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Differences Among Commodities in Real Price

Variability and Drift

o == Jr—————

Abstract. Many farm products exhibit price vari-
abilities over long time intervals that range
between 10 and 20 percent when measured as
standard deviations of annual rates of change
Price variabuity 1s notably higher for onwons, rice,
wool, oats, potatoes, grapefruit, and oranges, and
lower for snap beans, tobacco, green peas, mulk,
broceol, processing tomatoes,' and strawberries
Price variability was higher during 1977-93 than
during 1949-72 for grains, soybeans, and peanuts,
lower for grapes, potatoes, processing tomatoes, and
hogs, and about the same for other crops and
hivestock Real prices fell between 1948 and 1993
for 29 of 30 commedities studied, with poultry,
eggs, wool, snap beans, grains, and cotton exhibit-
ing the largest rates of decline

Keywords. Commodity prices, price trends, price
variabtlity, real prices

Ihfferences among commodities in price vanability
and longterm price trends are important for
private decisions about investments 1n farming
and farm product marketing and for public deci-
sions about farm programs Knowledge of such
differences can further our understanding of the
fundamental changes underway in agriculture
This article uses price data going back for some
commodities to as early as 1900 to describe and
compare year-to-year price variabihity and changes
in real price levels for 30 farm commodities
selected to represent a cross section of US
agricultuie

Underlying this comparison of commodity dif-
ferences 1s the notion that price variability 15 a
natural and persistent characteristic of agrn-
cultural prices that can be quantified but not fully
explained Reducing price variability has been a
longterm concern of agricultural policymakers, the
goal of many government programs, and a focus of
Intense study (see Newbery and Stightz, for
example) ! Previous authors have found evidence
of mcreasing price variability 1n U S agriculture
during recent decades (see Edwards, Dalzell,
Miller et al, and Myers and Runge) One of our
objectives 18 to determine if increases in price

Heifner 15 an agricultural economist with the Commercial
Agriculture Division, ERS, and Kinoshita 1s a graduate student
at the University of Georgia, Athens, GA

1Sources are listed 1n_the References section at the end of
this article

Richard Heifner and Randal Kinoshita

variability broadly characterize U S agriculture or
are confined to certain commodities

Long price series are needed to detect persistent
differences among commodities 1n price behavior
Fortunately, the Naticnal Agricultural Statistics
Service and 1ts predecessor agencies have reported
prices for several major crops since before 1900, for
most livestock since 1924, and for most fruits and
vegetables since 1939 This analysis uses prices
from as early as 1900 to the extent that they are
available, but gives greatest attention to 1948-93

Edwards noted that real wheat prices declined
over much of the twentieth century He pointed out
that the decline was not continuous and the rate of
decline that one measures depends upon the year
one chooses as a starting point Our analyses
follow the spirit of Edwards’ work We cover 30
commodities, use annual rates of change to
facilitate intercommodity comparisons, and include
statistical tests of our assumptions and the
differences observed between commodities and over
time We show that real prices for many agr-
cultural commodities have declined over long
pertods, that price variability has changed for
certain commodities, and that differences among
commodities in price variability are persistent

Data

Rates of change in real prices are used to show
changes over long periods 1n real purchasing
power, provide unit-free comparisons ameng cem-
modities, and assure stationarity Continuously
compounded annual rates of change were calcu-
lated by taking first differences of logarithms

T 1. = log z, - log x,,,

where r,,, 15 the rate of change in price from
period t-1 to period t, x,,15 the price 1n year t, and
x,; 18 the price in year t-12 This measure
facilitates comparing price changes 1n different
directions and over periods of different lengths It
is additive—the change over a period of length n

2The continuously compounded rate‘of change over a year can
be converted to,the ssmple annual rate of change by taking the
antilog and subtracting 1 For example, the simple rate of
change corresponding to a 0 05 compounded rate of'change 1s
the natural.antilog of 005 minus 1, which 15 0 05127
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equals the
subperiods

sum of the changes over the =n

n n
ron=logx, —logxo= 2 (logx, -logx, )= Xr,,,
t=1 t=1

Thus, a given rate of change i1n one year followed
by an equal but opposite rate of change 1n the next
year returns the sermes to 1ts original level
Another advantage of using continuous annual
rates of price change 1s that the standard deviation
of such changes 13 the measure of price volatility
used 1n options pricing models (See Black) This
allows the price variabibties reported here to be
compared with those reported in the options
pricing lLiterature

Marketing year average prices received by farmers
from 1900 (or the earliest year available) to 1993,

were analyzed for the 30 commodities listed 1n
table 1 3 The price data are primanly from USDA’s
Agricultural Statistres, various 1ssues, and from
Historieal Statistics of the United States Colonial
Times to 1970 The most recent prices aie from
USDA’s Agricultural Prices, 1992 Summary, se-
lected monthly 1ssues of Agricultural Prices during
1993 and 1994, and Crop Values, 1993 Summary 4

US average prices are calculated by weighting
State prices by production prior to 1944 and by

3Marketing years for crops begin at the start of harvest and
extend into the next calendar year for many commodities
Marketing years have been changed occasionally 1in the past
and vary by State for some commodities Marketing years lor
livestock coincide with calendar years except that markeling
years begin 1n the preceding December for hogs broilers, and
eggs

4For 1nformation on how the prices were collected, see USDA,
Muajor Statistical Sertes of the US Department of Agriculture

Table 1—Changes n real levels of selected commodity prices and price indexes, with comparisons,

1949-1993

Nominal prices Real prices Real price changes

Total, Annual,
Commodity 1948 1993 1948 1993 percent percent

Wheat, $bu 198 320 995 257 -74 21 -301
Rice, $lcwt 4 88 900 24 52 721 =70 57 272
Corn, $/bu 128 260 643 208 -67 59 -2 50
Qats, $bu 72 140 360 112 —68 b4 -2 59
Grain sorghum $/bu 128 241 643 193 -69 96 -2 67
Soybeans, $/bu 227 6 50 1140 521 -54 31 -174
Cotton, cents/lb 30 38 54 30 152 62 43 53 -71 48 -2179
Tobacco, cents/lb 48 1175 242 140 —42 07 -121
Peanuts, cents/lb 10 50 29 80 52 75 23 89 -54 72 -176
Oranges, $/box! 175 504 879 4186 -52 66 -170
Grapefruit, $/box! 83 4 28 417 353 -15 24 -0 38
Grapes, $/ton 38 50 289 00 193 42 231 66 19 77 040
Strawberries, $/cwt 22 20 52'50 11153 42 08 -62 27 -217
Broccoli, $/cwt 938 25 90 47 12 2076 -55 94 -182
Lettuce, $/cwt 404 16 00 20 30 12 83 -36 81 -102
Onions, $/cwt 264 15 80 13 26 12 67 —4 51 -0 10
Tomatoes, fresh, $/cwt 610 31 60 30 65 25 33 -17 34 042
Potatoes, $/cwt 253 622 1271 499 -60 77 -2 08
Beans, snap, $/ton 122 22 178 00 614 01 142 69 -76 76’ -324
Peas, green, $/ton 90 05 251 00 452 40 201 20 -55 53 -1 80
Tomatoes, proc, $/ton 27 92 60 10 140 27 48 18 —65 65 -2 37
Cattle, $/cwt 22 20 73 32 111 53 58 77 —47 30 -142
Steers, Choice, $/cwt2 28 88 76 36 143 27 61 21 —60 04 -2 04
Hogs, $/cwt 2310 45 26 116 05 36 28 —68 74 -2 58
Lambs, $/cwt 22 80 64 81 114 54 5195 -54 64 -176
Milk, $/ewt 4 88 12 83 24 52 10 28 -58 05 -198
Wool, cents/lb 49 20 50 00 24717 40 08 -83 78 —4 04
Broilers, cents/lb 36 00 33 96 180 86 27 22 -84 95 —4 21
Turkeys, cents/lb 46 80 38 90 23512 3118 86 74 —4 49
Eggs, cents/dozen 47 20 62 39 23713 5001 -78 91 -3 46
Crops, index 255 531 12811 4256 —66 77 -2 45
Livestock, index 315 778 1582 5 625 4 —60 54 -2 07
All commodities, index 287 653 14418 523 4 -63 70 -2 25
Prices paid, index 260 1346 1306 2 10790 -17 40 -0 42

'Final year 18 1992

2Composite of Chicago prices 1935-50, Omaha prices 1951 69, and Nebraska direct prices for 1970-93
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quantity sold fiom 1944 to 1993 Prices for grains
prior to 1979 include allowances for loans out-
standing and government purchases, where appli-
cable Cotton prices are for all cotton, gross weight
prior to 1964 and net weight sihce, and include
allowances for unredeemed loans during 1974-78
Orange and grapefruit prices are returns per box
at the packinghouse door Prices at the processing
plant door are used for snap beans, green peas,
and tomatoes for processing Prices are on an fob
basis for lettuce, omions, and tomatoes for fresh
use Strawberry and broccoli prices apply to both
processing and fresh markets Choice steer prices
are for Chicago delivery from 1935 to 1950, Omaha
delivery from 1951 to 1969, and Nebraska direct
for 1970 to 1993, as reported by the Agricultural
Marketing Service

The available price series vary in length for the
different commodities Prices for wheat, corn, oats,
cotton, tobacco, potatoes, and wool begin 1n 1900
Rice prices start in 1904, soybean prices 1n 1924,
and grain sorghum prices 1n 1929 The series begin
1n 1924 for grapes, in 1929 for citrus fruits, and 1n
1939 for most vegetables ILavestock prices, except
for Choiwce steers, are average prices received by
farmers and they begin 1n 1924 Egg, turkey, and
brotler prices begin in 1909, 1929, and 1934,
respectively Milk prices are prices of all milk
wholesale beginning 1n 1910 Prices for 1993 are
preliminary for all commodities

Prices were deflated using the implicit gross
domestic product (GDP) deflator (1987=100) De-
flating has only a minor effect on measures of
short-term variability because year-to-year
changes 1n 1inflation rates generally have been
small compared with year-to-year commodity price
changes & The implicit price deflator was obtained
for recent years from the Economic Report to the
Prestdent, selected 1ssues The deflator was ex-
tended backward to earlier years using GNP
deflators, and Consumer Price Index estimates
prior to 1929, reported in Business Statistics,
1961-88, a supplement to the Survey of Current
Business, and in the Historical Statistics of the
United States From Colonial Times to 1970

Historical Declines in Real Prices

Twenty-nine of the 30 commodities analyzed
exhibited declines 1n real prices between 1948 and
1993 (table 1} The total percentage declines are
large for many commodities—over 80 percent for

5Between 1948 and 1993 the imflation rate, as measured by
changes in logarithms of the GDP deflator, averaged 4 08
percent with a standard deviation of 2 38 percent, and a
maximum of 9 57 percent
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turkeys, broilers, and wool, and about 70 percent
for the grains and cotton, for example® The
corresponding average annual rates of decline were
over 4 percent for turkeys, broilers, and wool, over
3 percent for eggs and snap beans, and 22 to 3
percent for'the grains, cotton, and hogs Prices for
the remaining commodities declined at a 1 to 2)%
percent rate except for onions and processing
tomatoes where the rate was less than 1 percent
Grapes exhibited a slight increase

To provide a broad gauge of farm price changes for
comparison, we include base 1910-14 indexes of
prices recewved by farmers for crops, livestock, and
all commodities and prices paid by farmers (bottom
of table 1) To eliminate the effects of general price
inflation on the indexes, they too were divided by
the implicit GDP deflator This measure shows a
total decline between 1948 and 1993 1n real prices
of all farm commodities of 63 70 percent and an
average rate of decline of 225 percent The
average rate of dechine was 2 45 percent for crops
and 207 petcent for livestock Prices paid by
farmers declined at a 042 percent rate

Real prices of most agricultural commedities have
declined during much of the twentieth century
Table 2 shows average rates of change in real
prices for three 24-year intervals starting in 1901,
and for the 21-year interval 1973-93 The 1901-24
interval includes only the seven commodities for
which prices were reported as early as 1900 Real
prices for wheat, oats, and potatoes declined
during this early period while real prices for corn,
cotton, tobacco and wool increased

The 1925-48 interval uses data from the fiist year
when livestock prices were widely reported, and
spans the Depression, the drought of the thirties,
and World War II Real prices for food gramns,
tobacco, peanuts, potatoes, meat amimals, milk,
and eggs rose during this interval while'real prices
for feed grains, soybeans, cotton, grapes, and wool
declined

The 1949-72 interval covers the period between
mid-century and the U S abandonment of the gold
standard Real prices declined during this interval
for 27 of the 30 commodities analyzed Rates of
decline exceeded 4 percent for broilers, turkeys,
eggs, and wool and exceeded 3 percent for wheat,
cotton, and snap beans The decline in soybean

6The total percent change equal 100 x (1993 price — 1948
price) — 100 while the annual rate of change 13 caiculated by
the formula above Note that only the imitial pnce and the final
price are needed to calculate total or average change, but that
the intermediate prices are needed to calculate the standard
deviation of price changes and the standard error of the
estimated average price change
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Table 2—Average annual rates of change in real prices, selected commodities and time intervals, percent

Commodity 1901-1924 1925-1948 1949-1972 1973-1993
Wheat -0 20 008 -3 27 -2 71
Rice — 021 -1 44 . —418
Corn 150 -105 -193 -3 16
Oats -0 46 -0 14 -2 74 -242
Grain sorghum — — -2 50 -2 87
Soybeans — -2 17 -0 05 -3 67
Cotton 071 -0 66 -323 -229
Tobacco 123 205 -0 52 -201
Peanuts - 065 -144 -213
QOranges — — -0 99 -2 55!
Grapefruit — — 213 -3 391
Grapes — -1797 328 -2 89
Strawbernies - — -2 46 -183
Broceol - — -219 -1 40
Lettuce — — -132 -0 67
Omons — — -0 96 -132
Tomatoes, fresh - — 091 -195
Potatoes -118 149 -204 -2 12
Beans, snap — — -3 62 -2 82
Peas, green — — -187 -172
Tomatoes, proc - — -182 =301
Cattle — 373 -107 -183
Steers, Choiwce — — -212 -194
Hogs - 296 -2 44 -2175
Lambs - 128 -176 -175
Milk — 145 -187 -2 00
Wool 098 -0 60 —4 20 -3 86
Broilers — - -6 69 -1 38
Turkeys — — -5 89 -2 89
Eggs — 054 —4 55 -2 22
Crops, Index — — -275 211
Livestock, index - — -2 09 204
All commod , index — 107 -2 42 -2 06
Prices paid, index - 019 -073 -0 07

-Data not avarlable
11973-1992

prices was neghgble Real prices for grapefruit,
grapes, and tomatoes for fresh use increased

Real prices for all 30 commodities dechined during
1973-93 with 20 of the 30 commodities exhibiting
rates of dechine exceeding 2 percent annually The
rate of decline exceeded 4 percent for rice and 3
percent for wool, soybeans, grapefruit, corn, and
processing tomatoes Rates of decline were less
than during 1949-72 for poultry, eggs, wheat, and
cotton, and greater for rice, corn, soybeans,
tobacco, peanuts, oranges, grapefruit, and
tornatoes

These declines 1n real prices are consistent with
the hypothesis that increases in productivity have
outpaced 1ncreases 1n demand allowmg larger
guantities to be produced and consumed at lower
real prices However, the year-to-yvear variability
in prices makes it 1mpossible to project rates of
dechne for individual commodities with much
certainty, as will be shown below

Historical Differences Among
Commodities in Price Variability

The standard deviations of real price changes are
reported 1n table 3 for the same 1ntervals as shown
in table 2 In addition, the last column of the table
shows standard dewiations for 1977-93, which
excludes the years of unusually high price vol-
atility during the mid-seventies The 1977-93
standard deviations are shown in fig 1 with the
commodities ordered according to their respective
price variabilities Standard deviations of price
changes by decade are displayed in table 4

Price variability was higher prior to 1949 than 1t
has been since for most crops where price data for
the earlher years are available For example, corn,
cotton, and potato price varnablty exceeded 30
percent from 1901 to 1924 and corn, oats, soybean,
potato, and grape price variability exceeded 30
percent from 1925 to 1948 Hog price variability
has been substantially less 1n recent years than
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Table 3—Standard deviations of rates of change in real prices, selected commodities and time 1ntervals,
percent

Commodity 1901-24 1925-48 1949-72 1973-93 1977-93
Wheat 18 00 25 43 10 97 24 84 1770
Rice — 22799 979 3272 29 97
Corn 41 64 31 86 12 45 2165 1974
Qats 2311 3243 914 26 27 26 25
Grain sorghum — — 1349 20 95 19 06
Soybeans - 3308 1011 2061 1872
Cotton 3174 27 97 13 27 17 68 14 60
Tobacco 22 26 22 30 494 559 4 05
Peanuts — 23 8O 518 10 14 1112
Oranges — — 25 32 21 221 23 511
Grapefruit — — 32 89 22 761 24 80!
Grapes — 34 35 2515 1374 14 21
Strawberrnes — - 878 728 770
Broccoh — — 560 643 655
Lettuce — — 14 46 15 27 1517
Onions — — 3973 36 48 34 79
Tomatoes, fresh - - 923 9 55 10 62
Potatoes 37 47 49 67 36 78 2591 2510
Beans, snap — —_ 455 943 336
Peas, green — — 4 27 1110 4 52
Tomatoes, proc — - 1018 11 49 6 89
Cattle — 13 27 13 11 13 35 1175
Steers, Choice — - 1117 10 58 949
Hogs — 25 44 1877 16 50 13 48
Lambs — 13 80 10 74 1091 11 36
Milk — 8 80 6 37 6 08 524
Wool 27 36 28 14 27 05 3329 26 41
Broilers — — 973 15 39 10 13
Turkeys — — 10 95 18 32 12 18
Eggs — 14 28 1391 15 88 12 24
Crops, index — - 493 1277 7 96
Livestock, index — — 794 929 699
All commodities, index — 1213 570 919 585
Prices paid, index — 4 14 195 301 227

-Data not available
1Final year 1s 1992

commodities because the commodity prices n-
cluded 1n each index are not perfectly correlated

prior to 1949 while price vanability for cattle and
lambs 1s down shghtly

Most grains and soybeans exhibited price wvari-
abihties below 10 percent during the 1950’s and
1960°s (see app table 1) Price variabihties for
these commodities jJumped to the 20 percent range
or higher 1n the seventies, and have remained high
during the eighties and nineties Rice and oats
prices have been particularly volatile during this
recent period

Several commodities have exhibited price van-
abilities exceeding 20 percent during many dec-
ades These include onions, potatoes, wool,
oranges, and grapefruit At the other extreme are
milk, tobacco, processing vegetables, broccoli, and
strawberries where price variability has been
consistently below 10 percent Price variabilities
for meat amimals and eggs have been 1n the 10-20
percent range since 1949 Vanabihties of the
indexes of prices received are smaller than the
averages of the wvarniabhhities of the included
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Stationarity in Prices and Price
Changes

We turn now to the question of whether the
historical patterns of dnft and variabihity of price
changes are likely to continue To forecast a
stochastic process one must determine that it 1s
stationary, or transform it to a stationary process,
and quantify the probability distribution that the
stationary process follows Stationarity mn the
prices and price differences was tested by applying
the Dickey-Fuller t test for umt roots to the
longest series available for each commodity 7 This

7A umt root 15 present if the first order autocorrelation
coeflicient for a series 1s 1, which 1s the condition for a random
walk In such cases, the coefficient of the regression of the first
difference 1n the series on the lagged value of the series 1s zero
The essence of the Dickey-Fuller test 1s to test this regression
coefficient for difference from zero using special tables that
they provide



Figure 1
Price variability by commodity, 1977-93
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13 a test of whether a series tends to converge
toward its mean or trend level The augmented
test was used, which 1in this application involves
regressing the first difference of the series being
tested on the lagged value of the series plus a
constant, a trend, and two lagged first differences ®
The tests were applied to the original price series,
the logarithms of deflated prices, and the first
differences of the Jogarithms of deflated prices

Unit roots 1n the nominal prices could be rejected
at the 10 percent or higher level for only 3 of the
30 commodities (table 5) When the series were
deflated and converted to logarithms, unit roots
were rejected at the 10 percent or higher level for
15 commodities Umt roots in the first differences
of logarithms were rejected for all 30 commodities
and all 4 price indexes at the 1 percent level
These results show that the rates of change series
are more certain to have bounded variances than
the undifferenced series and support the use of
rates of change (first differences of logarithms) in
our analyses

8The umit root normality and homoscedasticity tests were
calculated using MicroTSP, Version 70, written by David M
Lilien and distributed by Quantitative Micro Software of Irvin,
ca

Normality of Price Changes

In addition to stationarity, normality 1s required to
test hypotheses about means and variances Devia-
tions from normality in the price changes were
evaluated by calculating skewness, kurtosis, and
the Jarque-Bera statistic using 1949-1993 observa-
tions for each series (table 6} The Jarque-Bera
test 15 significant at the 20 percent level indicating
non-normahity for 13 commodities, wheat, rice,
oats, cotton, grapes, onions, snap beans, green
peas, processing tomatoes, milk, broilers, turkeys,
eggs, and all of the price indexes The sample
distributions for all of these series exhibit thick
tails as evidenced by kurtosis exceeding 3, 1its
value under normality Inspection of the data
suggests that 1 to 3 outlying observations for each
commoedity account for most of the kurtosis When
these outliers are dropped from the sample,
normality 15 no longer rejected for 11 of the 13
commodities and for all 4 1ndexes (table 7)
QOutliers are not removed for oats and cotton
because they cannot be clearly distinguished

The results suggest that annual price changes are
approximately normally distributed for most agn-
cultural commodities However, more-than a third
of the commodities exhibited extreme price move-
ments one or more times during the 45-year
sample period Many of the outhers were for the
years 1973 and 1974 when the first large grain
sales were made to the Soviet Union following the
United States’ abandonment of gold convertibility
To avoid undue influence from extreme observa-
tions, outliers were omitted or post-1975 data were
used 1n several of the statistical tests reported
below

Prospects for Continued Declines in Real
Price Levels

The historical observations reported in tables 1
and 2 combined with the evidence of stationarity
in price changes shown in table 5 suggest that real
prices for many agricultural commodities are hikely
to continue to drift downward However, the
downward drifts 1n real prices generally are small
relative to thewr standard errors making 1t 1mpos-
sible to conclude with a high degree of confidence
that real prices for any particular commodity will
continue to dechine T ratios to test for zero price
dnift (table 8) were calculated for each commodity
by dividing the mean rate of price change for
1949-93 by 1ts standard error The t ratio for the
all commodity 1ndex 15 large enough in absclute
value to reject the hypothesis of zero dnift at the 5
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Table 4—Standard deviations of rates of change 1n real prices by decade, 1901-10 to 1971-80 and for

1981-93, percent

Commodity 01-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-93
Wheat 16 10 16 90 22 41 34 54 127 4 36 14 10 3094 17 80
Rice — 3592 16 04 28 25 19171 970 473 3157 32 27
Corn 27 36 54 28 28 88 41 69 24 02 593 922 24 02 21 82
Qats 2370 2377 2001 45 08 22 28 965 579 22 59 27 46
Sorghum — — - 49 58 24 73 16 69 835 21 26 2072
Soybeans - — — 46 28 2293 6 54 823 22 14 20 29
Cotton 2069 41 94 34 67 28 08 19 62 6 47 13 89 19 25 14 76
Tobacco 861 3131 19 84 2705 18 30 377 563 6 36 4 27
Peanuts — 28 57 21 26 32 46 11 97 705 310 6 04 1195
Oranges! - — - a7 30 3577 2117 3173 19 29 2193
Grapefruit? - — — 37 32 52 64 17 88 3770 1392 27 47
Grapes — — - 27 39 47 23 23 62 18 47 19 94 14 99
Strawb — - — — 27 40 11 83 6 64 678 732
Broceoh — — — — 2294 577 453 548 728
Lettuce — — — — 23 62 93 13 57 19 57 1276
Onions — — — — 52 24 51 27 28 79 47 34 26 55
Tom fresh — — — - 18 57 1012 792 916 10 79
Potatoes 3348 44 99 55 29 56 72 2516 45 93 3062 3115 2333
Bean, snap — — — — 15 69 531 333 13 69 358
Peas, green — — - — 12 55 343 491 15 65 4 67
Tom_ proe - - — — 15 88 8 45 12 89 15 37 6 26
Cattle - - — 16 68 979 18 29 6 50 1819 721
Steers - — — — 10 16 14 35 7 26 13 62 667
Hogs — - - 3178 2052 2001 14 52 24 24 13 36
Lambs - — — 14 80 711 12 93 8 60 842 11 76
Milk - 7 50 9 44 10 43 10 75 6 80 370 509 527
Wool 16 57 2199 37 32 4017 12 55 29 07 1313 44 24 30 08
Broilers — — — — 13 07 10 51 9 58 1873 11 36
Turkeys — — — 17 42 17 82 854 12 46 2305 12 51
Eggs — 921 1271 14 20 16 74 16 59 10 55 1976 13 32
Crops - - -— - 1270 546 31717 15 40 8 92
Livestock — - - - 991 9 37 580 1301 475
All commod — 974 1391 15 36 10 62 6 89 325 1198 532
Prices paid — 273 541 245 584 2790 099 296 169

—Data not available

1Last year 1s 1992

percent level, but only a few of the t ratios for
individual commodities are so large 2

No clear pattern of rising or falling rates of price
change 1s'evident 1n the data Twenty-seven of the
30 commodities exhibited real price declines from
1949 to 1972, all 30 exhibited declines from 1973
to 1993, and 17 exhibited larger rates of decline
duringthe latter period To test whether the rates
of price change are rising or falling over time, each
series of price changes was regressed on time The
regression coefficients are negative for all crops
that have been under Government support pro-
grams and mixed for other commodities, but none
of the coefficients differ from zero at the 10 per-
cenit level of statistical significance (column 3 of
table 8)

8S1milar results were obtained when t ratios were calculated
separately for the 1949-72 and 1977-93 intervals to eliminate
the large price shocks of the mid-seventies
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We conclude that the downward drift in prices 1s
strong and hkely to persist for agricultural com-
modities as a group, but expected rates of change
for most individual commodities are suhbject to
much uncertainty Moreover, the differences in
rates of change between commodities generally are
not statistically sigmificant

Changes Over Time in Price Variability

Three tests were performed to determine 1if prices
are becoming significantly more or less vanable
over time White tests and ARCH tests were
apphed to the residuals from the regressions of
price changes on time The White test 1s a test for
relationships between the squared residuals and
the independent variables in a regiession The
White test on the residuals rejected homo-
scedasticity at the 10 percent level or higher for
rice, corn, oats, soybeans, peanuts, grapefruit,
grapes, potatoes, and mitk (column 4 in table 7)



Table 5—Dickey-Fuller t-statistics on nominal prices and logarithms and first differences of logarithms of
real prices, selected commodities, and designated time intervals

Years Nominal Log First difference
Commodity included price real price log real price
Wheat 1904-93 -292 -3 18+ —6 51**
Rice 1907-93 -3 32+ -241 -7 80**
Corn 1904-93 -3 20+ -3 71* —7 34**
Oats 1904-93 -292 -3 19+ —6 82%*
Grain sorghum 1932-93 -2 98 -3 72* -6 71%*
Soybeans 1927-93 -2 58 -2 47 —7 HE**
Cotton 1904-93 -233 -3 10 —7 95**
Tobacco 1904-93 -1 50 -2 81 =7 90**
Peanuts 1912-93 -117 -2 37 -8B 06**
Oranges 1932-92 -2 20 -3 76* =7 19%*
Grapefruit 1932-92 -2 70 -5 16** -5 65**
Grapes 1927-93 -2 07 -3 55+ -5 BT**
Strawberries 1942-93 -158 -5 78%* —4 B7**
Broccoll 1942-93 -1867 -3 98* —4 19%*
Lettuce 1942-93 ~158 —4 10~ -5 §or*
Onions 1942.93 -156 -3 48+ —B 92**
Tomatoes, fresh 1942-93 010 -3 81* -5 34%**
Potatoes 1904-93 -2 31 —4 20%* —8 g7*
Beans, snap 1942-93 -2 35 —6 65%* -5 33*+
Peas, green 1942-93 -159 -3 54* -5 20**
Tomatoes, proc 1942-93 -1 88 -2 84 -5 34%*
Cattle 1927-93 -1 68 -2 74 —6 2g%*
Steers, Choice 1938-93 -1 80 -2 90 —6 60**
Hogs 1927-93 -2 29 -2 40 —7 50**
Lambs 1927-93 -2 b6 -271 -5 33*+*
Milk 1913-93 -155 -2 05 —6 50%*
Wool 1904-93 -3 54%* -278 -6 BE**
Broilers 1937-93 -132 -184 -5 19**
Turkeys 1932-93 =201 -2 14 —6 T7F*
Eggs 1912-93 -2 59 -2 22 —7 67*
Crops 1937-93 -196 -2 56 -5 41%*
Livestock 1937-93 -141 -2 50 -6 41%*
All commodities 1914-93 -149 -2 55 —6 48**
Prices paid 1914-93 -0 17 -2 98 -5 84**

*** and + indicate that unit roots are rejected at the 1, 5, and 10 percent levels of statistical sigmificance, respectively

The ARCH test 15 a test of whether large residuals
follow large residuals and small residuals follow
small residuals (See Engle) It involves regressing
squared residuals on lagged squared residuals
Three lags were used 1 the test The tests indicate
significant serial dependence in variances at the
10 percent level or higher for corn, oats, tobacco,
peanuts, grapefruit, hogs, wool, and the index of
hivestock prices (column 5 of table 8)

An F test for differences in variance between
1977-1993 and 1949-1972 was apphed to each
series The larger of the two variances was used 1n
the numerator for each test Significantly larger
variances were found during 1977-93 than during
1948-72 for all the grains, soybeans, peanuts, and
the crop piice i1ndex, while grapes, potatoes,
processing tomatoes, and hogs exhibited sigmifi-
cantly lower variances during the later period {last
column of table 8) These test results suggest that
price variabihties have changed for enough com-
modities that the 1977-93 variability estimates are

to be preferred over the 1949-93 estimates for
making projections

Differences Among Commodities in Price
Variability

Many of the differences in price vanability among
commodities shown 1n fig 1 and tables 3 and 6 are
larger than would be expected due solely to
sampling error and appear to reflect inherent
differences among the commodities Differences n
price variability between pairs of commodities can
be evaluated using the F statistic The 10 percent
critical value for F(16, 16), which 1s applicable to
the 1977-1993 interval, 15 193 Its square root,
139, can be used to test for differences i1n the
standard deviations shown in the last column of
table 3 The average standard deviation for the 30
commodities during 1977-1993 1s 13 55 Thus, we
can say with about 90 percent confidence that
variabilities exceeding 1355 x 139 = 18 83 are
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Table 6—Standard deviations, skewness, kurtosis, and tests for normality 1n rates of change in real prices,
selected commodities, 1949-93

Standard devia-

Jarque-Bera

Commodity tion, percent Skewness Kurtosis statistic Probability
Wheat 18 53 149 828 68 84 00
Rice 2321 069 475 928 01
Corn 17 16 022 313 039 82
Oats 18 90 -0 26 4 90 729 03
Grain sorghum 1717 011 241 0175 69
Soybeans 15 81 -0 17 302 022 89
Cotton 1531 043 416 397 14
Tobacco 525 -030 350 115 56
Peanuts 7 80 -012 4 02 207 36
Oranges! 23 29 003 219 122 54
Grapefruit! 28 55 019 343 060 74
Grapes 20 64 021 4 67 555 06
Strawberries 803 -0 53 315 215 34
Broccol 595 -0 18 253 0 67 71
Lettuce 14 67 008 222 118 55
Omons 37 83 -071 394 546 07
Tomatoes, 938 -015 273 030 86
Potatoes 3182 010 313 011 95
Beans, snap 717 299 16 61 414 19 00
Peas, green 810 336 1913 572'37 00
Tomatoes, 1071 109 4 5% 13 56 00
Cattle 13 07 -0 28 386 196 38
Steers, Choice 1078 -0 41 385 262 27
Hogs 17 54 007 243 062 73
Lambs 10 69 -0 54 253 260 27
Milk 616 -0 40 417 3176 15
Wool 29 77 025 318 052 77
Broilers 12 82 1'14 6172 3573 00
Turkeys 14 75 050 551 13 65 00
Eggs 14 73 074 4 44 8 06 02
Crops 932 152 8 24 68 55 00
Livestock 8 50 70 346 409 13
All commodaties 744 1 60 8 35 72 90 0o
Prices paid 249 100 531 17 57 00

11949-92

Table 7—Standard deviations, skewness, kurtosis, and tests for normahty 1n rates of change 1n real prices,
commodities exhibiting nonnormality 1n previous table, 1949-93 with outlying observations omitted

Standard
Years deviation, Jarque-Bera
Commodity omitted percent Skewness Kurtosis statistic Probabihity
Wheat ) 73 14 42 002 347 0 41 81
Rice 73, 86, 87 16 75 05 329 17 92
Grapes 50, 51, 73 16 70 19 342 57 75
Onons 53 33 24 -15 242 78 68
Beans, shap 74 447 04 267 21 90
Peas, green 74 4173 03 369 89 64
Tomatoes, proc 74 921 52 270 216 34
Milk 49, 91 515 42 329 140 50
Broilers 73 10 29 - 26 218 173 42
Turkeys 73, 74 11 53 -39 313 111 58
Egps 73 1273 02 248 50 78
Crops 73, 74 6170 -31 33 87 65
Livestock 73, 74 731 47 238 223 34
All commodities 73, 714 579 07 2 60 32 85
Prices paid 73, 74 202 27 4 28 343 18

18




Table 8—Statistics for testing drift and variability of price changes, 1949-93

Regression of rates of change on time

F for vanance

t ratio, test Regression F for F for ratio, 1977-93
Commodity for zero dmift coefficient White test ARCH test vs 1949-721

Wheat -109 -028 122 03 2 60*
Rice -79 - 044 2 60+ 124 g 38**
Corn - 98 -030 293+ 2 35+ 2 51*
Qats -92 - 045 351* 307* B 25%*
Soerghum -104 - 019 100 129 2 00+
Soybeans -74 - 063 4 60+ 1 86 3 43%*
Cotton -122 - 078 64 13 121
Tobacco -156 - 073 55 2 84+ 148
Peanuts -151 - 026 6 28%* 311* 4 61**
Oranges! - 48 -213 48 55 116
Grapefruit! -09 — 238 3 39*+ 2 30+ 176
Grapes! 13 - 097 319+ 92 313*
Strawberries -1 81+ 049 88 79 130
Broccol -2 06* 046 165 15 137
Lettuce -47 044 21 140 110
Omons! -02 047 126 41 130
Tom fresh -30 - 062 235 96 132
Potatoes — 44 077 2 48+ 15 215+
Beans snap -3 03* 0 61 12 184
Peas green -149 -031 64 06 112
Tom proc -14% - Q095 76 11 219+
Cattle -73 044 107 38 124
Steers =127 051 148 54 -139
Hogs -99 017 107 261+ 194+
Lambs -110 0 195 128 112
Mlk -2 10* ¢ 5 29*%* 28 148
Wool -91 - 168 21 2 99* 106
Broilers -2 20% 181 42 01 108
Turkeys -104 111 80 121 124
Eggs -157 017 08 37 129
Crops -1 76+ -023 69 63 2 61*
Livestock -163 037 72 272+ 129
All commod -2 03* 011 21 o7 105
Prices paid -114 0 10 77 136

** ¥ and + indicate statistical sigmificance at the 1, 5, and 10 percent levels, respectively
Years are 1952-92 for citrus, 1955-93 for grapes, and 1957-93 for onions

greater than average, and variabilhities less than
13 55/1 39 = 975 are less than average By this
criterion, onions, rice, wool, oats, potatoes, grape-
fruit, oranges, corn, and gain sorghum exhibit
significantly higher than average price varnability
while snap beans, tobacco, green peas, milk,
brocecli, processimg tomatoes, strawberries, and
Choice steers exhibit sigmificantly lower than
average variabihty

Conclusion

We have shown that agricultural commodities
exhibit important and persistent differences 1n
price variability Vanability has changed over time
for certamn commodities, most notably for the
grains and soybeans, where prices were less
variable during the fifties and sixties than 1n
earlier or more recent decades The persistence of
commodity differences suggests that vamability
depends largely on inherent commodity charac-

teristics, such as the elasticity of supply, produc-
tion lags, yield vamabibty, foreign production
variability, storability, and elasticity of demand
Government policies and programs and other
institutions appear to have moderated price vari-
ability in some cases In particular, changes m
US and foreign policies on trade and exchange
seem to account for some of the historical changes
in grain and soybean price variability (See Miller,
et al) Government programs probably have re-
duced the vanabihty of mulk and tobacco prices
while industry structure and marketing practices
may account for the relatively low variability of
processing vegetable prices Detailed analyses of
mndividual commodities 18 needed to assess the
effects of specific programs and policies on price
variabihity

Finally, the longterm downward drift in real farm
prices, while reflecting major gains to consumers,
158 grounds for continuing concern for persons and
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firms 1n agriculture The historical prices analyzed
here tell us httle about how long and at what rate
these downward drifts will continue To make such
forecasts calls for studying prospective changes 1n
demand, supply, and costs, for individual
commodities
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