
ABSTRACT 

HU, WU-YUEH. Quantifying the Benefits of Farm Level Utilization of Alternative 
Marketing Arrangement. (Under the direction of Tomislav Vukina and Xiaoyong Zheng). 
 

The main objective of this dissertation is to conduct a systematic analysis of the 

determinants of farmers’ choices to use individual or combinations of marketing 

arrangements in various farm enterprises (crops and livestock) and to measure farm-level 

economic benefits associate with having access to those marketing channels relative to 

having access to cash or spot markets alone. To achieve this goal, the dissertation has three 

main chapters to conduct economic analysis.  

First, I examine the determinants of farmers’ choices of marketing arrangements which 

include different combinations of open market sales, marketing contracts and production 

contracts. Data for this analysis come from USDA’s 2004 Agricultural Resource 

Management Survey (ARMS). The results show some empirical support for the agency 

theory, which has been recently proposed to explain the rising popularity of alternative 

marketing arrangements (AMAs). In addition to obtaining the results using a national sample, 

the empirical analysis is also repeated for each of the five agricultural regions in the US. 

Results from these regional models are consistent with those of the national model, 

indicating the robustness of our results. 

Second, I estimate a discrete choice random utility maximization model, in which I 

control for both the observed and unobserved choice characteristics, for multi-enterprise 

farmers’ joint decisions on which commodities to produce and which marketing channels to 

use to market their outputs. I then use the estimates to quantify the benefits to U.S. farmers 

from having access to particular alternative marketing arrangements. I find that, applying the 



results to a national basis, the benefit of using production contracts to hog farmers is $740 

million and the benefits of using marketing contracts are $290 million, $127 million and $40 

million to corn, soybean and wheat farmers, respectively. Therefore, the results indicate that 

AMAs yield an economically significant amount of benefits to farmers who rely on them to 

market their outputs and regulating them away would yield substantial welfare loss to these 

farmers. 

Last but not least, I examine the complementarities and substitutabilities among 

different marketing arrangements in Midwest and South. I estimate a group of Probit models 

to examine the farmers’ decision on whether or not adopt a specific marketing strategy. Then, 

I apply the correlation coefficient method to the residuals of those Probit models. Besides 

observed farm/farmers’ characteristics, a term of unobserved heterogeneity is also included 

in the Probit models. The results show empirical evidence of the complementarities and 

substitutabilities among different marketing arrangements. Complementarities are found 

between the spot market and AMAs among and cross grains and industrial crops, and are 

found between the livestock production contracts and grain marketing arrangements. 

Substitutabilities are found in the livestock sector and are found between livestock and grain 

sector for the spot market and the marketing contract. 
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CHAPTER 1 

Introduction 

 Farmers have long used formal contracts for producing inputs and selling their output. 

One example is sharecropping contracts, which are in some form, probably as old as 

civilization itself. One of the most important characteristics of modern agriculture in the U.S., 

but also in the EU and elsewhere, is the increased reliance on various types of alternative 

marketing arrangements (AMAs). In this dissertation, AMAs refer to all possible alternatives 

to the cash or spot market and include arrangements such as forward contracts, marketing 

agreements, procurement or marketing contracts, production contracts, etc. Nowadays, the 

use of AMAs is ubiquitous. They are used in livestock, fruits and vegetables, wine grapes, 

tobacco, and even for exchange traded commodities as corn. 

 This dissertation focuses on the farm side of the AMAs’ use. By using an unique farm 

level dataset, the Agricultural Resource Management Survey (ARMS), the main objective of 

this dissertation is to conduct a systematic analysis if the determinants of farmers’ choices to 

use individual or combinations of AMAs in various farm enterprises (crops and livestock) 

and to measure farm-level economic benefits associated with having access to those 

marketing channels relative to having access to cash or spot markets alone. In order to 

accomplish the stated main objective, the following chapters have three specific objectives. 

In chapter 2, I would like to systematically examine the influences of farmers’ 

socioeconomics characteristics (farm demographics and other factors) on the choice of 

AMAs in livestock and crop enterprises, and empirically test the economic theory, which is 
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used to explain the rising popularity of AMAs. In chapter 3, I am going to construct a 

behavioral model of a multi-enterprise farm, conduct the econometric estimation of the 

model primitives, and perform the counterfactual welfare analysis of benefits associated with 

the use of AMAs. In chapter 4, a test for complementarities and substitutabilities among 

different marketing arrangements will be conducted at the farm level.  Chapter 5 concludes. 
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CHAPTER 2 

Factors Affecting the Selection of Marketing Arrangements by 

U.S. Farmers 

2.1 Introduction 

One of the most important characteristics of modern agriculture in the U.S. is the 

increasing use of various alternative marketing arrangements (AMAs). AMAs refer to all 

alternatives to the cash or spot market, including forward contracts and marketing 

agreements, which also refer to as marketing contracts, as well as production contracts. More 

than 36 percent of U.S. agricultural products are nowadays marketed through marketing 

contracts and production contracts (MacDonald et al 2004). A recently completed study in 

livestock and meat markets in the U.S. (Muth et al. 2007) estimated the use of AMAs during 

October 2002-March 2005 period at 38% of the fed beef cattle, 89% of the finished hogs and 

44% of the fed lamb volume sold to packers, and showed the use of AMAs helps farmers 

reduce risk exposure, reduce price variability of the product, secure a buyer and sell the 

product at a higher price.   

The use of AMAs can be understood and analyzed from either side of the contractual 

relation: the firm (packer, integrator, and processor) side or the farm (grower, producer) side. 

The use of contracts by firms is well understood in the context of a rather large literature on 

determination of boundaries of firms (the so called “make or buy problem”).1 The primary 

motives for intermediaries and processors to offer production contracts and marketing 

                                                 
1 For the excellent overview and exposition of different theories of firm see Gibbons (2004). 
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contracts include quantity and quality assurances. For example, meat packing exhibits 

substantial economies of scale in processing and waste management. Therefore, large 

packing plants face high fixed costs and strive to achieve high capacity utilization. In an 

attempt to reduce the risk of input shortages, packers have strong incentives to attenuate 

supply variable by forward scheduling animals for slaughter. A related factor is a desire to 

narrow quality standards for agricultural commodities. This is dictated both by consumer 

demand and by a highly automated production process.  

This dissertation, however, focuses on the farm side of the AMAs’ use. The motives for 

farmers to use contracts can be explained by two economic theories in the literature, the 

agency theory and the transaction cost framework. The agency theory or the principal agent 

model (Hart and Holmstrom, 1986) is proposed to determine the optimum contract between 

the risk neutral principal and a risk-averse agent. It explains the risk shifting incentive for 

farmers to use contracts and posits the use of AMAs to help reduce price or production risks, 

which benefits the risk-averse farmers by providing income stability. Knoeber and Thurman 

(1995) have shown that the form of contracting used in the broiler industry shifts 97% of the 

total risk from grower to the integrator. Martin (1997) has shown that production contract 

used in the swine industry eliminate about 94 percent of the total income variability to which 

an independent farmer selling hogs on the spot market is exposed to. Vukina (2008) has 

found empirical evidence that the use of AMA transfers risk from the risk-averse farmers to 

risk-neutral firms in the hog industry. Zheng, Vukina and Shin (2008) also showed that the 

degree of risk aversion do affect the hog producers’ choice of AMAs; more risk averse 

producers are more likely to use production contracts and less risk averse producers are more 
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likely to use marketing contracts or the spot market. The transaction cost framework (Allen 

and Lueck 1993, 1995), on the other hand, doesn’t assume the risk aversion of farmers and 

posits that the incentive for farmers to use contracts also comes from reducing transaction 

costs, which include searching costs, measuring costs and monitoring costs. Allen and Lueck 

(1992; 1993; 1999) showed some empirical evidence that transaction costs framework are 

more important in explaining the contractual relationship between the landlord and tenant 

than the risk shifting incentive. Hobbs (1997) empirically supported the transaction cost 

framework by examining the relationship between transaction costs (searching and 

monitoring costs) and producers’ choice on marketing channels (auction or direct-to-

processor). Fukunaga and Huffman (2009) supported the transaction cost framework as well 

as the agency theory in explaining the use of cropshare contracts, and found both the tenant 

and the landlords are risk averse.  

The objective of this chapter is to understand and explain the motivations governing 

farmers’ decisions to use a particular AMA or a combination of AMAs in addition to or 

separately from relying on the spot markets. The study focuses on the importance of farmers’ 

risk aversion and riskiness of the commodities produced on the contract choice. In this regard 

it contributes to the literature on testing the agency theory. On the one hand, different from 

cropshare contracts, in which both contractual parties are farmers sharing similar 

demographic characteristics, and it is arguable to assume the principal is risk neutral and the 

agent is risk-averse (Allen and Lueck 1995), the risk preference is better assumed in the case 

of AMAs. On the other hand, Ackerberg and Botticini (2002) showed that for some empirical 

studies (e.g. Allen and Lueck 1992, 1999), which do not control for the endogenous matching 
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between principals and agents, their results concluding that risk shifting incentive is not 

important might be misleading. Another concern is the data. Empirical testing for the 

transaction cost theory is very data demanding (Hobbs 1997) and our dataset does not 

provide information for searching, measuring and monitoring costs. 

The empirical approach is based on discrete choice econometric models. I conduct a 

detailed and comprehensive analysis of how farm/farmer characteristics (linking to farmers’ 

risk aversion) and enterprises produced (linking to riskiness of commodities) affect farmers’ 

choice of individual or combinations of marketing arrangements by employing the farm-level 

2004 Agricultural Resource Management Survey (ARMS) data, and test whether or not the 

empirical evidence supports the agency theory. Results show that wealth of the farmer (off-

farm income, asset and total acreage operated), age, gender, education and the riskiness of 

commodities have significant effects on the farmer’s choice on marketing arrangements. 

However, the results for age, gender, assets and total acreage operated are not in support of 

the agency theory, and empirical support from the price and production risks of the 

commodities is also limited. In addition to obtaining the results using a national sample, I 

also repeat the empirical analysis for each of the five agricultural regions, and results from 

these regional models are consistent with those of the national model, indicating the 

robustness of the results. 

 

2.2 Marketing Arrangements used by U.S. Farmers 

 In this chapter and throughout the dissertation, alternative marketing arrangements 

(AMAs) refer to marketing contracts and production contracts. Therefore, three different 
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marketing arrangements discussed are the spot (cash) market and the AMAs. Since the 

ARMS survey is our main data source, the marketing contract and production contract are 

defined such that they correspond to their definition used by the ARMS survey.  

The traditional market access, the spot (cash) market, still governs most of the 

transactions in the agricultural sector. In 2001, over 60 percent of the total U.S. agricultural 

products were marketed through the spot markets (Macdonald et al. 2004). In the spot market, 

farmers sell their products to buyers, who can be wholesalers, processors or brokers. When 

the transaction is done, farmers get paid, and the ownership of the product is transferred from 

farmers to buyers. The realized prices are prices at the time of sale and the quality differences 

are accounted for immediately. By selling products in the spot markets, farmers are able to 

control all of their businesses. They make all production and financial decisions. They are 

also responsible for finding a buyer, negotiating the price and delivering the product.  

 A marketing contract is a verbal or written agreement to market a commodity before 

the completion of a production cycle (e.g., before the crop is harvested or before the animals 

reach the market weight). The agreement usually includes the price, or an arrangement to 

determine the price at the time of delivery, or a commitment by the contractor to purchase the 

product from the farmer/operator with the price negotiated later. Prices may often vary with 

the quantity and the attributes of the product. Most marketing contracts will specify the base 

price or price formula such that the price variation will be less than it is in the spot market. 

With this arrangement, the operator supplies and finances all or most of the inputs used in 

production, makes all production decisions, owns the product until delivery, and therefore, 
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often bears all production risks. Marketing contracts are used for both crops and livestock but 

are more common for crops. 

 A production contract is an agreement usually reached before the production begins 

which details the farmer’s and contractor’s responsibilities for providing inputs and specifies 

the payment mechanism which will be used to compensate farmers for the provision of their 

inputs. The contractor remains the residual claimant on the realized profits. The contractor 

usually owns animals or crops, provides most of the variable inputs (feed, seed, fertilizer, 

chemical, transportation and technical assistance) and makes major production and marketing 

decisions. The contractees (operators) supply labor, management services and some of the 

fixed inputs (land, buildings, etc.). Production contracts often set firm guidelines regarding 

production practices, and farmer/grower compensation schemes frequently depend on how 

effectively the contractor supplied inputs have been utilized. In the production contract, the 

farmer/grower payment will typically not depend on either input or output prices, which 

makes growers completely insulated from price risk. For example, under poultry production 

contracts, contract growers are required to tend company owned chickens or turkeys until the 

birds are market-ready (with specific age or weight). The contractor normally provides young 

chicks, feed, medical care and transportation and the contract operator provides chicken 

houses and equipment, supplies his labor and management attention and pays for utilities and 

some other small inputs. In return for his services, the grower gets paid a variable piece rate 

per pound of live poultry delivered where the variability in the piece rate is determined in a 

tournament setting where the individual performance is compared against the group average 

performance. For above average performance (below average feed conversion) the grower 
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receives a bonus, and for the below average performance (above average feed conversion), 

the grower receives a penalty (for details see Vukina 2003). Production contracts are mainly 

used in the production of hogs, poultry and a limited number of crops. 

 Based on the description above, the riskiness (price and production risks) of the three 

marketing arrangements can be ranked. The spot market is the most risky marketing 

arrangements since farmers selling their products in the spot market bear both price and 

production risks. Marketing contracts are less risky than the spot market since it secures part 

of the price risk but it does not help reduce the production risk. Production contracts are the 

least risky marketing arrangement among the three since it secures both price and production 

risks. The summary of basic characteristics of these three marketing arrangements is given in 

Table 2.1. It shows the degree of business autonomy, price risk and production risk for the 

three different marketing arrangements. Besides, Table 2.1 also briefly describes the timing 

of agreement reached, how the farmer gets paid and the ownership of the product before the 

delivery. 

 

2.3. Theoretical Framework 

The origins of systematic inquiry into the reasons and motives for the use of contracts 

by farmers can be traced back to the large research program on land and labor contracts in 

agrarian economies with its the dominant theoretical kernel - the agency theory (Hart and 

Holmstrom 1986). Agency (principal-agent) theory is concerned with designing an optimum 

contract between a risk-neutral principal (resource owner) and a risk-averse agent (resource 

user). As described in Vukina (2003), the problem arises from the fact that the principal 
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cannot directly observe the agent’s action (effort) and the outcome (output) is influenced by 

immeasurable effects of random factors (such as weather). In a standard principal agent 

model, a commodity’s production (output) is q = (e + θ), where e is a farmer’s unobserved 

effort and θ is a random factor with mean zero and variance 2σ . The conflict of interest 

between the contracting parties arises because the agent’s effort (e) contributed to the 

increase in output (q), the same output that the principal’s income positively depends on. But, 

the effort generates disutility to the agent, and the agent has a tendency to work less hard than 

the principal would like. Because of imperfect information on the agent’s effort, the principal 

cannot specify and enforce the desired level of effort. In addition, due to the stochastic nature 

of the production process ( 2σ ), the principal cannot verify whether a bad outcome is caused 

by the agent’s shirking or by the unfavorable state of nature. This non-alignment of work 

incentives can be mitigated by making the agent’s income dependent on the consequences of 

his effort. The problem with this design is the fact that it makes the agent’s income variable 

as a consequence of the presence of random shocks that influence the outcome. Hence, the 

result of the agent’s effort would depend not only on his own actions but also on uncertain 

factors beyond his control. Being risk averse, the agent prefers a certain income to an 

uncertain income. The optimum contract strikes a balance between providing incentives for 

the agent to exert effort and alleviating his exposure to risk.  

In this moral hazard problem, the optimal compensation scheme is linear in output, w = 

a + b*q, where w is the compensation for the agent, a is a fixed salary, and b is the optimum 

compensation incentive rate, which is inversely related to a farmer’s degree of risk aversion 



 

11 

and the riskiness of the random factor ( 2σ ) (as shown in Kandilov and Vukina 2009). In 

other words, a more risk averse farmer will prefer high fixed salary and low incentive rate 

such that he can have a relatively stable income. In line with this theory, a risk averse farmer 

will choose a marketing arrangement which is less risky and can provide a stable income. For 

example, given other things equal a farmer with high degree of risk aversion will prefer a 

production contract since the use of production contract shift almost all price and production 

risks to the contractor. Similarly, given a risk averse farmer if the price and production risks 

( 2σ ) of producing a specific commodity are high, the more likely the farmer will use a less 

risky marketing arrangements (e.g. marketing contracts and production contracts) to sell the 

product. Based on these expectations, below I list two main predictions to test the agency 

theory in the empirical part. 

Prediction 2.1: A farmer who is more risk averse is more likely to use AMAs 

Prediction 2.2: As variation (
2σ ) of output or variation of the output price increases, a 

farmer is more likely to use AMAs. 

     

2.4 Data 

Data Sources 

The main data set used in this study is the 2004 Agricultural Resource Management 

Survey (ARMS) collected jointly by the Economics Research Service (ERS) and the National 

Agricultural Statistics Service (NASS), both in the United States Department of Agriculture 

(USDA). ARMS data are nationally representative farm level data and provide detailed 

information on farms’ structure, finances and crop or livestock production practices. Farm 
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and farmer characteristics variables include total acres operated, total value of production, 

tenure or not, number of family members, occupation, age, education, on-farm and off-farm 

working hours, etc. The financial part of the data reports a farm’s income statement, balance 

sheet and financial ratios, as well as operator’s income. In the production practices part, it 

collects the year round field-level commodity specific data.  

AMRS is a series of interviews containing three phases in the data collection process 

from the summer (June) of the reference year to the spring (April) of the year following the 

reference year. In phase I, farmers are selected and filtered by a variety of the planting 

commodities during the summer. Then farmers in phase I are randomly chosen and 

interviewed during the fall and winter (phase II). In this stage, a series of field-level or 

production-unit level enterprise surveys are done. Next, in spring of the following year, phase 

III is conducted. Information on a farm’s costs and returns are collected at the whole farm 

level by interviewing the representative farmers, who are selected from the nationwide 

samples in phase II. In this dissertation, phase III ARMS data are used. 

Because of the complex sampling design, a special feature of the ARMS survey is that 

all samples are probability-weighted. Each sample in the data has a weight (expansion factor), 

which could be used for the population estimation. In the data cleaning step, a significant 

number of observations were excluded due to the missing values or unreasonable negative 

value for some variables; using weights would further complicate the analysis. Besides, the 

original ARMS dataset includes more large commercial farms than small recreational farms, 

and the former is the main focus of this dissertation. As a result, I chose not to use weights. 
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Also, Katchova and Miranda (2004) showed that there is no qualitative difference whether or 

not the weights are used in their analysis, which is similar to the empirical work in this study. 

 

Data Cleaning 

The raw data set contains 20,579 observations. Because of the missing values on the 

number of family members and the off-farm income variable, 817 and 1,019 observations are 

excluded, respectively, reducing the total number of observations to 18,743. Next, the 

observations with negative values for the contractual prices and quantities variables are 

deleted: 87 for corn, 106 for soybeans, 10 for alfalfa, 258 for peanuts, 3 for oats, 32 for 

cotton, 57 for wheat, 11 for tobacco, 5 for cattle, 11 for hogs, 12 for broilers, 1 for turkeys, 

and 10 for milk, reducing the total number of observations to 18,140. In the final step, 1,369 

observations that do not report any cash or contractual sales are deleted, reducing the total 

number of observations used in the empirical analysis to 16,771. 

 

Creating Variables 

Next, the cleaned raw data set is used to create variables used in the empirical analyses. 

First, seven combinations of marketing arrangements mentioned before are used as a 

dependent variable, C, M, P, CM, CP, MP and CMP. Note the dependent variable is farm 

specific but not commodity specific. Frequencies of the seven marketing arrangements are 

showed in Table 2.2. For example, suppose a farm sells corn using the cash market and hogs 

using the marketing contract, whereas another farm sells only corn using both the cash 



 

14 

market and the marketing contract. In this case, both farms are assigned the same indicator 

for the dependent variables, that is, cash and marketing contracts.  

Farm and farmer characteristics are keys to understanding the decision making of 

farmers choosing marketing arrangements. Among the operator’s characteristics, I use age, 

sex, number of family members and education level. Among the farm’s characteristics, I use 

the total acres operated, gross farm income, off-farm income and farm assets. Besides, I 

create two groups of dummies: regional dummies and commodity dummies. I divide the 

whole sample into five regions based on the Census Bureau’s designated areas, North East, 

Midwest, South, West Mountain and Pacific. Commodity dummies show whether or not a 

farmer produces the indicated commodity. There are 13 commodities dummies and they will 

be described in the next section. 

 To understand the interactions among commodities and their effects on the choice of 

marketing arrangements, we construct the commodity bins of all possible combinations of 13 

commodities. For example, if a farmer produces corn only, then, corn is one of the possible 

bins. If he chooses to produce corn and soybeans, then corn and soybeans is another bin. 

Therefore, there are a total of 8,192 possible bins. Obviously, farmers can choose to produce 

any of those bins, but only some of them are actually observed. The most popular bins in 

each region are used as explanatory variables in regional models to see if multiple-

commodity production has any effect on the choice of marketing arrangements. For example, 

corn and soybeans is the most popular bin in Midwest, and cattle is the next popular bin. For 

the summary tables of the most popular bins in each region, see Table A.2, Table A.4, Table 

A.6, Table A.8, and Table A.10 in Appendix A.    
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Commodities 

 The targeted groups of commodities analyzed in the work consist of eight crops (corn, 

soybeans, wheat, oats, alfalfa, cotton, peanuts, and tobacco) and five livestock (cattle, hogs, 

broilers, turkeys and milk). They are chosen based on their production value in United States’ 

agriculture and their significance with respect to AMA use. Table 2.3 shows the top ten 

agricultural products in the U.S. by value in 20052. Nine out of top ten agricultural products 

in value are included in this study except hen eggs. Although alfalfa is not tracked by the 

survey above, it is one of the top three major crops in the U.S in 2000; therefore, it is 

included.3 Tobacco and peanuts are also included because of the significant use of AMAs.4  

Table 2.4 shows the percentage of farmers using different marketing arrangements by 

commodities. There are seven possible combinations of three marketing arrangements (the 

spot market, the marketing contract and the production contract) chosen by farmers, cash 

only (C); marketing contract only (M); production contract only (P); cash and marketing 

contract (CM); cash and production contract (CP); marketing and production contract (MP); 

and all three (CMP). MP is rarely observed (0 or less than 3 observations) and, therefore, not 

included in the table. The percentage of farms using the specific marketing arrangement will 

be the sum of all combinations involved the arrangement. For example, the percentage of 

farmers using the spot market will be the sum of the percentage under C, CM, CP and CMP. 

                                                 
2 Source: Food and Agriculture Organization, FAO 
3 Source: Environmental Protection Agency: http://www.epa.gov/oecaagct/ag101/cropmajor.html 
4 More than 40% of the peanuts or tobacco farmers use marketing contracts to sell their product. Please see 
Table 2.4 for detail. 
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As seen from the data, the spot market is still the dominant marketing arrangement, 

except in the case of poultry producers. Marketing contracts are commonly used by various 

crops and milk producers but rarely by livestock producers (1.6 % cattle, 3.46% hogs and 9% 

turkeys). Production contracts are common in livestock and rare in crops (less than 0.5% of 

corn, soybeans and cotton). Marketing contracts and production contracts are rarely used 

together in the same commodity (only 0.2% soybean producers).  

 

Crops 

When it comes to grain marketing (corn, soybeans, wheat and oats), more than 20 

percent of the corn/soybean producers and more than 10 percent of the wheat producers use 

marketing contracts. However, marketing contract users usually do not sell their entire 

product through marketing contracts but use the spot market as well. Unlike corn, soybeans 

and wheat, 99.9% of the oats production is marketed on the spot market. Similarly, alfalfa is 

marketed mainly on the spot market, and only 0.4 percent of alfalfa producers use marketing 

contracts.  

On the other hand, three industrial crops, cotton, peanuts and tobacco, seem to have 

different patterns of AMAs adoption. For cotton, peanuts and tobacco, more than 40 percent 

of farmers use marketing contracts. Unlike grain farmers, 21 percent of the cotton producers, 

31 percent of the peanut producers and 27 percent of the tobacco producers sell their entire 

product through marketing contracts. In 2002 and 2004, peanut and tobacco policies 5 

abolished the decades-long marketing quota system such that the quota-related price support 

                                                 
5 The 2002 Farm Act and the Fair and Equitable Tobacco Reform Act of 2004. 
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programs for peanuts and tobacco were ended. As a result, farmers face more price risks than 

before. Dohlman, Foreman and Da Pra (2010) showed that after the quota buyouts, the 

percentage of peanut and tobacco farms using marketing contracts increased significantly.  

 

Livestock 

The importance of AMAs in total livestock marketing is larger than in crops. In 2001, 

according to McDonald et al. (2004), the shares of production under contracts for cattle, hogs, 

poultry (including eggs) and dairy were 20.9%, 60.6%, 88.1% and 53.1% respectively. When 

it comes to cattle, hogs and poultry, those contracts are mainly production contracts. For 

dairy, marketing contracts are commonly used.  

On the other hand, Table 2.4 shows the percentage of farmers using different marketing 

arrangements. Most of the cattle producers (98%) use the spot market to sell their product. 

This is because small cattle producers mainly use only the cash market and large feedlots use 

more AMAs (Muth et al. 2007). The ARMS survey apparently covers a lot of small cattle 

producers, the so-called cow-calf operations, which is a part of a multiple-enterprise farm or 

the supplement to off-farm employment and has a small herd size around 40 heads. 6 

Therefore, less than 2% of the 8,223 cattle producers use marketing contracts and only 0.3% 

use production contracts. For hogs, 27% of hog producers use production contracts only. 

Less than 4% of hog producers use marketing contracts. The fact that the percentage of 

product under contracts (60.6%) is higher than the percentage of farmers using contracts 

(27%), implies that AMAs are mainly used by large-scale hog producers and small hog farms 

                                                 
6 Source: ERS/USDA/Briefing Room: http://www.ers.usda.gov/Briefing/Cattle/Background.htm 
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tend to use the cash market. In the poultry industry, production contracts dominate the whole 

transactions (97.7% for broilers and 83% for turkeys) and the spot market is relatively thin. 

In the dairy industry, different from other livestock marketing contracts but not production 

contracts are commonly used between milk farmers and processors. About 33% of the milk 

producers use only marketing contracts and about 6.9% of them use both marketing contracts 

and cash market to sell their milk. 

 

Price, Yield and Revenue Variations of Commodities 

 Since the ARMS dataset is not a panel dataset, the variations of prices, yields and 

revenues cannot to be calculated. Therefore, I use the second data source, the USDA’s 

National Agricultural Statistics Service (NASS).7 By using the annual data from NASS, I 

calculate the coefficient of variation (CV) of prices, yields and revenues for crops and the 

coefficient of variation of prices for livestock at the national level from 1975 to 2004.8 There 

are two reasons to use coefficient of variations instead of the standard deviations. First, there 

is no unit in the coefficient of variations such that it is still comparable for different 

commodities measured by different units. Second, it controls for the mean of each 

commodity as well (Allen and Lueck 1999). Because the prices sourced by NASS are 

nominal prices, I use the Consumer Price Indexes (CPI) found in the U.S. Bureau of Labor 

Statistics (BLS) website9  to calculate the real prices, which control the price variations 

coming from inflation. Revenue is calculated as price times yield and the unit is dollars per 

                                                 
7 http://www.nass.usda.gov/Data_and_Statistics/Quick_Stats/index.asp 
8 Data for some commodities are not all available from 1975. Hay starts in 1989, cattle and hogs start in 1988, 
and broiler starts in 1991.  
9 http://www.bls.gov/data/ 
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acre. Table 2.5 shows the CVs of prices, yields and revenues for crops and the CVs of prices 

for livestock. In the case of crops, the price variations are much larger than the yield 

variations. Tobacco is the one with largest price variation and hay is the one with least price 

variation. Revenue variations are very consistent among crops except hay, which has a much 

small revenue variation. In the case of livestock, milk is the one with largest price variation 

and hogs are the one with the least price variation.  

 

Summary Statistics 

The summary statistics, both for the raw data and for the cleaned data, are presented in 

Tables 2.6 and Table 2.7, respectively.10 Based on the cleaned data, I observe that operators 

are on average 55 years old and 95 percent of them are male. 40 percent of the farms are 

located in the Midwest (region 2) and 37 percent in the South (region 3). Cattle is the most 

popular commodity (52% of farmers have cattle), followed by corn and soybeans. Comparing 

two tables of summary statistics, one can see that the results barely change for all the 

variables, indicating the cleaned data set is highly representative of the raw data set. 

 

2.5 Empirical Test 

The central objective of this exercise is to examine how farmers make decisions about 

which marketing arrangements to use. This is a discrete choice problem with the choice set 

containing multiple options. In such a situation, the multinomial logit model is the natural 

choice for empirical analyses.  

                                                 
10 The minimum, median and maximum cannot be reported for confidentiality reasons.  
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 First, using all the observations, the national model is estimated with all the possible 

combinations (the total is seven) of three marketing arrangements as the dependent (left hand 

side) variable. The frequencies of these 7 marketing arrangements used by farmers are 

already shown in Table 2.2. On the right hand side, three categories of explanatory variables 

are used. Besides the key farm and farmer characteristic variables, commodity dummies and 

regional dummies are also included to determine the commodity and regional effects on 

farmer’s marketing decision. Next, to further examine the robustness of the results, five 

regional models are estimated separately. The regional models employ the same dependent 

variable as the national model. On the right hand side, however, commodity and regional 

dummies are eliminated because regional dummies are redundant and commodity dummies 

cause collinearity problems. Instead, the six most popular “bins” in the region are included. 

Including “bins” helps in understanding the effect of the interactions among commodities on 

farmers’ marketing arrangements decisions.  

 

Expected Effects of Key Explanatory Variables from Predictions 

Based on Prediction 2.1, we expect the degree of the farmers’ risk aversion is 

positively related to the use of AMAs. In our data, we do not observe the farmers’ risk 

aversion directly, and therefore, we relate the degree of risk aversion to farm/farmers’ 

characteristics. The best proxy we have is wealth. Decreasing absolute risk aversion (DARA) 

for farmers is a routine assumption and belief in the agricultural literature (Pope and Just 

1991). Guiso and Paiella (2008) also showed empirical evidence supporting the DARA 

assumption. DARA implies that wealthy farmers are less risk averse and are less likely to use 
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AMAs. Farm income, off-farm income, farm assets and total acreage operated, which 

indicate the wealth of the farm operator although not perfect, are used to measure wealth and 

are expected to have positive effects on the use of AMAs. In addition to wealth, Dohmen et 

al. (2006) showed that the willingness to take risks is negatively related to age and being 

female. Jianakoplos and Bernasker (2007) found single women are more risk averse than 

single men when it comes to financial decision making. Thus, because older people are more 

risk-averse than younger people, and women are more risk-averse than men, I expect age and 

being female will have a positive effect on the use of AMAs. Fukunaga and Huffman (2009) 

found an older landlord is less willing to offer a cropshare contract, which empirically 

supports our expectation for age. As for education, Guiso and Paiella (2008) found a negative 

relationship between education level and degree of risk averse. Other studies hypothesize that 

education has a positive effect on the use of marketing practices since it increases the level of 

human capital and help farmers better understand the concept of risk management (Goodwin 

and Schroeder 1994; Musser, Patrick and Eckman 1996).Therefore the effect of education on 

the choices of marketing arrangements is expected to be ambiguous. As far as the number of 

the family members is concerned, larger families tend to be less risk-averse. Hence, I expect 

the number of family members will have a negative effect on the use of AMAs. Dillon and 

Pasquale (1978) showed some empirical evidence that the smaller family size, the more risk 

averse the farmer is. 

 According to Prediction 2.2, higher the price and/or production risks of the 

commodity, the more likely the farmer is going to use AMAs. The commodity dummies are 

used to empirically test Prediction2.2. Table 2.5 shows that there are no noticeable 
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differences among the price variations of crops so are the revenue variations. Hay is the 

exception, which bears relatively low price, yield and revenue risks. However, the price 

variations are much higher than the yield variations for crops. This shows that the crop 

farmers might bear more price risks than production risks. As for crops, I expect that farmers 

will use more marketing contracts than production contracts and hay is less likely to be 

marketed through AMAs. In the case of livestock, only price variations are available. Turkey 

and milk producers bear more price risks, and therefore, are expected to use more AMAs 

than cattle, hog and broiler producers. 

 

2.6 Results and Discussions 

Results of the National Model 

In the national model, the choice set has 6 elements. Because only 16 out of 16,771 

farmers chose the marketing and production contracts choice, which causes a convergence 

problem in estimation, this arrangement is eliminated. The cash only choice is treated as the 

base marketing arrangement. Therefore, all the results for other arrangements are relative to 

that of the cash only. For example, if a parameter is positive (and significant) for one 

arrangement, then an increase in the corresponding variable will increase the possibility of 

choosing that arrangement rather than choosing the cash only arrangement. Results from this 

estimation are presented in Table 2.8. To better interpret the multinomial logit model, the 

marginal effects of each variable, except the constants, are also provided in Table 2.9. The 

marginal effect shows the change in probability of a farmer to use the marketing arrangement 

to one unit change of independent variables. For those discrete dummy variables, the 
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marginal effect shows the probability difference for the different outcomes. For example, in 

Table 2.9 the coefficient of age is -0.0021 under CM. It implies that if the farmer is one year 

older, the probability of using CM will decrease 0.0021. The coefficient of sex is 0.0651, 

which means compared to a female farmer the probability of a male farmer to use CM is 

0.0651 higher. 

Several results are worth discussing. Four indicators for wealth seem to have different 

effects on the use of AMAs. Farm income has a negative but insignificant effect on most of 

the arrangements involved AMAs, which is what we expect. Farmers with higher incomes 

are thought to be richer and less risk-averse. However, farm income is the relatively unstable 

source of a farmer’s income and might not reflect a farmer’s wealth perfectly. As a result, 

farm income is insignificant for all channels relative to the cash channel. On the other hand, 

operators with higher off-farm income are more likely to use cash market only instead of 

channels involved AMAs. This implies that higher off-farm income gives these operators 

relatively more stable income and also implies wealth of the farmers. Therefore, those 

farmers with higher off-farm incomes are less risk averse and use less marketing or 

production contracts to reduce their income or price risk in the farm sector. These two 

findings can be regarded as evidence in support of Prediction 2.1. Assets have a positive and 

significant effect on using channels involved in either marketing contracts or production 

contracts. The possible reason is that the assets do not reflect the farmers’ wealth perfectly 

since the debts are ignored. For production contracts, a farmer needs to borrow to build a 

growing house. This increases both his assets and debts. It might also be the reason for the 

positive relation between assets and the AMA use. Total acres operated have a positive and 
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significant effect on choosing the cash and marketing contract arrangement, but their effect 

on choosing the marketing contract only arrangement is insignificant. This implies that 

farmers with larger acreage are more likely to use marketing contracts together with the open 

market sales. Farmers might rent land but not own land. The total acreage operated also 

implies the size of the farm, is found positively related to the AMA use (Macdonal et al. 

2004). The effect of the size might dominate the effect of the wealth for the total acreage 

operated by the farmer. Production contracts, as they are mostly used in livestock, do not 

require a large acreage. As a result, total acreage has a negative and significant effect on the 

production contract only arrangement and the cash and production contract combination. 

Although the sign of the effect on the use of production contracts is as expected, it has 

limited support to DARA. 

Age is always negative and significant, indicating older people are less likely to use 

alternative marketing arrangements. It is not supported by the agency theory since elders are 

supposed to be more risk averse; however they use less AMAs. The gender dummy have a 

positively significant sign on the M and CM channels, which means a male operator is more 

likely to use marketing contracts than a female operator. The effect of the gender is not 

supported by the agency theory as well. Education has a negative effect on the P and CP 

channels but a positive effect on the CM and CMP channels. As expected, education has an 

ambiguous effect on the use of AMAs. Production contracts reduce more risks than 

marketing contracts, and therefore, less educated farmers, who are more risk averse, are more 

likely to use production contracts, which supports Prediction 2.1. Well-educated farmers tend 

to use marketing contracts not only because they are less risk averse (compared to production 
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contract users) but also because they have good human resources to benefit from using 

marketing contracts. Last, the number of family members is not significant over all channels. 

The second category of explanatory variables is the enterprise dummies. Farmers 

producing corn, soybeans and wheat are more likely to use CM, CP and CMP and less likely 

to use M or P. Cotton, peanuts and tobacco, on the other hand, will increase the possibility of 

using M, CM and CMP. From Table 2.9, we also can tell that the crops above have much 

strong effects on the use of CM relative to the effects on M, CP and CMP. For example, 

producing corn will increase the probability of using CM by 8.4% and only increase the 

probability of using CP and CMP by 0.54% and 0.6% respectively. The results from 

commodity dummies of corn, soybeans, wheat, cotton, peanuts and tobacco support our 

expectations from Prediction 2.2 that crop producers bear more price risks and less 

production risks, and therefore, are more likely to use marketing contracts. Farmers 

producing oats and alfalfa are more likely to use the cash only channel to market their 

outputs. The result from hay supports our expectations since hay producers bear less price 

and production risks. In the case of oaks, it is not explainable by the agency theory.  

Among livestock, farmers producing cattle are more likely to use CP and C; hog 

producers are more likely to use P, CP and CMP; broiler producers are more likely to use P, 

CP and CMP; turkey producers are more likely to use everything else but the cash only 

channel; milk producers are more likely to use M, CM and CMP. Producing cattle, hogs, 

broilers and turkeys increase the probability of using CP by 1.8%, 17.8%, 76.37% and 

51.21% respectively, and have relatively small effects on other marketing arrangements. On 

the other hand, producing milk increases the probability of using M and CM by 3.22% and 
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30.24% respectively. However, based on the price variations of livestock in Table 2.5, the 

results are not very consistent with our expectation. Commodities with higher price variation 

(turkeys and milk) do not have larger effects on the use of AMAs, in which we do not find 

empirical support to Prediction 2.2. The key might be the production risks. The high 

production risks for livestock can explain the results nicely because producing livestock 

(cattle, hogs, chicken and turkey) has a large positive effect on the use production contracts. 

Unfortunately, we do not have a measure for the production risks. 

The third category of the explanatory variables is regional dummies. The dummy for 

Region 5 is omitted to avoid multicollinearity. Therefore, all the results are relative to that of 

Region 5, which is the Pacific area including California. Results show that compared to 

Region 5, other regions are more likely to use an arrangement involving production contracts 

like the production only arrangement, the cash and production combination and the all three 

combination and are less likely to use the marketing contract only arrangement and the cash 

and marketing combination. This can be explained by the fact that the Pacific area produces 

far less livestock than other regions in the U.S., and as discussed above, livestock producers 

are more likely to use production contracts.    

 

Results of the Regional Models 

The estimation of the regional models is carried out to check whether the findings 

emerging from the national model are robust across different regions. There are several 

differences in the models specifications. First, in regional models, the regional dummies are 

of course dropped. Second, the commodity dummies are also dropped because not all regions 
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produce all of the thirteen commodities. Instead, for each region, dummies for the six most 

popular bins are added. Finally, in some regions, certain marketing arrangements are 

observed with a very low frequency,11  causing convergence problems in estimation. To 

overcome this problem, I use different choice sets for different regions. If the marketing 

arrangement observed is too few to be estimated, it will be excluded from the region. 

Estimation results from the regional models are collected in the tables A.2, A.4, A.6, A.8 and 

A.10 in the Appendix. Here, I briefly summarize the main findings and compare them with 

that of the national model.       

The comparison mainly focuses on the farm and farmer characteristics variables as this 

set of variables are included in both the national model and the regional models. First, when 

significant, age has a negative effect on the use of alternative marketing arrangements, and 

male operators are more likely to use marketing contracts. These results are consistent with 

those of the national model. Second, when significant, education has a positive effect on the 

use of an arrangement involving the marketing contracts and a negative effect on the use of 

an arrangement involving the production contracts. These results, again, are consistent with 

those of the national model. The only exception is that in region 5, education is found to have 

a negative and significant effect on the use of the marketing contract only arrangement. Third, 

the number of family members continues to have an insignificant effect most of the time, as 

found in the national model. Fourth, when significant, acreage has a positive effect on the use 

of marketing contracts and a negative effect on the use of production contracts. Again, these 

results are consistent with those of the national model. Fifth, on farm income continues to 

                                                 
11 See tables A.1, A.3, A.5, A.7 and A.9.  
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have an insignificant effect most of the time, which is what is found in the national model. 

The only exception is that for region 3 and 4, it has a positive and significant effect on the 

use of the cash and marketing arrangement. In the national model, the effect is also positive, 

though insignificant. Finally, when significant, asset has a positive effect on the use of 

alternative marketing arrangements, which is what is found in the national model. 

In conclusion, results from the regional models are roughly the same as those of the 

national model. This indicates that the results found are fairly robust.    

        

2.7 Conclusion 

In modern agriculture, AMAs play an increasingly important role. The agency theory 

has been proposed to explain the incentive for farmers to use contracts in the agricultural 

literature and could also be used to explain the rising popularity of AMAs used by farmers. 

AMAs are provided as a risk management tool to reduce farmers’ income uncertainty coming 

from the price and production risks. Based on the agency theory, farmers, who are more risk 

averse, are more likely to use AMAs, and if the price and production risks are higher for a 

commodity, the farmers are more likely to use AMAs to market the commodity. 

In this paper, using discrete choice methods, I offer a comprehensive study of the 

determinants of operators’ choice of marketing arrangements among possible combinations 

of cash, marketing contracts, and production contracts and seek evidence in support of the 

agency theories. Results show that the theory found limited empirical support in the data. 

Age, gender, education, wealth of the farmer (off-farm income, assets and total acreage 

operated) and the riskiness of commodities are found to have significant effect on the 
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farmer’s choice on marketing arrangements. However, the results for age, gender, assets and 

total acreage operated are not in support of the agency theory, and empirical support from the 

price and production risks of the commodities is also limited. In addition to the national 

model, I also estimate the discrete choice model for each of the five agricultural regions and 

results from these regional models are consistent with those of the national model, indicating 

the robustness of our results.  

Although we are able to conduct some empirical tests for the role of risks and degree of 

farmers’ risk aversion in AMAs choice, the risk shifting incentives are very difficult to test in 

the literature. In this study, because of data limitation, we do not have measures for a 

farmer’s risk aversion and livestock’s production risks. Besides, endogenous matching might 

also be the problem shading the relationship between risks and AMA choices. In addition to 

the agency theory, the transaction cost theory can also be used to explain the incentive of 

using AMAs. Those are all topics for future works. 
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Table 2.1: Summary of Three Different Marketing Arrangements 

 Spot Market Marketing Contract Production Contract 

Business autonomy high high low 

Price risks high median low 

Production risks high high low 

Timing of 
agreement reached 

transaction 
happens 

before completion 
of production cycle 

before beginning of 
production cycle 

How is the farm 
operator paid 

paid a price for 
farm output 

paid a price for 
farm output 

paid a fee for 
farming service 

Ownership of the 
product before 
delivery 

farm operator farm operator contractor 

Source: summary of author’s text and McDonald et al. (2004) 

 

Table 2.2: National Marketing Arrangement Frequency Table 

Marketing 
Arrangement 

Description Frequency Percent 

C Cash only 11234 66.98         

M marketing contract only 589 3.51        

P production contract only 740 4.41         

CM cash and marketing contract combination 2797 16.68         

CP cash and production contract combination 1207 7.20         

MP marketing and production contracts combination 16 0.10         

CMP cash, marketing and production contracts 188 1.12         
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Table 2.3: Top Ten Agricultural Products in the U.S. by Value 

 Unit: million dollars 

1. Cattle meat 32005 

2. Cow milk, whole, fresh 24674 

3. Corn 20980 

4. Chicken meat 17750 

5. Soybean 13943 

6. Pig meat 10968 

7. Wheat 5517 

8. Cotton lint (seed) 4949 (5399) 

9. Hen egg 4666 

10. Turkey meat 2829 

Source: Food and Agriculture Organization (FAOSTAT)  
Link: http://faostat.fao.org/site/613/DesktopDefault.aspx?PageID=613#ancor 
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Table 2.4: Marketing Arrangements frequencies by commodity 

 Percentage of Farmers Using the Marketing Arrangements 

Commodity C M P CM CP CMP 

Corn 76.9 - - 22.9 0.2 - 

Soybean 78 - - 21.5 0.3 0.2 

Wheat 87.7 - - 12.2 - - 

Oats 99.9 - - - - - 

Alfalfa 99.6 - - 0.4 - - 

Cotton 60 20.9 - 19 0.2 - 

Peanuts 44.9 30.9 - 24.2 - - 

Tobacco 59.5 26.9 - 13.68 - - 

Cattle 98.1 0.3 0.2 1.3 0.1 - 

Hogs 68.7 1.36 27 2,1 0,8 - 

Broilers 1.1 - 97.7 - 0.7 - 

Turkeys 5.74 9 82.9 - 2.5 - 

Milk 60.2 32.8 - 6.9 - - 

Source: 2004 USDA Cost and Return Report/ARMS 
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Table 2.5: Coefficient of Variations for Prices, Yields and Revenues 

 CV  CV 

Crops Price Yield Revenue Livestock Price 

Corn 0.3364 0.1701 0.4351 Cattle 0.2771 

Soybeans 0.3405 0.1371 0.4204 Hogs 0.2217 

Wheat 0.3727 0.1077 0.4204 Broilers 0.2623 

Oats 0.3917 0.1031 0.4166 Turkeys 0.3306 

Hay 0.1787 0.0891 0.2009 Milk 0.3561 

Cotton 0.3417 0.1648 0.4337   

Peanuts 0.3604 0.1226 0.3776   

Tobacco 0.4237 0.0616 0.4391   
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Table 2.6: Summary Statistics for the Raw Data 

Variable Description Mean Std Dev 

age age of the operator 54.89 12.29    

sex 1 if male; 0 if female 0.95 0.23     

education education level: 1-5**  2.80 1.05     

nfamily number of family member 2.65 1.56     

totalacres total acreage of the farm 1190.64 5560.77       

income farm business income 72092.46 672805.92    

offfarm offfarm income 41601.49 102207.61      

asset value of farm assets 1317905.25 6875585.02    

r1 region 1 dummy 0.03 0.17     

r2 region 2 dummy 0.39 0.49     

r3 region 3 dummy 0.38 0.48     

r4 region 4 dummy 0.06 0.26     

r5 region 5 dummy 0.15 0.35     

corn enterprise dummy for corn 0.28 0.45     

cotton enterprise dummy for cotton 0.04 0.19     

peanut enterprise dummy for peanut 0.02 0.15     

soybean enterprise dummy for soybean 0.26 0.44     

tobacco enterprise dummy for tobacco 0.02 0.15     

oat enterprise dummy for oat 0.04 0.18     

wheat enterprise dummy for wheat 0.16 0.37     

alfalfa enterprise dummy for alfalfa 0.18 0.38     

cattle enterprise dummy for cattle 0.47 0.50    

hog enterprise dummy for hog 0.08 0.28     

broiler enterprise dummy for broiler 0.06 0.23     

turkey enterprise dummy for turkey 0.01 0.10   

milk enterprise dummy for milk 0.08 0.28       
Notes:  
*: Number of observations is 20,579.  
**: 1: less than high school; 2: high school; 3: college; 4: BA or BS; 5 graduate school.  
***: Region 1: ME, NH, VT, MA, RI, CT, NY, PA, NJ; Region 2: WI, MI, IL, IN, OH, ND, SD, NE, KS, MN, 
IA, MO; Region 3: DE, MD, DC, VA, WV, NC, SC, GA, FL, KY TN, MS, AL, OK, TX, AK, LA; Region 4: 
ID, MO, WY, NV, UT, CO, AZ, NM; Region 5: AK, WA, OR, CA, HI. 
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Table 2.7: Summary Statistics for Cleaned Data 

Variable Description Mean Std Dev 

age age of the operator 54.77 12.42 

sex 1 if male; 0 if female 0.95 0.22 

education education level: 1-5** 2.79 1.05 

nfamily number of family member 2.83 1.42 

totalacres total acreage of the farm 1134.66 4030.19 

income gross farm income 78429.49 699157.96 

offfarm offfarm income 40468.73 99132.19 

asset value of farmed assets 1130981.40 3157796.74 

r1 region 1 dummy 0.03 0.18 

r2 region 2 dummy 0.40 0.49 

r3 region 3 dummy 0.37 0.48 

r4 region 4 dummy 0.06 0.24 

r5 region 5 dummy 0.14 0.34 

corn enterprise dummy for corn 0.31 0.46 

cotton enterprise dummy for cotton 0.03 0.17 

peanut enterprise dummy for peanut 0.01 0.10 

soybean enterprise dummy for soybean 0.28 0.45 

tobacco enterprise dummy for tobacco 0.02 0.15 

oat enterprise dummy for oat 0.04 0.19 

wheat enterprise dummy for wheat 0.18 0.38 

alfalfa enterprise dummy for alfalfa 0.19 0.40 

cattle enterprise dummy for cattle 0.52 0.50 

hog enterprise dummy for hog 0.09 0.29 

broiler enterprise dummy for broiler 0.07 0.25 

turkey enterprise dummy for turkey 0.01 0.10 

milk enterprise dummy for milk 0.09 0.29 
Notes:  
*: Number of observations is 16,771.  
**: 1: less than high school; 2: high school; 3: college; 4: BA or BS; 5 graduate school.  
***: Region 1: ME, NH, VT, MA, RI, CT, NY, PA, NJ; Region 2: WI, MI, IL, IN, OH, ND, SD, NE, KS, MN, 
IA, MO; Region 3: DE, MD, DC, VA, WV, NC, SC, GA, FL, KY TN, MS, AL, OK, TX, AK, LA; Region 4: 
ID, MO, WY, NV, UT, CO, AZ, NM; Region 5: AK, WA, OR, CA, HI. 
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Table 2.8: National Multinomial Logit Model 

Log likelihood =  -11,235.78                       Pseudo R2       =     0.3687 

 Marketing 
Arrangement M P CM CP CMP 

 Coef. z Coef. z Coef z Coef z Coef z                                     

income -.11 -0.96 -.07 -.32 .33 .87 -.14 -.92 -.23 -.96 

offfarm .78 0.23 -9.37 -1.98 -12.90 -3.13 -31.30 -3.53 -37.10 -1. 

asset .40 3.99 .56 3.72 .31 3.64 .54 4.37 .47 3.44 

totalacres .16 1.21 -6.40 -3.08 .17 2.87 -2.54 -4.75 -.49 -.96 

age -.01 -2.39 -.03 -5.48 -.02 -8.81 -.03 -7.35 -.03 -3.90 

sex .82 3.78 -.23 -1.13 .74 4.63 .23 1.05 1.02 1.37 

education .003 0.08 -.33 -5.60 .13 5.36 -.12 -2.75 .26 3.32 

nfamily .009 0.23 .05 1.07 .02 1.32 .03 1.04 .01 0.23 

corn -.29 -1.58 -1.95 -5.16 .68 9.32 .32 2.19 1.06 4.15 

soybean .19 1.08 -1.57 -4.30 1.07 14.31 .67 4.54 1.37 5.14 

wheat -1.12 -6.30 -1.35 -2.71 .75 13.47 .001 0.01 .35 1.41 

oat -.36 -0.69 -.56 -0.51 -.55 -4.65 -.60 -2.33 -.59 -1.58 

alfalfa -1.21 -5.11 -.21 -0.61 -.20 -3.10 -.12 -0.91 -.17 -0.80 

cotton 1.17 6.07 -35.46 -0.00 1.48 12.08 -.16 -0.46 1.39 3.58 

peanut .94 2.55 -36.98 -0.00 2.12 10.67 -.78 -1.16 1.80 2.93 

tobbaco .85 3.09 -37.84 -0.00 1.35 9.37 -.97 -3.34 1.82 5.48 

cattle -3.08 -14.01 -3.74 -18.98 -.33 -5.65 .60 6.16 -.49 -2.65 

hog -1.51 -3.62 2.51 17.08 -.46 -4.76 2.41 24.24 1.89 11.05 

broiler -.78 -0.75 6.06 30.43 .33 .90 5.53 34.49 4.28 12.86 

turkey 1.62 3.09 4.53 13.81 .69 1.81 4.05 15.83 3.17 7.13 

milk 1.99 7.31 -33.91 -0.00 1.76 22.61 -1.14 -4.54 1.11 3.75 

r1 -2.41 -5.24 .19 .44 -.13 -0.99 1.34 3.93 1.71 2.49 

r2 -1.60 -10.14 .83 2.90 -1.17 -13.18 .31 1.15 .36 0.57 

r3 -1.47 -11.61 1.84 7.16 -1.24 -14.11 1.55 5.99 .11 0.18 

r4 -.57 -2.49 .42 0.75 .005 -0.06 .54 1.39 2.64 4.15 

_cons -1.39 -3.53 -1.36 -2.58 -1.64 -6.87 -3.26 -7.33 -6.58 -6.00     

Units: 
Total acreage: 10,000 acre. 
Income: $1,000,000 
Off-farm income: $10,000,000 
Asset: $10,000,000 
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Table 2.9: Marginal Effects of the National Multinomial Logit Model 

 Marginal Effects 

Coefficient M P CM CP CMP 

Age -6.7e-5 -7.1e-6 -0.0021 -0.0007 -0.0001 

Sex 0.0057 -9.2e-5 0.0651 0.0034 0.0032 

Edu -0.0001 -8.1e-5 0.0151 -0.0036 0.0013 

Nfamily 4.5e-5 1.2e-5 0.0025 0.0008 4.3e-5 

Acre 2.2e-7 -1.6e-7 2.6e-6 -6.7e-6 -2.3e-7 

Income -1.1e-9 1.8e-11 4.7e-9 -3.6e-9 -1.1e-9 

Offfarm 3.7e-9 -1.9e-10 -1.4e-7 -7.6e-8 -1.7e-8 

Asset 3.6e-10 1.3e-11 3.2e-9 1.3e-9 2.0e-10 

corn -0.0040 -0.0002 0.0840 0.0054 0.0060 

Soybeans -0.0002 -0.0002 0.1396 0.0139 0.0080 

Wheat -0.0093 -0.0002 0.1026 -0.0028 0.0007 

Oats -0.0026 -0.0001 -0.0506 -0.0109 -0.0021 

Hay -0.0091 -4.1e-5 -0.0202 -0.0021 -0.0006 

Cotton 0.0122 -0.0003 0.2560 -0.0109 0.0087 

Peanut 0.0032 -0.0003 0.4153 -0.0207 0.0101 

Tobacco 0.0072 -0.0003 0.2296 -0.0200 0.0167 

Cattle -0.0463 -0.0078 -0.0326 0.0179 -0.0021 

Hog -0.0099 0.0027 -0.0640 0.1781 0.0195 

broiler -0.0103 0.0288 -0.1000 0.7637 0.0429 

turkey 0.0090 0.0128 -0.0350 0.5121 0.0381 

milk 0.0322 0.0003 0.3024 -0.0241 0.0042 

R1 -0.0104 5.2e-5 -0.0231 0.0652 0.0200 

R2 -0.0140 0.0004 -0.1239 0.0126 0.0026 

R3 -0.0127 0.0015 -0.1321 0.0582 0.0011 

R4 -0.0051 0.0001 -0.0080 0.0156 0.0527 
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CHAPTER 3 

Quantifying the Benefits Associated with the Use of Alternative 

Marketing Arrangements by U.S. Farmers 

3.1. Introduction 

In the previous chapter, I test the agency theory, which can be used to explain the rising 

popularity of AMAs, and find some empirical support in the data. Despite the fact that the 

benefits of using AMAs are obvious, their use has been highly controversial, especially in the 

livestock sector. Most of the empirical research that addresses the need for government 

intervention has tried to quantify the extent of packer/processor control. Economic theory 

suggests the use of AMAs could reinforce packer or processor’s market power by deterring 

entry, restricting price competition, and allowing price discrimination (Kwoka and White 

2004). MacDonald et al. (2000) found significant economies of scale in the beef processing 

industry, such that if the processor controls most of the local supplies through contracts, it 

will restrict rivals’ entry. Xia and Sexton (2004) provided some evidence that the price 

mechanism in production contracts might limit the price competition in the spot market. Love 

and Burton (1999) showed that the processor could benefit from forcing spot market price 

down and keeping production efficiency by AMAs. In addition to the classical concentration 

issues, there are also concerns about packer-owned feedlots and captive supplies and their 

negative impact on the spot market prices (Azzam and Anderson, 1996). Although the 

empirical evidence suggests a modest negative relationship between captive supplies and 

cash market prices (Elam 1992; Schroeder et al. 1993; Schroeter and Azzam, 2003), 
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establishing causality between them has been elusive (Xia and Sexton, 2004; Zheng and 

Vukina, 2009). Furthermore, the hold-up problem is another concern. The concept of hold-up 

came from the transaction cost theory (Coase, 1937) and its expansion (Willianson, 1985). 

The problem is also referred to as asset specificity, in which the investor (held-up party) will 

under invest for the transaction because of the low salvage value of the specific investments. 

This constitutes the hold-up problem, which can manifest itself in a suboptimal level of 

investment of the potentially held-up party and may simulate various kinds of opportunistic 

behavior of the other party. Ilvento and Watson (1998) reported farmers’ complaints about 

this kind of opportunism. Farmer’s Legal Action Group (2001) also showed similar cases of 

the hold-up problem. Vukina and Leegomonchai (2006) found some empirical evidence for 

the presence of the hold up problem in the broiler industry. 

There are only a few welfare analyses for the use of AMAs in the literature. Muth et al. 

(2007) modeled the demand and supply for retail beef, wholesale beef, domestic slaughter 

cattle, imported slaughter cattle and feeder cattle sectors by using the annual industry level 

data. The authors then simulated the welfare analyses of 25% and 100% reduction in formula 

and packer ownership procurement (the other kind of AMAs). The results showed to apply 

the reduction in AMAs, the effect of increasing the processing costs overcomes the effect of 

decreasing packers’ market power and therefore it reduces consumer and producer’s surplus 

in all sectors. Vukina et al. (2007) estimated 18 equations, including 6 primal pork cut 

demand equations, 6 primal pork cut price equations, 3 hog input demand equations (the spot, 

contract, and packer-owned hogs) and 3 hog input supply equations by using weekly data 

from 2001 to 2005 in the industry level. Then, the authors simulated three scenarios of 
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welfare analysis, 25% reduction of in hogs marketing through AMAs (contracts and packer-

owned), increase of the spot market share to 25% and banning of the packer-owned hogs. 

The results showed both producers and consumers lose because of the fall in hog prices on 

the spot market and under contracts, and because of the increase of wholesale and retail pork 

prices respectively; processors gain in the short run and neither gain or lose in the long run 

because the increase of output price and decrease of input prices might overcome the 

inefficiency caused by the reduction in AMA supplies. Brester et al. (2007) had a lamb study, 

which is similar to the framework of Muth et al. (2007). They concluded reduction or 

banning of the formula and packer-owned lamb results in the welfare lose for all consumers 

and producers in the long run except the wholesale domestic sector. 

The only study using the farm-level data to state the welfare effects from farmer’s side 

of using AMAs is Zheng, Vukina and Shin (2008). The authors estimated a structural model 

with two stages. In the first stage, a risk-averse farmer decides to use the spot market or 

production contract based on the constant absolute risk aversion utility function and the cost 

function; then in the second stage he decides how many hogs to produce. After the structural 

model is estimated, the welfare effect of banning the hog production contracts in South 

Dakota is conducted by simulation. Their results showed the farmer using production 

contracts in South Dakota suffers an average loss of more than thirty thousand dollars per 

year, if the production contracts are banned. 

The objective in this chapter is to construct a behavioral model of a multi-enterprise 

farm, conduct the econometric estimation of the model primitives, and perform the 

counterfactual welfare analysis of benefits associated with the use of AMAs by using a farm-
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level data set. Most of the studies in the literature lack comprehensive examination of 

farmers' decisions on the use of different marketing arrangements for different commodities. 

To achieve the goal, I first estimate a behavioral model explaining farmers’ joint decisions on 

which commodities to produce and which marketing channels to use when selling their 

outputs. In the first part, I use a discrete choice model. Modern discrete choice models had 

been widely developed and applied by economists. Hundreds of papers use discrete choice 

models to estimate both individual and aggregate demand (Mcfadden 1974; Dubin and 

Mcfadden, 1984; Berry, Levinsohn and Pakes, 1995; Einav, 2007). It is also a common 

methodology used to estimate recreation demand in environmental economics (Bockstael et 

al., 1989; Train, 1998; Murdock, 2006 and Timmins and Murdock, 2007). Basically, I adapt 

the discrete choice random utility maximization model to examine farmers’ choices on 

combinations of commodities and marketing channels, following the framework in Murdock 

(2006) and Timmins and Murdock (2007). In my model, a choice is defined as a unique 

combination of commodities produced and marketing channels used. The farmer is assumed 

to compare the utilities he gets from each of the possible production regimes and then selects 

the production regime that yields the highest utility to him. 

I then use the model to quantify the benefits to farmers from using the AMAs. The 

benefit of having access to a particular AMA is measured using the negative of the welfare 

loss associated with forcing a farmer to abandon that particular AMA. The results show that 

applying the results to the national level, the benefit of using production contracts to hog 

farmers is $740 million. The benefit of using marketing contracts to corn producers is $290 

million, to soybean producers is $127 million and to wheat producers is $40 million. 
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Therefore, our results indicate that AMAs yield an economically significant level of benefits 

to farmers who rely on them to market their outputs and banning them would yield 

substantial welfare losses to these farmers.   

 

3.2 Data 

The main data set used in this chapter is once again the 2004 ARMS data phase III Cost 

and Return Report (CRR) version 1 survey. The raw data set contains 20,579 observations 

(farms) nationwide. I limit the attention to the Midwest region given its overall importance in 

the U.S. agricultural sector and its significance for the AMA debate. The Midwest regions 

include Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North 

Dakota, Ohio, South Dakota and Wisconsin. I focus specifically on the five most popular and 

common commodities in the Midwest region as the targets. Three crops are corn soybean and 

wheat and the two livestock are cattle and hogs. The cash market is a common marketing 

channel for all five of these commodities. Although farmers could use both marketing 

contracts and production contracts to sell their crops or livestock, the use of production 

contracts for crops and the use of marketing contracts for livestock are rarely reported in 

ARMS data. Therefore, I examine farmers’ choices among 9 commodity/sales channel 

combinations. These are corn/cash, soybean/cash, wheat/cash, cattle/cash, hog/cash, 

corn/marketing contract, soybean/marketing contract, wheat/marketing contract and 

hog/production contract. The objective will be to model a farmer’s choice combinations in 

the enterprise from among these 9 options. In this subsample, 6,640 farmers are located in the 

Midwest. After removing observations with missing values, outliers and obvious errors (e.g. 
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negative value for a variable which can only take positive values) and farmers who produce 

none of our targeted commodities, 6,144 observations are left for empirical analysis. Next, I 

create the quantity and price (per unit revenue from sales) data for each marketing 

arrangement (cash, marketing contracts or production contracts) and each commodity by 

farm.  

First, I create the quantities of each commodity sold through marketing contracts and 

production contracts. For both crops and livestock, the quantities sold through marketing or 

production contracts could be calculated by summing up all the contractual production 

reported in section D and CRR contract supplement of the CRR version 1 survey. The 

quantities for the same (and different) commodities may be reported in different units. The 

units reported in the survey include pound, cwt (hundred pound), ton, bushels, bin, box, bale, 

carton, dozen, flat, head, plan/pot, barrel, acre, and animal space. In order to have a 

consistent unit, a hundred-weight (cwt) is selected for crops and all other units are converted 

to cwt.12 Livestock unit is per head. If one operator reported more than one marketing or 

production contracts for the same commodity, the quantities were summed up and the 

weighted contractual price calculated. Cattle and hogs require special attention. In the case of 

cattle, the contractual quantity for cattle is the sum of the contractual quantities for feeder 

calves and finished cattle. For hogs, I count only finished hogs. There are three categories 

listed:  farrow-to-finish, grower-to-finish, and finish. They are all included in the total hog 

quantity.  

                                                 
12 More specifically, one bushel of corn is 56 pounds. One bushel of soybean is 60 pounds. One bushel of wheat 
is 60 pounds.  
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Then, I created the prices for marketing and production contracts. Contractual prices are 

reported in the same part of the survey together with the quantities. Similar to the quantities, 

crops units are consistently converted to dollars per cwt and livestock units are converted to 

head. The contractual price for cattle is the weighted average of feeder calves and finished 

cattle if both of them are reported. For hogs, the contractual price is also the weighted 

average of the three different finished hogs if more than one category of finished hogs is 

reported. One thing worth mention is that the price for production contracts here indicates the 

per unit service fee farmers earn but not the price of the output sold. 

Third, I compute quantities sold in the cash market. For crops, the quantity sold through 

the cash market is defined as the total quantity harvested minus the contractual quantity 

obtained in the previous step. For livestock, the quantity sold in the cash market is also 

defined as the difference between the total livestock sold and the contractual livestock sold. 

Again, cattle and hogs warrant special attention. For cattle, the assumption that the item “all 

cattle and calves” in the survey mostly consists of the feeder calves and finished cattle, has to 

be made.13 For hogs, I similarly assume that “all hogs and pigs” mainly consists of finished 

hogs.  

The last part of the prices and quantities is the cash prices. ARMS data contain only the 

open market sales but not cash prices. Besides, those open market sales include several 

commodities in one item, which makes it impossible to extract cash prices for the 

commodities included. Therefore, I obtained cash prices from the other source, the USDA’s 

                                                 
13 It is not too bad of an assumption given that dairy cows are only sold at the end of their milk production cycle 
and are not traded frequently. 
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National Agricultural Statistics Service (NASS) at the state level14, which means farmers in 

the same state will share the same cash prices. For a few states, the prices could not be found. 

In this case, the average price for the United States as a whole is used. The cash price for 

hogs is not a problem since all finished hogs have the same price. However, feeder calves 

and finished cattle have different prices. The cash-market prices for feeder calves and 

finished cattle are calculated as the weighted average of cattle and calves prices (from NASS 

as well).  Since in the data I have one item for cash quantity of cattle and calves but cannot 

distinguish between them, to calculate the weighting average the percentages of cattle and 

calves in the total are needed. I first run a simple OLS model to determine the percentage of 

cattle in the total cattle pluses calves. Basically I estimate the equation in which total revenue 

from cattle and calves are the sum of quantity of cattle sold multiplied by its price and 

quantity of calves sold multiplied by its price. The dependent variable, therefore, is the total 

revenue of both cattle and calves from the open market sales. Independent variables are the 

prices for cattle and calves time the total quantity of cattle and calves. By constraining the 

parameters to be positive and summing up to 1, the estimated coefficient for the price of 

cattle times the total quantity is an estimate for the percentage of cattle and the estimated 

coefficient for the price of calves times the total quantity is an estimate for the percentage of 

calves sold by these cattle farmers. Then I apply these ratios to determine the weighted 

average price of cattle and calves. 

                                                 
14 http://www.nass.usda.gov/Data_and_Statistics/Quick_Stats/index.asp 
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Finally, farm and farmer characteristics variables are constructed as they are in the 

previous chapter. The summary statistics for the cleaned data are presented in Table 3.1.15 

All variables used in the empirical analysis are listed, including farm/farmer’s characteristics, 

open market prices/quantities and contractual prices/quantities for all commodities. 

Frequencies of the 9 commodities/marketing arrangements channels used by farmers are 

showed in Table 3.2. N is the total number of farmers in the sample. Frequency is the number 

of farmers using the specific channel. Percentage is frequency divided by N. Since farmers 

can produce multiple enterprises and use multiple marketing channels, the percentage will 

not sum up to one. The spot market is the most popular marketing channel. Around 60% of 

farmers in Midwest produce corn, soybean and cattle, and sell them in the cash market. There 

are still significant amount of farmers use AMAs to market their output. Around 20% of the 

corn, soybean and hog producers use AMAs to market their product. 

 

3.3 The Model 

In a discrete choice model, the farmer is assumed to compare the utilities he gets from 

each of the possible production regimes (choices) and then selects the production regime that 

yields the highest utility to him. In our context, a production regime (choice) is simply one 

possible combination of all the individual commodity/marketing arrangement channels that 

the farmer can choose to use. When there are J individual commodity/marketing arrangement 

channels available, the total number of possible regimes is 12 −J . 

 Formally, we specify the indirect utility farmer i gets from regime ω  as 

                                                 
15 Due to confidentiality reason, the minimum, median and maximum cannot be reported.  
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ωα  is the alternative (regime) specific constant (ASC), 1,...,
o oJ

β β  are the marginal utility of 

the revenue from a channel (or own-price effects) for the Jth commodity/marketing 

arrangement channel and pij is the price farmer i receives for producing and selling a unit of 

product via channel j. 1
j

I ω =  if regime ω  includes channel j, and Ω  is the total number of 

regimes available. This specification suggests, for example, that the utility from a regime 

including only the corn/cash and the soybean/cash channels comes only from the returns the 

farmer gets from these two channels. 
iωΓ  denotes terms representing the interactions between 

farm/farmer characteristics variables and regime characteristics variables that are likely to 

influence the farmer’s utility from regime ϖ . For example, the inclusion of the interaction 

between farm size and whether or not the regime contains an AMA can be used to test 

whether larger farms are more likely to choose regimes that have a non-cash marketing 

component. 
iωγ  is the parameter for 

iωΓ . Finally, 
iωε  is the unobserved determinant of the 

utility for farmer i from regime ω .  

 This specification has several attractive features. First, the inclusion of a full set of 

ASCs allows us to non-parametrically control for the farmer-invariant, regime-specific 

determinants of choice. This includes, among other things, the average costs of production 

for each regime, average cross price effects, and any other average utility/disutility from the 

regime apart from the own returns. Second, the ASCs do not account for any farmer specific 

shocks, and hence I include interaction terms and farmer-specific variables in the 
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specification. I expect the 
oj

β  coefficients to be positive: all else equal, the higher the return 

from a channel, the more likely for the farmer to use that channel. I also expect the 
iωγ  

coefficients will have a similar pattern as how farm/farmers’ characteristics affect farmers’ 

decision on using AMAs in Chapter 2. Among other things, recovering estimates of the 

parameters in (3.1) will allow to make statements about how prices, farm/farmer 

characteristics, and perhaps characteristics of the channels (e.g. the spot market versus 

AMAs) push and pull farmers in and out of the different channels. 

 

3.4 Estimation Strategy 

To estimate the model, I further assume the error term 
iωε  follows a type I extreme 

value distribution, which leads to the multinomial Logit model in which the probability that 

farmer i chooses regime ω  is 
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Since I observe each farmer's chosen regime, I can form the likelihood function for this 

model and use the maximum likelihood estimation (MLE) to estimate the unknown 

parameters of the utility function. 

 There is one challenge that needs to be solved before we can estimate the model. The 

difficulty comes from the fact that I include the ASCs in the utility specification. The 

inclusion of ASCs in the model is important as they pick up the effects from both the 
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observed as well as the unobserved alternative characteristics on the utility and improve the 

fit of the model significantly. However, the cost of doing so is a dramatic increase in the 

number of parameters to be estimated. As mentioned in the data section, in the application, I 

focus on 9 commodity/marketing arrangement channels. A regime could be a combination of 

any of the 9 channels. For example, if a farmer is observed to use corn/cash and soybean/cash 

(and nothing else), the combination of corn/cash and soybean/cash is the regime the farmer 

chooses. Hence, the total number of possible regimes in the multinomial model is 

511129 =− . Among the 511 regimes, only 115 are observed in our dataset. Among those 

115 regimes, the most popular five regimes are: cattle/cash (19.21%); corn/cash and 

soybean/cash (12.47%); corn/cash, soybean/cash and cattle/cash (10.63%); corn/cash and 

cattle/cash (6.03%); and corn/cash, soybean/cash, corn/marketing contracts and 

soybean/marketing contracts (5.03%). Therefore, it’s reasonable to assume the 115 observed 

regimes constitute the choice set, and therefore I set Ω  to be 115. Even with simplifying 

assumption, I still need to estimate 115 ASCs, in addition to other parameters in the utility 

functions. To accomplish this, I follow the approach proposed in Murdock (2006) and 

Timmins and Murdock (2007). 

 To understand the estimation detail, let the following simplified utility function (not 

the one used in the empirical estimation, just for intuition) as an example be given by: 
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where EDU is farmer i’s education level, MKT is a dummy variable showing whether or not 

a marketing contract is among the channels in regime ω , and 1
j

I ω =  if channel j is contained 
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in regime ω . In this simplified model, there are only 2 channels: corn selling through the 

cash market (j=0) and corn selling through marketing contracts (j=1). 

The likelihood function for the above problem could be written as 

 0 1

0

( , , , | , , , ) [ ] ,iq

o o i

i N

L EDU MKT P P ω

ω
ω

α γ β β σ
Ω

∈ =
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where P indicates prices, σ  indicates the actual shares of all regimes in our data, 
i

Pω  is the 

probability that farmer i chooses regime ω , 1
i

q ω = if farmer i chooses regime ω , otherwise 

0.
i

q ω =  

 Under the standard MLE, one could do a gradient search for all the parameters, but 

that with the 115 ASCs this can take a long time. An alternative approach is described by 

Berry (1994), based on the fact that the first order conditions for maximizing the logit 

likelihood function (when a full set of ASCs is included) imply the average predicted share is 

equal to the observed aggregate share. As a result, at each step in MLE iteration we can 

‘concentrate out’ the ASCs.  In particular, we can use the gradient approach to find the slope 

parameters and then the identity from the FOCs to back out the ASCs. The following 

describes how this works at the steps in MLE iteration. 

First, give the initial guess of the slope parameters 0 1( , , )g g g

o o
γ β β  and the average 

utilities ,{ }m g

ωα . The subscript m indicates the iteration from the contraction mapping and will 

be used later. Assuming 
iωε  is independently and identically distributed type I extreme value 

and given those initial values, the probability that farmer i chooses regime ω  is 
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It is intuitive to write the predicted probability for farm i choosing the regime ω  to be 
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The iteration procedure of the contraction mapping found by Berry (1994) is 
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where ωσ  is the actual share of the regime ω  chosen in the data. Given the 

parameters 0 1( , , )g g g

o o
γ β β , he shows that when the observed probability equates to the 

predicted probability, ' sωα  will converge, *,

0{ } .g

ω ωα Ω

=  

The next step is to substitute 0 1( , , )g g g

o o
γ β β  and *,

0{ }g

ω ωα Ω

=  to the likelihood function 

(3.4). 
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Then, the gradient search will give us a new set of parameters 1 1 1

0 1( , , )g g g

o o
γ β β+ + + , which could 

be used to back out *, 1

0{ } .g

ω ωα + Ω

=  The loop will keep going and in the end the maximum 

likelihood method will give * * *

0 1( , , )
o o

γ β β  and *

0{ } ,ω ωα Ω

=  such that the likelihood function is 

maximized. Note that the estimates found by contracting mapping are identical to the ML 

estimates found by gradient search. 
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3.5 Results 

Results from the discrete choice model are presented in Table 3.3. There are two 

categories of coefficients. The fist category is the set of coefficients for the 9 marginal utility 

of the revenue from channels (or own-price variable), which appear at the beginning of the 

table. For the multinomial Logit model, the magnitudes of the coefficients are hard to 

interpret, but their sign has economic meaning. If the own-price coefficient is positive (as 

expected), an increase of the specific price will increase the probability that the farmer uses 

the regime(s) with the corresponding channel. To better interpret the magnitude of results, 

elasticities are provided in the last column of Table 3.3, which show the percentage change 

of the probability for farmers to choose the regime with respect to 1 percent change of the 

explained variable. Because there are 115 regimes in the model, only the average elasticity 

across regimes is reported. For example, the elasticity of pc_corn is 2.2696, which implies 

that if the corn price in the spot market increases by 1 %, the probability that a farmer adopts 

regimes containing the corn/cash channel will in average increase 2.2696%. Among the 9 

price coefficients, 2 of them are negative:  the one for the wheat/marketing contracts channel 

and the one for the hogs/production contracts channel. While the former is significant only at 

the 10% level, the latter is not significant at all. The remaining 7 price coefficients are 

positive and 4 of them are significant. More encouraging is the fact that all of the five price 

coefficients for channels involving the traditional cash market are positive and four of them 

are very significant.  

 The second set of coefficients is coefficients for the interaction terms between regime 

characteristics variables and farm/farmer characteristics variables. I use two regime 
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characteristics variables, both of which are dummies. The first dummy takes the value of one 

if the regime involves the use of marketing contracts (marketing) and takes the value of zero 

otherwise. The other dummy takes the value of one if the regime involves the use of 

production contracts (production) and takes the value of zero otherwise. As a result, the 

interaction terms can tell how a specific farm/farmer characteristic influences the producer’s 

decision to use a channel that involves a particular marketing arrangement. The interpretation 

of the coefficients and elasticities are similar to those for price variables, except those 

dummies for farm/farmers characteristics and states. For those dummy variables, the 

numbers in the elasticity column show the probability difference between the dummy 

outcome 1 and 0. For example, the number for marketing-X-sex is 0.0087 in the elasticity 

column, which means that the probability for a male (sex=1) to adopt a regime involved 

marketing contracts is 0.0087 higher than it for a female (sex=0).  

The coefficients for the interaction terms here should be similar (in sign) to those 

estimated coefficients for the farm/farmer characteristics variables in Chapter 2 as both serve 

the same purpose, which is to identify factors that affect the farmer’s choice of marketing 

arrangements - especially those channels involving the marketing contracts and the 

production contracts. Indeed, results here are generally consistent with those obtained in 

Chapter 2, which indirectly shows the robustness of the results in both chapters. First, 

coefficients on the interaction terms between contracting dummies and sex, education and 

assets are all positive and significant, implying that if the operator is male, or has higher 

education, or owns more assets, then he is more likely to use marketing or production 

contracts. Second, on-farm income is not a significant factor for farmer’s regime choice 
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decision. Third, with more family members, marketing contracts are less likely to be used 

and production contracts are more likely to be used. The effect of acreage on contract use is 

opposite to the effect of the number of family members. Finally, for the states dummies, I 

find that compared to Wisconsin (the excluded state dummy), farmers in Illinois, Indiana, 

Iowa, Michigan, Nebraska, Ohio and South Dakota are more likely to use marketing 

contracts, while farmers in Illinois, Iowa, Michigan, Minnesota, Ohio and South Dakota are 

more likely to use production contracts. 

 

3.6 Welfare Analysis 

 After the estimates for parameters in (3.1) are obtained, welfare analysis can be 

conducted. Given the model specification, the expected utility for farmer i  facing the choice 

set consisting of choices Ω= ,...,0ϖ  has the following closed form: 
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The change in the indirect utility for the farmer resulting from a change in exogenous factors 

(e.g. the availability of different regimes, prices, etc) can be calculated as  
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where superscripts 0 and 1 denote the conditions before and after the change, respectively. 

One point worth mentioning is that the welfare measure quantified here does not reflect any 

general equilibrium price effects. In other words, the simulations will be carried out only at 

the individual farm level under the assumption that eliminating one of the marketing 
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channels from a representative farmer’s choice set will not influence prices that this farmer 

will receive in other channels, nor will it influence prices that other farmers will receive in 

their respective channels.   

 I, then, quantify the farmer’s willingness to pay to have full access to marketing 

contracts or production contracts. This measure can be regarded as the benefits to farmers 

from using such contracts. To begin, I first calculate the baseline expected utility when the 

choice set includes all of the observed regimes in the dataset, that is,  

0
^ ^ ^

0

1 0
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oj ii ij j i

j
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= + × × + ×Γ 

 
∑ ∑  

Then, I eliminate farmers’ original choices associated with the banned marketing channel 

from the new truncated choice set and re-calculate the expected utility based on the new 

choice set, which gives us 1

i
EU as 
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Finally, the difference between the expected utilities before and after the policy change is 

obtained as in (9). For example, in the case of banning production contract in the hog 

industry 1Ω will be 86 instead of 115 since all regimes involved the hog/production contract 

channel are removed. However, different expected utilities for different farmers are not 

comparable as utility is an ordinal but not the cardinal measure. To compare the benefits to 

different farmers or to obtain the total benefits by summing up benefits to individual farmers, 

I need to convert the utilities to dollars. To do so, the difference in the expected utilities, 

needs to be divided by the marginal utility/disutility of the commodity’s return (price) as:  
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For example, if the policy under consideration is to ban the use of production contracts by 

hog farmers, then j

^

β  is the estimated coefficient for the cash/hog price variable. In this case, 

based on the price measurement of the hog ($/per hog) the willingness to pay to preserve 

access to production contracts will be interpreted as the price change per hog sold in the spot 

market.  

The estimation results are presented in Table 3.4. I find that farmers are willing to pay 

$6.98 per head of hog to preserve access to hog production contracts. This amount is about 

5.66% of the average hog price in the U.S. in 2004. The number seems to be reasonable 

compared with the GIPSA livestock and meat marketing study (Vukina et al. 2007). They 

showed that the producers would loss $739 million per year or an average of about $7.54 per 

hog marketed in the long run if the packer-owned hogs are banned. The results also support 

Zheng, Vukina and Shin (2008). If the production contract is banned, in our samples an 

average hog production contract farmer’s welfare loss amount to $4193916, which is not too 

far from theirs ($34898). It indicates the robustness of both models and results. For corn, 

soybean and wheat, producers are willing to pay $0.0248, $0.0406 and $0.0166 per bushel, 

respectively, to preserve the use of marketing contracts. These amounts are about 1.2%, 

0.71% and 0.55% of the average national prices in 2004 for these commodities. In 2004, 

26,695,487 thousand pounds (the average weight for finish hog is around 250 pounds) of 

                                                 
16 Assume hog production contract users sell their product in the spot market if the production contract is 
banned. The average welfare lost for contract farmers will be $6.98 times 6008.47 (mean of Qp_hog), which is 
$41939.12. 
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hogs, 11,805,581 thousand bushels of corn, 3,123,790 thousand bushels of soybean and 

2,156,790 thousand bushels of wheat were produced in the U.S.17 As a result, our numbers 

show that in aggregate, the total benefits to U.S. hog farmers from using the production 

contracts amount to $740 million and the total benefits to U.S. corn, soybean and wheat 

farmers from using the marketing contracts are $290 million, $127 million and $40 million, 

respectively.     

   

3.7 Conclusions 

Despite the benefits of using AMAs are obvious for both producers and processors, their 

use has been highly controversial, especially in the livestock sector. Only a few studies 

analyze the welfare effect on the use of AMAs (Muth et al., 2007; Vukina et al., 2007; 

Brester et al., 2007; and Zheng, Vukina and Shin, 2008). In this chapter, I quantify the 

benefits to farmers from using the AMAs. It not only empirically supports the previous hog 

studies but also is the first welfare analysis focusing on the use of marketing contracts. I 

estimate a behavioral model explaining producers’ joint decisions on which commodities to 

produce and which marketing channels to use to market their outputs. I then use the 

estimated model to quantify the benefits to farmers from using the AMAs. The results show 

that on a national basis, the benefit of using production contracts in the hog industry is $740 

million or an average about $6.98 per hog marketed in the spot market. This result is 

reasonable if compared with Vukina et al. 2007. It is also consistent with Zheng, Vukina and 

Shin (2008). Besides the livestock sector, I also quantify the benefit of using marketing 

                                                 
17 Source: National Agricultural Statistics and Service (NASS) of USDA. 
link: http://www.nass.usda.gov/Data_and_Statistics/Quick_Stats/index.asp 
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contracts in the grain industry. The benefits of using marketing contracts are $290 million, 

$127 million and $40 million for corn, soybean and wheat respectively. These results all 

indicate that AMAs yield an economically significant amount of benefits to farmers who rely 

on them to market their outputs. 
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Table 3.1: Summary Statistics for the Cleaned Dataset 

Variable Description N Mean Std Dev 

Age age of the operator 6144 53.07  12.16  

Sex sex of the operator 6144 0.98  0.14  

Edu education level:1-5* 6144 2.69  0.97  

Nfamily Number of family members 6144 2.95  1.51  

Acre total acreage used 6144 1150.30  2203.34  

Income farm business income 6144 92942.80  1044716.56  

Offarm off-farm income 6144 34798.12  67098.13  

Asset value of farmed assets 6144 1008124.07  2009524.10  

Pc_corn cash price for corn 6144 3.62  0.15  

Pc_soy cash price for soybean 6144 9.47  0.24  

Pc_whe cash price for wheat 6144 5.28  0.32  

Pc_hay cash price for hay 6144 8.35  1.77  

Pc_cat cash price for cattle 6144 620.93  43.72  

Pc_hog cash price for hog 6144 122.21  4.60  

Pm_corn corn price in marketing contracts 6144 4.75  0.28  

Pm_soy soybean price in marketing contracts 6144 11.31  0.55  

Pm_whe wheat price in marketing contracts 6144 5.97  0.28  

Pp_hog hog price in production contracts 6144 14.31  2.96  

Qc_corn quantity for cash corn (cwt) 4089 33256.46  44558.34  

Qc_soy quantity for cash soybean (cwt) 3755 9614.21  12314.87  

Qc_whe quantity for cash wheat (cwt) 1560 7375.48  13328.65  

Qc_hay quantity for cash hay (cwt) 2100 7896.06  15309.71  

Qc_cat quantity for cash cattle (head) 3544 196.31  793.79  

Qc_hog quantity for cash hog (head) 711 5787.88  42436.15  

Qm_corn corn quantity in marketing contracts 1042 21298.04  31534.77  

Qm_soy soybean quantity in marketing contracts 850 5800.26  8266.14  

Qm_whe wheat quantity in marketing contracts 182 6469.68  9051.72  

Qp_hog hog quantity in production contracts 165 6008.47  6714.76  

*: 1: less than high school; 2: high school; 3: college; 4: BA or BS; 5 graduate school. 
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Table 3.2: Frequencies of commodities/marketing arrangements Channels 

Channel N Frequencies Percentage 

corn/cash 6144 4089 0.67 

soybean/cash 6144 3755 0.61 

wheat/cash 6144 1560 0.25 

cattle/cash 6144 3544 0.58 

hog/cash 6144 711 0.12 

corn/ marketing contract 6144 1042 0.17 

soybean/marketing contract 6144 850 0.14 

wheat/marketing contract 6144 182 0.03 

hog/production contract 6144 165 0.03 
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Table 3.3: Discrete Choice Model in Midwest 

Likelihood = 19330.7 

variables estimate std. err. t-statistic elasticity 

Pc_corn 0.6320 0.0162 39.0465  2.2696 
Pc_soybean 1.8589 0.0063 294.4293  17.4733 
Pc_wheat 1.0883 0.0103 105.4424  5.7230 
Pc_cattle 0.0074 0.0002 41.3454  4.5487 
Pc_hog 0.0040 0.0122 0.3288  0.4873 
Pm_corn 0.0015 0.1850 0.0079  0.0069 
Pm_soybean 0.0117 0.0811 0.1445  0.1320 
Pm_wheat -0.3225 0.1759 -1.8335  -1.9240 
Pp_hog -0.0227 0.0505 -0.4506 -0.3251 
marketing-X-age -0.0277 0.0034 -8.2310  -1.4666 
marketing-X-sex 0.6293 0.3447 1.8259  0.0087 
marketing-X-edu 0.2430 0.0356 6.8302  0.1765 
marketing-X-nfamily -0.0600 0.0252 -2.3765  0.0866 
marketing-X-acre 0.0756 0.0154 4.8969  -0.0010 
marketing-X-income -0.0110 0.0274 -0.4019  -0.0113 
marketing-X-offarm -0.3257 0.5268 -0.6182  0.0282 
marketing-X-asset 0.0281 0.0169 1.6587  0.0059 
marketing-X-IL 1.1652 0.1796 6.4887  0.0059 
marketing-X-IN 1.2836 0.1787 7.1835  0.0071 
marketing-X-IA 0.8074 0.1853 4.3570  0.0036 
marketing-X-KS -0.0677 0.2434 -0.2780  -0.0002 
marketing-X-MI 1.5016 0.2135 7.0346  0.0103 
marketing-X-MN 0.2810 0.1809 1.5535  0.0010 
marketing-X-MO 0.0553 0.2136 0.2587  0.0002 
marketing-X-NE 1.1181 0.1879 5.9508  0.0058 
marketing-X-ND 0.1122 0.2568 0.4369  0.0004 
marketing-X-OH 0.8355 0.2177 3.8382  0.0039 
marketing-X-SD 0.6463 0.2304 2.8051  0.0028 
productionc-X-age -0.0268 0.0058 -4.6572  -1.4233 
productionc-X-sex 23.9591 0.7755 30.8948  0.0009 
productionc-X-edu 0.2104 0.0813 2.5898  0.5651 
productionc-X-nfamily 0.1264 0.0423 2.9845  0.3724 
productionc-X-acre -0.4148 0.1258 -3.2967  -0.4769 
productionc-X-income -0.4520 0.3947 -1.1451  -0.42 
productionc-X-offarm -3.3757 2.1276 -1.5866  -0.1174 
productionc-X-asset 0.0431 0.0182 2.3661  0.0434 
productionc-X-IL 1.0000 0.5059 1.9767  0.0015 
productionc-X-IN 0.6306 0.5352 1.1782  0.0008 
productionc-X-IA 2.2335 0.3586 6.2281  0.0055 
productionc-X-KS 0.4452 0.5174 0.8605  0.0005 
productionc-X-MI 1.3603 0.5729 2.3745  0.0026 
productionc-X-MN 0.9849 0.3938 2.5008  0.0014 
productionc-X-MO 0.2037 0.4999 0.4074  0.0002 
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Table 3.3 (Continued)     

productionc-X-NE -1.7228 1.0969 -1.5705  -0.0008 
productionc-X-ND -20.5658 72.0454 -0.2855  -0.0009 
productionc-X-OH 2.1722 0.4772 4.5518  0.0064 
productionc-X-SD 1.2460 0.6229 2.0004  0.0022 

Note: the 115 alternative specific constants are not reported for conciseness. 
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Table 3.4: Counterfactual Welfare Analysis- Banning AMAs 

WELFARE ANALYSIS 

Policy Average WTP  Unit 

Banning Hog Production Contracts $6.98  per head of hog 

Banning Wheat Marketing Contracts $0.0166  per bushel of wheat 

Banning Soybean Marketing Contracts $0.0406  per bushel of soybean 

Banning Corn Marketing Contracts $0.0248  per bushel of corn 

 
Note: 2004 U.S. average market price resourced from USDA.  

Commodity Price Unit 

Hog $123.25 Head 

Wheat $3.40 Bushel 

Soybean $5.74 Bushel 

Corn $2.06 Bushel 
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CHAPTER 4 

Testing for Complementarities and Substitutabilities among 

Marketing Arrangements Used by U.S. Farmers 

4.1 Introduction 

The idea of complementarity plays an important role in the theory of the firm.  In the 

firm organizational literature, two practices are said to be complementary/substitutable if the 

implementation of one practice increases/decreases the marginal return from using the other 

practice (Milgrom and Roberts 1990; Holmstrom and Milgrom 1994).  Early empirical 

findings show that industrial design practices are often clustered, which means their 

adoptions are highly correlated (Anderson and Schmittlein 1984; Arora and Gambardella 

1990; Milgrom and Roberts 1990). This interdependence of the practices implies the 

existence of complementarities among different organizational modes.  As a result, a rich 

theoretical literature has arisen attempting to explain why organizational practices are 

clustered, with implications for adoption and performance. Similar theoretical perspectives 

developed in both organization economics and business strategy suggest that 

interdependencies among practices can be crucial for determining the payoffs of individual 

practices (Milgrom and Roberts 1990; MaeDuffie 1995; Levinthal 1997; Siggelkow 2002). 

On the other hand, few studies focus on the discussion of the substitutability of 

organizational modes. Siggelkow (2002) showed that misperceptions about 

complementarities are more costly than misperceptions about substitutabilities.  
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In this chapter, I present empirical evidence of complementarities/substitutabilities 

among different marketing arrangements used by U.S. farmers.  In modern U.S. agriculture, 

farmers rely more and more on alternative marketing arrangements (AMAs) to market their 

products, such as marketing contracts and production contracts (MacDonald et al 2004).  

However, the possible complementarities/substitutabilities among those AMAs and between 

AMAs and traditional cash market have not been studied in the literature. The only related 

study is Vukina, Shin and Zheng (2009), in which the authors present some empirical 

evidence of complementarities among alternative marketing arrangements used by pork 

packers.  The study here focuses on farmers.  The observation that spot market and AMAs 

are simultaneously used by farmers signals the potential for complementarity between 

different marketing arrangements. The sources of complementarities mainly come from crop 

rotation, risk management and holistic farming. The sources of substitutabilities mainly come 

from economies of scale and exclusivity of contracts.   

 Though the idea of complementarity is intuitively simple and appealing, testing 

whether such complementarities among practices really exist is difficult.  Previous empirical 

studies can be categorized into two groups based on the approaches they use.  The first 

approach is to test for complementarities in the production function directly (Ichniowski, 

Shaw and Presnnushi 1997; Caroli and Van Reenen 2001; Bresnahan, Brynjolfsson and Hitt 

2002; Mohnen and Roller 2005; Van Biesebroeck 2007; Mohapatra, Goodhue and Rozella 

2008; Vukina, Shin and Zheng 2009).  Essentially, this approach involves regressing a 

performance measure on the use of different practices or combinations of these practices 

(portfolios) and some exogenous control variables.  This approach requires the availability of 
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rich data: a precise performance measure and more importantly, good-quality exogenous and 

instrumental variables to control for the potential endogenous practice choice variables in the 

regression.  In practice, however, these data are often not available to researchers.   

 The second approach, which was originally proposed by Arora and Gambardella 

(1990), is to test an important implication of complementarity/substitutability.  The idea is 

that if two individual practices are complements, one would expect their adoptions to be 

positively correlated.  On the other hand, if the two practices are substitutes, one would 

expect their adoptions to be negatively correlated.  In practice, this corresponds to testing 

whether the covariance between the adoption decisions, after controlling for firms’ 

characteristics, is non-negative or not.  This approach has been employed by Colombo and 

Moscono (1995), Helper (1995), Macduffie (1995), Pil and MacDuffie (1996) and Bai and 

Xu (2005).  The original approach proposed by Arora and Gambardella ignores firms’ 

unobserved characteristics that can lead to the correlation among the adoption decisions 

regardless of whether complementarities exist or not (Athey and Stern 1998).  Recent studies 

have proposed methods to account for this important confounding factor either using the 

instrumental variables (e.g. Novak and Stern 2009) or a full-blown structural approach (e.g. 

Miravete and Pernias 2006).   

In this study, due to the lack of good-quality data on the performance measure and the 

instrumental variables, I adopt and extend the methodology of Arora and Gambardella 

(1990).18 I follow their idea to test for complementarities/substitutabilities by examining the 

                                                 
18 I do not adopt the structural approach by Miravete and Pernias (2006) as their approach becomes very 
difficult, if not impossible, to implement when we want to test complementarities/substitutabilities among more 
than two practices.  
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correlation among marketing arrangements (practices) conditional on farm/farmer 

characteristics.  My approach differs from theirs in two aspects.  First, a Probit model instead 

of an OLS model is estimated for each decision variable as the practice variables in my study 

are discrete rather than continuous.  Secondly and more importantly, in addition to observed 

farm/farmer characteristics variables, I also include an unobserved farm/farmer heterogeneity 

term in the Probit model to account for the potential confounding effect coming from 

unobservables (Athey and Stern 1998).  I then estimate the Probit model with unobserved 

heterogeneity using the simulated maximum likelihood method (SMLE).  After the Probit 

model is estimated for each adoption decision, residuals are obtained and the correlation 

coefficients of the residuals tell us whether different marketing arrangements are 

complements or substitutes. 

In this chapter, I find some empirical evidence of the potential complementarities and 

substitutabilities among different marketing arrangements. The results show that 

complementarities are found between the spot market and AMAs among grains and industrial 

crops, and are found between the livestock production contracts and grain marketing 

arrangements. Substitutabilities are found in the livestock sector and are found between 

livestock and grain sector for the spot market and the marketing contract.  

 

4.2. Complementarities/Substitutabilities of Organizational Modes 

Literature Review 

Complementarity/substitutability can be defined as positive/negative interdependencies 

among various organizational modes or practices (Milgrom and Roberts, 1990; Holmstrom 
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and Miltrom, 1994; Siggelkow, 2002). For example, complememtarity among individual 

marketing practices implies that the magnitude of the productivity effect of the portfolio is 

larger than the sum of the marginal effects from adopting each individual practice. A 

common finding of the early empirical literature on organizations in firms was that 

organizational design practices are clustered, meaning that the adoption of one practice is 

correlated with the adoption of other practices, and consequently clusters of practices 

consistently appear together (Osterman 1987; Arora and Gambardella 1990; Colombo and 

Mosconi 1995).  

The sources of complementarities are found in several aspects in the literature. First, 

complementarities can be among the similar type of practices such as manufacturing 

practices, human resource practices and supply chain management. Milgrom and Roberts 

(1990) showed different manufacturing practices could be complementary. For example, the 

use of rapid mass data communications, flexible production equipments and flexible 

production design technology can mutually reinforce each other to increase manufacturing 

quality and decrease production costs. In case of supply chain management, eliminating 

production delay can reduce other kinds of delays such as order process delay and shipping 

delay. Milgrom and Roberts (1990) even mentioned that the substitutable elements 

determining delay time could also be complementary in the sense of the corporative strategy 

targeting for a fixed delay time. Vukina, Shin and Zheng (2009) showed empirical evidence 

of complementarities among alternative procurement arrangements in the pork packing 

industry. They described that the main source of complementarities come from the supply 
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chain management, in which the diverse use of different marketing arrangements minimize 

the risk of supply interruption.  

Other literature focuses on complementarities among human resource practices. 

Ichniowski, Shaw and Prennushi (1997) found empirical supports for the complementarities 

among innovative human resource practices. For example, the problem solving team will 

work more efficient together with the flexible assignment of workers. MacDuffie (1995) 

found some empirical evidences that the innovative HR practices affect the performance of a 

firm by a bundle of HR practices but not individually. 

Second, the complementarities could arise among different types of practices. Milgrom 

and Roberts (1990) model the firm’s profit function by including the interdependences 

among manufacturing, marketing, design, engineering and organization. Because of the 

complementarities among practices, it will be profitable for firms to adopt more practices. 

Because of the complementary technologies, marketing/inventory control and supply chain 

management, the different practices can either increase productivity or decrease costs of 

other practices. For example, using flexible equipment in manufacturing can lower the setup 

cost of changing from producing one good to the other, and it also saves the time of changing 

setup and labor costs directly involved in the jobs of setting up the machines, which could 

increase productivity of labor. MacDuffie (1995) showed the inter-correlations between HR 

practices and manufacturing practices are also crucial to determine productivity and quality. 

HR practices, such as training and incentive pay, increase employees’ working skills and 

motives. Manufacturing practices (e.g. flexible production systems) decrease the disruptions 

in the production process. The interrelationship of these two practices comes from the 
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complementary contributions in the different operational aspects. Pil and MacDuffie (1996) 

also mentioned the complementarities between human resource practices and technology. 

Some other empirical evidence show the complementarity between different production 

inputs, computers and high skilled labor, at the industry level (Autor, Katz and Krueger, 

1998), at the establishment level (Black and Lynch, 2001) and at the firm level (Bresnahan, 

Brynjolfsson and Hitt, 2002).  

Finally, complementarities also come from the network-like practices which can boost 

innovation or technology advance. Arora and Gambardella (1990) show that the four external 

linkages of the large companies in the biotechnology industry are complementary to each 

other and their adoptions are highly correlated even when controlled for the firm 

characteristics. The four external linkages are agreements with other firms, research 

agreements with universities, investment into small/median sized research-intensive firms 

and acquisitions of those small/median sized firms. The networks among these linkages 

introduce innovations in biotechnology. Ashey and Schmutzler (1995) showed that two 

practices, flexibility and research capabilities, are complements. The former decreases the 

costs of innovation in the future. The later increases the future opportunity of innovation. 

Miravete and Pernias (2006) found some empirical evidence of the complemetarity between 

product and process innovation. The complementarity mainly comes from unobserved (for 

econometricians) heterogeneity, such as the organizational structure of firms and the 

managers’ experience and ability, which are required for firms enhancing innovations in the 

ceramic tile industry.  
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The substitutability of organizational modes is not commonly studied in the literature. 

Siggelkow (2002) showed that misconceptions about complementarities are more costly than 

misconceptions about substitutability. For example, the Internet retailer, e.g. Amazon, invests 

to add more and more categories of products in the website because of the belief that 

introducing a new category will attract more customers, and therefore, the marginal benefit 

of adding a new category will increase as the number of product categories increases. On the 

other hand, Barnes & Noble needs to decide the investment on where to market their product, 

superstore, mall or internet. These three channels are substitutes in the sense that as the 

convenience of buying books in one channel increases, it will decrease the marginal benefit 

of increasing the convenience of buying books in another channel. The author indicated that 

the misconception for Amazon will be more detrimental than the misconception for Barnes & 

Noble. As a result, Amazon should invest more to investigate the interdependence of 

complementary practices.  

 

Complementarity and Substitutability of Marketing Channels in the Farm Sector 

 Based on the existing literature and the descriptions of three marketing channels in 

Chapter 2, we believe that we should detect both complementarities and substitutabilities in 

the farm sector. The main sources of complementarities come from several aspects.  

 First, the complementarities among different crops and associated marketing channels 

can come from the crop rotations. In the agronomic literature, crop rotations can increase 

yield and profit by increasing fertility of the soil and controlling of plant diseases and weeds 

(Curl 1963; Bullock 1992). Some studies show the crop rotation between corn and cotton 
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could increase marginal returns of both crops and result in a higher net return (Reddy, Locke, 

Koger and Zablotowicz 2006). Other studies also show the crop rotations between grains and 

industrial crops can help control weeds or diseases (Kincail 1960; Johnson, Cardina and 

Mullinix 1994; Bryson, Reddy and Molin 2003). The interdependence among different 

marketing channels could result from crop rotations. Therefore, we expect marketing 

channels among crops are positively interdependent. 

 Second, another source of complementarities is the risk management. Risk shifting is 

one of the most important incentives for farmers to adopt AMAs as described in Chapter 2. 

Price and production risks result in an unstable income for farmers, which is not only the 

source of disutility for risk-averse farmers but also increase the costs and difficulty of 

obtaining credit. The use of AMAs reduces those risks and offers farmers relatively stable 

income and access to credit. Lawrence and Grimes (2001) showed that the use of marketing 

contracts or production contracts can reduce farmers’ financial risks. On the other hand, the 

use of AMAs brings the farmers some strategic risks as well. For example, buyers may 

default on their commitment of buying the products; the quality and quantity of the products 

might not be able to meet the requirements in the contracts because of the different harvest 

condition (Macdonald et. al. 2004). In this case, combining the open market sales with 

AMAs can help reduce those risks. As a result, the spot market and AMAs are 

complementary in the sense that the combination can give farmers a preferred portfolio to 

manage risks. 

The last source of complementarities comes from the holistic farming. Generally 

speaking, holistic farm management means looking at the whole farm operation from social, 
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economics and environmental aspect through a long term point of view (Rogers 2009). Here 

it focuses on how decisions on one part of the farm affect on the other part of the farm. 

Under production contracts, farmers are responsible for disposing of animal wastes and dead 

animals, which could be valuable as the fertilizer (Macdonald et. al. 2004). The concept of 

holistic farming makes it possible to increase both marginal returns of crops and livestock by 

reducing the fertilizing costs for crops and reducing the dead animal and animal waste 

disposal expense for livestock  

 On the other hand, the sources of substitutability come from two aspects. First, the 

substitutability comes from the economies of scale, which are typically represented by a 

decreasing average cost curve. As U.S. agriculture develops, the number of farm is getting 

smaller, the size of farm is getting larger and the farms tend to be more specialized (Hoppe 

and Korb 2002). Because of economies of scale, if a famer diversifies the commodities 

growing, marginal return of each commodity will decrease. Second, the exclusivity of 

livestock production contracts may cause the negative interdependence between the 

production contract and other marketing channels. Under livestock production contracts, 

farmers are often banned from producing noncontract livestock. For example, a broiler 

producer under a production contract will not be allowed to produce any noncontract poultry 

for two reasons. On the one hand, it prevents the farmer distracting the inputs, such as feed 

and chicks, provided by contractors. On the other hand, it ensures the biosecurity of the farm 

and prevents the spread of infectious diseases and parasites.  

  

 



 

74 

4.3 Data  

The data set used in this chapter is the Cost and Return Report (CRR) of the 2004 

Agricultural Resource Management Survey (ARMS). The Midwest and The South are the 

targeted regions. Summary statistics are in Table 4.1 and Table 4.3. From the summary 

statistics, in both the Midwest and the South farmers’ characteristics are similar. They have 

similar age, gender, occupation, education and number of family members. However, they do 

not share similar farms’ characteristics. In the Midwest, the average farm operates larger 

acreages of land, has higher farmed income, has less off-farm income and uses/owns more 

farmed assets than the average farm does in the South. Table 4.2 and Table 4.4 show the 

frequencies of marketing arrangements for different enterprises in the Midwest and the South. 

In the Midwest, grains (corn, soybeans and wheat) are the major commodities. Almost 50 

percent of farmers in the Midwest produce corn and soybeans. In South, the farmers do not 

plant as many grains as they do in the Midwest. Besides grains, industrial crops (cotton, 

peanuts and tobacco) are also important commodities in the South. For the livestock, cattle 

are the most popular livestock in both the Midwest and the South. About 50 percent of 

farmers produce cattle. There seem to be more hog producers in the Midwest (896) than 

those in the South (548), but those in the Midwest seem to have a smaller size.19 Broilers are 

mainly produced in the South.20 There are almost 1000 broiler producers in the data.  

Table 4.2 and Table 4.4 also show the frequencies of the farmers using marketing 

contracts and production contracts. For grains, in the Midwest 34.1 percent of the corn 

                                                 
19 In the data, the average total value of hog production for those 896 hog producers in the Midwest is $541,385 
and for those 548 hog producers in the South is $683,347. 
20 In the data, only 58 farmers produce broilers in the Midwest and, therefore, broilers are not included in the 
Midwest Model. 
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producers, 26.5 percent of the soybean producers and 14.2 percent of the wheat producers 

use marketing contracts to market their products; in South, 21.5 percent of the corn producers, 

21.5 percent of the soybean producers and 12.3 percent of the wheat producers use marketing 

contracts to market their product. Overall, grain farmers in the Midwest use more marketing 

contracts than those farmers in the South. For the production contracts, less than 1 percent of 

corn, soybean and wheat farmers use production contracts in Midwest and there are few grain 

farmers in the South who use production contracts. For cattle, in the Midwest there is about 1 

percent of the cattle producers use marketing contracts or production contracts, and the 

percentage is less than 1 percent in the South. The data show that most of the farmers 

producing cattle use the spot market to sell their product. For hogs, in the Midwest 29 percent 

of the hog producers use production contracts and only 5.8 percent of them use marketing 

contracts; in the South over 50 percent of the hog producers use production contracts and 

only 1 percent of them use marketing contracts. For broilers, almost all broiler producers use 

production contracts and nothing else. For industrial crops in South, 43.5 percent of cotton 

producers, 82.3 percent of peanut producers and 45.5 percent of tobacco producers use 

marketing contracts to sell their products. Few farmers sell their industrial crops through 

production contracts. 

 

4.4 Empirical Approach 

Complementarity/substitutability between continuous practices can be defined using the 

second-order cross partial derivatives.  Let ƒ be a function of two practices (x1, x2).  These 

two practices are complementary if and only if ∂2ƒ/∂x1∂x2 ≥ 0 and strict inequality holds for 
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at least one value of (x1, x2).  In other words, complementarity exists if the implementation of 

one practice increases the marginal return of the other practice.  On the other hand, these two 

practices are substitutes if and only if ∂2ƒ/∂x1∂x2 ≤ 0 and strict inequality holds for at least 

one value of (x1, x2), that is to say, substitutability exists if the implementation of one practice 

decreases the marginal return of the other practice.     

In the case where the two practices under consideration are discrete, 

complementarity/substitutability between two practices can be defined using the concept of 

supermodularity/submodularity.  A function ƒ is supermodular/submodular if, for all x, x′ є 

R
2, 

ƒ(x ∨ x′)+ ƒ(x ∧ x′) ≥ ƒ(x)+ ƒ(x′)       (supermodular);  

ƒ(x ∨ x′)+ ƒ(x ∧ x′) ≤ ƒ(x)+ ƒ(x′)       (submodular),    (4.1) 

where x ∨ x′ is the vector whose ith element is max(xi, xi′) and x ∧ x′ is the vector whose ith 

element is min(xi, xi′). Based on (4.1) the practices x1 and x2 will be complements if 

ƒ(x1+1,x2+1) + ƒ(x1, x2) ≥ ƒ(x1 +1, x2) + ƒ(x1 , x2+1); x1 and x2 will be substitutes if ƒ(x1+1, 

x2+1) + ƒ(x1, x2) ≤ ƒ(x1 +1, x2)+ ƒ(x1 , x2+1). For example, the two practices, x1 and x2, are the 

spot market and the AMA respectively. Farmer’s return, ƒ(.), is a function of x1 and x2. The 

spot market and the AMA are complements if ƒ(1, 1) + ƒ(0, 0) ≥ ƒ(1, 0) + ƒ(0, 1), and are 

substitutes if ƒ(1, 1) + ƒ(0, 0) ≤ ƒ(1, 0) + ƒ(0, 1) 

 To test for complementarity/substitutability, the first empirical approach is to 

examine the sign of the second-order cross partial derivative in the case of continuous 



 

77 

practice variables or examine whether equation (4.1) holds in the case of discrete practice 

variables.  This testing approach is direct as it is based on the definitions of 

complementarity/substitutability.  With this approach, for both continuous and discrete 

practice decisions, researchers often specify and estimate the following regression (e.g. 

Ichniowski, Shaw and Presnnushi 1997; Caroli and Van Reenen 2001; Bresnahan, 

Brynjolfsson and Hitt 2002; Van Biesebroeck 2007; Vukina, Shin and Zheng 2009):    

εβθθθθ +++++= Xyyyyyyf 21122211021 ),( ,     (4.2)   

where ƒ is a performance measure, y1 and y2 denote the adoption decisions for the two 

practices, X is a vector of other control variables and ε  is the error term.  If 0)(12 ≤≥θ , then 

the two practices are said to be complements (substitutes).  A slightly different specification 

often used when the adoption decisions are discrete (e.g. Mohnen and Roller 2005; 

Mohapatra, Goodhue and Rozella 2008) is:  

εβθθθθ +++−+−+−−= Xyyyyyyyyyyf 211121102101210021 )1()1()1)(1(),( .    (4.3) 

With this specification, one can examine whether equation (1) holds by examining whether 

the following two inequalities hold for the estimated coefficients: 

10010011 θθθθ +≥+     (complementarity);      

10010011 θθθθ +≤+      (substitutability).       (4.4)  

No matter which specification is used, this approach requires the availability of rich data.  

First, one needs to observe the dependent variable in (4.2) and (4.3), usually a performance 
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measure.  Second, good-quality control and instrumental variables need to be available to 

control for the potential endogenous practice adoption variables y1 and y2.  This is because it 

is likely that there are unobserved characteristics of the firm that simultaneously influence 

the performance measure and the practice adoption decisions, causing the endogeneity 

problem.   

However, in practice, these types of data sets are often not available to researchers.  To 

overcome this difficulty, Arora and Gambardella (1990) propose to test an important 

implication of complementarity/substitutability instead of testing for 

complementarity/substitutability directly.  They proved that if two individual practices are 

complements (substitutes), then  

( ) ( )[ ] 0)(| ,|cov 2211 ≤≥−− XyEyXyEy .      (4.5) 

Intuitively, this means that if two individual practices are complements (substitutes), then one 

would expect their adoptions to be positively (negatively) correlated, conditional on firm 

characteristics.  Arora and Gambardella implement their method by fitting OLS models for 

each adoption decision (their adoption decisions are continuous) and then compute the 

covariance of residuals, as in (4.5).      

Same as in the previous approach, one important potential confounding factor for the 

analysis here is the unobserved firm heterogeneity (Athey and Stern 1998).  The unobserved 

heterogeneity, if not controlled for, can lead to a positive or negative covariance estimate in 

(5) even when there are actually no complementarities/substitutabilities exist between the 

two practices.  To address this concern, recent studies have proposed improved versions of 

Arora and Gambardella’s test.  Novak and Stern (2009) use the following regression 
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εβθθ +++= Xyy 21201 .        (4.6) 

Although they do not need the data on any of the performance measures, they still need the 

data on instrumental variables to identify the key parameter 12θ .  Miravete and Pernias 2006 

propose a full-blown approach to address the unobserved heterogeneity problem.  They 

specify a firm’s profit to be a function of the individual practice adoption decisions, observed 

as well as unobserved firm heterogeneity and unknown parameters (which include the key 

parameter for complementarity/substitutability).  They then solve the firm’s maximization 

problem and derive the optimal adoption decisions as a function of both observed and 

unobserved firm heterogeneity as well as the unknown parameters.  Specifying the 

unobserved heterogeneity to follow a stochastic distribution, they write the probability for 

each strategy profile and estimate the structural model using the maximum likelihood method.        

In this study, I cannot use the direct approach described above because it is very hard to 

find a suitable performance measure in the dataset.  Profit would be a very good measure but 

the farm level cost data are extremely difficult to obtain.  It would be easier to obtain revenue 

or income data, but they are at the aggregated farm level, which means it is hard to tell 

whether or not the revenue or income comes from a specific set of commodities and/or 

marketing channels.  Also, I cannot use any of the methods described above that rely on 

instrumental variables as good instrumental variables are not available.  For example, good 

instrumental variables required to estimate (4.6) need to satisfy two conditions.  First, they 

need to be correlated with the endogenous variable, that is, the decision on whether to adopt 

one marketing arrangement (e.g. marketing contracts).  Second, they need to be uncorrelated 

with the farmer’s decision to adopt another marketing arrangement (e.g. production 
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contracts).  It is very difficult to find variables that can satisfy these two conditions in the 

ARMS dataset.      

 

4.5 Estimation 

To complete the estimation, I follow Arora and Gambardella (1990) and test for 

complementarities/substitutabilities by examining whether two marketing arrangements are 

positively or negatively correlated conditional on farm/farmer characteristics. My approach 

differs from that of Arora and Gambardella (1990) in two aspects. First, the adoption 

decision variables in this study are discrete. Hence a Probit model instead of an OLS model 

is used to fit )|( XyE . Second, I control for unobserved farm/farmer heterogeneity by 

including an unobserved term in )|( XyE , that is, ),|( uXyE . Besides the Probit model 

with unobserved heterogeneity, I also calculate two more correlation coefficients, 

unconditional on any farm/farmers’ characteristics and conditional on observed 

farm/farmers’ characteristics only. For the unconditional covariance, I simply calculate the 

pair-wise correlation coefficient based on the outcomes observed in the data. The outcomes 

are farmers’ decisions on whether or not use a specific marketing strategy (practice). For the 

correlation coefficient conditional on observed farm/farmers’ characteristics, the procedure is 

similar to the Probit model with unobserved heterogeneity, but the term of unobserved 

heterogeneity is not included. That is, the standard Probit model is applied. As a result, there 

will be one unknown parameter less (the standard deviation of unobserved heterogeneity). 

The definition of variables is as following. y is a farmer’s decision on whether or not use 

a specific marketing strategy (practice), which is a combination of commodity/marketing 
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channels that are vary by region. In the Midwest, the six marketing strategies are grain/cash 

(GC), grain/marketing contract (GM), grain/production contract (GP), livestock/cash (LC), 

livestock/marketing contract (LM) and livestock/production contract (LP). Grain includes 

corn, soybeans and wheat. Livestock includes cattle and hogs. In the South, there are six 

marketing strategies: grain/cash (GC), grain/marketing contract (GM), livestock/cash (LC), 

livestock/production contract (LP), industrial crop/cash (IC) and industrial crop/marketing 

contract (IM). Grain includes corn, soybeans and wheat. Livestock includes cattle, hogs and 

broilers. Industrial crops include cotton, peanuts and tobacco. Grain/production contracts, 

livestock/marketing contracts and industrial crops/production contracts are not included 

because only a few of the farmers produce and market their products through those three 

combinations. If the farmers produce any of the enterprises in the corresponding categories 

(grain, livestock and/or industrial crops) and market them through cash, marketing contracts 

or production contracts, the outcome for the decision will be one; otherwise, it will be zero. 

Table 4.5 and Table 4.6 show the frequencies of farmers’ marketing strategies in the Midwest 

and the South respectively. N is the total number of farmers in each region. Frequencies 

show the number of farmers adopting the marketing strategies, and percentage is the 

frequency divided by N. X’s, the explanatory variables, are observed farm/farmers 

characteristics, e.g. age, gender, occupation, education level, number of family members, 

total acre operated, farmed income, off-farm income, farmed assets, state dummies and 

quantities of each enterprise produced. In case of state dummies and/or the gender dummy, 

some of them might perfectly predict the outcome of some marketing strategies. In this case, 

those dummies will be excluded from the estimation. 
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 The probability for farmer i to adopt marketing arrangement j is specified to be  

( | , ) Pr( 1| , ) ( )
ij i ij ij i ij i j ij

E y X u y X u X uβ= = = Φ + ,     (4.7) 

where 
i

u  is a normally distributed random variable with mean 0 and variance 2

jσ . Zero mean 

reflects the fact that the average effect of the unobserved heterogeneity will be captured by 

the constant term in X’s. β ’s are unknown parameters needed to be estimated. As a result, 

the likelihood function for the Probit model can be written as  

1( 0)1( 1)
( , ) ( ) 1 ( )

ijij
yy

ij i ij i j ij i j ij
l X u X u X uβ β

==  = Φ + − Φ +  ,    (4.8)  

where 1(.) is the indicator function.  As 
i

u  is unobserved, (4.8) cannot be used for estimation 

purpose. I use the simulation method to solve this problem (Train 2009). I simulate the term 

of unobserved heterogeneity M times (M=100) and treat each of them as part of the data. 

Then, I calculate the average of the M likelihood functions. That is, I compute the likelihood 

function using      

1( 0)1( 1)

1

1
( ) ( ) 1 ( )

ij
ij

M
yym m

ij i i j j i i j j i

m

l X X v X v
M

β σ β σ
==

=

 = Φ + − Φ + ∑ ,   (4.9) 

where 1,..., M

i i
v v  are M random draws from the standard normal distribution. σ  is the 

standard deviation which needs to be estimated.   

After the Probit model is estimated, residuals for each adoption decision can also be 

estimated using the simulation method,  

^ ^
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1
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M
m

jjij ij i i
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M

ε β σ
=

= − Φ +∑ .       (4.10) 
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Finally, the covariance between the residuals for two marketing arrangements can be 

computed.  If the covariance is positive/negative, then I conclude the two marketing 

arrangements are complements/substitutes.   

 

4.6. Results 

 Two groups of results are provided, the results for Probit models and correlation 

coefficients. The first group is the Probit models. Table 4.7 and Table 4.8 show the results of 

the Probit models in the Midwest without and with unobservable heterogeneity respectively. 

Table 4.9 and Table 4.10 show the results of the Probit models in the South without and with 

unobservable heterogeneity respectively. Table 4.10, Table 4.12 and Table 4.13 show the 

correlation coefficients from different models in the Midwest; Table 4.14, Table 4.15 and 

Table 4.16 show correlation coefficients in the South. Stars in the tables show the 

significance of coefficients (** for 95% and * for 90%). The only difference between the two 

Probit models is the term of sigma, which is the standard deviation of estimated unobserved 

heterogeneity. The estimated coefficients of these Probit models are hard to interpret since 

they imply the change in log odds of a farmer using the practice (relative to no use) for one 

unit change of the explanatory variable. In other words, if the coefficient is positive, the 

increase of the explanatory variable will increase the probability of the farmer to use the 

practice; if the coefficient is negative, the increase of the explanatory variable will decrease 

the probability of the farmer to use the practice. To better interpret the results, the marginal 

effects of each variable, except the constants, are provided in Table 4.7B, Table 4.8B, Table 

4.9B and Table 4.10B. The marginal effect shows the change in probability of a farmer to use 
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the practice corresponding to one unit change of independent variables. For those discrete 

dummy variables, the marginal effect shows the probability difference for the different 

outcomes. For example, in Table 4.7B the coefficient of age is -0.0032 under the decision of 

whether or not a farmer uses grain/marketing contract. It implies that if the farmer is one year 

older, the probability of adopting grain/marketing contract will decrease 0.0032. The 

coefficient of sex is 0.085, which means compared to a female farmer the probability of a 

male farmer using grain/marketing contract is 0.085 higher.  

 

Estimation Results of Probit Models 

In the Midwest (Table 4.7 and Table 4.8), grain/production contract and 

livestock/marketing contract are not frequently used and independent variables are not very 

significant to explain the farmers’ decision on grain/production contract and 

livestock/marketing contract. In the case of grain/marketing contract and 

livestock/production contract, generally speaking the Probit models have consistent results 

with the multinomial logit model in the Midwest among most of the variables. Age has a 

negative effect on the use of grain/marketing contract and livestock/production contract. Sex 

has a positive effect on the use of grain/marketing contract and livestock/production contract. 

Education has a positive effect on the use of grain/marketing contract only. The number of 

family members has a positive effect on the use of livestock/production contract. Off-farm 

income has a negative effect on the use of livestock/production contract. On the other hand, 

signs and significances of commodity quantities are also very similar to the commodity 

dummies in the national model. Quantities of corn, soybeans and wheat have positive effects 
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on the use of grain/marketing contract; Quantities of cattle and hogs have negative effects on 

the use of grain/marketing contract but positive effects on the use of livestock/production 

contract. The major difference from the results in Ch2 is that income has a negative effect on 

the use of livestock/production contract and asset has no significant effect. The possible 

reason is that the size effect of the asset is captured by quantities. 

In the South (Table 4.9 and Table 4.10), the results for age, sex, total acreage and 

quantities of commodities are consistent with Ch2. Age has a negative effect on the use of 

grain/marketing contract, livestock/production contract and industrial crop/marketing 

contract. Sex has a positive effect on the use of grain/marketing contract and industrial 

crop/marketing contract but a marginal negative effect on the use of livestock/production 

contract. Total acreage has a positive effect on the use of grain/marketing contract and a 

negative effect on the use of livestock/production contract. Quantities of corn, soybeans and 

wheat have positive effects on the use of grain/marketing contract; quantities of cotton, 

peanuts and tobacco have positive effects on the use of industrial crop/marketing contract; 

quantities of cattle, hogs and broilers have positive effects on the use of livestock/production 

contract but negative effects on the use of grain/marketing contract and industrial 

crop/marketing contract. On the other hand, education, number of family members, off-farm 

income and assets have insignificant effects and farm income has a negative effect on the 

selection of AMAs in the Probit models. 

Comparing the Probit results in the Midwest and the South, age, sex, total acreage, 

assets and quantities of commodities have similar effects on the selection of AMAs. There 

are a few differences between these two regions. Education has a positive effect on the use of 
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grain/marketing contract in the Midwest but no effect in the South. The number of family 

members has a negative effect on the use of grain/marketing contract and a positive effect on 

the use of livestock/production contract in the Midwest but has no effect in South. Off-farm 

income has a positive effect on the use of grain/marketing contract and a negative effect on 

the use of livestock/production contract in the Midwest but has no effect in the South. 

Overall, farm/farmer characteristics have more effects on farmers’ choices of AMAs in the 

Midwest than in the South. 

There are also noticeable differences between the Probit models with and without 

unobserved heterogeneity in both the Midwest and the South as well. The inclusion of 

unobserved heterogeneity more or less affects the signs and significances of coefficients. For 

example, in the Midwest the effect of q_hog on grain/cash turns from positively significant to 

insignificant and in the South the effect of q_cattel on livestock/production contract turns 

from insignificant to positively significant after including the unobserved heterogeneity. 

However, there is no positive significance turning to negative significance observed, and vice 

versa.  

 

Coefficient Correlation Results 

The other group of the results, the correlation coefficient tables gives the main results in 

this chapter. If the correlation coefficient between two practices is positive, those two 

practices are complements; if the correlation coefficient is negative, those two practices are 

substitutes. Table 4.11 and Table 4.14 show the correlation coefficients of dependent 

variables without controlling for farm/farmers’ characteristics in the Midwest and the South 
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respectively. All correlations in the South are significant, and most of the correlations in the 

Midwest are significant as well, except the correlation coefficients between grain/marketing 

contract and livestock/marketing contract, between grain/production contract and 

livestock/marketing contract, and between grain/production contract and livestock/production 

contract. For the highly significant results, it is very likely that the correlations among 

different marketing arrangements are driven by the correlations among farm/farmer 

characteristics (Arora and Gambardella 1990). For example, a strong correlation between the 

use of contracts and the size of the farm might cause the positive correlation between 

grain/marketing and livestock/production. Therefore, the results without controlling 

farm/farmers’ characteristics might be misleading and are not worth discussing.  

 Table 4.12 and Table 4.15 show the results controlling for observed farm/farmers’ 

characteristics in the Midwest and the South respectively. It could be expected that the 

significance of those correlations decline. Four of the coefficients turn from significant to 

insignificant in each region. Only one (correlation coefficient between grain/cash and 

livestock/production contract) turns from negatively significant to positively significant. The 

changes of signs and significance reflect that without controlling for farm/farmers’ 

characteristics, the complementarities/substitutabilities results might be misleading. Table 

4.13 and Table 4.16 show the results controlling for observed farm/farmers’ characteristics 

and unobserved heterogeneity in the Midwest and the South respectively. Compared Table 

4.13 with Table 4.12, one sign turns from insignificant to positively significant and one 

correlation coefficient turns from marginal significant to significant. Compared Table 4.16 

with Table 4.15, two correlation coefficients turn from significant (one is marginally 
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significant) to insignificant. We also observed one positively significance turn to negatively 

significance, which is the correlation coefficient between grain/cash and grain/marketing 

contract in the South. The discussions above show that inclusion of unobserved heterogeneity 

does affect the correlation coefficients results (Ashey and Stern 1998) but in the case here it 

does not do very much. Since Table 4.13 and Table 4.16 are expected to give the best results 

and are not different from Table 4.12 and Table 4.15 very much, in the following discussion 

of complementarities/substitutabilities I will focus on these two tables.  

Some complementarities/substitutabilities patterns among those marketing arrangements 

are found in the Midwest and the South. We see 5 complementarities and 4 substitutabilities 

in both the Midwest and South. Grain/cash and grain/marketing contract are complements in 

the Midwest but they are substitutes in the South. The complementarities can be explained by 

the risk management and crop rotation. Grain producers can use the marketing contracts to 

sell part of their products before the harvest to reduce price risks and sell the rest in the spot 

market. Because of the crop rotation, corn and soybeans are likely to be produced together. 

The grain producers can sell corn in the spot market and sell soybeans through marketing 

contracts and vice versa, which also results in the positive correlation coefficient between 

grain/cash and grain/marketing contract. The substitutability between grain/cash and 

grain/marketing contract in the South is hard to explain. It might be because the South is not 

the main area producing grains and the use of different marketing arrangements is limited. 

For example, the spot market might be far away for a farmer such that if the farmer chooses 

to use marketing contracts, he tends to sell all of his output. Grain/marketing contract and 

grain/production contract are complements in the Midwest, which can also result from the 
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crop rotation and risk management described above. In the South, industrial crop/cash is a 

complement of grain/cash and grain/marketing contract, and industrial crop/marketing 

contract is also a complement of grain/cash and grain marketing contract. Besides, industrial 

crop/cash and industrial/marketing contract are complements as well. The results of 

complementarities among marketing arrangements of grains and industrial crops can be 

explained by the crop rotation and risk management. Cotton, peanuts and tobacco often rotate 

with corn and soybeans to control weeds and diseases, which explain the complementarities 

across grains and industrial crops. The rotation increases the yield and profit for the farmer. 

Risk management can also explain the complementarities. Farmers can produce both grains 

and industrial crops, sell one of them through the spot market and sell the other through the 

marketing contracts or even sell both of them through marketing contracts, which reduces 

different degree of the farmer’s price risks. 

Livestock/cash and livestock/production contract are substitutes in both the Midwest 

and South, which shows the exclusiveness of the production contracts. Livestock/production 

contract is also a substitute for livestock/marketing contract in the South, which again shows 

the exclusiveness of the production contracts. It is because if farmers would like to sell in the 

spot market or sell through marketing contracts, they are going to have their own livestock, 

which is not allowed by production contracts. Although a broiler farmer using production 

contracts can still produce cattle or hogs, this possibility seems to be dominated by the 

exclusiveness effect. Livestock/cash and livestock/marketing contract are complements in the 

Midwest, which can be explained by the risk management.  
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Livestock/production contract is a complement of both grain/cash and grain/marketing 

contract in the Midwest. Animal waste could be valuable as fertilizer for crops and reduce 

production contractee’s expenses for waste disposal. For example, a broiler producer using 

production contracts is responsible for disposing dead chickens and chicken droppings. After 

fermentation, dead chickens and chicken droppings will become chicken manures, which are 

good and valuable fertilizers for farming. Therefore, livestock/production contract is 

complement to grains. Livestock/cash and grain/marketing contract are substitutes in the 

Midwest. Grain/cash and livestock/marketing contract are also substitutes in the Midwest. 

These two results can be explained by that contracts are more commonly used by those large 

farmers with economies of scale and they do not diverse their products. For example, corn 

farms using marketing contracts are usually large and concentrated and, therefore, they are 

less likely to produce livestock.  

 

4.7 Conclusions 

 Based on the observation that the use of different marketing arrangements by farmers 

seems to be clustered, I started this investigation with a notion that marketing arrangements 

may be complementary or substitutable to each other in the sense that their adoptions are 

positively/negatively correlated. The sources of complementarities mainly come from crop 

rotation, risk management and holistic farming. The sources of substitutabilities, on the other 

hand, mainly come from economies of scale and exclusivity of contracts. In order to carry 

out the test of complementarities, I adopt and extend the correlation approach of Arora and 

Gambardella (1990). I first estimate a group of Probit models to examine the farmers’ 
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decision on whether or not to adopt a specific marketing strategy. Then, I apply the 

correlation coefficient method to the residuals of those Probit models. Besides observed 

farm/farmers’ characteristics, a term of unobserved heterogeneity is also included in the 

Probit model to overcome the critics in the literature that the complementarities might come 

from those unobservables which are unknown for econometricians.  

After controlling for both observed and unobserved farm/farmers’ characteristics, I find 

some empirical evidence of the complementarities and substitutabilities among different 

marketing arrangements. Complementarities are found between the spot market and AMAs 

among and cross grains and industrial crops, and are found between the livestock production 

contracts and grain marketing arrangements. Substitutabilities are found in the livestock 

sector and are found between the livestock and grain sector for the spot market and the 

marketing contract.  

The main contribution of this chapter is to point out the possible complementarities and 

substitutabilities among different marketing arrangements used by farmers. It is important to 

estimate farmer’s profit and to do policy analysis for the use of AMAs. Some more works 

related to this topic can be done in the future. Because of the lack of the data, I cannot 

structurally test the complementarities/substitutabilities among marketing arrangements. 

Instead, I only test their implications, which are if the practices are positively or negatively 

correlated. Ideally, a structural test will be more solid than just testing for the implication.  
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Table 4.1: Summary Statistics in Midwest 

Variable Description N Mean Std Dev 

age age of the operator 7439 53.63 12.37 

sex sex of the operator 7439 0.96 0.19 

occupation dummy for operator’s occupation* 7439 0.67 0.47 

edu education level:1-5** 7439 2.73 1.00 

nfamily number of family members 7439 2.90 1.50 

acre total acreage used 7439 1019.78 2068.83 

income farm business income 7439 86006.76 958857.49 

offfarm off-farm income 7439 9326.21 54248.31 

asset value of farmed assets 7439 1171989.75 1832894.26 

q_corn quantity for cash corn 7439 40700.78 80774.69 

q_soybean quantity for cash soybean 7439 9721.29 19047.54 

q_wheat quantity for cash wheat 7439 3014.32 12578.33 

q_cattle quantity for cash cattle 7439 101.68 598.55 

q_hog quantity for cash hog 7439 768.46 13353.06 

Variable Description N Frequency Percentage 

st_IL state dummy for Illinois 7439 810 0.11 

st_IN state dummy for Indiana 7439 767 0.10 

st_IA state dummy for Iowa 7439 742 0.10 

st_KS state dummy for Kansas 7439 794 0.11 

st_MI state dummy for Michigan 7439 285 0.04 

st_MN state dummy for Minnesota 7439 886 0.12 

st_MO state dummy for Missouri 7439 838 0.11 

st_NE state dummy for Nebraska 7439 761 0.10 

st_ND state dummy for North Dakota 7439 261 0.04 

st_OH state dummy for Ohio 7439 281 0.04 

st_SD state dummy for South Dakota 7439 264 0.04 

st_WI state dummy for Wisconsin 7439 750 0.10 

* 1: farm work, ranch work or hired manager; 0: retired but still farming or work other than farming/ranching. 
** 1: less than high school; 2: high school; 3: college; 4: BA or BS; 5 graduate school. 
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Table 4.2: Frequencies of Enterprises’ Marketing Arrangements in Midwest 

commodity total farmers marketing contract production contract 

corn 3453 1180 21 

soybean 3704 983 25 

wheat 1586 225 - 

cattle 3468 40 33 

hog 896 52 264 
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Table 4.3: Summary Statistics in South 

Variable Description N Mean    Std Dev 

age age of the operator 7114 55.88 12.52 

sex sex of the operator 7114 0.94 0.24 

occupation dummy for operator’s occupation* 7114 0.59 0.49 

edu education level:1-5** 7114 2.74 1.09 

nfamily number of family members 7114 2.64 1.20 

acre total acreage used 7114 858.35 2974.06 

income farm business income 7114 52459.9 294140.25 

offarm off-farm income 7114 12175.96 66158.86 

asset value of farmed assets 7114 1092009 2161467.17 

q_corn quantity for corn by bushels 7114 4195.36 21376.91 

q_soybean quantity for soybean by bushels 7114 3105.06 13810 

q_wheat quantity for wheat by bushels 7114 1049.74 6035.74 

q_cotton quantity for cotton by pounds 7114 56308.00 271860.05 

q_peanut quantity for peanut by pounds 7114 47512.87 323626.31 

q_tobacco quantity for tobacco by pounds 7114 48.05 338.931 

q_cattle quantity for number of cattle 7114 76.11 1055.32 

q_hog quantity for number of hogs 7114 757.83 6132.28 

q_broiler quantity for number of broilers 7114 71203.11 234748.84 

Variable Description N Frequency Percentage 

st_AR state dummy for Arkansas 7114 912 0.13 

st_GA state dummy for Georgia 7114 919 0.13 

st_NC state dummy for North Carolina 7114 1015 0.14 

st_TX state dummy for Texas 7114 1374 0.19 

* 1: farm work, ranch work or hired manager; 0: retired but still farming or work other than farming/ranching. 
** 1: less than high school; 2: high school; 3: college; 4: BA or BS; 5 graduate school. 
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Table 4.4: Frequencies of Enterprises’ Marketing Arrangements in South 

commodity total farmers marketing contract production contract 

Corn 697 150 - 

Soybean 1014 219 - 

Wheat 586 72 - 

Cotton 680 296 - 

Peanut 448 369 - 

Tobacco 417 190 - 

Cattle 3631 21 13 

Hog 548 5 286 

Broiler - - 986 

Table 4.5: Frequencies of Dependent Variables in Midwest 

 N Frequency Percentage 

GC 7439 4385 0.59 

GM 7439 1394 0.19 

GP 7439 43 <0.01 

LC 7439 3747 0.50 

LM 7439 92 0.01 

LP 7439 294 0.04 

Table 4.6: Frequencies of Dependent Variables in South 

 N Frequency Percentage 

GC 7114 1351 0.19 

GM 7114 293 0.04 

LC 7114 3739 0.52 

LP 7114 1261 0.18 

IC 7114 900 0.13 

IM 7114 703 0.10 
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Table 4.7A: Results for Standard Probit Model in Midwest 

 Dependent Variables 

Coefficient GC GM GP LC LM LP 

Age -0.0007 -0.0145** -0.0011 -0.0060** -0.0091** -0.0100** 

Sex 0.6036** 0.5060** - 0.5233** - 0.2891 

Edu -0.0410** 0.1039** 0.0754 -0.1161** 0.0990 -0.0015 

Nfamily -0.0347** -0.0465** 0.0200 -0.0613** 0.0240** 0.0548** 

Acre -0.5800** -0.5100** -0.1200 3.0000** 0.2900 -2.0000** 

Income -0.0018** -0.0005 -0.0017 0.0014** -0.0011 -0.0160** 

Offfarm 0.0084** 0.0077** 0.0055 -0.0100** -0.0100 -0.0450** 

Asset 0.00003 -0.00007 0.00004 0.0005** 0.0002 -0.0003 

st_IL 0.0923 0.3070** 1.3751** -0.2774** -0.0498 -0.1792 

st_IN -0.0268 0.4966** - -0.0077 0.0404 -0.3935** 

st_IA -0.0100 0.2278** 1.3410** -0.1456 -0.0352 0.3565** 

st_KS -0.4060** -0.2084* 0.9072 0.2404** -0.0617 -0.6019** 

st_MI -0.4806** 0.6536** 0.6480 -0.3075** -0.0521 0.0859 

st_MN -0.1603* 0.1420 0.5424 -0.0970 -0.1378 -0.0876 

st_MO -0.8021** -0.2455** - 0.5020** 0.0832 -0.4250** 

st_NE -0.1211 0.3840** 0.3789 0.1545* 0.0443 -0.8167** 

st_OH -0.3012** 0.2806** - -0.1724* - 0.3203* 

st_WI -0.5426** -0.0272 0.4640 0.3041** -0.0325 -0.1370 

q_corn 0.0530** 0.0370** 0.00005 -0.0290** 7,1e-07 1.3e-06* 

q_soybean 0.5600** 0.0800** 0.0500* -2.0000** -0.0730* 0.0440 

q_wheat 1.0000** 0.0990** 0.0620 -2.0000** -0.0970 -0.0750 

q_cattle -0.9300** -3.0000** -1.0000 4.0000** 1.0000** 2.0000** 

q_hog 0.0840** -0.1500** -0.2000 0.0630 0.0950* 1.0000** 

Constant -0.6422** -1.5795** -4.5486* -0.4091** -2.4276** -1.7358** 

Pseudo R2 0.3746 0.2033 0.2016 0.1486 0.0642 0.2959 
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Table 4.7B: Marginal Effects for Standard Probit Model in Midwest 

 Dependent Variables 

Coefficient GC GM GP LC LM LP 

Age -0.0002 -0.0032 7.96e-6 -0.0024 -0.0002 -0.0004 

Sex 0.2090 0.0850 - 0.2030 - 0.0082 

Edu -0.0120 0.0230 0.0005 -0.0462 0.0027 -5.67e-5 

Nfamily -0.0101 -0.0103 0.0002 0.0244 0.0006 0.0021 

Acre -1.72e-5 -1.12e-5 -4.69e-7 0.0001 7.28e-7 -7.38e-6 

Income -5.18e-8 -1.39e-8 -1.33e-9 5.48e-8 -2.96e-9 -6.23e-8 

Offfarm -2.52e-7 1.70e-7 4.48e-9 -4.04e-7 -2.83e-8 -1.70e-7 

Asset 1.08e-9 -1.54e-9 -1.44e-11 1.97e-8 4.97e-10 -1.03e-9 

st_IL 0.0261 0.0768 0.0130 -0.1102 -0.0048 -0.0059 

st_IN -0.0079 0.1331 - -0.0031 -0.0030 -0.0108 

st_IA -0.0029 0.0554 0.0132 -0.0058 -0.0046 0.0185 

st_KS -0.1312 -0.0421 0.0045 0.0946 -0.0048 -0.0142 

st_MI -0.1620 0.1904 0.0004 -0.1218 -0.0046 0.0035 

st_MN -0.0490 0.0333 0.0001 -0.0387 -0.0063 -0.0031 

st_MO -0.2793 -0.0488 - 0.1921 -0.0020 -0.0115 

st_NE -0.0367 0.0990 -0.0009 0.0611 -0.0028 -0.0167 

st_OH -0.0970 0.0708 - -0.0687 - 0.0168 

st_WI -0.1821 -0.0060 -0.0003 0.1189 -0.0043 -0.0046 

q_corn 1.54e-6 8.24e-7 -4.38e-9 -1.16e-6 1.82e-8 4.90e-8 

q_soybean 1.64e-5 1.76e-6 8.72e-8 -7.90e-6 -1.86e-7 1.67e-7 

q_wheat 3.49e-5 2.18e-6 3.17e-8 -7.99e-6 -3.22e-7 -2.83e-7 

q_cattle -2.72e-5 7.50e-5 -6.36e-7 0.0002 2.50e-6 6.82e-6 

q_hog 2.45e-6 -3.41e-6 -1.21e-7 2.49e-6 2.48e-7 4.53e-6 
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Table 4.8A Results for Probit Models with Unobserved Heterogeneity in Midwest 

 Dependent Variables 

Coefficient GC GM GP LC LM LP 

Age -0.0002 -0.0146** -0.0017 -0.0060** -0.0103** -0.0095** 

Sex 0.6327** 0.5083** - 0.5252** - 0.2714 

Edu -0.0516** 0.1049** 0.1124 -0.1166** 0.1090** -0.0135 

Nfamily -0.0344** -0.0468** 0.0320 0.0615** 0.0278 0.0578** 

Acre -0.5887** -0.5120** -0.0986 3.2035** 0.3227** -2.3913** 

Income -0.0023 -0.0006 -0.0022 0.0014 -0.0013 -0.0121** 

Offfarm -0.0088* 0.0078** 0.0074 -0.0102** -0.0115 -0.0454** 

Asset -0.0001 -0.0001 0.0001 0.0005** 0.002 -0.0002 

st_IL 0.4593** 0.3097** 1.9739** -0.2792** -0.0585 -0.1521 

st_IN 0.3806** 0.4999** - -0.0082 0.0362 -0.4037* 

st_IA 0.5084** 0.2291** 1.9620** -0.0152 -0.0474 0.3605** 

st_KS -0.1827 -0.2089* -1.2475 0.2413** -0.0657 -0.4569** 

st_MI -0.2394 0.6594** 0.8487 -0.3083** -0.0493 0.0374 

st_MN 0.2990** 0.1424 0.8206* -0.0982 -0.1496 -0.0723 

st_MO -0.4445** -0.2469** - 0.5036** 0.0883 -0.5643** 

st_NE 0.2776** 0.3857** 0.5679 0.1544* 0.0455 -0.8927** 

st_OH -0.1052 0.2831** - -0.1735 - 0.3049 

st_WI -0.1378 -0.0271 0.6109 0.3052** -0.0420 -0.0966 

q_corn 0.0622** 0.0375** -0.0003 -0.0294** 0.0077 0.0088 

q_soybean 1.0481** 0.0802** 0.0686 -0.1001** -0.0802** 0.0576 

q_wheat 11.3696** 0.0993** 0.0856 -0.2017** -0.1103 -0.0735 

q_cattle -0.8795* -3.3445** -1.2518 3.7822* 1.0493** 1.8635** 

q_hog 0.0131 -0.1556** -0.2620 0.0628 0.1058 1.6912** 

Constant -1.2798** -1.5908** -6.4617** -0.4096** -2.7018** -1.7751** 

Sigma -0.4166 0.1168 -0.9972 0.0944 0.4950** -0.1612 

Pseudo R2 0.4279 0.2033 0.2105 0.1487 0.0669 0.3056 
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Table 4.8B: Marginal Effect for Probit Models with Unobserved Heterogeneity in Midwest 

 Dependent Variables 

Coefficient GC GM GP LC LM LP 

Age -3.70e-5 -0.0031 -3.61e-6 -0.0021 -0.0002 -0.0005 

Sex 0.1827 0.0269 - 0.3193 - 0.0782 

Edu -0.0102 0.0222 0.0002 -0.0397 0.0019 -0.0007 

Nfamily -0.0068 -0.0099 7.00e-5 0.0210 0.0005 0.0031 

Acre -0.1165 -0.1085 -0.0002 1.0908 0.0056 -0.1272 

Income -0.0005 -0.0001 -4.79e-6 0.0005 -2.20e-5 -0.0006 

Offfarm -0.0017 0.0016 1.62e-5 -0.0035 -0.0002 -0.0024 

Asset 1.00e-5 -5.00e-5 7.30e-8 0.0002 3.59e-6 -9.06e-6 

st_IL 0.0175 0.0317 2.17e-5 0.0367 0.0061 0.0158 

st_IN 0.0190 0.0286   - 0.0355 0.0052 0.0157 

st_IA 0.0216 0.0288 1.05e-5 0.0336 0.0060 0.0160 

st_KS 0.0274 0.0245 6.84e-6 0.0335 0.0056 0.0130 

st_MI 0.0080 0.0106 1.63e-5 0.0123 0.0021 0.0056 

st_MN 0.0292 0.0336 1.83e-5 0.0385 0.0070 0.0178 

st_MO 0.0295 0.0282 - 0.0354 0.0057 0.0152 

st_NE 0.0224 0.0279 1.00e-5 0.0295 0.0076 0.0137 

st_OH 0.0071 0.0099 - 0.0130 - 0.0060 

st_WI 0.0307 0.0269 7.38e-6 0.0304 0.0063 0.0155 

q_corn 0.0123 0.0079 -6.53e-7 -0.0100 0.0001 0.0005 

q_soybean 0.2074 0.0170 0.0002 -0.0678 -0.0014 0.0031 

q_wheat 2.2487 0.0210 0.0002 -0.0687 -0.0019 -0.0039 

q_cattle -0.1741 -0.7084 -0.0027 1.2878 0.0182 0.0991 

q_hog 0.0026 -0.0330 -0.0006 0.0214 0.0018 0.0899 
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Table 4.9A: Results for Standard Probit Model in South 

 Dependent Variables 

Coefficient GC GM LC LP IC IM 

Age -0.0030 -0.0104** 0.0066** -0.0063* -0.0043** -0.0055** 

Sex 0.4692** 0.7163** 0.4046** -0.2172* 0.3326** 0.6467** 

Edu -0.0067 0.0089 -0.1247** -0.0247 -0.0556** -0.0104 

Nfamily -0.0004 -0.0432 0.0342** 0.0416 -0.0179 -0.0239 

Acre -0.1230 0.2160* 0.1750 -1.351* -0.1780 -0.4320 

Income -0.0021 -0.0034** -0.0023** -0.0133** -0.0084** -0.0016 

Offfarm -0.0233** 0.0007 -0.0046 -0.0010 -0.0183** -0.0086 

Asset -0.0003* -0.0001 0.0001 -0.0003 -0.0007** -0.0002 

st_AR 0.0180 0.1789** 0.0465 0.5558** -0.3773** -0.5580** 

st_GA 0.1424* -0.5922** 0.0067 0.1616 -0.0786 0.1683** 

st_NC 0.5225** -0.0090 -0.2762** 0.6094** 0.3239** 0.1249* 

st_TX -0.2909** -0.6808** 0.1353** -0.3793** 0.1161* -0.1479* 

q_corn 0.6060** 0.0906** 0.0311** -0.0236 0.0434** 0.0335** 

q_soybean 0.7760** 0.1000** -0.2460** -0.1150* 0.0237 -0.0418* 

q_wheat 3.6760** 0.1430** 0.0284 0.1660** -0.0656 -0.0355 

q_cotton 0.0052** 0.0025** -0.0093** -0.0037 0.0200** 0.0128** 

q_peanut 0.0012* 0.0009 -0.0013* -0.0015 0.0056** 0.0224** 

q_tobacco 4.2560** -0.6910 0.0869 -1.9130 16.346** 8.8840** 

q_cattle -4.2800* -18.721** 118.12** 2.0030 -4.4400* -8.9280** 

q_hog -0.1340** -0.0538 0.0826** 1.7750** -0.3350** -2.7000** 

q_broiler -0.0086** 0.0127** -0.0013* 0.1380** -0.0132** -0.0136** 

Constant -1.8881** -2.2597** -0.5468** -1.8164** -1.6336** -2/0403** 

Pseudo R2 0.5338 0.2999 0.2671 0.8080 0.3746 0.4026 
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Table 4.9B: Marginal Effects for Standard Probit Model in South 

 
Dependent Variables 

Coefficient GC GM LC LP IC IM 

Age -0.0009 -0.0003 0.0022 -0.0013 -0.0006 -.0006 

Sex 0.1266 0.0121 0.1455 -0.0507 0.0361 0.0415 

Edu -0.0021 0.0003 -0.0410 -0.0052 -0.0075 -0.0011 

Nfamily -0.0001 -0.0014 0.0112 0.0088 -0.0024 -0.0024 

Acre -3.91e-6 6.88e-7 5.77e-6 -2.85e-5 -2.40e-6 -4.39e-6 

Income -6.76e-8 1.10e-8 -7.56e-8 -2.81e-7 -1.14e-7 -1.62e-8 

Offfarm -7.38e-8 2.16e-9 -1.52e-7 2.14e-8 -2.47-e7 -8.73e-8 

Asset -1.06e-8 -4.43e-10 4.51e-9 -6.29e-9 -9.46e-9 -1.62e-9 

st_AR 0.0057 0.0067 0.0151 0.1445 -0.0414 -0.0406 

st_GA 0.0467 -0.0121 0.0022 0.0364 -0.0102 0.0190 

st_NC 0.1833 -0.0003 -0.0959 0.1599 0.0516 0.0137 

st_TX -0.0864 -0.0146 0.0433 -0.0698 0.0165 -0.0140 

q_corn 1.92e-5 2.89e-7 1.02e-6 -4.97e-7 5.85e-7 3.40e-7 

q_soybean 2.46e-5 3.20e-7 -8.10e-6 -2.42e-6 3.19e-7 -4.25e-7 

q_wheat 0.0001 4.57e-7 9.33e-7 3.50e-6 -8.85e-7 -3.61e-7 

q_cotton 1.67e-7 7.98e-9 -3.05e-7 -7.77e-8 2.70e-7 1.30e-7 

q_peanut 3.87e-8 2.85e-9 -4.30e-8 -3.13e-8 7.56e-8 2.28e-7 

q_tobacco 0.0001 -2.21e-6 2.86e-6 -4.03e-5 0.0002 9.03e-5 

q_cattle 0.0001 -5.98e-5 0.0039 4.22e-5 -5.97e-5 -9.07e-5 

q_hog -4.25e-6 -1.72e-7 2.27e-6 3.74e-5 -4.52e-6 -2.74e-6 

q_broiler -2.17e-7 -4.07e-8 -4.13e-8 2.91e-6 -1.78e-7 -1.38e-7 
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Table 4.10A: Results for Probit Models with Unobserved Heterogeneity in South 

 Dependent Variables 

Coefficient GC GM LC LP IC IM 

Age -0.0008 -0.0104** 0.0064** -0.0004 -0.0043** -0.0055** 

Sex 0.4343** 0.7330** 0.3866** -0.2063* 0.3343** 0.6223** 

Edu 0.0173 0.0094 -0.1273** -0.0257 -0.0562** -0.0104 

Nfamily -0.0126 -0.0428 0.0417** 0.0385 -0.0178 -0.0233 

Acre -0.0945 0.2158** 0.3896 -1.8016 -0.1779* -0.2805 

Income -0.0115** -0.0035** -0.0021* -0.0355* -0.0085** 0.0004 

Offfarm -0.0179** 0.0007 -0.0050* -0.0027** -0.0185** -0.0096 

Asset -0.0015** -0.0001 0.0001 -0.0013* -0.0007** -0.0003 

st_AR -0.4415** 0.1797** 0.0370 0.5061** -0.3808** -0.5133** 

st_GA 0.2726** -0.5948** -0.0010 0.2252 -0.0780 0.1741** 

st_NC 0.3323** -0.0083 -0.2715** 0.5226 0.3256** -0.0005 

st_TX -0.0833 -0.6835** 0.1097 -0.1189 0.1172* -0.1810** 

q_corn 1.2289** 0.0911** 0.0260** -0.0209 0.0435** 0.0263** 

q_soybean 10.6921** 0.1010** -0.2643** -0.0617 0.0241 -0.0480 

q_wheat 6.6167** 0.1436** 0.0911* 0.2109** -0.0660 -0.0668 

q_cotton 0.0054** 0.0025** -0.0095** -0.0060 0.0201** 0.0131** 

q_peanut 0.0020** 0.0009 -0.0014* 0.0003 0.0056** 0.0314** 

q_tobacco 2.1105 -0.6921 -0.5476 -0.5793 16.462** 14.0770** 

q_cattle -4.2440 -18.722** 135.80** 4.8713** -4.4476* -9.2930** 

q_hog 0.0097 -0.0540 0.0821** 4.2612** -0.3370** -0.3497** 

q_broiler -0.0028 0.0128** -0.0014** 0.1946** -0.0133** -0.0133** 

Constant -2.2497** -2.2897** -0.5405** -2.3764** -1.6409** -2.0198** 

Sigma 0.2903* 0.0963 -0.0009 -0.0132 0.1063 -0.0364 

Pseudo R2 0.6129 0.2999 0.2830 0.8385 0.3747 0.4206 
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Table 4.10B: Marginal Effects of Probit Models with Unobserved Heterogeneity in South 

 Dependent Variables 

Coefficient GC GM LC LP IC IM 

Age -5.24e-5 -0.0006 0.0020 -1.27e-5 -0.0006 -0.0005 

Sex 0.0718 0.0457 0.2841 0.0759 0.1495 0.0835 

Edu 0.0011 0.0006 0.0401 -0.0008 -0.0072 -0.0010 

Nfamily -0.0008 -0.0026 0.0131 0.0012 -0.0023 0.0022 

Acre -0.0060 0.0131 0.1228 -0.0548 -0.0228 -0.0264 

Income -0.0007 -0.0002 -0.0007 -0.0011 -0.0011 3.93e-5 

Offfarm -0.0011 4.21e-5 -0.0016 -8.31e-5 -0.0024 -0.0009 

Asset -0.0001 8.59e-6 1.19e-5 -4.01e-5 -0.0001 -2.72e-5 

st_AR 0.0138 0.0202 0.0342 0.0072 0.0272 0.0231 

st_GA 0.0172 0.0165 0.0399 0.0066 0.0258 0.0220 

st_NC 0.0172 0.0221 0.0466 0.0082 0.0290 0.0271 

st_TX 0.0253 0.0263 0.0482 0.0081 0.0389 0.0340 

q_corn 0.0781 0.0055 0.0082 -0.0006 0.0056 0.0025 

q_soybean 0.6796 0.0061 -0.0833 -0.0019 0.0031 -0.0045 

q_wheat 0.4206 0.0087 0.0287 0.0064 -0.0085 -0.0063 

q_cotton 0.0003 0.0002 -0.0030 -0.0002 0.0026 0.0012 

q_peanut 0.0001 5.42e-5 -0.0004 7.99e-6 0.0007 0.0030 

q_tobacco 0.1341 -0.0419 -0.1726 -0.0176 2.1119 1.3246 

q_cattle -0.2698 -1.1348 42.7999 0.1481 -0.5706 -0.8745 

q_hog 0.0006 -0.0033 0.0259 0.1296 0.0432 0.0329 

q_broiler -0.0002 0.0058 -0.0004 0.0059 -0.0017 0.0013 
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Table 4.11: Correlation Coefficient among Dependent Variables in Midwest 

 GC GM GP LC LM LP 

GC 1      

GM 0.3433** 1     

GP 0.0564** 0.0588** 1    

LC -0.0807** -0.1510** 0.0307** 1   

LM -0.0228** 0.0055 -0.0085 0.0527** 1  

LP -0.0360** 0.0211** 0.0027 -0.0705** 0.0023 1 

 
Table 4.12: Correlation Coefficient among the Residuals of Standard Probit Models in 
Midwest 

 GC GM GP LC LM LP 

GC 1      

GM 0.1050** 1     

GP 0.0080 0.0318** 1    

LC 0.0189 -0.0638** -0.0109 1   

LM -0.0362** 0.0093 -0.0049 0.0241** 1  

LP 0.0244** 0.0246 -0.0007 -0.0903** -0.0206* 1 

 
Table 4.13: Correlation Coefficient among the Residuals of Probit Models with Unobserved 
Heterogeneity in Midwest 

 GC GM GP LC LM LP 

GC 1      

GM 0.0685** 1     

GP 0.0080 0.0309** 1    

LC 0.0166 -0.0637** -0.0111 1   

LM -0.0353** 0.0095 -0.0056 0.0248** 1  

LP 0.0395** 0.0264** -0.0015 -0.0947** -0.0041** 1 
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Table 4.14: Correlation Coefficient among Dependent Variables in South 

 GC GM LC LP IC IM 

GC 1      

GM 0.3559** 1     

LC 0.1591** 0.1418** 1    

LP 0.1206** 0.0758** 0.0400** 1   

IC 0.3537** 0.1233** 0.1392** 0.1268** 1  

IM 0.2648** 0.1400** 0.1073** 0.1130** 0.4790** 1 

 

Table 4.15: Correlation Coefficient among the Residuals of Standard Probit Models in South 

 GC GM LC LP IC IM 

GC 1      

GM 0.0359** 1     

LC -0.0397** -0.0479** 1    

LP -0.0037 -0.0152 -0.0514** 1   

IC 0.1588** 0.0392** -0.0368** -0.0089 1  

IM 0.1187** 0.1016** -0.0209* 0.0700 01695** 1 

 

Table 4.16: Correlation Coefficient among the Residuals of Probit Models with Unobserved 
Heterogeneity in South 

 GC GM LC LP IC IM 

GC 1      

GM -0.1058** 1     

LC -0.0137 -0.0478** 1    

LP 0.0173 -0.0037 -0.0499** 1   

IC 0.1096** 0.0391** -0.0368** 0.0032 1  

IM 0.0973** 0.1036** -0.0181 0.0151 0.1379** 1 
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CHAPTER 5 

Conclusion 

 The main objective of this dissertation is to conduct a systematic analysis of the 

determinants of farmers’ choices to use individual or combinations of marketing 

arrangements in various farm enterprises (crops and livestock) and to measure farm-level 

economic benefits associated with having access to those marketing channels relative to 

having access to cash or spot markets alone. To achieve this goal, the dissertation has three 

main chapters to conduct economic analysis.  

First, I examine the determinants of farmers’ choices of marketing arrangements, which 

include different combinations of open market sales, marketing contracts and production 

contracts. Data for this analysis come from USDA’s 2004 Agricultural Resource 

Management Survey (ARMS). The results show some empirical support for the agency 

theory that have been recently proposed to explain the rising popularity of alternative 

marketing arrangements (AMAs). In addition to obtaining the results using a national sample, 

the empirical analysis is also repeated for each of the five agricultural regions in the US. 

Results from these regional models are consistent with those of the national model, 

indicating the robustness of our results. 

Second, I estimate a discrete choice random utility maximization model, in which I 

control for both the observed and unobserved choice characteristics, for multi-enterprise 

farmers’ joint decisions on which commodities to produce and which marketing channels to 

use to market their outputs. I then use the estimates to quantify the benefits to U.S. farmers 
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from having access to particular alternative marketing arrangements. I find that, applying the 

results to a national basis, the benefit of using production contracts to hog farmers is $740 

million and the benefits of using marketing contracts are $290 million, $127 million and $40 

million to corn, soybean and wheat farmers, respectively. Therefore, the results indicate that 

AMAs yield an economically significant amount of benefits to farmers who rely on them to 

market their outputs and regulating them away would yield substantial welfare loss to these 

farmers. 

Last but not least, I examine the complementarities and substitutabilities among 

different marketing arrangements in the Midwest and the South. I estimate a group of Probit 

models to examine the farmers’ decisions on whether or not to adopt a specific marketing 

strategy. Then, I apply the correlation coefficient method to the residuals of those Probit 

models. Besides observed farm/farmers’ characteristics, a term of unobserved heterogeneity 

is also included in the Probit models. The results show empirical evidence of the 

complementarities and substitutabilities among different marketing arrangements. 

Complementarities are found between the spot market and AMAs among and cross grains 

and industrial crops, and are found between the livestock production contracts and grain 

marketing arrangements. Substitutabilities are found in the livestock sector and are found 

between livestock and grain sector for the spot market and the marketing contract. 
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Appendix A – Regional Model Results 

Table A.1: Region 1 Marketing Arrange Frequencies 

   Marketing                                                            

 Arrangement         Description                          Frequency     Percent      

___________________________________________________________________________________ 

        C       Cash only                                      315       58.12          

        M       marketing contract only                          5        0.94         

        P       production contract only                        12        2.26          

       CM       cash and marketing contract combination        155       29.14          

       CP       cash and production contract combination        35        6.58          

       MP       marketing and production contracts combination   0        0.00          

      CMP       cash, marketing and production contracts        10        1.88  

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________        
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Table A.2: Region 1 Multinomial Logit Result 

Log likelihood = -216.09768                       Pseudo R2       =     0.3765 

Marketing    | 

Arrangement  |            CM                    CMP         

--------------------------------------------------------------------- 

             |    Coef.         z        Coef.        z 

-------------+------------------------------------------------------- 

          age|     .02        1.43       -.05      -1.35 

          sex|    1.61        1.35      -1.77      -1.37 

education |    -.07       -0.52       -.40      -0.93 

     nfamily |     .18        2.55        .24       1.75 

  totalacres |    4.30        1.77        .67       0.12 

      income |    1.01        1.63        .57       0.31 

     offfarm |  -63.40       -1.90      -6.00      -0.06 

       asset |    -.19       -0.32       1.08       0.48 

        bin0 |   -2.31       -4.48     -34.73      -0.00 

        bin1 |   -2.01       -1.92     -34.65      -0.00 

        bin2 |    2.26        6.07     -33.39      -0.00 

        bin3 |    1.83        4.18     -33.76      -0.00 

        bin4 |    1.49        2.51     -34.74      -0.00 

        bin5 |    1.73        3.62     -32.07      -0.00 

       _cons |   -3.95       -2.60       1.39       0.52 

-------------+------------------------------------------------------- 

 

Region 1 Bin Frequency:  

                         Description                 Frequency     Percent 

_________________________________________________________________________________                                

bin 0      none of 13 targeted commodities           160         30.08   

bin 1      cattle                                     30          5.64   

bin 2      cattle and milk                            66         12.41   

bin 3      cattle, milk and alfalfa                   36          6.77   

bin 4      cattle, milk and corn                      15          2.82   

bin 5      cattle, milk, corn and alfalfa             27          5.08   

____________________________________________________________________
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Table A.3: Region 2 Marketing Arrangement Frequencies  

Marketing Arrangement         Description                 Frequency     Percent      

___________________________________________________________________________________ 

        C       Cash only                                      4733       70.96          

        M       marketing contract only                         110        1.65         

        P       production contract only                         93        1.39          

       CM       cash and marketing contract combination        1326       19.88          

       CP       cash and production contract combination        290        4.35          

       MP       marketing and production contracts combination    7        0.10          

      CMP       cash, marketing and production contracts        111        1.66 

____________________________________________________________________          
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Table A.4: Region 2 Multinomial Logit Result 

Log likelihood = -5130.4032                       Pseudo R2       =     0.1409 

---------------------------------------------------------------------------------- 

Marketing    | 

Arrangement  |       M              P            CM            CP            CMP  
------------------------------------------------------------------------------------------------------- 

             |  Coef.   z     Coef.   z     Coef.   z     Coef.   z     Coef.    z -------

------+-------------------------------------------------------------------- 

         age |  -.03  -3.21   -.02  -2.47   -.02  -7.03   -.02  -3.48   -.02  -2.59 

         sex |  1.18   1.16    .38   0.62    .51   1.81   .003   0.01    .84   0.82 

education |   .11   1.03   -.18  -1.52    .21   6.06   -.01  -0.20    .41   4.12 

     nfamily |   .03   0.48    .06   0.98    .03   1.19    .09   2.44    .02   0.25 

  totalacres |  -.13  -0.16 -67.25  -7.82   1.08   6.07  -2.44  -3.19    .73   1.38 

      income |  -.33   -.76   -.86   -.25  -.000   -.01   -.06   -.33   -.06  -0.25 

     offfarm | 10.20   1.16 -30.60  -1.14  -3.40  -0.64 -15.40  -1.06 -57.80  -1.97 

       asset |   .82   2.51   3.38   7.30    .62   2.63   1.00   3.29    .90   2.94 

        bin0 |   .84   2.37  -1.22  -3.51  -1.73  -6.99  -3.04  -4.25 -39.16  -0.00 

        bin1 | -1.02  -1.69  -2.05  -3.92  -3.60  -8.34  -2.45  -5.39 -39.27  -0.00 

        bin2 | -1.05  -1.03  -2.11  -2.07  -2.58  -5.85  -1.80  -3.06 -39.07  -0.00 

        bin3 |  1.86   8.21  -1.99  -1.88    .65   7.99  -1.11  -4.52    .15   0.63 

        bin4 | -1.10  -1.08   -.53  -0.52    .30   2.18  -1.38  -3.02   -.59  -1.14 

        bin5 |   .89   1.81   -.11   -.11   1.29  10.49  -1.17  -2.29   -.57  -0.95 

       _cons | -4.38  -3.59   -.74   -.80  -1.44  -3.90  -1.34  -2.18  -4.24  -3.49 

-------------+-------------------------------------------------------------------- 

 

Region 2 Bin Frequency : 

                         Description                 Frequency     Percent 

_________________________________________________________________________________                                

bin 0      none of the 13 targeted commodities       446          6.69   

bin 1      cattle                                    684         10.25   

bin 2      cattle and alfalfa                        225          3.37   

bin 3      corn and soybean                         1072         16.07   

bin 4      corn, soybean, alfalfa and cattle         309          4.63   

bin 5      corn, soybean and wheat                   335          5.02   

____________________________________________________________________ 
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Table A.5: Region 3 Marketing Arrangement Frequencies  

Marketing Arrangement       Description                    Frequency     Percent      

___________________________________________________________________________________ 

        C       Cash only                                      3973       63.32          

        M       marketing contract only                         149        2.37         

        P       production contract only                        603        9.61          

       CM       cash and marketing contract combination         652       10.39          

       CP       cash and production contract combination        846       13.48          

       MP       marketing and production contracts combination    6        0.10          

      CMP       cash, marketing and production contracts         45        0.72  

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________        
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Table A.6: Region 3 Multinomial Logit Result 

Log likelihood = -3321.2516                       Pseudo R2       =     0.5190 

Marketing     | 

Arrangement   |          M              P              CM              CP     
-------------------------------------------------------------------------------------- 

            |  Coef.   z    Coef.   z    Coef.   z    Coef.   z 
--------------------------------------------------------------------------------------- 

         age |  -.002  -0.22   -.04  -6.53   -.03  -5.56   -.04  -7.36 

         sex |   -.26  -0.83   -.65  -2.76    .62   1.81    .10   0.36 

education |    .23   2.91   -.14  -1.97    .01   0.16   -.08  -1.39 

     nfamily |   -.03  -0.41    .09   1.53   .004   0.08    .11   2.28 

  totalacres |    .45   1.92 -52.95 -10.21    .21   1.24  -9.47  -8.42 

      income |   -.36  -0.97    .58   2.90    .31   2.80    .20   1.17 

     offfarm |   3.53   0.51 -14.10  -2.72 -56.00  -4.29 -57.30  -4.61 

       asset |    .65   1.91   2.47   5.08    .97   4.35   2.39   7.91 

        bin0 |   -.01  -0.05  -1.81 -10.23  -3.59 -11.37  -3.87  -9.27 

        bin1 | -31.41  -0.00   6.16   9.49 -31.49  -0.00   4.14   6.30 

        bin2 |  -3.72  -6.78  -4.55  -8.72  -3.35 -15.88  -1.49 -10.30 

        bin3 |  -1.26  -1.24 -32.13  -0.00   1.40   7.82  -2.19  -3.00 

        bin4 | -29.90  -0.00   2.99   4.79 -30.01  -0.00   6.39  11.49 

        bin5 | -30.87  -0.00  -2.89  -2.85  -2.71  -3.76   1.61   8.56 

       _cons |  -2.98  -4.38   2.47   4.62   -.20   -.05    .85   1.73 
-------------+--------------------------------------------------------------------- 
 

Region 3 Bin Frequency 

                         Description                 Frequency     Percent 

_________________________________________________________________________________ 

bin 0      none of the 13 targeted commodities      1066         16.99   

bin 1      broiler                                   429          6.84   

bin 2      cattle                                   1964         31.30   

bin 3      cattle and milk                           167          2.66   

bin 4      cattle and broiler                        437          6.97   

bin 5      cattle and hog                            168          2.68   

____________________________________________________________________ 
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Table A.7: Region 4 Marketing Arrangement Frequencies 

Marketing Arrangement         Description                  Frequency     Percent      

___________________________________________________________________________________ 

        C       Cash only                                       691       69.94          

        M       marketing contract only                          26        2.63        

        P       production contract only                          5        0.51          

       CM       cash and marketing contract combination         231       23.38          

       MP       cash and production contract combination         14        1.42          

       MP       marketing and production contracts combination    2        0.20          

      CMP       cash, marketing and production contracts         19        1.92 

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________        
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Table A.8: Region 4 Multinomial Logit Result 

Log likelihood = -639.51437                       Pseudo R2       =     0.1009 

---------------------------------------------------------------------------------- 

Marketing    | 

Arrangement  |         M             CM            CP 
--------------------------------------------------------------------------- 

             |   Coef.   z      Coef.   z     Coef.    z 
--------------------------------------------------------------------------- 

         age |   -.02  -0.97   -.02  -1.97    -.04  -1.26 

         sex |    .47   0.43    .95   1.52    -.65  -0.57 

education  |    .19   0.94    .19   2.32     .03   0.10 

     nfamily |   -.36  -1.81    .10   1.68     .04   0.21 

  totalacres |   -.07  -0.13    .04   0.61    -.97  -0.65 

      income |    .55   1.13    .57   2.20    2.74   0.32 

     offfarm |  15.80   1.21 -24.90  -1.31  -95.60  -0.93 

       asset |   -.37  -0.41  -.002  -0.02   -1.96  -0.74 

        bin0 |    .84   1.30  -1.34  -2.90  -35.76  -0.00 

        bin1 |  -1.45  -1.28   -.96  -3.12  -35.12  -0.00 

        bin2 |  -1.08  -0.99   -.44  -1.57  -35.29  -0.00 

        bin3 |   1.00   1.92    .13   0.60   -1.19  -1.49 

        bin4 | -34.23  -0.00   -.49  -1.48   -1.14  -1.04 

        bin5 | -34.04  -0.00    .79   3.05  -35.11  -0.00 

       _cons |  -2.35  -1.23  -1.89  -2.21    -.08  -0.04 

-------------+------------------------------------------------------- 
 

Region 4 Bin Frequency 

                         Description                 Frequency     Percent 

_________________________________________________________________________________                                

bin 0      none of the 13 targeted commodities        72          7.29   

bin 1      cattle                                    147         14.88   

bin 2      cattle and alfalfa                        118         11.94   

bin 3      wheat                                     198         20.04   

bin 4      cattle and wheat                           77          7.79   

bin 5      cattle, wheat and alfalfa                  95          9.62   

____________________________________________________________________ 
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Table A.9: Region 5 Marketing Arrangement Frequencies  

Marketing Arrangement        Description                   Frequency     Percent      

___________________________________________________________________________________ 

        C       Cash only                                      1522       65.97          

        M       marketing contract only                         299       12.96        

        P       production contract only                         27        1.17          

       CM       cash and marketing contract combination         433       18.77          

       CP       cash and production contract combination         22        0.95          

       MP       marketing and production contracts combination    1        0.04          

      CMP       cash, marketing and production contracts          3        0.13 

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________            
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Table A.10: Region 5 Multinomial Logit Result 

Log likelihood = -1749.1512                       Pseudo R2       =     0.2001 

---------------------------------------------------------------------------------- 

Marketing    | 

Arrangement  |         M              P            CM             CP 

--------------------------------------------------------------------------- 

             |   Coef.    z     Coef.   z     Coef.   z      Coef.    z  

--------------------------------------------------------------------------- 

         age |   -.01  -1.67   -.001  -0.04   -.02  -3.16    -.02  -0.99 

         sex |   1.40   4.14    -.24  -0.41    .67   2.35    -.64  -0.96 

education |   -.20  -3.21    -.12  -0.60   .003   0.05    -.01  -0.06 

     nfamily |    .01   0.19    -.02  -0.13    .02   0.34     .16   1.13 

  totalacres |  -1.04  -1.28  -21.17  -2.44   -.06  -0.23   -4.46  -1.49 

      income |   -.03  -0.26   -1.34  -1.28    .06   0.53    -.14  -0.23 

     offfarm |  -1.25  -0.26   -2,78  -0.13  -3.37  -0.55  -41.60  -0.75 

       asset |    .57   3.45     .85   3.16    .42   2.70     .10   0.11 

        bin0 |   1.00   3.86   -2.69  -5.77  -1.44  -8.65   -2.59  -4.48 

        bin1 |  -2.78  -3.72   -2.35  -3.57  -2.71  -8.34  -39.73  -0.00 

        bin2 |    .18   0.38  -40.32  -0.00   1.56   6.71  -40.35  -0.00 

        bin3 |  -1.84  -1.75  -40.74  -0.00   -.81  -2.33    .003   0.00 

        bin4 |  -2.02  -1.95  -39.41  -0.00  -2.35  -4.42  -39.45  -0.00 

        bin5 |  -1.49  -2.37  -38.70  -0.00   -.46  -2.21    -.70  -1.00 

       _cons |  -2.26  -3.57    -.88  -0.54    .14  -0.26   -1.02  -0.60 

-------------+------------------------------------------------------------- 
 

Region 5 Bin Frequency: 

                         Description                 Frequency     Percent 

_________________________________________________________________________________                                

bin 0      none of the 13 targeted commodities      1188         51.50   

bin 1      cattle                                    307         13.31   

bin 2      cattle and milk                           169          7.33   

bin 3      alfalfa                                    58          2.51   

bin 4      cattle and alfalfa                         74          3.21   

bin 5      wheat                                     180          7.80   

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 


