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Mbstract 225

INFLATION AND MEASUREMENT OF HISTORICAL:RISK '

(E}evious studies of objective risk measures abstractéd from effects of
inflation. This studyvcaTcu1ates the variance of farm milk prices for 1960-
'90; using feasible generalized least squares to detrend nominal and’rea1,br1ce

series. Results support the use of nominal data but 1nd1cate the need for

additiona1.research.wﬁ
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INFLATION AND MEASUREMENT OF HISTORICAL RISK

‘Objective risk measures are utilized extensively in agrﬁcuitura1 economics to
provide information about risk in historical production and market
environments both to farm managers (Carter and Deant Mathia: Walker and Lin)
"and.poltcy makers (HazeT1:M1randa).'zTheSe measures,are also 1mportant
parameters 1n'risk‘programming and othervsimulation-mode1s.for farm management
(Mapp and Helmers) and policy ana1ysis (Miranda‘and‘G1auber){ Objective risk
mea3ures‘are statistical measures suchvas_variances, covariances, and mean
absolute deviations that are calculated trom historical data. Considerable
agricu1tura1 economics,11teraturedexists on evaluation of methods used to
caicu1atevhistorica1 risk measures (Young 11984)’ Choices of estimators and
detrending methods has been the focus of much past research (Adams, Menkhaus,
'and WOo1ery Fack]er and Young Kramer, McSweeney and Stavros; Swinton and
K1ng Young, 1984)

The effect of 1nf1at1on on hwstor1ca1 r1sk measurement has not been
exten51ve1y 1nvest1gated Young (1980) found that both nom1na1 and real data
‘were used to ca]cu]ate r1sk measures, but the issue of 1nf1at1on was not
evaluated. From a.conceptual.viewpoint Brake Levy and‘Sarnat and White and.. -
Musser suggested that “unexpected changes in inflation would increase r1sk |
Thus, real data may have a source of risk removed that wou]d not have been
removed with trend analys1s of nominal data. Us1ng the var1ance of a A
detrended data series as a measure of risk, th1s View supports. the hypothes1s |
that the variance of real data will be sma]]er than the variance of nominal
data. In add1t1on, Barnett, Bess]er,gand Thompson suggested that the use of
deflated price series will result in biased coefficient estimates. Estimates

- of variance using deflated data may also be biased.



The purpose of this paper 1s}to investigate the’use.of:nqminal versus

‘rea] data in calculating historical rjsk‘measures'f0r~quahter]y‘U.S.-mi1k
prices received by’farmers,for‘the»1960-1990 period, using the variance dfva
detrended data series as a'méaéure of risk. A perception of 1ncréasing price
risk ovér-timé résQ]ting from structura1 changes affectjhg thé dairy}sectOri% s

. durihg thev1960;90 period (Frahef: Hamm)'presents'ah_oppbrtUnity to?evaiuate,_ 

" the.conSequences-of;uéing nominal versus real data 1nvquant1fy1ng}this‘

' percéption. Two hypdthéses form thekframewqu'fbb’this énaTysisi (1) the

' variéhce of the detrended real price series wi]ivbé Sma11ernthan the variance
 of the detrended nominajlpriceiseries, and (2) variance will bé increasing

i overitime._‘Fo110w1ng Fa;k]er-and,Young; the analysis also considers thé‘usé
:of feasibTe generalized least squares,methods to,detrend~histbrica1fdata

rather than the tradifiona1 approach'of ordinary least squares.

Data and Methods v :

The milk price series used in this'éna1ysjs is for the thirtyfone-year period
-.'from‘1960 to 1990; The origjna]’data}are‘monthTyiobserQétions ofipricés
'received by fékmers meaéuréd,in do]]érs.per‘hundredwéight‘(USDA, NASS).
Quarter1y prices were calculated as averages weighted by»mOnth1y m1]k -
vproductﬁon. Real prices'(199Q do1]ars) wére‘calcu1ated.with the IndeX of ~;,1
Prices Paid by Producers for Prdddctjon Ttems, Interest{’Taxes,fahd,Wagé‘Rates |
(USDA, NASS).  The:def1ator was thosen'so*that-reé1 prices wod]d ref1ect'v '
constaht purchaéiné,powef for a]}'fabm 1npﬁts. The,inf]ation rates'forfinput} -
andioutput prices may d1ffer.substantia11y. SO 1ncreéses‘1nvm11k_pr1ces canv»-~'
resuTt in decreased real profits if production costs are inflating more

rapidly than output prices. Based on this logic, the Index ofvPrices_Paid by
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Producers for Production Items, Interest, Taxes, and Wage Rates has been used
to def1ate pr1ces in econometric studies measur1ng crop supp]y response to
risk (Lin; Tra111) | |

The nominal and real price series are illustrated in Figures 1 and 2,
respecfive1y. The observed nominal milk prices for 1960-90 appean consistent
| with the hypothesis that price risk has been increasing over this time period.v
'vBased on the}data patterns in Figure 1 and historical economic‘and policy |
environments, three sUbfperiods.were delineated to examine.the hypothesis of
1ncreasing.risk: 1960-72, 1973-80, and 1981-90. The 1960-72’sub-perind was
' characterized by‘reiafiveiy'StébWe economic ‘and po]icy conditions. Higher
energy prices and increased export demand (Musser Mapp, and Barry) increased
the cost of produc1ng milk in the early- 1970°s. Rap1d1y increasing 1nf1at1on
rates and changes in federa1 policy during the 1972}80'sub-penidd led to
highen support price levels. }The 1981-90 sub-period was characterized by
significant changes in the‘structure of dairy policy during the ear]y—19807$.
later followed by increased export demand for dairy prodncts and unusual crop
weather conditions in 1988-89 which s1gn1f1cant1y affected the supp]y of milk
~ (USDA, ERS).

The r1sk measure used in th1s analysis is the variance of the detrended
milk price series. Following standard procedures, the deterministic component
of the series is removed with least sduares,estimation‘techniques to isolate
the_remaining random variation. Figures 1 and 2 ‘Suggest that seasonal and
trend components make up the deterministic portion of the price series. -Thus,
the nominal and real price series were regressed on a time variable and
quarterly dummies with the first quarter as the base. A quadratic time

variable was also included in the real price model since the deflated data



appeared to contain a non11near trend (F1gure 2). ‘

The above standard detrending modeTs are quite naive: “thus spec1f1cat10n
errors are likely to occur which result in biased coefficient est1mates. If
mode] specifteatidn error 1s‘man1fested‘1n autocorrelation and-‘ | |
~heteroskedast1c1ty coeff1c1ent estimates are also 1neff1c1ent and the1r
1standard errors are b1ased Wh11e autocorre]at1on 1s recogn1zed as a problem
in time series data (Judée et. al.), ‘the hypothes1s of 1ncreas1ng risk over
twme in thTS ana1ys1s also suggests by def1n1t1on a violation of the usual
assumption of,homdskedastge1tx. Epps and Epps conc]uded that standard tests
for heteroskedasticity are.tnvalld in the presence of autocorrelation, whereas
tests for“autOCorre1at10n are;not appreciab]y affected‘by:heteroskedasttcjty;
Therefore, this research used_a sequentiaT.prdcess to consider these potential .
econOmetrie prob]ems. 'Fo11ow1ng'the1r ana1ysts, parametersvwere-estimated
~with ordinary least squareS‘(OLS); and residua1s tested_forffirstrdrder.. |
: autoCorre]atibn using the DurbintWatson statistic If autocorre]ation was r
present models were re-estimated using the Yule- walker method (Ga]Want and
Goebel) . Res1duals from the Yule-Walker (YW) models were then checked for S

heteroskedast1c1ty us1ng the G]eSJer test, where abso1ute values of the

residuals were regressed on - transformed dummy var1ab1es for the-t1me»per1ods; -

: hypothes1zed to have 1ncreas1ng var1ance ~Unlike the Breusch Pagan and -
Goldfeld- Quandt tests, the Glesjer test y1e1ds a spec1f1c est1mate of the form A
of heteroskedast1c1ty necessary for feasible genera1tzed 1east squares ‘_,. '
estimation (Johnston). If the hypothes1s of homoskedast1c1ty was reJected
predicted va1ues from the Glesjer models were used to re-estimate the model
w1th wenghtedlleast squares (NLS). Detrended variances were ca]culated from
the OLS. YW, and WLS residua]s. For the WLS mode],,the‘residuals were
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rescaled with the predicted values from the Glesjer model in order to recover
the unweighted estimated errors. The residuals were then used to estimate

variances for 1960-90 and the three sub-periods.

Résu]ts

Variancesvof the original time series of nomina1‘and real prices are presented
'in Table 1! “Not surprisingly, the variance was highest during 1973-80 for
‘}nomina1 prices. Input prices, especially teed, fuel costs, and wage rates
}were ru1te vo]at11e dur1ng this period due to the energy crisis, changes in-
“the_structure‘of U.S. feed grain markets and an accelerating level of overa]]
, 1nf]atidn.' The:effect of inflation on'varianceiin the nominal series is
vi]tustrated by the magnitude of the real price variance: real variance was
' 1ess than one th1rd of the ‘nominal var1ance in the second sub-period (1973-
80) A substant1a1 upward trend contributed to the large variance observed in
the nom1na1 data during the second sub- per1od This variance wou]d not | » |
usua]]ynbe considered r1sk. Neither the variance of the real series nor the
}nomina1vser1es was the highest in the third sub-per1od (1981-90), and the
variance of real prwces was higher than the variance of nominal prices for-
1960-72.and 1981-90. These results are inconsistent with the basic hypotheses
of this research. The larger magnitudes of variances for the whole period,
eépe¢1a11yvfor the nominal data, are consistent with trends in the data and
sdpport the néed‘for detrending»to-eva1uate the résearch hypotheses.

Results for the trend analyses of nominal data are reported in Table 2.

The Durbin-Watson statistic for both OLS models are smaller than the Tower:
bound of significance at the five percent level, indicating positive first-

order autocorrelation. The Yule-Walker estimates for nominal and real mdde1s



haye Tower standard errors,forvthe seasonal dummy'Variab1es-than-the oLS
estfmates,_a‘resu1t-wh1ch is consistent with the presence of autocorre1ation'
',1h the OLS mOde]s However, standard errors are higher in both YW equatfons
for the time trend variable. Prec1seness of the Durb1n Watson values for the
YW mOde]s may bevsomewhat affected by the presence of" heteroskedast1c1ty The
Durb1n Watson statistic for the YW mode] of rea] pr1ces falls w1th1n the

1nconc]u51ve reg1on while the stat1st1c for the nomtna] prfce mode] is just

- ~below the Tower bound at. the -one percent significance level.

Resu]ts of the G]eSJer regresswons are reported in Table 3 The.fina]
v'spec1f1cat1on in Tab1e 3 1nc1udes dummy var1ab1es for the second and th1rd

~ sub- perfods Since Judge et. al. 1nd1cate that pretest error is not a. -
:problem with heteroskedast1c1ty tests, this mode] was adopted after. performtng7
pretests of severa] spec1f1cat1ons using var1ab1es from the OLS and Yw models.
'The f1na1 spec1f1catfon_prov1des some direct evidence on the hypothesis of. |
increasing risk. ;The sub—perfod'variab1es»werersfgnfffcantﬁtnlboth'Glesjer__;o:;'
mode1s,lsupporting the'view that heteroskedastjcftyhuas;presentpin therw‘and N

~ OLS models. - Positive coefficients on_the sub-perfod'varjablestsuggest that ‘
risk increased in subsequent time periods:'*However; the,1arger coefficient in
the second SUb'period relative to the third for the real'data’does‘not
‘indicate a further 1ncrease in risk in-the third sub- perfod for this mode]
In contrast the magn1tudes of the coeff1c1ents for the nom1na1 data are
con51stent with 1ncrea51ng risk over time. 7

| Regression estimates for the WLS models are reported in Table 2.

- Standard errors for the quarterly dummy variables in both nominal and real_

~models were s1ight1y reduced compared to the YW models. Standardterrors'on

the‘time trend Variab]es actua11y increased in the nominal and real WLS



| mode1s }

Varfances ca]cu]ated with the regress1on models are reported in Table 1
The process for correct1ng heteroskedast1c1ty is ad hoc, and emp1r1ca1 resu1ts‘
- can be qu1te sensitive to assumpt1ons made about the error term (Johnson
Johnson and Buse). If heteroskedast1c1ty were accommodated in the WLS mode];
the varfance est1mates wou]d be expected to be constant across sub- per1ods
To further evaluate the hypothe51s of 1ncrea51ng F]Sk the WLS res1dua1s were i
iadJusted with coefficient estfmates on the t1me variables from the G]eSJer
model. This procedure was adapted from the standard method of adJustfng data

for time trends (Steel and Torr1e)
o i=1 ST : SR

‘where &7 is the rescaled residual from the WLS model, B equals an estimated |
’ coefficient on the Yu]eéwajker tranéformed dummy’varfab1e’1n the»Glesjer
mode1 D;; is the dummy variable- for time t D; equals the sample mean of Die.
and a2 is the adjusted residual. | |

The variances for a]] models of nom1na1 prfces have 1dent1ca1
’qua11tat1ve patterns. Varfances are h1gher in 1973 80 than in 1960 72 and
‘var1ances in 1981 90 are higher than in 1973-80 and 1960-90. A1l these v
f est1mates support the hypothes1s that milk price r1sk has 1ncreased over t1me.
“However, the OLS,and»Yw estimates are expected to be b1ased because of the
presence of heteroskedastfcfty in both modéTs and”autocorrelation in the OLS |
model. In this app1fcatfon, the WLS and adjusted WLS variance eétfmates do |
not appear to differ greatly from the YW estimates, suggesting'a Tfmited |
effect of heteroskedasticity on the:varfance'estfmates. However, the OLS

variances are larger for all periods than the YW and WLS variances, an
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indication that’aut0corre1at10n in the OLS,mdde],resutted'1n'b1ased estimates

of,variance. The YW and WLS estimates of real variancesehave patterns similar

~to the nominal mode]s- variances are consistent with 1ncreas1ng risk and- show'

s1gn1f1cant reducttons in magn1tude in compartson w1th OLS var1ances

However, the OLS and adJusted WLS estimates of reaTnvar1ances did not have the

same qualitative pattern as observed for the nominal models. ‘The OLS variance

is larger for 1960- 72 ‘than for 1973 80. wh11e the adJusted WLS vartance is
.l1arger for 1973 80 than for 1981-90..

The var1ance results presented above do not support the other ba51c

B 'hypothes1s of this study that def]at1on of data removes a source of r1sk The -

“Yw and both WLS esttmates of variance for detrended rea] data are greater than

the respecttve est1mates for detrended nominal data.. Whtle this 1ssue o

warrants add1t10na1 research the swmpte reason1ng behind this hypothesis may.

be 1ncorrect and/or the 1ndex used to def]ate the nom1na1 data may be B

‘1nappropr1ate forym11k prices. Nevertheless, a case can be made that-theev
nominal'varjance eStimates are more.consistent with common:percepttons, o

| concerning evolution of datry pricing environments thanaarevthe real -

estimates. The WLS var1ance est1mate of nom1na1 data for 1981 90 is

approximate1y 30.t1mes higher than that for 1960-72. - In contrast the 1981-90 - :
WLS estimate of reaTrdata is only twtce_that of‘1960~72; G1ven.the stability

of m11k pricing,po1icyvduring the“1960's, the variances'obtained from_the,_

nomtnaT data seem the most plausible.

Conclusions

This research focused on the impact of deflating price data before detrending

to calculate variances of milk prices received by farmersg _Contrary to
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expectations, the YW and WLS Variances of detrended real prices were greater
than for detrended nominal prices. While the conclusions of this analysis
still support the}use of nominal data, moﬁe research on the 1$sue of inflation
and historical risk measurement is warranted. The research does suppdrt the
use of feasibTe genéra]ized 1eést squares to detrend data since OLS variance
estimates are known to be b1ased under autocorrelation and/or
heteroskedasticity. Vériances estimated with OLS detrending models webe much
larger than variances estimated using models that accommodated autocorre]atioh
and heteroskedasticity. Thé 1mpact of autocorrelation as evidenced by large
OLS variances appeared to be more of a problem than heteroskedasticity.
Hdwever,‘one would expect to observe hetefoskedastic processes if risk is

changing over time. Thus; additiona]‘éva1uation of feasije genera]iZed least

squares methods in detrehding data is needed.
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Table 2. Regression Estimates of Trends 1n'QUarter1y Milk'Prices.f

Ordinary Least Squares . Yule-Walker Weighted Least Squares
, _ | ~ Nominal =~ Real- .~ Nominal Real Nominal Real
Intercept ~ 2.80%  17.12% 353 17 16w .18 5 05w
| (.287) (.261) (.732)  (.495)  (.069)  (.164)
Time 100% - 0.04% . 0.09% 0.04+  0.10%  0.05% -
| | (.003) o (.008) (.010) (.018)  (.012) - (.020)
Time2 | | o001 | -.001 -0.001%
R (.0001) | (.0001) - (.0002)
Quarter? 054 -1.03% 0500 <1020 -0.47%  -1.06%
| (.309) (.212) - (.061)  (.108)  (.056)  (.103)°
Quarterd ~  -0.35  -0.38.  -0.29%  -0.36%  -0.25% -0 35k
| C309) 21 (0700 (L124)  (.065) (.118)
Quarterd 013 0.65% 0.23%  0.69% (.23 0. 73w
| S (.309) (.212) C(.061) 0 (.109)  (.057).  (.103)
lagl - o e 0,93 -0, 70 B
y o (03B 066 o
Durbin-Watson 0.10 059 =~ 1.32 1.62° 1.3 163

R 090 0.78 099 089  0.85 0.9

a Standard errors of estimated coefficients are in parentheses.

b Bounds for the DW statistic are reinterpreted for regressions without an intercept (Johnston).
* Denotes significance at the .05 level of confidence. : : :
**Denotes significance at the .01 level of confidence.



Table 1. Milk Price Variances from Original and Detrended Series.

1960-90
Nominal Prices 14.29

Real Prices , 3.21

Detrended Nominal Prices

~Ordinary Least Squares 1
Yule-Walker - 0.
Weighted Least Squares . 0.13
Adjusted Weighted Least Squares 0

Detrended Real Prices

Ordinary Least Squares . 0.63

Yule-Walker - ; - 0.42
Weighted Least Squares -0.33

Adjusted Weighted Least Squares 0.35

1960-

0.
1.

ODOOO

ODOOODO

72

57
44

74

.03
.01
.01

.65
27
.23
23

1973-80

3.56
1.03

1981-90

0.67
0.87




Table 3. Glesjer Model for Quarterly

Milk Prices.®

Nominal Prices

Intercept . 0.190%

. (.028)
Sub-Period2 0.784%%*
S (.260)
Sub-Period3 1.104%*
(.349)

Real Prices

0.327**
(.049)

0.768**
(.233)

0.425*%
(.240)

Note: Dependent variable is the absolute value of YW residuals.
a Standard errors of estimated coefficients are in parentheses.
* Denotes significance at the .10 level of confidence. :
** Denotes significance at the .01 level of confidence.



Figure 1. U.S. Milk Prices
- Received by Farmers, 1960-90 -
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Figure 2. U.S. Real Milk Prices
Received by Farmers, 1960-90
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