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Abstract
This paper aims to evaluate the potential impact of the 2008-2009 financial crisis on the economic
inequality among US farm households. To accomplish this objective, a multivariate regression
procedure and a decade-long pooled state-level cross sections of data from the Agricultural Resource Management Survey (ARMS) were used. Among the major findings is the inverse relationship between both income and wealth inequality and factors such as when the famer has a college
education or beyond, when the farm is owned partly or fully, and when the farm is located in the
Midwestern region. These findings underscore the importance, in terms of policy perspectives
aimed at lowering economic inequality, of investing in human capital and in maintaining a stable
agricultural economy.
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In 1933, and as a consequence of The Great Depression of 1929 that adversely impacted the economic
well-being of all Americans, farm households in particular seem to have suffered the worst in terms of economic
contraction as rural incomes were 40 percent lower than urban incomes [1]. Historically, and because of relevance to farm policy which has focused since the 1930s on stabilizing farm household income at levels that are
“equitable” compared to incomes of nonfarm households, most attention by economists has focused on farm income [2]-[7].
Consideration of the income generation capacity and wealth accumulation and of their size distributions, as
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has been noted by Mishra et al. [8]; among others, is important since both income and wealth affect the economic well-being of the farm households. While income provides the means of livelihood and growth in the
standard of living, wealth affects the production of agricultural goods and enables farm households to secure
credit, facilitate inter-generational transfer, and smooth consumption expenditures in times of temporary income
shortfalls [9]-[11]. A case in point of the importance of wealth, with its relevance to farm households’
well-being, is the study by Gittleman and Wolff [12] that points to a view among researchers and policymakers
that began to gain support since the late 1980s that US poverty policy could only be effective if a narrowing in
the gap between the asset rich and the asset poor is achieved. Policy analysts, farm investors, and lenders are
among those interested in monitoring and forecasting the economic well-being of the farm sector and farm
households based on both income and wealth measures.
The financial crisis of 2008-2009 has caused major adverse economic consequences in the US and across the
world economy [13] [14]. Since 2008, the weakening in commodity demand has led to increased unemployment
rates and reduced economic growth1. The purpose of this research is to evaluate the potential impact of this financial crisis on the economic inequality among US farm households. To accomplish this objective, a multivariate regression procedure and a decade-long pooled state-level cross sections of data from the Agricultural Resource Management Survey (ARMS) were used. In doing so, and in utilizing a regression-based decomposition
technique, this paper has allowed for the discernment of the role that certain demographic, economic, and locational factors, among others, play in impacting the inequality in income and wealth measures among US farm
households. In the case of farm household income where the dominant income source is from off-farm wages
and salaries, and since offered wages and hiring decisions are tied to the stock of knowledge of individuals
seeking employment and to the health of the local economy [16] [17], controlling for both demographic and
macro-economic factors when examining economic disparity becomes evident.
Figure 1 provides a cursory look at the extent of rising inequality over the time period considered by depicting the ratio of the income and wealth at the top 1 percentile levels of the income and wealth distributions of
farm households relative to their corresponding median levels. While the income and wealth levels at the top 1
percentiles of the distributions were at around 9 times their corresponding median levels in 2003, they were at
around 14 times the income and the wealth levels of the median farm household in 2012, with income exhibiting
an even larger spike in disparity than wealth just prior to the financial crash of 2008.
Understanding how much of total inequality in income and wealth is attributed to the factors considered will
inform the debate among policymakers and researchers alike, considering its relevance to taxation and social
welfare [18] [19] and on how inequality concerns among farm households could be mitigated. A case in point is
the role farm program payments play in increasing farm households’ income, this in addition to their capacity in
increasing households’ net worth as a result of the capitalization of payments into land values, and in increasing
savings and investments [20]-[22]. In carrying the analysis out on a state-level basis, this will provide information for policymakers who are considering targeting safety-net and regional development programs to the states
where the income and wealth gaps among poorer and richer households are the widest. A delineation of such
states is provided in Figure 2 which shows both median incomes and wealth of farm households in eighteen
states, primarily in the South, to be lower than both medians when measured across all of the lower forty-eight
states and over the decade-long timeframe considered in the analysis.

1. Literature Review
The literature on the disparity in the distributions of income and wealth and how to measure it, because of relevance to social welfare, continues to grow, not just in the US, but in many countries around the world. Aristei
and Perugini [23], for example, allowed for the use of country-specific parameters of inequality aversion from
26 European countries in order to account for the heterogeneity in social preferences in the design and assessment of redistributive policies. Allanson [24], El Benni and Finger [25], and Severini and Tantari [26], among
others, have utilized inequality-based approaches to assess the redistributive effect of agricultural policy in a
number of European countries. Gradin and Rossi [27] and Araar [28] utilized kernel densities and polarization
summary indices to examine, respectively, the changes in the shape of the distribution of income in Uruguay after
1

The financial crisis of 2008, also known as the “Great Recession”, lasted from December 2007 to June of 2009 and was the longest recession since the Great Depression of 1929 [15]. It is important to note that during the course of this financial crisis, the Food, Conservation,
and Energy Act of 2008, with its potential impact on the economic wellbeing of farm households in subsequent years, was signed into law.
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Figure 1. Ratio of the top 1 percent (P99) income and wealth levels to the corresponding
medians (P50) of farm households: 2003-2012.

Figure 2. Status of median income and wealth ($2012) of farm households by state relative
to corresponding national median levels: 2003-2012.
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the late eighties and in Canada between 1993 and 2005. Examples of yet other research with a broader economic
and statistical implementation of the concept of inequality as it relates to underlying theoretical and welfare-based
assumptions (e.g., savings, inheritance policies, labor heterogeneity, effects of population and economic growth,
human and nonhuman capital; quality of life, long run development of income and wealth distributions, etc.)
with references to the population at large are those by [29]-[38].
Reinsel [39], Larson and Carlin [40], and Ahearn et al. [41] were among the early researchers in the US to
have assessed the extent of disparity in the size distributions of income and/or wealth of farm households. Findeis and Reddy [42] have measured the inequality in the distribution of income for farm families, by region, using the 1995 Current Population Survey. Gould and Saupe [43] have assessed the disparity of a combined income and wealth measure for farmers using Wisconsin panel data. Weldon, Moss, and Erickson [44], and Mishra, Moss, and Erickson [11] examined the changes in United States’ farm wealth over a three-decade period
using both state-level and national-level data. Their findings point to the importance of factors such as farm income, government program payments, and income from off-farm employment in generating a more equitable
wealth distribution. Mishra, Moss, and Erickson [45] used an entropy-based measure along with multi-year farm
level data to examine the inequality in the distribution of farm wealth within-states and between-states in the US.
Findings from the study showed that the observed reduction in farm wealth inequality is attributed to increased
equality in the distribution of real estate assets of the farm households, which comprise the major component of
total farm wealth. Katchova [22] examined the inequality in the distributions of income and wealth using national datasets for farm and nonfarm households. Findings from the study showed nearly similar levels of income inequality among the two groups of households but a higher level of wealth disparity among non-farm
households. El-Osta et al. [46], Mishra, El-Osta, and Shaik [47], and Mishra, El-Osta, and Gillespie [48] have
extended the previous studies by exploring specifically the impact of government payments and off-farm work
on income inequality using national survey-based datasets. Other studies by El-Osta and Morehart [49] and by
El-Osta and Mishra [50] have examined using also national survey-based datasets the role of value judgments
concerning society’s level of aversion to wealth concentration and of farm subsidies on wealth dispersion among
farm households.

2. Data
The main data source for this research is the 2003-2012 ARMS. The ARMS, which has a complex stratified,
multi-frame design, is a national survey conducted annually by the National Agricultural Statistics Service
(NASS) and the Economic Research Service2. Each observation in the ARMS represents a number of similar
farms (e.g., based on land use, size of farm, etc.), the particular number being the survey expansion factor (or the
inverse of the probability of the surveyed farm being selected for surveying), and is referred to henceforth as
survey weight, or wi (i = 1, ∙∙∙, n, where n denotes sample size). In using these weights, the expanded population
of farm households in any of the years considered stands at around 2.1 million.
Because some of the states in some of the years were too small to allow for statistical precision of estimates
(i.e., 30 observations or less), eight states out of the forty-eight lower states were combined into one geographic
category; “other”3. Summary statistics of indicators of income and wealth inequality and of factors perceived to
impact these separate indicators are then computed over the 410 state/year observations.

3. Inequality Analysis
“Adjusted” Gini Coefficient
This method of measuring inequality was developed originally by Chen, Tsaur, and Rhai [51] and was further
developed by Berrebi and Silber [52]. Unlike in the case of the “standard” Gini coefficient, the “adjusted” Gini
coefficient (G*) corrects the problems associated with the presence of negative observations, which are prevalent
in the data that were used, by normalizing the distribution of Yin a manner so that the upper bound on the Gini
2

For more detail on the ARMS data, see
http://www.ers.usda.gov/data-products/arms-farm-financial-and-crop-production-practices/documentation.aspx. Also, for more detail on the
makeup of the income and wealth measures used in the analysis based on the ARMS, see
http://www.fao.org/docrep/015/am085e/am085e.pdf.
3
The states in the geographic category “Other” are Connecticut (CT), Delaware (DE), Maine (ME), Massachusetts (MA), Nevada (NV),
New Hampshire (NH), Rhode Island (RI), and Vermont (VT).
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coefficient is unity4. The “adjusted” Gini coefficient is computed on a national (except for Alaska and Hawaii)
and on a state-level basis over the 2003-2012 periods as:
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In this equation, and for each of the time periods, wi is the survey weight of the ith household in the state, n
and N are, respectively, the sample size and the expanded number of farm operator households in the state, si is
the corresponding weighted income share of the ith household in the state, Yi is the household’s total income (or
total wealth) in the state where Y1 ≤  ≤ Yn with some Yi< 0, and m is the size of the subset of the households
whose combined weighted income is zero with Y1 ≤  ≤ Ym . For computational purposes, m is determined where
the sum of incomes over the first m households is negative and the first m + 1 household is positive.
Prior to implementing the measurement of inequality, Yi is divided by the square root of household size in order to allow, without differentiation between adults and children, for certain level of economies of scale [54]
[55]5. The implication of this equivalised notion of Y is that a household’s economic requirements increase less
than proportionally with its size; e.g., the needs for a family of four persons are twice as great as those of a single person household [56].

4. What Drives Income and Wealth Inequality?
4.1. Theoretical Consideration
The choice of the variables in the regression models used to attend to this question was based primarily on the
human capital and the life-cycle theories due to their relevance to the size distribution of both income and
wealth6. The central thesis of the human capital-based theory is that investment in skill through formal education
and/or through experience acquired through on-the-job training is rewarded in the labor market, because of enhanced productivity of workers, through higher earnings. The most consistent literature on the relationship between human capital development and the potential for higher earnings dates back to the early work of Friedman
and Kuznets [58] and a few decades later, among others, to Mincer [59] [60], Becker and Chiswick [61],
Ben-Porath [62], Ritzen and Winkler [63], Becker [64]-[67], and Wilson [68]. As for the life-cycle theory as
originally developed by Modigliani and Brumberg [69] and as was later extended by Ando and Modigliani [70]
to allow for macroeconomic implications, its main focus is the delineation of the consumption and saving patterns of individuals over the course of their life-cycle which involves accumulation of assets in the early stages
of life and a dissaving behavior after retirement.
The need for incorporating human capital and life-cycle effects when examining the size distribution of farm
income and wealth is rooted in their potential impact on the income generation and wealth accumulation capacity by farmers. Studies by Schultz [71] [72] and Nelson and Phelps [73], among others, posited that education
may enhance farmer’s innovative ability thereby facilitating the diffusion of new technology, a premise that was
4

A zero value for the “standard” and the “adjusted” Gini coefficient suggests an equal distribution of income while a value of one indicates
perfect inequality. However, when some of the income values are negative, the “standard” Gini coefficient, unlike in the case of G∗, may
become overstated, and in some cases, it may exceed the upper bound of one. The possibility of the “standard” Gini coefficient exceeding 1
in the presence of large number of negative values was noted by, among others, Wolfson [53].
5
If Yi is divided by household size (S) instead of by the square root of S, this is the per-capita notion of Yi and it indicates the presence of no
economies of scale as the size of the household increases. This concept of Y assumes that a household of two members requires twice as
much in Y as a household with just one to be as equally well off. If Yi is not divided by household size (S) or by the square root of S, this is
the per-household notion of Y where economies of scale are assumed perfect, and where no adjustment according to the size of the household are made. This notion of Y assumes that a household with two, three, or even an infinite number of individuals can live equally well off
Y as of a single person household with no increase in Y.
6
The phrase “human capital” as it relates to a person’s own educational attainment was “coined” first by Theodore Schultz [57].
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later demonstrated by the pioneering work by Huffman who also explored the linkages between human capital,
race, and off-farm work decisions [74]-[78]7. Similarly, the importance of the stage in the life cycle of farmers to
production agriculture has been documented in many studies. For example, because older farmers have a shorter
planning horizon and are more averse to risk than young farmers, they tend to be less inclined to adopt new
technology or to purchase newer equipment [80]-[82] than their younger counterparts. As a result, the current
market value attached to the existing physical capital of older farmers tends to be lower than that of younger
farmers.

4.2. Empirical Estimation
The factors that may explain state-level inequality in income or wealth of farm households over the time period
considered (state = 1, ∙∙∙, 41; t = 1, ∙∙∙, 10) are identified by estimating a weighted least squares (WLS) regression
model. Since the values of GY∗ are between 0 and 1, fitting a linear probability model on GY∗ could result in
predictions outside the unit interval. To circumvent this, and to ensure that the standard assumption in linear regression requiring ε to have a non-truncated normal distribution is not violated, a logistic transformation of
GY∗ is used as depicted in Equation (2) [83] [84]8:

 G∗
IY = log  Y ∗
1 − GY

k

 = β 0 + ∑ β j x j + γ r + γ t + ε , Y = 1, 2
j =1


(2)

where Y (1 = income, 2 = wealth) is the pertinent economic measure, log is the natural logarithm operator, x is
socio-economic explanatory variable, γ r and γ t are respectively sets of regional and year dummy variables
that are used to control for certain region- and time-based omitted variables in the estimation of model parameters, and where individual subscripts s and t are suppressed for simplicity. Based on this transformation, the dependent variable I hence will be allowed to take any real value, rather than only those that are bounded by zero
and one. A positive estimated kth coefficient in (2) signifies a positive association between inequality and the kth
explanatory variable.
The model specification for both the income and wealth inequality models as described in (2) is generally the
same; the only exception pertains to the attempt by the paper to examine the potential impact of income inequality on the disparity in the distribution of wealth. Such a potential linkage was noted by Huggett [86] since part
of explained wealth inequality may reflect the fact that some individuals permanently have higher earnings
compared to others, and accordingly, these individuals will approach retirement with higher wealth levels resulting from lifecycle wealth accumulation. Similarly, a study by Wolff [87] asserts the role income inequality
plays in explaining wealth inequality.

5. Regression-Based Decomposition
The goodness-of-fit measure R2 that captures the explained variation in the regression models described in (2) is
decomposed into contributing components based on the Shapley [88] value approach [89]. Under this decomposition method, which is based on a technique used in cooperative game theory, R2 is thought of as the total value
of the game and the series of contributing components Xj, with j ∈ K =
{1, 2, , k} , as players. For the jth contributing component, the Shapley value (Sj) describes the average marginal contribution of this explanatory variable over all possible orderings towards R2 as described in [90]-[92]9:
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7

Innovative ability as described by Wozniak [79] is the proficiency to search for, collect, interpret, and evaluate efficiently any needed information in making pioneering decisions.
8
Another way to accomplish this is to use a generalized linear model (glm) with a logit or a probit link and the binomial family [85].
9
Sastre and Trannoy [93] and Chantreuil and Trannoy [94] used the Shapley value approach to decompose inequality indices of household
income by factor components.
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R2of the same model with the jth variable excluded. To the extent that there are several explanatory variables in
any particular regression model, the marginal effects would depend on the elimination order of these predictors,
which explains the arithmetic averaging of all possible elimination sequences (k!) as shown in (3).

6. Results
Figure 3 shows that the richest 1 percent of farm households between 2003 and 2012, notwithstanding the year
when the financial crisis had occurred, with a stronger economic gain as evident in their increasing median income and median wealth levels and in their higher shares of total income and total wealth. In the case of median
income and median wealth of the wealthiest 1 percent of farm households in 2003 and 2012, the extent of
growth in these indicators was nearly 75 percent and 90 percent, respectively. For those households in the bottom 99 percent of the economic ladder, the rise in the corresponding medians in 2003 and 2012 was much milder, about 24 percent and 44 percent, respectively.
Despite the general pattern of an increase in inequality in farm household income and wealth across the lower
48 states over the 2003 to 2012 period, such an increase is not uniform across all of the states. Figure 4 shows
many states where the income and wealth of farm households, based on estimated values of the “adjusted” Gini
coefficient, have become more equal in 2012 relative to their inequality status in 200310.
Table 1 provides a combined year-state summary statistics of the variables used in the income and wealth inequality regression models. Farmers in the sample were most likely to be white, in the “older than 50” age group,
and with “at least a high school or a college education”. The most likely livelihood strategy of a typical farm
household involved off-farm work only and without any dependence on farm subsidies11. Farms were most
likely to be organized as sole proprietorships and to be partly-owned.
The estimated coefficients reported in Table 2 of both the income and wealth inequality models [i.e., log
GY∗ 1 − GY∗ ], and because of the inclusion of regional- and time-specific dummy variables, indicate the expected effects of within-region changes in the respective explanatory variables12. By including these dummy variables in the regression models, the average differences across regions and time due to unobserved heterogeneity (e.g., entrepreneurial ability and/or level of sophistication of farmers; land quality, etc.) are thus purged away,
and what is left over are the within-region impacts. The amounts of explained variation in the income and wealth
inequality regression models were at 35.5 percent and 42.6 percent, respectively.
Regression results from the income inequality model, as depicted in (2), show a positive linkage between a
state’s inequality and factors such as a state’s share of larger sized-farms, increasing rates of unemployment, and
the years 2007, 2008, and 2012. The finding that an increase in the state’s average share of larger sized-farms,
those 8 percent of all farms with at least $250,000 in annual sales and that accounted in 2005 for about 63 percent of the total value of production [100], is directly related to an increase in the state’s income inequality is not
surprising. Larger farms tend to be more profitable, possibly due to their higher levels of technical efficiency
and their ability to make more intensive use of their labor and capital resources [101]-[103]. The result of a positive and statistically significant coefficient (p ≤ 0.10) of the quadratic term of the unemployment rate variable
when the coefficient of the unemployment variable itself was not significant indicates an increase in a state’s
income inequality but only at higher unemployment rates. This finding fits with the expectation, as was noted by
Amos and Ireland [104] that a higher unemployment rate would have a greater detrimental effect on those with
lower incomes and thus increases income inequality. For farm households where 90 percent of the total income
in recent years has come from off-farm sources [105], it can be seen how a slowdown in the general economy
with its potential adverse impact on employment could impact the incomes of those households who depend on

(

)

10

For example, Pennsylvania, in the case of income; and Maryland in the case of wealth, are the two states where inequality has dropped the
most. By the same token, four states are shown to have inequality in both income and wealth to have decreased in 2012 relative to 2003
(Maryland, New Mexico, Tennessee, West Virginia), this in addition to a group of states under the category “Other”).
11
Off-farm work by the farm operator household is assumed to have taken place if any member of the household has reported in the
2003-2012 ARMS to have received any off-farm wage/salary income and/or any income from an off-farm business. This assumption views
the farm household as an economic unit that shares consumption and allocates production at home and in the market [for more detail, see [95
Mincer and Polachek (1974)]. For more discussion on farm households’ livelihood strategies, see Mishra and El-Osta [96].
12
Regression diagnostics for both models showed that multicollinearity among the regressors was not a concern as all the variance inflation
factors of all of the variables were below the rule-of-thump threshold of 10 [97]. However, the assumption that that error terms of both models were homoscedastic could not be supported based on the results of Breusch-Pagan tests [chi-square values of 258.40 and 64.35, respectively (p < 0.001)]. To mitigate this problem, and to allow for consistently estimated model parameters, the white/Huber method of robust
variance estimation was used [98] [99].
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Figure 3. Shares and median levels of equivalised real farm household income and wealth ($2012) of the top 1 percent and
bottom 99 percent of farm households: 2003-2012.

employment earning, thereby increasing income inequality. Such an adverse impact on states’ income inequality
due to higher unemployment rates with its accompanying economic contraction is noted in the results where inequality in 2007, when the collapse in the US housing market occurred, and in 2008, the year of the Great Recession, exceeded its level in 2003.
The regression results identified a set of factors that are negatively associated with states’ income inequality.
Of the farm operator characteristics, such an inverse relationship occurs when a greater share of farm operators
in a state are white or have a college education. The results pertaining to the inverse linkage between education
and inequality is supported by Becker and Chiswick [61] and by Gregorio and Lee [106], among others, who
documented the important role that educational attainment plays in making income distribution more equal13.
Findings point to a similar potential negative association with income inequality when there is an increase in
the state’s share of farm households having a livelihood strategy that involved working off the farm only, or a
strategy that involved combining off-farm work with participation in farm programs. The potential for a reduction in income inequality due to working off the farm or receiving farm program payments concurs with findings
by Ahearn et al. [41], Findeis and Reddy [42], El-Osta et al. [46], and by Mishra et al. [47] based on the method
of Gini coefficient decomposition.
Of the farm characteristics, accelerating rise in per-acre capital expenditures, higher shares within a state of
sole proprietorships and of farms that are either partly-owned or fully-owned, and a farm location in either the
Midwestern or the Southern regions of the US are all factors that are inversely related with income inequality.
13

It is important to note that other studies [107] [108] based on different data and slightly different model specifications have found that an
increase in the mean level of schooling of the labor force has little or no statistically significant effect on income inequality. Yet a study by
Tinbergen [32] asserts that a reduction in income inequality is possible only if the expansion of education overtakes the expansion required
by technological development with its emphasis towards expanding the demand for labor possessing high skill and education levels.
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Source: calculations by authors from 2003-2012 ARMS (Version 1)

Figure 4. Percent change (2003 to 2012) of “adjusted” Gini coefficients of real equivalised total farm household income
and wealth by state.
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Table 1. Summary statistics of variables used in the equivalised income and wealth regression models: 2003-2012.
Variables

Mean

Standard deviation

∗
∗
log GIncome
(1 − GIncome
)

0.44

0.53

∗
∗
log GWealth
(1 − GWealth
)

0.10

0.29

Operator’s age: 35-49

0.22

0.07

Operator’s age: older than 50

0.73

0.08

Operator is white

0.92

0.08

Operator has a high school or some college education

0.66

0.07

Operator has college education or beyond

0.24

0.09

Household participates in farm programs only

0.12

0.08

Household participates in off-farm work only

0.48

0.17

Household participates in both farm programs and off-farm work

0.24

0.16

Income inequality1

0.60

0.10

Farm is organized as a sole proprietorship

0.92

0.05

Farm is partly-owned

0.64

0.11

Farm is fully-owned

0.30

0.10

Entropy index of farm commodity diversification

0.11

0.05

Farm has crop insurance coverage

0.15

0.14

Economic size of farm: at least $250,000 in annual farm sales

0.10

0.06

Capital expenditures ($1000) per operated acres

0.27

0.40

Farm is located in the Midwestern region

0.29

0.46

Farm is located in the South region

0.37

0.48

County unemployment rate (%)

6.59

2.41

Explanatory variables:

Sample size: 410
n

m

∑∑ xˆ

ij


Source: Author’s calcualation using 2003-2012 ARMS ( µ ==i 1 =j 1
where xi is the average of x in state n
n*m

∗
and year m). 1The income inequality variable GIncome
is only used in the wealth inequality regression model.

The positive yet insignificant coefficient of the linear term of the per-acre capital investment variable (e.g., investment in real estate, building new grain bins, expand use of pivot irrigation, etc.) and the highly significant
and negative coefficient of its squared term indicate an inverse relationship with income inequality and improved income distribution but only at high levels of capital utilization.
Findings from the wealth inequality regression model reveal a positive association between wealth inequality
as described in (2) and an increase in the state’s share of farm households having livelihood strategies of solely
participating in farm programs or in an off-farm employment. Such a direct association between higher shares of
farm program participation and wealth inequality can be explained by the fact that farms with a livelihood strategy of sole participation in farm programs are more likely to fall among those fewer yet the larger-sized with
more farm assets and that tend to produce most of the farm output and that tend to be also more reliant on farm
program payments. For example, data from the 2012 ARMS show that the 9 percent of farm households that

666

H. S. El-Osta, R. L. Durst

Table 2. Estimation results of the equivalised income and wealth inequality regression models: 2003-2012.
Income
Variables

β̂

Constant

Wealth
t-statistic

7.9451

***

β̂

4.56

3.0216

t-statistic
***

4.83

Operator’s age: 35-49

−1.2773

−1.12

−0.7748**

−1.98

Operator’s age: older than 50

−1.6947

−1.62

−0.9670

***

−2.86

−2.42

−0.4903

***

−2.67

−0.8864

Operator is white

**

Operator has a high school or some college education

−0.6060

−1.21

−0.3796

−1.35

Operator has college education or beyond

−0.9168

*

−1.79

−0.4997

−1.69

Household participates in farm programs only

−0.5085

−0.98

0.5438

*

Household participates in off-farm work only

−1.5253***

−3.90

0.6104***

2.74

−1.6431

−3.75

0.1030

0.49

Household participates in both farm programs and off-farm work
*

***

*

***

1.88

Income inequality, G

--

--

Farm is organized as a sole proprietorship

−2.1170***

−2.74

−0.6854**

−2.49

Farm is partly-owned

−1.3689

−3.28

0.7355

4.71

−2.26

−1.0139

***

Farm is fully-owned

−1.3475

*

−1.94

−1.1086

***

−3.43

Entropy index of farm commodity diversification

−0.9193

−0.90

−2.0660***

−3.73

Farm has crop insurance coverage

0.1783

0.34

−0.0125

−0.06

3.57

−0.1759

−0.53

Economic size of farm: at least $250,000 in annual farm sales

2.1651

**

***

Capital expenditures ($1000) per operated acres

0.0941

1.11

0.0160

0.55

Capital expenditures per operated acres, squared

−0.0011

−0.27

Farm is located in the Midwestern region

−0.2592

−2.74

−0.0001

**

−2.50

0.1083

**

Farm is located in the South region

−0.2227***

−3.09

−0.0160

County unemployment rate (%)

−0.0705

−1.45

***

County unemployment rate, squared

0.0046

*

Year: 2004

−0.0676

**

2.11
−0.43
−2.53

1.68

0.0030

*

1.96

0.0373

0.37

0.1164**

2.09

Year: 2005

−0.0651

−0.69

**

2.09

Year: 2006

0.0527

0.59

0.0210

0.38

Year: 2007

0.2385**

2.12

0.0536

1.04

**

2.27

0.0094

0.18

*

1.66

Year: 2008 (financial crisis)

0.2531

0.1162

Year: 2009

0.1301

1.12

0.1103

Year: 2010

−0.0602

−0.57

0.1507**

2.54

Year: 2011

0.0398

0.41

0.0794

1.35

Year: 2012

0.2217

*

1.67

0.0557

0.79

R-squared

0.3551

F-statistic: model

8.53

***

Source: Authors’ calculations. Notes: ***, ** and * are 1, 5 and 10 percent significance levels, respectively.
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participated only in farm programs disproportionately produced 24 percent of the total farm output with an average farm sales of $412,000, and received about one-third of all the farm program payments. The average
equivalised (i.e., after adjusting for family size) net worth of these larger-sized farms in 2012 was two times
their smaller-sized non-participating counterparts in the base-category with average farm sales of $138,000; at
$1.5 million compared to $0.7 million, respectively, with 80 percent of the total wealth farm related while the
remainder was non-farm related. The distribution of the farm component of total farm household equivalised net
worth was less concentrated than the distribution of the non-farm component as indicated by the respective values of “adjusted” Gini coefficients of 0.5697 and 0.773. Accordingly, the finding of an increase in the wealth
inequality due to an increase in the state’s share of farm households having a livelihood strategy of solely participating in farm programs is likely to originate from these households’ highly concentrated distribution of
nonfarm wealth.
In light of the fact that non-farm net worth comprises nearly 30 percent of total farm household net worth, the
finding of a likely increase in wealth inequality due to a an increase in the proportion of farm households who
only participate in off-farm work may be the result of this group being more likely to invest off the farm than all
other groups of farm households, including their non-participating counterparts, as was found by [8] [9] [109]14.
In addition, evidence from published research [49] shows that the distribution of nonfarm wealth to be more
unequal than the distribution of farm wealth, with the results pointing towards a 1 percent increase in the
non-farm component having the effect of raising the concentration in total household equity by 0.004 percent.
Other factors with a direct linkage to wealth inequality were those related to an increase in income inequality
among farm households, in the proportions of large farms in the state, when the location of the farm was in the
Midwestern region; this in addition to the years 2004 and 2005, prior to the financial crisis of 2008, and the
years 2009 and 2010. Such a direct linkage with wealth inequality was also found with increases in county unemployment rates, but only after an initial decline in inequality15. Among the factors with a positive association
with wealth inequality, the dominant factor, based on both the estimated coefficient and its accompanying
t-statistic, is income inequality. Similar findings were also obtained in an earlier study by Wolff [87] that examined the determinants of wealth inequality among households in the general population.
The regression results in Table 2 also identified a set of factors that are negatively associated with states’
wealth inequality. With regard to farm operator’s characteristics, such a negative association occurs as a result
of an increase in the shares of farmers aged “35 - 49” and “older than 50”, of farmers who are white, and of farmers with a college education and beyond. Findings with regard to a decrease in wealth inequality as farmers
grow older point to the role of the life-cycle in explaining wealth inequality and are in accordance with those by
[22] where wealth inequality, as measured by the Gini coefficient, by those operators aged “35” years or older
were found to be lower than their younger counterparts. Findings of a negative association between wealth inequality and an increase in the share of white farmers fit with the finding in the general economic literature that
points to the racial wealth divide that exists between white and black households [12].
Of the farm characteristics, and as in the case of the income inequality regression model, increase in the state’s
share of farms organized as sole proprietorships and of farms that have either part- or full-ownership of their
farmland are all factors that are inversely related with wealth inequality. Findings also show higher levels of enterprise diversification as measured by the entropy index—which is done by farmers as a way to manage financial risk and reduce income variability [112] [113]—to be associated with lower levels of wealth inequality16.
14

More recent data from the 2003-2012 ARMS show even a higher share for non-farm net worth in relation to total net worth by those
households with a livelihood strategy that includes participating only in off-farm work; with the share being at 39.1% in 2003 and then oscillating in value to reach its lowest value in 2008, the year of the financial crisis, 32.2%, and then reaching its highest value in 2013, at
nearly 44%.
15
The possibility that the income inequality variable in the wealth inequality regression model is endogenous was tested using a two-stage
instrumental variable procedure [110]. The first-stage’s partial R2 was 0.0688 and the robust F(1, 379)-statistic on the excluded instrument
used (total value of production) for the reduced form income inequality estimate was19.12 (p = 0.000). Both of these values indicate that the
excluded instrument was relevant and not weak. The null hypothesis that the income inequality variable is exogenous was examined based
on the implementation of a Durbin-Wu-Hausman test [111] with results indicating that such hypothesis could not be rejected [Robust score
χ2 (1) = 0.11; p = 0.7407].
16
The entropy index measures the extent of farm diversification among N possible enterprises and is computed as [114]:
 1 
log 

 ( x j )  , where x is the percent value of production from enterprise j. The index ranges from 0% (i.e., a completely
Entropyi = ∑ ( x j )
j
log ( N )
j =1
N

specialized farm producing only one commodity) to 100% (i.e., a completely diversified farm with equal shares of each commodity).
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Table 3 presents the results of the decomposition of the explained variation in the income and wealth inequality as measured by R2 using the Shapley value approach as described in Equation (3)17. The first and third columns in the Table show the contributions to the explained variation in absolute terms while the second and
fourth columns show the corresponding contributions in percent.
With regard to life-cycle and human-capital factors that provide the principal theoretical foundation of the
analysis, their combined contribution to the variation in income and wealth inequality was unexpectedly modest;
at about 8 percent and 7 percent, respectively. Of the age and education categories, the ones denoting an age of
“50 or older” and an education of a “college degree or beyond” appear to have the largest contribution to income
and wealth inequality. The race factor denoting the proportion of white operators explained about 5 percent of
the variation in income inequality and nearly twice this amount of the variation in wealth inequality.
Findings indicate significant differentials in the extent of explained variation attributed to the remaining control variables in the income and wealth inequality models. Of the variables denoting farm households’ livelihood
strategies, the leading category in the income inequality model was a strategy of a household participating in
“both farm programs and off-farm work”, while in the wealth inequality model it was when the household participates in “off-farm work only”, accounting for 4 percent and 6 percent of R2, respectively. In terms of farm
characteristics, the leading two variables in terms of their ability to explain the variation in income inequality
were those denoting whether the farm was organized as a sole proprietorship and whether the farm was in the
larger-sized farm group based on annual sales of at least $250,000, with shares of 16 percent and 14 percent of
the overall R2, respectively. Correspondingly, the two most important farm characteristic factors in the wealth
inequality model were the extent of on-farm diversification as measured by the entropy variable and whether the
farm was organized as a sole proprietorship, at 12 percent and 7 percent, respectively. The unemployment rate
variable, which was used as a proxy for the health of the local labor market [115], explained, when combined
with its squared level nearly the same amount of the variation in both the income and the wealth inequality
models, at about 6 percent. Regional- and temporal-dummy variables, whether considered in groups or in isolation, had a stronger impact on the explained variation of income inequality than on the explained variation of
wealth inequality. As a group, the regional dummy variables in the income inequality model contributed 16 percent of the overall R2 compared to the share of 8 percent in the wealth inequality model. Similarly, the yeardummy variables contributed a share of 10 percent of the total variation in income inequality compared to a
share of only 4 percent of the variation in wealth inequality. The “South” region and the year “2008” in which
the financial crisis had occurred both were the most influential contributors to the variation in income inequality
within their own groups; at about 11 percent and 3 percent, respectively. Perhaps the most notable finding in this
Table pertains to the significant role income inequality plays in explaining the variation in wealth inequality,
with a 21 percent share of the overall R2, which is the highest share among all others.

7. Summary and Conclusions
The paper has used a regression-based decomposition technique along with data from the 2003-2012 Agricultural Resource Management Survey to assess the extent that each of the factors considered in the analysis contributes towards explaining the state-level variation in income and wealth inequality.
Results from the estimation of the multivariate regression models and the ensuing decomposition of inequality
show considerable heterogeneity in the drivers of income and wealth inequality and of the factors that contribute
to their variation. With regard to attempts at capturing the drivers of income and wealth inequality, several
points emerge. First, economic size of farm seems to matter the most to the disparity in income as an increase in
the state’s proportion of farms with sales of $250,000 or more is found to have the largest single impact on the
state’s indicator of income inequality. Other contributing factors to income inequality were those related to
higher growth in a county’s unemployment rate and to the years 2007, 2008, and 2012. Second, a positive association is found between higher wealth-inequality and when farm households participate solely in farm programs
or in combination with off-farm employment. A similar pattern of positive association is found between wealth
inequality and factors such as income inequality, a higher growth rate in county’s unemployment, when the
farm’s location was in a Midwestern region, and when farming was in the years 2004, 2005, 2009, and 2010.In
terms of inequality decomposition, findings show the share of farms organized as sole proprietorships to be the
17

The decomposition of R2 based on the Shapley approach is done using the REGO module in STATA. This module is written and maintained by Frank Huettner and Marco Sunder, University of Leipzig (for detail, see http://www.uni-leipzig.de/~rego/)
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Table 3. Inequality decomposition of the equivalised income and wealth: 2003-2012.
Income

Wealth

Variables
Shapley value

Percent

Shapley value

Percent

Constant

0.0000

0.0000

0.0000

0.0000

Operator’s age: 35 - 49

0.0060

1.6946

0.0049

1.1880

Operator’s age: older than 50

0.0094

2.6450

0.0116

2.8182

Operator is white

0.0186

5.2449

0.0419

9.7900

Operator has a high school or some college education

0.0027

0.7664

0.0029

0.6440

Operator has college education or beyond

0.0099

2.7814

0.0089

2.0494

Household participates in farm programs only

0.0014

0.3981

0.0069

1.5996

Household participates in off-farm work only

0.0109

3.0611

0.0268

6.1667

Household participates in both farm programs and off-farm work

0.0155

4.3672

0.0097

2.1313

Income inequality, G*

--

--

0.0877

21.2616

Farm is organized as a sole proprietorship

0.0580

16.3438

0.0306

7.1089

Farm is partly-owned

0.0106

2.9923

0.0170

4.0421

Farm is fully-owned

0.0114

3.2224

0.0270

6.2878

Entropy index of farm commodity diversification

0.0112

3.1481

0.0522

12.0058

Farm has crop insurance coverage

0.0113

3.1707

0.0035

1.0343

Economic size of farm: at least $250,000 in annual farm sales

0.0510

14.3641

0.0024

0.8266

Capital expenditures ($1000) per operated acres

0.0140

3.9459

0.0112

2.5640

Capital expenditures per operated acres, squared

0.0024

0.6858

0.0008

0.1795

Farm is located in the Midwestern region

0.0183

5.1630

0.0220

4.6856

Farm is located in the South region

0.0376

10.5948

0.0159

3.7754

County unemployment rate (%)

0.0100

2.8218

0.0126

3.0554

County unemployment rate, squared

0.0100

2.8170

0.0111

2.6272

Year: 2004

0.0006

0.1734

0.0041

0.9523

Year: 2005

0.0053

1.4845

0.0039

0.8245

Year: 2006

0.0012

0.3480

0.0013

0.2968

Year: 2007

0.0061

1.7219

0.0017

0.3857

Year: 2008 (financial crisis)

0.0098

2.7491

0.0022

0.5159

Year: 2009

0.0020

0.5720

0.0008

0.2066

Year: 2010

0.0043

1.2209

0.0027

0.6135

Year: 2011

0.0007

0.1971

0.0006

0.1536

Year: 2012

0.0046

1.3048

0.0012

0.2097

Total

0.3551

100.00

0.4261

100.00

Source: Authors’ calculations using the REGO module in Stata.

670

H. S. El-Osta, R. L. Durst

most important contributor to the variation in income inequality. In comparison, income inequality is found to
contribute the most to the variation in the disparity of wealth.
Findings point to a common yet inverse relationship between both income and wealth inequality and factors
such as farm diversification, the share of farmers with college education or beyond, and the share of farms
owned partly or fully. These findings underscore the value, in terms of policy perspectives aimed at lowering
inequality in income and wealth, of investing in human capital and in maintaining a stable and well-diversified
agricultural economy. These actions, in turn, would help in buttressing, respectively, the earning potential of
farmers working on and off the farm and the value of farmland for landowners with their subsequent positive influence on households’ economic position. The fact that a similar inverse relationship was found between a livelihood strategy that involves participation by the farm household in off-farm work and income inequality, while
at the same time a positive impact was found by this factor on wealth inequality, demonstrates the complexity of
potential governmental policies that might be aimed at mitigating economic disparity. Specifically, while local,
state, or Federal policies aimed at enhancing job opportunities for farmers in the local labor markets are shown
to have an impact in reducing income inequality, these same policies can at the same time increase wealth inequality among farmers through their potential positive impact on the non-farm component of wealth by those
farmers who tend to own a bigger share of these types of assets in their wealth portfolios [116]. An important
finding relates to the insignificance of the role of crop insurance coverage on income and wealth inequality18. In
contrast, farm crop diversification, which is also used by farmers as one of the alternative tools to mitigate market and production risks in farming, was found to be inversely related to wealth inequality.
Like many of the standard income and wealth measures of inequality, the income measures presented in this
paper represent a before-tax measure of income. At the same time, it seems clear that an after-tax measure of
income may be a superior measure of well-being. The tax system, because of its progressive nature, tends to reduce overall income inequality. However, recent research has shown that changes in tax policy over the last
decade, including lower marginal tax rates, especially for income from capital, has tended to reduce this effect,
adding to the overall increase in income inequality during this period. Furthermore, farm operators tend to receive a larger share of their income in the form of capital gains than other taxpayers and farming also benefits
from a variety of special tax provisions. Future research could explore the magnitude and trend over the last
decade with regard to the effect of tax policy on income inequality for farm operator households and the effect
of taxes on income inequality relative to all US households.
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