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ABSTRACT 

 Sales contracts for wine grapes are fundamental to both the winery and the 

grower.  While several surveys have been completed to determine the extent of contract 

use, specific contract provisions, and aspects of implementation, no studies using the lens 

of principal-agency theory have been published regarding winegrape contracts.  This 

study explores current contracting methods by evaluating winegrape pricing methods, 

production risk transfer, and incentive/disincentive stipulations in agricultural contracts 

between vineyards and wineries.  Compared to quality incentive compensation, the 

results show that contracts offering a fixed payment will generally result in lower quality 

fruit.  Furthermore, in the event any particular grape quality parameter is an informative 

signal and worth measuring, it is worth explicitly incorporating into the contract by 

means of a bonus/penalty for that particular attribute or by profit sharing linked to the 

retail wine price.  In markets where contracting per-ton pervades, the focus on quantity 

will likely predominate. 
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CHAPTER I 

INTRODUCTION 

Background: United States Wine Industry 

The history of wine and winegrape production in the United States has been long 

and storied: from Virginia wine shipped to London in 1622 which was received with 

harsh critique (Pinney, 1989), to the domestically inflicted hardships of prohibition of 

alcohol from 1920 to 1933, to the pivotal successes on a global scale such as the 

Judgment of Paris in 1976.  Over time, the United States has cemented its place as a New 

World leader in both wine and winegrape production.  The United States ranked 4th in 

world wine production by volume in 2006 (Foreign Agricultural Service, 2006) with over 

600 million gallons produced (Wine Institute, 2009a).  The U.S. ranked 4th in grape 

production by volume (Wine Institute, 2009c) with nearly 7 million tons produced in 

2006.  Covering nearly 1 million acres, the U.S. ranks 6th among all countries in vineyard 

acreage (Wine Institute, 2009b).  In each category given, the United States was ranked 1st 

among non-European Union (EU) countries (International Organisation of Vine and 

Wine, 2006).  All signs point to continued success with the U.S. expected to be the only 

country among leading market participants to increase wine production and wine exports 

in 2009 (Foreign Agricultural Service, 2009).      

Along with the increase in wine and grape production, United States per capita 

wine consumption increased over 10% from 2001 to 2005 (Wine Institute, 2007) and 

ranked 18th among major countries in 2002 (Global Market Information Database, 2002).  

Consumers’ taste for price class is spread evenly between the 5 price classes described by 
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the Texas Wine Marketing Research Institute (Dodd, Kolyesnikova, & Kim, 2008).  With 

nearly 200 American Viticultural Areas (AVA) in the United States (U.S. Department of 

the Treasury: Alcohol and Tobacco Tax and Trade Bureau, 2010), there are a myriad of 

unique grape growing regions.  In recent years Texas and its 8 AVAs, 7 of which were 

established prior to 1998 (Wine Institute, 2008), have received much critical acclaim and 

have developed into a very robust market at a rapid pace.           

Background: Texas Industry 

The Texas wine and winegrape industry has its own unique history from the 

Spanish missionaries producing sacramental wine in the 17th century near El Paso, Texas 

to Thomas Volney Munson of Denison, Texas and the salvation of the French wine 

industry from phylloxera in the early 20th century.  Vintners and grape producers alike 

were decimated by Prohibition and did not begin their revival until the late 1960’s.  Since 

the 1990’s, the industry has experienced rapid growth and, with a population over 20 

million, Texas has shown that it has an affinity for wine even in dry counties.  In 2007, 

the Texas’ total consumption of wine increased almost 40% over 1998 (Dodd, 

Kolyesnikova, & Kim, 2008).          

Approximately 280 commercial winegrape producers with a combined acreage of 

2,900 bearing acres were operating in Texas in 2007 (MKF Research LLC, 2007).  The 

total economic impact, which accounts for the total sum of spending in related sectors, 

for wine and winegrapes in the state of Texas in 2007 was $1.35 billion (MKF Research 

LLC, 2007).  This number has gained momentum in the last 2 decades and is expected to 

continue into the near future.   
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With respect to winegrape production, vineyard acreage in Texas has been 

consistently hovering around 3,000 bearing acres since 2001.  When comparing 2005 to 

2007, utilized production in tons and total crop value both fell by over 50%, for several 

reasons including weather adversities (MKF Research LLC, 2007).  In the same period, 

the number of wineries in Texas increased by over 40%.  This data confirms observations 

that the demand for winegrapes in Texas is outpacing the supply grown within the state.   

In 2007, approximately 72% of wine produced in Texas was derived from grapes 

from outside the state (MKF Research LLC, 2007).  Purchasing grapes, juice, or 

unfinished wine from outside the state may carry more risks for the winery including, but 

not limited to, decreased quality characteristics.  Winegrapes from Texas sources 

minimize transportation risks and provide a relationship between the winery and producer 

that can more easily adapt to meet both party’s needs.  Approximately 97% of wine 

produced in Texas was consumed within its borders in 2007, indicating a potential for 

market expansion of both wineries and producers (MKF Research LLC, 2007).              

Problem Statement   

The relationship, expectations, and risk shared between wineries and winegrape 

producers are empirically expressed in grape sales contracts.  Agricultural contract usage 

and content vary widely across agricultural specialty products.  Percentages of products 

under contract range from less than 15% in the case of orange production, to near 100% 

in the case of lettuce production (Hueth et al, 1999).  Throughout the U.S., contracts 

between vineyards and wineries are extensively utilized and the state of Texas is no 

exception.  Goodhue et al. (2002, p. 99) found that in California “90% of surveyed 
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producers produce winegrapes under contract, and that most of those contracts are 

written.”   

Minimal research has been conducted on grape sales contracts in general and no 

research has been published in Texas to investigate the forms of contracts, pricing 

formulation used in these contracts, or features of these contracts.  Little is known about 

the extent of contract use, specific contract provisions, and implications that different 

pricing methods and particular terms may have for the future of the industry.  For the 

purposes of this study it is assumed that in Texas, the percentage of winegrapes produced 

under contract is similar to that of California and therefore comprises at least the majority 

of winegrape sales. 

Sales contracts for winegrapes are particularly fundamental to both the winery 

and the producer.  Returns from wine are tied tightly to product differentiation and the 

grapes cultivated by the producer have a considerable impact on the unique 

characteristics of the end product.  For an industry still in development, it is important to 

determine the scenarios for which different contracting methods are most equitable for 

each party and understand the future implications each possesses for the industry. 

Objectives 

The general objective of this study is to explore current contracting methods by 

evaluating winegrape pricing methods, production risk transfer, and 

incentive/disincentive stipulations in agricultural contracts between vineyards and 

wineries.  The specific objectives are to: (1) characterize current contracting methods 

including contracting for tonnage, acreage, and return-sharing, (2) evaluate the 

distribution of risk between producer and wineries for each contracting method, (3) 
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determine the impact on producer production and marketing decisions if a switch is made 

from contracting on a per ton basis to either of the other methods occurred, and (4) 

develop scenarios in which each method is preferred.  



Texas Tech University, Daniel K. Pate, May 2011 

6 

 

CHAPTER II 

LITERATURE REVIEW 

Overview of Agricultural Contracting 

Agricultural producers use contracts for a myriad of reasons and contracts are 

increasingly being used across a wide scope of agricultural industries.  Chief among the 

reasons for contracting is facilitating the transfer of products produced at the farm level to 

processors, intermediaries, or retailers beyond the farm gate (MacDonald, et al., 2004).  

As contracting has become more frequent across all types of agricultural production, so 

too has the theoretical and empirical economic literature.  According to MacDonald et al. 

(2004), contracts governed approximately 36% of the value of U.S. agricultural 

production in 2001 and represented over a 25% increase from a decade earlier.  Spot 

markets still represent a major portion of the agricultural production value, but play a 

much more significant role in more generic products.   

Milgrom and Roberts (1992) expressed that contracts in agriculture have three 

primary theoretical roles: 1) they introduce predictability into production systems and 

allow participants to allocate resources with greater certainty, 2) they permit risk to be 

shared among market participants, and 3) they are used to motivate performance and 

participation (incentivisation).  These roles appear to be the basis for motivating the 

agricultural industry to shift towards greater backward integration by firms (vertical 

coordination) even in the face of possible negative externalities, such as creation of 

market power by greater market shares increasing the likelihood of opportunistic 

behavior by large processors and reduced farm prices.   
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There are detractors and critics to the expansion of agricultural contracting.  

Given the proper conditions, contracts may be intentionally designed to inhibit entry of 

possible rivals into certain markets.  They may also be deliberately designed to limit price 

competition among existing competitors or through price discrimination.  Regulatory or 

policy responses indicate that many of these concerns are based on previous occurrences 

and should therefore not be discounted. Much of the controversy exists in markets with 

high market concentration such as livestock, where a relatively small number of firms 

represent a very large share of total production (MacDonald, et al., 2004).  This study 

however, deals in the winegrape market, which has relatively low market concentration 

(meaning many firms of varying size) and a very high degree of product differentiation, 

so the focus will be on results of agricultural contracting such as enhanced productivity, 

incentive alignment, and improved deliverables to the buyer.                

Agricultural Contracting: Fresh Fruits and Vegetables 

Previous literature typically separates agricultural commodities into the broad 

groups of either crops or livestock.  Within the crops group, commodities are then 

divided further into categories such as storable generic, e.g. cotton and corn, or more 

perishable, e.g. fruits and vegetables.  With winegrapes falling into a subcategory of 

fruits, it is important to understand contracting of fruits and vegetables and what makes it 

distinctive from other groups. 

Foremost, attributes of produce such as quick spoilage has given rise to a produce 

distribution system involving a system of coordinated processes to be able to move 

products quickly and efficiently from the farm level to retail markets.  Most processed 

vegetables are highly specific in terms of farm inputs from seeds used to approved 
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Wholesaler, 
Broker 

Integrated 
Retail/Wholesaler 

Grower 
Packer 
Shipper 

Retailer 

Consumer 

chemicals.  This intensity of contractual specifications leads to the necessity of direct 

oversight in the form of monitoring crop growth and inspection for adherence of 

contractual stipulations even after harvest.   

These types of contracts ensure both control of quality and volume of high quality 

produce.  Coordination also is motivated by the ability to provide certain commodities 

year-round through regional expansion.  A number of the marketing points may be played 

by many possible parties with variable abilities to accomplish a given task as shown by 

Figure 1 (Dimitri, 1999).  

For example, one firm 

may be able to 

accomplish growing, 

packing, and shipping a 

given product while 

another may only be 

able to grow the 

commodity.  Figure 1 

also demonstrates how 

the marketing chain for    (Dimitri, 1999) 

fruits and vegetables may move from a producer to a packer/shipper to a middleman 

before reaching a retailer.  In the case of winegrapes, the producer typically uses a 

shipper, who only transports and never obtains ownership, to move fruit to the winery 

and then the wine may go through a distributor (middleman) before reaching a retailer.  

Figure 1: Fresh Fruit and Vegetable Marketing Chain 
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In other words, winegrapes require movement to a value-added processor (winery) before 

they can reach the consumer, whereas fruits and vegetables in may or may not.  

Agricultural Contracting: Winegrapes 

The winegrape industry may arguably have one of the highest degrees of product 

differentiation of fruit commodities. This is readily evident from a trip to the local 

supermarket wine section which will usually contain only a portion of the more than 250 

winegrape cultivars significant to the wine industry (OIV, 2000) and a very small portion 

of the over 10,000 wine brands in the United States (O’Connell, 2006).  Furthermore, 

winegrape cultivars and wine brands are only a few of the many differentiated features 

which may be used to add value to a given retail wine product.  In contrast to Figure 1, 

where produce may move directly from the farm level to the retail level, Figure 2 

illustrates that, for winegrapes, movement to a winery is necessary before reaching a 

retail outlet, regardless of whether the vineyard is controlled by an estate winery or not.  

This suggests that there is a strong need for more efficient information transmission along 

the supply chain and a more coordinated system (Olmos, 2008). 
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Not only do winegrapes require a value-added process before reaching the 

consumer, but winegrapes are unlike many other agricultural crops in that there is no 

official grading system or standard classifications on which to establish a price.  The 

observable characteristics upon which product quality is typically measured and payment 

is dependent are sugar content (Brix), acid content or titratable acidity (TA), pH, 

materials other than grapes (MOG), and disease (Creasy & Creasy, 2009).  More 

subjective criteria may include sensory evaluation, fruit color, seed and stem color, 

condition of fruit, or wine as measures of fruit maturity (Watson, 2003). The subjectivity 

of the characteristics that a particular vintner might seek to purchase from a producer 

fundamentally lies in the end product which he/she desires to sell in the marketplace.  

Figure 2: Winegrape Marketing Chain 
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Furthermore, many of these desired winegrape characteristics may be manipulated or 

corrected by the vintner during the wine making process in the event they are deemed 

outside acceptable ranges.  There is not a specific delineation between the quality 

characteristics imparted to the end product by the producer or the vintner; however, it is 

certain that a significant portion of this differentiation originates at the farm level.  This 

fluidity of measurable “quality” attributes leads directly to uncertainty of the price 

attainable for a specific bundle of grape characteristics even if that same bundle is 

demanded by multiple vintners.  Figure 3 shows how both viticultural practices 

(endogenous) and environmental effects (exogenous) interact to influence grape quality 

and in turn impact wine quality.  The relationship of these factors indicates that 

winegrape production can be highly complex and signifies that decisions by a producer to 

alter vine growth and performance can modify grape characteristics and ultimately 

impact the potential of wine quality produced. 
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Types of Wine Grape Contracts & Frequency 

According to MacDonald and Lyon (2003), there are two basic types of contracts 

used in the Oregon winegrape industry: an oral contract and a written contract.  While an 

oral contract may be adequate for certain parties, it is generally accepted that a written 

contract provides the first-best alternative.  Three studies have been conducted to 

determine the extent of contract use in viticulture, as well as features of contracts such as 

length of contract, specific practices and chemicals used, among other facets (Fraser, 

Figure 3: Environmental and Viticultural Inputs into Grape Composition and Wine Quality 
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2002; Goodhue et al, 2003; and Olmos 2008).  Goodhue et al. (2003) segregated the 

California industry into the choice of spot market sales, oral contracts, and formal written 

contracts.  Among these three choices, their analysis suggested that more formal 

coordination is associated with higher wine quality and that fruit quality attributes 

affecting wine quality are reflected in the provisions of written contracts. This study also 

concluded that in California, 10% of winegrape producers used spot market sales, 70% 

used only a written contract, 11% used only an oral contract, and 9% used both written 

and oral contracts.  Furthermore, contracts for high quality winegrapes were more likely 

to specify production practices affecting subjective grape attributes, while contracts for 

low quality grapes were more likely to contain price incentives and/or penalties for easily 

measurable characteristics (Goodhue et al, 2003).  

In Spain, Olmos (2008) found that 58% of winegrapes were sold without any 

contract, 20% used only a written contract, 18% used only an oral contract, and 4% used 

both oral and written contracts.  Fraser (2002) established that in Australia, 35% of 

winegrapes were sold in the spot market, 55% of winegrapes were sold using only a 

written contract, and 10% were sold using only an oral contract.   

Spot Market Sales vs. Contracting 

Fraser (2005, p. 24) suggests that, “A contract that guarantees grape supply in a 

timely manner introduces certainty into production, allows allocation of resources with 

greater confidence, and reduces the costs associated with locating grapes to be used in the 

production of wine”.  He further explains that spot market coordination for winegrapes 
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would require substantial logistical coordination, implying that contracting is superior to 

spot markets in this regard. 

Olmos (2008, p. 82) further suggests that, “Spot markets work well when goods 

are exchanged between multiple buyers and sellers in the current time period, and price is 

often the sole determinant of sale.”  This supports MacDonald et al. (2004) under the 

scenario of more homogenous products, which does not generally exemplify winegrapes.   

It is not the intent of this study to analyze the use of spot markets to sell 

winegrapes, but it will delineate through comparison several differences between spot 

market sales and contracting.  In Texas, the currently unique situation of substantially 

higher demand for domestically sourced winegrapes than available supply leads to the 

well founded assumption that the overwhelming majority of winegrape production is sold 

via specific written contracts.  Goodhue et al. (2003) found that even in California, which 

has a well established and mature winegrape market and where demand and supply meet 

more equally, only an estimated 10% of production is sold without the use of any 

contract.    

Agricultural and Wine Grape Contract Design 

When discussing contract design, there are several objective criteria which can be 

used to ensure a useful contract regardless of the commodity being contracted.  In 

detailing lessons learned from Danish agriculture, Bogetoft and Olesen (2002) explain 

that there are three basic tenets to meet the desired design and accomplish the 10-point 

checklist they established.  First, it should provide coordination of the commerce between 

the buyer and seller and ensure delivery, location, and quality.  Second, a contract should 
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establish incentives for each party to enter the contract as well as make joint decisions.  

Third, a contract should capture the nature of transaction costs and ensure that both the 

coordination and motivation are provided at the lowest cost feasible.  Hueth et al. (1999) 

is more specific about the set of variables that influence the mix of coordination 

instruments observed in agricultural contracts and argues that there are four precise 

variables: 1) commodity attributes; 2) local history; 3) government regulation; and 4) 

technology.  

Commodity Attributes 

 Hueth et al. (1999) argues that the commodity itself is the most important variable 

in determining the mix of coordination instruments.  This is due to the fact that the nature 

of the commodity and inherent attributes directly influence how the contracts used to 

purchase them will be designed and implemented.  Framing this with a focus on 

winegrapes, fruit quality is of fundamental importance in many winegrape contracts and 

is usually tied to the payment either through bonuses or penalties.  Thus, the focus of 

quality again arises and introduces ambiguity.  Brix has typically been the traditional 

attribute by which to measure winegrape quality, but Swinburn (2001) showed there is 

frequently a low correlation between Brix and wine quality in the end product.  There has 

been a recent trend of using color to assess red winegrape quality and Dambergs et al. 

(2000) argue that there is evidence to support a positive correlation between color and 

wine quality.  Yet, color is typically used more as a general measure of quality rather than 

an explicit indicator of a level of quality.  This suggests that each measure of quality, 

whether it be Brix, TA, pH, etc., does not individually contain enough information to 
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ensure a particular level of fruit quality.  Rather, the aggregate of these measures is likely 

the most accurate way to ensure a particular level of wine quality. 

Local History 

The local history and institutional structures of a given geographical area 

influence contract design and implementation.  There are cases where a bargaining 

cooperative created in 1950, for example, provides centralized price discovery which 

establishes a rationale for the existence of the cooperative (Chambolle & Saulpic, 2006).  

Over time, many advancements have been made such as internet procurement, which one 

may assume would create a shift away from groups such as cooperatives.  However, 

when examining the situation on a local level, the cooperative has the advantage of 

history through producers being accustomed to doing business through the cooperative.  

The existence of a given institution may persist beyond what could be argued as 

theoretically economically advantageous due to the externalities of reality. 

Government Regulation 

Government regulation can influence contract design and implementation as well.  

A commodity may be subject to a given pricing arrangement regulated by a particular 

government entity and may vary over time whether by a change in position of the 

controlling agency or by a change from one controlling agency to another.  It could be 

argued that these variations are positive or negative, but it remains that either outcome 

influences contract design and implementation. 
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Technology 

Technology can influence contract design and implementation.  For example, as the 

ability to measure grape quality improves, a winery may be able to relax its monitoring of 

vineyard practices and rely more on these measurements with more certainty to establish 

payments.  Technological advancements such as more accurate chemical application may 

also benefit the winegrape producer by ensuring a more consistent quality within a 

harvest year and over several years to further capture quality bonuses provided by the 

winery. 

Wine Grape Contract General Objectives and Criteria 

There should be four basic purposes of any grape contract as explained by 

MacDonald and Lyon (2003, p. 127).  The first purpose is to communicate mutual 

understanding of facts, which is often addressed by a set of “recitals”.  Recitals are 

“…the background provisions that precede the substance of the written agreement… 

where the vineyard is usually referred to as the seller and the winery referred to as the 

buyer.”  This specification is necessary to distinguish this relationship from other legal 

relationships that may exist in other transactions between a vineyard and a winery, such 

as a joint venture vineyard development (MacDonald & Lyon, 2003).  For this study, the 

focus will be predominantly on the relationship in which a vineyard (seller) provides 

winegrapes to a winery (buyer) because this relationship is assumed to be the prevailing 

type in Texas.     
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Defining the business terms between the parties is the second purpose for a 

contract.  This will ensure that principal business terms are flexible and capture the 

objectives for the contract of both the vineyard and winery. 

Third, the contract should allocate the responsibilities and obligations between the 

parties.  This purpose of a contract contains the deliverables as specified and agreed to by 

both parties.  MacDonald and Lyon (2003) provide that the key deliverables are generally 

product, price, transportation, payment, labeling, and vineyard and grape management.  

Product being sold should be specified explicitly and will explain the variety, quantity, 

provisions regarding variance above or below the quantity, and any further provisions 

such as if the seller retains the right to withhold tonnage for open market sales.  Price is a 

function of many different criteria and, as explained earlier, can be subjective.  However, 

it is at least a function of supply and demand and quality to determine fair market value.  

Measurable quality criteria usually consist of at least Brix, TA, pH, MOG, disease (rot, 

mold, mildew, etc.), and damage.  Other criteria may be used such as berry to stem ratio.  

Some criteria may be subjective or difficult to measure and may include location (AVA, 

etc.), vineyard production history, unique production practices (organic, no irrigation, 

etc.), and vineyard or producer reputation.  The contract should stipulate who will 

perform the measurements for quality criteria and how any dispute over quality 

measurements will be resolved (i.e., third party measurements) (MacDonald & Lyon, 

2003). 

The final basic purpose of any winegrape contract is to address unintended 

contingent outcomes and resolution.  These outcomes are generally related to potential 

downside risks, including the winery’s right to reject products that do not meet contract 
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specification and shipment adversities.  A thorough inclusion and understanding of the 

terms which dictate each party’s rights under contingencies may determine the legal 

outcome for each party.  These terms, when used properly, may also facilitate 

unambiguous business relationships and in turn encourage profitability of each party and 

effectively manage known risks (MacDonald & Lyon, 2003). 

Influencing Producer Behavior 

Hueth et al. (1999, p. 378) provide “…four possible instruments or mechanisms 

by which an intermediary (buyer) might try to influence the behavior of its producers: 

direct monitoring, quality measurement, input control, and residual claimancy.”  Direct 

monitoring can be less cost effective than other alternatives and may be more effective as 

an addition to other instruments, although it would resolve the intermediary’s problem of 

ensuring a particular behavior of the producer.  Quality measurement tends to be more 

cost effective because only the end product needs to be evaluated and payment may be 

contracted in a way which is conditional on realized quality.  Input control is a way to 

control a producer’s activities deemed by the intermediary to be relevant to quality.  This 

may be effective to achieve the specific objectives of the intermediary, but it is assumed 

that producers have some degree of endogenous knowledge that is difficult to replicate, 

which leads to the conclusion that controlling all inputs would be inefficient.  Some 

control however, may be more attractive than all.  Residual claimancy is a scenario where 

the intermediary may attempt to hold producers responsible for negative quality 

outcomes.  This could be done, similarly to quality measurement, by making final 

payment subject to a downstream price which would make a producer the residual 
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claimant for their specific actions by penalizing poor quality (Hueth et al, 1999).  Hueth 

et al. (1999) and Wolf, Hueth, and Ligon (2001) fail to mention that the converse is true 

as well, meaning that the same mechanism could benefit the producer by the intermediary 

providing a bonus or premium for exceptional quality. 

Fraser (2005) framed the previous four instruments in the context of viticulture.  

Fraser suggests that wineries can and do measure quality to determine direct evidence of 

realized outcomes.  However, Olmos (2008) also concurs with Oczkowski (2001) that 

grape quality may be difficult to assess objectively and cites Fraser (2005) as proving that 

even the common methods of measurement are less than perfect.  Wineries may choose 

to monitor a producer’s activities that are not explicitly controlling in nature, but rather 

may allow the sharing of relevant information from other producers.  Wineries may 

choose a path of more direct control through the means of specifying inputs used, 

maximum production yield, or any other means intended to control either management or 

particular practices.  Lastly, a winery may structure payments in a fashion that reflects the 

price of wine received by the winery (Fraser, 2005).  This type of payment structure is 

also commonly used in other agricultural commodities, such as fresh produce (Wolf, 

Hueth, & Ligon, 2001).     

Wine Grape Purchasing Price Form 

In general, there are three main types of forms used for purchasing winegrapes: 

per-ton, per-acre, and return-sharing.  Contracts for winegrapes purchased on a per-ton 

basis tend to contain fewer management or input stipulations than other forms and likely 

encourage the producer to behave in a manner which first aligns their individual return 
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maximization function with the effort to meet specific objectives of the winery being 

secondary (MacDonald & Lyon, 2003).  Fraser (2002) found that approximately 41% of 

contracts in Australia were based on yield per hectare (per-ton contracts).  It is theorized 

that under this structure of winegrape pricing, the producer may be indifferent between 

producing a product that exhibits more variation for a given set of measurable quality 

characteristics and other forms.  This structure also has the potential to develop a 

misalignment of vineyard and winery incentives.    

Contracts for winegrapes purchased on a per-acre basis tend to contain more 

management and input stipulations as MacDonald and Lyon (2003) suggest, and likely 

encourage the producer to behave in a fashion in which the primary effort would be to 

meet the specific objectives of the winery, in order to receive the highest price possible.  

This would lead to a secondary effort of the minimization of the producer’s individual 

cost function with the additional cost constraints of meeting required contract practices 

(implied return maximization).  Since the per-acre form of contract likely requires 

producers to adhere to additional management and input requirements, the return of 

grapes per unit under this form of pricing should be at least equal to, if not greater than, 

the return that could be received under the per-ton pricing basis, for per-acre pricing to be 

the preferred contracting method.  This value should account for the additional 

operational costs incurred to meet the specifications as well as any premium quality value 

which grapes purchased on a per-acre basis are thought to possess over those grown and 

sold per-ton.   

MacDonald and Lyon (2003) also specify that key differences between 

contracting for winegrapes sold per-acre and other contract forms is the treatment of 



Texas Tech University, Daniel K. Pate, May 2011 

22 

 

production and volume management.  In general, the practice performed by the producer 

to intentionally provide a specific yield is called “cluster thinning” and is done because it 

is believed to improve overall fruit quality (Hellman & Casteel, 2003).  This practice 

entails the producer deliberately removing clusters of fruit at varying times before harvest 

to achieve a particular yield level, which is below what the vines would produce without 

cluster thinning.  This is reflected in contracts that stipulate a specific yield per-acre and 

provisions for alternate pricing (penalties) in the event that yield falls below the specified 

level for reasons other than cluster thinning (e.g., unfavorable weather, mismanagement).  

The practice of cluster thinning is very closely monitored by the vineyard and winery, 

and in the event that the winery desired a yield level per acre that is below what was 

specified in the contract, the producer would not incur a penalty.  Under the 

circumstances of winery-directed yield reduction, MacDonald and Lyon (2003) promote 

the idea that the winery may share in the result of adverse weather conditions. 

Little information has been published on winegrapes purchased with return-

sharing contracts.  MacDonald and Lyon (2003, p. 128) describe a return-sharing 

agreement they call a “bottle contract” as “…an agreement in which the final price paid 

for grapes delivered is based on the retail (or wholesale) price of the bottle of wine made 

from the purchased grapes when it is released.”  It was found that in Australia, 

approximately 20% of producers received a payment contingent on the final bottle price 

of the wine produced with their grapes (Fraser, 2002).  Typically, a base price is paid to 

the grower at the time of delivery and the remaining balance is paid at the time the wine 

is released for retail sale.  This means that a producer is delaying receipt for a portion of 
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his/her revenue from winegrapes, which would require understanding of their financial 

ability to enter into this type of contract form.   

This form of winegrape pricing structure could tend to contain moderate to low 

specifications regarding management or inputs and likely encourage the producer to 

behave in a way that maximizes their individual return function while simultaneously 

exerting relatively equal effort to meet the specific objectives of the winery.  This may 

imply a closer alignment of end objectives for both the vineyard and winery than pricing 

on a per-ton basis or per-acre basis because the final price paid to a given producer is tied 

directly to the final retail wine price.  A primary disadvantage of the return-sharing 

contract for the vineyard is the delayed receipt of payment, while the primary winery 

disadvantage is transaction costs associated with tailoring a unique contract for each 

purchase.  For the purposes of this study, I consider the return-sharing form to be a 

contract intended to share retail wine price risks.  

A variation of the return-sharing form establishes the grape purchase price based 

on the anticipated retail wine price, with all payments due within a short time-frame.  A 

prominent premium winegrape producer in Napa Valley, California uses this variant to 

share retail wine price risks with the winery while avoiding delayed receipt of payment 

contingent upon final retail price (Beckstoffer, 2008).  This producer determines grape 

prices using the “bottle-price formula”, a common method for benchmarking grape prices 

regardless of contract form.  The origin of this pricing method or frequency of use is 

unclear, but is generally accepted that the final grape price per-ton is calculated by 

multiplying the anticipated retail bottle price (e.g., $15 per bottle) by a multiplier (e.g., 

100).  The example given would then result in a final grape price per-ton of $1,500 
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(Hinkle, 1994; Franson, 2008, 2009; Bitter, 2009).  Variations of the multiplier can be 

used to achieve more tailored results, such as 75X or 125X.  Additionally, there may be 

issues concerning the legality with a grape contract price formula based on the wine’s 

bottle price, per The Clare Berryhill Grape Crush Report Act of 1976.  This act requires 

that prices in grape contracts be set prior to January 10 of each year, but ways have been 

devised and employed to avoid this problem of legality (Eisenberg, 2010).               

Risk Transfer and Incentive Alignment 

It is well established that in agriculture, in particular, contracts serve an important 

role in motivating cooperation, minimizing transaction costs, and risk transfer through 

incentive alignment (Bogetoft & Olesen, 2002; MacDonald et al, 2004; Fraser, 2005; and 

Olmos, 2008).  Williamson (2002, p. 172) points out that one means of viewing economic 

phenomena is through the science of contract and can be distinguished into two 

segments: public ordering or private ordering.  He further suggests that private ordering, 

“…entails efforts by the immediate parties to a transaction to align incentives and to craft 

governance structures that are better attuned to their exchange needs.”    

Alignment of incentives is a main focal point of this study.  Winegrapes do not 

represent a production style built solely on maximizing yields, nor is it solely based on 

innovation.  It is a combination of the two for most circumstances and particularly for the 

Texas industry.  For example, why did Pinot Noir varietal wines acquire elite status in 

Oregon?  It did so for a myriad of reasons, the primary of which was due to the fact that 

climate of the Willamette Valley so closely matched that of the Burgundy region of 

France, the foremost region for growing Pinot Noir.  The concept of the relationship 

between the variety of winegrape and the environmental growing conditions, which is 
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based on matching a particular variety with a given climate, has been well known 

throughout Europe for centuries and is one of the pillars by which their wines achieved 

worldwide recognition and outstanding reputations.  Many of these ‘matches’ occur in 

climates that could be considered substantially risky, whether in the Willamette Valley, 

Burgundy, or elsewhere.  However, this delicate balance between variety and 

environment carries with it complex characteristics for the particular matched variety that 

are the reasons for accolades and are difficult to duplicate (Lett & Hellman, 2003).  

Oregon’s success with Pinot Noir could be framed as an efficient amalgamation of 

cooperation, risk transfer-incentive alignment, and transaction cost economizing.  Just as 

it is fundamental to match a given variety to a particular climate, it is integral to match 

the proper production contract to the end objectives of both winery and producer.  In this 

way, this study seeks to determine where the boundaries of balancing types of winegrape 

sales contracts lie, and which types are most equitable between the wineries and grape 

producers. 

The two branches of the theoretical concentrations (Figure 4), which Williamson 

(2002) refers to as private ordering, are incentive alignment (i.e., mechanism design, 

agency theory, the formal property rights literature) and governance of ongoing 

contractual relations (i.e., contract implementation).  According to Williamson (2002), 

private ordering through a transaction is composed of efforts by the immediate parties to 

align incentives and to establish governance structures that coincide with their exchange 

needs.  This study will focus on the branches of incentive alignment and governance for 

which Williamson (2002) provides the theory.  Incentive alignment will be analyzed and 
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is comprised of allocation of effort and risk transfer between each party, which is 

facilitated by governance through a formal contractual arrangement.       

 

 

 

 

 

 

 

 

 

Source: (Williamson, 2002) 

Risk and Uncertainty 

Winegrape production and marketing, as with most agricultural commodities, are 

subject to several different kinds of risk, including biological risk, price risk, institutional 

risk, and behavioral risk.  The behavioral risk, in particular, is one uncertainty that a 

production contract between a winery and producer attempts to reduce because a winery 

does not know what actions a producer might take and vice versa.  Both parties in this 

case would consider an uncertain payment less valuable than a certain payment with the 

same expected value, and have two alternatives to reduce the cost of risk and uncertainty.  

The winery and producer can attempt to minimize the overall risk or they can share the 

risk between them.  Risk can be reduced by choosing a robust contract that leads to 
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sensible outcomes even in the event that initial assumptions are not met.  Holmström 

(1979) explains that monitoring the actions of a party may also be a viable choice to 

reduce the cost of risk and uncertainty.   

The choice by the winery and vineyard to share risk depends on the context and 

interactions with incentives.  Bogetoft and Olesen (2002) argue that if the producers 

(winegrape producers) are risk-averse and the processor (winery) is risk-neutral, then the 

most efficient way to share risk is by placing all the risk on the winery so that the 

winegrape producers will receive a fixed salary.  Yet, to motivate the winegrape 

producers to take actions which are unobservable and unverifiable, the payment must 

depend on the output (winegrapes).  Thus, an efficient contract would be one which 

balances the costs of risk-bearing against the incentive gains (Holmström, 1979; Milgrom 

& Roberts, 1992). 

 Bogetoft and Olesen (2002) suggest that there is no trade-off between risk-

sharing and incentives for common risks affecting all producers equally.  Holmström 

(1982) points out that common risks can be eliminated from the payment to the 

winegrape producers by using relative performance evaluations as opposed to absolute 

ones.  Similarly, it may be possible to remove price risk from the producers’ payments 

without affecting their incentives.  Fraser (2002) found that many producers may be open 

to accepting a minimum pricing arrangement for winegrapes supplied with quality 

bonuses/penalties, which indicates that they may be open to the idea of trading price 

uncertainty for more certain returns, albeit lower returns. 
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Post-Contractual Opportunism 

Opportunistic producers (winegrape producers) do not automatically take the actions 

specified in a contract, which could lead to problems of moral hazard.  The contract and 

the particular stipulations contained should motivate the producer to take the right 

actions, even if they are unobservable.  The right actions are considered those desired by 

the contract and ones which the producer chooses to maximize their own utility.  In other 

words, the contract must account for the incentive compatibility constraint of the 

winegrape producer.  Compensation to producers must be based on the outcome to 

incentivize behavior for unobservable actions (Bogetoft & Olesen, 2002).   

There is usually a stochastic relationship between the actions of a producer and the 

resulting output, which implies that incentives based on output will expose the producer 

to risk because output depends on factors outside the producer’s control.  These factors 

include, but are not limited to weather adversities, input cost fluctuation, and labor 

availability.  Assuming the winegrape producers are risk-averse, then the risk carries with 

it a risk premium.  Therefore, there is a trade-off between providing incentives and 

minimizing the cost of risk (Bogetoft & Olesen, 2002).   

An advantage can be found in the relationship between the producer and winery if the 

winery can obtain more complete information about the producer’s effort.  By acquiring 

this information, the producer is exposed to less risk while still being induced to take the 

same actions (Bogetoft & Olesen, 2002).  Holmström (1979) contends that according to 

the informativeness principle, any performance measure that reduces the error in 

estimating a winegrape producer’s actions by the winery should be used in a contract.  

This is verified in the California winegrape industry by Goodhue et al. (2003), who found 
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that approximately 53% of contracts from survey respondents contained language either 

requiring or suggesting specific cultural practices.  Furthermore, not only may a payment 

to a producer be based on behavior specific to that individual producer, but may also 

depend on information about the performances of other producers if it provides a more 

accurate estimate of the effort provided by the individual producer. 

Holmström (1979) suggests that the optimal strength of the incentives a winery might 

provide a producer is primarily dependent on three factors.  First, the incentives should be 

strong if the additional effort sought has a relatively high value.  Second, if incentives are 

likely to have a substantial effect on a producer’s behavior, then the incentives should be 

strong.  Lastly, since there is a trade-off between providing incentives and reducing the 

cost of risk, incentives should be weak if the winegrape producer is very risk-averse or if 

the winery can only obtain imprecise information about the producer’s behavior. 

It is logical and common that producers undertake various tasks simultaneously and, 

in such situations, a rational producer will tend to ignore less well-paid tasks and focus on 

the more well-paid ones.  This is consistent with the assumed return maximizing behavior 

of the winegrape producer.  However, it does not align the winery and producer 

objectives as closely as incentives, which are more balanced.  An example of this would 

be the situation in which a producer must allocate time between two tasks and the 

disutility per time unit is the same for each task.  The equal compensation principle states 

that if the allocation of time between these two activities cannot be measured, then either 

the marginal rate of return of each task must be equal, or the activity with the lower 

marginal rate of return will not be allocated time by the producer (Holmström & 

Milgrom, 1991; Milgrom & Roberts, 1992).     
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Pre-Contractual Opportunism 

 A producer will only enter into a contract if provided an expected return at least 

equal to their opportunity cost, which is given by the individual rationality constraint.  At 

the same time, the processor seeks to maximize his own expected returns by attempting 

to design contracts in a particular fashion that each producer will receive no more than 

their opportunity cost.  However, if a producer has information before entering a contract 

about his or her skills, cost structure, or any other useful information that is not available 

to the processor, the producer may be able to obtain a contract which will provide an 

expected return above their opportunity cost.  In other words, the producer earns what is 

called information rent and exhibits the problem of pre-contractual opportunism (adverse 

selection) (Milgrom & Roberts, 1992; Bogetoft & Olesen, 2002).     

 To reduce the problem of adverse selection, contract theory recommends four 

actions which could be taken by either a winery or winegrape producer.  First, the winery 

can collect information prior to entering a contract to purchase winegrapes, which 

reduces the producer’s informational advantage.  Second, producers can use signaling to 

reveal more complete information to the winery through their behavior prior to entering a 

contract.  Third, the winery can use rationing and offer to a pool of producers only a 

contract designed to elicit participation of particular producers, i.e., the ‘better’ 

producers.  This action reduces the producer’s ability to extract rents from a winery by 

imitating a ‘worse’ producer and leads to fewer but more desirable contracts for the 

winery.  Fourth, a winery may choose to screen producers by offering several types of 

contracts from which to choose.  It is assumed that the contract which producers choose 

indicates the type of producer they are.  However, this action requires that each contract 
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offered is accurately designed to elicit the selection of each particular type of producer, 

which is likely too costly for the winery (Bogetoft & Olesen, 2002).    

Cooperation of Parties 

Ultimately, the parties involved in a contract can only realize the full economic 

benefit from their production if they cooperate.  Producers in particular may benefit from 

the sharing of knowledge among each other.  This is readily evident in the winegrape 

industry.  Flexibility of the cooperation between processors and producers may enable 

both parties to adjust to events not accounted for in a particular contract without costly 

negotiations or conflict resolution, and suggests that both parties benefit from cooperative 

behavior in this context (Bogetoft & Olesen, 2002).   

  Bogetoft and Olesen (2002) argue that relative performance evaluation may have 

a negative impact on the cooperation between producers.  With regard to cooperation 

between producers and processors, strong incentives may complicate this relationship 

because the payment is likely to be very sensitive to the decisions taken by the other 

party.  This could lead to protest by a given party when changes in actions adversely 

affect the other party’s payment or costs.  It is common that in general, a given winegrape 

producer has more complete information about other producers’ behavior than a winery.  

If the total payment to a group is dependent on the performance of the whole group, then 

group incentives motivate producers to monitor each other and may result in a social 

penalty, such as a poor reputation among the group (Milgrom & Roberts, 1992).  The 

example frequently given for this scenario is producer cooperatives; the contract must 

ensure that no producer has an incentive to leave the cooperative and form another 
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cooperative.  In other words, the return that a producer group earns within the cooperative 

must be greater than or equal to the return the group could earn outside the cooperative to 

ensure participation in the cooperative.  

Long-Term Motivation  

 According to Bogetoft and Olesen (2002), a contract should induce both the 

producer and processor to take into consideration the long-term effects of their particular 

actions or investments.  Many times, producers and processors are required to make 

specific investments and the party which makes this investment in specific assets is 

vulnerable to contract termination.  Thus, the party with the invested assets is left in a 

weak bargaining position for negotiations after the investment has been made.  Both 

parties readily see the necessity of investments prior to the time when they are made, but 

may be reluctant to make them.  This is considered the hold-up problem and can work 

against either party, though the hold-up problem is typically more significant in the event 

that the processor holds up producers.  Since investments by both winegrape producers 

and wineries can be substantial initially and over time, this industry may be particularly 

susceptible to this problem.   

 By entering into long-term contracts, it may be possible to reduce the hold-up 

problem due to the fact that the terms are settled before either party makes specific 

investments.  However, it is impossible to make complete contracts that cover all possible 

events, which indicates that in reality the hold-up problem is possible even in long term 

contracts.  Bargaining position balance between both parties may remain unchanged in 

the event that each makes specific investments.  Furthermore, in the event that one party 
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has a good reputation they will likely be reluctant to devalue this reputation by holding 

up the other contract partner because it could sour potential relations with other parties 

(Hart, 1995).  Indeed, Fraser (2005) found that as the duration of a contract between a 

producer and winery increases, the contracts tend to include both a higher quantity and 

specificity of clauses.  This implies that a contract is a viable vehicle for parties to take 

into consideration the long-term effects of their particular actions or investments, and that 

it is in the interest of both parties to create a contract that is as complete as possible. 

Contract Renegotiation 

 Bogetoft and Olesen (2002) contend that renegotiation facilitates flexible 

contracts and enables both parties to modify the contract to incorporate changes in the 

relationship environment.  This implies that parties may be able to remove ex post 

inefficiencies through the contract renegotiation process even though renegotiation may 

reduce commitment and lead to strategic behavior (Milgrom & Roberts, 1992). 

In the event that both parties know that the contract will be renegotiated, the parties will 

not behave according to the incentives of the previous contract, but rather will act 

according to the incentives they expect to receive in the new contract, so the 

renegotiation may lead to ex ante inefficiencies (Williamson, 2002).  Williamson (2002) 

refers to this as the problem of forgiveness.  Many times, strong incentives rely on 

penalties that may be costly for both parties to implement and may be better off without 

the penalties.  If both parties anticipate this will be an issue, then the incentives in the 

renegotiated contract will likely be weakened, as exemplified in the discussion regarding 

risk and uncertainty.  If the contract is renegotiated after effort has been established, then 
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the parties may be able to improve ex post efficiency by shifting the risk from a risk-

averse winegrape producer to a risk-neutral winery.  However, the incentives vanish if 

the producer expects this to occur (Bogetoft & Olesen, 2002). 
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CHAPTER III 

CONCEPTUAL FRAMEWORK 

Three fundamental areas of interest must be considered in order to begin to 

determine the circumstances under which different methods of contracting and different 

contractual provisions for winegrapes are optimal.  First, each particular provision and 

the effect it has on the allocation of effort will be analyzed.  Second, this study will 

employ a linear principal-agent model described by Holmström and Milgrom (1987, 

1991) to examine how contractual provisions shift risk between the winery and producer.  

Third, this study will model how risks are shared through several possible contract 

designs to determine if aggregated winegrape contract provision outcomes mirror the 

theoretical justifications for each particular provision and intended overall outcome.  

With these three pillars, a base will be provided to maximize extensions and implications 

of additional economic analyses.      

Allocation of Effort 

At the core of determining the optimality of a contract and its provisions is the 

agent’s allocation of effort.  The contracting process is necessary as a means to reduce 

uncertainty of product procurement for the principal, but more important to this study, it 

is the means by which the winery elicits a specific outcome from an agent whose 

behavior either cannot be observed or cannot be completely measured.  The winery only 

maximizes its welfare when the agent (producer) is provided appropriate incentives to 

truthfully reveal internal information and is compensated for this information by 
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collecting rents in excess of its costs.  Contracts, when efficiently and effectively 

constructed, reward both the principal and agent.  

Holmström and Milgrom (1987) provide a substantial foundation for estimating 

the allocation of effort for an agent between multiple activities based on the observable 

incentive scheme provided by the principal.  The authors show that if a winegrape 

producer (agent) can allocate his effort between two stochastically independent activities 

where 𝑧𝑖 is a given activity, 𝜇𝑖 is the agent’s utility for activity 𝑖, and 𝜃𝑖 is the uncertainty 

for state of nature 𝑖: 𝑧1  =  𝜇1  +  𝜃1 and 𝑧2  =  𝜇2  +  𝜃2, has cost function, 𝑐(𝜇𝑖), which 

reflects decreasing returns for each activity: 𝑐(𝜇1,𝜇2)  =  𝜇12/2 + 𝜇22/2, and the winery 

(principal) can only observe 𝑧 =  𝑧1  + 𝑧2, then the producer will allocate his effort 

symmetrically between the two activities.  Furthermore, this is considered an efficient 

allocation based on the informational assumption (Holmström & Milgrom, 1987).   

 In the event 𝑧1 and 𝑧2 can be observed (measured) separately, then the optimal 

incentive scheme, 𝑠(𝑧𝑖), will be linear, where 𝛼𝑖  is the piece rate coefficient for activity 𝑖, 

and 𝛽 is the constant payout for the incentive scheme:  

𝑠(𝑧1, 𝑧2)  =  𝛼1𝑧1  +  𝛼2𝑧2  +  𝛽 

However, 𝛼1 and 𝛼2 do not need to be equal even though the marginal costs and marginal 

products are identical in the two activities.  Only in the event where 𝑧1 and 𝑧2 have equal 

variance will 𝛼1 and 𝛼2 be equal.  The important underlying general rule is that 𝛼1  >  𝛼2 

if 𝜎1 <  𝜎2 (Holmström & Milgrom, 1987).   

  Holmström and Milgrom (1987) point out that incentive weights among different 

activities are both a function of marginal costs and benefits and their variances.  By 

qualitatively analyzing the implicit incentivized producer behavior and incentive weights 
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from contractual provisions, it can be determined whether the producer would be 

encouraged to take on a return-maximizing or cost-minimizing behavior based on 

incentives provided by the winery.  This delineation is vital because producer’s behavior 

may imply a quantity driven approach at the sacrifice of quality, or a quality driven 

approach at the sacrifice of quantity.  Therefore, simply by establishing the likely induced 

behavior, the behavior which is not incentivized can also be determined.  Determining 

whether the behavior incentivized is truly the behavior desired will establish the degree to 

which the contract and provisions are successful.  “In practice, one feels, schemes that 

adjust compensation only when rare events occur are not likely to provide correct 

incentives for the agent in ordinary, high probability circumstances” (Holmström & 

Milgrom, 1987, pg. 305). 

The Linear Principal-Agent Model Description 

Another integral determinant of the optimality of a contract and its provisions is 

the Linear Principal-Agent Model.  Holmström and Milgrom (1991) demonstrate in great 

detail the ways in which this model functions.  The authors explain that when examining 

the relationship between the principal and agent, it can be assumed that the agent makes a 

one-time choice of a vector of efforts 𝑡 =  (𝑡1, … , 𝑡𝑛) at a personal cost 𝐶(𝑡).  The vector 

of efforts 𝑡 leads to the expected gross benefits of 𝐵(𝑡) which are accumulated directly to 

the principal.  The authors then assume that the function 𝐶 is strictly convex, while the 

function 𝐵 is strictly concave.  The efforts the agent chooses generate a vector of 

information signals, 𝑥, where  

𝑥 =  𝜇(𝑡)  +  𝜀. 
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It is assumed that the real-valued function 𝜇, with a domain ℜ+
n   and co-domain ℜk such 

that 𝜇(𝑥1, 𝑥2, … , 𝑥𝑛) =  (𝜇1, 𝜇2, … , 𝜇𝑘), is concave and 𝜀 is normally distributed with 

mean vector zero and covariance matrix 𝛴.  The agent’s expected utility, 𝑢(𝐶𝐸), borne 

by a wage of 𝑤(𝑥) as compensation specified in the contract, is assume to be in the form  

𝑢(𝐶𝐸)  =  𝐸{𝑢[𝑤(𝜇(𝑡)  +  𝜀) –  𝐶(𝑡)]}. 

In this form, 𝑢(𝑤)  =  −𝑒−𝑟𝑤 and CE is the agent’s “certainty equivalent” money payoff.  

The coefficient 𝑟 measures the agent’s absolute risk aversion (Holmström & Milgrom, 

1991), which this study assumes is > 0 for the agent, indicating they are risk-averse. 

 Holmström and Milgrom (1991) show that if the compensation rule provided in 

the contract were linear and of the form 𝑤(𝑥)  =  𝑎𝑇𝑥 +  𝛽, then the exponential form 

could be used to derive the agent’s CE as 

𝐶𝐸 =  𝑎𝑇𝜇(𝑡)  +  𝛽 –  𝐶(𝑡) –  ½𝑟𝑎𝑇𝛴𝑎. 

This tells us that the agent’s CE is expected wage minus the private cost of effort minus a 

risk premium while the term 𝑎𝑇𝛴𝑎 is the variance of the agent’s income under the linear 

compensation scheme (Holmström & Milgrom, 1991). 

 Expected return for the principal is 𝐵(𝑡) –  𝐸{𝑤[𝜇(𝑡)  +  𝜀]} which, under the 

linear compensation scheme is 𝐵(𝑡) – 𝑎𝑇𝜇(𝑡)  −  𝛽.  Thus, the total certainty equivalent 

for the principal and agent under the linear compensation scheme is 𝐵(𝑡) –  𝐶(𝑡)  −

 ½𝑟𝑎𝑇𝛴𝑎, which the authors point out does not include the intercept term 𝛽 and that 𝛽 

only serves to allocate the total certainty equivalent between the principal and agent.  

Furthermore, the incentive-efficient linear contracts are exactly those that maximize the 
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total certainty equivalent subject to the given constraints.  So that if (𝑡,𝑎,𝛽) is such a 

contract, the (𝑡,𝑎) must be a solution to the model 

max𝑡,𝑎 𝐵(𝑡) –  𝐶(𝑡)  −  ½𝑟𝑎𝑇𝛴𝑎, 

subject to          

 𝑡 maximizes 𝑎𝑇𝜇(𝑡′) −  𝐶(𝑡′). 

Assuming that the agent’s certainty equivalent is CE, then the intercept 𝛽 is equal to the 

agent’s CE income, minus the expected compensation from the incentive, plus 

compensation for the cost borne by the agent, plus a compensation for risk.  This 

equation takes the form of 𝛽 =  𝐶𝐸 −  𝑎𝑇𝜇(𝑡)  +  𝐶(𝑡)  +  ½𝑟𝑎𝑇𝛴𝑎. 

Holmström and Milgrom (1991) note that the above model appears to involve two 

assumptions that could prevent the model from being adapted to other purposes: (1) the 

assumption that the contract signed by the principal and agent specifies a wage payment 

which is a linear function of measured performance and (2) that the agent makes a one-

time choice about how to allocate his/her effort throughout the relationship which does 

not include improved performance information over time.  However, Holmström and 

Milgrom (1987) established that these two assumptions which appear problematic on the 

surface actually offset each other exactly in this model. 

The second assumption results in an identical outcome, just as if the agent chose 

his/her efforts continuously over time, because under the continuous model, an efficient 

contract specifies that the agent will choose 𝑡(𝑇) to be constant over time.  The agent’s 

wage will be determined by the formula 𝑤 =  𝑎𝑇𝑥 +  𝐵, which is a linear function of the 

final outcome x alone and does not depend on any intermediate outcomes.  So, the 
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constant t and the slope vector 𝑎 are identical in both the one-time choice and continuous 

choice effort models (Holmström & Milgrom, 1991).  

Modeling Risk Sharing and Analysis 

The model provided by Holmström and Milgrom (1991) is one which will provide 

this study with robust analysis.  They argue that based on the underlying assumptions of 

the model, it is likely well suited for representing compensation paid over a short period 

and where returns are the cumulative result of continuous efforts over time.  Additionally, 

Holmström and Milgrom (1991) argue that this model is particularly appropriate for 

analyzing the use of piece rates as a compensation scheme for the agent.  Winegrape 

contracts, about which this study is concerned, commonly are constructed on an annual 

basis and include payment to the agent based on several measurable variables at the time 

winegrapes are harvested.       

Understanding more completely how the risk associated with winegrapes pass 

between the producer and the winery will provide additional information on contractual 

provision outcomes.  This information may be useful in determining ordinal 

characteristics of Texas production risks.  For example, it has been suggested that the 

Texas winegrape industry has a high degree of weather risks and may be greater than 

those found in other winegrape growing regions of the United States.  If this is the case, it 

would be logical to infer that the producer would be less willing to incur risk shifted from 

the winery to the producer.  Thus, contractual provisions that target residual claimancy on 

the part of the winery should be fewer or infrequent.  Establishing these types of 

underlying linkages will provide a gauge with which to measure future empirical studies. 
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In this study we assume that the producer is risk-averse, an assumption that is 

supported with the evidence that producers typically face biological risk, price risk, and 

institutional risk.  The winery is considered risk-neutral when they are willing to absorb 

downstream price risk, and contractual design will confirm this by failing to transfer any 

of this price risk back to the producer.  In the event wineries seek to include residual 

claimancy practices, such as price paid for the winegrapes including a fixed component 

of compensation and a piece rate paid for the final retail price of the bottle of wine, then 

the winery is considered to be risk-averse, assuming this practice is not done to reduce 

moral hazard on the part of the producer.   

This study argues that moral hazard on the part of the producer is likely only of 

concern to the winery in short-term contractual arrangements.  Over time, if a producer 

repeatedly engages in opportunism, this will eventually become apparent to the winery 

and they would likely dissolve the relationship with that producer.  Furthermore, this 

study contends that in Texas, and likely other winegrape regions, reputational stakes for 

winegrape producers are high.  Combined with the large initial investment costs required 

to produce winegrapes, this should reduce the likelihood of producer opportunism to a 

point that overall moral hazard risk to the winery would be unlikely.  It should be noted 

that, it is possible that in the current Texas market of low supply and high demand, 

producers could behave opportunistically without completely jeopardizing the survival of 

the operation at least in the short-term, but again the long-term survival would likely be 

endangered as this action would become transparent over time. 

Due to the long term nature of the relationship between a producer and winery, in 

the event one party does not consistently provide its contractual obligations, the other 
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party will likely not participate in any further business with the defaulting party.  This 

suggests that both parties have shared long term interests and will likely not be threatened 

by opportunistic behavior the longer they are partners because any behavior of this type 

will reveal itself over time.  This would also be the case in the event of longer term 

contracts and could be used as justification for seeking multi-year contracts or 

renegotiating terms that would minimize future costs of the transaction. 

Each possible contractual provision will be investigated to establish three key 

questions: 1) is risk transferred between the winery and producer, 2) how does the risk 

shift between the winery and producer, and 3) how does the risk transfer affect the 

behavior of each party.  This is necessary to adequately capture the effect risk sharing has 

on contractual design.  Currently, it appears that Texas grape producers hold significant 

selling power because of the demand and supply orientation.  Creating more complete 

information about the events likely to transpire if the power were to shift to a more equal 

position or a shift in the winery’s favor, will provide insight to the most favorable 

contractual mechanisms available to all contract parties.  The model previously detailed 

allows significant freedom in the way it allows observable activities to enter, even if the 

measured degree of precision varies or cannot be measured at all (Holmström & 

Milgrom, 1991).       
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CHAPTER IV 

METHODS AND PROCEDURES 

The conceptual framework laid out in the previous chapter provides the 

underpinnings by which extensions can be employed to determine the specific 

circumstances under which different methods of contracting and different contractual 

provisions for winegrapes are optimal.  First, by employing previous empirical studies 

completed in other major grape growing regions, the feasible choice set of winegrape 

contracts available to producers will be determined.  Possible contract types considered 

were between a grape producer and a winery when a multitasking risk-averse producer 

allocates efforts among multiple activities that differ in measurability.  Second, 

comparative statics will be developed using principal-agency theory in the face of 

multitasking pioneered by Homlström and Milgrom (1991).  Comparisons between 

contract types will be made using specific contract examples and are presented in 

Appendices B (per-ton contract), C (per-acre contract), and D.  These specific examples 

were selected after a thorough review of available contract cases and represent 

illustrations of each contract type.  Third, by aggregating expected firm level incentives 

and outcomes, the likely nature of future outcomes for the industry can be determined 

with a greater focus on product quality or quantity.  To more completely understand the 

optimal winegrape contract and provisions under a range of circumstances, each of these 

dynamics must be scrutinized comprehensively in order to establish current positions, 

options available to wineries and vineyards, and towards what outcomes the industry is 

likely moving. 
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Of note, the example contract in Appendix D does not explicitly represent a 

return-sharing contract.  However, under ‘Exhibit B’ in Appendix D, where seven pricing 

options are provided, this study assumes that an eighth option exists.  This additional 

option would read as, “A multiplier of 100 times the final retail bottle price at the release 

of the wine.”  With this modification, the example contract could represent a form of 

return-sharing between the winery and producer.   

Previous Empirical Studies 

 Previous studies of winegrape contracting from which this study will determine 

feasible contracts are Goodhue et al. (2003), Fraser (2002), and Olmos (2008).  These 

studies will be used to provide empirical support for the qualitative analysis.  These 

studies provide a sound foundation to advance understanding of the effects of winegrape 

production contracts by more closely examining the incentives underlying their design. 

This study asserts that currently, the potential information gained from data 

regarding current Texas winegrape contracts would not be offset by the effort necessary 

to control for issues such as a sample size that is too small and potential external bias and 

thus, will not be collected.  Instead, each potential possibility for a particular contractual 

provision and method will be analyzed using contract theory to establish the implicit 

outcome.  By extending the analyses reported in previous studies, a greater light can be 

shed on the nature of winegrape contracts.  

Contract Provision Analysis 

Provisions in winegrape contracts are extremely common because, as described 

earlier, there is not an industry standard grading system for the fruit, so the purchasing 
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winery must determine the parameters it will use as a measuring stick for quality and the 

target values they deem valuable.  Thus, even the more basic winegrape contracts are 

open to errors of implementation and justification by both the winery and vineyard.  In 

winegrape contracts, contractual provisions are the mechanism through which incentives 

travel to and from each party and are therefore an integral component of the health of the 

relationship between both parties.  Understanding the provisions possible, provisions 

typically employed, likely incentivized behavior, and how the provisions synthesize in 

the greater whole of the contract will assist in creating optimal contract design.  A 

complete list of currently known possible contract matter and provisions is provided in 

Appendix A, as well as known examples of each and their respective intentions.   

Future Industry Implications 

In Texas, most winegrapes are contracted on a per-ton basis, due to the production 

being subject to more endogenous variance than revenues are subject to exogenous 

variance.  It could be inferred that as the market currently exists, where supply of Texas 

sourced winegrapes is lower than the demand from Texas wineries, that revenues are 

likely subject to less variance from exogenous variance than would be seen in a market 

closer to the supply and demand equilibrium.     

Finite calculations are not necessary to infer broad future outcomes through 

aggregating firm-level behaviors.  This study will determine the extremes of contractual 

design and employ contract and agency theory to indicate the range of course trajectories.  

Providing the results of extreme outcomes will establish the boundaries and provide 

insight to the trajectory of the industry.  An industry itself may in turn be able to alter its 

own course trajectory in an effort to return or avoid a particular set of outcomes. 
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It is well founded that when both the agent and principal engage in beneficial 

contractual relations, both parties are better off.  What must be more accurately defined in 

the greater winegrape industry is what the potential and likely outcomes are when one or 

both parties are not engaged in near-optimal contractual relations.  This may be an 

indicator of consistency with which Texas producers at large will provide the exact 

quality parameter the wineries seek. The more consistently producers are able to meet the 

demand of wineries, the greater effort wineries can make to further wine quality 

endeavors.  Clarifying the lines of future industry implications can in this way aid in 

improving the system efficiencies by evaluating outcome optimality. 
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CHAPTER V 

RESULTS 

Possible Scenarios for Market Conditions 

The distinct advantages of complete contracting to an industry is demonstrated in 

Table 1 (Carriquiry & Babcock, 2002; Franken & Pennings, 2009).  The beneficiary or 

loser is indicated under various market conditions and varying degrees of contracted and 

spot market grapes.  It also shows whether the result benefits neither party or the outcome 

is unknown.  Under complete (100%) contracting, both parties are equally well off at 

normal yields.  The winery and producer, respectively, have greater protection from the 

downside risks in low and high yield vintages, compared to complete spot market.  

Additionally, the winery and producer stand to gain under low and high yield vintages, 

respectively.  However, the gains available to each party under that advantageous vintage 

condition are greater if sold completely on the spot market.  In this way, it can be seen 

that a completely contracted market characterizes a “hedge” type system. 

Table 1: Possible Scenarios for Varying Vintage Outcomes and Marketing Conditions 

 Normal Yield High Yield Low Yield 

Marketing Condition Winery Producer Winery Producer Winery Producer 

100% Contracted 0 0 0/- 0/+ 0/+ 0/- 

100% Spot Market 0 0 + - - + 

Note: “+” = Gain for Respective Party; “-” = Loss for Respective Party; “0” = No Gain or Loss for 
Respective Party; “0/+” = No Change or Possible Gain for Respective Party; “0/-” = No Change or Possible 
Loss for Respective Party; “?” = Unknown Outcome 
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Comparative Statics 

Basic Tenets for All Contracts 

The base model used to derive comparative statics for each type of contract has 

several key assumptions that remain throughout: 1) the producer is always relatively 

more risk averse than the winery, 2) the contract offer is initiated by the winery to the 

producer and is considered a single-stage game and therefore does not account for 

negotiation, and 3) the producer makes a continuous choice of a vector of efforts.  

Additional assumptions for each contract type will be clearly indicated during the 

respective comparative statics evaluation. 

Per-Ton Contract Evaluation 

Per-Ton Comparative Statics 

A summary table of key variables and functions is presented in Appendix N for 

this per-ton model.  By developing a simple theoretical model, it can be shown how 

producers will respond when quality incentives are not present.  Initially, the winery 

contracts out grape production to a producer.  After the contract is signed, the producer 

makes a continuous choice (Holmström & Milgrom, 1987) of a vector of efforts, denoted 

by 

𝑡 =  (𝑡1, … ,𝑇),        (1) 

and at a personal cost of 𝐶(𝑡), which is assumed to be a strictly convex function.  These 

efforts t, lead to an expected gross benefit of 𝐵(𝑡), which accrues directly to the winery 
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and is assumed to be a strictly concave function.  The producer’s efforts 𝑡, generate a 

vector of information signals  

𝑥 =  𝜇(𝑡) +  𝜀,         (2) 

where it is assumed that 𝜇: ℝ+𝑛 →  ℝ𝑘 is concave and 𝜀 is normally distributed with mean 

vector zero and a covariance matrix 𝛴.   

It is important to note that this study considers 𝑥 to be the information signals 

contained in the producer’s yield, which in the case of contract compensation as a rate 

per-ton with no quality incentives, is explicitly the only signal that the winery would 

consider.  Many of the contract examples produced by industry participants do specify 

grape quality standards even when there is no monetary incentive connected to a 

particular quality standard.  In general, these contracts include “boiler plate” provisions, 

such as “Winery may, at its discretion, reject any container of grapes whose sugar levels 

do not reach the Minimum Brix set forth in Exhibit A to this Agreement” in Appendix D: 

Contract Example with Index Pricing Options.  In Appendix E: “Boiler Plate” Provisions 

for Appendix D Contract, examples of boiler plate provisions can be found.   However, in 

the unique case of winegrapes it is not reasonable in most circumstances to assume that 

the winery would reject a portion of the grapes and be able to swiftly purchase 

satisfactory replacement grapes in the spot market.   

So, two possibilities arise: 1) the winery would reject the grapes and the producer 

then retains possession to resell, use for personal winemaking, or discard them, etc., or 2) 

the winery offers to purchase the grapes on the spot at a reduced price and maintain 

possession.  In either case, the risk of substantial revenue loss due to load reduction 

should mean that the producer will likely not knowingly deliver a load of grapes with a 
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high probability of rejection.  Hefetz and White (1999) found load rejection is 

uncommon, at least due to disease problems.  One would assume that the producer would 

only deliver a grape load that would result in the second possibility described above, 

meaning that the grape quality delivered would not be much below the minimum 

standard stipulated in the contract.  Thus, this study assumes that load rejection is 

particularly uncommon, and does not include minimum quality levels.   

The assumed contract compensation scheme specifies a wage of 𝑤(𝑥), where the 

producer’s expected utility takes the form 

𝑢(𝐶𝐸) = 𝐸{𝑢[𝑤(𝜇(𝑡) +  𝜀) −  𝐶(𝑡)]},      (3) 

where 𝑢(𝑤) =  −𝑒−𝑟𝑤 and CE denotes the producer’s “certainty equivalent” money 

payoff.  It is assumed that the winery is risk-neutral and that the producer is risk-averse 

and that the coefficient 𝑟 is the measure of his risk aversion. 

For the per-ton contract, a linear compensation rule of 

𝑤(𝑥) =  𝑎𝑇𝑥,          (4) 

is assumed, so that the compensation is purely based on a ton of winegrapes delivered, 

does not contain any explicit quality incentives, and does not include any base payment.  

Equation 4 allows us to utilize the exponential form to derive the producer’s CE, 

denoted by 

𝐶𝐸 =  𝑎𝑇𝜇(𝑡) − 𝐶(𝑡) −  12𝑟𝑎
𝑡𝛴𝑎.       (5) 

This reads as the producer’s CE equals the expected wage minus the private cost of his 

actions minus a risk premium.  The term 𝑎𝑡𝛴𝑎 is the variance of the producer’s income 

under the linear compensation scheme specified in Equation 4. 
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For the winery, the expected return is 𝐵(𝑡) −  𝐸{𝑤[𝜇(𝑡) +  𝜀]}, which given the 

linear compensation scheme, can be rewritten as 𝐵(𝑡) −  𝑎𝑇𝜇(𝑡).  Therefore, the total CE 

of the winery and producer, or their joint surplus, under the assumed linear compensation 

scheme is denoted by 

𝐵(𝑡) − 𝐶(𝑡) −  12𝑟𝑎
𝑡𝛴𝑎.        (6) 

The solution to the contract can then be specified as 

max𝑡,𝑎 𝐵(𝑡) −  𝐶(𝑡),       (7) 

subject to 

𝑡 maximizes 𝑎𝑇𝜇(𝑡′) −  𝐶(𝑡′) −  12𝑟𝑎
𝑡𝛴𝑎.       (8) 

This assumption shows that in fact, the optimization problem does not contain 

explicit quality parameters in either the objective function or the constraint.  Therefore, 

the producer’s objective is to maximize yield.  This finding is supported by the results of 

Goodhue (2000) with regard to tomato contracts with and without quality incentives.  She 

found that in the absence of explicit price incentives for quality, the marginal benefit of a 

producer to produce quality is reduced without affecting the marginal cost (Goodhue, 

2000).  This indicates that when comparing a winegrape contract that pays a fixed price 

per-ton with one that stipulates incentives for quality measures, the winegrapes delivered 

at a fixed price will likely be of lower quality.  This is not to say that certain quality 

parameters, such as TA or pH, may be better in the fixed price contracted grapes, but that 

the sum total of the quality measures will be of lower quality.   

Additionally, supposing a winery was willing to pay the producer a very high 

fixed price per-ton, it would likely be conditioned on strict quality parameter 

requirements, thereby increasing the producer’s risk premium.  The contract would then 
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begin to resemble the per-acre model detailed in the following section, and would be 

markedly simpler to ensure contract fulfillment.  In contrast, the per-ton model would 

require steep increases in the per-ton price paid in the face of increases in producer risk 

premium, accurate parameter measurability, and producer task and effort verification.  

The constraint (Equation 8) does contain the producer’s risk premium and income 

variance, which if prices were determined ex post, it could be argued that the producer is 

held accountable for quality of the product via the final value of the grapes.  However, 

the prices are set forth in the contract ex ante, thus the producer is only a residual 

claimant so far as grapes meet the contract minimum requirements for quality.  

Therefore, the producer is only concerned with the variance of income and risk premium, 

which should be significantly smaller than the case of ex post price determination. 

Equations (7) and (8) could be rearranged to provide the “social planner’s” 

optimization problem, which would be concerned with achieving the best results for the 

group as opposed to each specific party.   

The social planner’s problem could be written as   

max𝑡,𝑎 𝐵(𝑡) −  𝐶(𝑡) −  12𝑟𝑎
𝑡𝛴𝑎,       (7.a) 

subject to 

𝑡 maximizes 𝑎𝑇𝜇(𝑡′) −  𝐶(𝑡′).       (8.a) 

To further understand the effects of producer surplus and welfare, Equations 7.a and 8.a 

would be used for evaluation.  Examples of surplus and welfare comparative statics can 

be found in Chambolle and Saulpic (2006).   
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When No Quality Incentives are Preferred  

Winegrape contracts exist frequently that do not specify incentives for measurable 

quality parameters.  Fraser (2005) found that less than 25% of the contracts in his survey 

contained incentives for Brix/Baume.  Goodhue (2002) found that roughly 10% of 

contracts in her survey contained bonus provisions and over 35% contained penalty 

provisions for grape quality.  So, when is it useful to use a fixed payment scheme and not 

provide explicit incentives for quality? 

This study supposes that some aspects of the product quality are measurable (such 

as Brix) and even if imperfectly measurable, are enhanced by effort devoted to activity 

𝑡1.  Furthermore, it is assumed that some attributes of the producer’s performance are not 

measurable (such as canopy management), but enhanced by effort devoted to activity 𝑡2.  

If 𝑡1 is one-dimensional, then it can be concluded that 𝜇(𝑡1, 𝑡2) =  𝜇(𝑡2), and 𝑥 =  𝜇 +

 𝜀.  Additionally, the compensation scheme in Equation (4)  can be adjusted to 

𝑤(𝑥) = 𝑆 =  𝑎𝑥 +  𝛽.        (9) 

The value of the overall ton of grapes will then be determined by the function 𝐵(𝑡1, 𝑡2) 

and assume that 𝐵 is increasing and that 𝐵(𝑡1, 0) =  0, for all 𝑡1 ≥ 0.  These assumptions 

will allow the demonstration that both activities are valuable. 

Proposition 1.  The efficient linear compensation rule in Equation (9), will pay a fixed 
wage without an incentive component (𝑎 = 0), even if the producer is risk neutral. 

Proof.  See Appendix F. 

The total returns derived in Appendix F indicates that if quality variables become 

increasingly noisy and difficult to measure, then it would likely be prohibitively costly or 

even impossible for the winery to employ a quality compensation scheme and 



Texas Tech University, Daniel K. Pate, May 2011 

54 

 

simultaneously maintain a stream of good quality grapes.  It is common that producers 

supply grapes to multiple wineries, which could result in them allocating more effort 

toward other grapes contracted to wineries that provided more secure measurements and 

relatively better compensation.  Additionally, the total returns shown in Proposition 1 

would need to be offered to the producer ex ante and could very well result in the 

producer not accepting the contract if other wineries with more straightforward 

compensation are interested in contracting for the same grapes. 

Risks Faced by Each Party 

This study shows that when a winery and producer enter a contract with a 

compensation scheme comprised of a fixed payment per-ton of grapes delivered without 

quality incentives, the producer bears no exogenous price risk.  The winery, in this case, 

bears all price risk in terms of retail wine prices.  With respect to production risk 

(biological risks inherent with agriculture), the producer bears the same risk as it would 

with no contract and the winery reduces its production risk by guaranteeing a supply 

stream of grapes over the duration of the contract (at least a greater supply certainty than 

would be the case if no contracts were entered) (Tanguy, 1989).    

Aggregated to Industry Implications 

In many areas of the U.S., per-ton contracts predominate the contracting methods 

(Goodhue, 2002; Fraser, 2005; Olmos, 2008).  Despite the fact that vineyard yield can 

range from 2 tons/acre to over 10 tons/acre, many of these contracts do not stipulate (1) a 

maximum quantity that the winery would be contractually obligated to purchase and/or 

(2) contain no explicit incentives for quality.  The former may be a substantial problem in 
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the event yield is extremely variable.  The winery offering the contract knows well in 

advance the production capacity that limits their operation and should be able to at least 

provide a maximum total quantity they would be contractually obligated to purchase.  It 

is possible that a particular winegrowing region could experience very high yields for a 

given year that exceed production capacity of local wineries.  If this were to occur, the 

last harvested fruit from a set of producers contracting with a winery would have no 

home.  If all (or nearly all) of the grapes produced in an industry were contracted per-ton 

with no cap or incentives, producers would likely maximize yield.  This could result in a 

lower average quality of fruit for the entire industry and if duplicated across several 

years, would likely place the overall quality significantly lower than otherwise.  Of 

significant concern would be the lack of a contractually stipulated maximum tonnage the 

winery would be required to purchase.  This could directly lead to over-cropping and in 

turn reduced fruit quality.  Furthermore, the lack of incentives may also lead to 

discouragement of what is considered “good” vineyard management, which directly leads 

to improvement in fruit quality. 

Lack of incentives also concretely ensures that the grapes delivered will only meet 

the minimum quality standards set forth in the contract to avoid load rejection, which also 

would result in a lower overall region quality.  Combining the two points only worsens 

the risk of a “run-on-the-bank” type of situation.  Naturally, one could argue that the 

contracts could simply specify higher minimum quality standards to resolve some of this 

issue.  However, the producer will then require greater compensation and the contracts 

would likely evolve to include penalties or bonuses for each valuable quality parameter 
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as well as a base payment, just as in Equation (9), to ensure producer engagement of the 

contract.     

The method of contracting per-ton can function as optimal in a variety of bounded 

situations.  However, the results of this study indicate that there are substantial risks 

involved for the winery, producer, and entire industry if the states of nature, or 

circumstances, move outside these bounds.  These types of contracts are generally found 

when contracts are renewed often, low asset specificity, and of low value; none of which 

can be said to characterize winegrapes (Allen & Lueck, 1992). 
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Per-Acre Contract Evaluation 

The per-acre contract discussed here is in which the winery will influence the 

producer’s incentives by controlling the portfolio of tasks that the producer can perform.  

In other words, the winery wants to directly control specific activities (such as cluster 

thinning post-veraison) and instruct the producer on how to proceed, rather than leave 

that decision to the responsibility of the producer.  One possible explanation for this 

reasoning is that the winery deems it easier (less costly) to control activities of the 

producer rather than monitoring the activity.  For this reason, the per-acre contract 

appears, at first glance, to be more appropriate where grape and wine quality are highest 

and measurement of particular quality features is most difficult.  This allows the winery 

to contractually control a particular behavior (such as cropping level) as opposed to 

merely setting minimum quality standards under which the producer may otherwise 

decide to maintain higher cropping levels than the winery would prefer.  From the 

producer standpoint, the winery is taking on an increased risk of agricultural decision 

making with respect to the practices they want to control. 

It is true that the producer will have less autonomy in viticultural practices under 

this form of contract, but this study assumes the winery will compensate for the loss of 

autonomy either by financial means or vineyard designation on the bottle of wine, which 

should lead to gains in “brand equity” for the producer.  This study does not examine the 

aspects of autonomy, but studies such as Hudson and Lusk (2004) could be easily 

extended to determine the role autonomy plays in winegrape contracting.  Goodhue 

(1999) suggests that controlling inputs may improve the efficiency of a particular 
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production process when it is done to assist with planning later stages of the production 

process.  She further states that in the event control is used to reduce moral hazard, 

production may be more efficient, but would likely redistribute returns from the producer 

to the contractor (winery). 

Per-Acre Comparative Statics  

A summary table of key variables and functions can be found in Appendix O for 

this per-acre model.  The initial assumption is that the producer has a finite pool of 

potential activities under a completely autonomous contract, 𝐺 =  {1, … ,𝑁}, which the 

principal controls by exclusion.  The returns to this set of tasks are assumed to be 

nonstochastic and to benefit the producer and will be referred to as producer business.  

This study justifies the aforementioned assumption by arguing that any activity or timing 

the producer chooses will either exactly match the winery’s desires or will not equal 

them.  This may seem simplistic, but it suggests that only a specific set of activities are in 

the winery’s interest and all other sets do not benefit the winery.  Since the winery holds 

a specific set they consider optimal, it is reasonable to expect the winery would require 

the producer to perform this set of activities. 

The winery controls the producer’s business by allowing them to engage only in a 

subset of tasks, denoted 𝐴 ⊂ 𝐺, so that within the set of allowable tasks, 𝐴, the agent can 

choose to perform any of these tasks at their discretion, but no tasks outside of 𝐴 can be 

performed unless permitted by the winery.  

Let 𝑡 denote the attention the producer devotes to the winery’s task and denote 

𝑡𝑔as the attention the producer devotes to his own tasks.  This allows the stipulation of 
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personal benefits that the producer derives as an offset against, or deduction from, their 

personal cost of effort: 

𝑐(𝑡, 𝑡1, … , 𝑡𝑁) = 𝐶�𝑡 +  𝛴𝐺𝑡𝑔� −  𝛴𝐺𝑣𝑔�𝑡𝑔�.      (10) 

The notation 𝛴𝐺 represents the summation over 𝑔 in 𝐺.  In Equation (10), 𝐶 is the 

producer’s private cost of the total attention he dedicates to all his allowed personal 

activities.  The return from personal activity 𝑔 is measured by the function 𝑣𝑔�𝑡𝑔� and are 

summed to be strictly convex so that 𝑣𝑔(0) =  0. 

To simplify the model, it is assumed that there are constant returns to time in 

generating returns as well as in improving measured performance: 

𝐵(𝑡, 𝑡1, … , 𝑡𝑁) = 𝑝𝑡, 𝑥(𝑡, 𝑡1, … , 𝑡𝑁) = 𝑡 +  𝜀.    (11) 

The variance of 𝜀 is 𝜎2.  At this point the tools of control that the winery has is the 

commission rate 𝑎 and the allowed set of tasks 𝐴 ⊂ 𝐺.  The principal’s problem will be 

analyzed in two stages.  Initially, by fixing 𝑎 and considering the optimal choice of 𝐴, 

denoted by 𝐴(𝑎), the optimal 𝑎 can then be determined. 

Given the parameters 𝑎 (commission rate), which are assumed to be the price paid 

per-acre, and 𝐴 (allowed activities), the producer chooses 𝑡 and 𝑡𝑔 in order to maximize 

𝑎𝑡 +  𝛴𝐴𝑣𝑔�𝑡𝑔� −  𝐶�𝑡 −  𝛴𝐴𝑡𝑔�.  It is assumed, for the moment, that this problem has an 

interior solution and that the first-order conditions that characterize the producer’s 

optimum are 

𝑎 = 𝐶′�𝑡 −  𝛴𝐴𝑡𝑔�,        (12) 

𝑎 = 𝑣′𝑔�𝑡𝑔�.          (13) 
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Equation (12) shows that under this model, the amount of time the producer 

selects to spend on task 𝑔, which is denoted by 𝑡𝑔(𝑎), only depends on the commission 

rate 𝑎 and not the subset of allowed activities 𝐴.  Additionally, the total time spent 

working, represented by 𝑡 + 𝛴𝐴𝑡𝑔, is also independent of subset 𝐴.  This indicates that if 

the winery were to allow the producer more personal tasks without a change in the 

commission rate 𝑎, then all the time for those tasks will be reallocated away from the 

tasks the winery allowed.  Thus, for a given 𝑎, the personal tasks that the producer should 

be allowed can be determined.  This is shown by denoting the benefit of allowing the 

producer to spend time on task 𝑘 as 𝑣𝑔�𝑡𝑔(𝑎)� and designating the opportunity cost as 

𝑝𝑡𝑔(𝑎).  This gives the equation for the optimal set of allowable personal tasks as 

𝐴(𝑎) =  �𝑘 ∈ 𝐾�𝑣𝑔�𝑡𝑔(𝑎)� > 𝑝𝑡𝑔(𝑎) ��.      (14) 

Proposition 2.  Assume that the value of 𝑎 is such that 𝑡(𝑎) > 0.  It follows that the 
following statements can be seen to hold true. 

(1) It is optimal to let the producer devote attention to the private business tasks that 
belong to 𝐴(𝑎), which we defined in Equation (14).  More clearly, the tasks 𝑘 are 
those for which the corresponding average product, 𝑣𝑔�𝑡𝑔(𝑎)�/𝑡𝑔(𝑎), exceeds the 
marginal product 𝑝 in the winery’s task. 

(2) When the producer’s marginal reward for performance in the main job is 
increased, then the greater is their freedom to perform tasks that do not benefit 
the winery.  This is shown formally as 𝑖𝑓 𝑎 ≤ 𝑎′, 𝑡ℎ𝑒𝑛 𝐴(𝑎)  ⊃ 𝐴(𝑎′). 

In reality, part (1) of the Proposition 2 indicates there is the possibility that if 𝑎 

were sufficiently small, then it would be optimal to set 𝑡(𝑎) = 0 and result in 𝐴(𝑎) = 𝐺.  

However, if this were the case there would be no gains from the contract and the winery 

would not contract with the producer.  This study is not concerned directly with this 

point, but it is important to note the underlying reason would be that the cost of bearing 
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risk becomes suitably large, so if the cost of bearing these risks becomes large enough, 

the contract will not be entered or possibly offered by the winery.   

The second part of Proposition 2 indicates that authority and responsibility are 

simultaneous.  In other words, it is optimal to give the producer more freedom to pursue 

tasks as he sees fit as long as he is financially more responsible for his performance.  If it 

were the case that the producer’s performance could be measured without error and they 

are made a residual claimant (𝑎 = 𝑝), the producer could freely engage in any private 

business he sees fit.  In this study, I do not entertain the assumption that performance can 

be measured without error, so under the feasible set of winegrape contracts, it is possible 

to make the producer a residual claimant (as shown in the return-sharing contract model), 

but it is impossible to measure performance without error.  However, it has been shown 

previously that the winery is able to restrict the producer’s tasks to only those that benefit 

the winery because the producer’s marginal cost of allocating a particular amount of time 

𝑡 on the winery’s tasks is reduced when the winery restricts tasks.  Furthermore, the more 

costly and complex it becomes to provide financial rewards for performance measures, 

the more likely it will be that it is optimal for the winery to simply restrict the tasks a 

producer can perform without winery approval.   

It is important to note that the amount of personal business 𝐴 that a winery will 

allow for a given 𝑎, as shown in Equation (14), does not directly depend on 𝑟, 𝜎2, or the 

cost function 𝐶 because these only affect 𝐴 via 𝑎.  Thus, it would be econometrically 

correct to regress 𝐴 against the endogenous variable 𝑎.  Proposition 3 predicts that the 

extent to which producer freedom will be positively related to 𝑎, regardless of which 
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model parameters, other than 𝑣𝑔, are considered exogenous.  The parameters 𝑟 and 𝜎2 are 

a natural source of cross-sectional variation in 𝑎. 

Proposition 3. Assume that the optimal solution features 𝑡(𝑎) > 0.  This being the case, 
the following statements hold true. 

(1) The optimal value of 𝑎 is explicitly given by 

𝑎 = 𝑝/[1 + 𝑟𝜎2/(𝑑𝑡/𝑑𝑎)],        
where, 

𝑑𝑡
𝑑𝑎

= 1/𝐶" +  𝛴𝐴(𝑎)�1/𝑣"𝑔�.        

(2) If it becomes easier to measure the producer’s performance (a decrease in 𝜎2), or 
the producer becomes less risk averse (a decrease in 𝑟), then it follows that the 
producer’s marginal reward 𝑎 will be increased and his personal business 
activities will grow. 

(3) Any personal producer task that would be controlled by the winery in the first-
best solution (𝑣′𝑔(0) ≤ 𝑝) will also be controlled in the second-best solution.  In 
certain instances of highly valued 𝑟𝜎2, some tasks that would be included in the 
first-best solution will actually be excluded in the second-best solution. 

Proof. See Appendix G. 

If one were to assume that the producer’s cost and benefit functions are quadratic, 

then it can be seen from part (1) of Proposition 3 that the producer’s responsiveness to 

incentives, 𝑑𝑡/𝑑𝑎, increases as the set of allowed tasks, 𝐴(𝑎), is expanded.  Therefore, 

by viewing 𝐴(𝑎) as exogenous, then it is optimal to raise the commission rate 𝑎 in 

response to an increase in the producer’s allowable personal tasks.  However, it is known 

that 𝐴(𝑎) is not exogenous and it expands with increases in 𝑎.  This being the case, 𝑎 and 

𝐴(𝑎) are actually complementary instruments available to the winery because an increase 

in either one leads to an increase in the other. 

Part (2) of the proposition is particularly interesting to this study because it 

predicts that there will be more constraints on an agent’s activities in situations where 
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performance rewards are weak due to measurement problems.  This result supports the 

findings of Goodhue (2002; 2003) and Fraser (2002; 2005) where the winery expressed 

greater control of producer practices as the quality and price of grapes increased.  This is 

explicitly the result of very difficult to measure attributes expressed in premium 

winegrapes. 

When Per-Acre Contracts are Preferred 

As pointed out previously, there are two underlying reasons for contracting based 

on per-acre terms.  First, the measurement of grape quality parameters is very costly and 

variable (noisy) for the winery to accurately provide the correct incentive and value of the 

incentive to induce the specific producer tasks they believe to relate to the quality they 

seek.  Thus, it is much more cost effective to simply control the tasks the producer can 

perform to result in the same quality even though there is some uncertainty that the 

controlled tasks will actually result in a given overall quality.  Second, the premise that 

winegrape yield is relatively accurately measured and predictable leads to the ability of 

the winery to take on some of the agricultural risks associated with yield variance that 

they would normally leave to the producer.  So, in the event yield is not easily measured 

or predicted, the cost of creating a complete contract to account for all yield possibilities 

is extremely prohibitive.   

The example contract shown in Appendix C stipulates that a producer will be paid 

a certain amount for the agreed upon yield target (e.g., 4 tons) and a different amount if 

the yield falls below a particular value (e.g., 3 tons).  This indicates that even with 
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relatively small variances (< 25%) in yield, it is likely beneficial to implement a simple 

piecewise function to stipulate compensation such as  

𝑃(𝑥) =  �10,000𝑥  𝑖𝑓 𝑦 > 3.0
9,000𝑥   𝑖𝑓  𝑦 < 3.0

�, 

where 𝑥 is number of acres, 𝑃(𝑥) is price per acre, and 𝑦 is the yield per-acre.  However, 

with greater variances there would likely need to be a much more complex piecewise 

linear compensation rule to achieve the same maximum and minimum revenue such as  

𝑃(𝑥) =  

⎩
⎪
⎨

⎪
⎧ 10,000𝑥  𝑖𝑓 𝑦>4
9,800𝑥  𝑖𝑓 4 >𝑦 ≥3.5
9,600𝑥  𝑖𝑓 3.5 >𝑦 ≥3
9,400𝑥  𝑖𝑓 3 >𝑦 ≥2.5
9,200𝑥  𝑖𝑓 2.5 >𝑦 ≥2
9,000𝑥  𝑖𝑓 𝑦<2

�, 

which would certainly be costly to implement and create unnecessary uncertainty for the 

producer’s revenue stream.   The additional incentive in a per-acre contract is purely 

derived from eliminating a particular return stream that is associated with a behavior that 

is inconsistent with the winery’s desires.  In other words, by eliminating the producer’s 

direct returns from a specific task, the opportunity cost of work for the producer is 

reduced and the cost of providing incentives is lowered.  Complex piece-rate 

compensation schemes quickly cut in to the latter of these advantages and thus reduce the 

overall advantages of per-acre contracts. 

Risks Faced by Each Party 

Under the per-acre contract model, the producer may bear some endogenous price 

risk because it is possible that they will receive a lower price per ton if yield or Brix fall 

below a stipulated level.  However, Appendix C includes verbiage that the differential 

pricing only applies if the producer did not perform the tasks set forth by the winery.  So, 
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the producer only bears endogenous price risk if they do not perform the tasks as 

required.  The per-acre model assumes that a rational producer would not deviate from 

the winery’s instructions unless it was particularly advantageous for the producer to do 

so. 

This study assumed this type of contract functions best in the case of low yield 

variance, which is associated with relatively low absolute yields per-acre.  This leads to 

the inference that overall production risks for the producer are relatively low.  In this 

way, it is presumed that the producer is more willing to become less autonomous for the 

exchange of higher expected revenues and winery-controlled quality parameters.  The 

winery, consequently, can more easily measure the output signals of quality and yield 

prediction, so they are willing to pay a premium to the producer in exchange for a 

reduction in supply risks.  It is necessarily implied that relatively low yields can only be 

profitable for the winery when wine prices are relatively high and only profitable for the 

producer when grape prices are relatively high.    

 The risks shared under the per-acre contract model are not substantially different 

from those of the per-ton model, yet this study argues that smaller production risks that 

the producer faces under a per-acre contract allow for a greater share of the downstream 

revenue to be accrued to the producer.  The winery is willing to forgo some of the 

revenues that it would accrue under the per-ton contract to ensure the highest possible 

grape quality (or quality nearest the winery’s desires) through strict control of the 

producer behavior.  Smaller production risks is considered “naturally” occurring when 

yield variance and total yield are relatively low, but may in fact be an artificial condition 

created by thinning crop levels to meet winery specifications.  
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Aggregated to Industry Implications 

As alluded to previously, the per-acre contract model lends itself to an industry 

where yield variability is lower relative to other regions.  This suggests that there is only 

a subset of regions where per-acre contracts can be employed optimally and in fact, the 

premium regions of Napa in California and the Willamette Valley in Oregon are known 

to commonly use this type of contract.  Assuming the term ‘industry’ is restricted to such 

a region, then if the per-acre contract were to predominate, it should be seen that grape 

quality increases (albeit in terms of what activities the wineries deem to impact it). 

From the results shown here, this study considers the per-acre contract to be in the 

same class of contracts as the return-sharing model, but also a Pareto improvement above 

the class of per-ton contracts in the event states of nature allow.  This improvement in 

class of contracts may coincide with the respective region developing a reputation for 

higher quality grapes, and as it turns out, the aforementioned regions are characterized as 

such (Pitchford, 1998).  However, as discussed previously, there are many caveats and 

natural features that allow per-acre contracts to function properly, and likely imply that 

an industry could not simply employ per-acre contracts in an attempt to improve overall 

fruit quality.  These types of contracts were likely created to better fit the production 

model of higher-priced wines and higher quality fruit expectations, as opposed to being 

created to create this production model. 
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Empirical Examples Comparing Per-Ton and Per-Acre Contract Models 

In the following section, empirical examples are given for the per-ton and per-

acre contract models derived previously, which are based on the contract examples in 

Appendices B and C.  This allows empirical testing of real-world contracting scenarios 

that a winery and producer would likely face.  Then the examples are compared to further 

illuminate the bounds for which each may be preferred. 

The assumptions used for both examples are as follows: 1) each party will only 

produce in the second stage of production (Doll & Orazem, 1992), 2) possible yields 

range from 2 to 12 tons per-acre, 3) cost of each party’s efforts are strictly increasing as 

yield per-acre decreases until a yield of 3 tons per-acre (Fickle et al, 2005; Pate et al, 

2010), 4) finished wine was held at a constant 170 gallons per-ton (Fickle et al, 2005), 5) 

the winery’s expected benefit, (𝐵(𝑡)), was calculated by multiplying yield per-acre by 

gallons per ton, times 1% of the per-ton price paid.  The 1% represents the value of the 

grapes to the winery under the assumption that they represent approximately 10% of the 

retail value of the resulting bottle of wine (Fickle et al, 2005; Beckstoffer, 2008).  

Additional assumptions specific to party’s example are provided below.   

Certainty Equivalent Maximization for Producer under Per-Ton and 

Acre Model 

 By using the optimization problem given by Equation (8), the producer’s certainty 

equivalent (CE) was maximized for the per-ton contract given additional assumptions.  

The following assumptions were used for the per-ton empirical estimation 1) the producer 

was assumed to have constant absolute risk aversion (CARA) and a risk aversion 
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coefficient of 0.5 (Holt & Laury, 2002), 2) price paid per-ton strictly increases as yield 

decreases until the price reaches a maximum value the winery would be willing to pay 

($2,500 per-ton in this case), and 3) variance in the producer’s risk premium strictly 

increases as yield decreases and tonnage price increases.  The per-ton producer CE is 

simply the expected benefits per-acre minus the expected farming cost per-acre, minus 

the producer’s risk premium.  It is important to note, that the second assumption indicates 

a unique relationship between yield and value which is inherent in winegrapes.  It is 

generally accepted that as yield per-acre decreases, overall fruit quality increases, so that 

the value of grapes per-ton decreases as yield increases.  This relationship has not been 

examined in an academic fashion and no indication was found as to where bounds and 

trends may exist.  However, this study acknowledges this distinctive relationship and 

notes that at least in terms of grape value per-ton, which can be considered as a proxy for 

quality, does in fact generally decrease as yield increases.   

By using per-acre variants of the optimization problem given by Equations (7) 

and (8), the producer’s CE was maximized given additional assumptions.  The following 

assumptions were used for per-acre empirical estimation: 1) CE for the producer must at 

least equal the same returns which could be attained under a per-ton contract scheme for 

an identical yield, and (2) the producer bears no risk premium because the winery takes 

on the grape price risk that the producer bears under the per-ton format, so long as the 

producer does not deviate from contractual obligations (See Appendix C).  The first per-

acre assumption is of critical importance to this analysis.  Producer CE must be at least 

equal or greater than under the per-ton format with the same corresponding yield for the 

producer, and vice versa, to be indifferent regarding contract choice.  The second 
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assumption means that producer per-acre CE is simply the expected benefits per-acre 

minus the expected farming cost per-acre, without any risk premium.  Additionally, the 

following piece rate price function was used where 𝑥 is the number of acres, 𝑃(𝑥) is 

price per-acre, and where 𝑦 is yield per-acre: 

𝑃(𝑥) =  �10,000𝑥  𝑖𝑓 5.0 ≤ 𝑦 ≤ 3.0
9,000𝑥  𝑖𝑓 𝑦 < 3.0

�. 

This compensation scheme assumes a target yield of 4 tons per-acre and allows 

for a variance of 25% above and below this target, or a total yield variation of 50%, while 

still maintaining the same price.  The example contract found in Appendix D was the 

basis for this empirical exercise and has been adapted to indicate that the contract 

agreement is based on a target yield of 4.0 tons per-acre, at a price of $10,000 per-acre 

for each crop year, with a reduced price of $9,000 per-acre if the yield falls below 3.0 

tons per-acre without winery instructed thinning or actions.  By stipulating a lower price 

for yields below 3 tons per-acre, the winery has alleviated itself from the risk that a “bad” 

year may occur, caused by weather or other uncontrollable variables.  The tables of data 

used for the per-ton example can be found in Appendix K and Appendix M for the per-

acre example.   

Figure 5 shows that the producer maximizes their per-ton contract CE at a yield of 

7.5 tons per-acre and a price of $1,395 per-ton.  Price per-ton for the per-ton contract, 

which is not shown on an axis in Figure 5, increases as yield decreases until yield reaches 

4 tons/acre (See Appendix J).  Below 4 tons/acre, it is assumed that the winery would 

only be willing to pay a maximum of $2,500/ton, regardless of yield outcome.  Figure 5 

also indicates that the range of yields with minor variance in per-ton contract CE for the 
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producer is approximately from 5 to 10 tons, with a price range of roughly $2,000 to 

$1,000, respectively.  These findings suggest that subtle changes could be made to the 

assumptions presented here, such as quality parameter financial incentives, and likely 

obtain a similar producer CE for the yield range of 5 to 10 tons per-acre. 

 

Figure 5: Producer Certainty Equivalent Maximization under Per-Ton and Per-Acre Contracts 

The per-acre contract CE for the producer was maximized at a yield of 5 tons per-

acre and a price of $10,000 per-acre.  The per-acre contract allows the producer to be 

strictly better off in terms of CE when comparing the per-ton CE’s at the same yields.  

The per-acre contract curve is held to a yield of no greater than 5 tons per-acre because 

the winery would strictly regulate and instruct the producer to produce yields less than 

this.  This further supports the comparative static result that per-acre contracts account 

explicitly for quality, while the per-ton model does not.   
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Figure 5 also provides evidence of possible contract boundaries for the producer.  

It appears that as yield approaches 5 tons per-acre, switching to a per-acre contract could 

result in a Pareto efficient improvement.  The key result is that the producer remains 

better off with the per-acre contract between the yield range of 3.0 to 5.0 tons than under 

the per-ton contract at the same yield levels.  Where the per-ton contract does not 

function best (yields below 5 tons/acre), the per-acre contract performs exactly as 

intended.  In this way, per-acre contracts appear to be a special case, with significantly 

tighter optimality bounds, compared to the per-ton contract empirical analysis.  Meaning 

that the per-acre contract is difficult to compare directly to the per-ton scenario, and the 

selection of a given type of contract is likely a result of a certain set of circumstances as 

opposed to employing a particular contract to create or modify circumstances.   

Certainty Equivalent Maximization for Winery under Per-Ton and 

Acre Model 

By using the optimization problem given by Equation (7), the winery’s certainty 

equivalent (CE) was maximized for the per-ton contract and by using the per-acre variant 

of the optimization problem given by Equation (7), the winery’s per-acre CE was 

maximized, given additional assumptions.  The following assumptions were used for 

empirical estimation: 1) CE for the winery must at least equal the same returns which 

could be attained under a per-ton contract scheme for an identical yield, and 2) the 

winery’s CE was based on the effective value per-ton.  The first assumption states that 

winery CE must be at least equal or greater than under the per-ton format with the same 

corresponding yield, and vice versa, for the winery to be indifferent regarding contract 
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choice.  The second assumption means the effective value of the contracted grapes is 

highest at the winery’s maximum CE, which in Figure 6, occurs at a yield of 5 tons per-

acre and a payment of $10,000 per-acre, and the value is strictly decreasing as yield falls.  

The tables of data used for the winery per-ton example can be found in Appendix K and 

Appendix M for the per-acre example.  As assumed previously, winery CE is based on 

the assumption that the retail wine bottle price is approximately 1% of the cost of grapes.  

Winery CE per-ton and per-acre are expressed as grape yield per-acre multiplied by 

anticipated finished wine gallons per-ton, which is multiplied by 5 bottles per-gallon, 

then multiplied by the estimated wine retail value (1% of paid grape price per-ton), and 

finally subtracted by the grape cost per-acre.  Because this study does not consider 

investment and capital costs that the winery may be incurring by producing wine, the CE 

for the winery is exponentially larger than the determined CE for the producer in absolute 

terms.   

In figure 6, the key result is that the winery remains roughly as well off between 

the yield range of 3.0 to 5.0 tons as under the per-ton contract at the same yield levels.  

Furthermore, the winery is seeking a yield result as close to 4 tons as possible.  The 

corresponding price paid per-ton to the producer was $2,000 at a yield of 5 tons per-acre, 

$2,222 at a yield of 4.5 tons per-acre, and $2,500 at a yield of 4 tons per-acre.  These 

prices are in contrast to the winery maximized CE at a price per-ton of $1,791 and a yield 

of 6 tons per-acre under the per-ton example.  Thus implicitly, the per-acre contract 

incentivizes a yield outcome that is perceived as higher quality, at least in terms of value 

per-ton, which this study considers a relatively robust proxy for fruit quality.   
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Figure 6: Winery Certainty Equivalent Maximization under Per-Ton and Per-Acre Contracts 

Summary of Empirical Contract Examples 

 By using empirical examples to evaluate the optimization problem given in 

Equations (7) and (8) as well as the per-acre variants, both the winery and producer are at 

least as well off or strictly better off under the per-acre contract, resulting in a Pareto 

improvement over the per-ton contract at equivalent yields.  This ensures participation by 

both parties and enables a contract to be entered regardless of a price the winery is 

willing to offer and a yield the producer is able to produce.  However, Figures 5 and 6 

further support the comparative static result that as yield variance becomes increasingly 

noisy, the per-acre contract model can be constrictive.  In this way, the empirical results 

indicate that for yields between 2 and 5 tons per-acre, the per-acre contract is preferred by 

both the winery and producer, while the per-ton contract is preferred for yields between 5 

and 12 tons per-acre. 
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Return-Sharing Contract (Residual Claimancy) Evaluation 

The model for a return-sharing contract (residual claimancy) is designed such that 

incentives are provided to both the winery and producer, indicating that the efficient 

contract maximizes surplus for all incentive compatible contracts as long as the budget 

balancing constraint is satisfied (Holmström & Milgrom, 1987).  It is assumed under this 

form of contract that both the producer and the winery participate in multitasking, moral 

hazard is permitted for both parties, and both parties use performance indications of the 

other party.  These assumptions are in addition to the ones stipulated in the basic model 

assumptions section.  The following model is built on the return-sharing contract concept 

described by MacDonald and Lyon (2003).   

Return-Sharing Contract Comparative Statics 

A summary table of key variables and functions can be found in Appendix P for 

this return-sharing model.  The producer allocates his total production efforts across 

multiple efforts 𝑡 =  1, … ,𝑇, where 𝑔 =  (𝑔1, … ,𝑔𝑇) represents the vector of their 

efforts.  Similarly, the winery allocates its efforts 𝑎 =  1, … ,𝐴, which are considered to 

be processing and product promotion, where their vector of efforts is denoted by 𝑚 =

 (𝑚1, … ,𝑚𝐴), such that 𝑔 ∈ ℝ+𝑇  for the producer and 𝑚 ∈  ℝ+𝐴 for the winery.  For each 

party, the elements of their effort vector measures effort in a separate activity, which I 

consider variable inputs, such that 𝑞 =  [𝑔𝑁 𝑚𝑁].  When assuming that these efforts are 

observed with variability, 

𝑞� =  �𝑔𝑚� + �
𝜀𝑔,𝑞
𝜀𝑚,𝑞

�, where 𝑞� =  �𝑔�𝑚��.      (15) 
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There is an allowance for two sources of assumed randomness in the return-

sharing model.  First, is that there is presence of observational error in measuring specific 

quality outcomes, so that the recognition of 𝜀𝑞  =  �𝜀𝑔,𝑞
𝑁  𝜀𝑚,𝑞

𝑁 � is not observed by either 

the producer or the winery.  Since the winery has an inference problem regarding the 

producer’s efforts, 𝑔, the degree of variance for the winery inference is given by 𝜀𝑔,𝑞.  

Additionally, the producer is faced with an inference problem regarding the winery’s 

efforts, 𝑚, and so the producer’s degree of inference variance is given by 𝜀𝑚,𝑞.  Examples 

are readily available and can be framed as the trouble of the producer observing the 

winery’s product promoting activities, but being unable to observe the true marketing 

budget for particular wines (including producer correspondence with a given bottle of 

wine).  Conversely, it may be difficult for the winery to observe authentic fruit thinning 

practices which may or may not differ from the contractually prescribed timing. 

Second, this study assumes that both parties may be subject to exogenous shocks 

that are impossible for each to perfectly control their particular contribution to quality.  

This is given by 𝜀𝑘 =  �𝜀𝑔,𝑘
𝑁  𝜀𝑚,𝑘

𝑁 �, with mean zero and covariance matrix 

∑ ,𝑘  𝜀 ~ 𝑇(0,∑ )𝑘 .  Since, even though each party cannot precisely affect the particular 

states of nature, they can influence the outcome that results from those states.  This 

indicates that exogenous shocks given above provide the scope for moral hazard by each 

party.  Therefore, the inference problem for the winery relates to the producer potentially 

reducing the wine quality and the inference problem for the producer relates to the winery 

potentially enhancing the wine quality, both in an unobservable manner. 
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 Now, the element of concern becomes the final wine quality outcome from effort 

allocation and considering the two mentioned sources of randomness, it follows that 

𝑤 =  𝛷𝑞 +  𝛷𝜀𝑞 +  𝜀𝑘,       (16) 

where 𝛷 denotes a matrix of production proficiencies.  Since the quality outcome, 𝑤, is 

the indicator by which efforts and productivities are measured, it is the objective of both 

parties to specify a joint performance indicator that relies on 𝑤.  This also allows the 

relationship between efforts and quality outcomes more explicitly for several key reasons.  

First, monetary values can be attributed to grape quality parameters and additionally, the 

realities of production, processing, and product promotion are implicitly detailed by this.  

As argued previously, these realities and their combination are responsible for specific 

quality attributes.  So it follows that by assuming that Φ𝑞� = 𝑦 and 𝑦 =  �𝑦𝑔𝑁 𝑦𝑚𝑁�, then 

�
Φggq�g +  Φgmq�m
Φmgq�g +  Φmmq�m

� =  �
𝑦𝑔
𝑦𝑚�.       (17) 

Implicitly, Equation (17) indicates the manner in which efforts of both parties translate 

into wine quality attributes. 

 While this study has spent a substantial amount of time defending many of the 

unobservable actions of each party, it is also the case that there are observable 

characteristics on each side of the problem.  For characteristics of the producer which are 

observable to the winery, the vector 𝑧𝑔 is denoted.  As previously mentioned, the 

observables may be, but are not limited to, grape variety, historical yields, vineyard 

location, trellis type, and production methods.  The vector 𝑧𝑚 denotes the characteristics 

of the winery that are observable by the producer, which may include market brand 

equity, production equipment, processing technology, aging methods, production history, 
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and wines previously produced.  Both vectors are thus denoted by 𝑧 =  �𝑧𝑔𝑁 𝑧𝑚𝑁� and 

reflect the terms of the contract agreed to by the parties.  Furthermore, these vectors are 

the foundation for valuing wine attributes at the retail level because the features are 

observable by some means in the marketplace. 

 For the return-sharing contract discussed here, this study assumes that each party 

monitors the behavior of the other and that the information revealed is collected either 

explicitly or implicitly by each party.  The producer and the winery will therefore have a 

relative importance placed on the efforts that they perceive will impact the product 

outcome.  This can be shown contractually by the matrix 𝑉, which represents a weighted 

‘score’ or ‘grade’.  Zylbersztajn and Miele (2005) provide evidence of such scoring 

activities.  Matrix 𝑄 is assumed to explicitly convert the efforts, 𝑤, into a score or grade.  

It is possible for each monitored effort to receive a single score and/or multiple monitored 

efforts determine a single score, so that a diagonal matrix is established and denoted by 

𝑣�(𝑠) =  𝑉𝑄𝑞.  These scores must be converted to monetary terms and by assuming that 

𝑧𝑁[𝑉𝑄𝑞].  For the return-sharing contract, the ‘total performance indicator’ denoted as 

𝜇 =  𝑧𝑁��Φ�𝑞 +  𝜀𝑞� +  𝜀𝑘� +  𝑉𝑄𝑞�.      (18) 

 It is assumed that both parties agree to certain weights placed on the outcome 

information gained from monitoring, and denoted by 𝑣�(𝑠).  Additionally, it is assumed 

that compensation to grape producers will be based on final wine retail prices at the time 

of their release.  When wine production comes to fruition, the contract terms 𝑧 can then 

be evaluated for observance and reflects their production function which transformed 

each of their efforts (with observation variation 𝜀𝑞 and random shocks 𝜀𝑘). Finally, since 
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the contract terms 𝑧 have some market value that determines the final retail price for the 

particular bottle of wine, revenue can be generated and shared through the performance 

indicator given by Equation (18). 

 The disutility function (cost of effort) is assumed to be convex and monotonically 

increasing based on the assumption that the matrices 𝐾1and 𝐾2 are symmetrically positive 

and considered in monetary terms: 

Assumption 1. 𝐶𝑞′ (𝑞) > 0,𝐶𝑞𝑞′′ (𝑞)  ≥  0 ∀𝑞 ∈  ℝ𝑇, 

where 𝐶𝑞′ (𝑞) =  𝜕𝐶(𝑞)
𝜕𝑞

 and 𝐶𝑞𝑞′′ =  𝜕
2𝐶(𝑞)
𝜕𝑞𝜕𝑞𝑁

. 

Furthermore, 𝐶1(𝑔) =  1
2
𝑔𝑁𝐾1𝑔 identifies the producer’s cost of effort, and 𝐶2(𝑚) =

 1
2
𝑚𝑁𝐾1𝑚 identifies the winery’s cost of effort, which are both quadratic functions.  

Consequently, 𝐶(𝑞) =  1
2
𝑞𝑁𝐾3𝑞, where 

𝐾3 =  �
𝐾1 𝐾𝑔,𝑚

𝐾𝑔,𝑚
𝑁 𝐾2

�.         (19) 

Since the matrices 𝐾1and 𝐾2 are assumed symmetrically positive, the efforts can be 

presented as substitutes in the producer’s and winery’s disutility function.  This suggests 

that if the intensity of an incentive is increased for a given effort, a substitution away 

from other types of effort will be caused, similar to as Homlström and Milgrom (1987) 

describe.  Given the outcome in Equation (18), it can be assumed that the optimal second-

best incentive scheme will take the linear form of, 

𝐼 =  𝛼〈𝑧𝑁��Φ�𝑞 +  𝜀𝑞� +  𝜀𝑘� +  𝑉𝑄𝑞�〉 +  𝛽.     (20) 

There are two important distinctions to be made in this equation.  First, is that 𝛼 

represents the compensation scheme (commission rate) on the monetary outcome, so that 
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the size of 𝛼 indicates the strength of the incentives for the producer and that the 

producer’s total returns will be sensitive to the final contracting outcome.  The value of 𝛼 

will take on a positive real number between 0 and 1, with 0 meaning the producer is no 

longer an independent supplier and with 1 the producer would be a full residual claimant.  

Second, the scalar 𝛽 represents a fixed ex ante base payment which the producer and 

winery agree to at the time the contract is signed.  These two distinctions make the 

return-sharing contract particularly malleable.  For example, in the event each party 

would like a relatively more stable compensation scheme, 𝛽 and 𝛼 can be varied to 

produce a result where a relatively higher portion of income is paid out by 𝛽 than by 𝛼, 

just as commission based sales positions vary base salary and commission widely across 

many industries. 

Further modification of the return-sharing rule is laid out here.  For example, an 

additional parameter that is determined ex ante could be included.  Rather than having 

relative weights that are allocated between monitoring outcomes and production 

outcomes through a certain performance indicator, an agreement could be reached ex ante 

on a variable split base payment.  For example, in California (Goodhue, 2002; 2003) the 

quality outcome from production has been linked to the crush district performance 

through a moving average of district price per-ton.  This could be described as a flexible 

return-sharing rule over 𝜆: 

𝐸[𝜇∗] =  𝑧𝑁[𝜆Φ + (1 −  𝜆)𝑉𝑄]𝑞 =  𝑧𝑁𝐴∗𝑞.     (21) 

Examining equation (20) further, the primary focus is on the winery’s problem of 

allocating the surplus so that expected returns are maximized, while subject to the 

constraints that the winery and the producer adhere to the efforts stipulated contractually 
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and the producer’s reservation utility is met.  It is important to note that the contract 

specified here to be efficient, leaves surplus allocation ambiguous because the final wine 

retail price is unobserved ex ante.   

However, this alludes to considerable intrigue for a return-shared contract that 

establishes the grape price on the anticipated wine retail price.  Such a contract contends 

the retail price for a bottle of wine can be inferred ex ante, but I do not classify this 

information as being perfectly observable ex ante.  Additionally, the retail price ex ante 

can be authenticated ex post, yet by the time this realization is possible, it is likely that 

the producer has already been fully compensated and would only lead to a loss for the 

producer if the retail price were significantly above the ex ante expectation and the 

winery retained the resulting increased revenue share.  This study anticipates that since it 

is verifiable, it would not be in the winery’s best interest to offer the wine at a retail price 

much above what was advertised ex ante to the producer.  This being the case, this 

specification will be excluded from the comparative statics on share contracts due to 

imperfectly observable ex ante issue, the actuality that there is risk of moral hazard on the 

winery’s side in terms of final retail pricing (WBM Staff, 2001). 

Since it was stipulated that the model assumes the producer is risk-averse (or at 

least more risk-averse than the winery), this study is interested in the variance of the 

payment scheme in an effort to establish the producer’s risk premium.  The covariance 

matrix allows for analysis of random complementarities between different tasks.  These 

occur when the random allocation of efforts to a specific quality related task increases the 

marginal expected benefit of directing efforts to another task.  Using Equation (20) again, 

it can be obtained that, 
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𝑉𝑎𝑟[𝜇(𝑔,𝑚, 𝑧)] = 𝐸 �𝑧𝑁�Φ𝜀𝑞 +  𝜀𝑘��Φ𝜀𝑞 +  𝜀𝑘�
𝑁
𝑧�     (22.1) 

=  𝑧𝑁�Φ∑ Φ𝑁
𝑞𝑞 +  𝛷∑ +𝑞𝑧  Φ∑ Φ𝑁

𝑧𝑞 +  Φ∑𝑧𝑧 �𝑧, �∑ =𝑖𝑗  𝜀𝑖𝜀𝑗𝑁�  (22.2) 

≡ 𝑧∑ 𝑧          (22.3) 

where  

∑ = �   
∑𝑔,𝑔 ∑𝑔,𝑚

∑𝑁
𝑔,𝑚 ∑𝑚,𝑚

�.         

Given the return-sharing rule from Equation (20), producer returns can be derived as 

∏ =𝑔  𝛼𝜇 −  1
2
𝑔𝑁𝐾1𝑔 +  𝛽.       (23) 

From the moment generating function for the multivariate normal, 𝜀 ~ 𝑇(0, Σ), the 

constant absolute risk aversion (CARA) expected utility of returns is shown as, 

𝐸�𝜇�∏𝑔 �� =  −𝑒𝑥𝑝�−𝑟�𝛼𝜇 +  𝛽 −  12𝑔𝑁𝐾1𝑔� + 12𝑟2𝛼2𝑧𝑁 ∑𝑧�,   (23) 

where 𝑟 represents the CARA coefficient, 𝑟 =  −𝑈′′

𝑈′
, 𝑟 > 0. 

Since, 

𝐸[𝜇] =  𝑧𝑁(Φ + 𝑉𝑄)𝑞        (24.1) 

≡  𝑧𝑁𝐴𝑞 =  𝑧𝑔𝑁𝐴𝑔𝑔𝑔 +  𝑧𝑔𝑁𝐴𝑔𝑚𝑚 +  𝑧𝑚𝑁𝐴𝑚𝑔𝑔 +  𝑧𝑚𝑁𝐴𝑚𝑚𝑚,      (24.2) 

then it follows that the certainty equivalent (CE) for the producer must be, 

𝐶𝐸 =  𝛼(𝑧𝑁𝐴𝑞) +  𝛽 −  12𝑔
𝑁𝐾1𝑔 −  12𝑟𝛼

2𝑧𝑁 ∑ 𝑧.    (25) 

When examining further the CE for the producer, it is the expected payment 

minus the private cost of efforts minus the risk premium.  It is well established that the 

producer will enter into the contract with the winery anytime his CE utility is equal to or 

greater than his reservation level.  Yet, prior randomness in ex post retail prices was 

assumed previously, so then incentive compatibility constraints must be met.  To satisfy 
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this necessity, the producer will choose his efforts, 𝑔, so that the winery’s returns are 

maximized and the winery’s efforts, 𝑚, are not included in the producer’s optimization 

problem.  The producer’s problem does include the variance-covariance due to the 

assumption that the producer has CARA and is denoted by 

𝛼 ∈ arg max�𝛼(𝑧𝑁𝐴𝑞) +  𝛽 −  12𝑔
𝑁𝐾1𝑔 −  12𝑟𝛼

2𝑧𝑁 ∑ 𝑧�.    (26) 

The first-order conditions which are necessary for the previous equation are therefore, 

𝛼�𝑧𝑔𝑁𝐴𝑔𝑔  +  𝑧𝑚𝑁𝐴𝑚𝑔� −  𝑔𝑁𝐾1  ≤ 0,       (27.1) 

𝑔 ≥ 0,        (27.2) 

𝑔�𝛼�𝑧𝑔𝑁𝐴𝑔𝑔  +  𝑧𝑚𝑁𝐴𝑚𝑔�  −  𝑔𝑁𝐾1� = 0.      (27.2) 

Equation (27.1) can be solved as a system of equalities for 𝑎, Assuming that an 

interior solution exists, so that 

𝑔�(𝑚) =  𝛼𝐾1−1�𝐴𝑔𝑔𝑁 𝑧𝑔  + 𝐴𝑚𝑔𝑁 𝑧𝑚�.       (28) 

Thus, the result is the incentive compatibility conditions to achieve a feasible contract 

because Equation (28) exposes the level of producer effort that maximizes the producer’s 

CE income previously derived in Equation (25).  By substituting (28) into (25), one can 

establish the indirect CE of the producer, which is given by 

𝐶𝐸� (𝛼,𝑔) =  𝛽 +  𝛼𝛿𝑔[𝜇(𝑔)] +  𝛼𝛿𝑚[𝜇(𝑚)]−  12𝑔
𝑁𝐾1𝑔 −  12𝑟Var(𝛼𝜇𝛼),   (29) 

using  

𝐸[𝜇] =  𝛿𝑔[𝜇(𝑔)] + 𝛿𝑚[𝜇(𝑚)].        

Now combining equation (29) with the participation constraint results in  

𝛽 +  𝛼𝛿𝑔[𝜇(𝑔)] +  𝛼𝛿𝑚[𝜇(𝑚)]−  12𝑔
𝑁𝐾1𝑔 −  12𝑟Var(𝛼𝜇𝛼)  ≥ 𝑈(�̅�),   (30) 
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where �̅� is a unique monetary equivalent for the producer’s default utility level, 𝑈(�̅�).  In 

the event that the producer’s CE utility is greater than the their default utility, 𝑈(�̅�), 

performance incentives that the producer has are not affected.  Additionally, 𝛽 is only a 

surplus transfer (redistribution) of money between the producer and the winery and does 

not affect the producer’s performance incentives (Holmström, 1994).  Given Equation 

(30), there is an implication of an inequality constraint on the winery’s choice for the 

base payment, 𝛽, which is shown by 

𝛽 ≥  �̅� −  𝛼𝛿𝑔[𝜇(𝑔)]−  𝛼𝛿𝑚[𝜇(𝑚)]−  12𝑔
𝑁𝐾1𝑔 −  12𝑟Var(𝛼𝜇𝛼).   (31) 

This indicates that to achieve participation from the produce it is necessary to impose a 

participation constraint.  By taking the participation constraint along with the incentive 

constraint the necessities are met to represent an incentive feasible contract.   

By letting 𝐾�1 =  �𝐾1
−1 0
0 0

�, 𝐾�2 =  �0 0
0 𝐾2−1

�, so that 𝐾�1 +  𝐾�2 =  𝐾3−1, then 

accounting the producer’s optimal effort level from Equation (28), we have 

𝐸[𝜇(𝑔�)] =  𝛼�𝑧𝑔𝑁𝐴𝑔𝑔𝐾1−1𝐴𝑔𝑔𝑁 𝑧𝑔  + 𝑧𝑔𝑁𝐴𝑔𝑔𝐾1−1𝐴𝑔𝑔𝑁 𝑧𝑚 +  𝑧𝑚𝑁𝐴𝑔𝑔𝐾1−1𝐴𝑔𝑔𝑁 𝑧𝑔

+  𝑧𝑚𝑁𝐴𝑚𝑔𝐾1−1𝐴𝑚𝑔𝑁 𝑧𝑚� 

                (32.1) 

=  𝛼𝑧𝑁𝐴𝐾�1𝐴𝑁𝑧.        (32.2) 

Considering the winery’s return function, 

П𝑚 (1 −  𝛼)𝜇 −  12𝑚
𝑁𝐾2𝑚 −  𝛽,       (33) 

then the winery’s expected return criterion is given by,  

𝐸(П𝑚) = (1 −  𝛼)𝐸[𝜇]−  �̅�  +  𝛼𝛿𝑔[𝜇(𝑔)]  +  𝛼𝛿𝑚[𝜇(𝑚)]  −  12𝑔
𝑁𝐾1𝑔 −  12𝑟Var(𝛼𝜇𝛼). 

(34) 
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Examining the preceding Equation (34), it can be shown that the participation 

constraint is binding because 𝐸(П𝑚) is strictly decreasing in 𝛽.  Therefore, it is verifiable 

that production of both wine and grapes takes place because of the combination of what 

is now know from Equation (34) and the satisfying of the producer’s reservation utility. 

The critical issue now is the winery’s unconstrained maximization problem.  This 

is denoted as 𝑚𝑎𝑥𝑔,𝑚𝐸(П𝑚), and can be solved by substituting the right-hand side of 

Equation (28) in place of 𝑔 in Equation (34), as well as the right-hand side of Equation 

(31) in place of 𝛽 in Equation (34).  This substitution establishes the winery’s optimal 

level of effort and is given by, 

𝜕𝐸П𝑚
𝜕𝑚

 = (1 −  𝛼 +  𝛼𝛿𝑚)�𝑧𝑔𝑁𝐴𝑔𝑚  +  𝑧𝑚𝑁𝐴𝑚𝑚� −  𝑚𝑁𝐾2,    (35) 

and thus 

𝑚�(𝑔) = (1 −  𝛼 +  𝛼𝛿𝑚)𝐾2−1(𝐴𝑔𝑚𝑁 𝑧𝑔  +  𝐴𝑚𝑚𝑁 𝑧𝑚).     (36) 

Equation (32.2) then turns into 

𝐸[𝜇(𝑚�)]  =  (1 −  𝛼 +  𝛼𝛿𝑚)𝑧𝑁𝐴𝐾�2𝐴𝑁𝑧.     (37) 

This then gives the unconstrained returns of the winery denoted by, 

max
𝑔,𝑚

𝐸 �П�𝑚� =  𝑧𝑁 ��1 −  𝛼 +  𝛼𝛿𝑔 −  12𝛼�𝛼𝐾�1

+  �1 −  𝛼 +  𝛼𝛿𝑔 −  12(1 −  𝛼 +  𝛼𝛿𝑚)�  [(1 −  𝛼 +  𝛼𝛿𝑚)𝐾�2]�̅�𝑁

−  12𝑟𝛼
2𝛴� 𝑧 

     (38) 

=  𝑧𝑁 �𝐴 ��–𝛼 −  32 +  𝛼2𝛿𝑔�𝐾�1 + 12(1 + 𝛼2 +  𝛼2𝛿𝑚2 −  2𝛼 −  2𝛼2𝛿2 + 2𝛼𝛿𝑚)𝐾�2� 𝐴𝑁

−  12𝑟𝑔
2𝛴� 𝑧 

.          (39) 
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Finally, the winery’s optimal level effort can be found by 

𝜕𝐸�П�𝑚�
𝜕𝛼

=  𝑧𝑁�𝐴��1 − 3𝛼 + 2𝛼𝛿𝑔𝐾�1� +  (𝛼 +  𝛼𝛿𝑚2 +  1 − 2𝛼𝛿𝑚 +  𝛿𝑚) 𝐾�2�𝐴𝑁

−  𝑟𝛼𝛴� 𝑧 =  0 

.         (40) 

Which, establishes that the optimal return-sharing parameter is 

𝛼∗ =  
1

1 + 𝑟 � 𝑧𝑁Σ𝑧
𝑧𝑁𝐴𝐾�1−1𝐴𝑁𝑧

�
 

.     (41) 

This study argues that there are a number of comparative static results which can 

be observed by investigating the optimal return-share parameter 𝛼∗.  Furthermore, by 

varying the assumptions regarding the degree of effort contractibility, the producer’s 

disutility of effort and risk aversion can take on several results.  There are two 

propositions which this study presents. 

Proposition 4. With increases in the degree of the producer’s disutility of effort, the 
producer will receive a decreasing Pareto optimal return-share. 

Proof. See Appendix H. 

Proposition 4 indicates that as the producer’s disutility of effort increases, then the 

task of monitoring increases in significance and the winery will receive a larger portion 

of the Pareto return-share. 

Empirical evidence has been found to support this proposition.  In California, 

Goodhue found that the frequency of contractually stipulated production practices, as 

well as higher levels of direct monitoring, were much greater in high quality regions 

(Goodhue, 2002; 2003).  In Australia, Fraser (2002; 2005) found similar results.  This 
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study argues that greater stipulation of production practices is likely a direct result of the 

difficulty of measuring grape characteristics in an attempt to verify quality.  Due to the 

high degree of difficulty, the winery can use contractually stipulated production practices 

and greater direct monitoring as a quality proxy in place of exact and verifiable 

measurements.  By doing so, the winery is likely attempting to address the incentive 

problems that arise from multitasking. 

Regarding the proposition that the winery will receive a larger portion of the 

Pareto optimal return-share when contracting high quality grapes, this study contends that 

the winery will benefit because their multitasking problem is relatively more difficult 

than contracting lower quality grapes and therefore incur higher risks for processing the 

additional quality.  This is consistent with the contention that wineries attempt to 

internalize these externalities and greater risk by backward integrating the grape 

production into their operation, which Olmos found in Spain (Olmos, 2008).  Of great 

relevance, Goodhue (2002; 2003) found that approximately 10% of all written contracts 

were initiated at the time of the vineyard planting, which was considered a “planting 

contract”.   

Not discussed in the Goodhue articles (2002; 2003), is that planting contracts 

occurred with the highest frequency not in the highest or lowest quality regions, but in the 

intermediate quality regions.  She also shows that planting contracts are likely to include 

a bonus or penalty for quality characteristics; in fact planting contracts had the largest 

coefficient values for the “any” and “sugar” categories when regressing quality incentives 

on contract characteristics (Goodhue, 2002; 2003).  One reason may be that there are 

many emerging wine brands in these regions and securing a dependable supply of 
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particular grape varieties is one of the key pieces to the puzzle of building a brand.  

Additionally, this indicates that there is some evidence of the firm boundary shifting to 

the winery, but it is not clear if multitasking problems are the primary driver.  Planting 

contracts are generally characterized as one which the winery supplies a producer with a 

block of new vines of particular varieties that are of interest to them on the condition that 

the winery retains the right to purchase the yield from that block for a specified number 

of years.           

Proposition 5. When the uncertainty of measuring the actual effort contribution by either 
party increases, the relatively less risk-averse party will receive a bigger Pareto optimal 
return-share due to issues of efficiency. 

Proof. See Appendix I. 

Proposition 5 is supported by previous evidence of backward integration 

observations in relatively higher quality wine regions (Fraser, 2002; 2005, Goodhue, 

2002; 2003).  The model this study has predicted is aligned with these findings for two 

key reasons.  First, in higher quality wine regions there is clearly an effort allocation 

inference problem.  Second, the quality shocks discussed previously are due to states of 

nature, and moral hazard issues are most likely to occur in these regions.  Thus, the 

proposition that a greater Pareto optimal return-share will go to the winery is likely to be 

done through backward integration.  Olmos (2008) found evidence that the winery is able 

to bear the risks mentioned above more efficiently than the producer.  Therefore, it is 

likely more efficient to designate the winery as the less risk-averse party. 
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Risks Faced by Each Party 

Under the return-sharing model, it was assumed that grape quality and 

performance indicators are not easily measured, and become increasingly more difficult 

as market value increases.  Additionally, the relationship between different incentive 

instruments is not clearly distinguishable in some cases.  Thus, share contracts allow 

wineries to use residual claimancy as an instrument via the outcome-based model shown.  

In this way, the contract makes the producer explicitly liable for grape quality ex post, 

which under per-ton and per-acre methods is not feasible.   

The winery is willing to share the downstream price revenues with the producer, 

which results in a higher certainty equivalent for the producer, and in turn, the winery 

will be provided grapes of higher quality and certainty.  The producer bears the 

production risks associated with winegrapes just as they would under the per-ton contract 

model and the winery shares the price risks.  The producer also shares the risks associated 

with wine quality, because the winery may fail to produce the quality of wine that 

matches the quality potential of the grapes used.  Additionally, the winery may fail to 

market or promote the wine properly, which may lead to improper wine retail price 

valuation (particularly undervaluation). 

When comparing the return-sharing contract to the per-ton and per-acre models, it 

is important to note that the bargaining power between the winery and producer is more 

balanced.  Under the per-ton and per-acre models, bargaining power was explicitly in 

favor of the winery, as they were the initiator and offerer of the contract game.  While 

they are still the initiators under the return-sharing contract model, additional possibilities 

enter the realities of the contract.  Since the balance of power is modified under the 
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return-sharing contract model, this contract would subsequently be subject to the 

willingness of a winery to relinquish a portion of their bargaining power.  Several 

possibilities can be fashioned, such as the event where a particular producer possesses 

substantial reputational value, resulting in a more balanced distribution of bargaining 

power.  Thus, the results of this study lend themselves to the abstraction that as inherent 

producer bargaining power increases, the likelihood of a return-sharing contract being 

employed between a winery and producer increases.  Simultaneously, the likelihood of 

contracting per-ton should decrease and the likelihood of per-acre contracting would 

remain stable, or possibly decrease.  Per-acre contract likelihood may in fact be affected 

with greater magnitude by the willingness of wineries to share returns than sharing of 

bargaining power.    

Aggregated to Industry Implications 

This study finds that the return-sharing contract model indicates it can be optimal 

under a wider range of situations than can the per-acre contract, even though the intended 

result, providing the highest quality grapes to the winery, is the same for both.  Of note, is 

that the return-sharing contract should be considered the most “complete” contract, as it 

accounts for the role the winery plays in wine quality.  The return-sharing contract is 

similar to the per-acre method in that there are relatively higher transactions costs 

involved than for the per-ton method.  In the event issues of transactions costs were 

removed and return-sharing contracts was the completely dominant method of winegrape 

marketing, one should expect to see the resulting industry perception as one which 

distinctly produces higher quality grapes than if contracted per-ton. 
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Additionally, the return-sharing model detailed here implies that there is equality 

in the bargaining power of the winery and producer when executing contracts that the 

per-acre method does not provide.  It would be assumed that in the event the return-

sharing contract pervades, industry consolidation would likely occur over time to shift the 

balance of bargaining power towards the winery (Chambolle & Saulpic, 2006).  This 

does not mean that the entire industry would consolidate, but rather the largest wineries 

would likely use consolidation to regain bargaining power. 

It is important to note that the return-sharing model is only possible if the ex post 

retail wine price (or other means) is observable.  In states such as Texas, the retail wine 

price is observable, but grape price information is not available for indexing.  States, such 

as California, do collect sufficient data to establish grape price indexes, via the annual 

Grape Crush Report (California Departmet of Food and Agriculture, 2009).  
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CHAPTER VI 

CONCLUSIONS 

The tables provided below outline the crucial findings that have resulted from the 

comparative statics of the three contracting models.  

Possible Scenarios for 100% Contracted 

Table 2 outlines whether the winery or producer is the beneficiary or loser under 

various market conditions and varying contract types.  Also shown, is where the result 

benefits neither party and where the outcome is unknown.  The key result is that under 

the return-sharing contract model, both parties share the ups and downs of the market 

simultaneously.  While under the per-acre model, the producer is protected from the 

downside risk under a poor year (assuming their portion of contractual obligations are 

fulfilled), but does not gain in the event yields are higher than anticipated.  Under this 

contract, the winery bears the losses and receives the gains when yields move away from 

the contractually targeted levels. 

Table 2: Possible Market Scenarios for 100% Contracting under Varying Types 

 Normal Yield High Yield Low Yield 

Contract Type Winery Producer Winery Producer Winery Producer 

Per-Ton 0 0 - + + - 

Per-Acre 0 0 + 0 - 0 

Return-Sharing 0 0 + + - - 

Note: “+” = Gain for respective party; “-” = Loss for respective party; “0” = No gain or loss for respective 
party 
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Risk Shifting in Contract Types 

Table 3 displays how specific risks faced by both parties are shifted in the varying 

types of contracts.  The important result here is that when examining the per-acre 

contract, the winery is willing to share the viticultural production risks with the producer 

in exchange for the producer bearing the grape price risk.  The return-sharing contract 

indicates that the producer is willing to retain production risks in exchange for a share in 

both forms of price risk in hopes of gains in the event of a good production year.    

Table 3: Risk Responsibility of each Party under Varying Contract Types 

 Contract Type 

Risk Type Per-Ton Per-Acre Return-Sharing 

Vineyard Input Price Risk Producer Producer Producer 

Grape Retail Price Risk Winery Producer Shared 

Wine Retail Price Risk Winery Winery Shared 

Production Yield Risk Producer Shared Producer 

Production Quality Risk Producer Shared Producer 

 

Mechanisms of Incentives in Contract Types 

Table 4 outlines the specific types of incentive mechanisms the winery has 

available to produce the desired producer behavior are detailed.  The incentive tool that 

uses a base payment with commissions on quality is the only tool available to the winery 

under all three contracting methods.  This indicates that this scheme is the most flexible, 

and previous studies show that it is found across all regional analyses (Fraser, 2002; 

2005; Goodhue, 2002; 2003; Olmos, 2008).  
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Table 4: Incentive Mechanisms in Each Contract Type 

 Contract Type 

Incentive Tool Per-Ton Per-Acre Return-Sharing 

Fixed Payment Yes Yes No 

Base Payment with Commissions 
On Quality Measures 

Yes Yes Yes 

Commissions Only On Quality 
Measures 

No No Yes 

Residual Claimancy No No Yes 

Note: “Yes” = Incentive mechanism could be used in the respective contract type; “No” = Incentive 
mechanism could not be used in the respective contract type 

Comparison of Each Contract Type 

 Table 5 summarizes bargaining power and return share for three contract types.  

Under the per-ton and per-acre models the winery generally holds a greater share of the 

bargaining power than the producer.  The return-sharing contract results in a more equal 

balance of bargaining power, which the winery is willing to forgo, possibly to gain grapes 

with a greater reputational value.  The share of total return accrual for the winery is 

relatively greatest under the per-ton contract model.  Under the per-acre model, the 

winery is willing to provide a greater share of total returns to the producer in return for 

insuring the highest possible quality of grapes sought by the winery.  The return-sharing 

contract, just as with bargaining power, indicates that the winery will distribute some of 

its return share to the producer in exchange for a greater certainty of high quality fruit.  

However, both the winery and producer are made residual claimants for each portion 

(which may or may not be measurable) of their influence on the final wine bottle quality. 
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Table 5: Bargaining Power and Return Share across Contract Types 

 Per-Ton Contract Per-Acre Contract Return-Sharing Contract 

 Winery Producer Winery Producer Winery Producer 

Bargaining Power + 0 + 0 = = 

Return Share + 0 - + +, - +, - 

Note: “+” = Gain for respective party; “-” = Loss for respective party; “0” = No gain or loss for respective 
party; “=” = Equal bargaining power; “+,-” = Both parties gain or lose simultaneously based on exogenous 
influences on outcomes 

Producer Prescription for Optimal Contract Selection 

Table 6 provides prescriptive results for a given producer type.  These four types 

represent all possible combinations of yield and quality variations that may characterize a 

producer or specific vineyard.  The preferred contract type for each scenario is ranked.  

The ranking is based from the perspective of the producer.  

 Examining the rankings, the return-sharing contract is more amendable to a 

variety of circumstances and thus is generally most advantageous.  However, the per-ton 

contract is quite flexible, and where yield and quality are in high variance, it should be 

preferred among producers. 

Special note should be made of the superiority of per-acre contracts where the 

producer type is low yield variance and high quality variance.  Several areas in Oregon 

(such as Eola-Amity Hills AVA or Dundee Hills AVA) and California (Russian River 

Valley AVA) could be considered as exemplifying this type, and in fact, per-acre 

contracts are more common in these areas than in dissimilar areas.  This suggests, as 

alluded to previously, there may be significant influence on contract choice from 

endogenous matching between types of wineries and producers. 
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Table 6: Producer Preference Ranking for Contract Selection 

 Contract Type 

Vineyard Yield & Quality 
Combination 

Per-Ton Per-Acre Return-Sharing 

High Yield Variance & High 
Quality Variance 

1st 3rd 2nd 

High Yield Variance & Low 
Quality Variance 

2nd 3rd 1st 

Low Yield Variance & High 
Quality Variance 

2nd 1st 2nd 

Low Yield Variance & Low 
Quality Variance 

3rd 2nd 1st 

Note: “1st” = Highest Preference; “2nd” = Medium Preference; “3rd” = Lowest Preference  

Future Research 

 Each of the models presented in this study allow for straightforward empirical 

testing.  There are several studies, such as Hudson and Lusk (2004), that provide the 

grounds to employ concrete variations of this study’s models to test the preference of 

various contracts and contract attributes through choice-based conjoint experiments.  If a 

rich data set could be developed, the return-sharing model in this study presents the 

opportunity to test the empirical implications of the random complementarities between 

tasks.   

One issue that was not addressed, but appears to be a key part in further 

understanding winegrape contracts, is that of endogenous matching between the winery 

and producer (Ackerberg & Botticini, 2002).  From my perspective, wineries and 

producers and the nature of winegrape production appear to exhibit distinctiveness that 
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fits the argument for issues of endogenous matching of contracting partners, especially in 

the face of well established parties.        
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APPENDIX A  

POSSIBLE CONTRACT MATTER AND PROVISIONS 

Contract Matter and Provisions Examples/Description Intent 
Specific Viticultural Practices 

  May be Required by Winery 
 

Winery may desire explicit control of viticultural practices 
May be Suggested by Winery 

 

Winery may desire collaborative control of viticultural 
practices 

Pruning 
 

Winery may prefer specific pruning methods and/or timing 
Cluster Thinning (Pre-Veraison) 

 

Winery may seek certain quality parameters, vine/fruit 
balance, or yield target 

Fruit Thinning (Post-Veraison) 

 

Winery may seek certain quality parameters, vine/fruit 
balance, or yield target 

Water/Irrigation 

 

Winery may desire particular irrigation levels or timing of 
application 

Fertilizer 

 

Winery may prefer particular fertilizers or timing of 
application 

Harvest Method Mechanical or Hand Winery may prefer a certain method of harvest 
Harvest Delivery Methods Transportation Logistics, Container 

Size, etc. 
 Chemical Use Notice to Winery 

  Before Use Pesticides, Herbicides, Fungicides, 
etc. 

Allow winery to collaborate with producer, modify 
practices, or application timing 

After Use Pesticides, Herbicides, Fungicides, 
etc. Notify winery of application 
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Contract Matter and Provisions Examples/Description Intent 
Information Reported to Winery 

  Yield Estimation (Lag-Phase) 
 

Allow winery to ensure and anticipate yield progress 
Yield Estimation (Pre-Harvest) 

 
Allow winery to ensure and anticipate yield progress 

Fruit Maturity Estimation 

 

Allow winery to ensure and anticipate fruit maturity 
progress 

Post-Harvest Data 
 

Allow winery to prepare for following contract term 
Bonus 

  Sugar Sugar Content determined by °Brix Encourage meeting of contracted quality parameters 
Acids Titratable Acid (TA), pH, etc. " " 
Material Other than Grapes (MOG) Grape Leaves, Vine Material, etc. " " 
Defects Disease Damage, Physical Damage, 

etc. " " 
Color (Qualitative) Grapes, Seeds, Stems, etc. " " 
 

  Penalty 
  Sugar Sugar Content determined by °Brix Discourage deviation from contracted quality parameters 

Acids Titratable Acid (TA), pH, etc. " " 
Material Other than Grapes (MOG) Grape Leaves, Vine Material, etc. " " 
Defects Disease Damage, Physical Damage, 

etc. " " 
Color (Qualitative) Grapes, Seeds, Stems, etc. " " 
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Contract Matter and Provisions Examples/Description Intent 
Price Determination 

  Fixed Price for Fixed Term 
 

Simplest way to contract over many growers 
Fixed Base Payment with Bonus/Penalty  
for Quality Parameters 

 

Creates producer accountability for quality 

Minimum or Maximum Price 
 

Allows for a relatively wide range of price expectations 
Adjusted Yearly (CPI Indexing) 

 
Accounts for inflation 

Regional Price Moving Average (Market   
Price) 

 

Captures regional market prices with low year-to-year 
fluctuations 

Price Related to Final Wine Retail Price 

 

Makes winery and producer explicitly responsible for their 
respective role in final wine quality 

 
 

 
Additional Contract Content 

 
 

Total Tonnage Desired 
 

Allows winery to stipulate an expected total volume of fruit 
Maximum Tonnage Winery is Required to  
Purchase 

 

Protects winery from having to purchase volume over capacity 

Number of Acres Contracted 
 

Allows winery to contract on acreage basis  
Vineyard Block Location Specified 

 
Allows winery to designate specific grapes from a specific site 

Specified Yield Per-Acre 
 

Enables winery to restrict yield as desired 
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APPENDIX B  

PER-TON PRICING EXAMPLE CONTRACT 

 
Source: (MacDonald & Lyon, 2003) 
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APPENDIX C  

PER-ACRE PRICING EXAMPLE CONTRACT 

 
Source: Adopted from (MacDonald & Lyon, 2003) 

10,000 
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9,000 
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Source: (MacDonald & Lyon, 2003)
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APPENDIX D  

CONTRACT EXAMPLE 

 
Source: (Napa Valley Grapegrowers, 2009) 
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Source: (Napa Valley Grapegrowers, 2009) 
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Source: (Napa Valley Grapegrowers, 2009) 



Texas Tech University, Daniel K. Pate, May 2011 

112 

 

 
 

 
Source: (Napa Valley Grapegrowers, 2009) 



Texas Tech University, Daniel K. Pate, May 2011 

113 

 

Source: (Napa Valley Grapegrowers, 2009) 
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Source: (Napa Valley Grapegrowers, 2009) 
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Source: (Napa Valley Grapegrowers, 2009) 
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Source: (Napa Valley Grapegrowers, 2009) 
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Source: (Napa Valley Grapegrowers, 2009) 
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Source: (Napa Valley Grapegrowers, 2009) 
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APPENDIX E  

“BOILER PLATE” PROVISIONS FOR APPENDIX D 

CONTRACT 

Appendix C Contract Section Number Section Title 
1.01 Purchase and Sale 
2.02 Harvest and Delivery 
3.01 Representations by Producer 
3.02 Representations by Winery 
6.01 Force Majeure 
6.03 Right to Resell Grapes 
6.05 Notices 
6.06 Amendment and Waiver 
6.07 Modification 
6.08 Severability 
6.09 Further Assurances 
6.10 Counter Parts 
6.11 Governing Law 
6.12 Entire Agreement 
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APPENDIX F  

PROOF OF PROPOSITION 1 

Proposition 1.  The efficient linear compensation rule in Equation (9), will pay a fixed 
wage without an incentive component (𝑎 = 0), even if the producer is risk neutral. 

Proof.  If 𝑎 = 0, then the principal could contractually instruct the producer to spend 

total time 𝑡̅ where 𝐶′(𝑡̅) =  0 and to choose 𝑡2̅  ∈  [0, 𝑡̅] to maximize 𝐵(𝑡2̅, 𝑡̅ −  𝑡2̅), which 

is strictly positive because 𝑡̅  > 0.  In this case, the cost of risk-bearing by the agent is 

zero.  This means that the total wealth will be 𝐵(𝑡2̅, 𝑡̅ −  𝑡2̅) −  𝐶(𝑡)̅.  Now, in the event 

that a bonus is provided for a quality parameter so that 𝑎 > 0, then 𝑡2will be set to zero 

and then the total wealth will be 0 − 𝐶(�̂�) −  𝑟𝑎2𝜎𝜀2/2 ≤ −𝐶(�̂�) < 𝐵(𝑡2̅, 𝑡̅ −  𝑡2̅) because 

𝑡̅ is now cost minimizing for the agent.  Furthermore, in the event that a penalty is 

included for a quality parameter so that 𝑎 < 0, then 𝑡1 = 0 and 𝑡2 < 𝑡̅ (because 𝐶′(𝑡2) <

0 = 𝐶′(𝑡̅) so that total returns are  

𝐵(𝑡1, 0) −  𝐶(𝑡1) −  𝑟𝑎2𝜎𝜀2 < 𝐵(𝑡̅, 0) −  𝐶(𝑡)̅ <  𝐵(𝑡1̅, 𝑡̅ −  𝑡1̅) −  𝐶(𝑡)̅.   

Q.E.D. 

 



Texas Tech University, Daniel K. Pate, May 2011 

125 

 

APPENDIX G  

PROOF OF PROPOSITION 3 

Proposition 3. Assume that the optimal solution features 𝑡(𝑎) > 0.  This being the case, 
the following statements hold true. 

(1) The optimal value of 𝑎 is explicitly given by 

𝑎 = 𝑝/[1 + 𝑟𝜎2/(𝑑𝑡/𝑑𝑎)],        
where, 

𝑑𝑡
𝑑𝑎

= 1/𝐶" +  𝛴𝐴(𝑎)�1/𝑣"𝑔�.        

(2) If it becomes easier to measure the producer’s performance (a decrease in 𝜎2), or 
the producer becomes less risk averse (a decrease in 𝑟), then it follows that the 
producer’s marginal reward 𝑎 will be increased and his personal business 
activities will grow. 

(3) Any personal producer task that would be controlled by the winery in the first-
best solution (𝑣′𝑔(0) ≤ 𝑝) will also be controlled in the second-best solution.  In 
certain instances of highly valued 𝑟𝜎2, some tasks that would be included in the 
first-best solution will actually be excluded in the second-best solution. 

Proof. The expression for 𝑑𝑡/𝑑𝑎 results from the producer’s first-order conditions.  By 

pairing revealed preference with the Proposition 2 implies the Part (2).  Part (1) implies 

that if the commission rate 𝑎 ≤ 𝑝 and that 𝑎 goes to zero when 𝑟𝜎2 approaches infinity, 

then Part (3) is proven. 

Q.E.D. 
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APPENDIX H  

PROOF OF PROPOSITION 4 

Proposition 4. With increases in the degree of the producer’s disutility of effort, the 
producer will receive a decreasing Pareto optimal return-share. 

Proof. 

𝑎𝑠 ‖𝐾1‖ ⟹  ∞   ;     𝛼∗  ⟹ 0 

Q.E.D. 
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APPENDIX I  

PROOF OF PROPOSITION 5 

Proposition 5. When the uncertainty of measuring the actual effort contribution by either 
party increases, the relatively less risk-averse party will receive a bigger Pareto optimal 
return-share due to issues of efficiency. 

Proof. 

𝑊ℎ𝑒𝑛 𝜀𝑞 , 𝜀𝑘  ≫ 0,    𝑟 ⟹ ∞   ;  𝑎∗ ⟹ 0. 

Q.E.D. 
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APPENDIX J  

PRODUCER DATA FOR PER-TON EXAMPLE 

Table 7: Producer Data for Per-Ton Example 

Certainty Equivalent 
 

Producer Benefit Price Per Ton Yield 
 

Farming Cost 
 

Risk Premium 
($/Acre) = ($/Acre) ($/Ton) (Tons/Acre) - ($/Acre) - 0.5*r*atΣa 

 $    7,016  
 

 $     7,902   $     658  12.00 
 

 $           812  
 

 $        74  
 $    7,274  

 
 $     8,231   $     716  11.50 

 
 $           874  

 
 $        83  

 $    7,524  
 

 $     8,558   $     778  11.00 
 

 $           939  
 

 $        94  
 $    7,762  

 
 $     8,879   $     846  10.50 

 
 $        1,010  

 
 $       107  

 $    7,984  
 

 $     9,192   $     919  10.00 
 

 $        1,086  
 

 $       122  
 $    8,185  

 
 $     9,491   $     999  9.50 

 
 $        1,168  

 
 $       139  

 $    8,359  
 

 $     9,774   $  1,086  9.00 
 

 $        1,256  
 

 $       159  
 $    8,500  

 
 $   10,033   $  1,180  8.50 

 
 $        1,350  

 
 $       183  

 $    8,602  
 

 $   10,264   $  1,283  8.00 
 

 $        1,452  
 

 $       211  
 $    8,654     $   10,460   $  1,395  7.50    $        1,561     $       244  
 $    8,649  

 
 $   10,611   $  1,516  7.00 

 
 $        1,679  

 
 $       284  

 $    8,574  
 

 $   10,710   $  1,648  6.50 
 

 $        1,805  
 

 $       331  
 $    8,417  

 
 $   10,746   $  1,791  6.00 

 
 $        1,941  

 
 $       388  

 $    8,163  
 

 $   10,707   $  1,947  5.50 
 

 $        2,087  
 

 $       457  
 $    7,796  

 
 $   10,580   $  2,116  5.00 

 
 $        2,244  

 
 $       540  

 $    7,294  
 

 $   10,350   $  2,300  4.50 
 

 $        2,413  
 

 $       643  
 $    6,637  

 
 $   10,000   $  2,500  4.00 

 
 $        2,595  

 
 $       769  

 $    5,124  
 

 $     8,750   $  2,500  3.50 
 

 $        2,790  
 

 $       836  
 $    3,587  

 
 $     7,500   $  2,500  3.00 

 
 $        3,000  

 
 $       913  

 $    2,248  
 

 $     6,250   $  2,500  2.50 
 

 $        3,000  
 

 $    1,002  
 $       895  

 
 $     5,000   $  2,500  2.00 

 
 $        3,000  

 
 $    1,105  

Certainty Equivalent Equation = Producer Benefit - Farming Cost - Risk Premium 
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APPENDIX K  

WINERY DATA FOR PER-TON EXAMPLE 

Table 8: Winery Data for Per-Ton Example 

Certainty Equivalent 
 

Winery Benefit Price Per Ton Yield Finished Wine Bottles Per Gallon Retail Value Per Bottle 
 

Grape Cost 
($/Acre) = ($/Acre) ($/Ton) (Tons/Acre) (Gal/Ton)   ($/Bottle) - ($/Acre) 

 $   59,264  
 

 $      67,165   $             658  12.00 170 5  $       6.58  
 

 $    7,902  
 $   61,733  

 
 $      69,964   $             716  11.50 170 5  $       7.16  

 
 $    8,231  

 $   64,184  
 

 $      72,741   $             778  11.00 170 5  $       7.78  
 

 $    8,558  
 $   66,594  

 
 $      75,473   $             846  10.50 170 5  $       8.46  

 
 $    8,879  

 $   68,937  
 

 $      78,129   $             919  10.00 170 5  $       9.19  
 

 $    9,192  
 $   71,185  

 
 $      80,677   $             999  9.50 170 5  $       9.99  

 
 $    9,491  

 $   73,303  
 

 $      83,077   $          1,086  9.00 170 5  $      10.86  
 

 $    9,774  
 $   75,251  

 
 $      85,284   $          1,180  8.50 170 5  $      11.80  

 
 $   10,033  

 $   76,983  
 

 $      87,247   $          1,283  8.00 170 5  $      12.83  
 

 $   10,264  
 $   78,447  

 
 $      88,907   $          1,395  7.50 170 5  $      13.95  

 
 $   10,460  

 $   79,584  
 

 $      90,195   $          1,516  7.00 170 5  $      15.16  
 

 $   10,611  
 $   80,326  

 
 $      91,036   $          1,648  6.50 170 5  $      16.48  

 
 $   10,710  

 $   80,594     $      91,340   $          1,791  6.00 170 5  $      17.91     $   10,746  
 $   80,302  

 
 $      91,009   $          1,947  5.50 170 5  $      19.47  

 
 $   10,707  

 $   79,350  
 

 $      89,930   $          2,116  5.00 170 5  $      21.16  
 

 $   10,580  
 $   77,625  

 
 $      87,975   $          2,300  4.50 170 5  $      23.00  

 
 $   10,350  

 $   75,000  
 

 $      85,000   $          2,500  4.00 170 5  $      25.00  
 

 $   10,000  
 $   65,625  

 
 $      74,375   $          2,500  3.50 170 5  $      25.00  

 
 $    8,750  

 $   56,250  
 

 $      63,750   $          2,500  3.00 170 5  $      25.00  
 

 $    7,500  
 $   46,875  

 
 $      53,125   $          2,500  2.50 170 5  $      25.00  

 
 $    6,250  

 $   37,500  
 

 $      42,500   $          2,500  2.00 170 5  $      25.00  
 

 $    5,000  
Certainty Equivalent Equation = (Yield x Finished Wine x Bottles x Bottle Retail Value) - Grape Cost 
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APPENDIX L  

PRODUCER DATA FOR PER-ACRE EXAMPLE 

Table 9: Producer Data for Per-Acre Example 

Certainty Equivalent 
 

Price Received Per Acre Yield 
 

Farming Cost Real Price Per Ton 
($/Acre) = ($/Acre) (Tons/Acre) - ($/Acre) ($/Ton) 

 $         7,756     $       10,000  5.00    $     2,244   $                 2,000  
 $         7,587  

 
 $       10,000  4.50 

 
 $     2,413   $                 2,222  

 $         7,405  
 

 $       10,000  4.00 
 

 $     2,595   $                 2,500  
 $         7,210  

 
 $       10,000  3.50 

 
 $     2,790   $                 2,857  

 $         7,000  
 

 $       10,000  3.00 
 

 $     3,000   $                 3,333  
 $         6,000  

 
 $         9,000  2.50 

 
 $     3,000   $                 3,600  

 $         6,000  
 

 $         9,000  2.00 
 

 $     3,000   $                 4,500  

       Certainty Equivalent Equation = Price Per Acre - Farming Cost 
  4.00 = Target Yield by Contract 
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APPENDIX M  

WINERY DATA FOR PER-ACRE EXAMPLE 

Table 10: Winery Data for Per-Acre Example 

Certainty 
Equivalent 

 
Yield 

Finished 
Wine 

Bottles Per 
Gallon 

Retail Value Per 
Bottle 

 

Grape Cost Per 
Acre 

Effective Value Per 
Acre 

Effective Value 
Per Ton 

Real Price Per 
Ton 

($/Acre) = (Tons/Acre) (Gal/Ton)   ($/Bottle) - ($/Acre) ($/Acre) 
(Effective 

Value/Yield) ($/Ton) 
 $          96,250    5.00 170 5  $        25.00     $   10,000   $         10,000   $          2,000   $     2,000  
 $          85,625  

 
4.50 170 5  $        25.00  

 
 $   10,000   $         10,000   $          2,222   $     2,222  

 $          75,000  
 

4.00 170 5  $        25.00  
 

 $   10,000   $         10,000   $          2,500   $     2,500  
 $          64,375  

 
3.50 170 5  $        25.00  

 
 $   10,000   $          9,750   $          2,786   $     2,786  

 $          53,750  
 

3.00 170 5  $        25.00  
 

 $   10,000   $          9,500   $          3,167   $     3,167  
 $          44,125  

 
2.50 170 5  $        25.00  

 
 $     9,000   $          9,250   $          3,700   $     3,700  

 $          33,500  
 

2.00 170 5  $        25.00  
 

 $     9,000   $          9,000   $          4,500   $     4,500  

           Certainty Equivalent Equation = (Yield x Finished Wine x Bottles x Bottle Retail Value) - Grape Cost 
  4.00 = Target Yield by Contract 
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APPENDIX N  

KEY VARIABLES FOR THE PER-TON MODEL 

Table 11: Key Variables for the Per-Ton Contract Model 

Input & Output Information 

𝑡 Producer Effort 

𝑥 = 𝜇(𝑡) +  𝜀 Observable Information Signal (yield) with Noise 

𝑤(𝑥) =  𝑎𝑇𝑥 Compensation Scheme 

Producer Functions 

𝐶𝐸 =  𝑎𝑇𝜇(𝑡)− 𝐶(𝑡)−  12𝑟𝑎
𝑡𝛴𝑎 Producer Certainty Equivalent (Maximization Problem) 

𝑎𝑡𝛴𝑎 Producer Income Variance 
1
2𝑟 Producer Risk Aversion (𝑟 is risk coefficient) 

Winery Functions 

𝐵(𝑡)−  𝑎𝑇𝜇(𝑡) Winery Expected Returns 

𝐵(𝑡)−  𝐶(𝑡) Winery Certainty Equivalent (Maximization Problem) 



Texas Tech University, Daniel K. Pate, May 2011 

133 

 

APPENDIX O  

KEY VARIABLES FOR THE PER-ACRE MODEL 

Table 12: Key Variables for the Per-Acre Contract Model 

Input & Output Information 

𝐺 Finite Pool of Potential Producer Activities 

𝐴 ⊂ 𝐺 Subset of Producer Tasks allowable by Winery 

𝑡, 𝑡𝑔 Producer attention to winery and personal tasks, 
respectively 

𝑤(𝑥) =  𝑎𝑥 Compensation Scheme (where 𝑥 is acres and 𝑎 is the 
price paid per-acre) 

Producer Functions 

𝑎𝑡 + 𝛴𝐴𝑣𝑔�𝑡𝑔� −  𝐶�𝑡 −  𝛴𝐴𝑡𝑔� Producer Maximization Problem (by choosing 𝑡, 𝑡𝑔) 

𝑎𝑡 + 𝑣𝑔�𝑡𝑔� Producer Benefit for a given task 

𝐶�𝑡 −  𝛴𝐴𝑡𝑔� Producer Cost 

Winery Functions 

𝑎 = 𝑝/[1 + 𝑟𝜎2/(𝑑𝑡/𝑑𝑎)] Optimal Commission Rate 

𝐴(𝑎) =  �𝑘 ∈ 𝐾�𝑣𝑔�𝑡𝑔(𝑎)� > 𝑝𝑡𝑔(𝑎)�� Optimal Set of Allowed Producer Tasks 
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APPENDIX P  

KEY VARIABLES FOR THE RETURN-SHARING MODEL 

Table 13: Key Variables for the Return-Sharing Contract Model 

Output Information 

𝑞 Effort based on variable inputs 

𝑞� = 𝑞 + 𝜀𝑞 Observed effort (including observed noise), 𝐸�𝜀𝑞� = 0 

𝑤 =  𝛷𝑞� + 𝜀𝑘 Production function (including external shocks), 𝐸(𝜀𝑘) = 0 

𝑧 Contractual provisions 

𝐼 =  𝛼〈𝑧𝑁��Φ�𝑞 + 𝜀𝑞�+ 𝜀𝑘� +  𝑉𝑄𝑞�〉+  𝛽 Incentive Scheme 

�
Φggq�g + Φgmq�m
Φmgq�g + Φmmq�m

� =  �
𝑦𝑔
𝑦𝑚� 

Wine Quality resulting from Each Party’s 
Effort 

Supervision 

𝑠 = 𝑄𝑞 Information outcome based on monitoring activities 

𝑉 Weights placed on variables monitored 

𝑧𝑁[𝑉𝑄𝑞] Monitoring scores converted into monetary terms (dollars) 

𝑣�(𝑠) = 𝑉𝑠       ⟹ Indicator of performance  𝜇 =  𝑧𝑁��Φ�𝑞 + 𝜀𝑞�+ 𝜀𝑘� +  𝑉𝑄𝑞� 

Producer Functions 

П𝑔 𝛼𝜇 −  
1
2
𝑔𝑁𝐾1𝑔 +  𝛽 

Producer Expected Returns 

𝑔�(𝑚) =  𝛼𝐾1−1�𝐴𝑔𝑔𝑁 𝑧𝑔  + 𝐴𝑚𝑔
𝑁 𝑧𝑚� Optimal Producer Effort 

Winery Functions 

П𝑚 (1 −  𝛼)𝜇 −  12𝑚
𝑁𝐾2𝑚 −  𝛽 Winery Expected Returns 

𝜕𝐸П𝑚

𝜕𝑚
 = (1−  𝛼 +  𝛼𝛿𝑚)�𝑧𝑔𝑁𝐴𝑔𝑚  + 𝑧𝑚𝑁𝐴𝑚𝑚� −  𝑚𝑁𝐾2 

Optimal Winery Effort 

Key Matrices 

𝑞: (𝑁 + 𝑀)  × 1 𝑤: (𝑀 × 1) ⟹ 𝛷: (𝑀 × 𝑁) 

𝜀𝑞: (𝑁 × 1) 𝑣: (𝑀 × 1) ⟹ 𝑉: (𝑀 × 𝑆) 

𝜀𝑘: (𝑀 × 1) 𝑠: (𝑆 × 1) ⟹ 𝑄: (𝑆 × 𝑁) 
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