural 

commodities are larger than those for other consumption goods.  Whenever the price 

of wheat moves, the profit of a firm selling wheat flour moves in the opposite 

direction.  The firm importing an agricultural commodity has to endure price risk 

because the firm is a “price taker” in the wheat market.     

The variance of a firm’s profit depends upon the price of imported wheat.  

Managing risk associated with wheat price is important for a firm importing wheat 

from the foreign market. The estimated standard deviation of wheat spot price is 

66.22 cents (Figure 2.10).  Therefore, the variance of the firm’s profit reflects the 

large variance of wheat spot price. 

The exchange rate also affects the firm’s profit because the firm has to pay an 

exporter in U.S. dollars.  The firm that imports wheat is faced with exchange rate risk 

because the firm must exchange the Korean Won for U.S. Dollars to pay.  When a 

home country’s exchange rate appreciates against its trading partner, the import cost 

for the firm decreases.   

 



 21

 

0

100

200

300

400

500

600

700

80/1/1 83/1/1 86/1/1 89/1/1 92/1/1 95/1/1 98/1/1
 

 Figure 2.10. Wheat Spot Price in St. Louis (Cents). 
 Source: The Wall Street Journal, 2000. 

 

The import cost for wheat includes risk associated with volatility of the wheat 

price and the exchange rate between exporting and importing countries, as well as 

other variables.  This study assumes that variables other than the wheat price and 

exchange rates remain constant.  A firm can increase its profit by reducing its 

operating costs.  The profit of a firm which imports wheat is, therefore, increased by 

appreciation of its currency against its trading partner.  These changes in profit imply 

that the exchange rate is one of the variables directly affecting the profit of the firm.  

Because of variance in the exchange rate, the profit for the firm also varies. 

When a home country’s currency depreciates against its trading partner, the 

import cost to the firm is increased.  The firm has to pay more for buying the 

exporter’s currency, and imports become more expensive than before the depreciation.  

Profit for the firm, therefore, becomes volatile and is reduced by depreciation of the 
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home country’s currency.  If a country’s currency is stable against other currencies, it 

may not significantly affect the variance of the profit.  The Korean currency, however, 

has not been stable since the financial crisis in 1997 (Figure 2.11).  
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 Figure 2.11. Change of Exchange Rate of Korean Won in Respect  
 to U.S. Dollar.  Source: MAF, 2001. 
 

  

The Korean Won was relatively stable from January 1990 to October 1997.  

The standard deviation during this period was about 50 Korean Won.  The Korean 

government managed the value of its currency during this time period.  However, 

Korea experienced a financial crisis starting in October 1997, and its currency 

become highly volatile.   

After the financial crisis, the Won depreciated significantly against the U.S. 

Dollar; imports from the United States became expensive in comparison to the period 

prior to 1997; and profit for firms importing wheat decreased.  The variance during 

this period was 134.89.  This variance implies that variation in the firm’s profit 

increased.   



 23

During the financial crisis, the exchange rate between Korea and the United 

States moved from 841.76 Korean Won per 1 U.S. Dollar to 1,827.47 Korean Won 

per 1 U.S. Dollar.  Therefore, if a firm imports 5,000 bushels of wheat from the 

United States at a price of $3, which is constant during this period, the firm pays 

about 14 million Korean Won more than before the financial crisis.       

 Managing wheat price risk and exchange rate risk is a crucial issue for Korea 

as a wheat-importing country.  Among the markets commonly used to reduce 

volatility of a commodity, the futures market is easier to participate in and more 

simple to understand than other financial markets.  The futures market functions to 

predict the future prices of relevant commodities–the prices established in the futures 

market are expected “future” prices of commodities.  Although the futures market 

carries disadvantages such as fixed expiration dates and market volume, it remains a 

popular tool in reducing risk.   

 The futures markets are used to hedge wheat price risk and currency risk in 

this study.  Wheat imports by Korea rely on the U.S. wheat market.  Therefore, a 

Korean firm uses the futures markets in the U.S. Chicago Board of Trade (CBOT), 

one of the largest futures market in the United States.  This study assumes that a 

Korean firm participates in CBOT to hedge commodity price risk because there is no 

wheat futures market in Korea and the United States is the largest wheat exporting 

country to Korea.  Although many currencies are traded in the futures market, there 

was no futures market which traded Korean currency as of 1999.  Korea Futures 

Exchange (KFE), which was established in 1998, traded Korean currency futures 

beginning in July 1999. 
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CHAPTER 3 
REVIEW OF LITERATURE 

 

 This chapter presents previous studies dealing with the demand model for an 

agricultural product with exchange rate volatility.  Hedge ratios used in previous 

studies when the firm participates in commodity futures market and currency futures 

market separately, and in both markets simultaneously are also reviewed in terms of 

their methodology and significant findings. 

 

Demand Model 

 

Pick (1990) evaluated the impact of exchange rate uncertainty on U.S. 

agricultural bilateral trade flows.  The author used a trade model developed by 

Cushman (1983) defined as follows: 

 

,SMRUCUCYQ exim υκεφρηα ++++++=     (3.1) 

    

where Q is the real export value, Y is the importer's real income, UCim is the 

importer's real unit production cost, UCex is the exporter's real unit production cost, R 

is the foreign currency per U.S. dollar exchange rate, M is a four-quarter moving 

average of recent percentage change in R, and S is a risk measure representing the 

uncertain growth rate of the real exchange rate. 
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 The coefficient of real exchange rate variable (R) is negative and significantly 

different from zero at the 90% level in case of Korea.  It means that agricultural 

imports by Korea are adversely affected by changes within the real value of the U.S. 

Dollar.  However, the risk variable is negative and not significantly different from 

zero in relation to Japan.  It implies that the risk variable significantly affects exports 

to Korea but not to Japan.  The author determined that Japan is not affected by the 

risk variable because there are well-developed financial markets to eliminate 

exchange rate uncertainty by hedging.  Korea is affected by the risk variable because 

there are no well-developed financial markets, such as futures markets, to manage 

exchange rate uncertainty. 

 Doroodian (1999) examined whether exchange rate volatility deters 

international trade in developing countries, including Korea.  The author modeled an 

export demand function and added a measure of exchange rate uncertainty.  The 

function can be written as follows: 

 

,lnlnlnln 43210 tttttt hWYWCPIXPX ελλλλλ +++++=   (3.2) 

  

where Xt is volume of exports at time t, XPt is export price in domestic currency at 

time t, WCPIt is world consumer price index at time t, WYt is world income at time t, 

and ht is a measure of real exchange rate volatility at time t. (All variables except Xt 

are based on 1990 years; 1990 = 100.) 

 The coefficient of export price in domestic currency is negative and significant 

at the 99 percent level.  This coefficient implies that, when the export price in 
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domestic currency increases, the volume of exports decreases.  The coefficient of the 

measure of the real exchange rate volatility is significantly negative.  It implies that, 

when the real exchange rate volatility increases, the volume of exports decreases.  

The coefficient of the measure of real exchange rate volatility is much larger than any 

other coefficients in the equation.  It indicates that, the greater the real exchange rate 

volatility is, the more trade volume is affected. 

 The authors also examined other countries’ export demand function.  India and 

Malaysia had results similar to Korea.  For developing countries, the coefficient of 

exchange rate volatility is negative and significant at the 99 percent level.  However, 

international trade in developing countries is not deterred by exchange rate volatility.   

 Both studies determined that the exchange rate and the exchange rate volatility 

affect imports by Korea’s imports.  Therefore, it is demonstrated that Korea is 

exposed to exchange rate risk when it becomes involved in international trade.  

 

Theoretical Hedge Ratio with Price Uncertainty 

 

Benninga, Eldor, and Zilcha (1983) laid out the necessary conditions to obtain 

optimal hedging in the futures market under price uncertainty.  To determine the 

optimal hedge ratio, the authors required two conditions: 

 

1. the futures price today is an unbiased predictor of the future price; and 

2. randomness in the difference between the futures price and the cash price is 

not correlated to the cash price. 
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Although these conditions do not hold universally, they appear to hold 

empirically for a large number of cases.  These conditions are also used in other 

papers to estimate optimal hedge ratio.  They demonstrated in another paper that the 

minimum variance hedge position is equal to an optimal hedge ratio (1985). 

Lence (1995) confirmed both the necessary and sufficient conditions to 

estimate the optimal hedge ratios.  The author discovered that the optimal hedge is a 

fixed proportion of the cash position, independent of the risk-averse agent’s utility 

function.  He concluded that an unbiased futures market was both the necessary and 

sufficient condition to obtain utility-free hedge ratios.  It implies that no correlation 

between the futures price at the terminal date and another random variable is 

necessary and sufficient to get utility-free hedge ratios.   

Kenneth and Holthausen (1991) introduced a simple multiperiod minimum risk 

hedge model.  The minimum risk hedge model by Kenneth and Holthausen was 

derived from the equation as follows: 

 

),()()( 223112 xcpxzFFzFFm −+−+−=π      (3.3) 

 

where  m = 1 + i is the interest factor (i is the one-period interest rate at which the 

firm can borrow and lend margin account funds.) Fj is the futures price quoted at date 

j ( j = 1, 2, 3 ) for delivery at trading date 3, zj is the futures position taken at date j, x 

is the known cash position, p is the stochastic delivery date price for the cash 

commodity, and c(x) is the cost function for the production of x units of the cash 

commodity. 
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 The model is set up as a risk minimization model, rather than a full mean-

variance model, for two reasons.  First, the model does not require estimation of the 

risk aversion coefficient of the decision-maker.  Second, if futures markets are 

unbiased, the results of the mean-variance model and the risk minimization are the 

same. 

 The hedge ratio, r, is described as follows: 
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where σ2
j  is the variance of Fj (the future price quotes), σ2

p  is the variance of  p (the 

stochastic delivery date price for the cash commodity), σjp is the covariance between 

Fj and  p, and σ23 is the covariance between F2 and F3.  If margin returns are ignored, 

the terms involving F2 would be dropped from the profit function, and the minimum 

risk hedge ratio would be as follows:  
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Thompson and Bond (1987) estimated hedge radio of the offshore trader under 

price and exchange uncertainties.  The authors examined the implications of exchange 

rate volatility on optimal commodity hedging.  When only a U.S. trader is considered, 
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the hedge ratio estimated from the equation of maximization of the expected value of 

returns is as follows: 

 

),()( 11 ++ −=Ω ttttt RVRE λ       (3.6) 

  

where Rt+1 is the random level of returns in period t + 1, Et is the expectation operator, 

Vt is the variance operator, and λ is the decision-maker’s risk aversion coefficient     

(λ > 0 under risk aversion).  Et (Rt+1) is the expected return in period  t+1, and Vt 

(Rt+1) is the estimated variance of returns in t + 1. 

 The expected return in period t + 1 from engaging in these three activities is 

specified as follows: 

 

)),(()()1()1()( 111 +++ −+++−= tttttttttttt fEfHpEQrpQRE αα   (3.7) 

 

where Et (pt+1 ) is the expected spot price and Et ( ft+1 ) is the expected futures price, 

Qt is available stocks of grain, pt is cash price in period t, α is the portion of storage 

among available stocks of grain, and ft is futures price in period t.  

The estimated variance of returns in t + 1 is given as follows: 

 

),,(2)()()( 222
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where Vt (p) is the one-period ahead estimate of spot price variance, Vt ( f ) is the one-

period-ahead estimate of futures price variance, and Covt (p, f) is the one-period-

ahead estimate of spot price-futures price covariance. 

 The optimal hedging ratio of the trader is as follows: 
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where Bt = pt – ft is the basis. 

 The formulas for hedge ratio apply to the trader who only has commodity price 

uncertainty.  However, the offshore trader would have exchange rate uncertainty in 

addition to commodity price uncertainty. 

 

Theoretical Hedge Ratio with Price and Exchange Rate Uncertainties 

  

Kawai and Zilcha (1986) studied international trade with forward-futures 

markets under exchange rate and price uncertainty.  Firms which were simultaneously 

faced with exchange rate and commodity-price uncertainties were chosen for the 

study.  The authors assumed that the firms were competitive and risk-averse.   

 They set up a model to examine the effects of introducing forward and/or 

futures markets on the optimal level of output for trade.  The authors ascertained that, 

when the markets were biased against the trader, the advantages from establishing a 

forward and/or futures market would be diminished.  However, the advantages 

remained high as long as the bias was not too large.   
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Thompson and Bond (1987) estimated the hedge radio for an offshore trader 

under price and exchange uncertainties.  The authors studied the implications of 

exchange rate volatility on optimal commodity hedging.  The hedge ratio estimated 

from the equation for maximization of the expected value of returns is as follows: 

 

).()( 11 ++ −=Ω ttttt RVRE λ        (3.6) 

  

However, the hedge ratio equation with simultaneous hedging in commodity 

futures and currency futures is more complicated.  In the article, Thompson and Bond 

(1987) used an exchange forward market instead of an exchange futures market.  With 

the introduction of forward exchange transaction, the revenue stream of the offshore 

trader in period t + 1 is now given as follows: 

 

    ),()()*1()1(* 111111 ++++++ −+−+++−= ttttttttttttttt emGeffHepQrepQR αα    (3.10) 

 

where et is the exchange rate, Gt is U.S. Dollar contracts, and mt is forward currency 

price. 

The optimal commodity hedge ratio is derived as follows:  
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where 
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An offshore trader will have a more complicated hedge ratio formula than a 

U.S.-based trader because covariance between the spot and the futures prices, and the 

exchange rate is non-zero.  The offshore trader will have different optimal hedge 

ratios compared to the U.S.-based traders because the offshore trader is faced with the 

exchange rate risk which the U.S.-based trader is not. 

 When the offshore trader uses the futures market to hedge price uncertainty 

while he is also hedging exchange uncertainty with the forward market, the hedge 

ratio of the offshore trader will be similar to that of the U.S. based trader.  When the 

offshore trader hedges only price uncertainty, the hedge ratio of the offshore trader 

will be bigger than that of the offshore trader who simultaneously hedges exchange 

uncertainty. 

 Thompson and Bond (1987) confirmed that exchange rate uncertainty can 

affect commodity-hedging decisions and that the payoff for the offshore trader from 
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hedging both uncertainties is larger than without hedging because of the interaction 

effects of exchange rates and commodity prices.   

 Braga and Martin (1990) studied a case demonstrating the out-of-sample 

effectiveness of a joint commodity and currency hedge.  Soybeans and soybean 

products were studied because the Common Agricultural Policy (CAP) of the 

European Community (EC) did not interfere with the trade of these commodities.  

Also, the Italian feed industry was faced with price uncertainty and exchange rate 

uncertainty because Italian feed companies imported soybeans for input.   

           The authors tried to discover whether hedging is effective in the case of 

soybean meal for Italy using a multiple cross hedging approach introduced by 

Anderson and Danthine (1981).  Hedgers want to maximize mean and to minimize 

variance of expected returns from a portfolio.  The Deutsche mark futures market was 

used for cross currency hedging.  The following equation was used to obtain the 

optimal futures position with price and exchange uncertainties: 
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where f is the vector of futures positions, Φ is the coefficient of risk aversion, pi is the 

vector of corresponding futures prices at times 1 and 2,  ∑p is the matrix of variances 

and covariance of the futures price,  ∑p,sp is the matrix of covariance between the spot 

price and the futures prices, and y is the cash position.   
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Anderson and Danthine (1981) used a methodology which tried to find a 

balanced approach between the complexity of the model and its practical relevance.  

Most of the previous studies had concentrated on only one or the other.  The model 

used by the authors is as follows: 
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where Ct is the closing price of the nearby Chicago Community futures, ERt is the 

Italian lira/US$ exchange rate (the price in U.S. Dollars of the Italian lira), and FRt 

and Bt are residual factors influencing the value of the local basis.  This equation 

examined the value, in lira of the soybean meal price in Italy (Pt), to the Chicago 

Board of Trade (CBOT) soybean meal futures price and the relevant exchange rate. 

 By algebraic calculation, the estimated regression was given as follows: 

 

εββα +++= erterctct dPdPdP ,, ,      (3.14) 

 

where dPt is the observed commodity price change in Italian lira in the Milan market 

between week t and week t + 1, dPt,c is equal to the profit of a long commodity 

position between week t and t + 1, and dPt,er is equal to the profit of a short IMM 

Deutsche mark position between week t and t + 1, expressed in Italian lira. 

 The authors reached three conclusions: (1) the Italian feed industry would be 

able to reduce variance in its return by hedging in CBOT soybean meal and IMM 

Deutsche mark futures; (2) only currency risk hedging is useless.  The firm should 
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participate in both currency hedging and price hedging simultaneously in order to 

increase the hedge effectiveness; (3) the minimum variance hedge ratios is 

appropriate to estimate.  Braga and Martin (1990) also indicated that the currency-

only strategies perform very poorly.   

 Hauser and Neff (1993) distinguished the level and factors underlying the 

uncertainty facing exporters versus importers.  The authors estimated the extent to 

which uncertainty can be reduced through small portfolio diversification.  They 

discovered that exchange rate hedging in futures market reduced price uncertainty by 

a significant degree.  The authors concluded that traders in the importing country had 

greater uncertainty than those in the exporting country.  They also argued that a 

futures market in the importing country would greatly reduce price uncertainty. 

 Yang and Kwon (1998) estimated minimum variance hedge ratios under 

commodity price and exchange rate risks.  The authors concentrated on Korea because 

it is one of the largest grain importers in the world.  They concluded that Korea, as a 

buyer, should participate in the futures market in order to hedge price uncertainty and 

exchange rate uncertainty.  

 Yang and Kwon (1998) estimated empirical hedge ratios for the Korean food 

manufacturers that import corn or soybeans, and examined the effect of currency risk 

in the performance of the international hedge.  They incorporated simultaneous 

commodity price and exchange rate risks in the model. 

 

XppFpppGppC xxffxgx )()( 00 −−−−= ,   (3.15) 
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where G is the amount of imported grain, pg is the price of grain, pf and pf
0 are the 

futures prices at periods 1 and 2, F is the size of futures contract bought, px and px
0 

are the exchange rate at the time at the hedge is lifted, and X is the foreign exchange 

bought.  

 Through an algebraic manipulation, the minimum variance hedge ratios are 
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where subscripts x, f, and g indicate px, pf, and pg. Variables bff and bx are the mean 

variance hedges (MVHs) for the commodity and currency futures positions, 

respectively.  Yang and Kwon (1998) indicated that, if the commodity prices in the 

local currency did not correlate with the futures price of the commodity, then the 

exchange rate hedging was redundant.  The authors used conditional variances from 

the error correction models because many studies mentioned that more complicated 

econometric techniques to improve estimation of the minimum variance hedge ratio 

performed marginally better.   

 The data were collected from January 1986 to December 1992.  The price 

variances are about twice as large as those of the exchange rate.  The commodity 
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prices in the U.S. Dollar vary more that those in the Korean Won.  It implies that the 

Korean importers face less price risk than domestic traders in the United States 

because the multiplication effects of exchange rate and price reduced variability.    

 The authors discovered that the Vector Autoregression (VAR) hedge for 

Korean importers performed consistently better than any other model.  In addition, 

they emphasized that the hedge performed better as the hedge duration became longer. 

  

Time-Varying Optimal Hedge Ratio 

 

Myers and Hanson (1996) derived decision rules for a discrete-time dynamic 

hedging problem under expected utility maximization and basis risk.  The authors 

argued that hedgers should participate in the futures market with dynamic hedging to 

improve hedging performance.   

Myers (1991) compared two approaches for estimating time-varying optimal 

hedge ratios on futures markets.  The first method is to calculate moving sample 

variances and covariance of past prediction errors for cash and futures prices.  The 

second method consists of the generalized autoregressive conditional heteroscedastic 

(GARCH) model.  The GARCH model is a more reliable method of obtaining time-

varying optimal hedge ratios.  Myers concluded that the GARCH model had more 

advantages in estimating time-varying optimal hedge ratios than moving sample 

variances and covariances.  He also found that the GARCH model provided superior 

hedging performance than either the constant hedge ratio model or the moving sample 
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model.  He also concluded that the GARCH model is better a tool to estimate time-

varying hedge ratio than other econometric approaches.  

 

Generalized Autoregressive Conditional Heteroskedasticity  

The Autoregressive Conditional Heteroskedasticity (ARCH) model should be 

explained in order to understand the GARCH model.  Engle (1982) introduced the 

ARCH model which was specifically designed to model and forecast conditional 

variances.  The variance of the dependent variable is modeled as a function of past 

values of the dependent variable and independent or exogenous variables.  The ARCH 

model can be described as follows: 

 

ttt iy ετ += .         (3.18) 

 

The mean equation given in Equation 3.18 is written as a function of 

exogenous variables with an error term.   
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Since σ2
t is the one-period ahead forecast variance based on past information, 

it is called the conditional variance.  ω is the mean, and ε2
t-1 is news about volatility 

from the previous period, measured as the lag of the squared residual from the mean 

equation.  The news about volatility from the previous period is called the ARCH 

term.    
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Bollerslev (1986) modified the ARCH model.  He considered that not only 

news about volatility from the previous period, but also the last period’s forecast 

variance have an effect on the one-period ahead forecast variance based on past 

information.  The GARCH model is defined follows: 
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The last period’s forecast variance (σ2
t-1)is called the GARCH term.  The news 

about volatility from the precious period (ε2
t-1) is called the ARCH term. 

  

Vector Autoregressions (VAR and VEC) 

 The structural approach to simultaneous equation modeling uses economic 

theory to describe the relationships between several variables of interest.  The vector 

autoregression (VAR) is commonly used for forecasting systems of interrelated time 

series and for analyzing the dynamic impact of random disturbances on the system of 

variables.  The mathematical form of a VAR is described as follows: 

 

ttptptt BxyAyAy ε+++⋅⋅⋅+= −−11 ,      (3.21) 

 

where yt is a k vector of endogenous variable, xt is a d vector of exogenous variables, 

A1,…Ap and B are matrices of coefficients to be estimated, and εt is a vector of error 

term. 
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 Engle and Granger (1987) pointed out that a linear combination of two or more 

non-stationary series might be stationary.  If such a stationary series in linear 

combination exists, the non-stationary (with a unit root) time series are said to be 

cointegrated.  The stationary linear combination is called the cointegrating equation 

and may be interpreted as a long-run equilibrium relationship between the variables.   

 A vector error correction (VEC) model is a restricted VAR that has 

cointegration restrictions built into the specification so that it is designed for use with 

non-stationary series that are known to be cointegrated.  The cointegration equation is 

defined as follows: 

 

tt yy ,1,2 β= ,         (3.22) 

 

and the VEC is described as follows: 
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The only right-hand side variable is the error correction term.  In long run 

equilibrium, this term is zero.  However, if y1 and y2 deviated from long-run 

equilibrium last period, the error correction term is non-zero, and each variable 

adjusts to restore the equilibrium relationships.  Coefficients γ1 and γ2 measure the 

speed of adjustment. 
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 Hedge Effectiveness 

 

 Heifner (1972) introduced the concept of hedge effectiveness.  The hedge 

effectiveness model is the conventional measure of effectiveness of hedge.  It is 

defined as follows: 

 

.
)(

)(1
UnhedgedVar

HedgedVarHE −=       (3.24) 

 

 This hedge effectiveness measures the percentage reductions in the hedged 

variance compared to the unhedged variance.  Yang and Kwon (1998) and Fackler 

and McNew (1994) adopted the hedge effectiveness equation to estimate the 

effectiveness of the hedge. 
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CHAPTER 4 
DEVELOPMENT OF EMPIRICAL MODELS 

 

This chapter describes economic models and econometrics tools.  Import 

demands model and hedge ratio models are specified.  The generalized autoregressive 

conditional heteroskedasticity (GARCH) model and the vector error correction model 

are used to calculate the optimal hedge ratios in this chapter. 

 

Import Demand Model 

  

  Assume that wheat flour produced from wheat is in Cobb-Douglas function 

form as follows: 

 

 βα OWAF ⋅⋅=  ,        (4.1) 

   

where A is constant, W is the quantity of wheat needed to produce wheat flour, and O 

is the quantities of other inputs for wheat flour production, (α plus β should be equal 

to 1.)  The Cobb-Douglas function is simply constant return-to-scale.  

 The profit function of a representative firm producing wheat flour in an 

importing country is described as follows: 

 

)( OPWERPFP ottf ⋅+⋅⋅−⋅=π ,      (4.2) 
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where Pt is price of wheat in terms of the exporting country’s currency, PO is price of 

other inputs, and ERt is the exchange rate between importing and exporting countries.   

For convenience, other inputs are assumed to be given.    

 The first term of the right-hand side of equation 4.2, Pf*A*Wα∗Oβ, is the 

revenue of the firm from selling wheat flour.  The second term of the right-hand side 

of equation 4.2, Pt*ERt*W+Po*O, is the cost of importing wheat as an input and other 

inputs of the firm.  The firm’s objective is to maximize its profit.  To determine the 

quantity of wheat needed for wheat flour production to maximize the firm’s profit, the 

first order condition of the equation with respect to W is derived as follows: 

 

01 =⋅−⋅⋅⋅⋅=
∂
∂ −

ttf ERPOWAP
W

βαα
π .     (4.3) 

 

Solving the first-order condition for W, the firm’s demand equation for wheat is as 

follows: 

 

  ),,( ttf
W ERPPfD = .       (4.4) 

  

 The domestic price of wheat flour, the price of imported wheat, and the 

exchange rate between importing and exporting countries are variables affecting 

wheat demand.  If there were no domestic production for wheat, this demand would 

be equal to the wheat import demand: 
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  ).,,( ttf
WM ERPPfDW ==       (4.5) 

  

Therefore, only the domestic price of wheat flour, the price of wheat imported 

in terms of the exporting country’s currency, and the exchange rates are affecting 

import demand for wheat.  Korea does not produce wheat.  Therefore, Korea imports 

wheat consumed by its population from major wheat exporting countries.  The United 

States is the largest wheat-exporting country to Korea.  According to equation 4.5, the 

firm’s import demand in Korea is mainly affected by the domestic price of flour, the 

price of wheat in the United States and other exporting countries, and the exchange 

rate between Korea and the United States when the firm buys wheat from the United 

States. 

When the domestic price of wheat flour in Korea increases, the firm would 

increase production of wheat flour to maximize the profit, resulting in increased 

wheat imports.  Therefore, the price of flour results in increased import demand for 

wheat.  When the wheat price rises, the total production cost of wheat flour increases.  

It implies that the profit from production of wheat flour will decrease if the firm 

produces same amount of wheat flour.  The exchange rate between Korea and the 

United States could be another factor determining the profit of the representative firm.  

When the U.S. Dollar appreciates against the Korean currency, the firm will pay more 

Korean Won to exporters for wheat imported from the United States. 

 The two variables, the wheat price and the exchange rate, have not been stable 

in the past two or three years.  The domestic wheat flour price and other prices are 

also uncertain, but are more stable than imported wheat prices and the exchange rate.   
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Optimal Hedge Ratio 

  

 The optimal hedge ratio formula is derived from the maximization of a firm’s 

profit function (or the minimization of the firm’s cost function).  When the firm 

decides how much wheat to import, the wheat price and the exchange rates affect its 

profit.  Since these variables are not stable in the short run, the firm’s profit will vary.  

The objective of hedging is to minimize the risks associated with wheat trade.  Thus, 

to do it, the hedging of unstable variables is needed.  

 

Hedge Ratio of Domestic Trader 

 If the firm participates in the futures markets, the profit function (equation 4.2) 

would be modified.  The firm should take a position in the futures market and take an 

opposite position later as well hedge the price risk of that commodity.  The firm 

should liquidate its previous futures position by taking an opposite futures position to 

the previous position.  Therefore, the firm takes a long position in the futures markets 

at period t – 1 which will be liquidated later in period t if the firm needs wheat in 

period t.  If the basis between futures and spot quotes is unbiased, the firm can 

perfectly manage the wheat spot price at period t by a naive hedge in the futures 

market.  A naive hedge is hedging the entire amount of the commodity the firm needs.  

It is assumed that basis risk should be less than the price risk so that basis can be 

predicted.  If the basis does not have some predictable pattern, it is not easy to 

accommodate hedging the price risks effectively.   
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The domestic price of wheat flour is not important at period t – 1 when a 

hedging decision is made because the price is not moving in the 1- or 2-year term 

between hedges.  It is assumed that the firm performs as an anticipatory hedger.  An 

anticipatory hedger is the one that does not have any cash position when he decides to 

participate in futures market.  The profit function faced by the firm at period t is 

derived as follows:              

 

TFFOPWPFP ttOtf )()( 1−−+⋅+⋅−⋅=π ,     (4.6) 

 

where Ft and Ft-1 are wheat futures prices at period t and t – 1, respectively, and T is 

the volume of wheat futures.  In the above equation, the third term on the right-hand 

side of the equation is payoff from the hedging.  The wheat futures price at period      

t – 1 is a factor to reduce the profit of the firm because it took the long position in 

futures market to buy wheat futures.  The wheat futures price at period t is a factor to 

increase the profit of the firm because of the short position to sell wheat futures which 

the firm previously bought.  The variance of the firm’s profit is defined as follows: 

 

),(2)()()( 22
tttt FPCovTWFVarTPVarWVar ⋅⋅⋅−⋅+⋅=π .  (4.7) 

   

In the profit function, equation 4.6, the total revenue, which is the first term on 

the right-hand side of equation, is given because the firm already chose the amounts 

of imported wheat and other inputs.  Therefore, the first term cannot affect the 

variance of the profit.  The price of wheat flour is not stochastic as is assumed.  Thus, 
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only the wheat spot price and futures price at period t, when the wheat futures 

position would be liquidated, affect the variance of the firm’s profit.   

 The first-order condition gives information on the optimal hedge ratio.  The 

optimal hedge ratio is derived from the first order condition with respect to the 

volume of wheat futures needed by the firm (T) because the profit of the firm depends 

on the volume of wheat futures.      

 

0),(2)(2)(
=⋅⋅−⋅⋅=

∂
∂

ttt FPCovWFVarT
T

Var π .    (4.8) 

           

 Solving the above first-order condition for T and W gives 

 

),(2)(2 ttt FPCovWFVarT ⋅⋅=⋅⋅       (4.9) 

 

and 
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Th ==  .      (4.10) 

 

 h* is the optimal hedge ratio, representing the volume of wheat futures contract 

over the amount of wheat that has been imported to minimize the risks.  The hedge 

ratio is framed with covariance of the wheat spot price and the wheat futures price, 

and variance of the wheat futures price at time t.  When variance of the wheat futures 

price is small and covariance of the wheat futures and spot prices is big, the optimal 
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hedge ratio increases.  It implies that the firm should take more positions in the 

futures market to reduce the variance of its profit.   

 

Offshore Firm 

 If an offshore firm uses the exporting country’s currency to pay for the 

imported commodity, the firm would be faced with another risk, i.e, exchange rate 

risk.  The profit changes, depending on the exchange rate.  The payoff from the hedge 

is expressed in the exporting country’s currency when the firm participates in the 

exporting country’s commodity futures.  Thus, the payoff from hedge also faces  

exchange rate risk when the firm transfers the payoff from the exporting country’s 

currency to the importing country’s currency.  The offshore firm’s profit could be 

defined as follows: 

 

TFEFEOPWEPFP tpttptOpttf )()( 11 −−−+⋅+⋅⋅−⋅=π ,   (4.11) 

         

where Ept is the spot exchange rate between the United States and Korea at period t, 

when the futures position is liquidated, and Ept-1 is the spot exchange at period t – 1.  

When the firm takes a long position in the futures market at period t – 1, the cost in 

the above equation is in terms of the Korean Won.  Conversely, when it liquidates 

position by selling the wheat futures at period t, the payoff in the equation is in terms 

of the Korean Won.   

Korea has adopted a freely floating exchange rate system.  Thus, the exchange 

rates help determine the cost of wheat trading.  The cost of trading wheat and the 



 49

payoff from liquidating the position in the futures market at period t depend on the 

exchange rate at period t.  Like a domestic hedger, the variance of the profit is derived 

as follows: 

 

    ),(2)()()( 22
pttpttpttptt EFEPCovTWEFVarTEPVarWVar ⋅⋅⋅−⋅+⋅=π . (4.12) 

   

The first-order condition with respect to the volume of futures contract bought (T) is 

derived as follows:     
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 Solving the above first-order condition for T and W yields 

 

 ),(2)(2 pttpttptt EFEPCovWEFVarT ⋅⋅=⋅⋅ ,     (4.14) 

 

and 
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The difference between the hedge ratios of a domestic hedger and an offshore 

hedger is the exchange rate.  The wheat spot price and the wheat futures price are 

transferred from U.S. Dollars to Korean Won.  Thus, the offshore firm has the hedge 
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ratio, a combination of the covariance of the wheat spot price and the futures price of 

wheat, and the variance of the futures price of wheat in terms of Korean Won.  All 

terms are expressed in Korean Won. 

 

Currency Hedge 

 The commodity futures market is a method to manage the fluctuation of the 

risks by hedging the commodity price.  There is another way to manage the 

fluctuation of the risks: participation in currency futures markets in order to hedge 

exchange rate risk.  The firm, as offshore trader, can manage the exchange rate risk by 

participating in currency futures markets to hedge the risks from trading wheat.  

When the firm participates in currency futures markets to manage risk, instead 

of commodity futures markets, the firm’s profit function is derived as follows: 

 

  XEEOPWEPFP ftftOpttf )()( 1−−+⋅+⋅⋅−⋅=π ,    (4.16) 

 

where Eft and Eft-1 are the futures exchange rate, the value of the U.S. Dollar in terms 

of the Korea Won, at time t and t – 1, respectively; and X is the size of futures 

contract bought in currency futures markets. 

 The only difference between the profit function using the currency hedge and 

commodity hedge is the third term on the right-hand side of each profit equation.  The 

third terms represent the payoff from the currency hedging, (Eft – Eft-1) X, and the 

payoff from the commodity hedging, Ept(Ft – Ft-1)T.  The payoff, (Eft – Eft-1)X, is 



 51

already expressed in Korean Won.  The variance of a firm’s profit with currency 

hedging is defined as follows: 

 

),(2)()()( 22
ftpttftptt EEPCovXWEVarXEPVarWVar ⋅⋅⋅−⋅+⋅=π . (4.17)  

  

Taking differentiation with respect to X yields 

 

0),(2)(2)(
=⋅⋅−⋅⋅=

∂
∂

ftpttft EEPCovWEVarX
X

Var π .   (4.18) 

          

Solving the above first-order condition for X and W gives 

 

),(2)(2 ftpttft EEPCovWEVarX ⋅⋅=⋅⋅      (4.19) 

 

and 

   

)(
),(

*
ft

ftptt

EVar
EEPCov

X
Th == .       (4.20) 

   

 The hedge ratio when the firm participated only in currency futures markets is 

a combination of the covariance between the wheat spot price in terms of the Korean 

Won at period t and the wheat futures exchange rate at period t, and the variance of 

the futures exchange rate at period t.  There is a difference in this hedge ratio 

compared to the hedge ratio with only commodity hedging.  The correlation between 
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the spot price of wheat in the Korean Won and the futures exchange rate is 

determined later in this chapter. 

 

Commodity Hedge and Currency Hedge of Offshore Firm 

 When the wheat milling firm decides to participate in both the commodity 

futures market and the currency futures market to manage all risk variables in its 

profit function, the firm’s profit is derived as follows: 

 

     XEETFEFEOPWEPFP ftfttpttptOpttf )()()( 111 −−− −+−+⋅+⋅⋅−⋅=π . (4.21) 

 

The firm’s profit is composed of the equation of total revenue, Pf*F; total 

production cost, Pt*Ept*W+Po*O; the payoff from the hedging in commodity futures 

markets, (EptFt-Ept-1Ft-1)T; and the payoff from the hedging in currency futures markets, 

(Eft-Eft-1)X.  The variance of the profit is described as follows: 
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and the first-order condition with respect to T  and X, 
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Solving the first-order conditions for T over W and X over W, the hedge ratios are 

derived as follows: 
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and 
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 hT represents the hedge ratios in wheat futures market and hX represents the 

hedge ratios in currency futures market.  These hedge ratios are the function of the 

covariance between the wheat spot price and the futures exchange rate, the covariance 

between wheat spot price and the wheat futures price, the covariance between the 

wheat futures price and the futures exchange rate, the variances of the wheat futures 



 54

price, and the variance of the futures exchange rate.  All variables are at period t, and 

the wheat spot and futures prices are in terms of the Korean Won, except variance of 

the futures exchange rates.  

 When there is no correlation between the wheat futures price and futures 

exchange rate, the commodity hedge ratio when the firm tries to hedge in both futures 

markets simultaneously is the same as the hedge ratio with only commodity futures 

markets.  The currency hedge ratio when the firm participates in both futures markets 

simultaneously is also the same as the hedge ratio with only currency futures market.  

The currency hedge ratios in both cases are “zero” when there is no correlation 

between the wheat futures price and the futures exchange rate.  

 

GARCH Models 

 

 GARCH is used to gauge time-varying estimation, mainly volatility of the 

exchange rate and the wheat price.  When time-varying variance or covariance is 

estimated from two or more variables simultaneously, multivariate GARCH should be 

used.  However, Bollerslev (1990) found that the VAR or VEC, and the univariate 

GARCH model could replace the Multivariate GARCH model to estimate time-

varying volatilities of variables.  To estimate a time-varying hedge ratio for only the 

commodity hedge, the time-varying covariances and variances are needed as follows: 
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 The time-varying variance of wheat futures price in Korean Won is estimated 

by autoregression (AR) and the univariate GARCH process.  The time-varying 

covariance of the wheat futures price and the wheat spot price in Korean Won is 

estimated by the VEC and univariate GARCH because the two variables are non-

stationary and cointegrated each other.   

 In this thesis, the AR (1) and the univariate GARCH (1, 1) model is used to 

estimate time-varying conditional variance.  In the standard GARCH (1, 1) 

specification with AR, the AR of wheat futures price in Korean Won is specified as 

follows:  

 

ptt EFpttptt EFEF εϖ += −− 11 .       (4.27) 

 

 The equation functions are the AR (1) model.  From this regression model, the 

time-varying volatilities of the wheat futures price could be estimated by the GARCH 

(1, 1) as follows: 
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 The mean equation given in the regression model is written as a function of 

exogenous variables with an error term.  Since σFtEpt
2 is the one-period ahead forecast 

variance based on past information, it is called the conditional variance. 
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 The conditional variance equation specified in the univariate GARCH 

procedure is a function of three terms: ν1, εFtEpt
2, and σFt-1Ept-1

2.  ν1 is constant.  εFtEpt
2 

is information about volatility from the previous period, measured as the lag of the 

squared residual from the equation–this information is also called the autoregressive 

conditional heteroskedasticity term (ARCH).  Finally, σFt-1Ept-1
2 is the last period’s 

forecast variance called the GARCH term. 

 When the wheat futures price and the wheat spot price are non-stationary and 

cointegrated with each other, the VEC and univariate GARCH procedure can replace 

the multivariate GARCH procedure.  In this case, there are no lagged difference terms 

in VEC.  The cointegrating equation is 

 

 pttptt EFEP β= ,        (4.29) 

 

and the VEC is 
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The right-hand side variable, Pt-1Ept-1 - βFt-1Ept-1, is the error correction term.  

The coefficients, γ1 and γ2, measure the speed of adjustment.  After estimating the 

error term by VEC, the conditional covariance of the wheat futures price and the 

wheat spot price is estimated by the univariate GARCH process.  To estimate the 

optimal hedge ratio for the currency-only heding, the hedge ratio is 
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 The time-varying variance of the futures exchange rate is estimated by the AR 

and univariate GARCH process.  The time-varying covariance of the wheat spot price 

in Korean Won and the futures exchange rate is estimated by the VEC and univariate 

GARCH process because both variables satisfy the conditions: they are non-stationary, 

and there is cointegration.   

 AR (1) for the futures exchange rate to derive the error term is described as 

follows: 

 

fptEftft EE εϖ += −1 ,        (4.31) 

 

and the GARCH (1, 1) procedure is derived as follows: 
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 Since σEft
2 is the one-period ahead forecast variance based on past information, 

it is called the conditional variance.  The VEC model is used to estimate time-varying 

covariances.  The cointegrating equation of the wheat spot price in Korean Won and 

the futures exchange rate is 
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 ftptt EEP δ= ,         (4.33) 

 

and the VECs of those variables are 
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 To estimate the hedge ratio for both commodity hedging and currency hedging 

simultaneously, the hedge ratios are 
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and 
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 The procedures used to estimate the covariance of wheat futures price and 

futures exchange rate, the covariance of wheat spot price and wheat futures price, the 
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variance of wheat futures price, and the variance of future exchange rate have already 

been shown.     

 The VEC model is used to estimate the error term of variables.  The 

cointegrating equation of wheat futures price in Korean Won and the futures exchange 

rate is  

 

 ftptt EEF κ= ,         (4.35) 

 

and the VECs are 
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The time-varying hedge ratios are estimated with covariances and variances 

which were calculated.  These covariances and variances are also time-varying. 

 

Hedge Effectiveness Models 

 

 It is needed how hedging is effectively reduced variance for the wheat milling 

firm’s profit.  The hedge effectiveness model is described as follows: 

 

 
)(

)(1
UnhedgedVar

HedgedVarHE −= .       (4.37) 

 



 60

 The second term on the right-hand side of the equation represents the 

percentage of hedged variance over unhedged variance.  Thus, the equation 

determines the percentage reductions in the hedged variances compared to the 

unhedged variances.   

 The effectiveness of commodity hedging, currency hedging, and hedging both 

simultaneously is estimated by placing the variances with commodity hedging, 

currency hedging, and hedging both simultaneously in the numerator of the second 

term on the right-hand side of equation.   

 

Data 

 

Wheat futures price at the Chicago Board of Trade (CBOT) were obtained 

from the website www.barchart.com.  Data for wheat spot price in Kansas came from 

the NACF in Korea.  Futures exchange rate between the U.S. Dollar and the Korean 

Won was from NACF, and spot exchange rates were obtained from Korea Exchange 

Bank.  Weekly data from the second week of July 1999 to the third week of October 

2001 were used in this estimation because the futures exchange rates are available 

from July 1999. 
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             CHAPTER 5 
ESTIMATION AND RESULTS 

 

 In this chapter, estimation procedures are presented.  To analyze the hedge 

ratio for an offshore trader in Korea, variances and covariance of wheat futures and 

spot prices, as well as the futures and spot exchange rate, are calculated and explained. 

 Four sets of time series data are used to estimate the theoretical demand model 

for the hedge ratio for an offshore trader in Korea.  They are wheat futures price, 

wheat spot price, futures exchange rate, and spot exchange rate.   

  

Estimation Procedures 

 

Sationarity and Cointegration  

 This study specifies an empirical model for the hedge ratio and estimation.  

Wheat import price and wheat futures price in Korean Won, and futures and spot 

exchange rates between the U.S. Dollar and the Korean Won are expressed in the 

logarithm form to reduce the level of variance and covariance. 

 Examinations of stationary and cointegrating variables are performed to 

determine the procedure for estimating time-varying covariances between the vector 

error correction model (VEC) and the vector autoregressive model (VAR).  A unit 

root test, the Augmented Dickey-Fuller (ADF) test, was performed to check whether 

the variables were stationary.  To illustrate the use of ADF tests, consider an 

autoregression (1) process:  
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yt= µ + ρyt-1 + ε.,       (5.1) 

 

where µ and ρ are parameters and εt is error term.  yt is a stationary series if -1< ρ <1.  

If ρ =1, yt is a non-stationary series, implying that yt is constant without constant term 

and error term.  Therefore, the null hypothesis of the ADF test (ρ =1) determines 

whether variables are stationary.  

Eft, Ept, Pt,and Ft are the futures exchange rate, spot exchange rate, wheat 

importing price, and wheat futures price, respectively.  The ADF values of Eft, Ept, 

and Pt do not reject the null hypothesis that ρ =1 with 1st lagged differences, 

indicating that these variables are non-stationary (Table 5.1).  The ADF test rejects 

the null hypothesis for Ft, indicating that the variable is stationary.  The application of 

the ADF test, with more than one period lags, provides similar results for all variables 

except Ft.  Ft became non-stationary with the 2nd, 3rd and 4th lags.  Therefore, Eft, Ept, 

Pt, and Ft are all non-stationary in this study. 

Given a group of non-stationary series, cointegration is the preferred method to 

determine which model is appropriate to estimate the error terms between VEC and 

VAR.  The null hypothesis of the cointegration test is that the variables are 

cointegrated with each other. 
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Table 5.1. The ADF Values with Different Lags       

  Eft  Ept Pt Ft 

            
 ADF Value -0.37529 -0.60566 -1.95789 -3.71906 

1 lagged difference Akaike info criterion 7.969361 7.433679 -1.83896 -2.04762 
  Schwarz criterion 8.040186 7.504504 -1.76814 -1.9768 
          
  ADF Value -0.52895 -0.46807 -1.73926 -3.40309 

2 lagged differences Akaike info criterion 7.984686 7.451948 -1.84147 -2.02162 

  Schwarz criterion 8.079638 7.5469 -1.74652 -1.92667 
          
  ADF Value -0.48622 -0.67615 -1.43956 -2.68166 

3 lagged differences Akaike info criterion 8.010807 7.456511 -1.84186 -2.04747 

  Schwarz criterion 8.130152 7.575856 -1.72252 -1.92813 
          
  ADF Value -0.63917 -0.71708 -1.28971 -2.86305 

4 lagged differences Akaike info criterion 8.02523 7.481661 -1.82728 -2.03209 

  Schwarz criterion 8.169241 7.625671 -1.68327 -1.88808 
 

  

In Table 5.2, PtEpt and FtEpt represent the wheat import price and wheat futures 

price, respectively, in Korean Won.  Covariances of these variables, (PtEpt and  FtEpt), 

(PtEpt and Eft), and (FtEpt and Eft), are used to estimate the hedge ratios in this study.  

Therefore, the cointegration test focused only on these variables.  None of the 

likelihood ratios reject the null hypothesis, indicating that there are cointegrations 

between these variables.  There is cointegration between the wheat futures price and 

the wheat spot price, between the wheat spot price and the futures exchange rate, and 

between the wheat futures price and the futures exchange rates.   
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  Table 5.2. Cointegration Test   
   PtEpt, FtEpt PtEpt, Eft FtEpt Eft  

  Likelyhood 
Ratio    11.09955 14.85354 15.3526 

 

       
  5 Percent Critical Value  15.41  
  1 Percent Critical Value  20.04  
      

 

           

 The VEC and univariate GARCH procedure was used to estimate time-varying 

covariances, instead of the multivariate GARCH procedure, because the variables are 

non-stationary and cointegrated each other.  Bollerslev (1990) insisted that a constant 

correlation coefficient multiplied by standard deviations of examined variables’ 

residuals replace the time-varying covariance from multivariate GARCH.  This 

method  implies that, although the calculating methods are different, the product of 

the constant correlation coefficient and the roots of variances of the residuals is equal 

to the time-varying covariance from multivariate GARCH. 

 

Estimations of Variances and Covariances 

 The residuals of PtEpt with VEC of PtEpt and FtEpt, and that of PtEpt with the 

VEC of PtEpt and Eft are different because the variables affecting PtEpt are not the 

same.  These different results imply that the error terms of PtEpt in both cases are 

different from each other because the influences from the variables, FtEpt and Eft, on 

PtEpt are not the same.  The residuals of FtEpt and Eft, when variables estimated with 

these variables are not the same, are also different by the same procedure. 
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The time-varying variance of the wheat futures price in Korean Won (FtEpt) 

with AR and univariate GARCH is different from the time-varying variance of FtEpt 

with VEC and univariate GARCH. To estimate the time-varying variance, only one 

variable is needed.  Therefore, AR and univariate GARCH were used to estimate 

time-varying variances of FtEpt. 

The AR (1) is the most appropriate method to estimate the error term of the 

wheat futures price in Korean Won (FtEpt) (Table 5.3) because the probabilities of AR 

(2) and AR (3) are larger than 0.1.  When the probability of AR is larger than 0.1, it 

implies that the AR is not suitable to estimate the error term by the 90 percent 

significance level.  Therefore, AR (2) and AR (3) are not significant to estimate time-

varying variances of FtEpt by the 90 percent appropriate level (Table 5.3).    

 

        
 Table 5.3. Autoregression of Wheat Futures Price in Korean Won   
     Probability    
     AR(1) AR(2) AR(3)   
   AR(1) 0 - -   
 Dependents AR(2) 0 0.2419 -   
   AR(3) 0 0.4124 0.8361   
        

 

   

Estimating the time-varying variance of the futures exchange rate (Eft) is 

similar to estimating the time-varying variance of FtEpt.  The residuals of Eft were 

estimated with different degree of AR.   

AR (1) and the AR (3) are appropriate to estimate the error term of the futures 

exchange rate (Eft) by the 90 percent significance level (Table 5.4).  AR (2) is not 
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appropriate because the probability is less than 10 percent.  Although both AR (1) and 

AR (3) are appropriate, AR (1) is used to the estimate time-varying variance of the 

futures exchange rate in this study. 

 

       
 Table 5.4. Autoregression of Futures Exchange Rate  
     Probability   
     AR(1) AR(2) AR(3)  
   AR(1) 0 - -  
 Dependents AR(2) 0 0.9601 -  
   AR(3) 0 0.0581 0.0391  
       

 

    

Estimated Hedge Ratios 
 

Commodity Hedging 

Hedge ratios are a combination of covariances and variances.  When the 

offshore trader participates in only the wheat futures market, the hedge ratio to 

minimize the variance of the trader’s profit is expressed by the covariance of the 

wheat spot price and the wheat futures price over the variance of the wheat futures 

price in Korean Won.  The ratio for commodity hedging is calculated as 

)(
),(

ptt

pttptt
g EFVar

EFEPCov
H = .      (4.15) 

 

The hedge ratios range from 0.4414 to 1.2672 (Figure 5.1).  The hedging ratio 

indicates share of wheat, which should be hedging, in comparison to the total wheat 
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imported by the trader.  A hedge ratio of 0.4414 means that a trader should hedge 

44.14 percent of the imported wheat in order to minimize the risk.  It implies that the 

offshore trader should take a long position in wheat futures market for at least          

44 percent of the imported wheat.  Similarly, the offshore trader should take a long 

position for, at most, 126 percent of the imported wheat.  When the hedge ratio is 

larger than 1, it means that the trader should not hedge but speculate for a better 

payoff.  However, this situation is temporary, so it is not significant. 

 

 

 
Figure 5.1. Hedge Ratios When the Offshore Trader Participates in                
Only Wheat Futures Market, Chicago Board of Trade. 
 

 The average hedge ratio is 0.6173.  The offshore trader should take a long 

position for 62 percent of the traded wheat.  However, this ratio does not mean that 

the risk associated with the wheat trade for the offshore trader is minimized when the 

trader takes a long position for 62 percent during the hedging period because the 
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hedge ratios move, depending on the hedging period.  These hedge ratios are       

time-varying so that risk minimization varies for the trader by time period.  For 

example, the hedge ratio on January 3, 2001, was 0.702; the hedge ratio on January 10, 

2001, was 0.778 (Table 5.5); and the hedge ratio on January 17, 2001, was 0.759 

(Table 5.6). 

 

      
  Table 5.5. Commodity Hedge Ratio 1    
   Hedge Ratio   
  January 3, 2001 0.702   
  January 10, 2001 0.778   
      

 

 While the offshore trader takes a long position for 70 percent of wheat traded 

on January 3, 2001, he should adjust that figure to 78 percent on January 10, 2001, to 

minimize the variance of the profit.  The trader should buy 7.6 percent more long 

wheat futures (the difference between 0.7783 and 0.7020) of the amount of wheat 

needed by the offshore firm. 

 

      
  Table 5.6. Commodity Hedge Ratio 2   
   Hedge Ratio   
  January 10, 2001 0.778   
  January 17, 2001 0.759   
      

 

 The trader should sell 0.0187 of long wheat futures (the difference between 

0.7783 and 0.7596) to minimize the variance of the trader’s profit on January 17, 

2001 (Table 5.6).  The offshore trader should continuously change the hedge ratio to 



 69

minimize the variance of the firm’s profit.  By changing the hedge ratio, the firm can 

minimize the risk associated with the wheat trade in every week.  

 

Currency Hedging  

When the offshore trader decides to participate in the currency futures market 

to hedge the risk, especially the exchange rate risk, associated with trading wheat, the 

hedge ratio is calculated by dividing the covariance of the wheat futures price in 

Korean Won and the futures exchange rate by the variance of the futures exchange 

rate as follows:  

 

 
tft

ftptt
c PEVar

EEPCov
H

×
=

)(
),(

      (5.2) 

 

In equation 5.2, the wheat spot price is multiplied to denominator to estimate 

the currency hedge ratios.  When the currency hedge ratios were calculated, Hc was X 

over W.  X is the amount of hedged wheat, and W is the amount of imported wheat.  X 

is measured in U.S. Dollars, and W is measured in bushels.  Therefore, unique 

measures are needed to compare how many U.S. Dollars are needed to hedge the 

variance of the profit in the currency futures market. 

The hedge ratios vary from 0.1815 to 0.7227.  The average hedge ratio is 0.43.  

A hedge ratio means that the offshore trader should hedge 72 percent of the total 

value of imported wheat in currency futures market to minimize risk.  The trader 

should change the hedge amount in the currency futures market, depending on the 

ratios that week, because these ratios are time-varying hedge ratios (Figure 5.2) 
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Figure 5.2.  Hedge Ratios When the Offshore Trader Participates in  
Currency Futures Market, Korea Futures Exchange. 
 
 
The hedge ratios changed from 0.556 on September 29, 1999, to 0.606 on 

October 6, 1999, and then decreased to 0.577 on October 13, 1999 (Table 5.7).  The 

amount of currency hedged by the trader should depend on the hedge ratios.  On 

September 29, 1999, the trader should take a long position of 0.556, and on October 6, 

1999, buy more wheat futures by 0.050 (the difference between 0.606 and 0.556).  On 

October 13, 1999, the trader should sell the wheat futures by 0.029, the difference 

between 0.606 and 0.557.  Following this method, the offshore trader could minimize 

the risk associated with trading wheat every week. 
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  Table 5.7. Currency Hedge Ratio   
   Hedge Ratio   
  September 29, 1999 0.556   
  October 6, 1999 0.606   
  October 13, 1999 0.577   

      
  

 

Commodity Hedge Ratios in Both Commodity and Currency Hedging      

 When the offshore trader participates in both futures markets, the hedge ratios 

are more complicated than the hedge ratio for only one futures market.  For the 

commodity hedge ratios when the trader uses both futures market simultaneously 

(Hgg), the formula is defined as follows: 

 

 2)),(()()(
),(),()(),(

ftpttftptt

fpttftpttftpttptt
gg EEFCovEVarEFVar

tEEPCovEEFCovEVarEFEPCov
H

−

−
= . (4.25)   

            

 In equation 4.25, the covariance of the wheat futures price in Korean Won and 

the futures exchange rate is included with other variances and covariances which are 

used to estimate commodity hedge ratios and currency hedge ratios. 

The hedge ratios used when the offshore trader participates in both futures 

markets simultaneously move in a similar way to the ratios used when the trader 

participates in only the commodity futures market.  The hedge ratios change 

continuously over time because the previous information in the market affects the 

present hedge ratios (Figure 5.3).   
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Figure 5.3.  Commodity Hedge Ratios When the Offshore Trader           
Participates in Both the Commodity Futures Market and Currency Futures  
Market Simultaneously. 

 

 The average hedge ratio is 0.5619.  The hedge ratios move between 0.3804 and 

1.2015.  A hedge ratio of 0.5691 means that a trader should hedge 56 percent of 

imported wheat in the commodity futures market to minimize risk.  The hedge ratios 

ranged between 1 and 0, except for 2 outliners: 1.2015 on December 15, 1999, and 

1.0955 on December 22, 1999.  These ratios mean that the offshore trader should take 

a long position in the commodity futures market for more than the amount of 

imported wheat because the hedger temporarily becomes a speculator who expects 

that the wheat futures price will increase.  
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Currency Hedge Ratios in Both Commodity and Currency Hedging 

The formula for the currency hedge ratio with simultaneous hedging (Hcc) 

includes the same variances and covariances as that of the commodity hedge ratio 

with simultaneous hedging (Hgg).  Also the denominators of Hgg and Hcc are same, 

except Pt, as follows:  

 

             
tftpttftptt

ftpttpttpttpttftptt
cc PEEFCovEVarEFVar

EEFCovEFEPCovEFVarEEPCov
H

×−

−
=

))),(()()((
),(),()(),(

2 . (5.3) 

 

 Like the hedge ratios for currency hedging only, the wheat spot price is 

multiplied to the denominator of the equation.  It is necessary because the 

measurement of the numerator is not same as that of the denominator.    

 The currency hedge ratio ranges from 0.0768 to 0.3847 when the offshore 

trader hedges both futures markets simultaneously.  These ratios mean that the 

offshore trader should take a long position in the currency futures market by 38 

percent of imported wheat to minimize risk (Figure 5.4).    
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Figure 5.4. Currency Hedge Ratios When the Offshore Trader          
Participates in Both the Commodity Futures Market and Currency Futures     
Market Simultaneously. 

   

 

Comparison of the Optimal Hedge Ratios 

When the offshore trader participates in both futures markets, the hedge ratios 

are different than the hedge ratios when the trader participates only one futures 

market.       

In Figure 5.5, Hg represent the commodity hedge ratio when the offshore trader 

participates in only the commodity futures market, and Hgg is the commodity hedge 

ratio when the offshore trader participates in both the commodity futures market and 

the currency market.   
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Figure 5.5.  Commodity Hedge Ratios When the Offshore Trader  
Participates in Only the Commodity Futures Market and in Both    
Futures Markets Simultaneously. 

 

 Hg and Hgg move together.  When the Hg depreciates, Hgg also declines.  

Adversely, when the Hg increases, Hgg is also bolstered.  The largest difference 

between the two commodity hedge ratios is 0.1112, and the smallest difference is 

0.0277.  The optimal hedge ratio is 11.1 percent less in the commodity futures market 

when the trader hedges in both markets simultaneously than when he only hedges in 

the commodity futures market.  This ratio implies that the commodity hedge ratios are 

not significantly reduced in these two cases.  A mathematical manipulation shows that 

Hg is equal to the first terms of both the numerator and the denominator of Hgg as 

follows: 
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          (5.4) 

 

A comparison of Hg (equation 4.15) to Hgg (equation 4.25) indicates that the 

difference between Hg and Hgg is mainly determined by the second terms in both the 

numerator and denominator of Hgg (equation 4.25) because Hg is equal to the first 

terms of Hgg.  The values of the second terms in the Hgg equation are relatively small 

compared to the first terms of the equation.  However, the numerator and the 

denominator of the equation (Hgg) are not much different from Hg in value.  Thus, 

there are small difference between Hg and Hgg.   

To identify how much the second term of the numerator affects the first term 

in estimating the hedge ratios with simultaneous hedging, the second term of the 

numerator in equation 4.25, (Cov(FtEpt,Eft)*Cov(PtEpt,Eft)), is divided by the first term, 

(Cov(PtEpt,FtEpt)*Var(Eft)), to calculate the ratio as follows:  

 

)(),(
),(),(

ftpttptt

ftpttftptt

EVarEFEPCov
EEPCovEEFCov

Ratio = .   (5.5) 

 

The ratios range between 0.28 and 0.08.  The average ratio is 0.20.  These 

ratios imply that the value of the numerator of Hgg is reduced, on average, by 20 

percent in comparison to the value of the numerator of Hg by the second term of the 

numerator of Hgg.  The influence of the second term of the numerator for calculating 

the commodity hedge ratio is minor to Hgg (Figure 5.6).   
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Figure 5.6. The Ratio of the Second Term Over the          
First Term of the Numerator for Calculating the          
Commodity Hedge Ratio (Hgg).  

 

Similarly, the ratios of the denominator are calculated.  The ratios are as 

follows: 

 

2)()(
),(

ftptt

ftptt

EVarEFVar
EEFCov
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The ratios of the denominator are between 0.2037 and 0.0719.  The average 

ratio is 0.1245.  These ratios imply that the value of the denominator of Hgg is reduced, 

on average, by 12 percent in comparison to the value of denominator of Hg by the 

second term of the denominator of Hgg (Figure 5.7).  However, the currency hedge 

ratios, when the offshore trader hedges in both futures markets simultaneously, differ 

slightly from the currency hedge ratios when the offshore trader participates in only 

the currency futures market.   
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Figure 5.7. The Ratio of the Second Term Over the   

 First Term of the Denominator for Calculating the  
 Commodity Hedge Ratio (Hgg). 
 

Hc represents currency hedge ratios when the offshore trader only hedges in 

the currency futures market.  Hcc represents the currency hedge ratios when the 

offshore trader participates in both futures markets simultaneously to minimize risk 

(Figure 5.8).    

The movement of Hcc differs from the movement of Hc because the difference 

between the two currency hedge ratios is larger than that of the two commodity hedge 

ratios.  The ratio of the second term over the first term of the numerator of Hcc, for 

calculating the currency hedge ratio, is described as follows: 
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Figure 5.8. Currency Hedge Ratios When the Offshore Trader              
Participates in Only the Currency Futures Market and in Both    
Futures Markets Simultaneously. 
 

The ratio is between 0.8043 and 0.4495.  The average of the ratio is 0.6103. 

The ratio is quite large compared to the ratio for the denominator of Hcc, which is the 

same as the denominator of Hgg with the exception of Pt.  The value of the numerator 

of Hcc is reduced, on average, by 61 percent from the value of Hc by the second term 

of the numerator.  However, the value of the denominator of Hcc is reduced, on 

average, by 12 percent from the value of the denominator of Hc by the second term of 

denominator.  Therefore, Hcc is much smaller than Hc (Figure 5.9). 
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  Figure 5.9. The Ratio of the Second Term Over the            

First Term of the Numerator for Calculating the       
Currency Hedge Ratio.  

 

   

Hedge Effectiveness 

 

The hedge effectiveness statistics for simultaneous hedging, commodity 

hedging, and currency hedging are between 0.76 and 0.29, between 0.75 and 0.27, and 

between 0.16 and 0.04, respectively.  The averages of the hedge effectiveness figures 

are 0.4, 0.39, and 0.07, respectively.  These figures imply that the trader can reduce 

the risk, on average, by 40 percent when he hedges in both futures markets compared 

to the risk without hedging.  The hedge effectiveness of simultaneous hedging is 

slightly higher than the hedge effectiveness with commodity hedging (Figure 5.10).  

Since there is no considerable difference between hedge effectiveness of 

simultaneous hedging and hedge effectiveness with commodity hedging, the 

Wilcoxon Two-Sample test was conducted to compare these two hedge effectiveness.  
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The null hypothesis is that the values of the hedging effectiveness are the same.  The 

test result was compared with a standard normal distribution (Degree of Freedom 1) 

test.  Value of the test (16.3279) is greater than the critical value, hence the null 

hypothesis is rejected.  Thus, hedging effectiveness of simultaneous hedging is larger 

than that with commodity hedging.     

The hedging effectiveness for currency hedging shows that it does not 

effectively minimize variance in the firm’s profit because the exchange rates during 

the sample period are stable.  For the first 13 weeks in Figure 5.10, the hedge 

effectiveness with currency hedging is larger than during the remaining period.  This 

effectiveness indicates that during this period, the influence of the financial crisis 

remained in the exchange rates.  However, the hedge effectiveness is still not large 

enough to minimize risks associated with the wheat trade. 
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 Figure 5.10. Hedge Effectiveness. 
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CHAPTER 6 
SUMMARY AND CONCLUSIONS 

 

 Wheat production in Korea has steadily declined since the 1960s: from 224 

thousand tons in 1968 to 5 thousand tons in 2000.  Wheat production has rapidly 

declined in Korea mainly because of insufficient cultivation land, increases in labor 

cost, and a relatively small yield compared to other crops.  In addition, there is no 

barrier to wheat imports from other countries.  Therefore, Korean farmers have lost 

their competitiveness in supplying wheat to the domestic market.   

Demand for food in Korea has increased and diversified as per capita income 

has increased due to economic growth.  Consumption patterns are shifting toward 

eating more wheat, fruits, and vegetables, rather than rice. Per capita consumption of 

wheat was 13.5 kg in 1965 and increased to 35.9 kg in 2000.  In contrast, per capita 

consumption of rice, which is a major consumption grain in Korea, decreased by    

28.2 kg during the 1965-2000 period.   

Korea’s wheat imports increased from 413 thousand tons in 1961 to 3127 

thousand tons in 2000 but has been highly volatile since 1987.  Korea imports wheat 

mainly from the United States and Australia.  The country imported 1.4 million tons 

of wheat from the United States in 2000, which is about 42 percent of total Korea’s 

imports from the world market.  

The fluctuations in the wheat price and the exchange rate are large.  Wheat 

prices have ranged between $1.14 and $5.97 per bushel for the last 2 decades.  The 

exchange rate grew from 841.76 Korean Won per 1 U.S. Dollar to 1827.47 Korean 
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Won per 1 U.S. Dollar during the financial crisis.  Because of the volatility in wheat 

price and in the value of the Korean Won against the U.S. Dollar, the wheat trader is 

generally faced with a high degree of risk.   

The objective of this study has been to evaluate the risks associated with 

currency and price fluctuation in wheat trading and to develop marketing strategies 

which reduce the risks in the wheat trade.  The specific objectives were 

 

1. To estimate optimal hedge ratios when an importer participates in 

commodity and currency futures markets separately. 

2. To estimate optimal hedge ratios when an importer participates in 

commodity and currency futures markets simultaneously. 

3. To compare the optimal hedge ratios for separate hedging and simultaneous 

hedging, and to discuss which hedging method is a better way for importers 

to manage risk. 

 

The hedge ratios are calculated from the variances and the covariances of 

variables.  The variances were estimated by AR and univariate GARCH. The 

covariances were estimated by the VEC and univariate GARCH.  Multivariate 

GARCH is an appropriate method to estimate the covariances of several variables 

simultaneously.  However, Bollerslev (1990) found that the VEC and univariate 

GARCH replace the multivariate GARCH when the estimating variables that are non-

stationary and cointegrated each other.  The variables for covariances used to estimate 

the hedge ratios are all non-stationary and cointegrated with one another.   
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The commodity hedge ratios when the importer participates in only the 

commodity futures market (Hg) range between 0.44 and 1.26.  The average Hg is 0.61, 

indicating that the offshore trader should hedge 61 percent of the total imported wheat 

in the commodity futures market to minimize risk.  The commodity hedge ratios when 

the importer simultaneously participates in both commodity and currency futures 

markets (Hgg) ranges from 0.38 to 1.20.  The average Hgg is 0.56.     

Hgg and Hg move together.  Hgg is smaller compared to Hg, and the difference 

between Hgg and Hg is small. This difference implies that simultaneously hedging may 

not significantly reduce the risk associated with the wheat price.    

The currency hedge ratios, when the importer only participates in the currency 

futures market (Hc) range from 0.18 to 0.72.  The currency hedge ratios when the 

importer participates in both the commodity and currency futures markets 

simultaneously (Hcc) range from 0.07 to 0.38.  The averages Hc and Hcc are 0.43 and 

0.19, respectively.  The hedging ratio of 0.43 indicates that the offshore trader should 

hedge in the currency futures market an average of 43 percent of the total value of 

imported wheat to minimize risks.   

Hc and Hcc move together during the sample period.  However, Hcc is much 

smaller compared to Hc.  This difference implies that simultaneous hedging in both 

can reduce the risk associated with currency.     

The hedge effectiveness figures are between 0.76 and 0.29 for hedging both 

markets simultaneously, between 0.75 and 0.27 for commodity hedging, and between 

0.16 and 0.04 for currency hedging.  The averages of the hedge effectiveness figures 

are 0.4, 0.39, and 0.07, respectively.  These figures imply that the trader can reduce 
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risk by about 40 percent when he hedges in both the commodity and currency futures 

markets, compared to the risk without hedging.   

Comparing hedge ratios and the hedge effectiveness of both commodity and 

currency hedging to commodity hedging, a difference between these two is significant 

but not large.  The hedge ratios with simultaneous hedging are slightly smaller.  The 

hedge effectiveness figures are quite large compared to the hedge ratio and the hedge 

effectiveness with only commodity hedging.   

The offshore wheat trader in Korea does not generally participate in futures 

markets, even though the fluctuations of the wheat price and the exchange rate can be 

large. The importer should participate in both commodity and currency futures 

markets to minimize the risks associated with wheat trade.  However, considering the 

costs to participate in futures markets, the traders should compare the payoff from 

participating in futures markets with its expense.  
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APPENDIX 

 

Second-Order Condition 
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 It is assumed that 2H  is bigger than zero to satisfy the second-order condition 

for minimization of the variance function.  

 


