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ABSTRACT

Agricultural Commodity Futures and Farmland Investment: A Regional Aisaly
By
John Sherwood Clements I

July 23, 2010

Committee Chair: Dr. Alan J. Ziobrowski

Major Department:  Real Estate

Using seventeen years of data from 1991 to 2008, | derive a pricind food&mland

values. This valuation model is the first using agricultural cominddiures as a proxy
for “ex ante” income projections for the crops grown or livesgpreized on United States
farmland. While not all inclusive, the model is tested regionatijuding the Corn Belt,

Delta States, Lake States, Mountain, Pacific Northwest, iPadiest and Southeast
Regions. Additionally, | test whether interest rate futures aotsrhave a relationship
with farmland values as interest rates have been proven todhalder predictor in past
research. Farmland capitalization rates and anticipated amfldtave hypothesized

relationships, but are mainly used as control variables in the study.

In general, agricultural commodity futures contracts are a peaatighor of changes in
farmland market values. When examining relationships with quarterlymageechange
regression models of the included variables, | find the Mountaionmggbvides the most
reliable pricing model where both live cattle and Minnesota wiudates contracts has a

positive statistically significant relationships with faamél market values. Also, wheat



futures prices have a significant relationship with farmland sainethe Corn Belt
region. Interest rate futures contracts, farmland capitalizatates and anticipated

inflation are not statistically significant in the majority of the regions

As a robustness check, | model the price levels of the varialsiesy Johansen’s
cointegration procedure. This time-series econometric methodplogydes results in

regards to long-run equilibrium relationships between the variaflles.results are only
slightly better. Corn, orange juice and sugar futures contractspoaue/e statistically

significant relationships with farmland market values in multielgions. Again, wheat
has a statistically significant positive relationship withnfand values in the Corn Belt
region. The Mountain region and interest rate futures contract®tepplicable for the

cointegration tests as they are not integrated to the order of one.
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Chapter One

Introduction

Agricultural commodity production has increased in efficiency innegears due to
advances in technology in harvesting, equipment, and processes. ricahasaprovided
record returns, including appreciation (depreciation), income (losséskgalized capital
gains, over the past 5 years outperforming other asset classesssstocks, bonds,
offices, and apartments (Newell and Eves, 2007). Yet, farmtaadjuably one of the
least transparent real estate investment classes, thus utilizatmstitwtional investors is
lacking compared to other assets. Pricing models and the valuatfamdénd have
been the topics of numerous studies in past research and one central theme isitige differ
choice of variables used in these studies. My research integratégures market into

the process of pricing this unique asset class of our economy.

Farmland makes up a significant portion of the real estatt asmket in the United
States. As of 2007, the number of farms in the United Statesdd@#04,792 and with
an estimated value of $1,744,295,252,000 (USDA, 2007). According to the USDA, the
value of farmland increased approximately 50% from 2002-2007. The avatiag per
acre increased from approximately $1200 an acre to nearly $1900eaduairg this
timeframe. In the United States, approximately 29,000 farms eddehly institutional

investors and/or corporations with 10 or more or stockholders.
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Investment in farmland has also increased as a result of the enactrmenEaiployment
Retirement Income Security Act in 1974. This law required penginds to diversity
their portfolios. Investments like timberland and farmland therevoften overlooked in
favor of stocks and bonds became attractive options for these iosstut Large
institutional investors such as Hancock Agricultural Resource GroBf, Agrivest, and
even the Mormon Church are among the most prominent large scalersviesfarm
assets. Farmland investment by institutional investors, corposatpartnerships, and
others is 13.5% of the total farmland economy with approximately 348,000008€ a

(USDA, 2007).

Asset Valuation

The fundamental value of any financial asset is the presdun wf expected future cash
flows (Brigham and Daves, 2004). An asset is valued by foragatste expected cash
flows and discounting these flows over the holding period by a requitedfaeturn
(Discounted Cash Flow model or DCF). This model can be usedoftkss bonds and
even real estate. Real estate and other financial asagtalso be valued with relative
value models. These are data-based approaches where histoactibassof similar
assets in the same market are examined to derive a matket estimate (Knight,
Sirmans, and Turnbull, 1998). A third valuation model of financial asseluding real
estate is the option pricing model. Theoretically, a call opteom be placed on assets
that provide an owner the right, without obligation, to obtain an asset uporpagfran

exercise price (Geltner, 1989). In this model, land value incred#iesincertainty for
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future development or change of use, but the chance of immediate developmenedecreas

with this greater uncertainty.

For the purposes of this study, | consider the valuation model forailadntd be a present
value model. The model is not DCF, but uses similar finance thedeyraland value is
based upon the expectations of income produced by farm commodity prodinese
expectations are taken from the futures markets, which provide tdailiyng of futures

contracts used for speculation of commodity prices to hedge downside risk.

Farmland Pricing Model

Pricing models for various investments such as stocks, bonds, commaxdiésmland
have been examined extensively in prior research. Consistentindtité theory, Falk
(1991) notes that when markets have rational expectations and constaohdistes,
the present value of expected current and future real net rents mrdolce tract of
farmland at the end of a given time period should be equal tedhéarmland prices at
the beginning of that time period. However, Shiller demonstrates, using other #isset
relationship is inconsistent with the observations of real marketgler (1979) shows
that bond yield volatility is too large when based only on changeéiterm structure of
interest rates. Similar, Shiller (1981) evaluates the classiation model for stocks and
finds that stock price volatility is too large to be explainedlgddg the present value of
future dividends. Further, Case and Shiller (1989) find evidencastltahsistent with
the notion that real estate is inefficient as well. They fivad predictable movements in

the real interest rates do not match a change in the real gqustes in the housing
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markets of Atlanta, Chicago, Dallas, and San Francisco. The awtdrshat rents
cannot truly be measured by differences in the quality of ngt&in of rental and owner
occupied housing, so the question of market efficiency is not definitauedyvered in

their study.

Shiller (1984) argues that social dynamics he calls “fads asfdofas” are important in
assessing the movements of speculative asset prices. He shosgrfgle, that stock
prices consistently overreact to new information on dividends. Thas @$ses cannot
be forecast strictly on the basis of present value of futute ftass. Different types of
assets may be “fashionable” (intrinsically more valuable) ames times and
“unfashionable” at other times. Falk (1991) provides other arguméstst@sting the
Efficient Market Hypothesis (EMH) on farmland prices. Thal hypothesis of market
efficiency is rejected for lowa farmland data and he proptsssfarmland may have

rational bubbles.

Farmland present value models have been tested extensively and weostjbeted the
model because of excess volatility in the real estate valsiesompared to income
measures such as cash rents (see Burt (1986), Falk (1991, 1992);St@a¢hend Baker
(1987), Tegene and Kuchler (1991, 1993), Hanson and Myers (1995), Engsted (1998),
Lence and Miller (1999) and De Fontnouville and Lence (2002)). Conversely, useg stat
and national data, De Fontnouville and Lence (2002) received mixed restalts

including 3% transaction costs (sales commissions and closing. cotey failed to
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reject to the PVM on all tests using 6% transaction astisthe authors considered this

percentage to be more realistic for farmland.

Prior research does not include agricultural commodity futures agmanatory variable
in their present value models and has provided a gap in the presemntavaluation
literature. The dissertation’s main purpose is to bridge thisrgtye literature. This is
important as futures have provided farmers with the opportunity to regeside risk
since March 13, 1851 when th& tecorded forward contract was introduced in Chicago,
lllinois (Kline, 2000). In 1865, the®1standardized futures contract was written by the

Chicago Board of Trade (Barrie, 2001).

Agricultural Commodity Futures

Real estate research using futures contracts in pricing maelsry limited (See
Hinkelman and Swidler (2008), Bertus, Hollins, and Swidler (2006), Clements
Ziobrowski and Holder (2010), Liang, Seiler, and Chatrath (1998) and Jenbaspd
and Mercer (2000). These studies test the usefulness of fuamgaots as a hedging
mechanism for such items as house price risk or REIT prioenggttest the relationship
between lumber futures and timberland market values or teshevhi@tures contracts
can be held as a portion of an optimally diversified portfolio. Futoness have been
found to be credible predictors of some asset prices, but thesdinegregal assets, not

real estate (Martikainen, Perttunen, and Puttonen, 1985).
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For the purposes of this study, agricultural commodity futures &k as expectation of
future income from the real estate asset farmland. Comnwdged include annual row
crops, permanent trees, and livestock grazing on the land. Naticagdigiilture sales
are split as crops and trees accumulated 48% with livestock addimgrhaining 52%
(USDA, 2007). The five individual commodity leaders were: Cattle {206rn (13%),
Poultry (12%), Dairy Cattle (11%) and Soybeans (7%). It should bel nioét not all
commodities produced on farms are sold on the futures exchangesy,Fouexample,
is not a commodity available for trading. Futures provide expentabf prices, while
the spot prices are actual current prices on these commoditiemsist@ént with
expectations, as these futures prices rise the value ofatite that produces these
commodities should increase in the region that the crop is produceghothisize that

commodity futures should be positively related with farmland values in study.

Rationale and Scope of the Study

Farmland market values are the focus of the study and are démvedindex data
provided by the National Council of Real Estate Investment Fadesi (NCREIF).
NCREIF is the largest agriculture index in the United Stase# contains approximately
208 properties as of January, 2009 presently valued at over 1.1 billlarsddNCREIF
derives a nationally quarterly return index as well as gpbgraegions similar to the
annual Census of Agriculture published by the United States Degarth Agriculture.
My other focus, agricultural commodity futures are traded on thieet) States futures
exchanges such as the Chicago Mercantile Exchange, Intercontifecii@ange, Kansas

City Board of Trade and the Minneapolis Grain Exchange. This slgi@vided by R &
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C Research, Inc., a data mining company and includes all intrardthgnd of day for

most commodity futures available.

The sample period for the study is 1991 to 2008. | test ordinarysgaates regression
analysis on the percentage change in farmland market valuesngsared to the
percentage change in the prices for agricultural commodity fubwesthe time period.
In view of the rejection of the PVM, our models test additionatiables such as
capitalization rates, interest rate futures, and anticipateatioril Variables included in
previous studies are interest rates, government payments, transectts, property
taxes, ex-post land and building returns, soil characteristics, odityrtransportation
costs, inflation and debt payments. Because of small sampld dz&ot include all of
the above mentioned variables in the model. Other methodologies suebression
analysis on price levels and Johansen’s cointegration technique drelusel support
for my hypothesis if the futures prices and anticipated inflatiore lp@sitive signs and
statistically significant with respect to farmland markduga. Interest rate futures and
farmland capitalization rates would be expected to have an inveles@mship with

farmland market values.

Location is one of the most important factors in valuing reateeatssets. Farmland is no
different as many agricultural commodities are location §ipecarying by climate and

temperatures. | test farm products used in the study by regitwe. regions are the
Pacific West, Pacific Northwest, Corn Belt, Delta Stafsjtheast, Mountain, Southern

Plains, and Lake States (NCREIF, 2009). As an example, orargggsoam in Florida

16



and California; therefore we expect orange juice futures to hasignificant positive
relationship with farmland values in the Southeast and Pacifi¢ Wg®ns. Similarly,
rough rice is grown in the Delta States region including Arkawasa Louisiana and we
expect those futures prices to have a significant positivearesaip with land values in
this region. National indexes are provided by NCREIF and | t&sh agricultural

commodity future’s relationship with this index as well.

My study extends the current literature in several waysst,Fire study uses agricultural
commodity futures as an “ex-ante” component of the income producedférmland.
This research provides a theoretical link to the expected incamedirops growing and
livestock grazing on the land. Phipps (1984) observes that returns irge@arch are
based upon income from operations using “ex-post” data and laggeduto “‘et-ante”
expectations relationship. | do not expect “ex-ante” futures vatubs related to “ex-
post” spot prices for the commaodities, so our study extends theuresas it is forward
looking. Commodities are volatile and should be based upon future expestpér
finance theory. | do not know if investors look at futures withardg to farmland
investing and the study tests the hypotheses as to whether shoftsteres prices do

indicate long-term trends as indicated by changes in farmland values.

Secondly, while farmlands have been studied on a regional basisvas Ishatudies by
Moss (1997), Livanis, Moss, Breneman and Nehring (2006) and Mishra, Moss and
Erickson (2008), they have not provided “ex-ante” income components attréoutabl

their location in such a specific manner as the individual commodityes prices
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provide. Examples were given for orange juice and rough rice syt even futures
such as live cattle that are found in all regions can be testgektif commodity futures
prices are significant with respect to the location where @neygrown or grazed. Third,
prior research on farmland has shown interest rates to be blerexplanatory variable,
but have not used interest rate futures as an explanatory varigidgest rate futures
provide expectations of the change in interest rates over thetshmor similar to the
agricultural commodity futures that provide expectations of the changj@ot prices of

the commodity.

Lastly, past research using futures and real estate aimeedging risk. This study
provides information for use with speculation and price discovery, wdrehwo other
typical reasons for entering and trading in the futures markieeor€&tically, owners of
farmland in specific locations can examine prices for agri@llwommodity futures and
speculate on rising land values. The information provided by the fuhagdelp with

decisions on land expansion, lease-purchase conversions, or sales of excess land.

The results of the study are intended to provide conclusions foe“fargis” similar to
the farms located in the NCREIF index. NCREIF (2009) reatiiyits their portfolios
represent a single asset class and may not represent thagiotalture market in the
United States. | am not implying this study is a pricing moalebmall “family farms”
that are common around the country. Conclusions are expected to proigté ime

the possible behavior of the farmland investor, not the small private farmer.
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Findings and Organization of Dissertation

In general, | find a weak relationship between agricultural commoditieefuprices and
farmland value. But in almost all regions of the United Statdsdl at least one
commodity whose price is significantly related to farmlandueal In the quarterly
regression models, the Mountain region had the most accurate priong, with, live
cattle, Minnesota wheat and cotton futures being significant. In lahg-run
cointegration models, sugar, corn and orange juice are significaeveral regions. In
the Corn Belt, wheat is a significant predictor of future changes in fadnpliaces in both
the cointegration and regression models. Overall, capitalizaties exe negatively
related to farmland market values as expected and contrary totatkpes anticipated
inflation has a similar negative relationship. Interest fiatires contracts, based on the
10-year Treasury bond, are not significant in the regression modetsenthppropriate

for cointegration models because they follow a random walk.

While this chapter has introduced the study, the remainder of the study is algaritze
following way. Chapter Il presents a review of the relevdatdture on the necessary
topics and the theory behind the pricing model. Chapter Il providesd#éte
construction and the methodology employed in testing the model. Thacainpsults
and discussion follow in Chapter IV and the final section, Chaptemprésents

conclusions and possible future research needed on the topic area.
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Chapter Two

Literature Review

The review of the relevant literature is separated into tHewmlg sections: Farmland
valuation studies, agricultural commodity futures markets in thé e@state literature
studies and inflation in the real estate literature studies. tidwretical foundation and

hypotheses for the study is shown following the relevant literature.

Farmland Valuation Literature

The real estate and economics literature has provided a long histomnlzrfdrvaluation
research. Herdt and Cochrane (1966) examine farmland prices italyeand
empirically to show that expectations of increases in future iecare bid into land
prices. They argue that rising demand for farmland occurs fdollog&ing 3 reasons:
urbanization, farm technological advances and government allotmentgprifme-
supported commodities. The study’s focus is placed on technologicalcadvand the
methodology is a 2-stage least squares regression on a muiivaodel. The study
covers 1913 to 1962 and includes many explanatory variables includimgsintates,
unemployment, total farm acreage, the United States DepartinAgticulture (USDA)
productivity index, and wholesale price levels. The results sugigastechnological
advances in agriculture benefit the farmland owner through bid up laxes pind are not

beneficial to the manager or operator who has a relatively constant incontenave
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Present value models (PVM) are a central theme in farmlahge wesearch. The
differences in the literature stem from the choices ofaaibry variables and the types
of methodology employed. Reinsel and Reinsel (1979) model farmland wsiog
ratios of the difference in farmland value and farmland incomets). Using annual
USDA data over the time period of 1940 to 1979, their results suthgeésarmland rents
have increased over time, but farmland prices increased at anfastenrate. The
authors theorize that population growth and inflation cause variatitanthvalues as
land is a scarce product and dense populations and rising commoditygmigkfy the

effects of scarcity.

Similarly, Melichar (1973) examines farmland capital flofesrh expenditures and debt
capital) between 1950 and 1972 to help explain the difference in farmdatsl and
market values. He finds that an increase in farm debtb&ilhecessary to sustain the
current increase in farmland prices He surmises thaestate is approximately two-
thirds of farm assets and real estate related capitaingfand outflows are two-fifths of
the total capital flows. In other words, real estate isatgebt portion of farm assets, but
real estate purchases are less than half of farm expendiithiesexternal capital flow of
debt allows for real estate land transfers and makes up foslanifall in the other
necessary components of farm production. These farm production congaresférm
machinery purchases, building and land improvements and crop anddk/astentories
on a farm. Furthering his research, Melichar (1979) examinedntr&et value of
farmland assets for capital gains using similar USDA data.sudgests that “net farm

income is not the appropriate measure of either land or productiets.as¢le reasons
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that capital gains should be subtracted from net income since naoeadllestate
(operator’s dwellings) is necessarily part of the farm’s prodanc Also, he notes that
future studies should consider lease income for passive investors arebtirgaid on
farmland debt. His results indicate that farmland capital gaiasfully explained by

appreciation in the value of the individual farm assets.

Castle and Hoch (1978) hypothesize that market values for farratanelxplained by a
real capital gains component in addition to the customary expdaten earnings

component as shown by the traditional PVM. The capital gains compacents for

all real changes in value including building and land appreciatbanges in debt,
inflation, taxes and other variables. Using national annual avewrdges per acre on
United States Department of Agriculture (USDA) data from 192098, the authors
find that expected farm earnings accounts for approximatéflphie real estate values.

The remainder is explained by capitalization of the capital gains.

Alston (1986), using annual data from 8 states, shows that insr@aset rental income

to the land is the primary factor in explaining increases imléard values. The states
included in the study were lowa, lllinois, Indiana, Missouri, North Dak8buth Dakota,
Ohio and Minnesota and the time period covered 1963 to 1982. Additionally, Alston
(1986) tested the Feldstein hypothesis (1980, 1980), that is, land priced sluneiase

with the inflation rate. On the contrary, he finds anticipatethtioh has a negative
relationship with rising farmland prices, but the impact of tidla is small when

compared to the impact of net rental income on farmland valil#s also compared the
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growth of the United States farmland price index with those ofa@a Argentina and
New Zealand. Despite difference in capital gains tax régak income tax rates and

rates of inflation, there was little difference in inflation’s effects owl fprices.

Little attention has been given to the use of future income forndigieg farmland
values. Phipps (1984) admits that prior studies use “ex-post” retaraspaoxy for
expected returns to set up the expectations model for testintafamarket values.
Using USDA annual data from a sample period of 1940 to 1979, he fatdfatmland
returns “Granger cause” farmland prices. Granger caus#b@gs not imply that one
variable causes another, but that one variable may be used to phedigées in another
variable. The econometric methodology also reduced serial ¢amnelssues present in

earlier farmland value research.

Using Agriculture Finance Datebook returns from 1910 to 1985, Featherahd Baker
(1987) do similar Granger causality tests to show that not onlgrdddnd returns cause
farmland values, but farmland values cause farmland values whichstsiggpeculative
bubbles in the farmland real estate market. Speculative prldages occur when actual
market prices deviate significantly from the expected pricesws by market
fundamentals. Tirole (1985) notes that price bubbles are caused byn#gwessary
conditions: durability, scarcity, and common beliefs. Farmland isicdenesl durable as
the land is indestructible and like other real estate is aescasource. Featherstone and
Baker (1987) observe that farmers hold common beliefs because theyiobirmation

from the same sources such as the USDA and receive markatssgovided by
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interrelated commodity markets. Further, Featherstone and Ba887)(use VAR
econometric methodology with variance decompositions and impulse redpoosens
to show that farmland values overreact to changes in net returrchamngles in interest

rates.

The first test of the Efficient Market Hypothesis (EMH) lwia farmland PVM was
performed by Falk (1991). Following the work of Campbell and $Kl887), Falk tests
the PVM with a constant discount rate using annual lowa farmlaneesand returns
between 1921 and 1986. He rejects the null hypothesis finding thaamarmiarkets are
not efficient. Similarly, Falk (1992) tests the EMH withiaeé-varying discount rate
using VAR methodology and once again rejects the null hypothesis. ug¢ess that
fundamental changes in the market such as changes in the tax codes areluailestkgft

efficiency in farmland markets.

Later,Falk and Lee (1998) decompose changes in farmland prices intautiteeelated
components, a permanent fundamental component, a temporary fundarosrgahent,

and a non-fundamental component, in order to study differences in exptasnati
farmland prices. Fundamental components are defined as shockltieice the time

path of rents and the time paths of interest rates. Exampldbesé shocks are
government policy, weather and technology breakthroughs and the shocks can be
permanent or temporary. Non-fundamental components are shocksfthahde the
farmland prices, but not the paths of the rent or the interest rathese shocks are

overreactions by the market not associated with any known funddrolkeatmes (i.e. fads
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as presented by Shiller (1984)$hiller (1984) argues that social dynamics he calls “fads
and fashions” are important in assessing the movements of specakdepteprices. He
shows, for example, that stock prices consistently “overreactiet® information on
dividends. Thus asset prices cannot be forecast strictly on sieedfgresent value of
future cash flows. Different types of assets may be “fashlehgintrinsically more
valuable) at some times and “unfashionable” at other tirkatk and Lee (1998) find that
farmland values are inefficient due to a combination of tempduadamental factors and

non-fundamental factors.

Tegene and Kuchler (1991) test the EMH on annual farmland dataleirake States,
the Corn Belt and the Northern Plains regions of the United Statesy test not only a
rational expectations model (forward looking), but an adaptive expetwatodel

(backwards looking). Adaptive expectations use the past time perestiksrto predict
the future results of the model, while rational expectations useaalily available public
information to predict future results of the model. Rational egpecs assume that
prices will tend toward equilibrium otherwise there would be adpitrepportunities in

the market. In their research, the rational expectations meeets the null hypothesis
for market efficiency, while the adaptive expectations modet@sdt. This result can
be explained by policy changes that do not affect prices instualy in adaptive
expectations markets as they do in rational markets. Tegeh&uchler (1993) later
find that speculative bubbles do not occur in farmland markets. Usingegation, the

authors accept the notion that market fundamentals are a dedatnm the movement of

farmland values similar to Falk (1991).
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De Fontnouville and Lence (2002) include transaction costs in aftdst present value
model with a constant discount rate using kernel regression. t&segnnual farmland
values and returns in 20 states and conclude farmland pricesieienefithen including
transaction costs such as sales commissions and other feegpiiic¢heThey also test for
market efficiency in farmland prices using national data and imdefficient market
similar to the previous research of Falk (1991) and Tegene and Kudge3).
Additionally, the authors test the PVM with a constant discountwateut transaction

costs and find the market to be inefficient as well.

Engsted (1998) contradicts Tegene and Kuchler's (1993) reseathargues that
cointegration is not useful when examining discount rates and expastatithe PVM.
He notes that cointegration tests do not provide evidence whether atiqrectare
“backward looking” or “forward looking” nor evidence whether the discourd rat
constant or time-varying. He uses the same data, but differifg M&thodology in
performing the tests. He rejects the null hypothesis of mafkeiency. He notes that

PVMs should be tested with time-varying discount rates as suggested by Falk (1992)

Time-varying risk premiums in the returns for farmland areeteby Hanson and Myers
(1995). They argue that commodity price booms are important “ecormmnditions
that could lead to changes in risk premiums which would have importphtations for
the present value models for farmland.” The authors test anniA WSurns data for

the lower 48 states from 1910 to 1990 using first-order ARCH modelks.m&thodology
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uses lagged dependent variables to account for autocorrelation. The desuiot
suggest a time-varying risk premium in farmland values asssx@turns to farmland are
uncorrelated with the time-varying conditional variance. The PAfid Capital Asset
Pricing Model (CAPM) of farmland returns are both rejected has dutocorrelation

cannot be explained by the time-varying risk premium.

Inflation is a subject of some debate in farmland pricing.ndted earlier, Alston (1986)
finds little significance when examining inflation’s effectsfarmland values. However,
Moss (1997) examines Florida state data from 1960 to 1994 to find tlzitomfis the

best predictor of changes in Florida farmland values. He afsis fihat agricultural
returns are a significant predictor of farmland values. Moss (198&hds the study to
an inland 48 state analysis and finds that inflation is the mgsifisant predictor of

farmland values as compared to other explanatory variablesotastpital and farm
income. Regionally, the study provides similar results to thte &ael except in the
Northeast region where the cost of debt capital was the mosficagt explanatory
factor. Also, in the Northeast and Southern regions inflation hasdidsexplanatory
power when compared to other regions. In most regions, inflation acddoni®0% of

the explanatory power.

Just and Miranowski (1993) examine lowa, Kansas and Georgia ddtadtdhat
inflation, the direct opportunity cost of each dollar invested in amdch and farmland
returns are the primary explanatory variables in farmlamcingr models. They use

Seemingly Unrelated Regression (SUR) to counter high autocane&nhong the states
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in the data set. The time period of the study was from 1963 to 1986. arddist
Miranowski (1993) note that inflation has a multi-level effectitateads to capital
erosion, savings-return erosion and real debt reduction. Other rehats that
government payments and the availability of credit have littlecefbn the change in

farm prices.

Weersink, Clark, Turvey and Sarker (1999) use Non-Linear Seemidglelated
Regression to test Ontario, Canada data from 1947 to 1993 and fihdlsethang-run
response of farmland values to government payments is highly eléstibe short-run,
the government payments are inelastic, so landowners generally government
payments into the farmland values when the payments are perceibedpermanent.
Moss, Shonkwiler and Reynolds (1989) find negative statistical signde between
government payments and farmland asset values in the short-rurg Basiesian vector
autoregression on annual USDA data from 1945 to 1986, they find the rdigiions
between government assistance and farmland values is transitbialues cannot be
controlled reliably in the long-run by government price support paymerite authors
suggest that a better approach to increasing farmland vallmgsdscreasing the real
interest rate. A large portion in the decline in market vates the 1980s can be

attributed to increases in the real interest rate by the Federal/&&zerd.

New York State’s Agricultural District Program has no siguaifit relationship with
farmland values (Vitaliano and Hill, 1994). This program featuresgaicultural-use tax

exemption for landowners. Ordinarily this may not be important, bsiishan example
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of a farm “preservation” program or tax abatement prograat ts not enhancing
farmland values. New York state real estate sales datalfé@ to 1986 is tested with
weighted least squares regression to show that nonfarm “influendebles were a
significant predictor in this study. These variables show rifieaeince of real estate
development on farmland prices as they are distance measuresktyp c@mmercial real
estate such as retail shopping. Other significant variabtdgsde a climate measure
known as growing degree days, poor drainage, school enrollment, pertéablef soil,

soil rating, distance to New York City and property tax rates.

Goodwin, Mishra, and Ortalo-Magne (2003) test USDA-National AgriceltBervice
(NASS) Agricultural Resource Management Survey (ARMS) data from 1998 to 2001 and
find that price supports raise farmland values $6.55 per acre foy de#ar invested
while disaster payments raise values somewhat less at $&6%cre per dollar.
Agriculture Transmission Market Payments from the 1996 Fairréised land values
$4.94 for every dollar they provided to the farmer. When examining individgens,

the impact of price supports on farmland prices was uneven.

Mishra, Moss and Erickson (2008) use multivariate panel cointegratieramine the
relationship among farmland returns (gross revenues per asreXpenditures), average
farmland interest rates on farm business debt, debt to assed eatil government
payments. They pool annual USDA data on a national level as welblast various
regions. The results indicate that farmland prices are pdgitne significantly related

to farmland returns in 9 out of 10 regions. Interest rates @atinely and significantly
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related to farmland prices in all regions. Government paymestfegatively and
significantly related to farmland prices in all regions exciet Northeast and Lake
States. The debt-to-asset ratio is also negatively andisagly related to farmland

prices in 7 of 10 regions.

Shalit and Schmitz (1982) use national farmland price data from tedUStates
Department of Agriculture (USDA) Economic Research Servicentbthat farm savings
(farm income minus farm consumption) and accumulated real eske are
determinants of farmland prices. The time period of the study£d®50 to 1978. The
results suggest that credit liquidity by the banking sectocttjrémpacts the speed at
which farm values rise or fall. Additionally, the number of faimzeases as the total

debt per acre decreases.

Urban sprawl’s affects on farmland values has been the topevefa studies.  Shi,
Phipps, and Colyer (1997) use gravity models to examine the inflaénadanization
on farmland value in West Virginia. The study uses net inconenddnd per acre, real
capital gains to farmland per acre, the index of the ratio of populéd the squared
distance to the three closest metropolitan areas and thentexasi rate as explanatory
variables for the price per acre of farmland. All variableth whe exception of the real
interest rate are significant and have the appropriate sigs, Phipps, and Colyer
(1997) find that a 1 % increase in the urban influence index variable §gbopul
size/distance) results in a $132.60 increase in market values of farmlanidcovet and

real capital gains have lesser positive influences on farmland values.
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Hardie, Naranyan and Gardner (2001) find that, in addition to farm reveandarm
factors also play a significant role in establishing farmlaridevaResults indicate that an
increase of farm revenue of $1.00 per acre changes the valuerpesfdarmland by
$2.95. A $1.00 increase in farm expenditures per acre reduces theffualand by
$4.82 per acre. Non-farm factors also had significant effects.inérease in nearby
housing prices or an increase in local population leads to an inanefasmland values.
The study includes 3 cross-sections of county level data frovidhé\tlantic states in

the years, 1982, 1987 and 1992.

Following Von Thunen’s (1826) economic model, Livanis, Moss, Breneman andhdlehr
(2006) examine 3 effects of urban sprawl on farmland values: the tirap&armland
conversion to urban uses, the effect of urbanization on agriculturahseturd the
speculative effects of conversion risk. The authors use gendr8ligege least squares
regression on county level data between 1987 and 1997 to find that ogeagef
increase in net farm income will increase farmland values $4.1Gcae. For
urbanization effects, the results indicate that for every $1000aser® median house
prices, there is an $11.60 per acre increase in farmland valuer #gefculative effects,
a 1% increase in their accessibility index (population in an urban center/ distambart
center) leads to a $3.09 per acre increase in farmland value.nid.ie& al (2006) find
that the impact of agricultural income on farmland value is smBlie effect of urban

sprawl is strongest in the northeastern United States and is not unexpected.
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Platinga, Lubowski, and Stavins (2002) use a spatial city model tohiaption values
associated with irreversible and uncertain development are lmagultanto current
farmland values. The test includes a cross section of 3000 coutrttss ghe United
States and results are estimated for the average county in 199y finththat potential
future rents from development account for approximately 10% of [dadnmvalue.
Increases in population density and highway density increase the wélfarmland

significantly.

Recently, Guiling, Brorsen and Doye (2009) estimate the eftdéaisban proximity on
Oklahoma farmland tracts between 1971 and 2005. The authors useonai® fof the
state’s cities and the size and distance effects of urbannptgXrom these cities are
allowed to vary across time. They find that population and incomlaie the effects of
urban proximity on agricultural land values. Researchers have tedfight from

blight”, but preferences for living further from the city centevéhaot evolved over time

except that resulting from increasing population and income.

Little research on the differences in farmland soil quddag been studied even though
crops are grown and livestock is grazed on this soil. Miranowski amdntés (2001)
use lowa transaction data covering the time period 1974 to 1979 taf testl
characteristics affect farmland values. Ordinary least eguagression models find that
increased topsoil depth and PH (soil acidity) have a positive aietdipp on farmland
values. Erosion from rainfall intensity and steepness and lengtlopds has a negative

impact on farmland values.
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Agricultural Commodity Futures in the Real Estate Literature

A financial derivative is a financial instrument or securitiiose payoffs depend on
another financial instrument or security (Kolb, 2003). Examples eé&timelude options,
swaps, forward contracts and futures contracts. Forward contractsronodities and
other assets are derived at a particular time, but delivetlyesk underlying assets and
execution of the trade occurs at a later date. Futures cendractery similar to forward
contracts, but futures are traded on an organized exchange and alsededy
governmental agencies such as the Commodity Futures Trading Coammi€FTC).
The United States has several of these exchanges includinGhibago Mercantile
Exchange Group, New York Board of Trade, New York MercantilehBrge, Kansas
City Board of Trade and Minneapolis Grain Exchange. Additionalifyrés contracts
are guaranteed by a clearinghouse (financial institution) thatesshe integrity of the
transaction. Another difference is that purchasers of futures ctstraust post a margin
to be allowed to trade at the exchange. The margin is a formswfince which provides
financial assurance against sudden negative turns in the marketayabduce a buyer
to default. Lastly, that futures contracts show exact speatfiitsafor the assets involved
in the transaction. Commodity specifications include size, quahtkysize, delivery

dates and delivery mechanisms.

Research on the effects of agricultural commodity futures uporeséatle is somewhat
sparse. Hinkelmann and Swidler (2008) used futures contracts to hedgealnati

residential housing price risk. A total of 31 futures contracsuaed in the study. The
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time period for the study is 1983 to 2005 and the methodology is regressalysis on
the change (return) in the futures price. Results indicatdutaes are a poor hedge of
house price risk. Many of the agricultural commodity futures prirech as corn, live
cattle, sugar and coffee have inverse relationships with theeQdf Federal Housing
Enterprise Oversight (OFHEO) Index, a proxy for home pricesa Asbustness check,
the authors use the Bureau of the Census Index as another proxy fophoeseo test
the effectiveness of using these futures contracts as a hedgeule price risk. The
results are similar with numerous negative relationships betiuteres prices and the

index.

Similar research is performed on a local level by BertudlaHs, and Swidler (2008).
They test one of the Chicago Mercantile Exchange’s city fsitcoatracts, Las Vegas, as
a hedge for house price risk in Las Vegas. They consider thgepgye of investment
groups, mortgage portfolio investors, local real estate develagpetsthe individual
homeowners from 1994 to 2006. Regressions on changes in the futuresiprigdbat
investment groups and mortgage holders could have reduced house price 88%.b
Developers would not have been able to hedge the house price risk of newimonees
city of Las Vegas, but existing home sales showed that the dodivhomeowner would

be more successful in hedging risk with futures contracts.

Liang, Seiler, and Chatrath (1998) use interest rate futures, stoek futures,
commodity futures and precious metal futures to test for theligihg potential against

real estate investment trust (REIT) returns. This stutgnebng from 1982 to 1994 uses
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regression analysis to test the change in futures pricessvidrs change in three REIT
indexes (Equity, Mortgage and All REITs). Rolling hedge anden&idge ratios are
examined and none of the hedging strategies proved effectiveaulli@'s suggest that a
REIT specific futures contract should be developed to benefittorges Oppenheimer
(1996) also tests the ability to hedge REIT returns with irtteeg¢s futures. Treasury

futures contracts provided the best hedging results in this study.

Commodity futures diversification benefits are examined by Jedsénson and Mercer
(2000). The study tests the role of commodity futures in portfolits stocks, bonds, T-
bills and real estate. The comparison with the commodity futurdsreal estate is
between the National Association of Real Estate Investmest {NAREIT) Index and
the Goldman Sachs commodity total return (GSCI) index. Thel@®Ex includes
agricultural commodity futures such as wheat, corn, soybeans, caiftee,acocoa and
sugar. Commodity futures are a poor individual investment. In théol@rcontext
using Markowitz optimization, the authors find that heavily weightaommmodities will
maximize returns in periods of restrictive monetary policy. elv, in time periods of
expansive monetary policy, commodity futures provide little benefit. a Istudy of
diversification benefits including just commodity futures, Jensen, dohasd Mercer
(2002) find that agricultural crop futures contracts provide high retluriag restrictive
monetary policy, but are less effective during expansive monetdryy. Livestock
futures contracts provide high returns during expansive monetary pblityperform

poorly during restrictive monetary policy periods.

Inflation in the Real Estate Literature
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Real estate research testing inflation as an explanataapleam valuation models is not

new. As noted previously inflation has been found to have a mixed irmpdatmland

valuation. (See Ashton 1986, Moss 1997, Just and Miranowski (1993)) Lusht (1978)

argues that in a PVM using equity yields as a measure aficahe, the results will be
biased unless it includes anticipated inflation. He suggestsusivag equity dividend
models instead of equity yield models may solve this inflation pnobladditionally, he
argues that inflation’s effect on investment value is dependent ooritfieal cost, the
debt to equity ratio and depreciation. As the rate of inflationeas®s, accumulating
debt will increase present values. Also, increasing depreciafibriecrease present
values. Lusht (1978) also notes that as anticipated inflation insraagestment levels

decrease contrary to popular opinion.

Rubens, Bond and Webb (2001) examine the residential, commercial and:&hestate
as effective hedges against inflation. They use annual datal®6thto 1986 and find
that residential real estate is the only effective hedgensigaiflation. Commercial real
estate is a hedge against anticipated inflation, but not unangédipdtation. Farmland
and residential real estate are positive hedigesunanticipated inflation, but not
anticipated inflation. The authors also investigate mixed-gssetolios including

variations of stocks, bonds, t-bills, business, farmland and resideatiaistate. None of
their portfolio combinations act as effective hedges against unexpecteidmfletile all

are at least partial hedges for anticipated inflation.
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Wurtzebach, Mueller, and Machi (1991) argue that institutions itéeraa long-term

investments such as pension funds and insurance companies purchasty afvassets
to manage inflation risk and protect against inflation’s negatifectst The study
examines office and industrial properties over the time peridd®67 to 1989. Office
properties are an effective hedge against inflation during hdationary periods, while
industrial properties were found to provide an effective hedge durgtyihflationary

periods. Additionally, vacancy rates are included in the analysisthe results give
support to the notion that real estate is not an effective hedgeashenercial markets
are imbalanced (i.e. dramatically rising vacancy ratédigh inflation does not cure an

overbuilt market nor help a market with high vacancy rates.

Theoretical Foundation, Summary and Hypotheses

Following the theoretical model for asset valuation, | assumestionge consider the
future income from farmland in their valuation of the real esaas®et, farmland. Thus,
the price of crops in the future is a logical consideratiohenptrice investors are willing
to pay for farmland. To the extent that agricultural futuresraot# provide investors
with an indication of future crop prices, it is logical that faand investors use crop
futures as input for their farmland valuation. It can be arguedfaates prices for

agricultural commodities are critical to investors since tipeises are expectations of the
future crop and livestock prices. Other sources of informatitateck to future crop

prices such as the USDA crop reports have infrequent release ttlas providing less

data associated with the prediction of future income to be dedefsy the land.
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Although futures contracts are short-term, they provide an indicatimmgfterm trends

that may be applied to farmland values by the investor.

The use of futures as a predictor of expected income with retandsl estate is an
extension of the existing literature. Phipps (1984) shows that mubke ofder farmland
PVMs are based upon “ex-post” USDA annual data that is set up tg feEmante”
expectations. This study proxies “ex-ante” income with agucailtcommodity futures
prices. Prior use of agricultural commodity futures in reatestesearch is very limited.
Most studies have tested the hedging ability of futures contracts, Wikilgtaidy includes
other investor uses for futures contracts, price discovery and apeoul The purpose of
this study is to examine whether futures prices are signifiwéth respect to real estate
values and whether investors use these futures prices to tagiivastment decisions. |
hypothesize that agricultural commodity 6-month futures pricelshaile a significant

positive relationship with farmland market values.

Previous farmland valuation literature has suggested that thenppvadge models cannot

be used to value farmland. Falk (1991, 1992) and others have rejdtdeehtitypes of

PVMs for farmland similarly to Shiller's (1979, 1981) prior workfinance. For this
reason, we will provide other, non-income related variables as comtriables in the
valuation model.  Capitalization rates provide the “fad facterpesented by Shiller
(1984) and Falk and Lee (1998). Mishra, Moss, and Erickson (2008) and others have
shown that interest rates are a key variable in determiningdiad values. | include

interest rate futures to provide expectations of changes in thesntates. Interest rate
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futures have received very little prior study in the reahtesliterature. The current
research explores interest rate futures in models with mortgage-backeiiss and thus
is not applicable to farmland. | hypothesize that capitalizatad@s and interest rate
futures have a significant negative relationship with farmlandcketaralues. Lastly,
anticipated inflation is used in the valuation model. This varialdeiges expectations
of inflation and has been shown to be a significant predictor of dadnalues in prior
literature by Moss (1997), Lusht (1978) and others. Farmland matkes\hould have

a significant positive relationship with anticipated inflation.
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Chapter Three

Data Construction and Empirical Methodology

Data
Data used in the study is taken from three sources and cotrers period from 1991 to

2008. The National Council of Real Estate Investment Fiducigregades farmland
market values and capitalization rates. End-of-day agricultoramodity futures prices
are provided by R & C Research Incorporated in Marietta, gi@oiEconomic estimates
of anticipated inflation are obtained from the Livingston Survey of Rhdadelphia
Federal Reserve Board. Detailed descriptions and any assumptidnderivations

follow.

Farmland Market Values

The National Council of Real Estate Investment Fiduciaries @®ERtracks total
farmland returns from a large, geographically diverse sampleSffarmland which, as

of March 31, 2009, was comprised from 423 individual properties valued at
approximately $1,915,000,000. Table 1 depicts the yearly portfolio of farmland
properties used in the study. The properties are obtainedsatrigaart, by tax exempt
institutions and held in a fiduciary environment (NCREIF, 2009). Th&ehaalues are
derived by appraisal methodology and based upon agriculture income producing
properties on an unlevered basis. The total number of properties ipottfelio

frequently changes as the membership in NCREIF changes over Additionally, the
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disposition and purchase of new properties occurs frequently, so mdues aee based

upon characteristics of the portfolio at the quarter end.

NCREIF provides rates of return on the properties in an index rotdad that began in
1990 and is updated quarterly. They provide total returns, which can beddividean

income return component showing average net operating income in ther urattan
appreciation return showing similar gains in market value of the gregerThe income

return is shown by the following:

NOI
BMV +;(CE— PS+ PP-NOI)

(1)

where NOI is the net operating income for farmlarBV is the beginning quarterly
market value of the farmlan@E is the farmland capital expenditures during the quarter,
PSis the partial sales of farmland tracts each quarterP&nid the partial purchases of

farmland tracts each quarter.

The appreciation returns are derived by the following:

(EMV —BMV)+PP-Cl - PS (2)
BMV +1/2(Cl — PS+ PP - NOI)

whereEMV is the ending quarterly market value of the farmland @hi$ the farmland
capital improvements during the quarter. (NCREIF, 2009) Farmlamlemvalues are

derived from NCREIF’s appreciation return.

41



NCREIF also provides detailed breakdowns by property type and rediiynpricing
models examine the total portfolio market values for farmland aachiee the portfolio
by property type with agricultural commodity futures testedhim @appropriate model.
The NCREIF property types are annual cropland and permanent ratoplannual
cropland is simply defined as row crops harvested by thessoil as commodities and
vegetables. Permanent crops are harvested from trees andswatess fruits. The
difference between the two is that annual cropland can be rotatedhanged, while
permanent crops are less flexible. NCREIF does not classifgfathe portfolio returns
as farmland for grazing or the growth of livestock, therefore | am nettakést a pricing

model with livestock farms as a property type.

Regional farmland price indexes are provided by NCREIF and ing¢heldollowing
regions: Pacific, Pacific Northwest, Mountain, Corn Belt, LakadeStaSoutheast, Delta
States, Appalachian, Northern Plains, Southern Plains, Northeast had (NCREIF,
2009). Table 2 provides the states that are included in each ofgibealeindexes.
Limitations, such as climate, legal restrictions and NCREI&% of ownership of
properties in certain areas require that the Appalachian, Northa&ms Rnd Southern

Plains regions cannot be included in the studydditionally, the Pacific West and

! North Dakota, South Dakota, Nebraska, Oklahoma, Minnesota, lowa, Missouri and
Wisconsin have legal restrictions that prevent institutional investment itafasm
[Howard (2005)]. These restrictions are supposedly the protection of the small
“family” farm.
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Southeast regions are the only two regions where permanent dopldexes are

examined. These two regions are the only regions where oranges are grown.

| assume that the farmland values, as measured by NCREIF; Boffe smoothing.
Smoothing is the dampening of measured risk in appraisal-based itiditessults from
the appraisers’ partial adjustments at the disaggregate dedetemporal aggregation
when constructing the index at the aggregate level (Geltner, 19933djust for
smoothing using Geltner's (1993) methodology. This is shown by the fotjow

equation:

k*t = kt B (1_a)kt -1
o

3)
where k is the appraisal based return in year t and k*t is the acttiain after the
correction procedure. | use the factor of 0.40 for the correctiarasito Geltner (1993)

and Pagliari, Jr, Scherer, and Monopoli (2005).

Farmland Capitalization Rates

Another factor in developing farmland valuations is the capitadzarate. | would
suggest that Shiller’s “fad factor” is likely to be encapsudlatside the cap rate. That is,
as a particular real estate asset type becomes morerfala, for whatever reason, cap

rates would tend to fall. Conversely rising cap rates, in atdit suggesting that the
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market perceives more risk, may also be suggesting that thestate asset has become

less fashionable. The capitalization rate is defined as:

NetOperathgincome

CapitalizgionRate=
MarketValie

(4)

The net operating income (NOI) and current market values are paold&NCREIF.
NOI as shown in the capitalization rate formula is income afegancy, credit,
collections and total operating expenses, but before capital expesdifimeng, 2005).

These capitalization rates are estimated quarterly.

Unfortunately the direct use of capitalization rates in the mediely to cause spurious
regression results. “Market value” is the dependent variableeipricing model while it
simultaneously appears as an independent variable (the denomindkar cdp rate).
Thus | include a proxy for the capitalization rates. | proxy tyaitalization rate for

farmland with the risk premium in the following expression:

R, = Ry = Ry _tond (6)

where Ris the income return for farmland,;JRsonqiS Used as a proxy for the long-term

investor’s risk-free rate and,is the risk premium.

Damodaran (2009) notes that this equation is known as the historicaliprexpproach.

He notes that the risk premium is the difference betwepaatad returns and the returns
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of a default free government security. Further, he stateshthateasury bond provides
more predictable returns and accurate estimates over longehtrizons. | use the 10-
year Treasury bond as the basis for my risk free rate ofnra@tuthe above equation.
Ciochetti and Shilling (2007) indicate the variation in property esgsris caused by risk
premiums and not interest rates. Figure 1 shows the capitalizedtes and the
capitalization rate risk premiums in the Southeast Permanenta@dpmgion as a typical
case. The risk premium term is important as it contains infoyman the amount of

risk in the market and the given price attached to that riskthioreason, it affects how
investors evaluate assets that are risky and is a deternohathte value of that

investment similar to a capitalization rate. Therefore, it is a reliable/p

Agricultural Commodity Futures

Data on futures contracts are from R & C Research, Inc. @-Bata.com. A listing of

the differing commodity futures tested in the study is shown oneTablThe listing is

not all inclusive as R & C Research only captures data in defnamdconsumers of

their products. Futures such as dairy products are not listed bedauksek of available

data. Others agricultural commodities such as poultry are not lyubkcled on the

futures market. Table 3 also shows the symbol the futures exahasg for each futures

contract

Table 4 provides data on agricultural production in the United Sta@owasled by the
2007 Census for Agriculture (USDA, 2007). Corn is the largest commdnjity

percentage of total sales in the United States at 13.4%. hittle @re the largest
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commodity in terms of farmland used for production at 36.2%. Crops\aexidck are
very similar in total agricultural sales at 48.3 and 51.7% wm&ply. As for agricultural
farmland needed for production, crops are grown on 44.7% as compared tockves
grazing on 49.0% of the land. The census data implies the futureaatsmrovided on
Table 3 appear to be sufficient and comprehensive enough to develop anepnes
sample for the current study. | include futures contracts imgel that are the leading
crops produced in each specific regforiFour to five differing crops are tested in each

region.

Agricultural commodity futures have differing contract specificationable 5 provides a
listing of specifications for each commodity in the study. HEafctihe futures contracts
has differing contract sizes and tick sizes. Tick sizeshareninimum fluctuation of the
price for a given futures contract and all of the commoditiesta250 or less. The
agricultural commodities are measured in pounds or bushels, withasoybeal and

rough rice being the exceptions as they are measured in shoanrsindredweights.
Each of the futures contracts has daily price limits atingrsates. These daily limits are
caused by commodity price volatility and the chance of catastraggses. Daily limits

may freeze prices, but do not freeze trading on the futuresactsitrMost are variable

and are not shown in Table 5 for the sake of brévitBettlement procedures for

? Seehttp://www.ers.usda.gov/Briefing/
http://commodities.about.com/od/gettingstarted/a/profiles.htm,
http://wwwl.agric.gov.ab.ca/$department/deptdocs.nsf/all/sisZ2 1P
http://www.epa.gov/oecaagct/agl01/cropmajor.html

* Details on daily price limits and deliverable grades of each commodityaessl
and can be provided upon request.
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agricultural commodity futures contracts are characterizeghygical delivery of the
goods, although many contracts settle before expiration. Mosiuligral commodity
futures last trade date is the business day prior to fheldpof the expiration month and
delivery dates are commonly in the week following the last tcadiay of that same
month.  Futures contracts expire in different months and venadgieultural futures

contracts expire in all 12 months.

Table 5 shows the varying expiration months for each of the futtoegacts. A
limitation of the study is that expiration dates are not alwayshe ' of each quarter
(January, April, July, and October). | interpolate the priceheicontracts that bracket
the beginning of each quarter to match the data points and pfouidpoints per year.
Further, because of weekends and holidays, futures prices do no$ alecay on the®i
day of the month, therefore | use the end of day trading plosest to that particular

day.

Interest Rate Futures

Interest rate futures prices are taken from R & C ReBe#mc. similar to agricultural
commodity futures. The 10-year treasury-note is used as a fmoapplicable interest
rates in the study. Its ticker symbol is shown on panel A of TablBuying an interest
rate futures contract allows a borrower to lock an anticipatiedest rate in the present,
while the underlying interest rate changes with the markeg. rate being represented by

the futures contract is an investment rate, not a borrowingfateerest. The 10-year
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treasury-note is a medium term rate compared to longer tgure$ contract such as the
30-year U.S. treasury bond and the shorter term futures contuabtas the 13-week T-

bill and 3-year U.S. treasury note.

Anticipated Inflation

The study uses anticipated inflation figures from the LivingSarvey of the Federal
Reserve Bank of Philadelphia (2008). The Livingston Survey providesotiggedt
running inflation estimates by economists in the United Statasagdadck to 1946. The
estimates of anticipated inflation are actual forecéstseconomists for use in the
business community. The survey provides 6-month and 12-month projections of
anticipated inflation. Also each estimate is made by mul&glenomists. | use the
means of the 12-month economic estimations. The mean factorstire atonomists’
forecasts and 12-month estimates allow for a longer time pesumchble for an
investment like timberland. Again, | interpolate these forecsistdar to the futures

contract prices to form quarterly data points for our study.

Empirical Methodology

| use the following general model to explain farmland market values:

Farri(ACFut, CR IFut, Inf) (6)

where ACFut is the agricultural commodity futures price, CRescapitalization rate for

farmland, IFut is the interest rate futures price, and Inf is anticipati@tion.
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Kolb (2003) notes, that using futures prices for statistical enfe¥ can present some
problems. Futures prices can be measured using price levelsertifescores or
percentage changes in the price. He advises against measuwiirgs fotices in price
levels because of autocorrelation. Autocorrelation is where one otiserva an
equation is time dependent on a previous or future observation. Asamplex first-
order autocorrelation is where an observation is related to thepsesbservation in the
time series. This phenomenon has been studied extensively and fowedutoin
commodity and currency futures. (See Cargill and Rausser, 1972y dagdlingsman,
1979, Deaton and Laroque, 1992, and Puri, Elyasiani, and Westbrook, 2002) Kolb
(2003) suggests that using price changes (difference scopsra@ntage price changes
(returns) instead of price levels for measuring futures pricesmodels. He also
recommends using percentage price changes when price levetsaraigtically over the
holding period similar to our study. To rectify this autocorrelapooblem, | use the

following percentage change model:

(Farm—Farm,)/Farm, =, + o (ACFyt-ACFut, )/ ACE, +o,(CR-CR)/ICR, +
o,(IFut —IFut )/ IFut, +a,(Inf —Inf_)/Inf_+ €

(7)

where ACFut is the percentage change in the agricultural comnfatiites price, CR is
the percentage change in the capitalization rate for farml&nd, i$ the percentage
change in the interest rate futures price and Inf is the mtage change in the anticipated

inflation rate andt is the error term.
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Another issue with the use of futures contracts in statisticaleis is the presence of
leptokurtosis. Leptokurtosis is the presence of “high peaks” and dfist’ in the
distributions of the variables. This means that too many extoliservations occur in
the distributions and inferences need to be made with caution. d¥ldse time the
futures prices move randomly, but when they deviate from this randsmiiey move

faster and further than researchers would expect.

An assumption of regression analysis is that residuals of unugflyiures price changes
are normally distributed. Kolb (2003) suggests that most studiesfbamd that the
distributions of futures prices are stable Paretian (normakptdKurtic) or a mixture of
two or more normal distributions. | examine the distributions formalcy with
histograms and use caution in making conclusions about any distributainsré non-
normal. Additionally, | take the “started logs” of the necessdiservations to remedy
any possible normality issues with the variables (MostelleTak@y, 1977). This linear
transformation as given by Cohen, Cohen, West and Aiken (2003) can be shdwven by

following:

A
(Y+0) @®)

where Y is the dependent variable, ¢ is a small constarit anthe exponential growth

or decline. The independent variables are transformed in arsfasl@on. Anticipated

inflation estimates are not transformed as they are percentage rates
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After examining each variable with small constants of 15 andn@5saeing very little
difference in the results, | include the constants of 25 in the Ismodéree data points
are censored since large percentage changes occur in cafdaliate risk premiums
from one quarter to the next. Two of these data points are usee Mauntain annual
cropland capitalization rate risk premium calculation and the athesad in the Pacific
West annual cropland calculation. Using a small constant of 25 appdssa superior

tradeoff to using a large constant such as 100, which may change the results.

Kolb (2003) notes that futures price volatility increases as ito@gpes expiration and
this phenomenon is known as the Samuelson HypotheSiamuelson (1965) implies
that the futures price equals the expected future spot priceoatract's expiration. The
higher volatility as the futures contract nears expirationnséay price changes occur in
the market. This volatility results from the release of neformation into the
marketplace. As we recede further from the expiration datesathigact price becomes
less volatile with less information coming to the market. Thgssical implications are
that as a futures contract draws closer to expiration, any camdu®rmed from prices
near expiration may be unreliable in view of the excess lilati remedy this problem
by using six month futures prices. Most of the futures pricesodldrade more than a
year in advance of expiration and any that trade during this amefhave low volume.
The six month parameter provides an approximate median estimatimnapaol is not

near the expiration of the contract.

* See Samuelson (1965)
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Two other issues that relate to agricultural commodity futymese volatility are
seasonality and outliers. French (1980) examined Standard and PooKsdatac
between 1953 and 1977 to find that average returns for Tuesday to Fredpgs#ive,
but average returns for Monday were negative. This became known asetiend
effect” and suggests that patterns in asset returns a@naea\gricultural commodity
prices may follow a similar pattern since crops have spegifowing seasons. For
instance, the summer months with a higher temperature mayodaghier returns in a
commodity price for a crop such as oranges. Conversely, the wintehsmwould lead

to lower prices.

Outliers occur when large shifts in the futures price happen hod period of time.
Outliers in agricultural commodity prices occur for many eeasincluding government
policy such as the elimination of agricultural subsidies in Orgéiniz for Economic Co-
operation and Development (OECD) countries, weather such asza veelrought, or
even activities such as ethanol production for bio-fuels for automobifdst the futures
price data to see if a seasonal indicator variable(s)aedetkefor a particular commodity.
These indicator and/or “dummy” variables are included in the moeééhe#r seasonality

or outliers occur, but they may not be necessary in all models.

Multicollinearity is the high correlation of the independent variabhlesmultiple
regression analysis. This problem causes significance leveidegendent variables to
be skewed and standard errors to be inflated. It should not bias ¢héhit model, but

each of the independent variables will be less precise. Wsitigpated inflation and
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interest rate futures as independent variables in the pricing nrmodgl provide
multicollinearity issues. Farmland lenders know that risin@iimaih erodes loan profits
therefore they change interest rates on new and rendoamng to decrease their risk
exposure. Long term interest rates obviously contain an inflatiorpaoent. After
reviewing the literature, | believe that both variables rbayimportant explanatory
variables in my pricing model. | examine variance inflatiortdiec and tolerance to

make sure | do not have a multicollinearity issue.

Lastly, in view of the limited time period and limited frequencyobervations in the
NCREIF farmland portfolio, the model may suffer from data poverty. Datatyasehe
lack of enough available data for testing the hypotheses prdsernte study. Having a
small sample size limits the statistical power in the ystudbtatistical power is the
probability that the test will reject a false null hypothesiis other words, the test does
not have a Type Il error. A large sample size is needed fbehgtatistical power as
larger sample sizes decrease the variance of the estipagaueters. As the power of
the test increases, then the chances of Type Il error desreAscommon rule of thumb
by Cohen (1988) is the use of 30 data points for each independextileda achieve an
80% statistical power in the test. The figure of 80% is thrermim suggested power for

an ordinary study so | limit the explanatory variables in the study.

To conclude whether agricultural commodity futures, farmland ceagatadn rates,

interest rate futures or anticipated inflation have joint sigmifte when estimating

53



farmland values in the pricing model, | examine the F-tassifynificance in the multiple

regression equation. It is shown by the following:

> (Y, - V)2 (K -1)

F= & ©)
Z(Yij _Yi)Z/(N - K)
i
where Y| are theJ' observation in thé"iout of K groupsY; is the sample mean in tH i
group, Y s the overall mean, n is the sample size of thgroup, and N is the overall
sample size. K-1 and N-K are the degrees of freedom in tlistbution. ;- Y )*is
known as sum of squares error ang {Y )? is known as sum of squares total. Equation
(9) shows the overall fit of the model.
To examine whether each independent variable is a significantnexgig variable, |
examine the t-test for significance. It is shown by the following:
t=b/SE (10)

where h is the slope of the sample regression line and SE is thdastherror of the

slope.

Equations (9) and (10) provide the conclusions from which | make statistierence on
the data in the regression equation. The last statistic éhatnhine from the regression

equation is the coefficient of determinatiorf, Rhis statistic accounts for the variability
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explained of the dependent variable, farmland market values, byntependent

variables in each equation. It is shown by the following:

SSE
R?=1->2"
SST (1)

where SSE is the sum of squares error and SST is the sum césstptal for the data.
Each coefficient of determination is examined to find which indiviquaing model
explains the most variability in farmland market values, whethisr on a regional or

national level.

As a robustness check, | examine the original farmland market wadexes that are not
desmoothed with Geltner's methodology. | transform the variablesa percentage
change OLS model and include seasonal dummy variables to domacty seasonality

in the variables.

As a further check, | use Johansen’s cointegration procedure and dansforim the
price levels of the variables. | do this to avoid the loss afrin&tion and possible
confounding effects when making a data transformation (Edwards, 2002jis
econometric methodology is used by Johansen (1988) and Johansen and J@Sfjus (

and is shown by the following equation:

AXi = H +1AX G+ o #TaAX s 1+ [ [ X+ PD; + € (12)
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where X is the vector op I(1) variables, p is p x 1 vector of interceptd;1, I'k, [] and

® arep x pmatrices of coefficients, {5 for seasonal dummy variablesis the is the x

1 error term that is assumed to be normally and independentlydisttiwith a mean of
zero and a variance matrix ©f andA is the first difference operator. For a hypothesis
of long run relationships between the variables to be correct,nthefahe matrix of the
coefficients Xk has to have a finite value < p. Each of the coefficiginten by the
model will have an appropriate sign for any negative or posiglaionship after the

dependent variable is separated from the other terms in the vector.

A significant result in the cointegration models confirms a Ilamg-equilibrium
relationship between the variables. The methodology differs from the Ot&3sems as
cointegration models use lags in the quarterly price levelsathgita transformation of
the variables to find the significant long-run relationships. Theogpiate lags for each
model are confirmed using criterion such as the Final Predictioor, EAkaike
information, Schwarz information and Hannan-Quinn information. Furthecks are

made for any serial correlation with the Langrange Multiplier (LM})te

In order to use this technique, each time series variable musegeated to the order of
I(1) or stationary in their first differences. In other wordé&ytneed to contain one unit
root. | test for the stationarity of the variables with the rAagted Dickey Fuller (ADF)

and the Phillips-Perron (PP) Tests. These unit root testsnapéegegression models

that depend on certain assumptions. The ADF and PP tests that idolud¢ a time

> These are not shown here for the sake of brevity, but can be provided upon request.
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trend, but include a drift term are based on the alternate hypotbfeaigime series
variable is stationary around a fixed mean. (Campbell and SHi87) It is shown by

the following model:

t Yo + PY1 t € (13)

wherea is the constant or drift terympy.; is the coefficient and regressor ands the

error term.

For series that are stationary around a time trend, then it is shown by the fallowing

Yo + 0t + Py + € (14)

wheredt is the time trend in the model.

It is not probable that all of the variables in the pricing modeluding some futures
prices are likely to be stationary in their first differesiceFutures prices can follow a
random walk. Therefore, | include only the time-series varsathat are 1(1) in the

empirical analysis using Johansen’s cointegration technique.

In summary, a pricing model for farmland market values is developed regression
analysis. Explanatory variables include the percentage changadultairal commodity

futures prices, interest rate futures prices, farmland cegait@n rates and anticipated
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inflation. Differing tests are performed on each agricultuoahmodity futures contract
to mitigate the impact of high correlations among the contraxtsvedl as possible
multicollinearity. These tests include a regional analysig&gng seven regions of the
United States, and a property type analysis, annual or permaaplanct, on a regional
level when applicable. Similar analyses are performed on theelpxiels of the variables

using Johansen’s cointegration time-series econometrics.
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Chapter 4

Results

Summary statistics for the variables used in the study pogteel in Table 6. Soybeans
are the highest priced agricultural commodity futures conttamtex $1324 per contract.
This soybean contract price along with many other commodities peaked duringlttee mi
late 2000s for a variety of reasons. These reasons includedfidngedollar, rising
energy prices, increasing production costs, demand for food in emerguntries and
foreign trade policy (Peters, Langley and Westcott, 2009). &3g#10 show the price
ranges for the individual futures contracts used in each régiathile soybeans futures
contracts were the highest priced futures contracts, they werthenohost volatile in
regards to returns. Rough rice ranged from $4.20 a contract to apptelyi $17.70 a
contract. The rice market tends to be volatile becausaisiaple food in over 50% of
the world, is 12% of the United States world exports and is one dbwest priced
contracts on the futures exchangen a percentage basis, live cattle have the least
volatile returns from futures contracts ranging from a loiwepof approximately $62 to a
high of $100. Grazing animals are not subject to the affects of weathersantleeextent
as crops grown on the farmland suggesting less price volatilibjs is not to say that
live cattle contracts are risk-free for the futures tradsrcrops and livestock are both

subject to risk from trade restrictions and disease.

® Sugar, Rough Rice, Soybeans, Wheat and Minnesota Wheat futures contract peces we
adjusted in the figures to provide symmetry and clarity.

" Seehttp://www.commodity-trading-today.com/rice-commiyelirading. html
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Regional farmland summary statistics are also shown on Table 6. All indes hakea

base of 100 and are adjusted using the appreciation return provided BIRNR09).

The Pacific West annual croplands and the Southeast annual croplandeehhighest
percentage change in price over the test period. From 1991 to 2008, ammlzahd

prices in these two regions increased approximately 217 and 275%ctresge
Permanent cropland in these same regions did not fair as weliact, the Southeast
permanent cropland index decreased over most of the study periedsiegrover 40%

from 1991 to 2003 before reboundingl145% by the end of the study period. Permanent
cropland has trees that cannot be removed, rotated or changed aachhgeefore

operating risk is higher and prices are less subject to volatility (HH\Ra05).

Anticipated inflation decreased over most of the time period of 1991 to 2008 as shown in
Figure 11. It reached a low of 1.50% in 2003. The interest rate futures contragt price
based upon the 10-year treasury bond are reasonably flat over this same timeltperiod.
ranged from approximately $96 to $118 per contract. Most of this contract volatility
occurred in the late 1990s as treasury debt shrunk during a time of federal budget

surpluses.

Table 7 provides the results from the ordinary least squares (OLS) peeceintange
(return) regression models of the differing desmoothed market value regiderees and
their explanatory variables. Few futures contract prices are significany of the

regions. Wheat futures contracts have a significant positive relationghidegmoothed
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farmland market values in the Corn Belt region at the 10% level. The effecs §iA7
and indicates that a 1.00% change in the return of a wheat futures contristimes
0.17% change in the returns of farmland market values. ThétRe wheat model is
0.05. I fail to find significance with any other agricultural commodity figuinethe Corn

Belt region.

Live cattle and Minnesota wheat futures contracts have a seymtifpositive relationship
at the 1% and 10% level in the Mountain region. The effect sim9.35 and 0.11
respectively. The Mountain region is the only region with a saant F-test at the 5%
level in the OLS model. Additionally, the Mountain region model thaslargest Rat
0.22. The Rresults in all regions other than the Mountain and Pacific Noghare

less than 0.10.

Anticipated inflation has a significant negative relationshighvdésmoothed farmland
market values at the 1% level in the Mountain region. The efieetis small at -0.008.
Conversely, anticipated inflation has a positive significantioglahip at the 5% level in
the Pacific Northwest region giving mixed results over theetperiod. Its effect size is
also small at 0.02. There is a negative coefficient in moshefother regions even
though anticipated inflation is insignificant. Interest rate fidwentracts and farmland
capitalization rates fail to have a significant impact on fanch value in any of the

regions studied in the regression models.
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Insignificant explanatory variables may have a curvilinear ioglship with farmland

market values instead of a linear relationship. | tested inteats futures, anticipated
inflation and farmland capitalization rates to see if any adeheariables are statistically
significant when enabled as a quadratic. None of the quadratabhesriare significant

and the tables are not shown but are available upon request..

As a robustness check, the original farmland market value indiredsare not
desmoothed are examined and provide similar results to the previous midetat, as
shown in Table 8, is found to have a positive relationship at the 5% level with the original
farmland market values in the Corn Belt region. It has a Bligimaller effect size of
0.07. Live cattle and Minnesota wheat have similar positive significafficents at the

5% level in the Mountain region. Again, the effect sizes aghtbyi smaller at 0.10 and
0.05. Interest rate futures contracts and farmland capitalization ratestasignificant in

any of the models. The only significant difference found betweerdesmoothed and
original farmland market value models is that cotton futures adateae significant at

the 10% level in the Mountain region when using the original models.

Next, | proceed with the time-series econometric testsntb dny long-run equilibrium
relationships between farmland market values and the independeatilesri Table 9
shows the results of the augmented Dickey-Fuller test (A®f) Phillips-Perron test
(PP) on each of the agricultural commodity futures contractsaatidipated inflation.
The unit root tests contain the trend term. Enders (1995) showshé¢hahit root test

with the least restriction is the model including the timadreThese models often have
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low power to reject a false null hypothesis and if the test mibre regressors rejects the
null hypothesis, then there is no need to move forward with thex tghts. Each of the
futures contracts and anticipated inflation fail to reject themydbthesis of a unit root at
the 5% level. The first differences of each of the variatdgsct the null hypothesis of a

unit root at the 5% level.

Table 10 provides the results of the ADF and PP tests on the redesmoothed and
original market value indexes and their capitalization rakepiiemiums. The results are
generally similar. Some ADF tests show a unit root in firs¢ differences of the
variables, but these tests have a low power to reject a falskypothesis and each of
the PP tests confirm the absence of a unit root at the 5% Iéntdrest rate futures
contracts based upon the 10-year treasury bond, the Mountain regaerabesed upon
original farmland market values, and the capitalization ratepriskiums for the Pacific
Northwest and Mountain regions are not integrated to the order of dierefore,
without a unit root these variables are not included in the Johansergcatiimte models

as they are deemed inappropriate.

The results for the Johansen Cointegration models on the desmoothedlregieres

are shown in Table 11. In general, few contracts are signifpradictors of farmland
market values as approximately 60% of the futures contratésl testhese cointegration
models are not significantly related to farmland market walueThe time-series

econometric methodology contains a larger proportion of significantefutcontracts
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than the OLS regression analysis though. Almost every regiotha time-series

econometric tests has at least one futures contract that is significant.

Most of the significant futures contracts have positive coeffisibetween 0 and 2.50.
The interpretation of the coefficients magnitude is relativ@iaightforward. For
instance, a model with a statistically significant coeffitiequaling 2.50 means that a
1.00% increase in the futures contract prices will have a 2.50%aselia the given
region’s farmland market values. Also, each cointegration testdifering lags in the
data that range from 1 to 5. These lags are used to correct for the autboonpetdlem
presented in the methodology section. The number of lags can vardiffering size

data sets and/or differing time periods and are shown in Tables 11 and 12.

Corn, sugar and orange juice futures contracts are significagihyed to farmland
market values in multiple regions. Sugar is significanthan Delta States, Lake States
and Pacific Northwest regions. The coefficient is signifigaoositive in the Lake States
and the Pacific Northwest and significantly negative in theaD8tates. The futures
contract specification represents pounds of cane sugar, but in rdaditgontract
represents both sugar beets and sugar cane as each producesethefisach sugar
product, sucrose. Sugar beets are a root crop grown in the cooparatumes of the
northern regions of the United States, while sugar cane is g gragsthat is cultivated
in the hot and wet Delta States. Therefore, the sign differdmet®geen the regions
appear to lie in the changes of the real estate over thg gtumd. When examining

Figures 3, 4, and 6, there appears to be small differencegdretive farmland value
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indexes. The Lake States farmland market values are réfafliaeand smooth, which
appears to lead to a positive statistically significant coefficient anddha States have a
large increase in value at the end of the study period, which adpdaad to a negative

statistically significant coefficient.

Corn and orange juice futures are significant in 2 regions and each pasitive
coefficient that is between 1.00 and 2.50. Corn futures contractsgarécant in the
Corn Belt and the Lake States regions. lllinois and lowa wace df the top corn
production states and are located in these regions as shown in Takdeifonally, the
United States is the top producer of corn in the world, so thistigsnbt unforeseen
(USGC, 2010). Oranges are grown in Florida and California, whichtwarestates
located across the country from each other, but these staigdeirmzeas with moderate
temperatures suitable for the orange cultivation. Figures 8@sthow similar patterns
between the permanent crop farmland market values and the orandetjuies contract
prices in these two states. The statistical significdmeteveen orange juice futures
contracts and the Southeast permanent cropland index is expecputasnaately 95%
of Florida’s orange crop is processed into orange fli@anges grown in California are
typically eaten as fruit rather than processed into juice, bupdléive significance is

unabated and steady.

A different result occurs when examining futures contracts dgtiesSoutheast and

Pacific West annual cropland indexes. None of the futures ctsitaze statistically

8 Seehttp://obiolla.com/orangehistory.aspx
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significant in any of the desmoothed market value models. Theolackintegration

between the variables appears to be caused by the doublinghtdrfdrvalue after 2004

as shown in Figures 7 and 9. The futures contracts do not show a similar price increase

The final significant result noted from the desmoothed market vabdels is the wheat
futures contract. It has a positive relationship with farmlancketaralues in the Corn
Belt. This contract has one of the larger coefficients at 2.48%as a large Fof 0.77.

The Corn Belt models typically have the most variance exmldyethe test with the
highest being the soybeans futures contract havingfai ®86. It is also worth noting
that | tried a Corn Belt region model containing both significaetligtor variables corn
and wheat, but a multicollinearity issue occurred with the wteatres contract
suppressing the corn futures contracts coefficient into becoming iveegatThis

suppression happens as the two futures contracts are highly eoria@@ 92 as shown in

Table 13.

In general, farmland capitalization rates and anticipated inflatiemegatively related to
farmland market values in the significant cointegration modelse Chpitalization rates
negative relationship is expected, but anticipated inflation was hygiptideto have a
positive relationship with farmland market values. Farmlandegln most cases rose
from 1991 to 2008. Because inflation remained at a generally lel deving the test
period, trending slightly lower, | suspect my model yields an inateypicture of the

relationship between inflation and farmland value. Given that ioflatias not a major
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economic factor during the test period, the data from 1991-2008 oftersrsight into

the nature of this relationship.

As a robustness check, Johansen’s cointegration procedure is perforniedaviginal
farmland market value indexes and the results are presentethlenIa The findings
are similar in all of the regions. The magnitudes of eacthefeffect sizes are very
similar to the results from Table 11. There were onlyva déferences noted. Cotton
has a significant negative coefficient of -0.168 at the 10% levikiDelta States region.
This is a very small effect size and the Delta Statéseisame region where sugar has a
negative significant coefficient. In the Lake States regiophbsans have a significantly
positive effect size of 1.615 at the 10% level. This effect siz@milar to the other

significant futures contracts in that specific region.

Feeder cattle futures contracts are cointegrated with amnopland farmland market
values in the Pacific West region and have a positive long-run equiibvelationship.
After examining Figure 7, | note that feeder cattle futw@stracts do not have a large
increase in prices at the end of the study period dissimildnet®acific West farmland
market values. The original model includes three lags to overcatoeoarelation in
models with less lags as shown by Lagrange Multiplier Testsl only needed one lag
of the variables in the desmoothed market value model. The figdreiffering test lags
makes me cautious of this finding. Also, according to Cheung and(1943),
Johansen’s procedure tends to overestimate the number of cointegratiogs vehen

using too many lags with small samples, which leads me to supgofinding of no
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cointegration using desmoothed farmland market values. Lastly patédiinflation has
a positive significant long-run equilibrium relationship with famaamarket values in
the Southeast region when examining orange juice futures agamspermanent
cropland index. This coefficient is as hypothesized, but is geyneliffitrent than most

of the other results for anticipated inflation.
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Chapter 5

Conclusions and Future Research

In this dissertation, | test a pricing model for farmland. teed the existing agricultural
and land economics, finance and real estate literature, by modeéngelationship
between agricultural commodity futures and farmland market vallibe capitalization
rate (as proxied by the capitalization rate risk premium) atidipated inflation are also
tested for significance and utilized as control variables.rfbpa a regional analysis on
the data covering the time period from quarter 4 of 1991 to quaoe2@8. | use OLS
regression analysis on the percentage change in the desmoothgd3akner’'s (1993)
procedure) farmland market values and the explanatory variabtiitiohally, | test for
long-run equilibrium relationships between the variables using Johars®ntegration
time series econometric methodology. As a robustness checktheeasiginal farmland
market values that are not corrected for smoothing, but are adjosteeaksonality with

quarterly dummy variables.

In general, the changes in these futures contracts do notrettdachanges in farmland
market values. Approximately, 10-15% of the futures contractsdieme statistically
significant at the 10% level or lower in the featured regressions. Johansiateg@tion
procedure modeling long-term equilibrium relationships between thablesiis slightly
better with approximately 30-35% of the contracts being coirtegjravith farmland
market values. These results provide little evidence thagxpected income generated

by crops grown in various regions throughout the United Statekefptul indicator of
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the present value of the farms themselves. The capitalizatien(as proxied by the
capitalization rate risk premium) and interest rate futuresractst (based upon the ten-

year treasury bond futures contract) are insignificant in all of thesggremodels.

While there is little evidence to support farmers and landowasitsg futures for
speculation in the pricing of farmland, three conclusions were notece cattle and
Minnesota wheat futures have a significant positive relationship Mduntain region
farmland market values on a quarterly basis. This means tlaative cattle futures
contract price trends upward each quarter, there is a concah@mge in the farmland
values in the states of the Mountain region. Additionally, wheatdatcontracts have a
positive relationship with farmland market values in the Corn BBHsed on the time
period of the study, investors can examine prices trending upwatdverward in the
wheat futures contracts to make decisions on farmland investmehes@orn Belt. Itis
worth noting that only three states modeled in our study haverl#ign 4% ratios of
agriculture gross domestic product as compared to total state dposestic product.
They are lowa in the Corn Belt region at 6.4% and Idaho and Montaha Mduntain
region at 5.5 and 4.2%. While, these findings do not make a convincing ardimaient
farmers or real estate investors in states with relatikigip farm GDP should rely on
futures contracts, this ratio is a possible explanatory variablexamine in future

farmland pricing models.

The last implication is taken from the Johansen’s cointegratiome®ggits. Corn, sugar,

and orange juice futures contracts have a positive long-term emunlibelationship with
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farmland values in multiple regions. This result means thdt ehthese futures is a
reliable predictor of changes in farmland values over a longexr horizon than the
quarterly regression models. Since farmland is considered d4dongnvestment, trends
in these futures prices may be considered when making decisionscr@asing or

decreasing the holdings in a farmland investment.

This study examines present value models, one of three formsedfvatuation models.
| conduct a test using agricultural commodity futures prices xasfiee” expectation of
future income, but these futures prices are not considered good inglichtdranges in
farmland values with the exception of a few cases in the CotraB@IMountain regions.
This model differs from Falk (1991, 1992) as he tested “ex post” lowa farmlandhants
were lagged to set up an expectations model, but in each cgs@xiefor changes in
expected income were not accurate indicators of changesmfafal prices. This result
does not imply that all present value models should be rejected evauating
farmland, but the use of agricultural commodity futures as a pxyt considered a
good indicator of changing farmland prices during this particutae foeriod. Relative

value models and option pricing models for farmland were not examined in this study.

It should be noted that low statistical power may affect thelgsions of the study.
When performing statistical tests, researchers want tinmzexthe power of the test and
thus minimizing the probability of Type Il error (Hogg, McKean &mig, 2005). A
small sample size is the basis for this low power and is anconoccurrence in real

estate research. | develop a parsimonious regression modelteestoall sample size,
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but other variables such as a ratio of farm gross domestic prodstette gross domestic
product may or may not improve thé Bf future farmland pricing models. Additional
factors affecting the conclusions include the magnitude of thecteffiees of the
explanatory variables as well as the alpha levels used irgnession and cointegration
models. The futures prices coefficients are small, but aragpepriate hypothesized
sign. In line with convention, | examined differing alpha levelgirag from one to ten
percent, but did not relax this standard to reduce the probabiligjexfting a false null

hypothesis.

Future extensions to the model may include explicitly lagginguhees contract prices
by 6-12 months to see if the changes in these contractspaegliator of future changes
in farmland values. Similarly, one may examine the changesraticaof the current
agricultural commodity futures and current spot prices dividedubogent spot prices as
compared to the changes in farmland prices over time. This woulsebg as investors
could examine trends in agricultural commodity price projections weking farmland
investment decisions. Some but not all of the institutional investeraleeady using
futures contracts for the hedging of risk, but very few if any presently using these
contracts for farmland investment decisions per interviews widltigies of Hancock
Natural Resources Group and Cozad Asset Management, Inc. Additiame may
examine a proxy for urbanization as it appears to have a sanifiofluence over
farmland values. The Mountain region contained the best pricing madetkei
regression analysis and has arguably the lowest farmland tvatkes least affected by

urbanization. The other regions may be significantly affected by urbanization.
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Table 1 — NCREIF Farmland Portfolio

Year # of Farmland
Properties Market Value
1991 197 $338,254,779
1992 282 $441,534,894
1993 334 $532,621,275
1994 402 $663,519,949
1995 422 $712,632,985
1996 442 $837,484,338
1997 431 $856,053,504
1998 427 $916,600,051
1999 386 $964,064,652
2000 333 $928,140,231
2001 311 $851,964,137
2002 300 $808,324,626
2003 297 $826,969,247
2004 299 $897,708,749
2005 309 $1,131,372,686
2006 372 $1,430,171,430
1007 369 $1,142,255,360
2008 401 $1,798,100,729

Note: The market values for the farmland and the number of properties isigiear e
Market values are based upon independent real estate appraisals. SourciE, IROGE
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Table 2 — NCREIF Farmland Geographic Regions and Gross Domestic Product

% Farm GDP

Region State GDP/Yr Farm GDP/Yr to Total GDP
Corn Belt
Illinois $633,697 $6,284 0.99%
Indiana $254,861 $3,714 1.46%
lowa $135,702 $8,734 6.44%
Missouri $237,797 $3,205 1.35%
Ohio $471,508 $3,324 0.70%
Total $1,733,565 $25,261 1.46%
Delta States
Arkansas $98,331 $3,331 3.39%
Louisiana $222,218 $1,890 0.85%
Mississippi $91,782 $2,232 2.43%
Total $412,331 $7,453 1.81%
Lake States
Michigan $382,544 $2,863 0.75%
Minnesota $262,847 $5,692 2.17%
Wisconsin $240,429 $4,512 1.88%
Total $885,820 $13,067 1.48%
Mountain
Arizona $248,888 $2,054 0.83%
Colorado $248,603 $2,479 1.00%
Idaho $52,747 $2,905 5.51%
Montana $35,891 $1,496 4.17%
Nevada $131,233 $262 0.20%
New Mexico $79,901 $1,269 1.59%
Utah $109,777 S584 0.53%
Wyoming $35,310 $365 1.03%
Total $942,350 $11,414 1.21%
Pacific
Northwest
Oregon $161,573 $3,984 2.47%
Washington $322,778 $7,037 2.18%
Total $484,351 $11,021 2.28%
Pacific West
California $1,846,757 $27,259 1.48%
Total $1,846,757 $27,259 1.48%
Southeast
Alabama $170,014 $2,368 1.39%
Florida $744,120 $6,156 0.83%
Georgia $397,756 $3,786 0.95%
South Carolina $156,384 $1,139 0.73%
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Appalachian

Northern Plains

Southern Plains

Northeast

Other

Total

Kentucky
North Carolina
Tennessee
Virginia

West Virginia
Total

Kansas
Nebraska
North Dakota
South Dakota
Total

Oklahoma
Texas
Total

Connecticut
Delaware
Maine
Maryland
Massachusetts
New Hampshire

New Jersey
New
York

Pennsylvania
Rhode Island
Vermont
Total

Alaska
Hawaii

Washington D.C.

Total

$1,468,274

$156,435
$400,192
$252,127
$397,025
$61,652
$1,267,431

$122,731
$83,273
$31,208
$36,959
$274,171

$146,448
$1,223,511
$1,369,959

$216,174
$61,828
$49,709
$273,333
$364,988
$60,005
$474,936

$1,144,481
$553,301
$47,364
$25,442
$3,271,561

$47,912
$63,847
$97,235
$208,994

$13,449

$2,388
$3,940
$1,155
$1,666

$242
$9,391

$3,584
$5,627
$3,405
$3,472
$16,088

$1,907
$9,779
$11,686

$371
$445
$736
$947
$892
$238
$698

$2,717
$3,447
$76
$410
$10,977

$296
$332

S1
$629

0.92%

1.53%
0.98%
0.46%
0.42%
0.39%
0.74%

2.92%
6.76%
10.91%
9.39%
5.87%

1.30%
0.80%
0.85%

0.17%
0.72%
1.48%
0.35%
0.24%
0.40%
0.15%

0.24%
0.62%
0.16%
1.61%
0.34%

0.62%
0.52%
0.00%
0.30%

Note: State and farm gross domestic product dollars are for the year 2008 and ar
delineated in millions. The states are shown in regions as designated byMCREI
Source: U. S. Bureau of Economic Analysis.
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Table 3 — Futures Contracts, Symbols and Expiration Month Symbols
Panel A - Futures Contracts and Ticker Symbols

Foods:

Frozen Orange Juice 0J
Rough Rice RR
Sugar #11 SB
Grains:

Corn C
Oats @)
Soybeans S
Soybean Meal SM
Soybean Oll BO
Wheat W
Kansas City Wheat KW
Minnesota Wheat MW
Fiber:

Cotton #2 CT
Meats:

Feeder Cattle FC
Live Cattle LC
Financials:

Ten Year Treasury Note TY

Source: R&C Research, Inc.
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Table 4 — U.S. Agricultural Sales and Number of Farms by Commodity
Panel A - Percentage of U.S. Agricultural Sales by

Commodity

Crops:

Corn 13.4
Wheat 3.6
Soybeans 6.8
Fruits 6.3
Vegetables 4.9
Cotton 1.6
Livestock:

Live Cattle 20.6
Poultry and Eggs 12.5
Dairy Products 10.7
Hogs 6.1
Sheep and Goats 0.2
Horses 0.7

Panel B - Percentage of U.S. Agricultural Farms by

Commodity

Crops:

Corn 15.8
Wheat 7.2
Soybeans 12.9
Fruits 5.1
Vegetables 3.1
Cotton 0.8
Livestock:

Live Cattle 36.2
Poultry and Eggs 6.8
Dairy Products 3.2
Hogs 3.4
Sheep and Goats 5.5
Horses 5.2

Note: Percentages are based upon total number of dollar sales and farms in the United
States in 2007. Not all categories of crops and livestock are listed in the tablee: Sour
U.S. Department of Agriculture.
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Table 5 — Futures Contract Specifications

Contract Tick Contract
Size Size Exp. Mo.
Foods:
Frozen Orange
Juice 15,000 Pounds $7.50 F,H, K,N, U, X
2000
Rough Rice Hundredweights $10.00 F, H, K, N, U, X
Sugar
#11 112,000 Pounds $11.20 H,K,N,V
Grains:
Corn 5000 Bushels $12.50 H,K,N, U, Z
Oats 5000 Bushels $12.50 H,K,N, U, Z
F,H, K, N, Q, U,
Soybean 5000 Bushels $12.50 X
F,H, K N,Q,U,
Soybean Meal 100 Short Tons $10.00 V,Z
F, H, K, N, Q, U,
Soybean Qil 60,000 Pounds $6.00 V,Z
Wheat 5000 Bushels $12.50 H,K,N, U, Z
Kansas City
Wheat 5000 Bushels $12.50 H,K,N, U, Z
Minnesota Wheat 5000 Bushels $12.50H, K, N, U, Z
Fiber:
Cotton
#2 50,000 Pounds $5.00 H K,N,V,Z
Meats:
F, HJ K Q,U,
Feeder Cattle 50,000 Pounds $12.50 V, X
Live Cattle 40,000 Pounds $10.00G, J,M,Q, V, Z
Financials:
10 Yr. Treas.
Note 100,000 Dollars $15.625 H,M, U, Z

Source: CME Group, New York Mercantile Exchange, Minneapolis Grain Exchange, and
Kansas City Board of Trade. Futures monthly expiration codes are as folkowary

(F), February (G), March (H), April (J), May (K), June (M), July (N),gfst (Q),

September (U), October (V), November (X), and December (Z).
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Table 6 — Summary Statistics

Variable Minimum Maximum Mean Standard De
Sugar 5.800 17.870 9.649 2.382
Orange Juice 66.450 194.500 107.100 27.364
Feeder Cattle 58.617 112.850 84.863 13.872
Rough Rice 4.205 17.695 8.247 2.437
Corn 215.500 591.250 272.525 64.950
Oats 112.500 436.000 166.407 54.216
Soybeans 431.000 1324.125  634.927 153.689
Soybean Meal 136.400 339.000 190.408 37.064
Soybean Oil 15.660 53.850 24.132 6.880
Live Cattle 61.670 100.350 74.811 9.709
Cotton 36.795 88.160 63.318 11.659
Wheat 268.500 945.417 377.200 119.815
Kansas City Wheat 296.000 1005.084  392.341 123.228
Minnesota Wheat 304.250 1049.667 405.313 128.125
Ten Year Treasury 95.913 117.969 107.649 4.967
Anticipated Inflation 0.015 0.045 0.030 0.006
Corn Belt Annual Cropland 107.024 290.492 162.916 47.295
Corn Belt Capitalization Rates 0.031 0.064 0.043 0.007
Corn Belt Risk Premiums -0.031 0.004 -0.012 0.007
Delta States Annual Cropland 100.030 179.700 118.731 20.551
Delta States Capitalization Rates 0.047 0.072 0.061 0.006
Delta States Risk Premiums -0.013 0.019 0.005 0.007
Lake States Annual Cropland 100.130 147.978 114.131 10.371
Lake States Capitalization Rates 0.044 0.082 0.062 0.009
Lake States Risk Premium -0.006 0.022 0.100 0.007
Mountain Annual Cropland 99.897 186.566 120.235 19.853
Mountain Capitalization Rates 0.042 0.073 0.055 0.007
Mountain Risk Premium -0.026 0.016 0.000 0.007
Pacific NW Annual Cropland 99.781 152.924 111.829 10.370
Pacific NW Capitalization Rates 0.040 0.091 0.051 0.008
Pacific NW Risk Premiums -0.032 0.028 -0.004 0.011
Pacific West Annual Cropland 99.528 317.042 149.445 58.333
Pacific West Annual Cropland Capitalization Rates 0.032 0.072 0.051 0.009
Pacific West Annual Cropland Risk Premiums -0.022 0.009 -0.003 0.008
Pacific West Permanent Cropland 99.823 175.110 119.230 22.766
Pacific West Permanent Cropland Capitalization Rates 0.039 0.245 0.092 0.047
Pacific West Permanent Cropland Risk Premiums -0.023 0.200 0.036 0.053
Southeast Annual Cropland 101.101 374.485 163.961 74.027
Southeast Annual Cropland Capitalization Rates 0.029 0.064 0.046 0.008
Southeast Annual Cropland Risk Premiums -0.023 0.008 -0.007 0.007
Southeast Permanent Cropland 58.325 142.902 86.909 21.109
Southeast Permanent Cropland Capitalization Rates 0.038 0.183 0.070 0.027
Southeast Permanent Cropland Risk Premiums -0.033 0.134 0.014 0.028

Note: Farmland values, capitalization rates and capitalization rate eiskymns are
based on quarterly data taken from NCREIF. The farmland market values afatedlc
using NCREIF appreciation returns and are converted to indexes with an initeb¥a
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100 that increases and decreases based upon said appreciation returns. Agricultural
commodity and interest rate futures prices are daily closing prices firsttaay of each
guarter from R&C Research Inc. Anticipated inflation are yearly econpiojections in
December and June from the Livingston Survey of the Philadelphia FedezaVd&res
Bank. Anticipated inflation, capitalization rates, and capitalization rtg@resniums are
percentage rates.
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Table 7 — Ordinary Least Squares Regression Results on the Desmoothedfknd
Market Values

Region Commodity Constant Futures Capitalization  Anticipated Interest R F n
Price Rate Inflation Rate Futures
Corn Belt
Corn 2.621** -0.059 0.003 -0.002 0.242 0.017 0.260 66
Feeder Cattle 3.109** 0.139 0.005 -0.001 0.169 0.019 0.291 66
Live Cattle 1.331 0.272 0.003 -0.001 0.312 0.040 0.641 66
Soybean 2.583*%* -0.042 0.004 -0.001 0.237 0.014 0.210 66
Wheat 1.721 0.172* 0.005 0.000 0.288 0.057 0.917 66
Delta States
Cotton 3.038*** 0.012 -0.002 0.000 0.046 0.014 0.221 66
Rough Rice 3.216%** -0.069 -0.001 -0.001 0.072 0.036 0.577 66
Soybean 3.208*** -0.062 -0.002 0.000 0.067 0.031 0.485 66
Sugar 3.114%** -0.006 -0.002 0.000 0.041 0.014 0.217 66
Wheat 2.777*** 0.077 -0.002 0.000 0.063 0.040 0.633 66
Lake States
Corn 3.455%** -0.088 -0.006 -0.002 0.021 0.024 0.269 49
Oats 3.473%** -0.078 -0.005 -0.003 0.004 0.022 0.251 49
Soybean 3.408*** -0.074 -0.005 -0.002 0.020 0.020 0.227 49
Sugar 2.777** 0.094 -0.004 -0.002 0.048 0.049 0.570 49
Mountain
Cotton 2.942%** 0.100 -0.004 -0.008*** -0.010 0.151 2.714 66
Feeder Cattle ~ 3.502*** -0.040 -0.002 -0.008*** -0.045 0.124 2.159 66
Live Cattle 1.772* 0.352%** -0.002 -0.008*** 0.100 0.221 4.337 66
Minn. Wheat ~ 3.007*** 0.111* -0.003 -0.008*** -0.042 0.162 2.944 66
Sugar 3.147%** 0.032 -0.002 -0.008*** -0.007 0.130 2.282 66
Pacific NW
Sugar 3.290%** -0.039 0.001 0.027** 0.016 0.110 1.857 65
Pacific West
Cotton 3.660%* -0.014 -0.009 -0.010 -0.113 0.052 0.804 64
Feeder Cattle 4.444* -0.183 -0.008 -0.010 -0.189 0.057 0.887 64
Live Cattle 2.569 0.242 -0.010 -0.010 -0.030 0.061 0.966 64
Rough Rice 3.609** 0.017 -0.009 -0.010 -0.129 0.052 0.808 64
Pacific West
Permanent Crops
Orange Juice 3.563*** 0.028 0.000 -0.002 -0.135 0.009 0.134 66
Southeast
Cotton 1.888 -0.076 0.002 -0.118 0.489 0.027 0.178 47
Soybean 2.760 -0.230 0.001 -0.090 0.373 0.076 0.982 47
Sugar 2.566 -0.146 0.002 -0.142 0.348 0.059 0.182 47
Wheat 1.967 -0.076 0.001 -0.101 0.465 0.026 0.196 47
Southeast
Permanent Crops
Orange Juice 3.210* 0.128 0.004 0.002 -0.129 0.033 0.513 66

* Significant at the 10% level.

** Significant at the 5% level.

*** Significant at the 1% level.
Note: The regression equation is performed on percentage cretnges shown by the
Farm =, + o, (ACFut — ACFut )/ ACF_, + a,(CR -CR,)/CR_, +

following:
o, (IFut, — IFut,_,)/ IFut_, +a,(Inf, —Inf_,)/Inf_,+ €,
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Table 8 — Ordinary Least Squares Regression Results on the Original Fatamd
Market Values

Region Commodity Constant Futures Capitalization  Anticipated Interest R F n
Price Rate Inflation Rate Futures
Corn Belt
Corn 2.725%** -0.004 0.307 0.000 0.155 0.034 0.537 66
Feeder Cattle  3.722%** -0.002 0.003 0.000 0.153 0.034 0.533 66
Live Cattle 2.319%** 0.095 0.002 0.000 0.182 0.066 1.073 66
Soybean 2.702%** 0.004 0.003 0.000 0.154 0.034 0.536 66
Wheat 2.376%** 0.078** 0.003 0.000 0.180 0.119 2.054 66
Delta States
Cotton 3.085%** 0.012 0.000 0.000 0.030 0.006 0.098 66
Rough Rice 3.132%** 0.000 0.000 0.000 0.028 0.002 0.032 66
Soybean 3.146%** -0.008 0.000 0.000 0.030 0.004 0.059 66
Sugar 3.087*** 0.008 0.000 0.000 0.033 0.007 0.108 66
Wheat 2.992%** 0.035 0.000 0.000 0.036 0.036 0.602 66
Lake States
Corn 3.035%** 0.042 0.000 0.000 0.016 0.034 0.384 49
Oats 3.085%** 0.016 -0.002 0.000 0.027 0.016 0.176 49
Soybean 3.005%** 0.036 -0.001 0.000 0.016 0.029 0.331 49
Sugar 2.984%** 0.029 -0.002 0.000 0.046 0.037 0.428 49
Mountain
Cotton 3.248*** 0.047* -0.001 -0.004*** -0.054 0.215 4.186 66
Feeder Cattle ~ 3.378*** 0.009 0.000 -0.004*** -0.057 0.170 3.116 66
Live Cattle 2.981%** 0.100** 0.000 -0.003*** -0.026 0.229 4.536 66
Minn. Wheat 3.278%** 0.052** 0.000 -0.003*** -0.069 0.233 4.634 66
Sugar 3.324%** 0.019 0.000 -0.004*** -0.051 0.188 3.538 66
PacificNW
Sugar 2.975%** -0.008 0.000* 0.011%** 0.083 0.139 2.430 65
Pacific West
Cotton 3.483*** -0.001 -0.002 -0.004 -0.079 0.038 0.586 64
Feeder Cattle  3.603*** -0.027 -0.002 -0.003 -0.090 0.039 0.600 64
Live Cattle 3.395%** 0.020 -0.002 -0.003 -0.072 0.039 0.594 64
Rough Rice 3.281%** 0.010 -0.002 -0.003 -0.090 0.039 0.603 64
Pacific West
Permanent Crops
Orange Juice 3.557*** 0.039 0.000 0.000 -0.143 0.039 0.615 66
Southeast
Cotton 2.916*** -0.032 0.001 -0.089 0.126 0.045 0.301 47
Soybean 3.236*** -0.087 0.001 -0.078 0.082 0.079 0.954 47
Sugar 2.703*** 0.019 0.001 -0.079 0.141 0.045 0.391 47
Wheat 2.823%** 0.000 0.001 -0.084 0.123 0.042 0.301 47
Southeast
Permanent Crops
Orange Juice 3.443%** 0.067 0.000 0.001 -0.136 0.043 0.685 66

* Significant at the 10% level.

** Significant at the 5% level.

*** Significant at the 1% level.
Note: The regression equation is performed on percentage cretnges shown by the
Farm =, + o, (ACFut — ACFut )/ ACF_, + a,(CR -CR,)/CR_, +

following:
a,(IFut, — IFut,_,)/IFut,_, +a,(Inf, —Inf_,)/Inf_,+ €,
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Table 9 — Unit Root Tests of Futures Contracts and Anticipated Inflabn

ADF Critical Critical
Lags Test Value Bandwidth PP Test Value
Sugar 0 -2.297  -3.479 0 -2.297  -3.479
Orange Juice 1 -3.202  -3.480 1 -2.494  -3.479
Feeder Cattle 3 -3.023  -3.482 5 -2.625 -3.479
Rough Rice 1 -0.672 -3.480 2 -0.278  -3.479
Corn 2 0.940 -3.481 7 1.613  -3.479
Oats 0 1.969 -3.479 4 2.276  -3.479
Soybeans 0 1.239 -3.479 0 1.239 -3.479
Soybean Meal 0 -1.719  -3.479 2 -1.857  -3.479
Soybean Oil 0 1.758  -3.479 1 1.735 -3.479
Live Cattle 0 -2.220 -3.479 1 -2.142  -3.479
Cotton 0 -1.583  -3.479 3 -1.983  -3.479
Wheat 0 2505 -3.479 0 2,505 -3.479
Kansas City Wheat 0 2.530 -3.479 4 2.691 -3.479
Minnesota Wheat 0 3.192 -3.479 2 2941  -3.479
Ten Year Treasury 1 -3.999 -3.480 2 -3.049  -3.479
Anticipated Inflation 3 -3.336  -3.482 2 -2.955  -3.479
A Sugar 0 -8.160 -3.480 5 -8.349  -3.480
A Orange Juice 1 -5.773  -3.481 1 -6.522  -3.480
A Feeder Cattle 0 -8.016  -3.480 5 -8.045 -3.480
A Rough Rice 0 -6.066  -3.480 4 -5.900 -3.480
A Corn 1 -5.303  -3.481 6 -4.827  -3.480
A Oats 0 -4.827  -3.480 0 -4.827  -3.480
A Soybeans 0 -6.572  -3.480 1 6.557  -3.480
A Soybean Meal 0 -8.080 -3.480 1 -8.081 -3.480
A Soybean Oil 0 -6.873  -3.480 3 -6.961  -3.480
A Live Cattle 1 -8.509 -3.481 7 -10.687 -3.480
A Cotton 0 -6.771  -3.480 1 -6.774  -3.480
A Wheat 0 -5.994  -3.480 3 -6.063  -3.480
A Kansas City Wheat 0 -5.318  -3.480 0 -5.318 -3.480
A Minnesota Wheat 0 -5.150 -3.480 1 -5.169  -3.480
A Ten Year Treasury
Note 3 -5.645 -3.483 0 -5.339  -3.480
A Anticipated
Inflation 1 -5.546  -3.481 6 -3.388  -3.48

Note: MacKinnon asymptotic critical values are shown at the &%l.I The test
includes the intercept and trend. Lags are determined by thea@zhHwformation
Criterion (SIC) for the Augmented Dickey Fuller test, wtithe Phillip-Perron test
bandwidth is determined by the Newey West procedure with deBddernel. A.is
the first difference operator. Unit root tests were performigl tlve intercept term
only as a check, but were not shown for the sake of brevity.
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Table 10 — Unit Root Tests of Regional Agricultural Market Value Indexes and
Capitalization Rate Risk Premiums

ADF  Critical Critical
Lags Test Values Bandwidth PP Test Values
Corn Belt Desmoothed 5 -1.516  -3.485 9 -3.010 -3.479
A Corn Belt Desmoothed 5 -2.365 -3.486 2 -21.115 -3.480
Corn Belt Original 4 -1.908 -3.483 2 -0.103 -3.479
A Corn Belt Original 5 -2.478  -3.486 4 -9.982  -3.480
Corn Belt Cap. Rate Risk Prem. 6 -3.056 -3.486 4 -2.525 -3.479
A Corn Belt Cap. Rate Risk Prem. 3 -6.250 -3.483 4 -5.650 -3.480
Delta States Desmoothed 5 -0.304  -3.485 20 -1.481  -3.479
A Delta States Desmoothed 4 -2.542  -3.485 34 -17.614 -3.480
Delta States Original 4 -0.980 -3.483 5 1.070 -3.479
A Delta States Original 3 -1.912  -3.483 0 -7.969  -3.480
Delta States Cap. Rate Risk Prem. 1 -2.142  -3.480 4 -2.607  -3.479
A Delta States Cap. Rate Risk Prem. 0 -6.739  -3.480 4 -6.829  -3.480
Lake States Desmoothed 1 0.296  -3.506 1 -0.725 -3.504
A Lake States Desmoothed 0 -12.702 -3.506 1 -12.793 -3.506
Lake States Original 0 -1.219 -3.504 3 0.687 -3.504
A Lake States Original 0 -6.284  -3.506 3 -6.352  -3.506
Lake States Cap. Rate Risk Prem. 0 -2.030 -3.504 0 -2.030 -3.504
A Lake States Cap. Rate Risk Prem. 0 -5.301 -3.506 3 -5.288 -3.506
Mountain Desmoothed 3 2.881 -3.482 15 -1.581  -3.479
A Mountain Desmoothed 2 -0.347  -3.482 31 -16.058 -3.480
Mountain Original 3 4569 -3.482 21 4921 -3.479
A Mountain Original 3 -2.414  -3.483 7 -8.817  -3.480
Mountain Cap. Rate Risk Prem. 8 -3.201 -3.489 1 -3.614 -3.479
A Moutain Cap. Rate Risk Prem. 7 -5.073  -3.489 1 -8.544  -3.480
Pacific NW Desmoothed 2 2.537 -3.483 6 -1.431  -3.480
A Pacific NW Desmoothed 2 -2.492  -3.482 6 -12.369 -3.481
Pacific NW Original 3 -0.039 -3.483 5 2.560 -3.480
A Pacific NW Original 2 -1.603  -3.483 6 -7.665 -3.481
Pacific NW Cap. Rate Risk Prem. 3 -4,298  -3.483 3 -3.604  -3.480
A Pacific NW Cap. Rate Risk Prem. 3 -5.849  -3.485 6 -5.641 -3.481
Pacific West Desmoothed Annual 3 1.325 -3.485 6 -1.420 -3.481
A Pacific West Desmoothed Annual 3 -4.030 -3.486 16 -18.541 -3.482
Pacific West Original Annual 0 0.791 -3.481 4 1.085 -3.481
A Pacific West Original Annual 0 -9.156  -3.482 2 -9.150 -3.482
Pacific West Cap. Rate Risk Prem. Annual 1 -2.843  -3.482 4 -2.221  -3.481
A Pacific West Cap. Rate Risk Prem.
Annual 0 -4.656  -3.482 1 -4.636  -3.482
Pacific West Desmoothed Perm 1 -1.269 -3.480 6 -1.961  -3.479
A Pacific West Desmoothed Perm 0 -11.567 -3.480 5 -11.589 -3.480
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Pacific West Original Perm

A Pacific West Original Perm

Pacific West Cap. Rate Risk Prem. Perm
A Pacific West Cap. Rate Risk Prem. Perm
Southeast Desmoothed Annual

A Southeast Desmoothed Annual
Southeast Original Annual

A Southeast Original Annual

Southeast Cap. Rate Risk Prem. Annual
A Southeast Cap. Rate Risk Prem. Annual
Southeast Desmoothed Perm

A Southeast Desmoothed Perm
Southeast Original Perm

A Southeast Original Perm

Southeast Cap. Rate Risk Prem. Perm

A Southeast Cap. Rate Risk Prem. Perm

A OOFRPNOPFPORFRPLORMOOO P+

3

-2.796
-6.017
-2.389
-7.118
-3.276
-8.038
-0.265
-4.652
-1.944
-4.961
-0.026
-8.742
1.135
-6.700
-1.686
-6.943

-3.483
-3.480
-3.479
-3.480
-3.518
-3.510
-3.510
-3.510
-3.510
-3.510
-3.481
-3.481
-3.479
-3.480
-3.483
-3.483

N NWWNPAPPDNWOWPE OOODNPFPPRPD

-0.879
-5.977
-2.581
-7.100
-1.074
-8.872
0.452
-4.606
-1.634
-5.000
-0.743
-12.127
0.899
-6.713
-3.038
-5.448

-3.479
-3.480
-3.479
-3.480
-3.508
-3.510
-3.508
-3.510
-3.508
-3.510
-3.479
-3.480
-3.479
-3.480
-3.479
-3.480

Note: MacKinnon asymptotic critical values are shown at the 5% level. The test
includes the intercept and trend. Lags are determined by the Schwartzabidarm

Criterion (SIC) for the Augmented Dickey Fuller test, while the RhRerron test

bandwidth is determined by the Newey West procedure with a Bartlett karrethe
first difference operator. Unit root tests were performed with the ggeterm only as a
check, but were not shown for the sake of brevity.
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Table 11 — Johansen’s Cointegration Results on the Desmoothed Farmland Market

Values
Region Commodity Trace Maximum Futures Capitalization  Anticipated Lags R n
Statistic Eigenvalue Price Rate Inflation
Statisitc
Corn Belt
Corn 48.223** 24.800 2.274%** 13.962 -30.341*** 4 0.805 66
Feeder Cattle 35.326 20.633 0.698 -22.315 -41.322 1 0.689 66
Live Cattle 38.885 21.109 1.098 -19.563 -40.398 1 0.671 66
Soybean 26.836 14.584 1.053 -1.925 -39.376 5 0.864 66
Wheat 56.220%** 32.025%** 2.453%** 59.579*** 8.410 3 0.772 66
Delta States
Cotton 40.811 21.985 -0.230 -15.939 -26.058 1 0.410 66
Rough Rice 33.206 15.847 0.016 -10.291 -23.993*** 1 0.408 66
Soybean 44.578* 23.377 0.15 -2.176 -11.938* 2 0.574 66
Sugar 59.098*** 30.746** -0.946*** -19.279* 13.380 3 0.645 66
Wheat 47.549* 27.550* 0.059 -3.957 -12.921%* 2 0.569 66
Lake States
Corn 93.002*** 65.710%** 1.194%** 55.079%** 72.650%** 2 0.420 49
Oats 58.202*** 32.326%* 0.035 -41.707%** -12.039 3 0.560 49
Soybean 91.535%** 61.519%** -0.462 -321.340%**  -415.786*** 4 0.604 49
Sugar 62.737*** 30.960** 1.630%** -59.278%** -90.233*** 1 0.551 49
PacificNW
Sugar 58.222%** 45.548*** 0.098*** N/A -11.092*** 2 0.445 65
Pacific West
Cotton 37.623 15.505 -1.476 70.991 35.179 1 0.466 64
Feeder Cattle 37.111 18.919 1.736 -30.523 -23.274 1 0.446 64
Live Cattle 38.163 16.961 1.883 -24.566 -24.747 2 0.526 64
Rough Rice 32.837 16.572 0.681 -11.349 -73.106 4 0.625 64
Pacific West
Permanent Crops
Orange Juice 61.281%** 31.350** 2.469%** -8.036%** -56.605%** 1 0.323 66
Southeast
Cotton 35.551 19.858 -0.899 -63.863 -128.249 1 0.273 47
Soybean 35.940 22.249 -1.516 -87.637 -164.205 1 0.310 47
Sugar 40.640 20.233 0.901 38.188 184.040 1 0.290 47
Wheat 39.468 19.538 -0.574 -43.699 -47.143 2 0.336 47
Southeast
Permanent Crops
Orange Juice 59.290*** 32.989*** 1.242%** -0.972 7.299 1 0.185 66

* Significant at the 10% level

** Significant at the 5% level

*** Significant at the 1% level
Note: The test assumes no exogenous variables, but seasonal dunabkeyanie used
in the test. The cointegration equation is shown by the follomixXg:= p +I'1AX¢ 1 +
veee A X bk + 1T th_k+ OD; + ¢
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Table 12 — Johansen’s Cointegration Results on the Original Farmland Market Values

2

Region Commaodity Trace Maximum Futures Capitalization  Anticipated Lags R n
Statistic Eigenvalue Price Rate Inflation
Statistic
Corn Belt
Corn 54.600%* 29.480** 1.772%** 12.753 -28.783*** 4 0.721 66
Feeder Cattle 37.556 20.767 1.036 -29.323 -36.737 2 0.536 66
Live Cattle 30.281 14.837 1.301 -39.717 -42.573 2 0.537 66
Soybean 33.405 21.146 0.843 -5.686 -40.016 4 0.719 66
Wheat 51.585** 32.442%* 1.051%** 4.014 -30.041*** 4 0.729 66

Delta States

Cotton 53.603** 32.163** -0.168* -8.201** -15.583%** 1 0.417 66
Rough Rice 45.405* 26.121* -0.101 -6.000 -13.843** 1 0.429 66
Soybean 47.675* 25.160* 0.029 -0.808 -8.560* 2 0.521 66
Sugar 59.213*** 30.489** -0.594%** -3.792 10.724 2 0.548 66
Wheat 54.390*** 33.910%** 0.047 -1.894 -10.016*** 2 0.531 66

Lake States
Corn 74.386%** 37.333*** 1.296*** 39.809*** 66.097*** 3 0.482 49
Oats 61.879*** 33.083*** 0.428 -62.024%** -7.598 3 0.536 49
Soybean 67.112%** 46.097*** 1.615% 256.805%** 302.252%** 2 0.463 49
Sugar 62.006*** 37.009*** 2.693*** -151.672**%*  -181.541%** 3 0.650 49

Pacific NW
Sugar 28.766* 10.890* 0.140%** N/A -12.389%** 3 0.420 65

Pacific West
Cotton 36.677 18.427 -2.244 -60.425 2.960 3 0.432 64
Feeder Cattle ~ 80.934*** 58.636*** 1.964%** -16.084*** -12.280%** 3 0.322 64
Live Cattle 38.908 16.094 1.839 23.841 22.043 2 0.314 64
Rough Rice 31.386 16.906 0.732 -5.949 -70.956 4 0.482 64

Pacific West

Permanent Crops
Orange Juice 68.569*** 30.814** 3.773*** -22.707*** -101.263*** 1 0.326 66
Southeast

Cotton 37.156 19.594 -0.940 -55.394 -105.064 1 0.338 47
Soybean 36.544 21.463 -1.509 -82.894 -153.364 1 0.375 47
Sugar 40.524 20.412 0.305 -50.749 -168.695 1 0.345 47
Wheat 40.487 19.879 -0.001 -17.175 -25.914 2 0.366 47

Southeast

Permanent Crops

Orange Juice 64.133%** 33.868*** 1.030%** -0.764 11.084** 1 0.184 66

* Significant at the 10% level

** Significant at the 5% level

*** Significant at the 1% level
Note: The test assumes no exogenous variables, but seasonal dunablevane used
in the test. The cointegration equation is shown by the followiXg:= p +I'1AX¢1 +
et rk.]_AXt.k 1t th.k + (DDt + €t
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Table 13 — Futures Contracts Correlation Matrix

[3+]
(<]
= = o w =
[4+1 D < = o [4+1
o = = — o o o
— 3+ [75) (<5 [4+1 —
. & & © 2 = 5T 2 5 2 =
s £ @ 2 = £ = 2 z g =2 =
&) &) L i = o o o %2 o = =
Com 1.000 0.3727* 0.243* 0.496"* 0.917** 0.935** 0.98"** 0.807** 0.899** 0.310* 0.287* 0.927***
Cotton 1.000  -0461 -0.285* 0.265* 0180  0.094  0545* 0436 0.362** 0.115  0.325"*
Feeder Cattle 1.000 09327+ (0.393"* 0.416™* 0.257* @24 0.318* 0081 0061  0.366"*
Live Cattle 1.000 05957 0.633** 0.390* 0.412"* 0546"* 0.146 0152  0.605"*
Minnesota Wheat 1.000  0.928 0.441% 0.755"* 0.891%* 0.312* (0.302* 0.974**
Oats 1.000 0539 0.712** 0.8577* 0.314** 0.327%* 0.939**
Orange Juice 1.000 0460 0.374* 0.496"* 0.089 0474
Rough Rice 1.000  0.848™* (.448 (.399"* (.768"*
Soyhean 1.000  0.320" 0.398** 0.911%
Sugar 1000 0073  0.353*
Interest Rate 1000  0.276*
Wheat 1.000

* Significant at the 10% level

** Significant at the 5% level

*** Significant at the 1% level
Note: The variables are the futures contracts tested in the study. The haterésiures
contract is based upon the ten year treasury bond. All futures contract diaém iSden
R & C Research, Inc.
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Figure 1 — Regional Capitalization Rate and Capitalization Rate Risk Premiums
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Capitalization rates are derived using net operating income and markes faalue
farmland from NCREIF. Risk premiums are derived from the NCREIF incetaenrfor
farmland minus the 10-year Treasury Bond rate.
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Figure 2 — NCREIF Corn Belt Farmland Market Value Index and Agricultur al
Commodity Futures Prices (1991-2008)

S5 600 -
o
L
500
<<
Q
c
o 400
Q)
S
3 300
!
S 200
c
0]
wn 100
o
=
g O 1T 1111111 17 17 17" 17T T T 1T 17T T T 1T T T T T TT T T T T T T°7
_. 1992 1995 1998 2001 2004 2007
>
1
Year
——Corn —f—Soyheans
—tr—\\/heat =>&=Feeder Cattle
== Live Cattle —@—Corn Belt

Note: Farmland market value is measured in an index using appreciation returdegrovi
by NCREIF. The agricultural commaodity futures prices are measured arsipkr
contract taken from the quarterly closing prices provided by R&C Reseacch, |
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Figure 3 — NCREIF Delta States Farmland Market Value Index and Agricultiral
Commodity Futures Prices (1991-2008)
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Note: Farmland market value is measured in an index using appreciation returdegrovi
by NCREIF. The agricultural commodity futures prices are measuredlargdpér
contract taken from the quarterly closing prices provided by R&C Reseacch, |
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Figure 4 — NCREIF Lake States Farmland Market Value Index and Agricultual
Commodity Futures Prices (1995-2008)
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Note: Farmland market value is measured in an index using appreciation returdegrovi
by NCREIF. The agricultural commodity futures prices are measured arsipkr
contract taken from the quarterly closing prices provided by R&C Reseacch, |
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Figure 5 — NCREIF Mountain Farmland Market Value Index and Agricultural
Commodity Futures Prices (1991-2008)
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Note: Farmland market value is measured in an index using appreciation returdegrovi
by NCREIF. The agricultural commodity futures prices are measured arsipkr
contract taken from the quarterly closing prices provided by R&C Reseacch, |
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Figure 6 — NCREIF Pacific Northwest Farmland Market Value Index and
Agricultural Commodity Futures Prices (1991-2008)
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Note: Farmland market value is measured in an index using appreciation returdegrovi
by NCREIF. The agricultural commodity futures prices are measured arsipkr
contract taken from the quarterly closing prices provided by R&C Reseacch, |
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Figure 7 — NCREIF Pacific West Annual Cropland Farmland Market Value Index
and Agricultural Commaodity Futures Prices (1991-2008)
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Note: Farmland market value is measured in an index using appreciation returdegrovi
by NCREIF. The agricultural commodity futures prices are measured arsipkr
contract taken from the quarterly closing prices provided by R&C Reseacch, |
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Figure 8 — NCREIF Pacific West Permanent Cropland Farmland Market Value
Index and Agricultural Commodity Futures Prices (1991-2008)
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Note: Farmland market value is measured in an index using appreciation returdegrovi
by NCREIF. The agricultural commaodity futures prices are measured arsipkr
contract taken from the quarterly closing prices provided by R&C Reseacch, |
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Figure 9 — NCREIF Southeast Annual Cropland Farmland Market Value Index awul
Agricultural Commodity Futures Prices (1994-2006)
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Note: Farmland market value is measured in an index using appreciation returdegrovi
by NCREIF. The agricultural commodity futures prices are measured arsipkr
contract taken from the quarterly closing prices provided by R&C Reseacch, |
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Figure 10 — NCREIF Southeast Permanent Cropland Farmland Market Value
Index and Agricultural Commodity Futures Prices (1991-2008)
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Note: Farmland market value is measured in an index using appreciation returdegrovi
by NCREIF. The agricultural commodity futures prices are measured arsipkr
contract taken from the quarterly closing prices provided by R&C Reseacch, |
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Figure 11 — Anticipated Inflation and Interest Rate Futures Contrat¢s (1991-2008)
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Note: Anticipated inflation is taken from the consumer price index of the mearatesi
of economists at the Livingston Survey of the Federal Reserve Bank in Philagdelphi
Pennsylvania. The interest rate futures contract is the 10 year treasuryTih@nplrices
are measured in dollars per contract taken from the quarterly closieg prizvided by
R&C Research, Inc.
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