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Introduction 

With uncertain and volatile milk prices and feed costs, there is a significant need for 

effective risk management strategies that can enable dairy producers to more effectively manage 

their revenue risk. Unpredictable markets for inputs and outputs, changes in government 

policy, changes in laws governing farm production and financial risks are some of the other 

risks that can have far-reaching implications on farm profitability. It is sometimes difficult 

eliminating a particular risk or uncertainty completely. However managing the risk is 

possible by making informed decisions. For informed decisions, farmers first need to 

determine level of risk they can tolerate in terms of cash flow and second, the risk reduction 

alternatives available to them and finally costs involved.  

Today there exist a variety of price risk management tools available to dairy 

producers for managing price risk like forward pricing their output and input purchases, use 

of traditional hedging and options strategy, and starting in 2008, a revenue insurance policy 

specifically designed for dairy farms (LGM-Dairy). Use of LGM-Dairy creates a risk 

management strategy similar to the use of a bundled option. It acts as a put option setting a 

floor on the milk prices and as a call option, setting a ceiling on the feed costs. Thus it 

ultimately protects against the declines in the income over feed cost (IOFC). When 

considering the use of LGM-Dairy there are a number of decisions that must be made 

including but not limited to is the percentage of monthly milk marketings to be insured.  

The primary objectives of this thesis are to understand the LGM-Dairy program 

characteristics and to illustrate how LGM-Dairy can be incorporated into a dairy farms 

revenue risk management strategy under a number of alternative scenarios. 

Under one scenario we demonstrate an algorithm to identify optimal strategies where 

optimality is defined as the minimum premium cost of insuring a pre-defined target 

guaranteed IOFC for total milk produced on the farm. The optimization model incorporates 

all the components of LGM-Dairy. Another objective of this study was to investigate the 

interplay between producer risk preferences, insurance costs and market conditions that could 
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impact participation in the LGM-Dairy program. We undertook this analysis using the 

expected utility framework for two different contracts under different market conditions.  
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1.1  INTRODUCTION 

The value of milk represents more than 90% of a dairy farm’s total agricultural 

income (ERS, 2009).  In addition, feed costs can represent more than 40% of a dairy farm’s 

variable costs (Ishler, 2009). With relatively stable production, uncertainty in milk and feed 

prices represent a major source of dairy farm business risk.  Variability in dairy income over 

feed costs (IOFC) arises from volatility of milk prices as well as feed costs. There is no doubt 

that the volatility of milk prices has increased since the mid-1980s (Gould et al., 2008). 

Given the perishable nature of milk, dairy producers cannot hold milk and wait for a better 

price. Even temporary low price troughs can create cash flow problems.  Therefore milk 

price swings and volatility at all levels makes it a necessity for dairy producers today to 

consider various risk management options.  

 

1.2  HISTORICAL PERSPECTIVE ON VARIABILITY IN MILK PRICES AND 

FEED COSTS 

For the first 40 years following its inception in 1949, Federal milk price support 

program protected the dairy industry from price volatility. The minimum price of milk used 

for manufacturing purposes has been supported continuously since passage of the 

Agricultural Act of 1949. This Act required the Secretary of Agriculture to support prices 

received by dairy farmers for manufacturing use milk at between 75 percent and 90 percent 

of parity (Bozic and Gould, 2009). Between 1970 and 1980 support price increased from 

$4.6 per hundredweight to $13.10 per hundredweight. Dairy farmers responded with 

increased milk production. The parity method of setting the support price was abandoned in 

1981. From 1981 to 1990, the support price was reduced eight times to $10.10 per cwt. 

During the period 1983 – 1995 government held stocks of dairy products were reduced from 

24% (cheese), 35% (butter) and 83% (nonfat dry milk) of annual production to less than 1% 

of annual production for any of these products.  Under the 2008 Farm Bill the support 

program was changed from supporting the milk price to directly supporting the prices of 

cheddar cheese, nonfat dry milk and butter. The combined effects of (1) lower government 
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price supports, (2) reduced government stocks of dairy products and (3) market fundamentals 

have increased milk price variability.  

Using the National Agricultural Statistics Service (NASS, 2009) 12- month average  

data for Minnesota-Wisconsin/ Basic Formula Price/ Class III (MW/BFP/Class III)milk 

prices from 1991 through 2009, the variability in the MW/BFP/Class III milk prices was 

calculated. It is evident that there has been a significant variation in the MW/BFP/Class III 

milk prices over a period a time. As presented in Table 1.1, the coefficient of variation in 

MW/BFP/Class III milk prices was calculated for different time periods, For 1992 to 2000, 

the coefficient of variation was 0.10. From 2001 through 2009, it was 0.20. Variability in 

milk prices over the past three years was significant. For the time period, 2007 to 2009, 

coefficient of variation was 0.24. Figure 1.1 represents the 12-month average MW/BFP/Class 

III milk prices from 1992 to 2009.The value of R2
; coefficient of determination is 20.4%. 

This unexplained variation can be a result of a multitude of factors. Some of which are 

seasonal production, government policies as discussed above, relative  supply and demand 

scenario, stocks held by commercial dairies and government, international trade policies and 

world economy. 

As in the case of milk, the 1980s were a time of heavy government involvement in 

the US grain sector.  Factors like commodity loan programs resulted in large government 

grain inventories in the mid-1980s, which reduced the potential for upside price swings. With 

the passing of the 1996 Farm Bill, the federal government moved away from market 

stabilization policies. For grain commodities, loan rates have been reduced. The result has 

been lower commodity inventories being carried by the government and more volatile prices. 

Dramatic growth in the biofuels industry has created a demand-driven boom in corn (and, by 

extension, other crops) prices. Although this has been a most welcome development for grain 

producers, it has created a difficult situation for livestock producers (Anderson et al., 2008).  

As an example, 12-month average corn and soybean prices are shown in Table 1.1 

along with their coefficient of variation. The coefficient of variation of corn price for 1992 to 

2000 was 0.21 and for soybeans over the same period was 0.16, whereas for the recent time 
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period 2001 through 2009, coefficient of variation for corn was  0.36 and in soybeans, it was 

0.35.  

Combining the above trends there has been a significant increase in variability in 

IOFC in the recent years.  Daily per cow IOFC by a cow producing 65 lbs is presented in 

Table 1.2.  On an “as fed basis” this ration used 22.22 pounds of corn grain, 2.52 pounds of 

48 percent soybean meal, and 25.5 pounds of alfalfa hay to produce 65 pounds of milk. 

Chicago prices for corn, soybean meal, and alfalfa hay and US all-milk price were used. The 

average IOFC was $7.51 per cow per day in 2005 peaked in 2007 at $8.97 per cow per day 

and again bottomed at $4.83 per cow per day in 2009. The coefficient of variation ranged 

from 0.05 in 2005 to 0.27 in 2009  

 

1.3   RISK MANAGEMENT TOOLS AVAILABLE FOR DAIRY PRODUCERS 

In response to increased volatility, several viable dairy-based futures and options 

markets have evolved since the mid-1990s. Currently there are futures contracts at the 

Chicago Mercantile Exchange (CME) for Class III milk, Class IV milk, butter, dry whey, 

non-fat dry milk and skim milk powder.  Starting in July 2010 there will be a new  cheddar 

cheese futures contract.  In addition, there are options markets for Class III milk, Class IV 

milk, butter and non-fat dry milk and soon cheddar cheese.  Dairy farmers have the ability to 

be either directly involved with the above markets or to use forward or minimum price 

contracts offered by their processing plant to manage their output price risk.  With the 

passage of the Food, Conservation and Energy Act of 2008 (i.e., 2008 Farm Bill) private 

firms can now offer forward and minimum price contracts to their farm patrons while not 

being obligated to pay minimum Federal Milk Marketing Order minimum prices. However, 

advanced or fixed price contracts cannot be used for Class I milk. The objective of 

implementing price risk management strategies is not to enhance profits, but rather to 

minimize losses. Next section outlines some of the risk management strategies used by dairy 

producers. 
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1.3.1 Overview of Forward Contracts  

A forward contract is a private contract between a buyer and a seller in which the 

buyer agrees to buy and the seller agrees to sell a specific quantity of a certain security or 

commodity (known as the underlying instrument) at the price specified in the contract (Hull, 

2000). The difference between a forward contract and most other sales contracts is that with 

the forward contract, the delivery and payment of the underlying instrument occurs at a 

specified future date. The party agreeing to buy the underlying asset in the future assumes a 

long position, and the party agreeing to sell the asset in the future assumes a short position. 

The price agreed upon is called the delivery (forward) price.  

Use of forward contracts  by dairy processors has the potential for generating benefits 

to both the processor and dairy farm operator  since they are able to “lock in” prices, thereby 

reducing risk associated with milk price volatility. For a cheese processor, this can assist in 

better cash flow planning since 70 to 85% of the costs are milk related.  

Signing a cash forward contract is equivalent to hedging because it guarantees the 

future price of the commodity, regardless of the price movements in the future. Price offered 

for forward contracts in milk is a base farm price usually for milk with specified butterfat, 

nonfat solids and quality. Adjustments for milk composition differing from standards are 

made at the time of delivery of the commodity. Dairy plants offer a variety of cash forward 

contracts like fixed prices for specific months, single price for several months of production 

and a minimum price for a single month or several months. There are advantages and 

disadvantages of forward contracts since the price agreed upon by both parties, while 

entering into the contract will not vary despite changes in the spot market. If the market price 

decreases, the seller will benefit because the contracted price has been locked in at a higher 

level relative to the spot market price. Secondly, there are no regulations on the contract as it 

is agreed upon by the buyer and seller themselves. Therefore, it is important to ensure that all 

of the terms and contingencies are clear and that there are no uncertainties or ambiguities at 

the time of the contract. All contract parameters like delivery terms, location, quality 

specifications of the underlying instrument, payment and credit terms and cancellation 
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provisions etc should be clearly defined. Another possible disadvantage is that brokerage fees 

and other hedging expenses are built into the price offers in a cash forward contract.  

 

1.3.2 Overview of Futures Contracts 

A futures contract is a standardized contract between two parties to buy or sell a 

specified asset or commodity of standardized quantity and quality at a specified future date at 

a price agreed today (the futures price). These contracts are traded on a futures exchange. 

The party agreeing to buy the underlying asset in the future assumes a long position, and the 

party agreeing to sell the asset in the future assumes a short position. The future date is called 

the delivery date or final settlement date. The official price of the futures contract at the end 

of a day's trading session on the exchange is called the settlement price for that day of 

business on the exchange. A futures contract gives the holder the obligation to make or take 

delivery under the terms of the contract. The exchange's clearing house acts as counterparty 

on all contracts, sets margin requirements, and crucially also provides a mechanism for 

settlement.   

Futures contracts are commonly traded for several different delivery months 

throughout the year. Unlike forward contracts, delivery is not normally specified for a 

specific date, but rather a delivery period within the delivery month (Hull, 2000).  For cash 

settle contracts, there is no delivery of the underlying commodity. However, there is 

settlement period. A primary use of futures involves shifting risk from a firm that desires less 

risk (the hedger) to a party who is willing to accept the risk in exchange for an expected 

profit (the speculator). Also, hedgers with opposite positions in the market trade with each 

other. Because futures contracts are commitments to trade in the future, actual delivery and 

payment are not required until the contract matures. However, both buyers and sellers are 

required to make margin deposits with their brokers to guarantee their respective 

commitments. Another advantage of futures contracts is the existence of an organized market 

and standardized contracting terms that give liquidity and offers to the participants the 

possibility of closing positions on a date before the expiration. Most traders offset their 
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positions prior to maturity instead of actual delivery of the commodity. Therefore, futures 

contracts do not lock in an absolute, fixed price. The basis is the difference between the 

futures market price and the cash price where the physical commodity is actually purchased 

or sold. Basis risk is usually significantly less than price risk associated with the commodity 

and therefore, futures markets act as a significant hedging tool. One of the major 

disadvantages with futures contracts is that producers need to have enough volume of the 

commodity to enter into a futures contract. For example, the contract size for Class III milk 

future contract traded on Chicago mercantile exchange (CME) is 200,000 lb. Cash forward 

contracting is especially useful for producers who do not have enough volume of the 

commodity. 

 

1.3.3 Review of Options  

An option gives its holder the right, but not the obligation, to buy or to sell the 

underlying asset/commodity on or before the expiration of the option at an agreed price also 

known as the strike price. A call option gives the buyer of the option the right but not the 

obligation to buy the underlying asset at the strike price, wheras a put option gives the buyer 

of the option the right but not the obligation to sell the underlying at the designated strike 

price. If the buyer or seller chooses to exercise this right, the seller is obliged to sell or buy 

the asset at the agreed price. The buyer or seller may choose not to exercise the right and let 

it expire. The theoretical value of an option is evaluated using several methods. The Black 

Scholes model is one of these methods (Podlozhnyuk., 2005).  

Put options increase in value if prices fall and decrease in value if prices rise. The 

buyer of a put has the right to exercise the option into a short or sell futures position. The 

buyer of a put option has limited risk and unlimited profit if prices fall. Call options increase 

in value if prices rise and decrease in value if prices fall. The buyer of a call has the right to 

exercise the option into a buy futures position. The buyer of a call option has limited risk and 

unlimited profit if prices rise. A put (call) option is said to be in the money if the strike price 

is above (below) the underlying futures price. A put (call) option is said to be at the money if 
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the strike price is equal to the underlying futures price. A put (call) option is said to out of the 

money if the strike price is below (above) the underlying futures price. At any given time, the 

range of strike prices quoted will cover values in the money, at the money, and out of the 

money. Thus, a hedger or speculator has the option of purchasing an option at any of these 

three levels. Typically, options in the money will have the highest premium, followed by 

options at the money, and options out of the money will have the lowest premiums.  There 

are two components which make up the value of the option, intrinsic and time value. Both of 

these values are implicit values not observed, but theoretically present. Intrinsic value is the 

value of the option relative to the underlying futures price. Additionally, there is a time 

component to the value of an option. The time value reflects the time between the option 

premium quote and contract expiration. Typically, the larger the time period the greater the 

implicit time value of the option. That is, the greater number of days until contract expiration, 

the higher the probability of the futures market changing in value enough to improve the 

intrinsic value of the option. 

Options offer many advantages over futures and forward contracts. Futures and forward 

contracts represent the obligation to transact on a future date, whereas options provide the 

right to buy or sell an asset, but do not impose any obligation.  There are also no margin calls 

with options. However, option premiums at appealing price levels can be costly. For example 

in June 2004, September 2004 put option for Class III, at $12.00 had a $0.09 premium, while 

an option at $18.00 has a premium of $3.52.  Perhaps the best way to envision option 

contracts is as insurance policies. An investor taking a long position in a put option would be 

equivalent to the purchaser of the insurance, and the short would essentially be the insurance 

provider.  Futures and options on grains and oilseeds which constitute major feed ingredients 

in dairy farms are also available on CME. Contracts are available to be traded on corn, 

soybean and soybean meal among other agricultural commodities.  Contract specifications 

can be obtained at www.cmegroup.com. Jesse and Cropp (2009) provided a detailed 

overview of the use of dairy-based futures and options. 

http://www.cmegroup.com/
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To educate dairy producers in the use of option contracts as risk management tools 

and to ascertain the usefulness of options to dairy producers in various regional markets, the 

Federal Agricultural Improvement and Reform Act of 1996 authorized the Secretary of 

Agriculture to operate options pilot programs. Accordingly, USDA initiated the Dairy 

Options Pilot Program (DOPP) in 1999 in an effort to provide dairy producers with real-

world experience trading options (Vandeveer et al., 2004). DOPP was designed to teach 

producers how fluid milk put options can be used to provide price protection. The USDA 

cost-share arrangement subsidized the purchase of these put options, paying 80% of the put 

option’s price and up to $30 in commission fees (Buschena and McNew, 2005). More than 

6,000 dairy producers participated in DOPP, comprising somewhat over 5% of total US dairy 

farms (Vandeveer et al., 2004).  

1.3.4 Livestock insurance policies 

In a 1996 an Agricultural Resource Management study conducted by Economic 

Research Service (ERS), agriculture producers were asked about their adoption of  risk 

management strategies. Results showed that only 15 to 25% of cattle and hog producers 

adopted futures and options (USGAO, 1999).  Increasing livestock producer’s usage of 

various risk management tools was a goal of Risk Management Agency (RMA) (Hart, 2006). 

Until 1996 the only form of insurance provided by the USDA was traditional crop insurance 

that protects farmers against yield losses. In recent years, several revenue insurance products 

like crop revenue coverage (CRC), Adjusted Gross Revenue (AGR), Group Risk Income 

Protection (GRIP) among others were introduced for the crop sector. These policies provided 

an additional extension to the risk management tools available to crop producers. Another 

insurance program based on margin is gaining increased attention lately. National Milk 

Producers Federation (NMPF) is recommending establishing a new program entitled the 

Dairy Producer Margin Protection Program (DPMPP) which is intended to support producer 

margins, not prices. DPMPP is a program that is designed to address both catastrophic 

conditions which can result in the severe loss of equity for dairy farmers such as those 

witnessed in 2009, as well as long periods of low margins such as those in 2002. Under this 
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program, “margin” is simply defined as the all-milk price minus feed costs. Feed costs are 

determined using a new feed ration that has been developed to more realistically reflect those 

costs associated with feeding the entire dairy farm enterprise consisting of milking cows, 

heifers, etc. The DPMPP operates on the premise of providing a base level of protection (i.e. 

insurance coverage) for all producers which is fully subsidized by the federal government 

and a voluntary level of supplemental coverage which is partially subsidized by the 

government, but in a manner in which the level of subsidization decreases as the level of 

coverage increases. Since DPMPP is a margin insurance program it is proposed to have no 

payment limitations based on income or size of herd (NMPF, 2010). 

The collapse in livestock prices in the fall of 1998 has spurred interest in expanding 

coverage to US livestock producers. Since the early 2000’s there have existed gross margin 

insurance programs for swine (LGM-Swine) and feeder cattle (LGM-Cattle).  An overview of 

the current LGM-Cattle and LGM-Swine programs can be found at the USDA’s Risk 

Management Agency’s website:  http://www.rma.usda.gov/livestock/. These programs have 

been used to establish a lower bound on gross revenue net of feed costs for finishing hogs 

and feeder cattle.  Under LGM-Cattle adjusted cattle and corn futures prices are used to 

determine target expected and actual gross income over feed cost.  For the LGM-Swine 

program, adjusted lean hog, corn and soybean meal futures are used to determine target 

expected and actual gross income over feed cost.  In 2002, USDA Risk Management Agency 

(RMA) introduced Livestock Risk Protection (LRP) to provide another alternative for 

protecting pricing levels on future sales of hogs and cattle. LRP provides single-peril price 

risk protection for the future selling price of the insured livestock. An overview of the current 

Livestock risk protection (LRP) program can be found at the USDA’s Risk Management 

Agency’s website: http://www.rma.usda.gov/livestock/. 

A natural extension of the LGM-Cattle and LGM-Swine programs is the Livestock 

Gross Margin for Dairy Cattle (LGM-Dairy) insurance program, which is the focus of this 

thesis.  This program can be used to establish a floor on dairy producer’s gross margin 

defined as milk revenue less imputed purchased feed costs. Use of LGM-Dairy can be 

http://www.rma.usda.gov/livestock/
http://www.rma.usda.gov/livestock/
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considered analogous to the use of a bundled option risk management strategy where Class 

III put options establish a milk revenue floor and feed-based call options are used to establish 

a feed cost ceiling.  Such a strategy reduces the downside IOFC risk but allows for possibly 

higher values. Figure 1.2 provides a simple representation of this bundling strategy. If the 

Announced class III milk price increases, then the IOFC also is higher than the IOFC when 

the put option is exercised. Therefore the producers will not use the put option if the 

announced class III milk price is announced higher than the put value. Similarly if the feed 

costs decrease, then IOFC is higher than the IOFC realized if the call options on corn and 

SBM is exercised. In such a scenario, farmers may opt not to exercise the call option.  

 This program was approved by USDA’s Risk Management Agency in July 2007 with 

the first policy being offered in August 2008.  Starting in July 2010 48 states across US can 

use this program.  A detailed description of an earlier version of the LGM-Dairy policy and 

how it can be used as a risk management tool has been outlined by Gould, Mitchell and 

Cabrera (2008).  An extensive website devoted to LGM-Dairy can be found at the University 

of Wisconsin’s Understanding Dairy Markets website:  

http://future.aae.wisc.edu/lgm_dairy.html as well as University of Wisconsin, Dairy 

management and extension’s website http://dairymgt.uwex.edu/lgm.php.  

 Livestock insurance policies are relatively new compared to the traditional risk 

management strategies like hedging with futures, options and forward contracts. However 

livestock policies are gaining increased attention, given the complexity involved in 

understanding hedging mechanisms. Hart, Babcock and Hayes (2003) provided an overview 

of some of these insurance programs and compare program performance with that of risk 

management programs based on the use of futures and options.  They found that livestock 

producers would benefit from such insurance packages and that these insurance products 

provide more dollar-for-dollar benefits than the use of traditional put and call options.  To 

understand the participation in livestock insurance policies across US, sales of livestock 

insurance policies including LRP and Livestock Gross Margin (LGM) policies across US 

were shown in Table 1.3.  LGM refers to Livestock Gross Margin insurance policies for 

http://future.aae.wisc.edu/lgm_dairy.html
http://dairymgt.uwex.edu/lgm.php
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cattle, feeder cattle, fed cattle, dairy cattle, swine and lamb. It is obvious that participation in 

livestock insurance policies is increasing in recent years. Among LGM policies, LGM-Dairy 

is relatively new insurance policy. In 2009, 45 LGM-Dairy policies were sold, whereas in 

2010 as on 22nd June 2010, 148 policies have been sold (ERS, 2010). Out of these, 50 

policies have been sold in Wisconsin in 2010 and 12 policies in 2009.  

1.4   Conclusion 

Due to increased variability in milk prices and feed costs, profitability of dairy farms 

could be seriously affected. The viability of today’s dairy farms depends upon the ability of 

producers to effectively manage price risk. Many risk management tools are available to 

dairy producers to manage price risk. This chapter briefly discusses various risk management 

tools available to dairy producers including futures, forward contracts, options and livestock 

insurance policies.  Producers can opt for a single risk management strategy or a combination 

of different risk management strategies like LGM-Dairy, futures and options.  

Various price risk management tools are available to dairy producers for managing 

price risk like forward pricing, hedging, options, and livestock insurance policies. Given the 

complexity in understanding the futures and options markets, more livestock producers might 

prefer a revenue insurance product to using the futures and options markets. The insurance 

product can be tailored to the individual producer's needs. The need for specialized 

knowledge about the futures and options markets would be transferred from the producer to 

the insurance company, so that the insurance contract would be similar to crop insurance 

contracts, which many of the producers have entered (Hart et al., 2001).  In some cases 

producers may want to select one method and use this to protect their income or gross 

margin. In other cases, producers may want to use the LGM-Dairy on a certain percent of 

their milk supply, then use either forward pricing or hedging or options on another percent. 

The amount of milk to hedge and the combination of approaches is up to the individual 

producer (Bailey and Dunn, 2009).  
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Table 1.1   12- Month Average Prices for Minnesota-Wisconsin/Basic Formula Price/ Class 
III (MW/BFP/Class III) Milk, Corn 

 and Soybean. 

MW/BFP/Class III Milk Prices 

Statistic 1992-2000 2001-2009 2007-2009 

Mean ($/cwt) 12.14 13.67 15.61 

Standard Deviation ($/cwt) 1.22 2.76 3.69 

Coefficient of Variation  0.10 0.20 0.24 

Corn Price 

Statistic  1992-2000 2001-2009 

Mean ($/bu)  2.40 2.77 

Standard Deviation ($/bu)  0.50 0.99 

Coefficient of Variation  0.21 0.36 

Soybean Price 

Statistic  1992-2000 2001-2009 

Mean ($/bu)  5.94 7.07 

Standard Deviation ($/bu)  0.96 2.32 

Coefficient of Variation   0.16 0.33 
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Table 1.2 Summary Statistics for 12-Month Average Income over Feed Cost Considering All 

Milk Price (2005 to 2009) 

Income over feed cost (All Milk price)1 

Statistic 2005 2006 2007 2008 2009 

Mean ($/cow/day) 7.51 5.88 8.98 7.54 4.83 

Standard Deviation 

($/cow/day) 
0.37 0.63 1.81 0.84 1.29 

Coefficient of 

Variation  
0.05 0.11 0.20 0.11 0.27 

1   On an “as fed basis” this ration used 22.22 pounds of corn grain, 2.52 pounds of 48 percent 

soybean meal, and 25.5 pounds of alfalfa hay to produce 65 pounds of milk. Chicago prices 

for corn, soybean meal, and alfalfa hay and US all-milk price were used to calculate the 

income from milk. 
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Table 1.3 Number of Livestock Insurance Policies Sold across US from July 2007 

 to June 2010. 

Year Details LGM1 
LGM-
Dairy2 LRP3 Total 

20104 Policies sold 474 148 4,145 4,619 
 Hundredweights of milk insured NA 1,710,027 NA  
 Head insured5 1,904,404 NA 358,416 2,262,820 
      

2009 Policies sold 430 45 6,084 6,514 
 Hundredweights of milk insured NA 401,680 NA  
 Head insured5 532,780 NA 302,418 835,198 
      

2008 Policies sold 349 NA 5,554 5,903 
 Hundredweights of milk insured NA NA NA  
 Head insured5 436,281 NA 847,002 1,283,283 
      

2007 Policies sold 351 NA 4,558 4,909 
 Hundredweights of milk insured NA NA NA  
 Head insured5 367,866 NA 148,109 515,975 

1LGM refers to Livestock Gross Margin insurance policies for cattle, feeder cattle, fed cattle, 
dairy cattle, swine and lamb.  
2  LGM-Dairy refers to Livestock gross margin insurance for dairy cattle, available since 
August 2008 
3  LRP refers to Livestock risk protection policy. 
4  Data is presented from USDA’s ERS website as on 22nd June, 2010. 
5  Head insured reflects number of animals insured for LGM commodities except LGM-
Dairy. 
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Figure 1.1 12-Month Average Minnesota-Wisconsin / Basic Formula Price / Class III 

(MW/BFP/Class III) Milk Prices for US, 1991 to 2009 (ERS, 2010) 
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Figure 1.2   Diagrammatic Representation of October 2008 LGM

Bundled Option Strategy

 

 

 

 

 

 

 

 

 

 

 

 
Diagrammatic Representation of October 2008 LGM-Dairy Contract as a 

Bundled Option Strategy 
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CHAPTER 2 

 

LGM-DAIRY: AN ANALYSIS OF PROGRAM PERFORMANCE AND COST 

UNDER ALTERNATIVE POLICY CONFIGURATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
22 

 

 

 

2.1   INTRODUCTION 

LGM-Dairy is a very new livestock insurance policy available to US producers. From 

a producer’s perspective understanding the policy and how it can be used as a risk 

management tool is important. LGM-Dairy premiums are impacted by the expected prices of 

Class III milk, corn and SBM, the variability of these prices, the amount of feed used and 

milk productivity. . Cabrera and Solis (2008) evaluated the usefulness of climate forecasts on 

managing LGM-Dairy by Wisconsin dairy farms.  They found that the seasonal climate 

variability impacts feed costs, milk production, feed consumption and milk price and that 

dairy producers could use climate forecasting to decide if it is profitable to purchase LGM-

Dairy and the level of protection.  Hence, decisions such as when to buy LGM-Dairy and 

percent of production to be covered are crucial.  With these considerations, a detailed 

understanding of the structure of the policy and relationships between different decision 

parameters is important. 

2.2    GENERAL DESCRIPTION OF LGM-DAIRY 

Under the LGM-Dairy program, a dairy farm operator farmer is paid an indemnity if 

the difference between the contract’s imputed guaranteed IOFC (GIOFC) and Actual IOFC 

(AIOFC) is positive. Coverage begins one full month after the sales closing date. The 

expected IOFC (EIOFC) is the difference between expected milk revenue and imputed feed 

costs determined at sign-up. It is important to note that actual farm-specific milk and feed 

prices are not used in the calculation of the EIOFC, but expected Class III, US average corn 

and US average soybean meal prices are used. These are obtained from the futures settlement 

prices in the price discovery period. The price discovery period ends on the last business 

Friday of each insurance purchase month and starts the previous Wednesday. Expected milk 

revenue is the product of the producer’s target milk marketings (i.e., insurable milk quantity) 

and the expected Class III price.  The feed costs are the product of quantities of corn and 

soybean meal equivalents used to account for energy and protein consumption and expected 

corn and US soybean meal prices.   
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 Total program expected income over feed cost is the sum of the monthly EIOFC’s 

over the contracted insurance period which can be anywhere from 1 to 10 months.  The dairy 

farm operator needs to provide proportion of the approved maximum target marketings and 

estimated feed use to be insured each month of the insurance contract.  In any one month the 

insurance contract can cover between 0% - 100% of expected production. In addition, the 

farm operator need not insure all of the gross revenue associated with the covered milk. That 

is, a portion of the EIOFC can be left uninsured.  This uninsured portion of the EIOFC, 

referred to as the program deductible which can range from $0 - $1.50 per cwt.   

According to program rules, for a single operation, the EIOFC associated for any 

amount of milk up to 240,000 cwt per insurance period (or within a single fiscal year) can be 

insured. The total amount of corn and soybean meal equivalent to be fed need to be within 

wide pre-defined feeding ranges. For corn equivalents, the feeding rate must be between the 

range of 0.13 – 1.04 bu per cwt milk (0.00364 and 0.02912 tons per cwt milk) whereas for 

soybean meal equivalents the allowable feeding range must lie between 1.61-12.85 lbs per 

cwt milk (0.000805 and 0.006425 tons per cwt milk). The GIOFC for the tth month is 

calculated as that month’s EIOFC minus the level of deductible (DL, $/cwt) chosen times the 

covered milk marketings (cwt).The indemnity is the difference, if positive, between the 

GIOFC and AIOFC, where AIOFC is calculated using the actual prices of Class III milk, 

corn and soybean meal prices.  These actual prices are obtained from futures settle prices for 

each commodity over the last 3 trading days prior to the last trading day of each futures 

contract.  

Unlike some crop insurance products, there are no producer premium subsidies 

associated with the purchase of LGM-Dairy. However there is an administrative and 

operating (A&O) subsidy payment made from USDA to the insurance provider where the 

funds for such payments do not come from producer premiums. By program rule producer 

premiums are set equal expected indemnities plus a 3% insurance reserve. Expected 

indemnities are calculated using 5,000 random draws from assumed distributions of Class III, 

corn and soybean meal expected prices. The premium is then calculated as the expected 
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average indemnity received by the producer in the long-run by simulating 5,000 price 

scenarios plus 3% insurance reserve.  Given the above review of the basic structure of the 

LGM-Dairy program, it is clear that the insured milk, feed quantities as well as deductible 

levels are crucial in determining the GIOFC and associated premium. The objectives of this 

chapter are to examine the sensitivity of gross income over feed cost (GIOFC) and premium 

to changes in feeding regimes and quantify the impacts of changes in deductible level on 

important program characteristics. 

2.3   MATERIALS AND METHODS 

The LGM-Dairy premium depends on the insured milk quantity, insured corn and 

soybean meal equivalent fed and deductible level.  For this analysis, the insured milk 

quantity for all insurance periods was considered to be at a constant level per month (1,000 

cwt). The allowable bounds of corn and soybean meal equivalents were divided into five 

equivalent ranges to understand the sensitivity of the GIOFC and LGM-Dairy premium to 

changes in insured feed quantities. Twenty five different combinations of the feed 

equivalents were obtained and are represented in Table 2.1.  

We undertook a series of simulations for a hypothetical Wisconsin dairy farm using 

the University of Wisconsin’s LGM-Dairy premium calculator 

(http://future.aae.wisc.edu/lgm_dairy.html#2) for four insurance purchase months:  February 

2000, May 2003, September 2006 and December 2008. However this analysis can be 

extended to any insurance contract from February 2000 to present. Constant levels of corn 

and soybean meal equivalents per cwt of milk were considered for every coverage month. 

The resulting GIOFC and producer premiums were calculated for 25 different feed 

combinations and 16 deductible levels. Table 2.2 represents an example of the type of results 

generated under these twenty five feed scenarios and 16 deductible levels. As noted above 

we used the alternative feeding and deductible scenarios to examine the relationship between 

GIOFC and premium with insured feed quantity and deductible level.  In Table 2.3 estimated 

correlation coefficients for a number of policy variables are shown.  These correlation 

coefficients were calculated via the 5,000 simulated price scenarios used to determine 
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contract-specific premiums. These correlations were tested for statistical significance at a 

significance level (α) of 1%. 

 

2.4   FEED CONVERSION RATES 

Dairy farms use a wide array of feed stuffs according to availability, nutritional 

contribution to the desired budget and relative costs. To purchase an LGM-Dairy contract, 

on-farm or purchased feedstuffs are to be converted to corn and soybean meal equivalents. 

Any industry accepted conversion system can be used to convert purchased and home-grown 

feeds to corn and SBM equivalents.  For the present analysis, the feed conversion rates as 

specified by the RMA are based on the Nutrient Requirements of Dairy Cattle (NRC 1989) 

are used. The factors used to convert the feed to equivalent corn (shelled, grade 2) and 

soybean meal (44% protein) units are calculated by solving simultaneous equations for 

energy and protein in terms of the feed stuff in consideration. NRC 1989 Table 7.1 is used to 

determine the energy and protein amounts. This table gives the composition of commonly 

used feeds in the dairy cattle diets on a 100% dry matter basis. For the protein, crude protein 

in % and for the energy, NEL (net energy at lactation) for the lactating cows in Mcal/lb are 

considered. Net energy at lactation (NEL) is the amount of energy of the feed that will be 

available to meet cow’s requirements for maintenance, lactation and pregnancy. For corn 

grain, the crude protein is 10% and the NEL is 0.89 Mcal/lb on a 100% dry matter basis. For 

soybean meal (44% protein), the crude protein is 49.9 % and NEL is 0.88 Mcal/lb on a 100% 

dry matter basis. So, the equations for protein and energy for corn and soybean meal are: 

Protein: 0.10 x  +  0 .499y = z1      [1] 

 

Energy: 0.89 x  +  0.880 y = z2                 [2] 

 

Where x represents corn equivalents and y represents soybean meal equivalents. z1 and z2 

represent crude protein % and NEL for the feed stuff to be converted. For example, if wheat 

bran is to be converted in terms of corn and soybean meal equivalents. The crude protein of 
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wheat bran as per the NRC 1989 table 7-1 is 17.1 % and the NEL is 0.73 Mcal/lb on a 100% 

dry matter basis. In this case z1 = 0.171 and z2 = 0.730. Then, there will be two simultaneous 

equations with 2 sets of unknowns, which are the conversion factors for corn and soybean 

meal. Equation for wheat bran can be re-written as: 

0.10 x  +  0 .499 y = 0.171       [3] 

 

0.89 x  +  0.880  y = 0.730                  [4] 

Solving these two equations,  x≈ 0.60 and y ≈0.22.  

Nutrient requirements of dairy cattle (NRC 2001) is the most recent version among 

all the editions of the NRC. NRC 2001 provides accurate, updated and a greatly expanded set 

of feed composition tables. It provides a comprehensive list of feedstuffs commonly used in 

dairy cattle diets and their nutrient breakdown. Table 15-1 from NRC 2001 is used for the 

energy and protein equations. This table lists the nutrient composition and variability of 

commonly used feed stuffs for the dairy cattle on a dry basis. NRC 1989 and 2001 differ 

greatly in the calculation of crude protein and NEL. In the new edition of NRC, the 

metabolizable energy (ME) is used to calculate the net energy for lactation (NEL). In the 

NRC 2001, Net energy at 3 times the maintenance level as well as 4 times maintenance level 

(high producing cows) , NEL 3x and NEL 4x are enlisted in terms of Mcal/kg. Average of 

these two values was used to estimate of the NEL for most dairy farms today. For corn grain, 

the crude protein is 9.4 % and the NEL 3x is 2.01 Mcal/kg and NEL 4x is 1.90 Mcal/kg on a 

dry basis. For the Soybean meal (44% protein), the crude protein is 49.9 % and NEL 3x  is 

2.13 Mcal/kg and NEL 4x is 2.02 Mcal/kg on a dry basis. So, the equations for protein and 

energy for corn and soybean meal taking the average values of NEL 3x and 4x are: 

Protein: 0.094 x  +  0 .499 y = z1        [5] 

 

Energy: 1.955 x  +  2.075 y =  z2        [6]  
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For wheat bran, the crude protein is 17.3% and average NEL for 3x and 4x is 1.565 Mcal/kg. 

Therefore, 

0.094 x  +  0 .499 y = 0.173         [7] 

 

1.955 x  +  2.075  y = 1.565         [8] 

Solving the two equations, the conversion factor for wheat bran to corn equivalents, x 

is 0.54 and soybean meal equivalents y is 0.25. Thus a whole range of feeds used on farm can 

be easily converted into corn or soybean meal equivalents using the UW-Feed-Convert 

software system (Valvekar et al., 2010). To get an estimate on the feed bounds for a typical 

Wisconsin dairy farm, we analyzed a feed ration for milking cows producing 80 lb per day. 

With reference to Table 2.1, the corn equivalents for this farm were between Min and Mid-

Min and the SBM equivalents were between Mid-Min and Med feed bounds. 

2.5   RESULTS AND DISCUSSION 

As mentioned above, expected indemnities and premiums are calculated using 5,000 

random draws from assumed distributions of Class III, corn and soybean meal expected 

prices.  Not surprisingly, the largest (absolute value) correlation coefficient was obtained 

between insurance deductible and premium with a range from -0.96 to -0.98 (Table 2.3).  The 

lower the deductible, the higher will be the premium as the probability of payout increases 

with lower deductible levels as the GIOFC is larger. Similarly, it was found that the GIOFC 

is highly correlated with the energy diet or the insured corn quantity with a range of 

correlation coefficients between -0.77 to -0.87.  In contrast to these large coefficients, the 

correlation between GIOFC and energy diets or SBM equivalents are relatively low with a 

range from -0.31 to -0.39.  The correlations between the amount of energy diets and premium 

also have a relatively low value with a range of 0.07 to 0.23 across feeding scenarios. Protein 

diets also were found to show a very low correlation coefficient ranging up to 0.02. All the 

correlation coefficients were statistically significant at 1% level of significance except for the 

correlation coefficients between premium and feed diets.  GIOFC, as mentioned earlier is 



 
28 

 

 

calculated using the insured quantities of milk and feed and the expected prices. To 

investigate why the energy diets are highly correlated to GIOFC, correlation coefficients 

among the expected prices at the time of contract for Class III milk, corn and SBM were 

calculated (Table 2.4) for all the four insurance periods. The expected prices of Class III milk 

were highly correlated with corn prices than SBM prices for all the insurance periods except 

for September 2006 insurance contract. Among these correlation coefficients, only December 

2008 contract had statistically significant correlation coefficient and this insurance contract 

witnessed higher correlation coefficient between expected prices for Class III milk and corn 

compared to Class III milk and SBM. GIOFC is also conditional upon the insured amounts of 

feed. Due to higher influence of the energy diets compared to the protein diets as per the 

bounds mentioned in Table 2.1, energy diets were highly correlated with GIOFC compared 

to protein diets. 

Table 2.5 is used to show the premium as % of GIOFC for all the four insurance 

contracts for medium bounds of insured feed. With an increase in deductible, the LGM-Dairy 

premium decreased as it reduced the potential insurance liability given the lower GIOFC as 

well as decreasing the payout probability.  For every cwt of insured milk, if the deductible 

level is increased by 10 cents, premium decreased by 1 to 5 cents (while GIOFC decreases by 

exactly 10 cents).  Hence, at constant insured milk quantity, the decrease in premium 

depends on the actual prices, volatility and futures prices for milk and feed.  In addition at a 

deductible level of $1.5 per cwt milk, the premium as a percentage of GIOFC ranged from 

0.36% to 2.15%, whereas at $0 per cwt deductible, it was 3.87% to 6.74% for all the 

insurance periods (Table 2.5).  Maximum amounts of feed equivalents corresponded with 

higher premium levels compared to premiums obtained under the minimum feed equivalent 

price scenarios.  At a deductible of $1.50 per cwt milk, the premium for August 2008 

insurance period at the maximum bounds of insured feed equivalents was approximately 43 

cents per cwt milk, while at the medium bounds, it was 28 cents per cwt of milk and for 

minimum bounds was 21 cents per cwt milk.  
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Table 2.5 shows the percentage premium change as a result of changes in feed 

equivalents.  For example with a decrease in the insured feed equivalents from maximum  to 

medium the premium for February 2000 insurance period decreased by approximately 6% to 

29%, whereas if the insured feed equivalents are decreased from medium to minimum, the 

premium decreased by 3% to 16% across all the deductibles.  The sensitivity of GIOFC 

across deductible levels to different bounds of insured feed quantities for the four insurance 

periods was also analyzed (Figure 2.1). With a constant deductible level, the GIOFC 

increases with a decrease in feed bounds.  For December 2008, GIOFC at a deductible level 

of $0.50 per cwt milk using the Min-Min feeding regime is approximately $13.64 per cwt 

milk. Under the Med-Med feeding scenario, the GIOFC was estimated to be $10.98 per cwt 

milk and under the Max-Max scenario the GIOFC was $8.31 per cwt milk.   

Changes in deductible levels and feeding regimes impact the probability of receiving 

an indemnity. To simulate these probabilities we used the 5,000 simulations to estimate the 

percent of observations where a positive indemnity is recorded.  We estimated these 

probabilities under all feed regimes and deductible levels. In Figure 2.2we show the 

probability of positive indemnities over the 5,000 simulations for September 2006 contract 

under alternative feeding regimes and minimum and maximum levels of deductible.  Figure 

2.2 (a) and (c) reflected that at maximum coverage levels ($0 per cwt milk deductible), 

probability of payouts using the minimum amount of feed was approximately 52% and the 

indemnities ranged from $0 to $3.3 per cwt milk, while probability of payouts at maximum 

bounds of insured feed was almost 52% with indemnities ranging from $0 to $3.8 per cwt 

milk. Figure 2.3(b) and (d) reflected that at maximum levels of deductible ($1.5 per cwt 

milk), the probability of payouts for the minimum bounds of insured feed was approximately 

9% and the indemnities ranged from $0 to $1.8 per cwt milk, while probability of payouts at 

maximum bounds of insured feed was almost 10% with indemnities ranging from $0 to $2.3 

per cwt milk. Similar trend was observed for other insurance periods. From results above, it 

can be inferred that at maximum bounds of insured feed equivalency, the range of 
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indemnities is larger than at minimum bounds of insured feed. When this analysis was 

extended to insurance months in 2006 and 2010, similar results were found.  

    

2.6   CONCLUSION 

This chapter provided an overview of the basic structure of LGM-Dairy and key 

relationships between different variables like insured corn quantity, insured soybean meal 

quantity and deductible levels with premium and GIOFC.  Three important insights that are 

inferred from the correlation coefficients are i) deductible level and premium have a highly 

negative and strong association; ii) insured corn equivalents and GIOFC have a highly 

negative and strong association and iii) in comparison to insured corn equivalents, insured 

soybean meal equivalents do not have a strong association with GIOFC. Results from 

graphical analysis further corroborate some of these findings.  Our results indicated that 

insurance premium is very sensitive to deductible level and insured feed quantity. With an 

increase in the deductible level, premium decreases. While at a constant deductible level, as 

the insured feed quantities are reduced, premium decreases. However the percentage 

reduction in premium also decreases. GIOFC on the other hand, is very sensitive to changes 

in the insured feed quantities and insured corn equivalents in particular. With an increase in 

the insured feed quantities, GIOFC decreases. Further at higher levels of deductibles, there is 

lesser probability of payouts. While at maximum bounds of insured feed equivalents, the 

range of indemnities is larger than at minimum bounds of insured feed. This chapter also 

includes an explanation on feed conversion factors used by RMA. 
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Table 2.1.  Alternative Insured Corn and Soybean Meal Equivalents Used in Simulations 

Feed Scenario 
Corn Equivalent 

(bu/cwt) 

Soybean Meal 

Equivalent 

(lb/cwt) 

Minimum Required by LGM-

Dairy [Min] 
0.13 1.61 

Midpoint Between Med and Min 

[Mid-Min] 
0.36 4.42 

Average of Minimum and 

Maximum Allowed [Med] 
0.59 7.23 

Midpoint Between Med and Max 

[Mid-Max] 
0.81 10.04 

Maximum Allowed by LGM-

Dairy [Max] 
1.04 12.85 
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 Table 2.2.  Example GIOFC and Premium Data for February 2000, May 2003, September 2006, and December 2008 Contracts 

Feed Equivalent Scenario 

Deductible 

($/cwt) 

                 Insurance Period 

February 2000 May 2003 September 2006 December 2008 

Corn 

Soybean 

meal 

GIOFC 

($/cwt) 

Premium 

($/cwt) 

GIOFC 

($/cwt) 

Premium 

($/cwt) 

GIOFC 

($/cwt) 

Premium 

($/cwt) 

GIOFC 

($/cwt) 

Premium 

($/cwt) 

Min1 Min1 0 12.52 0.44 12.76 0.58 13.70 0.46 14.14 0.73 

Mid-Min2 Mid-Min2 0.10 11.69 0.40 11.90 0.53 12.80 0.41 12.71 0.69 

Med3 Med3 0.50 10.55 0.24 10.73 0.35 11.58 0.25 10.98 0.53 

Min1 Max4 0.80 10.79 0.14 10.98 0.24 11.97 0.15 11.68 0.39 

Mid-Max5 Mid-Max5 1.00 9.31 0.11 9.47 0.20 10.27 0.12 9.14 0.39 

Max4 Min 1 1.20 9.31 0.07 9.49 0.15 10.18 0.09 9.27 0.34 

Max4 Max4 1.50 10.08 0.03 10.27 0.08 11.27 0.04 10.98 0.19 

1   Minimum feed equivalents required by LGM-Dairy  
2    Midpoint between Med and Min feed equivalents  
3    Average of minimum and maximum feed equivalents allowed  
4    Maximum feed equivalents allowed by LGM-Dairy  
5    Midpoint between Med and Max feed equivalents  
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Table 2.3.  Correlation Coefficients among Contract Characteristics, February 2000, May 

2003, September 2006, and December 2008 Insurance Periods. 

Correlated Variables 

Insurance Period 

February 

2000 
May 2003 

September 

2006 

December 

2008  

Deductible level  and  

Premium1 
-0.97** -0.98** -0.97** -0.96** 

Energy diet and  GIOFC -0.77** -0.79** -0.82** -0.87** 

Protein diet and GIOFC -0.31** -0.37** -0.33** -0.39** 

Energy diet and Premium 0.07 0.06 0.06 0.23** 

Protein diet and Premium 0.02 0.02 0.00 0.00 

**  p-values are statistically significant at 1% level of significance. This implies that 
     the correlation coefficients for these variables are statistically significant. 
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Table  2.4 Correlation Coefficients between Expected Prices of Class III milk, Corn and 

Soybean Meal for February 2000, May 2003, September 2006 and December 2008 Insurance 

Periods. 

 

 

 

 

 

 
**  p-values are statistically significant at 1% level of significance. This implies that 
     the correlation coefficients for these variables are statistically significant. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Expected prices February 

2000 

May         

2003 

September 

2006 

December 

2008 

Class III milk and Corn  0.74 -0.27 0.53 0.97** 

Class III milk and 
Soybean meal 

-0.32 0.24 0.72 0.93** 

Corn and Soybean meal -0.12 -0.33 0.92** 0.87** 
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Table 2.5 Premium as % of GIOFC for Medium Bounds of Insured Feed across all  

Deductible Levels. 

Deductible 
 

($/cwt) 

February 
2000 

 

May 
2003 

 

September 
2006 

 

December 
2008 

 
0 4.13% 5.24% 3.87% 6.74% 

0.1 3.70% 4.81% 3.48% 6.34% 

0.2 3.29% 4.40% 3.11% 5.95% 

0.3 2.91% 4.01% 2.77% 5.57% 

0.4 2.56% 3.64% 2.44% 5.21% 

0.5 2.23% 3.30% 2.15% 4.86% 

0.6 1.94% 2.97% 1.87% 4.53% 

0.7 1.67% 2.66% 1.62% 4.21% 

0.8 1.43% 2.37% 1.39% 3.90% 

0.9 1.21% 2.10% 1.18% 3.61% 

1.0 1.01% 1.86% 1.00% 3.34% 

1.1 0.84% 1.63% 0.84% 3.07% 

1.2 0.69% 1.43% 0.70% 2.82% 

1.3 0.56% 1.24% 0.57% 2.59% 

1.4 0.45% 1.07% 0.47% 2.36% 

1.5 0.36% 0.92% 0.38% 2.15% 
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Table 2.6   Percent Change in Premium under Alternative Feed Equivalents and Deductible 

Level 

Deductible 

($/cwt) 

Insurance Period 

February 2000 
 

May 
2003 

 

September 2006 
 

December 2008 
 

Max2→ 

Med1 

(%) 

Med1 →   

Min3 

(%) 

Max2→ 

Med1 

(%) 

Med1 →   

Min3 

(%) 

Max2→ 

Med1 

(%) 

Med1 →   

Min3 

(%) 

Max2→ 

Med1 

(%) 

Med1 →   

Min3 

(%) 

0 6% 3% 4% 2% 4% 2% 12% 6% 

0.1 7% 3% 4% 2% 5% 3% 12% 7% 

0.2 7% 4% 5% 2% 5% 3% 13% 7% 

0.3 8% 4% 5% 3% 6% 3% 14% 8% 

0.4 10% 5% 6% 3% 7% 4% 15% 9% 

0.5 11% 6% 6% 3% 8% 4% 16% 10% 

0.6 12% 6% 7% 4% 9% 5% 18% 10% 

0.7 13% 7% 8% 4% 10% 6% 19% 11% 

0.8 14% 8% 9% 4% 11% 6% 20% 12% 

0.9 16% 9% 9% 5% 12% 7% 21% 13% 

1 18% 10% 10% 5% 13% 8% 22% 14% 

1.1 20% 11% 11% 6% 15% 8% 24% 15% 

1.2 22% 11% 12% 6% 16% 9% 25% 16% 

1.3 24% 13% 13% 7% 18% 9% 27% 18% 

1.4 26% 14% 15% 8% 20% 10% 28% 19% 

1.5 29% 16% 16% 8% 21% 11% 30% 21% 

1  Average of minimum and maximum feed equivalents allowed. 
2  Maximum feed equivalents allowed by LGM-Dairy.  
3  Minimum feed equivalents allowed by LGM-Dairy.  
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Figure 2.1 Sensitivity of GIOFC to Deductible Levels and Alternative Feed Diets 
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Figure 2.2 Cumulative Probability of Positive Indemnities for September 2006 contract 

under Alternative Feeding Scenarios and Minimum and Maximum Deductibles. 
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CHAPTER   3   

 

IDENTIFYING THE OPTIMAL (LEAST COST)  

LGM-DAIRY CONTRACT DESIGN  
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3.1 INTRODUCTION 

The ability of LGM-Dairy to reduce downside IOFC risk obviously comes at a cost.  

The degree of desired protection and dairy farmer risk preferences will determine how this 

program is integrated into a farm’s marketing program.  Given the program structure there 

are an infinite number of LGM-Dairy contracts that could be used to obtain a desired level of 

protection. This section of the thesis is used to describe an economic model that can be used 

to identify optimal strategies where optimality is defined as that LGM-Dairy contract design 

that provides a pre-defined target IOFC per cwt of all farm milk at the least cost.  In this 

analysis we differentiate insured versus all farm milk as the GIOFC of the insured milk can 

be applied to all farm milk produced. 

3.2   MATERIALS AND METHODS 

The following is the mathematical description of the LGM-Dairy insurance and the 

optimization problem objective of this study. Table 2.1 contains a summary of the variables 

used in the analyses.  

 

3.2.1   Mathematical Description of LGM-Dairy 

 LGM-Dairy premiums are set by the USDA, Risk Management Agency (RMA) to be 

equal to the long-term expected (average) contract-specific indemnity (plus 3%).  The 

expected indemnity is determined via the use of 5,000 simulated price regimes defined by 

vectors of 30 prices (10 Class III, corn and SBM) for the contract being considered.  These 

random draws are obtained from an assumed lognormal distribution as outlined in the LGM-

Dairy program policy (RMA, 2009c). Means of these prices are estimated as the average of 

the futures settle prices observed over the price discovery period defined as the 3 days ending 

on the last business Friday of each month. Price standard deviations are computed from the 

annualized implied volatility from “at-the-money” options over the same price discovery 
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period. The calculation of the LGM-Dairy premium (LGMPREM) can be represented via the 

following: 

TCP
LGMINDEM

LGMPREM
)(*)03.1(

=                                                   [1] 

where the premium, is the average of simulated indemnities, LGMINDEM,  

000,5

]0),[(
000,5

1
∑
=

−
= t

tSIOFCGIOFCMax
LGMINDEM

            
[2] 

plus a 3% reserve load or reasonable insurance reserve, specific to that particular contract ($ 

per cwt), TCP is the producer identified total covered milk production in the contract period                
 SIOFCt is the simulated IOFC determined for the tth price simulation scenario, GIOFC is the 

guaranteed IOFC determined at contract sign-up.  

The GIOFC is calculated using the EIOFC ($/cwt), a deductible level (DL, $/cwt) and 

covered production (TCPm≡ %Cm*MQm):                                                   

GIOFC =  ( )( )
1

% * * 3 –  – *   *
M

m m m m m m m
m

C MQ ECL P DL CF ECP SBM ESBMP
=
 −∑ 

 
                               [3]                   

where  %Cm  is the percent of monthly production elected to be insured (0 to100%) in the mth 

month, MQm is monthly milk production to be insured, ECL3Pm is the expected Class III 

price obtained from the 3-day price discovery period. CFm is the total corn equivalent amount 

expected to be fed to obtain MQm, ECPm is the expected corn price obtained from the price 

discovery period, SBMm is the amount of soybean meal (SBM) equivalent expected to be fed 

to obtain MQm, ESBMPm is the expected SBM price obtained from the price discovery period 

and M is the number of months in the planning period (M = 1,…,10).                                                                                                                             

Given the above, we define a per cwt Net GIOFC (NGIOFC, $/cwt)  by subtracting from 

the GIOFC guarantee the per cwt contract premium where the above cwt are for covered 

milk, TCP: 

NGIOFC = (GIOFC/TCP) – (LGMPREM/TCP).                  [4] 
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As noted in Chapter 2, the futures and options markets for Class III milk, corn and SBM 

are used as information sources in the calculation of expected prices.  Unlike Class III milk 

futures which are traded every month, only 5 contracts are traded for corn grain during any 

year and only 8 for SBM. For insurance months where no corn or SBM futures contracts are 

traded the associated expected grain price is the weighted average of the daily settlement 

prices of the surrounding months during the expected price measurement period (RMA, 

2009a). The weights are based on the distance between the desired month and futures 

contract month actually used and proportional to the number of months until the futures 

contract expires. 

Similar to other insurance policies, the dairy farmer identifies the portion of the 

GIOFC not to be insured.  Allowable deductibles range from $0 to $1.50 per cwt of milk in 

$0.10 per cwt milk increments. Higher deductibles imply lower insurance premiums, as this, 

by definition, reduces potential insurance liability given lower indemnity probabilities and if 

there are indemnities, the payout amounts are lower. 

 At the end of the insurance period, the actual insurance indemnity is the difference, if 

positive, between the GIOFC and the AIOFC, where the AIOFC is the IOFC estimated at the 

end of each LGM-Dairy contract.  The AIOFC is calculated via the following: 

AIOFC = ( ) 
1

 % * * 3 – *  – *
M

m m m m m m m
m

C MQ ACL P CF ACP SBM ASBMP
=
 ∑       [5]                  

where ACL3Pm is the actual Class III milk price calculated as the simple average of the daily 

settlement prices of the CME Class III milk futures contract during the mth month’s actual 

price measurement period. ACPm is actual corn price calculated as the simple average of the 

daily settlement prices for the CME corn futures contract during the actual price 

measurement period (the last three trading days prior to contract expiration). Similar to 

expected prices, for months with no corn or SBM futures contracts, the actual price are the 

weighted average of the immediately surrounding month’s daily settlement prices during the 

actual price measurement period. The indemnity is then calculated as follows: 
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ACTUALINDEM = max (GIOFC – AIOFC, 0)                                  [6] 

 

3.2.2   Formulation of the Optimization Problem 

 For the present study we assume that a dairy farm operator wants to identify an LGM-

Dairy insurance program such that a target farm guaranteed IOFC (TGIOFC, $/cwt all farm 

milk) is returned at the least farm premium (FARMPREM, $/cwt all farm milk) cost 

(Valvekar et al., 2010). Note that TGIOFC and FARMPREM are evaluated using total farm 

milk rather than the insured milk for the insurance period. To reduce the degree of 

nonlinearity of this model we fixed the DL and used program default corn and SBM 

equivalent feed amounts per unit of milk produced and for the present analysis we assume 

the only choice variable available to the farm operator is %Cm. Depending on market 

conditions at sign-up and the desired TGIOFC over the planning period, the target may be 

obtained by insuring a portion of the planning period’s production. As specified in the LGM-

Dairy policy, the dairy farmer cannot insure more than 240,000 cwt of milk production 

during any 10 month coverage period or during a fiscal year.  

We can represent the operator’s optimization problem via the following: 

Optimal LGM-Dairy Contract =
%Cm
Min (FARMPREM)                                       [7] 

subject to:   

1

M
m

m

GIOFC
TGIOFC FARMPREM

MQ
=

 
 
 ≥ −
 ∑ 
 

                    [8]

   

and TCP  ≤  240,000  cwt milk                                                                                                [9]  

 

where  

1

1.03*
M

m
m

LGMINDEM
FARMPREM

MQ
=

 
 
 =
 ∑ 
 

                                                                    [10]  
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GIOFC =  ( )
1

% * *
M

m m m
m

C IOFC DL MQ
=
 −∑ 

 
                                                                                [11]            

 
The model is a nonlinear programming model given that the the actuarially fair premium 

(FARMPREM in Equations 7, 8, and 10) is conditional on program design as is GIOFC 

(Cabrera et al., 2009).  We used a generalized reduced gradient method to solve this 

optimization problem. This method of solution allows for nonlinear constraints on the 

variables in the optimization process (Lasdon et al., 1973). To ensure that we identify a 

global minimum cost solution, we set every insurance month coverage percentage to non-

zero starting values (Ragsdale, 2004). The model was solved using the Premium Solver 

Software System, V5.0 (Frontline Systems, Incline Village, Nevada) used as an add-in within 

Excel ®. 

 

3.2.3   Parameters, Assumptions and Scenarios Used in the Optimization Model 

 For the present analysis we use as our case farm a representative 120 herd size 

Wisconsin dairy farm producing 19,985 lb per cow per year.  We used insurance premium 

data associated with the October 2008 insurance contract for the analyses.  This implies the 

possible coverage months are from December 2008 to September 2009.  Month-specific milk 

production per cow was considered using Wisconsin State summary data for 2008 and 2009 

(NASS, 2009). Thus, the total milk available for coverage for the 10 month period was taken 

as 20,016 cwt. 

 We used default corn and SBM equivalent feed rates per unit of milk produced 

according to the program policy (28 lb corn equivalents and 4 lb SBM equivalents per cwt of 

milk produced).  Milk sales, corn equivalents to be fed and SBM equivalents to be fed for the 

October 2008 contract are shown in Table 3.2.  Previous analyses indicate that under normal 

market conditions, premiums are substantially reduced with higher deductible with relatively 

smaller gross income impacts (Cabrera et al., 2009). The model however can be extended for 
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any level of deductible between $0 per cwt and $1.5 per cwt. For these analyses however we 

assumed no deductible ($0 per cwt) in the insurance contract. 

 Analyses were also done for a range of possible TGIOFC scenarios believed to be 

feasible between $1 per cwt milk to $12.21 per cwt. As a reference, we examined a range of 

IOFC for a sample of 500 similar sized Wisconsin dairy farms participating in the 

Agriculture Financial Advisor (AgFA, 2009) program managed by the Center for Dairy 

Profitability (www.cdp.wisc.edu per AgFa.htm) at the University of Wisconsin over the 2004 

to 2008 period. These data indicated similar sized dairy farms require an IOFC of at least $5 

per cwt milk.  

Purchasing a contract depends on a number of factors like the producer’s marketing 

plan and market conditions during purchase. Risk management strategy adopted by a 

producer needs to account for all these factors. Earlier analyses by Drye and Cropp (2001) 

was done to measure the impacts on net income and cash liquidity of typical dairy operation 

utilizing alternative price risk management strategies during a period of rising and falling 

prices. To better understand the impact of purchasing a single contract versus different 

contracts insuring similar months for the same level of monthly production and TGIOFC for 

different time frames, a realistic marketing plan was assumed, where a producer enters into a 

contract every 3 months and insures 3 or 4 months at a time for same levels of monthly milk 

production.  For example, a producer insures the first three months of the October 2008 

contract (December 2008 through February 2009) and then enters into January 2009 contract 

insuring March through May 2009 and then April 2009 insuring June through September 

2009.  This latter type of 10 month strategy will be referred to as the “stacked strategy”. This 

scenario was then compared to the “10-month strategy” where the producer enters into a 

single contract October 2008 for all the 10 months December 2008 to September 2009 for the 

same level of protection. Optimal solutions for these two scenarios were compared. 
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3.2.4   Analyses Performed 

 We solved the optimization problem represented by equations [7] to [12] for different 

TGIOFC. We present optimal solutions for different TGIOFC   levels ranging from $4 per 

cwt to the maximum possible TGIOFC of $12.21 per cwt and for all farm milk to examine 

how the optimal insurance program could change with different targets. For each solution 

scenario, we report the optimal monthly milk coverage (i.e., %Cm), LGMPREM, 

FARMPREM, and NGIOFC 
1

GIOFC FARMPREM *
M

m
m

MQ
=

 = − ∑ 
 

.  We also compare 

these optimal solutions with an alternative non-optimal strategy, where the same amount of 

TCP is covered as in the above least cost solution but it is insured evenly across the 10 

months encompassed by the October 2008 contract. Optimal strategies to reach a TGIOFC of 

$5 per cwt milk were also compared for a stacked marketing plan as discussed in earlier 

section. 

 Under certain market conditions, it might seem better to take an insurance contract 

than not insure at all. In this analysis, the market conditions for the October 2008 insurance 

contract were considered and the actual prices and expected prices for Class III, Corn and 

SBM were used (Table 3.6). As presented in Table 3.2, it is assumed that a producer had 

20,016 cwt of farm milk for the 10- month period (December 2008 through September 2009). 

A TGIOFC was generated for Non-optimal strategy with 50% insured production and this 

TGIOFC was used in the least cost model applied to the 10-month and stacked strategies.  

All farm milk was valued at the actual prices and the Net IOFC was calculated under each 

strategy. Net IOFC was compared to the actual farm revenue under a no LGM-Dairy contract 

scenario.   
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3.3 RESULTS AND DISCUSSION 

3.3.1   The Impact of Alternative Income Targets on Optimal Insurance Design 

 Table 3.3 is used to show the optimal coverage percentages (i.e., %Cm) under 

alternative TGIOFC levels using a 10-month planning period. As a reference, a contract 

assuming 100% coverage production every month would generate a FARMPREM of $0.82 

per cwt milk and a TGIOFC of $12.21 per cwt milk. However, if a dairy farmer's TGIOFC is 

$5 per cwt milk, the least cost contract to secure this TGIOFC would be to insure all the 

production during the first 3 months and less than 100% for the remaining months. The least 

cost contract that returns a $5 TGIOFC results in a FARMPREM of $0.30/cwt for farm  milk, 

an LGMPREM value of $0.67/cwt of insured milk with approximately 44% of the farm’s 

production over the December 2008 to September 2009  period being insured.  The total 

insurance cost would be $6,005.  

As discussed earlier, a TGIOFC of $5 per cwt milk is considered the lower bound of 

TGIOFC calculated for comparative Wisconsin farms. For a TGIOFC of $6/cwt milk, the 

optimal contract would insure approximately 53% of the farm’s production over the 

insurance period at a FARMPREM of $0.37/cwt over all milk and LGMPREM of $0.69/cwt 

of insured milk. The total insurance cost at this TGIOFC would be $7,406. As shown in 

Table 3.3, nearby contract months were first selected and in higher proportion than the more 

distant months. 

 Although, we used a hypothetical Wisconsin dairy farm for the analysis, the 

framework presented here is applicable to any dairy farm regardless of size and location. We 

assumed a fixed amount of feed per unit of milk produced over the insurance period, but the 

model can easily be used to allow for the use of different amounts of feed per unit of milk 

across months (Understanding Dairy Markets, LGM-Dairy Least Cost, 2010).  
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3.3.2   Comparison of Optimal LGM-Dairy Contract Designs Versus Non-Optimal 

Strategies 

 Tables 3.3 and 3.4 are used to compare the program performance for the optimal and 

non-optimal strategies, where non-optimal strategy covers the same percentage of total 

monthly production but this coverage is spread evenly across 10 months. As expected, 

FARMPREM as a percentage of the TGIOFC is lower with the optimal strategy. For 

example, to insure a TGIOFC of $5/cwt of farm milk, the optimal insurance cost is $6,005, 

FARMPREM is 6.1% of TGIOFC, and the optimal coverage is 44% of the production. The 

non-optimal strategy with the same coverage of 44% for all the 10 months would cost $7,205 

and would be 6.7% of the TGIOFC. In other words, the optimal strategy would cost $1,432 

($0.06/cwt) less than the non-optimal strategy, a 16.7% decrease. 

 To generate higher TGIOFC, greater amounts of milk are required to be insured. The 

optimal solution becomes closer to the non-optimal strategies at higher TGIOFC values. 

Alternatively, a contract is less valuable if the protection level is too low. A farmer’s risk 

management strategy would need to find an optimal balance between the TGIOFC and the 

opportunity of having a lower differential premium price. For instance, we show in Table 3.4 

that the ratio of the non-optimal FARMPREM and optimal FARMPREM decreases as the 

least cost covered production increases as a result of setting higher targets. At a %C of 35% 

(having a low TGIOFC), the non-optimal FARMPREM is 1.25 times the optimal 

FARMPREM and the % change in optimal FARMPREM over the non-optimal FARMPREM 

is 20.6%, whereas at 97% (having a high TGIOFC), it is 1.02 times the optimal 

FARMPREM and the percentage change in optimal FARMPREM over the non-optimal 

FARMPREM is 2.5%.  This model was developed into a user-friendly web based application 

(Appendix A).  
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3.3.3   Optimal solution for a stacked strategy at TGIOFC of $5 per cwt milk. 

Table 3.5 is used to show the difference in the FARMPREM of a single contract and 

the weighted average of FARMPREM for 3 different contracts with same monthly milk 

production and TGIOFC of $5/cwt farm milk.  As noted above, setting a $5 target under a 10 

month planning and purchase period, the FARMPREM is $0.30/cwt of all milk generating a 

total premium of $6,005 and 44% of the 10 month production being insured. Under a 3,3,4 

stacked strategy with a $5 target for each insurance purchase as the objective, the least cost 

percent coverages are 23%, 36% and 40% for the Oct ’08, Jan ’09 and April ‘09 contracts, 

respectively.  The least cost FARMPREM values were $0.26/cwt, $0.30/cwt and $0.34/cwt 

for these contracts. The weighted average of FARMPREM for all farm milk with the stacked 

strategy is $0.305/cwt and the cost of insurance for all farm milk is $6,105.  It is $100 

costlier than the long term 10-month strategy and the change in premium is 1.7%. The % of 

FARMPREM over TGIOFC is 6 % for both the strategies. However when the total 

production covered under these strategies is compared, the difference is obvious. For the 

stacked strategy, the total optimal coverage is 11,009 cwt milk, which accounts to 55% of the 

all farm milk (20,016 cwt milk) compared to 8,807 cwt (44%) under the 10 month strategy.  

This indicates that for the time period analyzed, to reach the same level of TGIOFC of 

$5/cwt farm milk, a producer can insure more milk at the same cost with a stacked strategy 

when compared to a 10-month strategy. Is should be remembered that the above results are 

conditional on the specific time period analyzed. 

 

3.3.4   Evaluation of performance of different risk management strategies  

Table 3.6 is used to compare the Net IOFC for different risk management strategies. 

Net IOFC is calculated using actual farm revenue, indemnity and the premium under each 

strategy. If a producer did not enter into October 2008 LGM-Dairy contract, then the actual 

farm revenue was $169,253 and the expected farm revenue was $243,606 for the 10 month 

period (December 2008 through September 2009), a difference of $74,353. For the stacked 
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strategy however, since different insurance contracts were used,  the expected prices for 

March, April and May 2009 as of January 2009 were considered and for the months of June, 

July, August and September 2009, expected prices as on April 2009 were considered. The 

expected farm revenue for the stacked strategy was $206,333.  

If a producer used the non-optimal strategy insuring 50% of his farm production for 

each month in the 10-month insurance period, the Net IOFC for all farm milk was $9.9 per 

cwt. The TGIOFC under this contract was $5.69 per cwt milk. This was used as the TGIOFC 

to get the optimal solutions under the 10-month optimal strategy and the stacked strategy. 

The Net IOFC for all farm milk under the non-optimal strategy was $9.6 per cwt and under 

the stacked strategy was $7.3 per cwt milk. The % change in Net IOFC from the actual farm 

revenue was 17% and 14% for the non-optimal as well as 10-month optimal strategy. For the 

stacked strategy, the % change in Net IOFC from the actual farm revenue was -13%. Since 

the expected prices in October 2008 were higher than the actual prices (Table 3.7), Net IOFC 

was lower compared to the expected farm revenue for all the three strategies. However, the 

premium for all farm milk (FARMPREM) under the 10-month optimal strategy as well as 

stacked strategy was $0.06 per cwt less than that under the non-optimal strategy accounting 

to $1201 savings on the all farm milk. 

3.4   CONCLUSIONS 

 Dairy farmers interested in using the LGM-Dairy insurance as a price risk 

management tool could save premium costs by designing an optimized LGM-Dairy contract. 

This study demonstrates that for similar levels of coverage (i.e., proportion of total milk 

production insured), there are substantial differences in insurance premium cost depending 

upon the distribution of the production insured over the 10 month LGM-Dairy contract. For a 

dairy farmer insuring about half of the farm production, this premium could be 80% lower 

for the optimal 10-month strategy than for the non-optimal one.  Further to reach the same 

level of TGIOFC of $5 per cwt milk, a producer can insure more amount of milk at the same 
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cost with a stacked strategy when compared to a 10-month strategy.  However these results 

may vary according to time periods since market conditions, while entering into a contract 

can have a significant impact on the premiums under all the three strategies. Hence adoption 

of a certain risk management strategy remains a complex decision from a producer’s 

perspective.  

There are several extensions to our model that should be undertaken to increase its 

applicability as a risk management tool for US dairy farm operators. First, given that corn 

and SBM feeding rates impact insurance premiums these rates could be considered decision 

variables by the producers. Secondly, given the availability of the use of traditional options-

based risk management strategies, it is important to extend the above optimization model to 

include the use of dairy and grain bundled options strategies as an alternative to achieve the 

desired income over feed cost target. Thus, in this extended model, the producer would be 

able to perform a portfolio analysis to choose between the use of LGM-Dairy, a bundled 

options strategy or a combination of the two.   
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Table 3.1   Description of Variables Used in the LGM-Dairy Cost Minimization Model 

Variable Unit Description 

%Cm % Percentage of monthly insured (covered) production 

ACL3Pm $ per  cwt milk Actual Class III milk price for month m 

ACPm $ per  cwt corn Actual corn price for month m. 

ACTUALINDEM $ per  cwt milk LGM-Dairy actual indemnity 

AIOFC $ per  cwt milk Actual income over feed cost 

ASBMPm $ per  cwt SBM Actual soybean meal price for month m 

CFm  cwt Expected corn equivalents to be fed for month m 

DL $ per  cwt milk Insurance deductible level 

ECL3Pm $ per  cwt milk Expected Class III milk price for month m. 

ECPm $ per  cwt corn Expected corn price for month m. 

EIOFC $ per  cwt milk Expected income over feed cost 

ESBMPm $ per  cwt SBM Expected soybean meal price for month m 

FARMPREM $ per  cwt milk Total farm premium 

GIOFC $ per  cwt milk Guaranteed income over feed cost 

LGMINDEM $ per  cwt milk LGM-Dairy expected indemnity 

LGMPREM $ per  cwt milk LGM-Dairy premium 

M - Insurance month 

MQm  cwt Expected milk quantity to be produced in month m 

NGIOFC $ per  cwt milk LGM-Dairy net guaranteed income over feed cost 

SBMm  cwt Expected soybean meal equivalents to be fed for month m. 

SIOFCt $ Simulated income over feed cost for tth simulation 

T - Price simulation scenario 

TCP  Cwt Total covered milk production in a contract period 

TGIOFC $ per  cwt milk Total farm target guaranteed income over feed cost 
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Table 3.2.  Milk Sales and Default Feed Amounts Used for a Representative 120-Cow 

Wisconsin Dairy Farm Producing 19,985 lb per Cow per Year for October 2008  Livestock 

Gross Margin Insurance for Dairy (LGM-Dairy) Contract  

Coverage month MQ1 (cwt) 
CF2 (tons per 

cwt) 
SBM3(tons per cwt) 

December-08 1,962 27.47 3.92 

January-09 1,974 27.64 3.95 

February-09 1,806 25.28 3.61 

March-09 2,010 28.14 4.02 

April-09 1,974 27.64 3.95 

May-09 2,094 29.32 4.19 

June-09 2,040 28.56 4.08 

July-09 2,094 29.32 4.19 

August-09 2,076 29.06 4.15 

September-09 1,986 27.80 3.97 

Total 20,016 280.23 40.03 

1MQ is the total milk production expected to be sold. 
2CF is the total corn equivalent amount expected to be fed to obtain total milk production. 
3SBM is the total soybean meal equivalent amount expected to be fed to obtain total milk 
production.
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Table 3.3. Optimal Percentage of Production Insured under Alternative Target Guaranteed 
Income Over Feed Cost (TGIOFC) for October 2008 LGM-Dairy Contract  
 
TGIOFC ($ per cwt milk) 4 5 6 7 8 9 10 11 12.21 

Coverage month Optimal monthly coverage (%) 

December 2008 100 100 100 100 100 100 100 100 100 

January 2009 100 100 100 100 100 100 100 100 100 

February 2009 100 100 100 100 100 100 100 100 100 

March 2009 0 41 100 100 100 100 100 100 100 

April 2009 2 23 29 95 100 100 100 100 100 

May 2009 0 0 0 9 42 84 100 100 100 

June 2009 14 16 13 14 30 51 77 100 100 

July 2009 22 29 38 28 41 44 63 100 100 

August 2009 1 0 0 4 4 21 45 68 100 

September 2009 26 44 61 81 99 100 100 100 100 

Optimal total coverage (%) 35 44 53 62 71 79 88 97 100 

FARMPREM  ($ per  cwt milk) 0.23 0.30 0.37 0.44 0.52 0.61 0.69 0.78 0.82 

LGMPREM  ($ per  cwt milk) 0.64 0.67 0.69 0.72 0.74 0.76 0.79 0.81 0.82 

FARMPREM as % of TGIOFC 5.8% 6.0% 6.2% 6.3% 6.5% 6.8% 6.9% 7.1% 6.7% 

Total Insurance Cost ( All 

milk, $) 4,604 6,005 7,406 8,807 10,408 12,210 13,811 15,612 16,413 

NGIOFC  ($ per  cwt milk) 4.23 5.3 6.37 7.44 8.52 9.61 10.69 11.78 12.21 
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Table 3.4   Comparison of Optimal and Non-Optimal Strategies for October 2008 Contract 

for Same Amount of Total Production Covered 

 

 Optimal strategy  Non-Optimal Strategy1   

Total 

Production 

Covered 

 TGIOFC FARMPREM  TGIOFC FARMPREM 

 

 

Non-optimal 

FARMPREM 

Optimal 

FARMPREM 

(%)  ($ per cwt 

milk) 

($ per cwt 

milk) 

 ($ per cwt 

milk) 

($ per cwt 

milk) 

35  4.00 0.23  4.27 0.29  1.25 

44  5.00 0.30  5.37 0.36  1.20 

53  6.00 0.37  6.47 0.43  1.18 

62  7.00 0.44  7.57 0.51  1.16 

71  8.00 0.52  8.67 0.58  1.12 

79  9.00 0.61  9.64 0.65  1.06 

88  10.00 0.69  10.74 0.72  1.05 

97  11.00 0.78  11.84 0.80  1.02 

 
1The same proportion of total milk production covered as the optimal solution, but evenly 

distributed every insurance month. 

 

 

 



 
59 

 

 

Table 3.5   Comparison of FARMPREM for a 10-Month Strategy with a Stacked Strategy at 

a TGIOFC of $5 per cwt milk 
 10-month strategy  Stacked strategy 

Optimal % Cm for different 

coverage months 

October 2008 3 month October 

2008 

3 month January 

2009 

4 month April 

2009 

month1 100% 100% 0% 0% 

month 2 100% 18% 0% 0% 

month3 100% 13% 0% 0% 

month4 41% 0% 100% 0% 

month5 23% 0% 94% 0% 

month6 0% 0% 4% 0% 

month7 16% 0% 0% 100% 

month8 29% 0% 0% 75% 

month9 0% 0% 0% 7% 

month10 44% 0% 0% 33% 

Total production covered (%) 44% 
 

23% 36% 40% 

FARMPREM ($/cwt) 0.3 
 

0.26 0.3 0.34 

Total Insurance Cost (All farm 

milk1, $ ) 
6,005  1,493 1,823 2,787 

All farm milk available (cwt) 20,016  5742 6078 8196 

1  All farm milk is the total milk marketings available to be insured under the insurance 

period. For the stacked marketing plan, all farm milk is considered for 3 or 4 months 

according to the time of contract. 
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Table 3.6   Comparison of Non-Optimal Strategy at 50% Covered Production with 10-Month 

Strategy and Stacked Strategy at a TGIOFC of $5.694 per cwt  

Items of comparison Non-optimal 

Strategy 

 

10-month 

Optimal 

Strategy 

Stacked 

strategy2 

Premium ($) 8,219 6,924 7,043 

Indemnity ($) 37,245 30,012 13,783 

Net IOFC ($) 198,279 192,341 146,800 

Net IOFC for All farm milk 

($/cwt) 

9.9 9.6 7.3 

% change in Net IOFC from 

expected farm revenue3 

-18.6% -21% -29% 

% change in Net IOFC from 

actual farm revenue1 

17% 14% -13% 

Net indemnity for All farm 

milk ($ per cwt) 

1.86 1.49 0.69 

Premium for All farm milk 

($ per cwt) 

0.41 0.35 0.35 

1  The actual farm revenue if there is no insurance contract, calculated for the 10 month insurance contract based 

on actual prices of Class III milk, corn and SBM is $169,253. 
2   For the stacked marketing plan, the all farm milk is considered for 3 or 4 months according to the time of 

contract.  
3   Expected farm revenue if there is no insurance contract, calculated for the 10 month insurance contract based 

on expected prices of Class III milk, corn and SBM in October 2008 is $243,606.  
 For the stacked strategy, the expected prices for all the three commodities at the time of contract are considered. 

The expected farm revenue if the stacked strategy were not adopted would have been $206,333. 
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Table 3.7   Actual and Expected Prices for Class III Milk, Corn and SBM (December 2008 

to September 2009) 

Month 

Actual 
Class III 

Milk Price 
($/cwt) 

Actual 
Corn 
price 
($/bu) 

Actual 
SBM 
price 

($/ton) 

Expected 
Class III 

Milk 
Price 

($/cwt) 

Expected 
Corn price 

($/bu) 

Expected 
SBM 
price 

($/ton) 

December 2008 15.1 3.3 252.0 14.5 4.1 279.0 

January 2009 10.8 3.4 303.0 14.5 4.2 281.0 

February 2009 9.3 3.5 293.0 14.5 4.2 283.0 

March 2009 10.5 3.7 284.0 14.5 4.3 285.0 

April 2009 10.8 3.9 326.0 14.8 4.3 286.0 

May 2009 9.8 4.2 369.0 14.9 4.4 288.0 

June 2009 9.9 3.8 368.0 15.2 4.5 290.0 

July 2009 9.9 3.5 368.0 15.4 4.5 291.0 

August 2009 11.2 3.3 387.0 15.6 4.6 291.0 

September 2009 12.1 3.1 345.0 15.7 4.6 291.0 
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Chapter 4 

 

RISK MANAGEMENT AND LGM-DAIRY INSURANCE: AN 

EMPIRICAL ANALYSIS 
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4.1   INTRODUCTION 

As mentioned in Chapter 3, dairy producers must make several critical decisions 

when purchasing an LGM-Dairy insurance policy.  These include the level of milk 

production to be insured every month (% Cm ), expected feed use necessary to produce this 

insured production and the deductible (Gould et al., 2008). Increasing the deductible 

decreases the probability of receiving an indemnity payment and results in reduced premiums 

(Cabrera et al., 2009).  Further, dairy producers may adopt a variety of risk management 

strategies besides LGM-Dairy. Earlier research on crop insurance participation confirmed 

that many of these varieties of strategies had negative effects on insurance participation 

(Knight and Coble, 1997). Subsidies are another important factor that can impact insurance 

participation. In their analysis of the U.S. crop insurance program, Gardner and Kramer 

(1986) concluded that premiums would have to be subsidized as much as 50 percent to 

achieve 50 percent participation. 

Individual risk preferences can impact the incentive to reduce risk exposure using LGM-

Dairy The incentive to insure and insurance decisions by agricultural producers have been 

treated extensively by Gould (1969), Mossin (1969), and Smith (1969). There has been an 

extensive research on choices under uncertainty. This includes the expected utility model, 

that implies that rational individuals maximize expected utility and their risk aversion utility 

functions are concave with respect to wealth and show diminishing marginal wealth utility. 

Expected Utility Theory states that the decision maker chooses between risky or uncertain 

prospects by comparing their expected utility values, i.e., the weighted sums obtained by 

adding the utility values of outcomes multiplied by their respective probabilities. If there 

were three amounts of income, yi and assume that the yi occurs with probabilities, pi  and if w 

were to be the decision maker’s initial wealth, then the expected utility function 

is written as: 

Uw =  � ��� ���� 	 
���

��         [1] 

The risk attitude is directly related to the curvature of the utility function with respect to 

wealth . Risk neutral individuals have linear utility functions, while risk seeking individuals 

have convex utility functions and risk averse individuals have concave utility functions with 



64 
 

 

respect to wealth. Risk averse individuals perceive the utility they derive from a risky action 

as being less than the utility of a certain expected value. Expected utility model considers the 

dispersion of expected returns around the mean. This dispersion can be modeled using the 

expected utility model. Under the expected utility hypothesis, a decision maker has risk 

preferences represented by a utility function. We used the expected utility model to obtain 

varying optimal contracts according to risk preferences and insurance costs. 

 

4.2   MATERIALS AND METHODS 

4.2.1 Mathematical Description of the LGM-Dairy Program 

Under LGM-Dairy farm operators can purchase insurance to establish a floor of an imputed 

IOFC. As noted above, an indemnity at the end of insurance period is the difference, if 

positive, between the expected IOFC (EIOFC) determined at insurance sign-up and actual 

IOFC (AIOFC) determined at the end of the insurance contract. To determine contract 

specific actuarially fair premiums, the RMA uses 5,000 simulated indemnities outcomes 

representing the distribution of income risk. These simulated indemnities are obtained using 

random draws of 30 correlated commodity prices (10 Class III, 10 corn and 10 SBM prices) 

and the specific contract design under consideration (Valvekar et al., 2010).  These random 

draws are obtained from assumed lognormal probability density functions as outlined in the 

LGM-Dairy program policy.  

The means of these prices are estimated as the average of the futures settle prices 

observed over the price discovery period defined as the 3 days ending on the last business 

Friday of each month. Price standard deviations are computed from the annualized implied 

volatility from “at-the-money” options over the same price discovery period. Implied 

volatilities are calculated using a modified Black-Scholes model (Chesney and Scott, 1989). 

The Black-Scholes model used to estimate the theoretical options price (OP) is a function of 

five important elements:  the current futures price (FP), the option strike price (X), time 

remaining until contract expiration (q), risk-free interest rate (r), and volatility (V).  This 

formula can be represented via the following: 
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 N(·) is the standard normal cumulative distribution function 

An estimate of volatility is obtained by solving for V.  The average of these implied 

volatilities from call and put premiums are taken and are de-annualized by multiplying by the 

square root of time remaining until futures contract settlement. The standard deviation of 

each price is then estimated as the product of the de-annualized volatility and mean price. 

The simulated distribution takes into account the minimum support price for milk and sets a 

truncated point at the support price. Thus, it is ensured that none of the simulated prices fall 

below the support price. For this Monte Carlo analysis, desired correlations among random 

variables are obtained by the variance reduction method (Iman and Conover, 1982). This 

method takes independent draws from various marginal distributions and re-sorts them to 

obtain the desired levels of correlations. The target correlation matrices are based on the 

historical rank correlations among corn and SBM futures prices from 1978 to 2005 and Class 

III milk futures from 1998 to 2005 (RMA, 2009b).  Data from the Class III, corn and 

Soybean meal (SBM) futures and options markets at program sign-up are the foundation of 

the 5,000 simulations.  

LGM-Dairy is an extremely flexible insurance program.  Producers can elect to cover 

1 to 10 months of IOFC and from 0 to 100% of these values for each month with the 

coverage percentage being allowed to vary. Decision-making depends on the amount of 

coverage levels vary according to risk preferences as well as the insurance overhead costs. . 

Unlike some crop insurance products, there are no producer premium subsidies associated 

with the purchase of LGM-Dairy. However there is an administrative and operating (A&O) 

subsidy payment of around 23% made from USDA to the insurance provider where the funds 
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for such payments do not come from producer premiums. By program rule producer 

premiums are set equal expected indemnities plus a 3% insurance reserve.   Besides A&O 

subsidy and 3% reserve, there are additional costs of insurance such as search costs etc. If all 

these costs are accounted for, it is hypothesized that the indirect insurance costs will exceed 

3%. We conduct a sensitivity analysis by increasing the insurance reserve from 3% to 30% of 

the actuarially fair premium. Following the mean-variance model of risk management, 

purchasing an LGM-Dairy contract involves evaluating the trade-off between the cost of the 

insurance premium and the benefit of reduced risk exposure (Babcock ,2004). The objective 

of this study was to investigate factors affecting the participation decision of a farmer in a 

LGM-dairy insurance contract. This involves assessing the distribution of risk exposure and 

the effects of insurance costs on this distribution. Risk preferences are represented in 

expected utility model. 

In Chapter 3 we reviewed an optimization model that identified acreage coverage that 

generates the least cost insurance premium for a predefined NGIOFC target for all farm milk 

In this chapter we compare the adoption characteristics of different contract periods, July 

2009 and October 2008 LGM-Dairy contracts using the expected utility model of insurance 

purchase. These two contract months were selected to investigate the impact of market 

conditions on the insurance participation The year 2009 witnessed a downturn on the 

economy with significantly lower class III milk prices compared to the relatively high prices 

observed during most of 2008..  The objective of this analysis is to investigate the total 

optimal insurance participation rates, with a focus on the role of risk aversion, market 

conditions and insurance costs. 

 

4.2.2 Assumptions and Scenarios for this model 

To compare October 2008 and July 2009 LGM-Dairy contracts under similar 

program configurations, we considered a hypothetical dairy farm producing 240,000 cwt of 

milk in a 12 month period. For every month, constant level of milk production (2,000 cwt) 

was considered in our analysis. We assumed $0 deductible and used default corn and SBM 

equivalent feed rates per unit of milk produced according to the program policy. The net 
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expected returns for the contracts were calculated for 50% of the total covered production 

(100,000 cwt) in the 10 month insurance period. Further details on calculation of net 

expected return are explained in the next section. 

 

4.2.3 Estimation of Risk Exposure in the Presence of Revenue Insurance   

 The net expected return (π) obtained without insurance is denoted by πb(e), where e 

represents the random variables affecting risk exposure (i.e., milk price, feed cost). Expected 

return was assumed to be at 50% of the production. In the presence of insurance, the net 

return becomes 

 π(et) =  {(πb(et) – RP) + LGMINDEM}    [3] 

where πb(et), the net return before entering into an insurance contract, is given by    

πb(et) =    ( )
1

* 3 – *   *                             
M

m mt m mt m mt
m

MQ SCL P CF SCP SBM SSBMP
=
 −∑                            [4] 

where M is the planning period length (e.g., 1,…10), %Cm is the percentage of milk 

production covered. m represents production month and t represents a particular simulation 

of random variables e. MQm is the quantity of milk produced in the mth month SCL3Pm,t
   is 

the simulated Class III milk price for the mth month and tth simulation, SCPm,t
  and SSBMPm,t

   

are the simulated corn and soybean meal price for the mth month and th simulation, 

respectively, CFm and SBMm  are the monthly corn and SBM feed equivalents.   

RP is the risk premium that includes α % insurance overhead cost, where α % is 3% and 30% 

respectively 

( )
( )

5,000

1
GIOFC SIOFC ,0

1  / 100  *  
5,000

t
t

Max
RP α =

 −∑  
= +                      [5] 

GIOFC is defined as the guaranteed income over feed cost 

 GIOFC =  ∑
=

10

1m

%Cm*(MQm*ECL3Pm – CFm*ECPm - SBMm*ESBMPm),                             [6] 

and the expected prices for class III milk, corn and SBM are represented by ECL3P m, ECPm  
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Similarly, simulated income over feed cost was defined as, 

SIOFCt = ∑
=

10

1m

%Cm*(MQm*SCL3Pmt – CFm*SCPmt - SBMm*SSBMPmt)    ( t=1 to 5,000)    [7]    

and 000,5

]0),[(
000,5

1
∑
=

−
= t

tSIOFCGIOFCMax
LGMINDEM

                                                            [8]       

               
 

4.2.4   Optimal Contract Design under the Expected Utility Maximization Model 

The expected utility model was first used by von Neumann and Morgenstern (1944) 

and has been widely used to examine how risk aversion impacts decision-making under 

uncertainty. Under the expected utility hypothesis, a decision maker has risk preferences 

represented by a utility function U(τ) where τ are random variables that impact utility.  The 

decision maker makes decisions so as to maximize expected utility E[U(τ)], where E is the 

expectation operator and the expectation is undertaken based on subjective probability of the 

value of  τ (Chavas, 2004). If we replace τ in the above expectation we can assume that the 

decision of the degree of participation in the LGM-Dairy program can be examined within 

this framework.   

  To understand the risk attitudes, quantifying the degree of risk aversion is very 

important. However measuring the risk aversion is not simple. Risk aversion is reflected by 

the curvature of the utility function and measuring this curvature is not easy since the utility 

function is defined only up to a positive linear transformation. A simplest measure that  is 

constant for a positive linear transformation of the utility function is absolute risk aversion 

function which is given by: 

r a (w) = - U2
 (w) /  U1 (w)                                                                        [9]  

where w represents wealth and U2
 (w)  and  U1 (w)  represent second and first derivative of 

the utility function respectively (Hardaker et al., 2004). 

Although r a (w)  is unaffected by a positive linear transformation of the utility 

function, it depends on the monetary units of w. This units problem is overcome using an 

alternative measure called relative risk aversion coefficient, given by Arrow-Pratt, defined as 
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r r (w) = w * ra (w)                                                      [10]  

Relative risk aversion function is further categorized according to how it changes 

with respect to increasing wealth as increasing relative risk aversion, decreasing relative risk 

aversion and constant relative risk aversion (CRRA). CRRA assumes that the preferences 

among risky prospects are unchanged if all payoffs are multiplied by a positive constant 

(Hardaker et al., 2004). In this study, we used the generalized forms of utility functions in 

terms of CRRA. When the relative risk aversion parameter is one ( rr = 1), CRRA preferences 

reduce to a logarithmic function  

U(π) = ln(π)                                                                                                                           [11] 

And when the relative risk aversion parameter r is positive but different from 1, CRRA 

preferences are given by power function (Hardaker et al., 2004; Chavas, 2004). 

U(π) = [1/(1-rr)] π1-r
r.                                                                                                           [12] 

Based on the magnitude of the relative risk aversion coefficient, the degree of risk aversion 

as classified by Anderson and Dillon (1992) are: 

Hardly risk averse : rr= 0.5 

Normal /somewhat risk averse rr =1 

Rather risk averse rr =2 

Very risk averse rr =3 

Extremely risk averse rr =4  

Applying these functions to LGM-Dairy, the expected utility function can be derived as 

follows: 

For r=1 and t= 5,000 simulations, 

E[U(π(et))] = � � �

����
�������

��� * ln( π(et))]   [13] 

Where E[U(π(et))] is the expected utility function for (π(et)).  Under random sampling using 

5,000 simulation points, the probability is 1/5,000.  

Similarily, for rr >0 and and rr ≠1,  

E[U(π(et))] = � � �

����
�������

��� * ln( π(et))]  {1/(1-rr)}* π(et)1-r
r
                                                   [14] 
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4.2.5 Participation in LGM-Dairy and the Expected Utility Maximization 

Cabrera et al (2007) provides an analysis of based on the expected utility 

maximization model to study the role of climate forecasts in decision making under uncertain 

climate, prices, and risk aversion levels. Friedman and Savage (1954) showed how an 

expected utility model can provide representation of risk preferences, going from risk 

seeking to risk neutral to risk averse producers. For the present analysis with respect to 

LGM-Dairy participation, we can represent the maximization problem via the following: 

 

Max { E[U(π(et))] }                 [15] 

 

subject to,  0≤ %Cm≤ 1,                  [16] 

 

where %Cm  is monthly percent insurance coverage, DL is deductible level ($/cwt), CFm 

and SBMm  are the corn and soybean meal equivalents . π (et) represents net return for each 

simulation t. The objective function represented by [15] is nonlinear with respect to the 

decision variables as the contract-specific premiums are conditional on the decision variables 

chosen by the producer (Cabrera et al., 2009). We used the generalized reduced gradient 

method of nonlinear programming to solve this optimization problem (Lasdon et al., 1974). 

This method of solution allows for nonlinear constraints on the variables in the optimization 

process.  The Excel Solver® software system was used determine the optimal solution. 

However, given the non-linear nature of the problem, there can be multiple feasible regions 

for a given problem. To ensure that we identify the global minimum, we set every insurance 

month coverage percentage to non-zero starting values (Ragsdale, 2004) and use different 

starting values.  

 As discussed earlier, the mean expected return with and without insurance participation 

are sensitive to the insurance costs. Although under the LGM-Dairy policy, the insurance 

overhead costs is fixed at 3%, we extended this analysis for different hypothetical overhead 

costs and conducted a sensitivity analysis by setting the cost as high as 30%.   
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4.3 RESULTS AND DISCUSSION 

4.3.1 Expected Utility Maximization and LGM-Dairy Participation 

Tables 4.1, 4.2 and 4.3 are used to present optimal solutions when the expected utility 

model is applied to the representative farm using data for October 2008 and July 2009. Table 

4.1 is used to compare the overall insurance participation at different overhead costs and 

market conditions. For the October 2008 LGM-Dairy contract, at 3% overhead costs, the 

insurance participation varies from 45% to 66%. This difference in participation rate varies 

greatly when the costs of insurance are 30%. Participation rates vary from 0% to 37% as 

shown in Tables 4.1 and 4.2. Similarly for the July 2009 insurance contract, at 3% overhead 

costs, the insurance participation ranges from 37% to 62% and at overhead costs of 30%, the 

optimal insurance participation differs greatly with the level of risk aversion. At rr = 0.5 

(person not at all risk averse) and 1 (little risk averse person), there is no participation in 

insurance contract, wheras for rr = 2 (rather risk averse person), it is 7%, at rr = 3 (very risk 

averse), it is 22% and rr = 4 (extremely risk averse), it is 30%. 

 Table 4.3 is used to reflect the monthly coverages under optimal July 2009 contract 

at 30% overhead costs.   Results from expected utility maximization were validated using 

mean-variance analysis for the July 2009 contract at 30 % costs of insurance. Therefore, 

irrespective of the market conditions, as the level of risk aversion increases, the insurance 

participation increases and the distinction in the level of risk aversion is much more 

demarcated at higher insurance costs. Higher the cost of insurance, lower is the incentive to 

participate in an insurance contract. 

4.3.2   Impact of market conditions on the optimal insurance participation 

  Tables 4.2 and 4.3 are used to show the optimal monthly coverages under similar 

program configurations for October 2008 and July 2009 LGM-Dairy contracts at 30% 

insurance costs. As mentioned earlier, these two contract months witnessed different market 

conditions at the time of the contract. Around October 2008, higher expected prices for Class 

III milk prevailed; wheras 2009 witnessed a downtrend in Class III milk. Market conditions 
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in 2009 had worsened for the dairy producers. Given these market conditions, the potential 

IOFC that a dairy producer can gain was higher in 2008 compared to 2009. 

As expected, the optimal coverages for different contracts. Optimal participation rates 

were lower in the July 2009 contract compared to October 2008 for similar program 

configurations at same levels of risk aversion and insurance costs. For example at rr of 3, the 

insurance participation for the July 2009 insurance contract is 5 to 6% less than the 

participation in October 2008 contract.  Participation rates are higher in October 2008 LGM-

dairy contract, since better market conditions prevailed in October 2008 and expected IOFC 

by the producer were higher during October 2008. From a producer’s perspective, potential 

loss due to declines in IOFC is higher in October 2008 contract than in July 2009. It is also 

evident that highly risk averse producers will participate in insurance more than producers 

who are not very risk averse under any market conditions and similar program 

configurations. Varying participation rates under different market conditions at the same 

levels of risk aversion could be due to the expected prices and volatility. 

4.4   CONCLUSIONS 

Expected utility maximization can be used to understand the participation rates in 

LGM-Dairy for different levels of risk aversion. Results from our analysis indicate that 

irrespective of the market conditions, as the level of risk aversion increases, the insurance 

participation increases and the distinction in the level of risk aversion is much more 

demarcated at higher insurance costs.  This indicates that higher the cost of insurance, lower 

is the incentive to participate in an insurance contract. Secondly, insurance participation rates 

may vary according to market conditions at the time of the contract.  

Future research should focus on subsidies in insurance policies, from a policy perspective. 

For example, investigating the impact of subsidies on insurance participation. Further the 

impact of asymmetric information on participation in LGM-Dairy has not been investigated 

in our analysis. Future research can take this into consideration. Impact of choices in 

deductible levels on the risk attitudes is another area of research.  
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Table 4.1   Constant Relative Rate of Risk Aversion, Overhead Costs and Optimal Insurance 

Participation for October 2008 and July 2009 LGM-Dairy Contracts. 

 Insurance overhead costs 
 3% 30% 3% 30% 

rr
 1 October 2008 LGM-Dairy contract July 2009 LGM-Dairy contract 

0.5 45% 0% 37% 0% 
1 56% 0% 52% 0% 
2 64% 13% 59% 7% 
3 66% 29% 61% 22% 
4 66% 37% 62% 30% 

1  rr is relative rate of risk aversion. 
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Table 4.2 Monthly Optimal Coverages for October 2008 under Expected Utility 

Maximization Model with 30% Overhead Costs. 

rr
 1 0.5, 1 2 3 4 

December 2008 0% 1% 12% 0% 

January 2009 0% 43% 53% 19% 

February 2009 0% 23% 31% 8% 

March 2009 0% 36% 43% 18% 

April 2009 0% 32% 39% 16% 

May 2009 0% 28% 36% 12% 

June 2009 0% 32% 40% 16% 

July 2009 0% 25% 35% 9% 

August 2009 0% 33% 40% 17% 

September 2009 0% 33% 40% 15% 

Total optimal 
coverage (%) 

0% 29% 37% 13% 

1  rr is relative rate of risk aversion. 
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Table 4.3   Monthly Optimal Coverages for July 2009 under Expected Utility Maximization 

Model with 30% Overhead Costs. 

rr
 1 0.5,1 2 3 4 

September 2009 0% 0% 0% 0% 

October 2009 0% 0% 0% 15% 

November 2009 0% 8% 37% 46% 

December 2009 0% 7% 22% 32% 

January 2010 0% 8% 26% 32% 

February 2010 0% 9% 27% 37% 

March 2010 0% 8% 25% 33% 

April 2010 0% 9% 26% 33% 

May 2010 0% 7% 22% 31% 

June 2010 0% 11% 31% 40% 

Total optimal 

coverage (%)  0% 7% 22% 30% 

1  rr is relative rate of risk aversion. 
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SUMMARY AND CONCLUSIONS 

We have shown that dairy farm operators interested in using the LGM-Dairy 

insurance as a price risk management tool could save substantial premium costs for obtaining 

a minimum level of production via the use of our nonlinear program least cost optimization 

software system. The objectives of this thesis were to understand the LGM-Dairy program 

characteristics and to describe and demonstrate an algorithm to identify optimal strategies by 

minimizing the premium cost at a pre-defined target guaranteed IOFC. A web based tool was 

developed to assist dairy producers in identifying the least cost insurance contract design 

given a desired target NIOFC per cwt of all farm milk and a given planning period.. The 

optimization model integrates the complex simulation and optimization models in a user-

friendly decision support system. These tools help in identifying the optimal LGM-Dairy 

contract for any defined target income over feed cost and program configuration with varying 

deductibles, milk production or the feed equivalents expected to be fed. Since the model 

integrates simulation and optimization, the user can easily benefit by running the model back 

and forth by generating premium based on simulated revenues for the optimal %C. The tool 

encompasses all the components of LGM-Dairy and further integrates simulation and 

optimization to identify the optimal program configuration. The optimizer models are easily 

accessible and can be customized by the users according to their needs. This study 

demonstrates that for similar levels of coverage (i.e., proportion of total milk production 

insured), there are substantial differences in insurance premium cost depending upon the 

distribution of the production insured over the 10 month LGM-Dairy contract.  This model 

can be a great resource in better decision making to all the dairy producers, extension agents, 

and dairy farm advisers. 

Another objective of this study was to investigate the interplay between producer risk 

preferences, insurance costs and market conditions that could impact participation (i.e., 

proportion of total milk production insured) in the LGM-Dairy program. We undertake this 

analysis using expected utility framework for two different contracts under different market 
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conditions. Optimal contracts for different rates of constant relative rate of risk aversion were 

analyzed. Results from our analysis indicate that irrespective of the market conditions, as the 

level of risk aversion increases, the insurance participation increases and the distinction in the 

level of risk aversion is much more demarcated at higher insurance costs.  This indicates that 

higher the cost of insurance, lower is the incentive to participate in an insurance contract. 

Secondly, insurance participation rates may vary according to market conditions at the time 

of the contract.  
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APPENDIX A 

A.1   WEB-BASED LGM-DAIRY OPTIMIZER TOOL 

  Recent advances in information technology and software products provide 

opportunities to develop Decision Support Systems (DSS) with the advantage of information 

dissemination for better decision making. There is a large variability in the farm income due 

to significant variability in farm productivity and prices of milk and feed. Further the 

complexity of decision making involved in Livestock Gross Margin insurance for Dairy 

cattle justifies the creation of a tool that can be easily accessed by dairy farmers and farmers' 

advisers in the United States. This tool can assist the dairy farmers to conduct an interactive 

“what-if” analysis and give optimal solutions for any program configuration.   

The objective of this section is to describe web-based optimization model used to identify the 

LGM-Dairy insurance contract design that minimizes the premium cost per cwt of total farm 

milk of generating a predefined guaranteed income over feed cost. This tool can be used to 

identify optimal contract designs for any month since February 2000 to the previous month's 

insurance contract (January 2010). Thus these dynamic models integrate historical data. It 

also allows the user to perform analyses for current price data as the model is permanently 

updated with data. 

 

A.2   GENERAL DESCRIPTION 

The web-based LGM-Dairy optimizer identifies the least cost LGM-Dairy contract 

design at desired levels of income over feed costs. The mathematical description and 

formulation of the optimization model are already described in the earlier sections. As 

mentioned earlier, while entering into a contract, producers have several decisions to make 

like level of deductible, amount of production to be covered, and amount of feed to insure 

every month. Monthly milk production to be covered remains a very critical decision from 

the producer’s perspective. The optimizer addresses this issue by suggesting the amounts of 

production to be covered every month given a target guaranteed income over feed cost 

(TGIOFC) at the least cost. The optimizer gives the least farm premium cost for a defined 
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contract. Unlike LGM-Dairy premium, "farm premium" is the premium under the LGM-

Dairy contract for total farm production, irrespective of the insured production. Similarly, 

farm guaranteed income over feed cost (Farm GIOFC) gives the level of IOFC for total farm. 

Farm IOFC should be greater than or equal to the target income over feed cost (TGIOFC). 

Thus the optimization problem seeks to minimize the farm premium with the farm GIOFC 

greater than or equal to Goal IOFC and gives the corresponding levels of optimal monthly 

production. In comparison to the usual LGM-Dairy contract, the only additional input 

required for the optimizer is the TGIOFC ($ per cwt) the producer would want to achieve. 

The TGIOFC usually varies between $2 per cwt to $11 per cwt according to the contract 

design and contract month. The producer may select any level of TGIOFC possible for a 

particular configuration, however the solution would indicate “solver solution not feasible” if 

TGIOFC is above the maximum possible GIOFC for the insurance period. The results 

indicate the least farm premium and the optimal monthly coverage for the selected program 

configuration and the defined TGIOFC. The decision variables are the percentage of farm 

milk to insure for each month of the insurance contract.  This program uses by default the 

latest 3 days of trading data to provide an estimate of the costs of next month's LGM-Dairy 

insurance contract.   

 

A.3   USING WEB-BASED LGM-DAIRY OPTIMIZER 

This tool can be accessed at the webpage: http://tamarack.aae.wisc.edu/lgm_cov/ and  

http://dairymgt.uwex.edu/lgm/lgm_cov.php. When accessing this address, the input page of 

the optimization program is displayed as in the figure A.1. In the above example, the model 

is set up premium costs using the most recent data available to estimate the cost of the 

January 2010 LGM-Dairy contract. User has to enter the planned milk production ($ per 

cwt), Corn and SBM equivalents in tons as prompted by the screen. Users can use the default 

feed amounts and can also upload their production data files. Further, the targets guaranteed 

income over feed cost and deductible are the other inputs to be entered by the user to run the 

optimization. Once all the data is entered, the user has to just click on the button “Calculate 

coverages to minimize premium for a target NGIOFC”. The results display the 3-day average 
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Class III, Corn and SBM futures settlement prices obtained from the trading days at the top 

of results data page as shown in Figure A.2. At the bottom of the page, the optimal monthly 

coverage percentages, i.e. %C are displayed along with the data on the insured milk 

production, corn and SBM equivalents, as shown in Figure A.3. Below this table, premium 

costs, GIOFC and NGIOFC information both at the aggregate level as well as per cwt of total 

farm are displayed.  

A.4   CONCLUSION 

This section gives the overview of the web-based LGM-Dairy optimizer. The 

optimizer integrates the complex simulation and optimization models in a user-friendly 

decision support system. This tool help in identifying the optimal LGM-Dairy contract for 

any defined target income over feed cost and program configuration with varying 

deductibles, milk production or the feed equivalents expected to be fed. Since the model 

integrates simulation and optimization, the user can easily benefit by running the model back 

and forth by generating premium based on simulated revenues for the optimal %C. The tool 

encompasses all the components of LGM-Dairy and further integrates simulation and 

optimization to identify the optimal program configuration. The optimizer model is easily 

accessible and can be customized by the users according to their needs. This tool can be a 

great resource in better decision making to all the dairy producers, extension agents and dairy 

farm advisers. 
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Figure A.1   Input page of the web based Least-cost Optimizer 
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Figure A.2   Results page showing expected prices of milk, corn and soybean meal for 

January 2010 LGM-Dairy contract. 
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Figure A.3   Results page showing the optimal contract design for January 2010 LGM-Dairy 

contract 
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