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Gover nment Payments and Far mland Concentration

Michael J. Roberts and Nigel Key

Paper prepared for presentation at the Annual Meeting of the AAEA,
Long Beach, California, July 24-26, 2006.

Abstract. Over the last twenty five years commodity crop farms have steadllpettm number
and grown in average size, and production has shifted to larger operabomsg the same
period, the share of agricultural payments going to large farmsintaeased, in large part
because payments are tied to actual or historical crop producthoa.stlidy evaluates whether
payments from federal farm programs may have contributed toadiheentration of farmland.
Using zip code-level data constructed from the micro fileshef 1987-2002 Agriculture
Censuses the study estimates the association between govepemerdnts per acre and
subsequent growth in weighted median farmland area. A semi-@a@generalized additive
model controls for location and initial concentration levels, and narmmmnparisons to nearby
zip codes with similar average farm sizes. Findings indicatéy Wwah and without spatial
controls, that government payments are strongly associated witlegssos concentration
growth.

"Economic Research Service, U.S. Department of Agriculture. The vigrsssed are those of the
authors and do not necessarily correspond to the views or policies of ER&|bEt Department of
Agriculture. Direct correspondence to: Michael Robentsiberts@ers.usda.goi202) 694-5557.




1. Introduction
Over the last twenty five years the production of field crops ha®nbe increasingly
concentrated on larger farms, as measured by acres. Inpnagoam crop producing counties,
farms with 1,000 to 10,000 acres increased in number by 50 percent b&8v8eand 2002, and
the total farmland controlled by these large operations increasedimost 48 percerit. In
contrast, over this period farms with less than 1,000 acres dkaiineumber and amount of
farmland controlled. The increasing concentration of agriculprauction has resulted in an
increasing share of government payments going to large fartasedye1978 and 2002 the share
of all payments going to farms with between 1,000 and 10,000 acres increased by 46 percent
In recent years some have expressed concern that paymentsy usdaahtage large
operations. Some interest groups, politicians, and newspaper ¢slitoage argued that
government payments are a key factor contributing to the steadyhgin average farm size and
concentration of production (e.g., Becker, 2001; Nelson, 2002; Williams-Bedy¥ ook, 2000).
Concerns about the link between agricultural payments and farmgssreéh have helped
motivate congressional efforts to tighten payment caps on large-scale psodi8BA, 2003
Claims that government payments unfairly advantage large famengsually supported
with statistics that show the steady growth in farm sizetl@dtrong association between farm
size and payment levels. However, while government payments addcpon have both
become increasingly concentrated, this concurrence of trends doeprow& a causal
relationship between payments and farm size. The design of gam@rpnegrams that give rise
to payments are such that payment levels are tied to the amdantdbeing farmed or to the
production history of the land. Consequently, the association betwaeasmg concentration

of farm size and farm payments is caused, at least in pagtxganding farm size, which could

! The source and construction of the statisticslditehis paragraph are described in detail irthivel section.

% |n 2002, a Senate amendment to cap payments &tCkEY per farm was dropped in conference with thedd.
Efforts to limit payments continued in 2003, whée Grassley-Dorgan payment limits bill that would/é limited
annual farm subsidy payments to $250,000 ($500f00@ couple) was introduced (and later droppea)2005,
President Bush proposed payment caps legislatioitasiin scope to Grassley-Dorgan bill.



be driven by factors other than the distribution of government paymeatD@hald, Hoppe and
Banker, 2005).

To what extent are government agricultural programs and tksoceted payments
contributing to the concentration of production? Most studies that hamapaid to explain
changes in the size and survival of individual farms based on ar@stcs of the farm operator
or farm have not considered the role of government payments (Sunthkeeiay, 1987; Hallam,
1993; Zepeda, 1995; Weiss, 1999; Kimhi and Bollman, 1999). An exceptioncesra séudy by
Key and Roberts (2006) that found that the level of government paymenis significant
positive effect on the survival rate and duration of individual farm basgs. However, their
study, and more generally any study analyzing the effeqgiaywhents on the growth or survival
of individual farms, cannot predict the effects of an increase imeats on aggregate farm
structure (e.g. average farm size) because these studies eagcoant for the influence of
payments on farms entering production. In other words, these studidgestahow existing
farms respond to payments, but not how potential farmers respond.

Some past studies have estimated the effect of agricultuyahgpés on aggregate
measures of farm structure, including the national agricultural bptdyr rate (Shepard and
Collins, 1982), the total number of farms (Tweeten, 1993), and averagesitee (Huffman and
Evenson, 2001). While taking very different approaches, these studee¢réated government
payments as exogenous and have used current payments to explainiodrcairs of farm
structure. A problem with this approach is that it is diffitalattribute a causal mechanism to
an observed cross-sectional association between payments andoferemttation. To do so
requires confidence that factors other than agricultural paymiesitsaffect farm structure are
adequately controlled for. A particular concern is the greardgéneity of land and farms
across regions in the U.S. For example, if one finds lasgersfin areas with higher payments,
the association might be due to government programs targetingutar field crops that require

more land to be profitably farmed. Moreover, causation might go iroppesite direction:



larger farms might have higher rates of participation in govemnprograms and therefore
receive higher payment levels.

This study compares payment levels to subsequent percectapges in land
concentration at the zip code level. That is, we examine whetimeetrationgrowth rate is
higher in zip codes with higher historical payment levels relativeip codes with lower
payment levels. Even if programs happen to target farms enédrger due to the nature of the
crops they grow, there is no obvious reason to expect programs tbo fearge inclined to
subsequently grow faster over time. In other words, a correlatiorebetwayments and the
subsequent change in land concentration is unlikely to result from reverse gausalit

The study also uses a semi-parametric generalized additigtel o control for location
(using a two-dimensional non-parametrically estimated spatmface) and beginning
concentration levels (using one-dimensional non-parametric surfadeg. spatial regression
analysis narrows the comparisons to nearby locations thatkahg {0 be similar in many
respects besides payments, including land quality, climate, distano®arkets, etc. Local
variation in payment levels stem in part from a longer history asfigipation and planting
decisions, which likely varied depending on heterogeneous expectatibmmsicipation costs
of past farm operators.

Land concentration is measured at the zip code level. Farmdaagntration is defined
as the acreveighted median farm size: the farm size such that half the farmland within each zip
code resides on larger farms and half resides on smaller farms. Thesamsdgsmicro data from
the 1987, 1992, 1997, and 2002 Agricultural Censuses and includes all U.S. zip dbdas wi
least three farm3. The zip code analysis improves upon national, state, or county felgbes

by providing more observations and more variation across observatia@mcentration and

® More precisely, every zip code where at leasteHfarm operators responded to the Census in datie éour
Census years. To protect the confidentiality ofriers’ responses, the data were analyzed on sttedt!SDA'’s
National Agricultural Statistical Service (NASShet agency that administers the Agricultural Censidore
information about the Census of Agriculture carfdaend at: http://www.nass.usda.gov/census/.



payment levels. Sufficient variation at a local level is imgourtwhen using an empirical
technique that controls for factors that vary geographically, as isyclearcase for agriculture.
The paper is organized as follows. The next section reviews theetical links between
farm business growth and survival and between government paymentranstriucture. We
then use data from the Census of Agriculture to provide an overviéavrofstructure changes
using data from 1978 to 2002. The section illustrates how averagesitegrand concentration
has changed over time for commodity crop producers historicallytégby government
agricultural programs, discusses alternative statistioshsores of farm concentration, and
argues that the “weighted median” farm size is superior tonen or median farm size for the
purpose of characterizing concentration of agricultural production. rdin@ining sections

discuss the empirical approach, data, results, and conclusions.

2. Determinants of Concentration: Farm Size and Survival

Because the amount of U.S. farmland has remained relatively stedt time, changes in land
concentration are ultimately linked to farm size and survival terbg et al., 2006). The
literature on firm size and survival therefore provides somehnsgigp the determinants of farm
structure. In this literature, the relationship between firm amk survival is often modeled as a
dynamic process wherein firms (or entrepreneurs) are ancethout their own competitiveness
at startup (Jovanovic, 1982; Ericson and Pakes, 1992; and Pakes and Ericson,i99&3e
models, firms gradually learn about their abilities over time and thetdhgy operate, the more
they learn about their competitiveness. As managers reviseptreeptions of their firm’s
ability upward, they tend to expand, while those revising downward temoritract or exit.
Thus, the longer a firm has existed, the bigger it will becantkethe less likely it will be to fail.
Empirical studies generally confirm these theoretical ptiesis (Dunne, Roberts and
Samuelson, 1988; Baldwin and Gorecki, 1991; Audretsch, 1992; Audretsch and Mahmood,

1995; among others).



In general, theory does not provide unambiguous predictions as to fuhange in
government payments would influence farm growth and survival. Consateexample, a
model of a representative farm where the quantity of agrialltand is fixed, but labor and
capital are mobile between agricultural and non-agriculturabise(kislev and Peterson, 1983).
In this model, farm size is ultimately linked to the ratio ofesto the cost of capital. Thus, an
increase in government payments increases returns to farmindyelset additional profits are
capitalized into the price of land. Hence, a change in governmemtepésy has no clear direct
effect on the cost of labor relative to capital, and therefore has no effechosifa.

In more complex economic models that allow for transaction esgtsa range of farm
sizes, there arises a variety of mechanisms through which pég/meuld influence farm
structure. For example, per-acre payments are unequally distributed across farms of different
sizes then an increase in payments could alter farm strucBueh a pattern may arise if there
are fixed transactions costs associated with participatioragdarger farms have a stronger
incentive to participate than smaller farms do. Higher paynmarscre for a particular farm
size group would allow this group to expand and bid up the prices ofrésedrces — especially
land —and cause other size farms to shrink or exit.

An unequal distribution ofotal payments might also influence farm size and survival
through capital or labor market mechanisms. Borrowing constraintd cauke a farm’s cost of
capital to depend on its net worth: farms with greater net waxth fower borrowing costs
because they have more resources with which to secure a loan (e.g., Hubbard, 1B@3)ett
the case, an increase in income from government payments woeldh&iset worth of a farm,
making it less costly for a farmer to obtain financing toease farm size. If large farms are
credit constrained and small farms are not then an increase nmepesycauses large farms to
expand and increase in number, which bids up land prices and caufidarsnsato shrink and
decline in number (Key and Roberts, 2005). If both large and smal fercredit constrained,

then the effect of an increase in government payments on farm size and survivabisoas.



Total payments may also influence farm size and survival yiradt farm operator
labor-leisure decisions through a wealth effect combined vétiséctions costs. Payments could
encourage the farmers receiving them to work less; and if ther@amsaction costs associated
with hiring labor or finding employment, higher payments may cause a reducttensogply of
farm labor (Lopez, 1984; Strauss, 1986). Less farm labor could meaprietuction and a
smaller farm. However, under certain conditions, a higher shadaye for farm labor could

mean greater capital utilization and thus an increase in farm size, asan #id Petersoh.

3. Trendsin Concentration and Government Payments

This section provides an overview of farm structural changestbegpast quarter century and
argues that the “weighted median” farm size is superior tonten or median farm size for the
purpose of characterizing concentration of agricultural production.

Table 1 illustrates structural change from 1978 to 2002 in agmalillareas in counties
where land harvested in the major program commodities represengtctmpland harvested.
Restricting the Census information in this way limits the tatahber of counties to 765, and
between 655,482 and 882,546 farms (about half of all those reporting), dependimg year.
The table shows a marked increase in the prevalence of f@tmgetween 1,000 and 10,000
acres. Between 1978 and 2002, these large farms increased fron®&pé&vcent of all farms
and increased their share of total farmland from 28.6 to 46.5 peftleatgrowth in the number
of these large farms came mainly at the expense of faithdetween 50 and 500 acres, which
shrank as a share of farmland and farms. Farms with less thacrégrepresented a larger

share of all farms (24.2 percent) in 2002 than they did in 1978 (21.0 pefibenigyh they

“ Kislev and Peterson held total labor supply fitedbtain the result that farm size was linked dolyhe relative
costs of labor and capital.

°> Specifically, we include those counties wheredldrarvested in barley, corn (grain), cotton, hagtsprice,
sorghum (grain), soybean, and wheat as measur@dAl35 represented between 90 and 110 percent dbthak
land harvested in the county as measured by theusen 1987, 1992 and 1997. The reported landelsted in the
commodity crops from NASS occasionally exceeded thaorded in the Census. This could have resiiftad

doublecropping - two crops being planted in onklfiger year.



decreased in number and share of land farmed over this periods wi&hmmore than 10,000
acres of farmland, declined slightly, though their share of all farmlaneased slightly.

Table 2 presents four measures of the representative fzenfrem 1978 to 2002 for all
farms, and for farms with fewer than 10,000 acres. For all famaan farm size increased by
one-third from 336 acres in 1978 to 449 acres in 2002. However, median farracsiially
declined by 8 percent over this period: falling from 160 to 147 athesdecline in median farm
size reflects the relative increase in the number of very small fasnwas discussed aboVe.

The acre-weighted mean and theacre-weighted median are alternative indicators of land
concentration. The weighted mean farm size effectively agsrfagm sizes over acres rather
than over farms. The acre-weighted median is the sizeasfraduch that half of all farmland is
controlled by larger farms and half by smaller farms. Theged mean and weighted median
are much larger than the unweighted averages, reflectingahthét large farms control most of
the farmland. Table 2 shows that for all farms, the weightedhrdealines slightly between
1978 and 2002, but the weighted median almost doubles. The weighted mediaesrttiaain
1978 half of all farmland was controlled by farms larger than 69€sa®y 2002, half of all
farmland was controlled by farms having at least 1360 acres.

Comparing all farms to farms with less than 10,000 acres (bottawbtef 2), we find
similar patterns over time for the mean, median, and weighéelilam (the levels are smaller but
the changes over time are similar). However, the weighted,nvelgich is more sensitive to
outliers, displays a different trend: excluding the very largmdathe weighted mean farm size
increased by 44 percent from 1313 acres in 1978 to 1887 acres in 2002.

The analysis of changing land concentration in the next sectionhese®ighted median
as the measure of land concentration because it tracks concenettemthan the mean and

median when the farm size distribution is highly skewed and bedhisdess sensitive to

® The decline in median farm size, despite the isirgy concentration of farmland on large operationight be
explained in part by the USDA's definition of afams: “Any place from which $1,000 or more of agtiural
products (crops and livestock) were sold or nonynalbuld have been sold during the year under cenatibn.”
The $1,000 figure has remained unchanged sincd 9fd Census. If adjusted for inflation using thel,Cthe
comparable number for 2002 would be $3800.



outliers than the weighted mean.The weighted median is also a standard measure of

concentration within the industrial organization literature (e.g., Hart anéedtai3).

Government Payments

Table 3 illustrates trends in the level of government paymentarbydize category beginning in
1987, when payments data are first available from the Censugrafulure. Government
payments are defined as total payments received for participatieederal farm programs net
of payments received for participation in the Conservation Res&ngram and the Wetlands
Reserve Prografh.The level of government payments is closely associated avith $ize in all
observed periods. Mean government payments per farm increasdarmthize up to 10,000
acres. In 2002, farms with 1,000-10,000 acres, received a median payment of $1M80
than double the median payment received by farms with 500-1,000 acteycut ten times the
median payment received by farms with 150 to 500 acres. Whileatneenand level of farm
payments has changed over time, the level of payments receiviagigbyfarms continues to
represent a sizeable contribution to farm household income. Howeverhaf@f all farms
with less than 150 acres receive no government payments — thdattas not changed since
1987.

As large farms produced an increasing portion of total output, dlsey received an
increasing share of government payments. The share of totakpesygoing to farms with
between 1,000 and 10,000 acres rose from 30.6 percent of all payments in 4987 gercent
in 2002. In contrast, farms with between 150 and 1,000 acres receivealer simare of total
payments over the same period. Reflecting an increase in the nofrgmeall farms, farms with

fewer than 150 acres received an increasing share of goverpaygneénts (increasing from 4.7

" Using the weighted mean in the analysis in the segtion yielded similar results to the weighteetian.

8 The 1987, 1992, and 1997 censuses asked respsridetie “total amount received for participationFederal
farm programs (not including CCC loans).” Resporglevere also asked to provide “how much was recefaoe
participation in the Conservation reserve prograwhWetlands Reserve Program (CRP and WRP)?”" Tter laas
subtracted from the former to obtain the measungaginents used in this study. In 2002, the amoecgived for
participation in Federal farm programs other th&Qdoans, CRP or WRP was asked directly.



percent of the total in 1987 to 8.4 percent in 2002). The share of paymeeaived by farms

with more than 10,000 acres also increased.

4. Empirical Methods
This study compares the changes between census periods ofmtlenfaconcentration in zip
codes with different levels of government payments per acre.catips are assigned to Six
discrete categories based on payments-per-acre of farmisdretely categorizing zip codes
by payment levels allows for possible non-linear associations ebatwpayments and
concentration growth, and mitigates the statistical influenceysmgle observation or group of
observations, making estimates more robust.

We first estimate the simple relationship between condanmirggrowth and the

payments-per-acre category:

1) Ao =XiB + &

where subscript (omitted below to simplify notation) indexes zip cod#s,is the percentage
change in concentration between censuses €d)/ ¥2(C1 + Co) ), Co denotes concentration in the
beginning yearX is a matrix of indicator variables detonating payment-pex-eategories (one
element of each row equals 1 and the other elements eqfak®,vector of payment-category
effects anck is a random error.

Growth in concentration is expressed as a percentage changkeinascale the growth
measure relative to initial concentration levels. Differencoantrols for time-invariant
heterogeneity and, for the two-year panels used here (descrilmag),bihis is equivalent to

using a fixed effect for each zip code atea.

° The model in levels would bg = a + Xip + vi;, where t indexes the two time periods (0,1) anid zipcode i's
fixed effect (time-invariant idiosyncratic variatip Differencing over time gives equation 1, wétkr vi; - vip. The
fixed effect, which is constant over the time pdsipodrops out.
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Although comparison ofhanges in land concentration controls for time-invariant factors
that might lead to non-causal associations between farm size wméria, the approach is not
infallible. It could be that corn, wheat, and cotton and other crop fawdisionally targeted by
programs have coincidently experienced greater growth in coatientfor reasons other than
government programs. For example, there may have been more tectaiobbginge in
cultivation of these crops as compared to non-program crops. To addsessncern, we use a
semi-parametric regression, calledeneralized additive model, to control for zip code location
and initial concentration (Hastie and Tibshirani, 1990; Hastie, 19925 rodel has been used
in a similar fashion by Gibbons (2004) to estimate the costs of ymogerty crime and by Pope
et.al (2002) to estimate health effects of long-term exposurenéopfarticulate air pollution,
among many other applications. To our knowledge there have been natapmiof this
model in agricultural economics.

With controls, the model has the form:

) 06 = XiB +(x.y) +9(ca) + &

wheref(x,y) is a smooth function of zip code centroiasy), g(co) is a smooth function ad.
One may think of the smooth surfaffg, y) as ‘smoothed’ location fixed effects. Using state
fixed effects would create false discontinuities at zip codasstate borders, which could create
bias. The smooth non-parametric surface eliminates sharp discbesinun fixed effects
between adjacent zip codes. Similarly, we estimate a smagtbtidn of beginning
concentration levelg(co).

The smooth functions were estimated using “loess”, short for “lpcdynomial
regression,” which fits the smooth functions by estimating polynofaiations using points

local to each fitted point, with local points weighted more heavigntfurther points. The
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smooth functions are estimated jointly wighusing a Gauss-Seidel backfitting method, as
described and implemented by Hastie. See this reference for mote aletait the procedur8.
The key modeling decision concerns the share of points consideredoazadit fitted
point on the smooth functions. For our models, each point on the smoati spdace was
estimated using 5 percent of the zip codes, which is the snmetii@st that was computationally
feasible for the two-dimensional spatial surface. For comgigieve used the same share for the
one-dimensional concentration function. The software package used wpsabiiee domain

package ‘R’ with the ‘gam’ package by Hastie (s@ev.r-project.org.

With respect to the control variables (location and initial conagatr) the generalized
additive model is very flexible. A potential shortcoming to usinchsa flexible model is that it
can use so many degrees of freedom that it is not possiblentdyidee model. This is not a
problem in our application because we have many observations (21,922legiic each panel).
A second possible shortcoming is the lack of parametric structiniehwan make reporting
tangible results difficult. For this application, this featura s&rength rather than a weaknesses.
The purpose of using these non-parametric controls is to check thénessusf our estimates to
specification of the controls, so making the controls as flexislep@ssible lends greater
credibility to the estimated effects of payments.

There are likely two principle sources of the variation in paympetsacre across zip
codes that allow us to identify the effect of payments on contientrgrowth. One source is
broad regional differences in crop mix and yields — some crops have bggueiated payments
than others and areas with historically higher yields receighehi payments. The non-
parametric functions of location and initial farm size liketynove most variation in payment
levels caused by differences in crop mix and yield. The secondesolir@riation, much of

which remains after controls for location and farm size, ieudffces in historical patterns of

19 Briefly, the backfitting algorithm first fits thparametric components of the model and then ieegesiduals to
estimate the first additively separable non-paraméinction; the residuals from non-parametridraates are then
used to estimate the second non-parametric functioe parametric components are then re-estimated b
subtracting the fitted values of the two non-parimdunction from the dependent variables; ancdapiterating
until estimated values on successive iterationyeme.
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participation in government programs. In the late 1980's, program pattan came with many
restrictions: it required farmers to limit their plantingsatehare of acres historically planted and
required a certain portion to be set-aside (left fallow). Essmith environmentally fragile land
(e.g., highly erodible) were required to follow certain managenmactices to limit
environmental damages stemming from their cropping activitieShese costly participation
restrictions limited participation somewhat. Some farmers naag strategically chosen not to
participate in order to build ‘base’ (payment-qualifying)egcm anticipation of higher future
payments. Because payments are tied to historical plantingpasdiapation required farmers
to limit plantings, some may have chosen not to participate in dodexpand acreage and
expected future payments. Because payments in future yeartedeie historical plantings and
participation, and historical participation varied somewhat across Esjsn do payments.
The second source of identification differs markedly from th& Source and does not have
obvious links to non-payment drivers of growth. By estimating #lationship between
payments and concentration growth with and without the controls, weblaréoaconsider two

sources of identification.

5. Data

Measures of land concentration and government payments are causttithe zip code level
using individual farm-level data from the Census of Agriculture. Zipeode is used as the unit
of analysis because it is the smallest geographic areacdhabe associated with individual
farms. The data include all zip codes recorded in the Census wlulge that had at least
three farms in each of the four census years examined (1987, 1992, 1997, andr602).
analysis begins in 1987 because that is the first year fagcifie data on government payments

are available.

1 See Claasen et al. for a description of theses@ompliance provisions.
12See Young et. al for a description of governmeagmms and how they have evolved over the lasttiyweears.
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An important consideration when using zip code regions as observatiotsalsuhiat zip
codes can change over time (Blodgett, 2005). Most zip code chaageeccurred in relatively
urban areas that have experienced rapid population growth and wheseltagriis less
prevalent, which mitigates the importance of the issue somewhauf analysis. Zip codes
usually change by splitting into two or more zip codes, with one ohémeareas retaining the
old code and the other(s) assigned a new code. Because we mestranalysis to zip codes
appearing in all four censuses, farms in areas where zip chdeged are omitted. Some farms
in our analysis may be in zip codes that were split, and therdémreased in size, between 1987
and 2002. These changes, however, should not be systematically telpégyments per acre or
the land concentration measure, which do not depend on the size of the zip code region.

The Census of Agriculture reported farms in 32,959 zip codes in 1987, 34,2092,
34,408 in 1997, and 33,548 in 2002. These counts compare to a nationwide total of about 43,000
zip codes currently in the U.S. Our sample includes 21,922 zip coddékefanalysis of
farmland concentration. Although our sample drops about one third opaibdes, it drops a
much smaller share of the total number of farms. Our sampledesl1,719,392, 1,527,210,
1,543,905, and 1,343,807 farms in the four sequential Census years, compared to 1,799,926,
1,621,263 1,653,098 and 1,486,895 farms in the raw Census files.

For each zip code, we measure “concentration” as the acrétegigedian farmland -
the farm size at the midpoint of the farmland acreage awaly that half the acres in the zip
code reside on larger farms and half resides on smallesfarnkigure 1 shows zip code
frequency distributions of farmland (and cropland) concentration fdr ehthe Census years
from 1987 to 2002. The horizontal axis is the natural logarithm of thighted median
farmland and the vertical axis is the estimated dehsityWe use the logarithm of land size

because the size distribution of farms is highly skewed and theittog is more closely bell-

3 The distributions were estimated with a kernel sitynestimator using the software program ‘Rip://r-
project.org/). The estimates use the default bandwidth ofuhetion “density,” which is 0.9 times the minimuoh
the standard deviation and the interquartile ragigi&led by 1.34 times the sample size to the negatine-fifth
power.

14



shaped and therefore easier to discern changes at higher end stribatdin. Over time, the
distributions shift markedly to the right, particularly above 5 (edentato about 150 acres),
illustrating the shift in farming to larger operations. Folatreely small farm sizes, the
distribution changes little. These farms are mainly “residetitestyle” farms with little
production and little or no government payments.

For each zip code, the measure of the potential influence of gougrpnograms is total
payments divided by total farmland area. Defining the payneset bn a per-acre basis creates
a standardized measure that is not sensitive to zip code sibéch varies widely across the
U.S.

We organize the data into three five-year panels corresponditige ttime between
censuses (1987-1992, 1992-1997, and 1997-2002). We also construct a “long panel” by
averaging the values of all three panels (1987-2002). Zip codesodrsl into six groups
according to payment per acre in the initial year of the twmgepanels (1987, 1992, and
1997). The first group includes those zip codes with zero government paythentemaining
zip codes are sorted into five equal-sized quintiles. For thedangl, zip codes are sorted into
similar groups, except according to the three-period averageitial payments” Table 4

reports the portion of zip codes, farms and land in each of the payment groups.

6. Results

Table 5 illustrates how initial government payments per a@eassociated with subsequent
changes in farmland concentration for the three panel periodsex&ample, the first row shows
how farmland concentration changed between 1987 and 1992 according to 1987 pggnent
acre category. The table also illustrates the long runaestip between payments and land
concentration by comparing average payments per acre for each zip code in 198Ad1B®27a

with average percentage growth in concentration from 1987-1992, 1992-1997, and 1997-2002.

14 Before averaging payments, they were put into teonislollars using the consumer price index. Usioginal
dollars or dollars deflated by the producer prizgex has little influence on the results.

15



All the panels generally indicate increasing concentratiowtiréor higher payment levels, and
the relationship is strongest and clearest in the fifteenpeaels. In the long panels, zip codes
are more likely to be classified into their appropriate paymesipg(since payments can vary
from year to year and in the long panel payments are averagedhoseryears rather than a
single year). Consequently, the long panels might provide the miadtleghformation about
the relationship between payments and concentration.

Table 6 reports estimated concentration growth rates for the [ganets and groups as
table 5, except the estimates include controls for beginning-g@acentration levels and
location using the generalized additive model. As compared to tatiles® estimates restrict
comparisons between proximate zip codes that have similar iogradentration rates. The
addition of controls changes the estimates somewhat, but a simitarnpeemains. For
farmland, the estimated difference in concentration betwedirghand fifth quintiles decreases
from 33.2 to 27.2 percentage points.

A summary of the fitted model is reported in table 7, excluding parametric
components, which are reported in table 5. The F-values indicate tmatlthgpothesis that the
smoothed functions should not be included in the model is strongly refécted.

Assuming we can interpret the association between payments arehiation growth
as causal, how much of the observed concentration change wouldheeattto payments from
agricultural programs? Answering requires an estimate ofrhoeh concentration would have
grown without payments. Results from table 6 imply that if thezee no payments, farmland
concentration would have declined by about 8 percentage points between 1987 andi602.
estimate may be misleading, however, because there arevelgldiew zip codes with no

payments, and these zip codes are likely quite different from thitkepositive payments —

5 The F-tests use “nonparametric degrees of freedahiith may be interpreted as the equivalent nundfer
parameters required for the estimated smooth famctMore formally, the smooth function can be fatated as a

linear combination of the observed responses gddhaome matrixd, AC = AAC. Because the matrik serves
the same role the projection matrix in linear regien, nonparametric degrees of freedom for theetnaé defined
as the trace oA.
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which would explain the sharp difference in concentration growth dsstwhe zero payment
group and the first quintile. An alternative way to predict cona&atr growth in the absence of
payments is to extrapolate using information about farms regep@ayments. Rather than
breaking farms into discrete groups, this approach assumes thaffébe of payments on
concentration varies linearly with payments. The linearityraggion seems reasonable given
the proportionately increasing effect of payments across payqentiles. To this end, we

estimate the model:

3 Aci = a+ B + (%) +9(co) + &,

wherep; indicates payments per acre in zip cod8is the average marginal effect of payments
on concentration growth, and the rest of the model is as specified €. To predict
concentration in the absence of payments, we multiply the estohAtby the average value of
pi and subtract this amount from the average predicted concentration growth.

The linear extrapolation implies that, in the absence of paymamsage farmland
concentration would have increased by 7.9 percent in the absence einpsas compared to an

observed growth of 17.4 percent, so payments explain more than half the frowth.

7. Conclusions
Agricultural structural change over the last few decades carhdrmacterized, in part, by crop
production shifting to larger operations. The share of total farmdanttolled by large-scale

operations has steadily increased, while the share controlled dtyirmecale operations has

8 The zip code farmland concentration growth (17.)i86considerably smaller than the concentratioowgn

reported in table 2 (63.9 % between 1987 and 20@)e reason for the apparent discrepancy is tieastatistics
reported in table 2 are only for farms in countigsere a considerable portion of the land is in cadity crops
historically targeted by government programs, wasrie zip code analysis includes all of the UAS. we have
shown, the targeted areas have experienced far coo@ntration growth than other agricultural areAssecond
reason for the discrepancy is that the weightedianeid estimated for all farms in table 2, wheritds averaged
over zip codes in the regression analysis.
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declined. Though many factors likely contribute to the increasedtentration of land,
including changes in technology and factor prices, concerns have dgmessed that
government payments to farmers have contributed to this phenomenon.

This study is the first to examine the effect of agricultypayments on subsequent
changes in farm size using fine-scale regional (zip code) pateel The analysis considers two
plausibly exogenous sources of variation in government paymentsodd begional variation
crop types and yields caused by soil and climate variation, alod&)variation resulting from
differences in ‘base acreage’ (program participation). The laegg data set — the sample of all
agricultural zip codes with three or more farms - permits comparisons aengyssimilar regions
using a semi-parametric spatial regression analysis thatotombr location and initial land
concentration. By examining how payments affect subsequent conicentciiange, the
approach controls for time-invariant factors that might be coeehaith government payments
and structural change. While payments could be correlated with deenfor a number of
reasons, it is less likely that payments would be spuriouslylatrdewith farm size growth,
especially after controlling for location and initial farm sizéowever, it is not possible to know
with certainty whether there remain factors that have nen lsentrolled for. This is a standard
caveat to measuring program effects when program participation is not rgraksigined.

Findings indicate that both broadly and locally, there is a strongiv@osssociation
between government payments and the subsequent change in farm concentragas\jescioy
the acre-weighted median farmland). The evidence is strikimtcydarly because the marginal
association between payments and concentration growth remains evercaumngaring nearby
zip codes having similar initial concentration measures. The stisdyfinds that government
payments explain about half of the observed growth in farmland concentration.

Because the relationship between payments and concentration gromdhniained after
including flexible non-parametric controls, it is not clear wiraitted variables could confound
a causal interpretation of these results. However, it is ggddficult to pin down the

fundamental economic forces that appear to create a link betwesremayand concentration
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growth. One possibility is that there are significant indrngaseturns to scale in agricultural
production and that government payments, which provide cash and perbas mleans to
leverage greater resources from lending institutions, religuglity constraints and allow some
farms to transition more quickly to an efficient scale. This axgtion would be consistent with
studies finding increasing returns to scale (e.g., Morrison PalN&hring, 2005; Morrison et
al., 2004) and liquidity constraints in agriculture (e.g., Bierlen anthEesione, 1998; Hubbard
and Kashyap, 1992; Barry, Bierlen and Sotomayor, 2000; Roberts and Key, 2002).

Because this is the first study to examine the relationshivelet payments and
subsequent concentration growth, it is prudent to consider alternajpl@nations for these
findings. For example, some of the local variation in paymenjsbrealue to local variation in
program “base yields,” which were fixed in 1985. Areas with hidiaese yields probably also
have better land quality (flatter, more fertile soil, etc.)sdéle-enhancing technological change
favored higher quality land relative to lower quality land for samop, this may provide an
alternative explanation for our findings at the local level. Howeeehnological change would
also have to favor higher-valued field crops relative to lower-vatugos (e.g., cotton over corn
over wheat) to explain the observed association at a broader letgghrAological effect of this
kind would seem coincidental, but given magnitude and novelty of these Sndng and other
explanations are worth exploring.

If the findings are not spurious—that is, if there is indeed a caffeat of payments on
concentration growth—they suggest that a cap on total paymentsechagerthe rate of land
concentration with a commensurate reduction in the growth of fares.si The normative
implications of such a policy remain unclear, however. For exa@nipliquidity constraints
coupled with increasing returns to scale provide the fundamentalnatipia for these findings
(one of several possible explanations), this suggests a paymentooap reduce production
efficiency. A complete assessment of such a policy would teebdlance the loss in efficiency

against any perceived social benefits resulting from a reduatioooncentration growth.
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Although our findings may indicate the magnitudes of the potentidedfés, they do not
measure the social benefits of such a policy.
The change in concentration from one period to the next depends on the size of farms that

survive, how much they grow if they survive, and on the sizes of neerimg farms. Future

work could try to develop a better understanding of how payments migkabtmd to higher
concentration levels by examining how payments affect the prolabiliindividual farm
survival, the expected size of the farm if it does survives (howhnitugrows over time), the
probability that potential farmers begin farming, and the sohfeew farms. These farm-level
analyses would complement the findings of the zip code-leveysiaahnd provide further

insight into how payments alter farm structure.
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Table 1. Farmland and Number of Farms by Farm Size Category, 1978-2002

Farmland Categories Pct. Change
1978 1982 1987 1992 1997 2002 1978-2002
0-50 Acres
Farmland (m.ac.)  3.540 3.505 3.115 2.932 3.091 2.984 -15.7
(Percent of total) (1.4) (1.5) (1.3) (1.3) (1.3) (1.3) -7.1
Farms 184,964 208,751 195,166 185,833 177,248 158,590  .3-14
(Percent of total) (21.0) (25.3) (23.7) (24.5) (24.5) (24.2) 15.4
50-150 Acres
Farmland (m.ac.)  19.224 16.980 15.386 13.770 13.826 12.230 -36.4
(Percent of total) (7.4) (7.1) (6.4) (5.9) (5.9) (5.2) -29.9
Farms 233,477 220,530 208,745 192,031 188,831 165,998 .9-28
(Percent of total) (26.5) (26.8) (25.3) (25.4) (26.1) (25.3) -4.3
150-500 Acres
Farmland (m.ac.)  80.933 70.563 62.777 54.118 48.904 41.773 -48.4
(Percent of total) (31.0) (29.5) (26.2) (23.2) (21.0) (17.6) -43.1
Farms 335,455 304,701 288,292 250,943 226,091 195,104 .8-41
(Percent of total) (38.0) (37.0) (35.0) (33.1) (31.3) (29.8) -21.7
500-1,000 Acres
Farmland (m.ac.)  51.318 48.798 50.607 47.585 44.788 39.874 -22.3
(Percent of total) (19.7) (20.4) (21.2) (20.4) (19.2) (16.8) -14.4
Farms 86,472 80,192 88,233 82,321 79,409 73,170 -15.4
(Percent of total) (9.8) (9.7) (10.7) (10.9) (11.0) (11.2) 13.9
1,000-10,000 Acres
Farmland (m. ac.)  74.573 73.224 78.441 85.404 93.573 109.984 475
(Percent of total) (28.6) (30.6) (32.8) (36.6) (40.2) (46.5) 62.5
Farms 40,789 37,840 42,409 45,071 50,337 61,218 50.1
(Percent of total) (4.6) (4.6) (5.1) (6.0) (7.0) (9.3) 102.1
10,000+ Acres
Farmland (m.ac.)  31.166 29.204 28.862 29.704 28.753 29.863 -4.2
(Percent of total) (12.0) (12.2) (12.1) (12.7) (12.3) (12.6) 5.6
Farms 1,389 1,144 1,175 1,282 1,221 1,402 1.0
(Percent of total) (0.16) (0.14) (0.14) (0.17) (0.17) (0.22) 35.9

Total farmland (m.ac.) 260.754 242.273  239.187 233.514 232.935 236.709 2 -9.
Total farms 882,546 853,158 824,020 757,481 723,137 655,482 7

Source Census of Agriculture. Sample includes farmstedgrogram crop producing counties (see text for
details).
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Table 2. Representative Farm Size, Various Measures, 1978-2002

Pct. Change
1978 1982 1987 1992 1997 2002 1978-2002
All farms
Mean 336.0 338.3 361.9 389.9 401.0 449.0 33.7
Median 160 153 158 157 148 147 -8.1
Weighted Mean 9588.4 9498.4 95735 9703.1 @09 9148.7 -4.6
Weighted Median 690 743 830 968 1080 1360 97.1
Farms < 10,000 Ac.
Mean 296.8 298.6 3195 342.2 353.1 394.9 33.1
Median 160 153 157 156 147 146 -8.8
Weighted Mean 1313.3 1344.4 1393.9 1529.9 1632 1887.2 437
Weighted Median 567 609 685 790 880 1100 94.0

Source Census of Agriculture. Sample includes farmstedagrogram crop producing counties (see text for
details).
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Table 3. Government Payments by Farm Size Category, 1987-2002

Farmland Categories Pct. Change
1987 1992 1997 2002 1987-2002
0-50 Acres
Mean ($) 190.1 113.9 309.4 383.0 101.5
Median ($) 0 0 0 0 0.0
Sum (m. $) 29.3 16.2 43.8 50.3 71.6
(Percent of total) (0.7) (0.8) (2.1) (2.0) 201.5
50-150 Acres
Mean ($) 1067.7 525.7 926.0 1198.0 12.2
Median ($) 0 0 0 0 0.0
Sum (m. $) 176.0 77.8 138.7 159.6 -9.3
(Percent of total) (4.0) (3.9) (6.5) (6.4) 59.4
150-500 Acres
Mean ($) 6140.1 2593.0 3084.8 3794.9 -38.2
Median ($) 3100 650 1553 1454 -53.1
Sum (m. $) 1394.8 507.2 548.6 577.7 -58.6
(Percent of total) (31.6) (25.6) (25.9) (23.0) -27.2
500-1,000 Acres
Mean ($) 19346.7 8147.4 8678.0 9611.4 -50.3
Median ($) 15435 6475 7100 6736 -56.4
Sum (m. $) 1429.1 563.0 561.1 548.7 -61.6
(Percent of total) (32.4) (28.4) (26.5) (21.9) -32.5
1,000-10,000 Acres
Mean ($) 34302.5 18500.0 17521.7 21727.1 -36.7
Median ($) 27000 13620 14000 14809 -45.2
Sum (m. $) 1350.9 787.8 804.4 1125.5 -16.7
(Percent of total) (30.6) (39.8) (38.0) (44.9) 46.4
10,000+ Acres
Mean ($) 23753.8 21532.6 16806.0 34057.6 43.4
Median ($) 0 1500 1800 11406 -
Sum (m. $) 27.9 27.6 20.5 46.6 66.9
(Percent of total) (0.6) (1.4) (1.0) (1.9) 193.3
Total payments (m. $) 4408.0 1979.6 21171 2508.5 -43.1

Source Census of Agriculture.

details).

Sample includes farmstiedgprogram crop producing counties (see text for
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Figure 1. Probability distributions of average zipcode farm size (weightedamemdipland and

farmland)
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Source Census of Agriculture. Sample includes all zide® with at least three operations reporting imeyear.
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Table 4. Distribution of Zip Codes, Farms, and Farmland by Payments-Per-#tego6y

Payments per Acre of Farmland in Beginning Year

Panel Years

No Payments  Quintile 1 Quintile 2 Quintile 3 Qumy Quintile 5

1987-1992

Payments per acre 0 0.01-1.06 1.07-4.18 401901 10.91-22.41 >22.41

% of zip codes 9.4 18.1 18.1 18.1 18.1 18.1

% of farms 2.3 15.8 19.7 20.0 211 211

% of farmland 3.5 21.7 17.7 19.5 20.2 17.4
1992-1997

Payments per acre 0 0.01-0.65 0.66-2.12 2.88-4 4.88-9.29 >0.29

% of zip codes 10.7 17.9 17.9 17.9 17.9 17.9

% of farms 2.8 18.1 204 19.5 20.6 18.7

% of farmland 21 22.6 18.4 18.6 20.0 18.3
1997-2002

Payments per acre 0 0.01-0.58 0.59-1.98 1689-4 4.70-9.11 >0.11

% of zip codes 9.8 18.0 18.0 18.0 18.0 18.0

% of farms 25 16.5 20.2 20.1 21.1 19.7

% of farmland 2.7 24.1 175 194 19.3 17.0
Long panel

Payments per acre 0 0.01-0.82 0.83-2.71 2.72-6 6.74-13.92 >13.93

% of zip codes 3.0 194 194 194 194 194

% of farms 0.1 14.9 204 19.8 214 23.0

% of farmland 04 23.8 18.6 18.2 20.0 19.0

Source Census of Agriculture. Sample includes all zideswith at least three operations reporting imeyear.
Note Payments in 1997 dollars using the consumer [midex. For the Long Panel, payments per acréhare
average of 1987, 1992, and 1997 payments per adjiested to 1997 dollars before averaging.
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Table 5. The Percentage Change in Zip Code Farmland Concentration (Weighlied-Me

Farmland) by Payments Per-Acre Category without Controls

Payments per Acre of Farmland in Beginning Year

Panel Years No Payments  Quintile 1  Quintile 2 Quintile 3 Quie# Quintile 5
1987-1992
Concentration change (%) 5.5 -0.1 4.6 6.6 10.4 14.4
(Standard error) (1.2) (0.8) (0.8) (0.8) (0.8) (0.8)
1992-1997
Concentration change (%) 1.0 -4.3 2.7 2.4 6.0 10.3
(Standard error) (1.2) (0.9) (0.9) (0.9) (0.8) (0.9)
1997-2002
Concentration change (%) 2.2 1.4 3.6 7.7 12.9 15.0
(Standard error) (1.2) (0.9) (0.9) (0.9) (0.9) (0.9)
Long panel (1987-2002)
Concentration change (%) 2.4 4.7 6.1 12.5 26.1 37.9
(Standard error) (.7 (1.1) (1.2) (1.1) (1.1) (1.1)

Source Census of Agriculture. Sample includes all zide® with at least three operations reporting imeyear.

Note Concentration is defined as the weighted metiiamland in each zip code (see text for discussiba) each
Zip code and panel, the percent-change in condemtrés calculated as 100 times the change in aunag&on
divided by average concentration in the two yeamssidered. For the long panels (1987-2002), thregp¢age
change is calculated as the sum of percentage ehdngthe individual panels. Payment quintiles ealculated
using payments per acre of farmland in the begonmanel year for all zip codes reporting positivevernment
payments in the beginning year. For the long parglintiles are calculated using the sum of paysapar-acre in
1987, 1992, and 1997. Because zip codes are soewetitassified into different payment categorieglififerent
panels, the percentage change for the long panehoteequal the sum of the individual panels.
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Table 6. The Percentage Change in Zip Code Farmland Concentration (Weighlied-Me
Farmland) by Payments Per-Acre Category with Controls

Payments per Acre of Farmland in Beginning Year

Panel Years No Payments  Quintile 1  Quintile 2 Quintile 3 Quie# Quintile 5
1987-1992
Concentration change (%) 6.8 114 11.6 13 17.7 24.4
(Standard error) (0.8) (0.6) (0.7) (0.7) (0.7) (0.7)
1992-1997
Concentration change (%) 3.6 11.3 9.9 14.7 19.9 25.6
(Standard error) (0.7) (0.6) (0.7) (0.7) (0.7) (0.7)
1997-2002
Concentration change (%) 4.1 10.2 7.5 13.3 21.7 28.2
(Standard error) (0.8) (0.7) (0.7) (0.8) (0.8) (0.8)
Long panel (1987-2002)
Concentration change (%) -7.8 11.9 6.7 11 24.1 39.1
(Standard error) (1.4) (0.8) (0.8) (0.9) (0.9) (0.9)

Source Census of Agriculture. Sample includes all zigle® with at least three operations reporting in
every year.

Note See the notes to Table 5 for definitions. Tiaisle reports estimated effects of payment quintile
with controls for location and concentration in tieginning year of each panel (see text for details

Table 7. Summary of GAM Estimates

Non-parametric Function

Initial Farmland Location Goodness of Eit
Concentration (Spatial Surface)
Degrees of i Degrees of : . Est.
Freedom F-Value Freedom F-value Adj. R Var (6)
1987-1992 37.6 123.6 72.3 23.1 0.172 0.232
1992-1997 38.0 131.1 72.3 23.9 0.170 0.240
1997-2002 37.9 115.6 72.3 26.7 0.173 0.279
Long panel (1987-2002) 37.6 171.9 72.3 41.2 0.287 0.379

Note Estimates and standard errors for the paramarigponents of the models (the payment per acegoat
fixed effects) are reported in Table 6.
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