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ABSTRACT

[ﬁua paper reexamines four econometric models of the U.S. farmland market to
.test their validity over differcpt‘. and more recent time periods. Updating these
models appears not to be fruitful. If econometric analysis is to play a role
in analysis of the famland market, it will probably be effective only in local
areas where productive factors and responses to them are reasonably homogeneous,

rather than within a national aggregated market for U.S. famland.j
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PREFACE

This study was completed under Research Agreement No. 58-3J23-0-0155X between
the National Economics Division, Economic Research Service, U.S. Department
of- Agriculture, and the University of Missouri-Columbia. The enclosed report

1s one of a series of reports; forthcoming reports will include: (1) A Criti-

que of the Literature on U.S. Famland Values, (2) A Comparison of Cash
Rents and Land Values for Selected Faming Regions of the United States, (3)

Imputing Returns to Production Assets in Ten U.S. Farm Production Regions, and

(4) The Value of Agricultural Land in the United States: Some Thoughts and

Conclusions.
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The authors' re-examine four econometric models of the farmland market

SUMMARY

to see whether conclusions by Pope and others are valid over different,

varied, and more recent time periods. The four econometric models were:

l. Tweeten and Martin's five-equation model.

2. Berdt and Cochrane's two-stage least-square model.

3. BReynolds and Timmon's recursive model.

4. Klinefelters single-equation model.

None of the econometric wodels has proved valid in meeting the test of

different, varied and more recent time periods.

The Tweeten and Martin's five—equation model attempts to explain the

process which generates farmland prices. Data originally used covered the

period 1923-63. The analysis was repeated for 1946-72 and subsequently for

1944-78.

Herdt and Cochrane developed a two—equation model, as did Reynolds and

Timmons, but used the orthodox supply—demend framework rather than a

recursive system.

The Reynolds and Timmons model uses time series data, and hypothesized

that the price of famland is detemined by the number of farmland transfers

and other variables.

Klinefelter used a single—equation model estimated by lecast-squares.

This model is confined to Illinois only but can be extrapolated for general

application to the U.S. market. Pope and others modified this model in

comparing econometric models of the farmland market.

Investigation reveals that the various authors of the econometric .

models agree on the theoretical framework used to analyze the farmland




market. The authors use the U.S.D.A. Balance Sheet of Agficulture in

examining models and variables. The process served to confirm the
importance of the variables selected.

Techniques examined allowed comparison of ordinary least-squares (OLS),
autoregressive ieaa:—squares (ALS), and recursive least-~squares (RLS)
methods. Technique gelection must be based upon the end-use of the model:

Prediction verses structural estimation.




INTRODUCTION

In the past, several researchers have formulated econometric models of
the y.s. agricultural land market, usually with the object in view of explaining
lncreages 1n land valuss. The models could generally be termed successful in
terms of the £it to the observed data on land “"prices.” 1/ The data are almost | Pé
exCluaively presented in time-geries form, and proxies for required data are
often employed. Time spans and specification of models emplﬁyed differ from
Wtalyst to analyat.

Although the literature contains several competing models of the agricul-
turay land markat,.chere has been only one comprehensive attempt to compare
the Performance of the various models over similar time periods. Pope and
Otherg [8] found that when models were estimated for a time span different
from the original period of analysis, their performance in terms of expected
8ign patterns and significance levels of coefficients fell off considerably. 2/
Pope, ang others, concluded that: |

"These results suggest that the model specifications do not reflect

accurately enough the relevant structural changes and other charac-

teristics of the farmland market.” 3/

This paper reexamines the four models which Pope and others updated, to gee
"hether Pope's conclusions are valid over different, more recent, time periods.
P“rthEt, the sample will be broken into sub-periods to see 1f insights into the i§
Structyral changes referred to by Pope can be ohtained. Thig study will also

test the influence of capital gains on prices, and use data derived from the

I7‘~3;E*of the problems facing researchers working on the farmland market is
thae data are not available on the selling price of land. The USDA collects
3ta on value of farmland as estimated by its experts, and this ig available
for @cre of land or in index form. See USDA ESCS [13]. This point will be
taken up in the concluding comments. .

¥ The underscored numbers in brackets refers to items in the References .
Section, —

3/ Pope and others [é]) p. 115.
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Balance Sheet of Agriculture to replace the cruder proxies of earlier

models. ‘Ocher than these changes, models and -techniques are kept as‘cloae to
the original models as is possible. 4/

This study will not contain tests of the predictive power of the models
outside the range of the sample. Pope and others did consider forecasting, and
'féund that “simple” models, such as a Box-Jenkins model, performed better than
8ophisticated econometric models. There have been proposals to consider simple
models of the farmland market to explain’ptice changes. This study will cloge
by proposing one such model.

ECONOMETRIC MODELS EXAMINED

The study will commence by looking again at the four econometric models
examined by Pope and others in the following order:

l. Tweeten and Martin's five equation model
2. Herdt and Cochrane's 2SLS model

3. Reynolds and Timmons' recursive model

4. Klinefelter's single equation model

Tweeten and Martin ngl

In the May 1966 Journal of Farm Economics, Tweeten and Martin proposed

a farmland model that was “suggestive of directions and methodology rather
than definitive."” 5/ Their study, which was intended to predict U.S. farm
Teal estate price variation, contains the most sophisticated and complex model
to be presented to dgte. It is comprised of a five-equation recursive system,
with individual equations estimated by both ordinary least gquares (OLS) and
autoregressive least squares (ALS) techniques. Each equation includes the
dependent variable lagged one period as an explanatory variable. Thig permits
the equations to be interpreted as a partial adjustment or distributed lag

model .

4/ Assistance was provided by R. A. Kramer,. who supplied hig data set.
3/ Tweeten and Martin (10], p. 392. :

S T et
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The model, which is outlined in table 1, sets out to explain the process
Which generates land prices. The culmination of the process is the land price
equation (equatioﬁ 1, table 1), wherein land prices are made dependent on three
endogenous and three exogenous variables. Of the gndogenous variables, two,
Damely farm number and farm transfers, are themselves determined by exogenous
Variables, in equations 4 and 5, which stand alone. The third, land-in-farms,
depends, in turn, on a fourth endogenous variable, cropland, which is determined
by equation 3. Each variable used in the analysis is defined in table 1: the
expected sign patterns are given in the tables of results. 6/ '

The model was originally estimated from data for the period 1923-63, with
2 durmy varible for the war years. Equations 3, 4 and 5 were estimated using
both OLS and ALS. Values of the coefficient of determination and the Durbin-
Watson statistic were used to help decide whether the OLS or the ALS equation
would be used to predict the estimates of endogenous variables to be used in
in equations 1 and 2. KEquations 1 and 2 were than estimated using OLS, ALS,
and recursive least squares (RLS). Pope and others repeated the analysis for
the period 1946-72, but used only the version of each equation which Tweeten
and Martin had juged "best.” In the discussion below, the results of Tweeten
and Martin, and Pope and others will be compared to new estimates of the equa-
tions for data covering the period 1964-78; Equations will be presented in

the reverse order to that in the Tweeten and Martin paper, starting with equation

5 and ending with equation 1.

With one exception, variables used for the new estimates follow the

definitions given in table l.  That exception is expected capital gains, where

6/ There will be no attempt here to explain the theory behind the relationships
;ipected from the models. A review of the theory behind the models is given in
Doll and Widdows [l1]. The form of the model as it appears here was the
culmination of a ézhuence of attempts to model the farmland market in which
Tweeten was involved. See Heady and Tweeten |2] and Tweeten and Nelson (11;.

o, o e 1 = ¢
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TABLE 1 - TWEETEN AND MARTIN'S MODEL:
EQUATIONS  AND VARIABLES

Equations
(Varisbles to the left of the semicolon are endogeneous )

(1) Land price Pe=f(Le,Ae,Te Feaps Te-1s Prog

(2) Land-in-farms Le=f(Ce; Feels Lres By Le—p)

3) Cropland ’ ct-f(Pt"l’ Lr*o TZ’ ct—l)

(4) Pam mumbers Ap=f(IXy 1, Cogeais Ses Tos Ay

(5) PFarn transfers Tt-f(JX£_l, c ge-1° Ser To, Tt-l)
Variables

(Aonual U.S. data for 1923-1963)

A 1is the pumber of farms, in thousands.
C 18 cropland used for crops, in mfllion gcres.
C*g 18 capital gains on farm real estate, C -1 ™ .5C' gt-1 +
.333' 2 + .170' 8t..3 where C' is capga}. gaino
E is enpfg;nent, national nonfarm, in millions.
F 1s aet fam income, in billion dollars (gross farm income lessg
production expenses).
JX 1is the ratio of average earnings per eaployed factory workers, Yn»
to the zverage income per farm worker, Yy» modified by the nonfarm

~ employment rate,. U;

Yne-1
JXee] = (1 - SUp-y)

Yyt-1

Ly 18 land removed from production by govermmeat prograns, in million
acres.

L.is land in farms, in million acres.

P 18 the price index of U.S. farm real estate (land and buildings)
per acre (1957-1959 = 100) deflated by the wholesale price index
(1957-1959 = 100). The average per acre value of real estate was
$104 in the 1957-59 period, hence one irdex point in P is equal to
$1.04 (1957-1959 dollars).

r is the rate of return on nonfarm investment: Standard and Poor's
data on common stock dividend divided by market value of stock,

in percent.
S 18 the stock of machinery, beginning year, in million 1957-1959

dollars.
T is transfers of farm real estate per 1,000 farms.

T2 is a dummy variable equal -to 1 from 1942 to 1948 and to 0 elsewhere.
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new USDA data are employed. 7/ 1In all equations, lag structures, autoregres-—
sive processes, and jointly-determined variables are as specified by Tweeten
and Martin. Autoregressive processes are lagged one year only.

Table 2 presents results of runs of Tweeten and Martin's equation 5--the
transfer equation. Transfers of land is one of the proxies for the quantity
of land offeréd for sale in the current year; together with transfers, land-in-
fa;ms and farm numbers, A, will be used as proxies in the land price equation.
A data series of sales of land measured in terms of acres and weighted by
quality for those acres sold is not available. Tweeten and Martin's original
estimates, the coefficients on all but one variable had the expected signs,
and all were significant at the 95 percent level. The coefficient on the
variable JX, representing the ratio of farm to nonfarm earnings, was of dubious
sign. Pope and others found that the coefficient of JX had the expected positive
sign where a different time peQiod was used. This finding was confirmed by
the new estimates but, in these, the sign on expected capital gain coefficient
is no longer that expected by Tweeten and Martin. While this conflicts with
the earlier estimates, it does not necessarily create a problem for the theory
behind the equation, becausg of an ambiguity in the discussion by Tweeten and
Martin. They make cases for both positive and negative signs on the coefficients
of the C*g and JX variables, and resolved the issue apparently by appeal to the

empirical results. 8/ According to their discussion, the positive sign on the

7/ The data appear in the Balance Sheet of the Farming Sector, which is
Bhblished on a regular basis by the USDA ERS. See USDA ERS (1;1 for a recent
example. A convenient summary of these figures and other recent agricultural
financial statistics is Melichar aad Waldheger (7). Tweeten and Martin define |
capital gains as the incremental chauge in per acre value of farmland less g
capital improvements. This formulation is retained oy Pope ana others. The |
USDA ERS broadened the definition of capital gains to include capital gains on
physical &3sets other than real estate, financial assets and debt. Besidesg
providing a more comprehensive calculation of capital gains, the USDA series is
a change irom the use of changes in lagged values of farmland to explain current
value of farmland. Not surprisingly, the Tweeten and Martin series provided
"good"” partial coefficients, and created much intarest in the role of capital

ains in explaining prices of farmland. For an extended discussion of capital.
zaina as de?ined by Tweeten and Martin, see Tweeten and Nelson (11}, pp. 1-13.

8/ Tweeten and Martin [10]. p. 381 and p. 387.
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TABLE 2 - TWEETEN AND MARTIN EQUATION 5: THE TRANSFER EQUATION

(.066)e (.0001) (.00008) (1.117)

+d - - + +
Period Method Coustant JXt-1 cGt-1 St Tt-1 T2 R2 DW B

1923-638 ° OLS 51.16 -.028 -.67 -00068 32 11.58 .87 1.72 .
(1.897) (3.16) (2.132) (2.14) (4.08) :
1946-72b OLS 8.37 137 -.033 -.0006 .839 .89 1.10 |
i 1944-78¢ OLS 17.94 .079 .00028 -.0002 .664 .84 1.46 A
; (.061) (.00012) (.00007) (.107) . . q
H 1944-78 ALS 19.11 .064 .0003 -.0002 .630 .80 !w
w2

1944-60 OLS 57.76 .0047 .0006 -.0015 <049 95 1.39 A
(.060) (.0002) (.0003) (.179) .
1944-60 ALS 62.07 -.0148 .0006 -.0016 ~-.021 .93 =.259
: ) ' (.062) (.0002) (.0003) (.167) (.234) :
i 1961-78 OLS 20.87 .069 .0002 -.00012 «499 53  1.11 i
- (.097) (.00014) (.00008 (.269) g
1961-78 ALS 25.38 .027 .0002 -.00015 321 A4 =.430 - i
(1.09) (.00011) (.00008 (.266) (.213) i

a. Original Tweeten and Martin estimates.
b. Pope and others estimates.

c. (and remaining versions) New estimates.
d. Expected signs are from Tweeten and Martin's original work. |

e. In this and all subsequent tables, the figures in parenthesis are the standard ; &
errors of the regression coefficients. B
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coefficient of the C*g variable over the 1944-78 period would support the idea
that capital gains encouraged farmers to stay in farming to gain appreciation
of property values.

The new estimates included estimates for two sub-periods of the 1944-78
period. Such estinnfes might provide additional evidenc§ on the structure of

the farmland market; sub-periods have been atudied for all four econometric

models examined. Here, equation 5 provides a much better fit over 1944-60 data

than it does over 1961-78 data. Generally speaking, results for the 1944-78

period have consistent sign pattermns.

Only the results of the OLS run of equation 5 were presented by Tweeten
and Martin, because they judged %-0 to be the best estimate of the autoregression |
parameter. In the new estimate too, there is no evidence that the ALS equation
is better than the OLS equation, so the OLS estimates of transfers, %, are
carried forward to equation l.

The next equation in the 5-equation system, the farm numbers equation, is
similar to the transfer equation in specification. Tweeten and Martin claim,
on the basis of magnitude of coefficients, that this does not necessarily make

farm numbers (A) a linear function of the transfers (T) equation. The results

of various runs of the farm numbers equation (shown in Table 3) indicate some

problems with the equation, because signs on coefficients change both with the

period and technique used for the run. The relationship between farm numbers

and capital gains is particularly confused. Pope and others and the new estimates
for 1944-78 suggest a positive relatiouship, while the original estimates and
the new short-period estimates suggests a negative relationship. In general,
the equations show high values for the coefficients of determination but weakly-

significant individual coefficients; this suggests that multicollinearity is

present. In addition, Durbin-Watson statistics are frequently outside of the
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TABLE 3 - TWEETEN AND MARTIN EQUATION 4: THE FARM NUMBERS EQUATION

ey A D § R B G AN

d
+ - - -+
Period Method Constant  JXt-1 CGt-1 st At-1 T2 R2 DH B e
i
> 1923-638 OLS 418.46 W11 9,72 -.17 77 49.92  .998 .90 B
(1.05) (4.86) (3.72) (38.75) (1.96) il
1923-638 ALS -215.96 -.11 "10 -36 0002 1001 3096 0999 1 060 084 v
: .53 (1.87) (.422) (26.58) (.21) (6.23) i
1946-72b  oLs 343.48 29,125 .091 -.035 .93 .98 2.8l 3
(1.385)  (.071)  (.868)  (21.346) 3
1944-78¢  OLS 89.72 .0018 oe 0 -.00014 97  1.45 i
(.0008) (.000014) a
1944-78 ALS 46.50 1.96 .0021 -.00009 498 .995 “35 il
(1.27) (.0029)  (0022) (.023) (.16)
1944-60 OLS 2,869.30 0047 0 (] (] 65 1,92
(.002)
1944-60 ALS 2,250.68 2,711 -.0079  -.0376 666 .98 .159
1961-78 OLS  232.60 .0029 0 (] (] 99  1.21
(.001 : ‘
1961-78 ALS 181.37 .399 -.0001 .00042 919 .99 -.410
(3.67) (.0003)  (.00004) (.017) (.215)

a. Original Tweeten and Martin estimates.
b. Pope and others estimates,
c. (and remaining versions) New estimates.

d. Expected signs are from Tweeten and Martin's original work.

e. In this and all subsequent tables, the figures in parenthesis are the standard
errors of the regression coefficients.
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EQUATION 3:

THE CROPLAND EQUATION

+ - +
Period Method Constant Ft-1 Lrt ct-1 T2 B2 DW B-
1923-632 OLS 180.73 .38 -.44 .51 -3.13 .91 1.51
) (1.73)  (5.92) (5.13) (1.22)
1923-63a ALS 38.36 .88 -1.036 .29 -3.47 .84 2.10 .86
(1.99) (6.66) (1.05) (.87) : (4.97)
9146-72b OLS 111.16 2.890 -.298 .56 .94 1.88
(3.433) (1.753) (3.05)
194478 oLS 142.36 .00037  -.353 .57 .90  1.87
(.00036) (.149) (.144)
1944-78 ALS 143.05 .0004 - =.355 .57 .90 .0034
(1.49) (1.43) (.169)
1944-60 OLS 2.00 .0019 .176 912 .86  2.07
(.0010) (.284) (.225)
1944-60 ALS -21.97 .0019 .243 .982 - .90 191
) (.0084) (.249) (.200) (.238)
1961-78 OLS 260.05 .00095 =-.414 .161 .89 1.69
' (.0005) (.169) (.170) ‘
1961-78 ALS 272.14 .00095 -.432 124 .88 -.084
(.0005) (.160) (.167) (.235)

a.

b.

Original Tweeten and Martin estimates.

Pope and others estimates.

Remaining equations are new estimates.




/ ¥ + ¥ - t

j Period  Method Constant ce Ft-1 Lrt Et Lt-1 R? D B
1923-638  0OLS ~134.37 WAl .80 .36 -.67 1.00 <994 .87 ‘
1923-63 RLB -83 021 028 079 025 -0.64 1000 099‘ .72
1923"63 ALS 023.40 039 .85 026 "032 096 0996 2;21 .74
(1.85) (1.87) (1.28) (.70) (9.29) (3.59)
1946-72 oLS 986.29 .15 -7.11 -.481 -1.38 257 66 1.99
(.219) (1.73)  (.817) (3.34) (1.636)
z 1946-72 RLS 1,508.5 -1.9 «65 -.212 -1.106 314
: 1944-78 OLS 754.05 4,19 =-.0019 -.667 -.82 536
(.446) (.0013) (.385) (.53) (1.34)
1944-78 RLS 724.42 -.453 -.002 -,733 -.659 +568 82 2.65
(.687) (.0012) (.607) (.471) (.127)
. ‘944"78 ALS 659021 "'0527 "'00015 -0752 -0712 064 091 034
1 (.360) (.001) (.315) (.421) (.105) (.159)
g 1944-78>  ARLSP  652.24 -.538 -.002 -,813 -.516 670 .80 .31
! (.643) (.001) (.575) (.399) (.104) (1.61)
. 1944-60 OLS 1,245014 -1.25 -,0012 -1.81 - 0721 +296 «50 2.60
X ' (1.08) (.005) (.976) (1.198) (.270)
1944-60 RLS 1,774,1 -2.59 .0028  -2,81 981 .184 «50
¢ (1.49) (.0062) (1.28) (1.30) (.287)
1944-60 ALS 1,073.44 -1.226 -0.0002 ~-1,854 .640 428 .71 .34
(.877) (.004) (.76) (1.029) (.216) (.228)
1944-60 ARLS  1,606.34 -2.471 .0036 -2,732 .728 .295 W77 .35
(1.083) (.0042) (.859) (.907) (.205) (.227)
1961-78 OLS 868.53 -.0033 -.007 -.199 -1.731 «350 .89 2.55
(.474) (.001) (.329) (.896) (+260)
1961-78 RLS 496,57 1.39 -.0019 539  -1.909 0294 .82
(2.62) (.0027) (1.39) (1.231) (.363)
1961-78 ALS 699.90 -.099 -.0007 =254 -1.335 496 <94 032
(.393) (.0009) (.303) (.815) (.234) (.22)
1961-78 ARLS 417.93 1.004 -.0016 352 ~1.487 445 <94 .29
(1.865) (.0017) (1.045) (.824) (.235) (.225)

a. 1923-63 versions are from Tweeten and Martin, 1946-72 are from Pope and others, remainin
Tuns are pey ’ ¢

e
b. ARLS 1is recursf&é"féfgt 8qures with a one-period autoregressive scheme.
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TABLE 6 - TWEETEN AND MARTIN EQUATION 1:

THE LAND PRICE EQUATION

- - - ¥ - ¥
Period Method Constant Lt Tt At Fe-1 Re-1  Rt-1  R? DH B
1963-638 OLS 89.5 =37 =23 -,0007 58 =-1.56 J7 95 1.53
(1.892)  (2.49) (1.164) (3.04) (3.28) (7.09)
1923-63 RLS 88058 -0033 -ol‘l "'00011 058 -1063 077 096 1.61
(1.91)  (4.06)  (.514) (3.23)  (2.90) (8.83)
1923-63 ALS 14.77 -.146 -.37 -.0068 1.68 =72 39 «92 1.84 .95
(1.35)  (3.54) (.830) (3.81) (1.25) (1.96) (8.08)
1946-72 OLS 14,62 +025 o113 -.009 1,147 -1,94 89 .99 2.26
(.851)  (.544) (2.36) (1.893) (1.21) (7.33)
1946-72 RLS 41,89 -.011 -.298 -.004 1.184 1.567 «94
(.302) (1.078) (1.011) (1.679 (.882) (8.52)
1944"78 OLS "2 056 00017 .Q098 2 0038 0 -0069 "2 048 o93
(.0022) (.0122) (1.29) (.093) (.357)
1944-78 RLS 0.84 -.0007 .0008 1.12 0 -.019 -,044 .92
‘ (.0013) (.006) (.49) (.047) (.217)
1944-78 ALS 2021 -00014 "'-0077 -000002 0 0048 o34 094 n163
(.0009) (.004) (.000005) (.031) (.17) (1.67)
(.001) (.005) (.299) (.033) (.187) (.168)
1944-60 OLS 2.11 .0003 .0087 1.776  .00004 -.033 499 W74 2,63
(.0014) (.014) (1.073; (.00006) (.119) (.649)
1944-60 RLS -3.24 .0013 013 1.61 .00004 054 470 «65
(.0025) (.015) (.77) (.00005) (1.82) (.542)
1944-60 ALS 1.24 ~,0005 -0.14 ,00013 0 166 -,337 .78 .282
(.0014) (.006) (.00011) (1.56) (2.89) (.233)
1944-60 ARLS 2.43 -,0011 -.006 616 0 0044 -,372 .63 133
(.0025) (.017) (2,10) (.241) (.340) (2.40)
1961-78 OLS 0.84 +0002 .001 1.315 0 0012 -2,92 .98 1.61
(.0006) (.033) (10.31) (0.48) (9.63)
(.0013) (.008) (l1.126) (.0022) (1.16) ’
1961-78 ALS 0.84 ~-.,0004 -.003 -.0008 0 -.005 «934 .98 019
(.001) (.003) (.0001) (.014) (.162) (.236)
1961-78 ARLS  -2.43 .0019 .0024 »515 0 -.0011 o176 <96 446
(.0007) (.0036) (2.47) (.011) (2.44) (2.11)

a. 1923-63 equations are Tweeten and Martin's original estimates; 1946-72 are Pope and others estimates,
while 1944-78 and sub-period estimates are new,
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Scceptable range. This equation thus appears to be a weak link in the chain.
Tweeten and Martin preferred the OLS equation for estimating ﬁ for use in
“quation 1. For the new estimates, the ALS version 1s used, because of its
800dnegg of fit, correct sign patterns, and significant autoregression parameter.
Results of estimation of equation 3, the cropland equation, are shown in
table 4. For this equatioﬁ, expected sign patterns persist through all the
l°°8‘Period runs. 9/ The relationship between net farm income and cropland is,
howavet. only weakly significant in all versions df the equation. In both the
Original and the new runs, the OLS verions of the equation.is used to predict
Cropland for the land-in-faras equation, because the ALS version does not
laprove noticeably on OLS results.
Tweeten and Martin reported some success with their land-in-farms equations;
the five independent variables accounted for 99 percent of the variation in
the dependent variable, with all coefficients having the correct sign and all
but one (Lr) being significant at the 95 percent level. As table 5 shows, Pope
30d others findings were not so favorable. Only two variables (E and L¢-)) have
Coefficients that maintain their expected signs, and the fit of the equation is
s“batantially poorer. This finding is repeated for the 1944-78 estimates,
th°“8h the fit is improved somewhat. The equation performs better over the
1961-78 sub-period, especially under ALS technique. Tweeten and Martin preferred
the aLs equation for use in estimating land-iﬁ-farns for equation 1, since the
dUtoregression parameter was highly significant and the Durbin-Watson statistic
Yas insignificant. At the same time, they regretted not having estimated an
8utoregressive version of the recursive equation. This was done for the new
Tung, pue it was not found to improve on the ordinary ALS version; thus, the

A .
latter was used to estimate L in the new runs.

9\
3/ Only in the sub~period 1944-60 does an unexpected sign emerge for the

telacionsbips between cropland and land removed from production by the Govern-
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Tweeten and Martin's “composite hypothesis explaning the process through
which land prices materialize™ 10/ culminates in equation 1, where an attempt is
made to use the aforementioned endogenous “quantity” variables (L, A, T) together
with net farm income, rates of return on nonfarm investment and lagged prices,
to explain the price index of U.S. farm real estate. 11/ Tweeten and Martin

found their equation to have a good fit and expected signs,‘wich all coefficients

significant at at least the 10 percent level. They observed that the significance

of the coefficients on farm numbers (A) variable fell in the recursive equation
and suggested that this might be due to inadequate specification of the farm
numbers equation. 12/ The following reservations were also expressed on the
basis of the significanﬁ autoregression parameter in the ALS version:

“An autocorrelated error structure would seldom arise if the data were

error free and all relevant variables were included in the appropriate

algebraic form." 13/

The price equation does not stand the test of time period changes, as
table 6 shows. Pope and others 1946-72 estimates produced sign changes for all
but three coefficients (A, Fy-)} and P ¢.}); while in the new runs, 1944-78,
coefficients of all variables were subject to sign changes. As in the original,
the new estimates show significant autoregression parameters; in fact the ALS
version is the “best™ of the 1944-78 versions in the sense tga: only one
coefficient (R) has an unexpected sign. In the new estimates, most individual

coefficients have wesk levels of significance, indicating, in combination with

the high 22's, that there may be multi-collinearity problems.

10/ Tweeten and Martin 110], p. 379.
11/ They in fact presented three versions of the price equa:ions, one excluding
the r variable, and one having A lagged one period. This study follows Pope

in using the version with tne r and Ac.
12/ This equation was referred to above as the weak link in the chain in view

of its poor performance on the new runs.
13/ Tweeten and Martin [lU], p. 3b4.

i
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The model performs differently over the two sub-periods, 1944-60 and 1961-78.
The 1961-78 ALS version supports Tweeten and Martin's hypotheses regarding
8igns, and fits the datz well (though again signs of multi-collinearity exist).
The 1944-60 version generally perform badly and have different sign patterns
to the 1961-78 runs. It would seem then that the equation, and therefore the
model as a whole, is somewhat unstable, and not a durable specification of
the farmland market. 14/ The two sub-period estimates suggest that part of the
Problem may be that the structure of the lgnd market is subject to short-period
changes which might affect the longer—-period performance of the model.

When summarizing their findings, Tweeten and Martin pointed out that their
€conometric model is only a subset of many possible explanations of the farmland
Rarket. They reviewed the techniques used, and were not able to recommend any
one in particular, since the merits of each were offset by their problems.

Thus OLS was recommended for its directness but criticized for its least squares
bias. BRLS reduced the least squares bias, but in a 5-equation system, tends to
Compound any specification errors preseant. ALS appeared to improve estimates

of the coefficients but created problems with the weakness of significance of
variables. All of these problems carried through to the new runs; no one method
can be recommended over the others.

In summary, the tests we have used here suggest that the 5-equation model
has not stood the test of time as a prescription for the farmland market and an
explanation of farmland price changes. Of the individual equations, only the
Cropland equation has shown stability over time. The variability found in the
other equations implies that specification errors could accumulate in this

recursive system. Financial-type variables caused the major problems in

14/ Tweeten and Martin tried several additional variables in equation 1, and
even a time trend, but without improving on the model shown.
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individual equations. Coefficients on capital gains, rates of interest and
earnings variables did not maintain either their leveis of signifiéance or
(often) their signs as compared to the original estimates. Variables such as
8tocks of machinery or land in farms, which are more directly measured have
been noge.succesaful. Evidence from the sub-period estimates suggest that
financial variables were most volatile in the late 40's an& the 50's; perhaps
the higher inflation and interest rates of recent years are forcing farmers to
Pay more heed to these variables. At any rate, the model does seem to produce
. ®ore consistent estimates over the shorter (1961-78) period.

If the 5-equation model has proved somewhat too elaborate a scheme for
analysis of the farmland market, a way to ptocee& might be to simplify the
mdel by reducing the number of equations in the system. Reynolds and Timmons
Presented a two-equation recursive model of the farmland uatkec,Avhich will
Now be discussed. |

Reynolds and Timmons {9]

Like Tweeten and Martin, Reynolds and Timmons establish what they believe
are the major factors affecting value of farmland, and develop a method to test
the importance of the relevant variables. Time series data are used, and a
recursive two—equation system combined with OLS is used to estimate parameters.
Unlike some other analysts, they also attempt to estimate their model using
crogs-section data, but with only limited success.

Reynolds and Timmons hyﬁotheaize that the price of farmland is determined
by the number of farmland transfers and certain exogenous variables as follows:

v = £(T; NFI, GP, Cg, r, A)
where definitions of variables are in table 7. The number of transfers is

itgself determined by the following variables:

T = g(cg, F/NF, TE, D/E, N)
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TABLE 7 - DEFINITIONS OF VARIABLES USED

BY REYNOLDS AND TIMMONS

Change in the average size of farm (acres)
Intercept

Expected capital gains (dollars/acre).
Conservation payments (dollars/acre) .
Ratio of debt to equity (percent)

Ratio of debt to value of farmland (percent)
Expected ratio of farm to nonfarm earnings (petcent:)
Gross income (dollars/acre)

Government payments tied to land (dollars/acre)
Government payments for land diversion (dollars/acre)
Farm mortgage interest rate. (petcent:)

Labor (hours/acre)

Change in number of farms (1 000 farms)

Expected net farm income (dollar/acre)

Nonfarm population censity (people/square mile)

Rate of raturn oun common stock (percentage) -

Voluntary transfers of farmland (1,000 farms)
Predicted voluntary transfers of farmland (1,000 farms)
Voluntary transfers of farmland per 1,000 fams
Predicted voluntary transfers of farmland per 1,000 farms
Value of -farmland (dollar/acre)

Value of farmland without farm buildings (dollars/acre)
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where TE is technology, and is measured by the (weak) proxy, hours of labor

per acres, L. The equations bear some similerity to equations 5 and~l of
Tweeten and Martin. Noticeably absent are lagged values of depandent variables
from the right hand side, while govei:ment: payments to land were added. For
the estimation of equations, the expgcted values for each series were assumed to
be represented by a three—~year weighted average of past valuss for each of the

serléa, as follows:

2(X,) = § WXy <1/ § oW
vhees i=1 1=1

vi=nmn+1-1

m=3
This was lagged one year. This is similar to Tweeten and Martin's representa-
tion of exceptations, and is a form used in the remainder of the econometric
models examined. V, NFI, CP, CPL, GP .and Cg were deflated by the index of
prices paid by fameis for items used in living and production (P).

In table 8, results of two formulations of the transfer equation are
given. Both equations perfommed well in the original rums, and of the two,
equat:idn 13 was selected for the prediction of transfers b_ecauae it explained
alightiy more of variation in transfers than did equation 12, while providing
individual regression coefficients with higher significance levels. Pope and
others selected equation 13 for their update, but reported three sign changes
compared to the original estimates. The new estimates were a little more
successful than Pope's. Equations 12 and 13 both showed a sign change on the
coefficient of the D/E variable when compared to the original estimates while
equation 13 showed a sign change on the coefficient of the average size of
fams (A) variable. Both equations explained 95 percent of variation in trans-

fers. Performance of equation 13 over the 1961-78 period is not as good; of

particular interest is instability of the capital gains variable——this did
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TABLE 8 - TWEETEN AND MARTIN EQUATTION l: THE LAND PRICE EQUATION

d
: - + + + + - : ,
Equation Period Constant  D/E La  E(F/NF) N cg A "R W |
12 1933-658  -40.88  ~7,10 14,35 1,96 0.11 2,72 , .98 1,83 :

(1.14)  1.00  (0.44) (0.06) (0.82) ' i

13 1933-658  -11.23  =7,36 13,76 - 1,58 4,86 -3,35 .98 1.84 i

(1,04)  (1.13) . (0.47) (1.52) (1.53) |

13 1946-72> -309.94  19.69  34.82 =7.70 . =1.50 ~-,51 |

12 1944-78¢ -359,75 1.57 016 186,18  30.24 .002 95 1.18 o

13 1944-78  -387.40 1.26 025  221.9 002 2,18 .95 1.19 g

(0.51) (.007) (59.7) (.0006) (.614) |

12 1944-60 -384.3 1.49 0,01} 178,3 49,09 ' ,004 95 1,51 ‘ g

(1.23)  (i011) - (159.1) (53.40) (.001) , ?
13 1944-60  -244,0 1.03 0.02 - 226.,7 . 004 = -0,097 .95 1.42 -

i (1.24)  (.01)  (175.6) (.001) (1.23) - 5
; 12 1961-78  -38.00 -.019 003  145.5 15,24 -,0001 36 .88 !
| (.626) (.023) (144.1) (105.55) (.0006) ' N
i 13 1961-78  641.47 013  =.020 216.45 -.00004  -1.44 .41 1,05 |
(.554)  (.025) (146.2) (.0006) (1.33) §
A a. Reynolds and Timmons original estimates.

b. Pope and others estimates.

c. Remaining versions are new estimates

d. Expected signs on coefficients.
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U0t occur in Tweeten and Martin's transfer equation. With little to recommend
‘e equation over the other, :h; nev estimates followed precedent and used
®quation 13 to predict transfers tor use in the price equation.

Reynolds and Timmons also estimated several versions of their price
quation, and used two aifferent specifications of farmland value as the
Uependent varisble, namely value of farmland and buildings (V1) and value of
farmland without buildings (V2). Table 9 presents results using the former
d°P°ndent variable, and table 10 contains results for the latter. Both sets
°f equations performed well in the original runs, with signs always expected
nd o high degree of explanation of variation in farmland values evident.

Pope and others chose equation 17 to represent the price equation and reported
four sign changes out of seven possible in the equation. The new estimate of
thig equation was a little more encouraging, with sign changes in the coeffi-
&1ent for interest (1/r) and the government spen.lng variahles only, and a
high coefficient of determination, 0.96.

Of special interest in a conpatisonvof all the estimates in both tables
18 the poor performance of the transfer variable, as predicied by equation 13,
Thig variable also did not perform well.in Twe;:ed and Martin's land price )
®quation. This raises questions about the|appropriateness of recursive trans-
fer Qumbers as an indicator of qﬁanc1Cy. Iﬁ.will be seen below, in considerinyg
the Klinefelter model, that when actual rather than estimated transfers appear,
Telationg are still not always as expected.

The relationship between land values and the rate of interest, and land
Valueg and government payments are worthy of comments. In our new estimates,
the rate of interest consistently produces the "wrong™ sign, whether the vari-

3ble appears in its origikal or inverted form. 15/ This is typical of results

T —— ,
15/ Reynolds and Timmons use l/r to try to improve the fit following
UWsuccessful experiments with doubelog forms of the equations.




TABLE 9 - REYNOLDS AND TIMMONS EQUATIONS 14, 15 and 17; ESTIMATES OF VALUE

OF FARMLAND AMD BUILDING (VI)

+

+

- + + + - +
Equation Period Constant T Gp ce A r NFI 1/r GPL CP &2 D

14 1933-658  107.98 -.23 12.08 .62 1.07 -5.73 2.91 94 1,18
(.14) (2.55) (.44) (.69) (1.33) (.78)

14 1944-78  -147.59 .068 -.0002 .001 .732 9.41 .0004 96 1,22
(.08) (.003) (.0004) (.089) (3.02) (.001)

l‘ 1944-60 -142076 0182 '0002 -00003 0790 10‘77 00005 090 2.22
(.140)  (.006) (.007) (.304) (3.03) (.001)

14 1961-78 43,77 -.930 -.0007 -.0001 340 22,07 .0009 N 88 1,34
(1010) (0008) (0001) (‘27‘) (kloO) (0003)

15 1933-65 ‘5092 -020 10.32 0‘2 ‘029 2069 lo‘s 096 10‘8
(.04)  (2.38)  (.41)  (.64) (.71) (.27)

15 1944'78 -75o12 0057 00001 00001 '736' 00009 -160057 >096 1019
(0.84) (.003) (.0004) (.093) (.001) (60.81)

15 1944-60 131.5 .182 -.003 -.0004 .787 .0006 ~19.24 89 2,15
(.157)  (.007) (.0007) (.036) (.001) (78.88)

15 1961-78 224.4 -1.29 -.004 .000} .365 .001 -238.71 .84 1,33
(1.26) (.009) (.0001) (.327) (.004) (210.74)

17 1933-658 55,42 -.15 .34 1.25 1.88 1.09 16,96 1.71 .97 1.76
(.04) (.36) (.56) (.68) (.27) (3.00) (3.49)

17 1946-72b  36.53 .003 A17  -,001 -2,.89 22,92 23.63 -96.32
(.717) (.443) (.02) (1.02) (1.27) (6.40) (1.79)

17 1944-78 -109.73 -.072 .0008 - .783 .003 -178.81 -.0002 .083 .96 1.28
(.09) (.0004) (.085) (.001) (58.64) (.004) (:039)

17 1944-60 -150.43 J4&4 -.0003 .836 .001 -41,61 -.003 .015 91 2.30
(1.76) (.0008) (3.47) (.002) (71.81) (.008) (.043)

17 1961-78 120.79 -.087 .0003 494 .001 ~270.4) -.002 045 87 1.34
(1.25) (.001) (5.89) (.004) (210.4) (.014) (.200) :

a. ‘Reynolda and Timmons original estimates.

b. Pope and others stimates.

e 5




TABLE 10 — REYNOLDS AND TIMMONS EQUATIONS 20, 21 and 23: ESTIMATBS OF VALUE

FARMLAND WITHOUT BUILDINGS (V2)

Equation

Period Constant

+
GP

+
(+§

+
A

+
NPI

20
20
20
20
21
21
21
21
23
23
23

23

1933-658 78.41

1944-78  -163.19
1944-60  -142.36
1961-78  49.31
1933-658  19.51
1944-78  -95.02
1944-60  131.2
1961-78  203.54
1933-658
1944-78  -124.89
1944-60  -150.1

1961-78 33.04

12.06
(2.43)
.0009
(.003)
-.002
(.006)
-oool
(.007)
10.37
(2.22)
.001
(.003)
-0003
(.007)
'.004
(.008)

43
(.42)
.0008
(.0004)
-00003
(.0007)
"00003
(.0009)
«22
(.39)
-0007
(.0004)
"00003
(.0007)
"'00001
(.001)
.13
(.31)
.0005
(.0004)
-.0003
(.0008)
.0001
(.0009)

1.25
(.66)

-5 033
(1.26
9.08

2.83

(.74)
.0003

(2.72) (.001)
1.48 .0005

(3.03) (.o001)
19.18 .00002

2.62
(.67)
.0008

(.001)

.m6
- (.001)
".wom
(.003)
1.73
(.58)

..2002

(.001)
.001
(.002)
—00001
(.003)

1.38
(.26)
-151 042
(55.60)
"19.29
(78.74)
(186.74)
.98
(.23)
?|61 1
(52.67)
-41.59
(71.70)
-205.2
(175.6)

17.65
(2.59)
UL
(.004)
-.003
(.008)
".005

(.012)

a. Reynolds and Timmons originul estimates.

.92
(3.01)
.068

(.035)"

015,
(.043)
.091
(.167)

.90
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with other models. Coefficilent signs on variables representing government
expenditures also showed some tendency to change sign. In certain of the
equations, this varisble was broken out into paynen:g for land diversion (GPL)

and conservation puyments (CP). These coefficients showed different signs in

equation 17, and in equation 23 for the 1Y61-78 period.

In sum, our estimates of the originai model have not corroborated all
of the original findings, although the new estimates are not so pessimistic
as the funs by Pope and others, and the equations do explain a large amount
of the variation in the dependent variables. Unlike the findings for the
Tweeten and Martin model, estimates for the most recent period (1961-78) are
particularly liable to provide unexpected results. The insertion of capital
gaing into the price equation seems to have been useful: this finding will be
examined further below.

The two—equation model of Reynolds and Timmons appears to have a slight ‘
edge over the entire period than Tweeten and Martin's 5-equation model, though
it appeared somewhat less adaptable to very recent developments. We now turn |
to a more orthodox supply-demand model, to see if this can improve on the

recursive approaches above.

Herdt and Cochrane [3]

Herdt and Cochrane, like Reynolds and Timmons, propose a two—equation
model of the land market, but rather than use a recursive system to explain
farmland price variations, they use the orthodox supply-demand framework. That
is, they assume that supply and demand determine prices jointly and that the

market is cleared each year.

The equations proposed by Herdt and Cochrane and the definitions of
variables used appear in table l11. They emphasize the supply equationm, claimipg
that discussions of farmland prices have tended to concentrate too much on
demand. On the demand side, technological advance is emphasized, being defined

as "the capability of the firm to proauce a greater amount of output for every




TABLE 11 - THE HERDT AND COCHRANE MODEL —
EQUATIONS AND VARIABLES .

N p; R, U, Lf - (Supply relation)
nd, p; R, T, Pr/Pp, Lu G (Demand relation)
: ‘ (Market-clearing relation)

The variables are identified as follows (the "y"s and z's are included
here for later reference).

Jointly deteriinad variables:

ll'-yl is the number of farms (per 1000 farms) supplied;

K=y, 1s the number of farms (per 1000 farms) demanded;

Pey2 is the price of farm land (average value per acre of land and
buildings in current dollars);

Predetermined variables:

Rwz; is the interest rate (yield on high-grade bonds teported in
Standard & Poor); -
U=z is unemployment as a percentage of civilian labor force;
Lf=zy 1s land in farms, million acres;
T=z; 1is the USDA index of productivity;
Pr/Pp=zg is the ratio of the index of prices received by farmers to the
index of prices paid by farmers;
Lu=zg is urban land (urban, industrial, nonfarm residential, roads,
railroads, unused wastelands, etc.8); .
G=z7 is the general price level (wholesale price index).
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unit of input it commits to the production pfoccss.' 16/ This is represented in
their model by the USDA index of productivitf. éainn from technological advance,
they argue, increase net profit by allowing increases in output while the presence
of government price supports maintain or increase profits. ‘

The Jointl?-datetnincd variables are numbers of farms anA the pfice of
farmland. The former is represented by transfers per 100'0 .fatﬁs—a variable
we regard a2s being under a cloud at this stage because of its performance in
the recursive models. The price of farmland is tepfesented by the average
value per.acre of land and buildings. In the model, weighted averages are used
for the general price level (G), ratio of prices received to prices paid (Pr/Pp),
2nd technological advance (T). A three-year weighted-average of the form
outlined above for the Reynolds and Timmons model was chosen. Other variables
used were in current year values. The equntioni were estimated by two-stage .
least squares, for the period 1913-62. Dependent variables were transfers for
the supply equation and farmland values for the demand equation. In the final
analysis, then, there is some similarity to the recursive models.

The results of application of the supply equation are shown in table 12.
Equation 1:1 is the original formulation of the eqﬁation as shown in table 1l.
Herdt and Cochrane's original estimates were diaappointing. The coefficient.of
the price variable did not have the correct sign, a serious defect according to
Herdt and Cochrane. When the equation was rerun for the 1937-78 period, the
rate of interest (R) and land-in-farms (LF) variables changed signs compared to
the 1913-62 run, leaving only one out of four variables with the expected sign.
Only for the 1950-62 period do results conform to Herdt and Cochrane's
expectations.

Herdt and Cochrane's response was to suggest that because supply is mea-

sured in terms of number o farms sold per 1000, the number of farm (NF) might

16/ Herdt and Cochrane (3], p. 252.
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reflect shifts of supply better than land in farms. With this substitutionm,
new estimates were made, as shown in table 12. The coefficieat of the price
variable has the correct sign, and retainéd it over all other periods for which
ntew estimates were made except the most recent, 1963-78. This improvement of
the supply e;natiou came at a cost, because the rate of interest (R) coefficent
changed signs in Herdt and Cochrane's original estimates. A negative sign on
this coefficient was also evident in Pope and others estimates of the equation
for 1913-72, but all variables in our 1937-78 estimates have the signs Herdt
and Cochrane expected. While this suggests that the problem with the R variable
may be traced to the period before 1937, a look at the sub-period runs shows
the rate of interest to be the variable most liable to sign change. Thus, as
with the other models examined so far, the tagg of interest seems not to be a
useful variable in a farmland model. fbc success of the supply equation over
the 1937-78 period is offset to some degree by the evidence from the most
tecenﬁ sub-period examined, 1963-78, in which not one of the coefficients has
the expected sign.

Estimates of the demand equation are shown in table 13. Equation 1:2 is
the formulation of the demand equation set out in table 11. In the Herdt and
Cochrane estimates over the period 1913-62, three out of six coefficients had
unexpected signs. Herdt and Cochrane were especially concerned about the
technological advance (index of productivity) variable (T), and blamed the
wrong sign on its coefficient on the high correlation between it and the urban
land (Lu) variable. While the correlation persists in the new estimates, the
technological advance coefficient has the expected sign, for the long period

and all sub-periods. The relation between urban land and value of land is much

weaker over this period than for the 1913-62 period. J
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TABLE 12 - HERDT AND COCHRANE'S EQUATIONS 1:1 AND 2:1:
THE SUPPLY EQUATIONS: HNUMBER OF FARMS DEPENDENT

EQUATION 1:1

+ + - +

Period P R U LF
1913-622 =176 <264 -1.197° .068
(.067) (2.661) (<242) (.032)
1937-78 -.014 -2,24 -1.571 ~.114
" (.029) (1.289) (.345) (.034)

1937=52 ~6.61 =12.341 -.199 .161
(3.78) (7.02) (.724) (1.45)

1950-65 -.108 -352 -.508 .000}
(.067) (2.002) (.642) (.026)

1963-78 -.041 756 -.460 -.121
(.022) (1.397) (.962) (.115)

EQUATION 2:1

+ ) o+ - +

Period P R U . NP
1913-622 064 -5.672 -.789 .004
(.119) - (1.224) " (.188) (.003)
1913-72b 1.29 ~19.42 -.357 .036
(6.12) (7.16) (2.132) (.078)
1937-78 .0003 2.89 -1.747 .008
(.228) (1.052) (2.54) (.0013)
- 1937=52 <322 -17.071 -1.138 .026
(.321) (7.87) (.544) (.013)
1946~72b 264 -1.33 -.597 .00001
(1.147) (.336). (+542) (3.084)
1950~65 .048 2.489 -.360 .008
(.087) (2.105) (.531) (.003)
1963-78 -.049 -1.136 .32 -.022
(.023) . (2.286) (1.061) (.015)

%« Herdt and Cochrane's original estimates.
b, Pope and others estimates.

Remaining versions are new estimates.
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TABLE 13 - HERDT AND COCHRANE'S EQUATIONS 1:2 and 2:2: THE
" DEMAND EQUATIONS: PRICE OF FARM LAND DEPENDENT

S ———
EQuarION 1:2
P - - + + + +
eriod nd R T Pr/Pp La G
~— . . -
1913-g22a -3.512 7.119  -1.161 2.371 4.367  -3.187
(.770)  (1.796) (.549) (.462)  (.839) (.195)
193778 797 2.658 .670 -2.288 -.00001 1.915
(.877) (3.751)  (.96) (.607) (.00001) (.234)
1937-52 -.969  -10.503 .072 574 . .0001 .381
(.159) (4.722) (.355) (.132) (.00002) (.070) i
1950-65 1.202  -15.225 2.424 .650 .0001 -.159
(2.251)  (9.818) (.247) (.428) .0001) (1.082)
1963-78 =3.719) -1.936 2.448 -2.732 .003 1.927
(o713)  (3.733) (2.605) (.878) (.008) (.283)
S
EQuATION 2:2 _
- - + + +
Period. nd R T Pr/Pp G
\
191224 -1.043 8.135 1.699 757 379
(.697) (2.191) (.321) (.372) (.158)
1913-72b -1.117  18.94 2.35 1.00 -.335
(2.27) (16.80) (7.32) (2.80) (.205)
193778 1.865 5.707  -1.080 -2.271 2.123
(.838) (4.062) (.558) (.713) (.247)
1937-52 -.803 -3.856 492 .385 464
(.171) (4.734) (.372) (.132) (.073)
1946-72b 729  16.38 2.22 400 .669
(.409) (2.62) (3.25) (.625) (.547)
1950-¢5 -1.301 -4.717 2.441 .382 .856
' (.691) (3.952) (.247) (.363) (.648)
1963-7g -3.681 =-2.783 1.83 -2.864 1.962
(.672) (2.689) (1.81) (.755) (.253)
\

Herdt and Cochrane's original estimates.

's

Pope and others estimates. Remaining versions are new estimates.
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The new estimates also yielded the expected signs on coefficients of
“mleﬁale prices (G), but signs on land transfers (Nd), rate of interest (R)

d Parity ratio (Pr/Pp) coefficents revetsgd. Thus, §1though salvaging the
tmmm°108y relationship, the new estimates appear to perform no better than
" original. '

Herdt and Cochrane sought to improve on equation 2:1 by dropping the urban
lang variable. This was due to the correlation between it and index of pro-
dncti'ity; intercorrelation may change che sign of a regression coefficient.
e exclunion of Lu had the desired effect on the sign of the productivity
hﬂex for the 1913-62 period (equation 2:2, table 13). Furthermore, only the
hm“hlesoae interest rate variable now had a coefficient with the wrong sign.
Yope and others found that the price variable (G) coefficient changed signs

‘Q‘Pired to Herdt and Cochrane's results; tiey coomented, though, that in all
‘the Cagses where sign changes occurred, none of the coefficients were statisti-
Ay significant. According to the 1937-78 evidence, only one of the five
"ariableg (G) has the expected sign. Evidence from short-periocd estimates by
v‘hth Pope and others and the present writers suggests that all relationships
 eept the one between value of land and the general price level (G) were
;a“biecc to short-period change. The equation is not a reliable one.

‘ In their general commentary on the performance of their model, Herdt and
?c°°htane were most concerned about the interest rate variable. They suggested

' thae other measures of interest rates might be tried, and, when such measures
Dtond unsuccessful, that estimating procedures other than two-stage least
aq“l:ea be used to estimate equations. The spectre of misspecification did
axri°e, but was exorcised by the "strong points™ of the model. However, evidence
Er“‘ the other models considered here does not suggest that alternative measures

of interest rates offer much hope. Furthermore, the strong points of their
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Wdel (correct signs) were not stable when the time period for estimation
ch"’Ced. Pope and others tried an alternative estimating procedure, three at:age.
leage squares. They compared the two "improved” versions of the equations (2:1
ad 2:2) estimated using 2SLS and 3SLS by a root-mean-square error test and

& . ;
%wd thet 2SLS estimates cutperformed the 3SLS estirates. This, together with

the Poor performance of the demand equation over the 1937-78 per:l.o& brings back |
‘th‘ Spectre of misspecification. 17/ |

| As a final step in their analysis, Herdt and Cochrane estimated the reduced
&"’l coefficients of their system. Their estimates and the results of the new
Stimates are given in Table 14. These coefficients can be used to estimate

t!
he effect of a one-unit change in each of the predetermined variables on the

j““ﬂy-detemined variables. Again the ftequancy of sign changes of coefﬁcicnts

s RQotable when the time-period of the study is changed. Herdt and Cochrane
Uso grandarized the effact of each predetermined variable and concluded that,
M the supply side, interest rate (with the perverse sign), unemployment, and
Waber of farms were relatively important determinants. On the demand side,

t"’chc::log:l.a:al advance was “decisively the most important.” This latter finding
a“I’Dtn:(_:e:l their earlier contentions about the importance of the effects of

technological advance upon land prices.

1\77 As Pope and others point out [8], p. 109.

“It is apparent that for the within-sampling forecasting, both
sets of 2SLS estimtes outperformed the 3SLS estimates. This

is rather a surprising result, since econocmetricians generally
prefer 3SLS over 2SLS due to a presumption of the latters'

lack of asymptotic efficiency. However, the better forecasting
performance of the 2SLS estimates may result from the fact that
full information estimation methods, such as 2SLS, are more
gsensitive to specification errors than are k-class estimators
such as 3SLS."
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TABLE 14 - HERDT AED COCHRANE'S °*PINAL' REDUCED-FORM MODEL

Jointly-

Determined .
Périod Variable R u NF T Px/Pp G
1913-622  /md -5.813  -.739 004 =102  -.045 _ -.023
1937-78 x8/xd 1.455  -.961 014 .99 2309 - -.137
1937-52 ms/pd  -10.76 -.825 012 -.147 487 -.093
1950-65 xs/md -.314 142 005 .160 264 524
1063-78 ¥e/nd -.104  -.376 027 3.031 884 -.365
1913-628 P 2,266 =71 004 1.592 .709 355
1937-78 P 1.684 522 044 3.251  -1.606 1.753
1937-52 P 3.568 664 -.018 .058 .081 493
1950-65 P -2.07 -1.304 -.005 2.249 - -.126 -.137
1963-78 P -4.05 -3.176 =151 -11.706 =5.573 3.622

3. Herdt and Cochrzne's estimates. Remsining estimates are new.




- 3] -

This experiment with a standard supply-demand model had some success from
the supply side, but largeiy failed to specify the demand side. 8Sign instabi-
Uty of the reduced form equation does not add to its credibility. Evidence
Suggests that misspecification of the model is a problem, but in view of the
Pope and otﬁetn 3SLS findings, .and the probleng with significance of individual
variables, one could just as easily point out other sources of lack of success
of the model. When added to the evidence from the other models, there is
Cause for concern about the possibilities for econometric modelling of this
Rarket. One avenue not yet discussed is that of ﬁsing a single-equation model.
Such a model has been proposed by Klinefelter, and will mow be examined.

Klinefelter (5]

Klinefelter used a single-equation model estimated by least-squares to
estimate the effects of the variables shown in table 15 upon the value of
Nlinois farmland. His model was:

vV = £(P, NR, E(Cg), A, C, T, GP)
Expected capital gains were estimated by the three-year moving average process
described above. 18/ Klinefelter's study was confined to Illinois.only, but
thevhypocheses behind the model and the expected sign pattern are of general
application to the U.S. market. The Illinois results were presented in four
versions of the equation. A fifth version was added by Pope and others, who
2pplied the model to U.S. data. They modified Klinefelter's equation 1 by
using -average value of farm real estate per acre as the dependent variable.
In this study, three of Klinefelter's equations from Pope and others are esti-
Rated for recent U.S. data.

In equation 1, Klinefelter included all the variables specified in the
Rodel above. His results are compared to the new, U.S. estimates in table 16

(a). The new estimates do not include variable C, which Klinefelter found to

18/ Above, p. 9.
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TABLE 15 - DEFINITIONS OF VARIABLES
USED IN KLINEFELTER'S MODEL

(

/’r

tion : : : Description

A'ex:age farm size (acres)
tercept .
average corn yleld for ‘the previous three years, bushels per acre
Capital gains in the previous year (dollars per acre)
average capital gain for the previous three years (dollars per acre)
Rxpected capital gain (dollars per acre) '
Rx!lem:ed net returns to farmland (dollars per acre)
Covernment program payments (dollars per acre)
Sat rent in the previous year (dollars per acre)

Ving average net rent for the previous three years (dollars per acre)
Lplicee price deflator for Gross National Product (1957-1959 = 100)
v°1untaty transfers of farmland (number) :
lidex of the value of Illinois faraland (1957-1959 = 100)
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have a strong 1ntercorreiation with variable A. While equation 1 ptovidéd a
good explanation of changes in Illinois farmland value, coefficients of two
variables, transfers and government payments, (T, GP), had signs inconsistent
with theory. Further, the coefficients of these variables and expected capital
gains [E(Cg)] were not significantly different from zero at the 20 percent
level. This prompted Klinefelter to exclude some variables from the equsation
to form equations, 2, 3, and 4. In the U.S. runs for the same period, GP has
the expected sign——a surprise in view of the perverse performance of this
" variable in the Reynolds and.Tinnona model. For these estimates, USDA capital
gains figures were substituted for Klinefelter's capital gains variable, since
the latter, by using changes in farmland value as a proxy for capital gains,
seems to be uncomfortably close in definition to the dependent variable.
Nonetheless, the equation estimated for the U.S. performs little better than
the one for Illinoigs. Subsequent estinac;; were made for the 1937-78 and
1944-78 periods. A feature of these estimates is that the value of the
coefficient on inflation (PI) drops dramatically compared to the 1951-70 rums,
suggesting the surprising result that inflation has had less impact over the
longer period. Signs on the coefficients of E(Cg) and GP are as expected
throughout, but the remaining coefficients are all subject to sign changes.
No one equation has all correct signs.

In part (b) of table 16, average value of farmland per acre is substituted
for the index of farmland value as dependent variable. This is in order to
facilitate comparison of Klinefelter's full model with'Pépe and others modified
version, to be presented later. The drop in value of the coefficient on
inflation occurs again, and only this variable aﬁd GP maintain their expected
signs.fOt ;ll estimates. Combining evidence of both tables, Klinefelter's

capital gains data perform much better than the USDA capital gains data. This
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nﬁLB 16 - ELINEFELTER'S EQUATION 1l: ESTIMATES OF VALUE OF FARMLAND

{a) DEPENDENT VARIABLE = INDEX OF FARMLAND VALUE

+
NR

+ o+
E(Cg) AS

H

+
GP

N—

Yaroq PI R2 DW c
-
951-70 (L)@ 1.305  1.317 211 .698 .003 -1.261 99  1.79 =4.335
" (.303) (.557) (1.803) (.294) (.003) (1.287) (.3811)
51-70 (vS)®  .992 011 =-.0003 .158  .659  4.605 .99  1.64
9 (.273) (.004) (.0003) (.079) (.409) (1.486)
38-78 006 -.0002 3.754 $292 036  3.071 .97 1.57
log © (4002) (.001) (.275) (.076) (.312) (4.001) ,
78 (1)¢ 004 .001 3.289 332 262 4.104 .97 1.43
ls, (.002) (.002) (.433) (.086) (.373) (4.360)
44~78 (2)d .0005 069  ,002 ~-.119 -1.012 20.42% 98  1.04
(.0013) (.004) (.0004) (.093) (.377) 3.635)
~—
(b),ggrxnnzur VARIABLE = AVERAGE VALUE OF FARMLAND PER ACRE
+ + - -
Per0d PI MR g<€g> Ié T Eé :73 DW
—
Y5170 (us) 1.312 .025 =-.0003 .342 .769 6.099 .99  2.33
log (.626) (.009) (.0006) (.182) (.936) (3.402)
8-78 .009 =-.0006 6.026 479 .045  3.888 98  1.77
4~78 (1)¢ .007 .002 5.311 540 362  5.484 .98  1.63
9 (.003) (.002) (.643) (.127) (.553) (6.463)
44~78 (2)d .0008 .077 .003 ~-.186 -1.668 32.108 .98 1.05
(.002) (.005) (.006) (.133) (.539) 5.198)

y,

Klinefelter's original estimates.

This and subsequent estimates are for U.S. data.

The independent variable C has been excluded in
tha new estimates in view of its poor performance in the original equation. The
data used is for Illinois only.

This equation, like Klinefelter's Illinois estimates and these for 1938-78, defines
capital gains as the change in per acre value of farmland and buildings over a year.

This equation, like the 1951-70 (US) equation, uses USDA estimates of capital gains.
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is not, however, a criticism of the latter data, since Klinefelter's capital
gains are computed from lagged values of the dependent variable.

As mentioned above, the disappointing performance of Klinefelter's equation 1
prompted a change in the specification of the equation. In equation 2, V, NR,
Egg and GP were deflated by P to feaove trends in monetary va;ipblea attributable
to inflation, and thus PI was dropped as an independent variable. Table 17
contains estimates of this equation. All of the coefficient except govermment
Payments (GP/P)'hnd the expected signs, although NR and T were found not to be
significant at the 20 psrcent level. Klinefelter explained the negative sign
on GP/P by high intercorrelation between it and AS. GP/P was then dropped from
equation 2 to form equation 3, which is also presented in table 17. In equation
3, all variables had correct signs for the Illinois run, although NR is still
-not significant. A further estimate of equation 3 using logarithmic transfor—-
mation of all variables failed to improve on the results shown.

Examination of U.S. estimates of equation 2 suggests that the poor
performance of GP/P may have been an Illinois phenomenon. For the longer
periods, all coefficients had expected signs, though the degree of explanation
of variations in the dependent variable (R2) falls compared to the 1951-70
equations. Once again, the.USDA capital gains data do not perform as well as
Klinefelter's estimates. Longer period eatihates of equation 3 also contain
expected signs on variables, but explain less variation in the dependent
variable. The transfers (T) variable had unexpected signs in the 1951-70
estimates of equatio;s 2 and 3, for U.S. data. T has already proved itself
unstable in sign in equations explaining price of farmland. 19/

Pope and others chose to modify the Klinefelter model in their comparison of

econometric models of the land market. They chose to use average value of farm

19/ See Tables t, 9, 10 and 13.
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°  TABLE 17 - KLIKEFELTER'S EQUATIONS 2 and 3: MODIFICATIONS OF EQUATION 1

N —
‘0 romarron 2
+ + + -
Yderioq - MR/P . CG/P ce/p AS T 2 D
S—
UBS1<70 (I)®  .035 552 -1.69% .563 -.002 .98 1.58
1 (373) (.157 ) (.866) (.093) "(.002)
%51-70 (us)b .010 0C  5.444 .002 .003 .99 2.05
N " (.003) (1.01S)  (.0003) (.002)
933-78 .003 1.40 8.759 .003 -.017 .84 1.63
. (.0006) (.269) (2.755)  (.0006) (.005)
%478 (1) .006 784 5.752° .006 -.0098 .88 1.27
) €.0009) (.283) (2.567) (.001)  (.005)
W78 (2)b 046 0  8.683 003  -.006 .93 1.30
(.003) (2.027) (.0005) (.003)
SN—
®  rouavrow 3
+ + -
Yerioa uR/P cc/p AS T R2 W
N—
51-70 (mwye 238 J11 406 -.004 .97 1.56
19 (.377) (.147) (.052) (.002)
51~70 (ps)d .008 0 004 .009
ls3g.. (.004) €.0002) (.003)
78 .003 1.21 .003 -.016 .79 1.67
lsae_ (.0007) (.293) (.0006) (.005)
78 (1) 006 562 007 -.008 .86 1.26
1 (.0009) (.282) (.001)  (.005)
Re~78 (2)b 041 0 004 -.004 .88 1.66
(.004) (.0005)  (.004)
~——

Klinefelter's original estimates for Illinois.

data,

In these equations, CC is measured using USDA capital gains data.

A figure of zero is entered where a coefficient has a value >|.00001].

Remaining estimates are for U.S.
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teal estate per acre aa.dapenden: variable, and replace net rent per acre,
- which Klinefelter used to represant the share of net farm income aliocated to
land, by net farm income. Pope's equation is shown in table 18. Pope and others
. tstimated the equation for two periods, 1913-72 and 1946-72. The equation fits
the data well in both cases; it also provided a good fit over periods chosen
for the new estimates. Signs were not all as expected, however. Like
Klinefelter's equation 1, only the cocfficient: of the inflation variable (P)
Consistently provides the correct sign. Het fara income seems to perform worse
than pet remnt as a proxy for earnings of la'nd. In the new estimates, capital
g2ins were presented both for USDA and for Klinefelter definitions. The former
2re subject to sign changes, qnd are only weakly significant. As Pope and
others point out, this u.qn. model produces implausible signs, but fits the

The apparent strong evidence of pﬁ.iuvc relationships between net rents
and farnland values, and capital gains and faraland valuss in Klinefelter's
Bodels attracted some interest, especially frun.uclicha:‘[gj who was
investigating these very relationships using a different method. 20/ Reynolds
and Timmons' study also identified these relationships. The relationships came
out stronger as Klinefelter trimmed down his equation to equation 3. It has
been n.o:ad that the use of alternative data on capital gains and earnings of
land influences the relationships adversely.

In sum, study of the Klinefelter model has shown that a simple, single-
€quation model can produce results as “good” as more complex models. In view
of this, and given the emphasis on net returns and capital gains as determinants
of farmland value, it is tempting to trim Klinefelter's model even further, and

include only these two variables as independent variables. This is done in the

€nsuing section.

20/ The method is known as "factor shares an analysis,” and invovles attributing
2 return to production assets (including farmland). For a full explanation
See Doll and Widdows [1].
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TABLE 18 -~ MODIFIED KLINEFELTER 1 EQUATION

+ + + . + -
Period P NPI cg A T B2 o
1913-72& 20684 "0005 2-610 -.054 . -0250 . 095 2 058
(7.694) (5.75) (4.131) (.683) (1.283)
193g-7g¢ -1.363 -.0012 6.078 541 135 .98 1.75
(3.781) (.0011) (.398) (.061) (.439)
1946-728 . 14136 004 220 568 953 99 0.71
(3.781) (3.128) (.575) (7.056) (5.705)
1951-700 : 1.472 021 -.001 501 1.636 .99 2.37
(.667) (.01) (.001) (.171) (.863)
1954-778¢ -,009 -.001 6.159 578 1.547 .97 1.70
1954~78b(2) 004 .008 .005 379 =7.559 .96 1.18 §

(.003)  (.002)  (.009)  (.191)  (1.758)

—

2, Pope and others estimates, U. 8 -w:l.de.
b New ntin:u. U.S.~wide, using USDA concept of capiul gains.
€. New estimates uling Klinefelter's ‘concept of capital gains, U.S.-wide.
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Capital Gains, Net Raturns and Farmland Valuas: A Simple Model

In a recent article in the Anerican Journal of Agricultural Economics,
Melichar has focused attention on the influences of capital gains and net
returns to farm production assets on farmland values. 21/ Melichar used the
USDA series on real capital gains and net returns to production assets to show
that recent price increases in farmland are Justified by earnings attributable
to land. In view of this and the evidence of the Klinefelter model, it is of
interest to investigate the link betinen these varisbles. Oub simple model is
of the !qrm |

Vv = £(E(Cg), NR)

where V = avarage value of farmland and buildings per acre, deflated by the
1ndgx of prices farmars paid for living and production items,

E(Cg) = expected capital gains, using tha 3=years weighted-average procedure
of Reynolds and Timmons, .

NR = net returns to farm production assets, calculacod‘dircctly using
USDA mathods, deflated by the price index and lagged one year.

Because net returns ware available only from 1950 onward, the pariod
covered was 1951-78, Risulta'ure shown in table 19 and labelled as the “OLS”
model. It was expected that both of the independent variables would be positively
related to farmland values; Soth higher earnings and larger capital gains should
be translated into higher farmland prices.

The simple model presented here confirms the positive relationships
postulated above. The model, first estimated using OLS yielded coefficients
with expected signs, and an RZ of 0.57. Both regression coefficients were
significant at the five percent level. The Durbin-Watson statistic was,
however, unacceptable. For completeness, the simple regression between each

dependent variable and farmland value are also given in table 19,

21/ Melichar (6],
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TABLE 19 - RELATIONSHIPS BETWEEN LAND VALUES, CAPITAL GAINS,
. AND HET RETURNS-TO FARM PRODUCTION ASSETS '

—
' + : .
Yodel 8 Constant ® @ Vey R? DN  MSE-
N— ' .
s 9.49 004 .  .0003 : .57 .55
(.001) (.0001) ‘
Us (rag 1) 11.67 .002 .0002 .29 4.30
€.001) (.0001)
Us (ra¢ 3) 10.12 004 .0003 .46 3.87
o -~ (.001) (.0001) .
o, 0.29 .0006 - .0001  .970 95  2.54
(.0005) (.0001) (.067)
~ .
s 9.38 006 ‘ .36 .63
: (.002)
s (rac 1) 13.07 .002 .08 5.51
) (.001) -
L 0.08 .0006 <992 95 2,42
0 L (.0005) (.06) : -
s 12.86 - 0004 : 41 43
(.0001)
s (rag s) 14.13 - .0002 .13 4.86
SR (.0001)
n 0.26 .0001  1.014 95  2.60
(.0001) (.056)
N——

% Period covered is 1951-78. Dependent variable is the real value of farm land
and buildings per acre.

Capital gains defined differently for OLS, ALS, and DL models, as explained
in the text.
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Two further experiments were tried. First, autoregressive least square
models were used to estimate the equation. These are labelled as “ALS™ models
in table 19. Although the signs remained as expected, neither a one-period nor
a r.htee-pcrlod autoregressive scheme improved on the fit of the (LS estimates.
In view of the general lack of s;xceua with logarithmic versions of equations
medbyeo-no!thamtborsot t!.lcmdehuninedhere,nocperinencm
tried with this.

Second, to embrace the possibility that the dependent variable is responding
Mymwmmmmqm over a long period prior to
uypnrdmlaryen,am:dhgmdelmfitted to thcdn:a. The
-tmcture tdected for:hemdel'u the Koyck distributed lag. The form of
equation fitted to the data was the following,

Ve = a2V +b) R +bp Cge +Ee -

The results of estimating this equation appear in table 19 for the models
labelled “DL.” The estimations y.leld'nxy high values of B2, but relationships
are dominated by the lsgged dependent 7variable, V,_;. In no case are the
coefficients of the ER or Cg variables significant at even the 20 percent level.

In the literature on Koyck distributed lag models, the lag coefficient is
said to measure the rate of decay of the distributed lags. That is, the lag co—-
efficients on exogenous variables decline in the form of & geometric progression

by = iibo ’
In the original model containing one exogenous variable,

Yo =20+ bo Xt + by Xej + by Xep ¥ - = -+ ue
The value of ) of 0.97 for the equation abcve thus represents a siow rate of
decay of the effect of previous years' exogeuous variables on the value of

land. This would explain the relatively weak effect of current values of

\
1‘ |
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. returns to assets and capitzl gains on land valuss. Looking at this another
way, the difference (1 — 1 ) is referred to as the speed of adjustment of the
model. In the equation tested here, a value of (1 —1 ) of 0.03 is indicated,
a very slow speed of alfustment. In the above, it is assumed that O<)i<1l; the

Ve =a+2AVpg + b Cgp

produced a value of of 1.01, thus violating the assumptions of the model.
Finally the mesn lag i a distributed lag model can be estimatedV1-A. Given
lﬂ.ﬂ.amhxntazmumm Mnmldcmtosm:thnc
Mdmmlﬂﬂmmth@:m&mh&mm
membmmmanm!

hm,&nmumutmmpmdmmeu,upim
mmmmwmw-n The distributed lag model
£itted data better tham did OIS and ALS, but relatfonships were dominated by
thlngpddcpm.v;nﬁh. Results suggest a slow speed of adjustment of
the dependent variable to changes in the exogenous variables.

W

mmwm,mmmmﬁmainnchemdelung
of_chenndn:n:-nlh.miaad,-micmcbecumdchacany'of:ne
models examined has provided an accurate description of the land market. Each
Step of the way fro-m to actual testing has involved problems; these will
be grouped into three areas— theory, specification of variables and technique.

For the most part, the various anthors agree on the theoretical analysis
of the land market. That is, in the preasmble to the models, the proposed casual
relationships are described in a similar manner. General agreesent exists in
support of the hypotheses that increases in farmland value will accompany
incressed returns to land, anticipated capital gains, economies of scale in

farming and general price inflation. All models pon!':ulaté an inverse relatiounship
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between quantity of farmland for sale and farmland prices. When discussing
':hco:y. li;hois have seen alternative possibilities 1n;:hcbr¢:1cal relationships.
In our discussion of ihnetcn and Martin's model, attention was drawn to their
cn-nsn::’lbon: the sign on capital gains, and ratio of avarige earnings of
factory workers to those of farm workers. Another instance was Klinefelter's
discussion of technology, where technological improvement could cause a decresse
m&nmﬁd&mmapnmmwforpmdmuumemuc, but
could increass fixnland values when coupled with price supports. 22/ This latter)
dincnasion.b:ingl up a further tnlated.problan that theoretical relationships
between t!b leiahlns often invols- nuln secondary :cln:ionahip that incorporates
further varaisbles. In the case of technology and price supports this was
foreseen. In other cases, complications emerged in the course of testing the
models, and were overcome by dropping variables which were intercorrelated.
An example is the relationship bet-lin technology and chnidegree of urbanization
which became evident in Herdt and Cochrane's model. 23/

Cnce theoretical relationships were postulated, the next step was to
specify models and variables. When selecting variables, proxies are often
utilized to capture a desired “econcmic"” effect, even though data availability
is less of a problea in agriculture than in some other areas of the economy.
Our comparisons of models indicate that results are sensitive to changes in
proxies used; different proxies were used in different models. We attempted to
improve measurements of the effects of capital gains and land earnings by using

the USDA Balance Sheet of Agriculture estimates in the reruns of the models;

22/ Klinefelter (5], p. 28. There is also a discussion of the point in Herdt
and Cochrane (3], p. 248.

23/ Herdt and Cochrane (3], pp. 257-8. While it has not been tne intent of
‘this paper to add to the 1ist of relationships, it might be observed at thisg
stage that taxation is conspicuously absent from models.
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hclguondf:huem-umsdjdmtappeu:oupxmtuulubn:ud
confirm the importance of these variables. In some other cases, the use of
different proxies to represent a given effect did not improve results. The
cases of government psyments snd interest rates are examples. thctptobm
mmmmwwm mhptttimhﬂycritical
wmmdmu.s.mﬁqmwmmmmw
Wmm,mmmfmmwmfmw:
deasnd. 24/ | |

uamammwmqum‘mu”pm‘mm
mwmwummm:pufom,umzomum
mmmmmmmmmmum,mmmof
“correce” si@ammmmdmwwﬁmu. Most variables were
mpmmmwmmtmﬂm.mwnsmfm.mpm.
‘and parity. The data in table 20 soggest that capital gains aud ner earnings
caused the least trouble—this was highlighted in table 19. Of the other
&hdmsmmidmdﬂed,mlqudqotlm,:incffm,andthgmenl
Price level had the sign to be expected, a priori, in over 70 percent of the
Cases examined. |

Perhaps the biggest disappointment among proxies was the transfers variable,
Which was used to represent quantify of farmiand in all of the price equations.
Transfers are used becsuse oaly a smsll proportion of all farmland is placed on
the market at any one time, and hence total quantity is not appropriate.
Volunta:? transfers of land over a period is the most obviocus proxy for quantity,

because it represents the land sold over a period. In the recursive models,

254/ Correspondence with Doll and Widdows, May 1980. Reinsel also pointed out
that models fail to streas relationships betwzen farm financing and farmland
Value, and taxation axd farmland value.
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TADLE 20 - VARIABLES USED TO EXPLAIN CHANGES IN FARM PRICES
AND THE FREQUENCY OF CONFIRMATION OF EXPECTED
SIGNS ON THE COEFFICIENTS FOR THESE VARIABLES*
—
’, ‘Total = Times Sign Times Correct
tiable Appearances - Correct Incorrect Total
| ,
fantiry of Land 11 8 3 J3 .
ze of Farms 21 16 5 - 76
g fers 26 14 C12 .54
%t Rarnings 17 15 2 .88
“terest pates 22 1 11 .50
‘gged Price 9 6 3 .67
Roquceivity 6 4 2 .67
LTS 6 A 2 .67
“teral price Level 9 - 7 2 .78
t"'u::xmgut Paynents 13 9 4 .69
“piral Gains 12 11 1 .92
~—
t
Sources are Tables 6, 9, 13, and 16. Only long-period runs were considered.
6 equations were examined in all. :




- 46 =
t’lnsfera. were predicted by a sepsrate cquation; the success rate of predicted
"angfers was sbout the seme as that of tha original vardiable (0.58).

Farmland prices are also represented by a proxy, being represented by field
timates of farmland value rather than tha actual sale price. Further, this
’uuﬁ appears sometimes as an index, sometimes as a value per acre, and with
" without the value of farn buildings. This maans that special care must be
t‘k!n to avoid problems of scale given the diverse units of uuurmnca of
Iutlel!*cnc.hnm: varisbles. Such care is not always evident, nor may it always be
p"'liblcs, and may account for the obae;-vabla success with variables expressed
2 dollar terms as opposed to those expressed in physical or ratio terms in .
%hle 20,

Once proﬁ.gs have been selected, the problem of current valuas, lagged
"ueg, or modified forms still remains. In general, models have included
1‘88ecl va:iabl(ais’by one period, although variables selected to be lagged have
o been nﬁifori; A more serious problem is v&riablu wvhose influence on
Rice 1s postulated to work through anticipations of future changes in the
i""141!:13. This includes earnings and capital gains, and in some cases government
D‘Mnts and inflation. The formula for expectations in earnings and capital
mn& used in most models invariably utilized the standard three-year lag model.
s""h a2 three-year moving average would seem to be inappropriate in a market
“ere both earnings and capital gains can be subject to cyclical fluctuations
it Rore than three year duration. 25/ Some alternative formulation which say,
“phasizes the last peak, or the difference between peaks and troughs might be

Pteg,n.ed . /

‘g; Melichar (6], p. 1089, identifies cycles in U.S. agriculture since 1954.
Y do not conform to a three-year pattern.
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Of course, the study of expectations is at present undergoing consider—
able activity——applications of emergent methods to this market would clearly
be of interest given the importance being attached to capital gains and earnings
| in recent studies of farmland prices.
| Studies have utilized time-series &aca for thn‘ponc part; Reynolﬁl and -
Timmons did investigate the use of cross-section data but found time series
Tesults to be supetior. .Pcriods used in some models covered years of diverse
Cconomic experience, with ddnny variables used sparingly. Large structural
chenges in the market over time may thus have masked true effects. Sub-period
estimates were derived for recent years in our reruns of the models, to see if
Structural 1qftab111ty of models was evident. There was consistent evidence of
short-period changes in 'ﬁht:ionnhipa. The aefdt and Cochrane and ncinoldl and
Timmons -od.h perfoued better over: the late 1960" and 1950's, uhile the
Tweeten and Martin nndel perfornad better over the 1961-78 period. The
Vulnerability of signs of coefficients to sample period changes adds to our
conclusion that the market has not yet been adequately modelled.

Finally, a few words about techniques. The examination of the different
Rodels enabled us to look at a range of techniques, from S5-equation recursive
| Systems to single—-equation models, and has enabied comparison of OLS, ALS, and
RLS methods. We conclude that the single—equation OLS model is by no means
Overshadowed by more sophisticated methods, and benefits from its ease of appli-
Cation. Of course, the selection must ultimately rest upon the purpose to which
the model is put: prediction versus structural estimation. Pope and others
found the simple OLS models acceptable for predictive purposes.

One thirg upon which th;.analyata have implicitly'agreed is that there
i1s a “U.S. land market” which 18 amenable to econometric analysis inspired by

basic price theory. This is not necessarily a concensus view. In a paper
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Parallel to this one, Doll and widdowc were lead to conclude the followiné on
Teviewing tha general nﬁer::\zte on farmland:

‘A theory of optimal behavior leading to suppiy and demand =
functions was not found to exist in the literature. The traditional
supply and demand model clearly does not apply.” 26/

This 1s not “to deny the existence of a market for farmland, rather the attempt
to formulate general rﬁhtion:h:lpi wvhich apply across aggregate data for the
U.S., as 18 dou in the p:a-m to the models above, may be futile. Attention
Should pcthlpn b. focnud on local markets and/or specific zeh::l.onships. :
Localized studies in particular can place much greater enphuis on local non-
fara 1nfluences on the price of land. ‘
m:h;icﬂomamemm:dcmmmngof thell.s. fatnland
-tht, mmmmamummmfm:m of - thawut—
M&M nﬂm of techniques and ilprovmn: of dat&aourcu,
o name lnt a fu; m. r ,sdm:ion of one utinting procedure for another
Or one proxy for another can at best only provide a marginal improvement on the

25/ Doll and Widdows (1], p. 93.




REFERENCES

l Doll, J. P. and R, Widdows, Paul D. Velde, Bditor, A Critique of the Litera-
ture on U.S. Parmland Values, ERS Staff Report No. USDA, : v
Washington, D.C., Jamuary 1982.

2. Heady, E. 0. and L. G. 'l'i;aatn, Chapter 15 in Resource Demand and Structure
cultural Induatry, Iowa State University Press, Ames, Iowa,
1963, pp. 405-20. : . ERP

3. Herdt, R. W. and W. We. Cochrane, “Farm Land Prices and Fam Tedmnlogical
Advance, "Journal of Farm Economics, Vol. 48, No. 2, May 1966, PPe
243-63. -

&, Bo:tel, J. B. and c. D. Evans, "Returns to Equity Capiul in thc U.s. Farm
Production Sector,” in Balance Sheet if the Farming Sector, 1979:
‘Supplement, USDA ESCS Agriculture Information Bulletin No. 430, pp.
51-58.

S. Klinefelter, D. A., "Factors Affecting Farmland Values in Illinois,
“Illinois Agricultural Economics, January 1973, pp. 27-33.

6. Melichar, E., Capital Gains versus Current Income in the Farming Sector,”
American Journal of cultural Econcaics, Vol. 61, No. 5, December
» PP’ 1 ( g

7. !(enc!ur, E., and M. wndhegcr. _A_;r_xcul:anl Finance Databook, Division
of Research and Statistics, Board of Governors of the Federal Reserve
System, Washington, D.C., November 1979.

8. Pope, R. D., R. A. Kramer, R. D. Green and B. D. Gardner, “An Evaluation
of Econometric Models of U.S. Farmland Prices,” Western Journal of

" Agricultural Economics, July 1979, Vol. '4, No. 1, pp. 107-19.

9. Reynolds, J. E. and J. F. Timmons, Factors Affecting Farmland Values in
the United States, Iowa State University Ag. Exp. Sta. Bulletin 566,
February 1969. ) -

10. Mcz&n, Le G. and J. E. Martin, "A Methodology for Predicting U.S. Farm °
Real Estate Price Variation,” Journal of Farm Economics, Vol. 48, No. -
2, May 1966, pp. 378-93.

11. Tweeten, L. G. and T. R. Nelson, Sources and Repercussions of Changing U.S.
Farm Real Estate Price Estate Values, Oklahoma Ag. Exp. Sta. Bulletin
T-120, April 1966.

12. USDA ESCS, Balance Sheet of the Farming Sector, 1979, Agriculture Informa-
tion Bulletin Bo. 430.

13. USDA ESCS Farm Real Estate Market Developments, CD-84, May 1980.







