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Abstract

Farm ownership in the United States has remained one of the last bastions

of the sole proprietorship. This study examines the econometric evidence that

this structure fails to meet the equilibrium with broader equity markets in the

United States. In particular, the study focuses on the potential division of

farm assets into operating assets and farmland. Finding that neither operating

assets nor farmland prices move in equilibrium with the broader stock market

index, the study turns to agency theory to explain the possible reasons for this

persistent disequilibrium.
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I hated all my toil in which I toil under the sun, seeing that I must leave

it to the man who will come after me, and who knows whether he will be

wise or a fool? Yet he will be master of all for which I toiled and used my

wisdom under the sun. This also is vanity. So I turned about and gave my

heart up to despair over all the toil of my labors under the sun, because

∗Thanks to the Farm Credit System for their support of this project.
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sometimes a person who has toiled with wisdom and knowledge and skill

must leave everything to be enjoyed by someone who did not toil for it.

(Ecclesiastes 2:18-21a, ESV)

1 Introduction

A popular folklore in rural communities is that farmers live poor and die rich. The core

behind this folk knowledge is that farmers borrow money to buy land and then spend

years paying off the farm loans. During this repayment period a significant portion

of the farmer’s operating income is used to pay the interest and principal on the debt

issued to pay for farmland. This gain in equity has historically been magnified by

increases in farmland prices. The mechanics of the live poor-die rich scenario hides a

more fundamental question that has not been addressed. Specifically, suppose that we

envision farming as the combination of two groups (or portfolios) of assets – operating

assets (i.e., tractors, combines, cotton harvesters, etc.) and real estate. Given this

decomposition, one question is whether there are gains or losses from one individual

holding both assets? Put slightly differently, could there be a market for farmland

owned by non-farmers who rent land to producers? We recognize that there currently

exists a significant amount of off-farm ownership of land. However, these owners are

largely retired farmers or heirs of deceased farmers who own land and rent it to the

sibling that remains in agriculture. Limited inroads have been made by investment

groups such as Prudential and Hancock. However, even when these outside interest

groups acquire farmland, they may continue to operate the asset through contracted

management. The other point is that an arbitrage action where the farmer sells

farmland to buy other assets (i.e., a stock portfolio) could improve the position of

both investors.
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2 Decomposing the Agricultural Asset Portfolio

As a starting point for our analysis, consider the rate of return on agricultural assets

used by Collins (1985) in the derivation of the optimal debt model

rAt = rPt + at (1)

where rAt is the rate of return on all agricultural assets at time t, rPt is the rate of

return to agricultural operations, and at is the appreciation rate for all agricultural

assets. Reversing the basic definition, we multiply by the level of agricultural assets

(At) to yield

RAt = RPt + atAt (2)

where RAt is the dollar return to agricultural assets, RPt is the dollar return to

operations (i.e., the revenues from farming minus the direct cost of production), and

atAt is the dollar value of the appreciation in agricultural assets. Next, we depart from

Collins’s basic formulation by suggesting that most of the appreciation to agricultural

assets accrues to farmland. The market value assets other than farmland typically

decline. We call this depreciation or capital consumption in the aggregate system of

accounts. Given this insight, we rewrite Equation 2 as

RAt = RPt −Kt + ãtLt (3)

where Kt is the level (or dollar value) of capital consumption, ãt is the rate of appre-

ciation for farmland, and Lt is the value of farmland owned by the firm. Given this

decomposition, we can redefine the rate of return to agricultural assets as
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rAt =
RAt

At

=

[
RPt −Kt

At − Lt

]
At − Lt

At

+

[
ãtLt

Lt

]
Lt

At

= rPt (1− st) + ãtst 3: st =
Lt

At

(4)

where st is the share of farmland in total assets.

Hence, the return on agricultural assets can be rewritten as a portfolio of operating

assets and farmland. Implicitly, this formulation assumes that the assets are owned

and operated by the same individual. To complete the concept of divided ownership,

we assume that the farmer pays the landowner for the use of the farmland. Specifically,

we assume that

rAt =

[
RPt −Kt − δrBtLt

At − Lt

]
(1− st) + (δrBt + ãt) st (5)

where δrBt is the effective interest rate used to determine the rental rate on land. In

general, we would assume that 0 ≤ δ ≤ 1. Specifically, the rate of return to holding

farmland and renting it to the farmer (rHt) is

rHt (δ) = δrBt + ãt. (6)

First, consider the equilibrium between the holding return on farmland in Equation

6 and simply holding the basic corporate bond. Intuitively, there must be an equilib-

rium level of δ that exactly compensates for additional risk from the capital gains to

farmland. In addition, we can rewrite the rate of return to operating assets as

rPt (δ) =
RPt −Kt − δrBtLt

At − Lt

. (7)

Regardless of the division, the overall rate of return to agricultural assets remains

unchanged
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rAt = rPt (δ) (1− st) + rHtst. (8)

The economic question is whether the farmer would be better off by adjusting his

portfolio (i.e., selling a portion of their farmland or purchasing additional acreage).

We will examine the potential gains to this transaction in two ways: examination of

the minimum variance portfolio that yields the same rate of return to assets using

portfolio analysis, and capital market models of risk.

3 Data

The rate of return to farm assets used in this study is constructed by merging the older

State-Level Farm Sector Income and Balance Sheet Estimates (old state panel) with

the fifteen individual Agricultural Resource Management Survey (ARMS). Appendix

A provides details on how these two data sets were joined.

Given the set of data available, we turn to the definitions of each return. In

general, we want to define the overall returns to agricultural assets as total revenue

less the direct cost of production including capital consumption. We do not want

to include costs of ownership. Hence, we do not deduct interest paid or payments

to non-operator landlords. Given this concept, we define the rate of return to farm

assets as

RAt = NCIt + It +NOLLt −Kt + ãtLt (9)

where NCIt is the net cash income, It is the interest paid, NOLLt is the payments

to non-operator landlords, and Kt is the level of capital consumption. Basically, both

datasets consider interest and payments to non-operator landlords as cash expenses.
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Hence, they are subtracted from revenues to produce net cash income. Next, we

segment the returns into returns to operation and returns land ownership

RPt = NCIt + It +NOLLt −Kt − δrtLt

RHt = (δrBt + ãt)Lt

. (10)

The question then becomes: What is the appropriate charge for farmland? Specif-

ically, what is the appropriate level of δ? Appendix Tabel B.1 presents the state-level

rate of return to agricultural operations and farmland for different levels of δ. Based

on these values, the riskiness (measured by the coefficient of variation) of each asset

is presented in Table 1. Based on these results, δ = 0.50 appears to be the most

likely charge for the use of farmland.

[Table 1 about here.]

4 Comparing Investments in Farmland and Oper-

ating Assets

Given the decomposition of the return in Equation 8, one question is whether the sale

of farmland to purchase more operating assets would improve the farmer’s risk/return

portfolio. Looking at the problem in a slightly different way, is the observed st opti-

mal? We will examine this question using two approaches. In the first approach we

examine whether the optimal portfolio is “close” to the observed portfolio (i.e., is the

efficient combination of operating assets and farmland derived from portfolio theory

approximately what we observe for each state). The second analysis asks whether the

assets are appropriately priced. In this section, we approach the problem in two ways.

First, we examine whether farm assets (operating assets, holding farmland, and total
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farm assets) are in equilibrium with the capital market. In the second application

we ask whether the operating assets and holding farmland are appropriately priced

when we only consider agricultural assets.

4.1 Portfolio Analysis

As a first step, we derive the optimal portfolio of operating assets and farmland by

minimizing variance subject to a given rate of return on assets. Specifically, we use

the analytical solution of the portfolio problem

min
x

1

2
x′Σx

s.t. x′r̄ ≥ µ

(11)

following the formulation presented in Moss (2010, pp.112-119). To analyze the port-

folio we solve for the share of operating assets and farmland for a specific state that

minimizes the risk given that the expected rate of return is greater than or equal to

the expected rate of return on all agricultural assets. Several aspects of the solution

can be compared with the observed data. Specifically, the optimal share of farmland

can be compared with the actual share of farmland from the data. In addition, we

can compare the level of risk for the optimal solution with the standard deviation of

returns observed in the data.

The solutions to the formulation in Equation 11 for each state are presented

in Table 2. In general the results are fairly comparable with the observed data

with three exceptions. Specifically, there are short-sales of operating assets in three

states – Indiana, Minnesota, and Wisconsin. The short-sale (or negative investment

in operating assets) suggests that the rate of return from holding farmland is far

higher than the operating return after adjusting for relative risk. This suggests that
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factors outside agriculture (i.e., urban pressure) dominate the land market in those

states. Apart from those three states, the largest discrepancy is for Georgia where

the portfolio analysis suggests that 67 percent of the asset portfolio is investment in

farmland compared with 75 percent of the actual assets being farmland.

[Table 2 about here.]

In addition, apart from the three states with negative investments in operating

assets, the standard deviation for the optimal portfolios is fairly close to the histori-

cally observed standard deviations. The largest discrepancy appears to be for Florida

whose portfolio standard deviation is about 5 percent smaller than the standard de-

viation from the historical data. Hence, assuming δ = 0.50 yields optimal portfolios

that match up with a division of ownership between operating assets and farmland

values.

4.2 Market Models of Risk and Return

In this section we examine whether the operating assets and farmland values are ap-

propriately priced using two different market models to account for relative risk. The

first market model is the Capital Asset Pricing Model (CAPM). The CAPM model

is used to analyze whether agricultural assets (operating assets, holding farmland,

and total returns to agricultural assets) are appropriately priced with respect to the

general return on equities. For this analysis we use the return on the Standard and

Poor’s 500 portfolio (henceforth the S & P portfolio). A second analysis then ana-

lyzes whether operating returns and holding farmland are priced appropriately with

respect to each other and the returns on agricultural assets in other states.
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4.2.1 Capital Asset Pricing Model

The market model for risk states that in equilibrium, the price of an investment will

compensate for its riskiness. The Capital Asset Pricing Model developed by Lintner

(1965), Mossin (1966), and Sharpe (1964) constructs a pricing equilibrium between

individual investments and a market rate of return

rit = rf + βi (rmt − rf ) (12)

where the individual investment’s βi measures the relative riskiness of asset i with

respect to the market return. This study uses Black’s approach to testing for this

equilibrium (Campbell et al., 1996, pp.196-203) to test for the market efficiency of

each set of returns (i.e., operating returns, holding returns, and total returns).

The first step is to estimate each asset’s β using ordinary least squares using the

simple linear model

rit = αi + βirmt + εt. (13)

This approach departs from other approaches by not specifying a risk-free rate of

return. The estimates for each return for the fifteen states in our sample are presented

in Appendix Table C.1. Given the vector of estimated βs we then estimate a market

return relationship. Specifically, if the Capital Asset Pricing Model holds, differences

in the average rates of return must be explained by their relative risk measured by

their market βs

r̄i = γ0 + γ1βi + νi. (14)

The returns are explained by the equilibrium if γ0 = 0, γ1 = 1, and the errors are
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uncorrelated.

After estimating the βs in Equation 13, we estimate γ1 as

γ̂∗ =

(
ι− β̂∗

)
Σ̂∗−1

(
r̄ − β̂∗r̄m

)
(
ι− β̂∗

)′
Σ̂∗−1

(
ι− β̂∗

) (15)

where ι is a conformable vector of ones (i.e., 15×1) and r̄m denotes the average return

on the market portfolio. We use our initial βs as initial estimates of β̂∗ and let Σ̂∗

equal the identity matrix. While it looks a little convoluted, Equation 15 is actually

a weighted least squares estimate of Equation 14. Next, given our current estimate

of γ̂∗, we can re-estimate β̂∗

β̂∗ =

T∑
i=1

(rt − γ̂∗ι) (rmt − γ̂∗)

T∑
t=1

(rmt − γ̂∗)2
(16)

where rt denotes the vector of returns on the assets we are analyzing in each year t

and rmt is the return on the market portfolio. Finally, the covariance matrix (Σ̂∗) can

be estimated as

Σ̂∗ =
1

T

T∑
t=1

(
rt − γ̂∗

(
ι− β̂∗

)
− β̂∗rmt

)(
rt − γ̂∗

(
ι− β̂∗

)
− β̂∗rmt

)′
(17)

In this application, we iterate on Equations 15 through 17 twice. The test statistic

for capital market efficiency is then

J = T
(

ln
∣∣∣Σ̂∗∣∣∣− ln

∣∣∣Σ̂∣∣∣) a∼ χ2
N−1 (18)

where Σ̂ is the variance matrix for the original regression residuals.

The estimated parameters for the Black CAPM formulation are presented in Table
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3. The ordinary least squares results impose no restrictions on Equation 13 while

iterated results impose the market clearing conditions on the estimates for Equation

13. The estimated γ∗ in Table 3 then imposes the theoretical restrictions on Equation

14. The first important result in Table 3 is that the restriction imposed values of β

are much different from the estimates with the theoretical restrictions imposed. In

fact, columns 8 and 10 of Table 3 indicate that several of the results switch signs

(hence, the tabular value of “a”). However, none of the values of β switch signs

for holding farmland. The largest negative discrepancy is for Iowa while the largest

positive discrepancy is for Wisconsin. However, the signs of the changes are somewhat

misleading as will be further discussed.

[Table 3 about here.]

Following this general pattern of differences between the ordinary least squares

and iterated βs, the test statistic for market equilibrium can be rejected for operating

returns and total returns, but the market equilibrium is not rejected for holding farm-

land. Specifically, the J statistic from Equation 18 is 7.7946 which is distributed

χ2
14. This value cannot be rejected at any conventional confidence level – hence,

we conclude that holding farmland meets the CAPM market equilibrium conditions.

However, certain aspects of the results for holding farmland suggest that this equi-

librium result is only technical. Specifically, nine of the states (California, Florida,

Illinois, Indiana, Iowa, Kansas, Minnesota, Nebraska, and Washington) have negative

βs. This implies that these returns are safer than the implicit Black risk-free portfolio.

Another result that supports this contention is the estimated value of γ∗ in Table 3.

In all likelihood, these βs are probably not statistically significant at any reasonable

level of confidence. In general, we would expect that the estimated value of γ∗ should

be close to 1.0. The fact that it is small for all the asset bundles considered suggests
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that the returns are extremely low risk with respect to the market index (i.e., the

return on the S & P portfolio). Thus, even though holding farmland appears to be

in CAPM equilibrium, the numerical estimates raise several questions.

4.2.2 Arbitrage Pricing Model

One of the factors driving the failure of the CAPM model in Section 3.2.1 is the

fact that the residuals from the ordinary least squares estimations are correlated

across assets. Specifically, the CAPM assumes that the market portfolio is sufficient

to explain the co-movements in returns (i.e., the correlation between returns after

accounting for the relationship with the market return should be low). However,

in our application, the S & P returns do not account for a significant amount of

the correlation between agricultural returns. One possible solution to this difficulty

is the Arbitrage Pricing Theorem developed by Ross (1976) as implemented in the

Arbitrage Pricing Model of Roll and Ross (1980). In this framework, we assume that

the market price is generated by the effect of a set of common factors

rit = λ0 + λ1F1t + λ2F2t + · · ·λkFkt + εit (19)

where the Fjt are the common factors and λj are constants. Several alternatives have

been suggested to estimate the common factors such as deriving the factors from

the covariance of the returns using confirmatory factor analysis and specifying the

common factors using macroeconomic variables (i.e., growth in money supply, growth

in gross domestic product, and changes in unemployment). In this analysis, we use

confirmatory factor analysis. As a starting point, assume that the variance matrix

for the returns can be expressed as a function of common factors
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Σ (θ,Θ) = θθ′ + Θ (20)

where θ is a k×N matrix of factors (where k is the number of common factors and N is

the number of assets in the analysis), and Θ is a diagonal matrix of idiosyncratic risk

for each asset return. The parameters can be estimated using maximum likelihood

based on the logarithm of the likelihood function

L = −T
2

(
ln |Σ (θ,Θ)|+ tr

(
SΣ (θ,Θ)−1

))
(21)

where tr (.) is the trace operator. Given these estimates, arbitrage equilibrium is then

tested using the specification

r̄i = λ0 + λ1θ1 + λ2θ2 + · · ·λkθk + ξi. (22)

For the returns to be in arbitrage equilibrium, the linear expression in Equation 22

must explain the variation in the average returns.

The estimated factor loadings form the variance matrix containing both the re-

turns to operations (RO) and the holding return for farmland (RH) presented in

Appendix Table D.1. Eight common factors explain 87.2 percent of the common

variation. Further, the hypothesis that more than eight factors are required to model

the common variation in returns can be rejected at the 0.10 level of significance.

However, eight factors to represent thirty returns seems a little excessive.

The ordinary least squares results for the specification in Equation 22 are pre-

sented in Table 4. To test for arbitrage equilibrium, we construct a Wald test of all

the factor loading equal to zero (but not the constant which is simply the risk-free

rate of return). The Wald test yields a result of 0.00013 which is distributed χ2
8.
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Obviously, the statistic cannot be rejected at any conventional confidence level, so we

conclude that the returns are in arbitrage equilibrium. As a secondary test for arbi-

trage equilibrium, we append a vector that is one if the investment is an investment

in farmland and zero if the investment is an investment in operating assets. These

secondary regressions are presented in the second column of Table 4. These results

indicate that investment in farmland is not a significant determinant of the rate of

return. Thus, the returns from holding farmland appear to be in risk/return equilib-

rium with the operating returns. This result is consistent with the portfolio results

in Section 3.1. Specifically, given the covariance matrix and expected returns from

the sample, the optimal portfolios mimic the actual portfolio of operating assets and

investment in farmland observed in the data. In the Arbitrage Pricing Model results,

the value of farmland does not form information that can be used to generate risk

free returns. If the coefficient on farmland in Table 4 was statistically significant and

positive, investors could make a risk free profit by selling operating assets short and

buying farmland. Similarly, if the coefficient on farmland in Table 4 were statistically

significant and negative, the investor could make a profit by shorting farmland value

and buying agricultural operations. Hence, we are left with the somewhat comfort-

ing implication that farm operating assets and holding farmland are in a risk/return

equilibrium.

[Table 4 about here.]

This is not to say that the Arbitrage Pricing Model results are completely con-

sistent with expectations. As stated earlier, there appears to be too many common

factors. Undoubtedly, some of these factors have to do with different types of agri-

culture. For example, the USDA has developed several typologies. Before 2000,

the Economic Research Service divided the country into ten regions - Northeastern
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States, Lake States, Northern Plains, Corn Belt, Appalachia, Southeastern States,

Delta States, Southern Plains, Mountain States, and Pacific States. More recently,

this state level segmentation has been replaced with regions such as the Northern

Crescent, Heartland, Northern Great Plains, Eastern Seaboard, Eastern Uplands,

Mississippi Portal, Prairie Gateway, Basin and Range, and the Fruitful Rim. These

divisions are intended to recognize that agriculture in the United States varies by

region. Different factors affect the returns and risk of the regions differently. From

this perspective, eight factors are less than ten, so eight factors may be acceptable.

An additional point of concern is that the risk-free rates of return for the portfolio

are relatively high (i.e., 0.156). While the average return to agricultural operations

for Arkansas (0.130), California (0.243), Florida (0.242), Georgia (0.121), and North

Carolina (0.210) are in this range, the other returns to operation and all the returns to

holding farmland are less than 1 standard deviation below the estimated risk-free rate

of return. Possibly, an iterated estimation process for the λs may provide additional

insights into the risk-free rate of return on all agricultural assets.

5 Empirical Model of Optimal Debt

The preceding section of this study focuses primarily on market-based arbitrage be-

tween assets. Basically, the question asked was whether it is efficient to hold both

farmland and operating assets. The results confirmed that both assets could be held

in an efficient portfolio. However, the results of the Capital Asset Pricing Equilibrium

Model rejected an equilibrium between the capital market and either operating assets

in agriculture or total assets in agriculture. In addition, while the Capital Asset Pric-

ing Model results did not reject the equilibrium between returns to holding farmland

and the capital market, the results contained anomalies. Specifically, the estimated
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βs appeared to be consistent with extremely low risk investments with returns less

than the implied risk-free asset.

The disequilibrium between the capital market and the return for agricultural

assets has interesting implications. Most importantly, additional equity enters the

sector only through retained earnings or securitized debt (i.e., mortgages or liens

against equipment or other assets). Another implication is that we are not in a

Modigliani and Miller (1958) world. The valuation of capital assets is dependent on

the individual’s source of capital.

To investigate the effect of risk on this capital market equilibrium in the sector, we

return to the debt-balancing model proposed by Collins (1985). Collins demonstrated

that the firm’s optimal debt traded the additional utility of expected income against

the disutility of additional risk – hence, the individual chooses the level of debt

that balances utility. Ramirez et al. (1997) provide a reparameterization of Collins’

formulation based on an optimal control formulation

δt = 1− (1− b)σ2
At

µAt −Kt

(23)

where δt is the optimal debt-to-asset position at time t, b is the relative risk aversion

coefficient, σ2
At is the variance of the rate of return on assets at time t, and µAt is the

expected rate of return on assets at time t.

While Equation 23 has been used in theoretical models to demonstrate how

various factors such as government policies (Featherstone et al., 1988) or different tax

rates on capital gains (Moss et al., 1989), empirical applications of the model have

been few. The major problem involves the estimation of a measure of variance that

changes either across time or across individuals. Moss et al. (1990) provided empirical

confirmation of the risk-balancing model using aggregate U.S. returns and modeling

16



the variance using an Autoregressive Conditional Heteroscedasticity formulation.

In this study, we take a slightly different approach. First estimate the return for

each state at each time period using a locally linear weighted regression formulation of

time, the real interest rate, the real return on the S & P portfolio and the growth in real

personal income. Then we square the residuals and fit another locally linear regression

of the squared residual from the first equation as a function of time. The argument is

that the estimated variance coefficient by state and year is measured with error, but

the measurement error should attenuate. Hence, the larger the measurement error,

the more likely the estimated coefficient on variance (or relative riskiness) should be

biased toward zero.

Given this formulation, we estimate a linearized form of Equation 23

δit = α0 + α1 (rAt −KTt) + α2σ̂
2
At (24)

where rAt is the rate of return to all agricultural assets, KTt is the cost of capital,

and σ̂2
At is the estimated variance of the rate of return on agricultural assets. In this

analysis we define KTt from the data by dividing the interest paid by the total level

of debt. Additional work is needed on this definition. Specifically, this computed

interest rate is more of an average interest rate than a marginal interest rate. As

interest rates change, farmers optimally adjust. If the interest rate is increasing, they

avoid refinancing old debt. However, as interest rates decline farmers may choose to

bundle old debt with new debt in order to reduce their interest rate.

Table 5 presents the results of estimating Equation 24 using a fixed effect esti-

mator across all fifteen states. Note that the fixed effects model removes the constant

(e.g., there is a single constant for each state). Overall, the F (2, 740) = 77.1533 which

can be rejected at any conventional level of significance. Hence, the risk balancing
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results are significant. In fact, we have empirical evidence that farmers respond to

changes in relative risk when selecting their debt levels. However, the R2 = 0.161, so

other factors are important.

[Table 5 about here.]

6 Theories of Firm Structure and Asset Owner-

ship

So what do each of these pieces add up to? Farm operating assets and farmland own-

ership appear to be in a risk/return equilibrium. However, both sets of agricultural

returns (and the return to all farm assets) are not in equilibrium with the overall

capital market (measured as the return to the S & P portfolio). In addition, the level

of debt is determined by the risk-balancing model. Taken together, the results add

up to a conclusion that most in agricultural finance hold as a truism – there is some-

thing unique about agriculture that separates agricultural financial markets from the

general equity market. Two potential sources of this separation are the institutional

arrangement of the farm firm and the possibility of excessive idiosyncratic risk.

It is interesting that neoclassical economics assumes so much about the behavior

of the firm without a rigorous model of the firm itself. In fact the firm in the context

of the sole-proprietorship is a fiction. The firm is the decision maker. Collins (1985)

implicitly makes this assumption by formulating the optimal debt as an expected

utility problem. In this section, we develop the firm first within the context of New

Institutional Economics and then within Agency Theory (Jensen and Meckling, 1976).

Each of these paradigms will put a slightly different spin on the question of whether

farmland ownership can be separated from the ownership of other agricultural assets.
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6.1 New Institutional Economics

Coases’s (1937) article ”The Nature of the Firm” is typically considered the corner-

stone of New Institutional Economics. Going back to Adam Smith’s (1982) original

manufacturer where one man cuts the wire, a second attaches a head, and a third

sharpens the end into a pin highlights the potential gains to labor specialization.

However, the question left unresolved is whether the three individuals could be inde-

pendent contractors or whether a single entity called a firm must employ the three

workers.

In this context, Coase develops a model where the boundaries of the firm are

determined by the tradeoff between transaction costs and diseconomies of scope.

Transaction costs are the costs of ascertaining the value of the intermediate product

used in the production process. For example, in the case of pin production, suppose

that the wire is cut and the head is attached by one firm who sells the intermedi-

ate product to another firm that sharpens the end and markets the product to the

consumer. The derived demand for the intermediate product is determined by the

final demand for that certain variety of pins (i.e., long pins) and the marginal cost of

sharpening the end of the pin. The transaction cost is the cost of determining this

intermediate value. The finishing firm may contend that the demand for long pins

is short this year; thus, he is only willing to pay the producer of the intermediate

product 3/4 of last year’s price. The transaction cost involves the cost of determining

if the claim is true.

The counter-force is the possibility of diseconomies of scope. Diseconomies of

scope involve the cost of managing an activity that is not part of the firm’s core

business. In the simple example, the assumption would be that the management of

cutting the wire and attaching the head was much different than sharpening the end
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and marketing the pin. Obviously in this simple example, this claim is far-fetched.

However, we can envision the scenario of tire manufacturers where the management

of petroleum production to produce rubber for manufacturing tires is much different

than the management of manufacturing. Hence, the firm would choose to buy their

inputs even given significant transaction costs.

The tradeoff between the two costs then produces different types of transaction

governance. If the transaction costs are low and the diseconomies of scope are high,

the input is acquired in a market transaction (i.e., market governance). If on the

other hand, the transaction costs are high and the diseconomies of scope are low, the

input is produced with the firm (i.e., governance by ownership). In the latter case,

the firm hires employees to cut the wire and add the head.

What does this theory have to do with farmland markets? The storyline is the

same, except instead of dealing with an intermediate form of the product we are

dealing with the market of an important input – farmland. We assume that the

market for farmland involves establishing the price of an extremely heterogeneous

factor of production. This heterogeneity increases the transaction cost for the market

for the input to the farmer (i.e., the service flow from farmland). The farmer must

choose between two forms of governance – rent the asset or own the asset. From the

farmer’s vantage point, the diseconomies of scope appear smaller than the transaction

cost associated with discerning the quality of the asset. This tips the structure toward

ownership even with the diseconomies of scope (i.e., living poor).

From the landowners perspective, the problem is similar. Each year the landlord

must specify the rental rate. However, his value is determined by expected yields,

input and output prices, and the abilities of the farmer. The transaction costs for

the landowner may be quite large. Of course, contracts have been developed to offset

some of the transaction costs. For example, share rental agreements may make the
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agreements incentive compatible.

Williamson (1975, 1985) provides a more rigorous formulation of the transaction

cost paradigm. In this formulation, transaction costs are functions of asset specificity,

frequency of transactions, and uncertainty. Asset specificity involves the uniqueness of

the investment to a particular transaction. In the Adam Smith example, we assumed

that the first stage produced a long wire for a particular finisher. That output was

not very specific. The producer could cut the end off the product and sell it to

a manufacturer making short pins (however the intermediate suppliers of short pins

may be more specific). The real-life example would be the scenario where a particular

tract of land required specific investment in equipment to farm. For example, assume

the land along the Mississippi River in Arkansas tends to be relatively wet. Hence,

farming it may require the purchase of track-equipment (i.e., Caterpillar Challenger

tractors). Once the farmer invests in this equipment, he has assets specific to that

relationship (or at least more costly equipment than required for other farmland).

The landlord could then use this asset specificity to increase his rent.

The frequency attribute relates to the number of times the contract is renegotiated.

As the number of renegotiations increases, each party has more opportunity to adjust

the terms of the contract. This enables the terms to evolve as more is known about

the economics of the relationship. For example, a lease that is renegotiated once every

five years has a higher transaction cost than leases that are renegotiated every year.

Finally, increases in uncertainty increase the transaction cost. Take for example

the introduction of a new cell phone with unique abilities. The final demand for this

product is highly uncertain, hence it is difficult to estimate the profitability of the

relationship. The cell phone may be a flop in which case the firms will take a loss on

their product specific investments.

Farmland fits particular aspects of the Williamson model. In some cases invest-
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ment in relationship specific assets may be relatively high. For example, cotton pickers

are more specific than combines. Alternatively, the specificity may be spatial in the

case where a farmer invests in a second set of some equipment because the leased

land is distant from his home operation. Secondly, rental arrangements occur fairly

frequently. This allows the farmer to get out of a lease agreement when he finds that

the land is difficult to farm. Alternatively, the landlord can search for other renters if

the farmer’s abilities do not match his farmland. In any case, the annual returns to

farmland tend to be fairly uncertain. High corn prices that accompanied the drought

of 2012 coupled with the increased demand for ethanol have given way to much lower

expected corn prices in more recent years with the stagnation in the demand for corn

used to produce ethanol.

6.2 Agent Models

Another set of models that explains the anomalies in behavior associated with dif-

ferent ownership forms is the Agent model proposed by Jensen and Meckling (1976).

Following the discussion of Moss (2013), we assume that a farmer owns all the farm

assets. The farmer does not necessarily maximize profit, but instead maximizes ex-

pected utility. In this case, the farmer takes some non-pecuniary benefits such as

home consumption (i.e., the farmer kills one steer per year for beef). However, the

farmer also has a labor/leisure choice for the last hour of labor (however, it is possi-

ble that many farmers actually find farming recreational). Within this context, the

farmer’s choices are optimal.

Next, we hypothesize that the farmer chooses to sell some of his assets and lease

them back. This transaction is the essence of diversifying the ownership of agricul-

tural assets. The farmer could sell farmland and retire debt. Any excess could be
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invested in other assets (i.e., stocks and bonds). However, the farmer now has less

of a commitment from operating income (e.g., at least the farmer does not make

principle payments). The question is whether this trade affects the level of economic

value created from farmland.

Following the Jensen and Meckling (1976) formulation, the answer is no. The total

level of assets did not change, but the income from the assets are now being shared

across two individuals. The total amount of income from the farm assets received by

the farmer has declined. This decline changes the marginal utility of effort because

the farmer receives only a fraction of the income from that effort. Naturally, the level

of effort the farmer will expend declines. Hence, the total return to agricultural assets

declines.

From an arbitrage perspective, this result suggests that owner/operators may be

willing to pay more for farmland than outside investors. Specifically, if the profits

from separated ownership are lower because of agency, outside investors will be willing

to pay less for farmland if they have the same opportunity cost of capital. However, if

the owner/operator’s only source of capital is debt capital, his cost of capital may be

endogenous. The more money the owner/operator borrows, the higher the financial

risk (Gabriel and Baker, 1980). Hence, the banks will charge a higher interest rate.

Therefore, there may be an equilibrium between the agency cost and the financial

risk.

7 Conclusions and Suggestions for Further Research

This study examines the ownership pattern for farmland based on the agricultural

folklore that farmers live poor and die rich. At first glance, the folklore would ap-

pear a statement of the farm philosophy. However, it points to a more fundamental
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financial question – why do farmers make forced savings payments (i.e., principle pay-

ments)? By selling assets and leasing them back, farmers could increase consumption

in the short term. Alternatively, investment in agriculture could be exchanged for

investment in stocks and bonds.

As a starting point, we analyzed whether the returns to agricultural operations and

holding farmland formed an efficient risk/return portfolio. Specifically, we found that

both farmland and operating assets would be held in an optimal portfolio. Next, we

concluded that neither operating assets nor holding farmland were in arbitrage equi-

librium with general stock market returns. Finally, our empirical evidence suggested

that operating assets are in arbitrage equilibrium with land ownership. Further, the

arbitrage equilibrium exists between the fifteen Agricultural Resource Management

Survey states. Taking these results together, we conclude that outside investors could

gain from diversifying into farmland. Returns from farmland are essentially risk-free

with respect to other financial investments. This implies that the cost of capital in-

side agriculture for the purpose of buying farmland is higher than can be explained

by relative risk in the rate of return to land ownership.

The risk/return analysis is not without weaknesses. First, the results for the Cap-

ital Asset Pricing Model are suspect because the market portfolio (e.g., the Standard

& Poor’s 500 index) does not account for all the common variability in agricultural

returns. Hence, there are reasons to suspect whether the S & P index provides an

appropriate measure of risk. Second, the estimated coefficients are small and some-

times negative in the case of farmland values. This result is consistent with less than

risk-free investment. While we accept the conjecture that the risk in investment in

farmland is small, one possibility is that by averaging across farms the sample sys-

temically understates the risk to either investment in operating farm assets or holding

farmland. Future research should investigate whether the original variability can be
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recovered from the sample. This recovery may be relatively straightforward for the

ARMS sample. However, given that the farm sample really does not exist in the older

data, it may be difficult to recover the disaggregated variability before 2003.

Recognizing the possible shortcomings of the risk/return models, we conclude

that farmers could gain from the “short-sale” of farmland to non-farm investors. A

plethora of reasons have been suggested for the unwillingness of farmers to undertake

such transactions. For example, some would suggest that the rural ethic puts a pre-

mium on owning the factors of production. Alternatively, there may be an inheritance

motivation – I inherited this land from my father and I want to pass it to my son.

However, in this study, we develop two different institutional models that suggest that

outside ownership may produce lower asset values. The New Institutional Economic

paradigm suggests that in some cases transaction costs are higher than diseconomies

of scope. Hence, the returns on assets are higher simply because it would be more

costly to establish an efficient rental price. Alternatively, the Agency Theory ap-

proach suggests that separating the ownership from the production activities reduces

the farmer’s incentives which reduces the return on assets. This reduction in the rate

of return would reduce the maximum bid that outside investors are willing to pay for

farmland. The Agency Theory effect may be offset if the opportunity cost of capital

for outside investors is significantly lower than the marginal cost of debt capital to

farmers.

Given these possibilities, can future research analyze the likelihood of each hy-

pothesis? One approach would be to compare regions where off-farm ownership or

rental arrangements are more frequent than areas with less off-farm ownership. One

possibility is that some crops reduce the transaction cost (i.e., returns per acre for

corn/soybean agriculture throughout the Corn Belt may be similar). Thus, either the

share of farmland leased or the lease rate could be regressed on the type of agricul-
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ture, the average return and the standard deviation of the return for the county, and

other factors such as the share of family-lease arrangements could be formulated to

test the transaction cost model. One test for the Agent Theory model would involve

regressing the return on agricultural assets as a function of the share of rented land.

Of course, this relationship needs to include other factors such as farm size (returns

to scale may be significant) and the age of the operator (many younger farmers rent

more farmland because they have more binding capital constraints).

Apart form these institutional models, other factors bias the farmer’s choice in

favor of farmland ownership. Specifically, ownership guarantees access. Farmland

changes operators infrequently. Any parcel of farmland may be available for purchase

by individuals outside the family once every second generation. In addition, partially

due to transaction costs, rental agreements may persist between landlords and farmers

for decades. Hence, the decision not to purchase a parcel of farmland may severely

reduce the farmer’s access to additional farmland for years. Hence, the decision to

pass up the opportunity to purchase farmland may be the reverse of the option value

for farmland analyzed by Moss et al. (2003). The challenge is forming an empirical

model so that institutional behavior could be separated from option pricing behavior.
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A Description of Data

To estimate empirical adjustment factors we start by creating a sample of logarithmic

difference ratios

zij = ln

[
xAij

xOij

]
(A.1)
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where xAij is the observation of characteristic j for state i in the 2003 ARMS sample

(i.e., xA11 is the value of total acres for Arkansas in the ARMS financial data for

2003) and xOij is the comparable value in the old state panel. Thus,z11 is the relative

logarithmic difference between the reported acreage in Arkansas reported between

the two samples. The complete dataset is presented in Table A.1. Also presented

in Table A.1 are the simple averages by state and by category. The data indicate

some variation between approximations. The average variation is relatively small for

California at 0.01056, but this average masks a range of ratios between 0.38432 for

acreage to -0.64035 for net cash income. To provide a more systematic adjustment,

we propose using the adjustment

[Table 6 about here.]

z̃ij (δ) = δz̄i + (1− δ) z̄j (A.2)

where δ is an estimated parameter, z̄i is the average logarithmic difference for a

particular state and z̄j is the average logarithmic difference for a particular category.

The optimal weight is selected by minimizing the average logarithmic difference

Z (δ) =
N∑
i=1

C∑
c=1

ωij (zij − z̃ij (δ))2 (A.3)

where ωij is a matrix of weights.

The final point in the process is then to assign a set of weights to each state/category

observation. It is clear that some portion of the weight should be determined by the

size of the state. However, as depicted in Table A.2 there are several potential mea-

sures of state size (e.g., number of farms, number of acres, total farm assets, and

sales). In this study we use a weighted weight defined as
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[Table 7 about here.]

ω̃i = a1ω
(1)
i + a2ω

(2)
i + a3ω

(3)
i + a4ω

(4)
i (A.4)

where the ai are personal weights assigned to each measure of size and ω
(k)
i is that

state’s share of attribute j. Table A.3 presents a similar weighting by attribute (ω̃j).

As indicated by the tabular values, we have placed more weight on assets and sales

at the state level, and total assets, debt, net cash income and farm real estate values

for the categories. The sample weight for the estimation of δ is then defined as

[Table 8 about here.]

ωij = ω̃iω̃j. (A.5)

These values are presented in Table A.4. Given this formulation, the level of δ that

minimizes the error of approximation is 0.7838. Hence, most of the weight is placed on

state effects. Given this estimated value δ, the state-level adjustments using Equation

A.2 are presented in Table A.5. With this adjustment factor, the new adjusted level

of each variable can be computed as

[Table 9 about here.]

[Table 10 about here.]

x̃Oij = exp (−z̃ij (δ∗))xAij (A.6)

where x̃Oij is the value of the old state panel computed from the ARMS data based

on the optimal weight δ∗.

30



The natural question is then: How good are these estimates? To develop a measure

of the goodness, consider the projected values for 2003. Table A.6 presents the 2003

data from the old state panel while Table A.7 presents the same data from ARMS.

Applying the adjustment in Equation A.6 to the ARMS data in Table A.7 yields the

estimated values in the old data set presented in Table A.8. To address the question

of how good the approximation is we define an error measure similar to that defined

in Equation A.1

[Table 11 about here.]

[Table 12 about here.]

[Table 13 about here.]

z̃
(e)
ij = ln

(
xOij

x̃Oij

)
. (A.7)

These values are presented in Table A.9. The averages of the geometric differences

(weighted by the individual probabilities presented in Tables A.2 and A.3 ) are

presented in Table A.10. Taking the anti-logarithm of each geometric average gives

an idea of the ”goodness” of each adjustment. The state level averages indicate a

fairly small error of adjustment for Georgia, Illinois, Indiana, Iowa, Kansas, Missouri,

Nebraska, and Texas. The adjustments for California, Florida, and Washington are

somewhat higher. The greatest diversion appears to be for Arkansas and Wisconsin.

As a rule, the error in all categories are small. The largest differences are for the

acres and capital consumption variables.

[Table 14 about here.]

[Table 15 about here.]
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[Table 16 about here.]
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[Table 17 about here.]

[Table 18 about here.]
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Table 4: Arbitrage Pricing Model Ordinary Least Squares Results
Basic Difference

Variable Model for Farmland
Constant 0.1563 0.1436

(0.0371) (0.0671)
Factor 1 -0.0776 -0.0938

(0.0346) (0.0795)
Factor 2 0.0373 0.0493

(0.0363) (0.0642)
Factor 3 -0.0804 -0.0672

(0.0329) (0.0672)
Factor 4 -0.0763 -0.0884

(0.0382) (0.0660)
Factor 5 -0.1262 -0.1230

(0.0363) (0.0388)
Factor 6 -0.1222 -0.1255

(0.0434) (0.0458)
Factor 7 -0.0293 -0.0270

(0.0495) (0.0505)
Factor 8 -0.0450 -0.0425

(0.0796) (0.0803)
Farmland 0.0266

(0.1176)
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Table 5: Results of the Optimal Debt Formulation
Parameter Estimate
α1 0.0873∗∗∗

(0.0216)a

α2 -9.4799∗∗∗

(0.7986)
a Numbers in parentheses denote.
standard errors. ∗∗∗ denotes
statistical significance at the
0.01 level of confidence.
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Table A.2: State Weights
State Farms Acres Assets Sales Aggregate Weight
Arkansas 0.0418 0.0256 0.0264 0.0319 0.0183
California 0.0691 0.0828 0.1553 0.2074 0.1100
Florida 0.0387 0.0146 0.0401 0.0480 0.0258
Georgia 0.0434 0.0212 0.0449 0.0246 0.0180
Illinois 0.0643 0.0590 0.0786 0.0765 0.0461
Indiana 0.0524 0.0314 0.0468 0.0387 0.0245
Iowa 0.0793 0.0696 0.0823 0.1101 0.0604
Kansas 0.0568 0.1101 0.0419 0.0580 0.0372
Minnesota 0.0705 0.0569 0.0773 0.0294 0.0276
Missouri 0.0934 0.0639 0.0644 0.0389 0.0298
Nebraska 0.0428 0.1333 0.0535 0.0891 0.0527
North Carolina 0.0471 0.0172 0.0370 0.0345 0.0203
Texas 0.2019 0.2606 0.1603 0.1230 0.0920
Washington 0.0312 0.0213 0.0321 0.0395 0.0218
Wisconsin 0.0674 0.0324 0.0590 0.0506 0.0310

Weight 1 2 5 5
Ration 0.0769 0.1538 0.3846 0.3846

40



Table A.3: Category Weight
Category Weight Share
Acres 1 0.03333
Total Assets 4 0.13333
Debt 4 0.13333
Gross Cash Expenses 2 0.06667
Gross Cash Receipts 2 0.06667
Interest 2 0.06667
Capital Consumption 2 0.06667
Net Cash Income 5 0.16667
Rents and Leases 2 0.06667
Property Tax 1 0.03333
Real Estate 5 0.16667
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Table A.10: Average Error of Adjustment
State Deviations Category Deivations

State Deviation Level Category Deviation Level
Arkansas 0.33912 1.40372 Acres 0.13798 1.14795
California 0.14947 1.16122 Total Assets 0.06885 1.07128
Florida 0.15965 1.17311 Debt -0.00432 0.99569
Georgia -0.06124 0.94060 Gross Cash Expenses 0.10711 1.11306
Illinois 0.00989 1.00994 Gross Cash Receipts 0.06175 1.06370
Indiana -0.07924 0.92382 Interest 0.00612 1.00614
Iowa -0.01042 0.98964 Capital Consumption 0.15961 1.17305
Kansas -0.00594 0.99408 Net Cash Income -0.05951 0.94222
Minnesota -0.18735 0.82915 Rents and Leases 0.07463 1.07749
Missouri -0.06033 0.94145 Property Tax 0.03140 1.03190
Nebraska 0.03281 1.03335 Real Estate 0.04768 1.04884
North Carolina -0.16756 0.84572
Texas -0.04540 0.95562
Washington 0.14403 1.15492
Wisconsin 0.34440 1.41114
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Table C.1: Capital Asset Pricing Model State-Level Results
S % P S & P S & P

State Constant Return Constant Return Constant Return
Arkansas 0.12653 0.12186 0.05462 0.04193 0.07445 0.06460

(0.01366)a (0.08085) (0.00843) (0.04986) (0.00783) (0.04637)
California 0.24225 0.04462 0.04812 -0.03604 0.08111 -0.02331

(0.01252) (0.07413) (0.00790) (0.04673) (0.00709) (0.04196)
Florida 0.23683 0.18874 0.05314 -0.01388 0.08638 0.02121

(0.02156) (0.12763) (0.00993) (0.05880) (0.00914) (0.05407)
Georgia 0.11620 0.19547 0.06031 0.02919 0.07893 0.07476

(0.01742) (0.10312) (0.01025) (0.06066) (0.00966) (0.05716)
Illinois 0.07501 0.00795 0.05411 -0.02564 0.06045 -0.02798

(0.01291) (0.07642) (0.01223) (0.07241) (0.01109) (0.06563)
Indiana 0.05219 -0.00880 0.05531 -0.02230 0.05645 -0.02410

(0.01194) (0.07069) (0.01132) (0.06699) (0.00996) (0.05895)
Iowa 0.09779 0.05439 0.05704 -0.01756 0.07056 -0.00240

(0.01183) (0.07001) (0.01455) (0.08609) (0.01193) (0.07061)
Kansas 0.07168 0.01869 0.04779 -0.02963 0.05572 -0.01768

(0.01211) (0.07166) (0.00972) (0.05752) (0.00837) (0.04954)
Minnesota 0.04292 0.01218 0.05722 -0.04358 0.05718 -0.02816

(0.01206) (0.07139) (0.01253) (0.07416) (0.00941) (0.05570)
Missouri 0.00958 0.03549 0.05424 0.02594 0.04503 0.02588

(0.01010) (0.05977) (0.01000) (0.05918) (0.00854) (0.05051)
Nebraska 0.09622 0.10382 0.05998 -0.09777 0.07252 -0.04267

(0.01150) (0.06808) (0.01205) (0.07134) (0.00976) (0.05775)
North Carolina 0.20454 0.19957 0.05512 0.00914 0.09657 0.06574

(0.02515) (0.14888) (0.00752) (0.04452) (0.00990) (0.05862)
Texas -0.00342 0.06168 0.04838 0.03012 0.04066 0.03554

(0.01509) (0.08928) (0.00800) (0.04737) (0.00693) (0.04104)
Washington 0.13197 0.04962 0.04917 -0.03870 0.07050 -0.01919

(0.01216) (0.07197) (0.00652) (0.03861) (0.00637) (0.03772)
Wisconsin 0.05334 0.04685 0.05868 0.00993 0.06041 0.02337

(0.00793) (0.04692) (0.00935) (0.05535) (0.00691) (0.04092)
a Numbers in parenthesis denote standard errors
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Table D.1: Estimated Factor Loadings
Common Factors

Return – State 1 2 3 4 5 6 7 8
RO – Arkansas 0.0719 0.9110 0.2625 0.0377 0.1417 -0.0614 0.0377 0.0485
RO – California 0.2408 0.7257 0.3454 -0.1611 0.1805 -0.1616 0.1598 -0.0573
RO – Florida -0.0582 0.8683 0.0073 -0.0087 0.2627 -0.1438 -0.0798 0.0109
RO – Geogia -0.0617 0.9380 0.2158 0.0390 0.0220 0.0132 -0.1080 -0.0061
RO – Illinois 0.2316 0.1523 0.9100 0.0433 0.2238 -0.0245 0.0260 0.0393
RO – Indiana 0.2176 0.2973 0.8204 -0.0684 0.3235 0.0377 -0.0082 0.1309
RO – Iowa 0.0435 0.3331 0.8876 0.1208 0.0691 -0.0289 -0.0982 -0.1367
RO – Kansas 0.1936 0.5546 0.7010 0.0988 0.1280 0.0324 -0.0286 0.0871
RO – Minnesota -0.0352 0.5715 0.3537 0.1174 0.5801 -0.0888 -0.1121 -0.0688
RO – Missouri 0.0838 0.4771 0.4894 0.0667 0.6816 0.0277 -0.0251 0.0358
RO – Nebraska 0.0846 0.4815 0.7937 -0.0516 -0.1560 -0.0706 -0.0592 -0.0958
RO – N. Carolina -0.0210 0.9050 0.2058 0.1350 -0.1457 0.0535 0.0564 0.0045
RO – Texas 0.1166 0.7882 0.3111 0.0925 0.2568 0.2926 0.0419 -0.0268
RO – Washington 0.2925 0.6988 0.4295 0.0062 0.0958 -0.0930 -0.1240 0.0296
RO – Wisconsin 0.0044 0.5373 0.4859 0.0444 0.6023 0.0084 -0.1005 0.0165
RH – Arkansas 0.6187 0.1381 0.0725 0.2239 0.1837 0.4993 0.2509 -0.0739
RH – California 0.4439 -0.0860 -0.2053 0.3708 -0.1450 0.1126 0.7598 0.0048
RH – Florida 0.3151 -0.1176 0.0273 0.7661 0.0132 -0.0050 0.2075 -0.0086
RH – Georgia 0.2588 0.1449 0.1307 0.8780 0.0894 0.1941 0.0178 -0.0426
RH – Illinois 0.9041 0.0281 0.2339 0.2446 -0.0820 -0.0905 0.0454 0.1475
RH – Indiana 0.9193 0.1482 0.1520 0.1263 -0.0615 0.0289 0.0179 0.1437
RH – Iowa 0.9537 0.0056 0.2325 0.0811 -0.0331 -0.0541 0.0250 -0.1276
RH – Kansas 0.9030 -0.0578 0.1470 0.0690 0.0837 0.0685 0.0733 -0.0111
RH – Minnesota 0.9072 0.0626 0.0441 0.1339 0.0086 0.1153 0.1386 -0.1556
RH – Missouri 0.8151 0.1722 0.0788 0.3778 0.0505 0.0963 -0.0058 0.0686
RH – Nebraska 0.9010 -0.1175 0.1859 0.0391 0.0653 -0.0735 0.0084 -0.0799
RH – N. Carolina 0.4959 0.2536 -0.0512 0.5620 0.0254 0.2252 -0.0003 0.1273
RH – Texas 0.2699 -0.2751 -0.0736 0.3527 -0.0928 0.6877 0.0268 0.0176
RH – Washington 0.6668 0.0370 -0.1312 0.0228 0.0771 0.2801 0.0944 0.1176
RH – Wisconsin 0.6991 0.2103 -0.0801 0.4306 -0.0522 0.2867 -0.0459 -0.0297

SS loadings 8.0110 6.8440 4.8630 2.5300 1.6890 1.1940 0.8260 0.2010
Proportion Var 0.267 0.228 0.162 0.084 0.056 0.04 0.028 0.007
Cumulative Var 0.267 0.495 0.657 0.742 0.798 0.838 0.865 0.872
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