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Estimating the U.S. Demand for Sugar in the
Presence of Measurement Error in the Data
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Abstract. Inaccuracy in the measurement of the
price data for the substitute sweeteners for sugar is
a problem encountered in the estumation of the
demand for sugar Two diagnostics are introduced
to assess the effect that this measurement error has
on the estumated coefficients of the sugar demand
relationship The regression coefficient bounds
diagnostic 1s used to indicate a range wn which the
true price responsiveness of consumers to changes
in the price of sugar substitutes lies The bias
correction factor 1s computed to evaluate the
magnitude of the overestimation of the responstve-
ness of the quantilty of beverage sugar and
nonbeverage sugar demanded to a change in the
price of sugar

Keywords. Sugar demand, random measurement
error, price responstveness, beverage sugar, non-
beverage sugar

Both policy analyses such as that found 1n General
Accounting Office (1993)! and the studies cited
theremn and forecasting efforts such as that found
1n Economic Research Service (various 1ssues) rely
on estimates of the demand for sugar The imphcit
assumption 1n these efforts 1s that the sugar
demand relationships are accurately estimated and
that the responsiveness of the quantity demanded
to changes 1n the price of sugar 1s adequately
cahbrated In what follows, this presumption will
be examined by locking at the impact that errors
in the measurement of one of the explanatory
variables has on the estimated relationships of the
demand for sugar The imphcations of this for
sugar policy analyses and forecasting will be
assessed

There are a variety of reasons why the estimates
of the demand elasticities for agricultural com-
modities are frequently tenuous Foremost among
these are the differences 1n economic and nstitu-
tional conditions reflected 1n the data and the
differences 1n estimation procedures appled to the
data to derive the estimates Differences associated
with the data are frequently easy to identify and
comprehend Estimates vary between studies be-
cause the magnitudes of the variations 1n the data
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15ources are Listed 1n the References section at the end of
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and the behavier of the observed variables are
different

Differences that arise due to the variations mn the
estimation procedure are more difficult to 1dentify
Well conceived empirical studies of demand begin
with the same basic economic notions That 1s,
they are all based on conventional neoclassical
microeconomic theory It 1s the functional specifi-
cation and estimation procedure that produces
divergence A choice must be made about the type
of model to use, the sorts of data that are
appropriate, and the estimation procedure to be
employed 1n fitting the data to the model In
making these choices, a number of estimation
problems are either expleitly or imphctly ad-
dressed These mnclude how data are aggregated
across ndividuals, the choice of the functional
form(s) considered, the nature of the dynamic
relationship between price and quantity de-
manded, and the way the influences 1mpacting
demand are separated (Griliches, 1986, explores
these and other 1ssues in greater detail )

One concern that encompasses both the differences
in economic and institutional conditions reflected
in the data and the differences 1n estimation
procedures, and one that has received lttle
attention 1n previous attempts to model the
demand for agricultural commodities, involves the
presence of random errors associated with the
measurement of the vanables needed to properly
estimate a demand relationship Random measure-
ment error occurs when the measured values of a
variable are sometimes greater than and some-
times less than or equal to the true or accurately
measured value With random measurement error,
the economic and institutional conditions that
should be reflected by the data are inaccurately
portrayed This, in turn, has consequences for the
actual estimates These will be explored Before
doing so, however, a demand model, which will be
used to assess the impact of random measurement
error, 1s presented Sugar 18 the commodity used in
the analysis

Modelling the Demand for Sugar

Overview

In the short run, the demand for sugar 1s
presumed to follow a flow-adjustment process of
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the Houthakker-Taylor type (Houthakker and
Taylor, 1970) In this sort of model, the tastes of
consumers and considerations such as the avail-
ability of substitutes, the degree of substitutability
of alternative sweeteners for sugar and health and
nutrition factors are assumed to be fixed in the
short run and consumption of sugar 15 presumed to
be entirely a function of normal economic influ-
ences such as prices and disposable personal
mcome In this situation.a classical adjustment
model can be used Assume that there 1s a desired
demand Q.* for sugar by consumers at time t This
demand 1s a function of the price of suga1 and a
vector of other relevant economic and nstitutional
vanables, X,

In general functional form,

Q= (P, X (1)

This level of demand i1s reached only 1n conditions
of long run equihbrium A simple adjustment
process 15 assumed whereby

Q- Q= 2 (QF - Q. (2}

where the adjustment parameter a 1s between zero
and one {The choice of this specification for the
adjustment process will be discussed below )
Hence, actual demand for sugar in the current
period, Q,, 15 given by

QL = a (Q*) + (1-a) (Q(t.l)) (3)
Demand Specification
The empuical analysis will focus on just two

categories of sugar demand--beverage sugar and
nonbeverage sugar 2 The quantity of sugar de-

2Two separate categories of sugar consumption are consid-
ered here sugar used in beverages (primarily soft drinks) and
sugar for nonbeverage uses, including bakery, cereal, and allied
products confectionery and related products, 1ce cream and
dairy products, canned bottled, and f(rozen foods This
disaggregation 15 necessitated because sugar used for beverages
has been the major contnbutor to the observed erratic behavior
n aggregate sugar consumptfion DBetween 1960 and 1969,
beverage sugar accounted for around 25 percent of total [per
capita] sugar consumption I[n fact, the growth in beverage
sugar consumption accounted for all of the aggregate growth 1n
sugar consumption since the average nonbeverage sugar
consumption per capila over the period was essentiailly static
(that 15 no statistically significant growth trend 1s ewvident)
During the peried 1970 to 1978, while per capita beverage
sugar consumption exhibited, on average, no,change from one
year to the next the decline in nonbeverage per capita sugar
consumption accounted for the decline 1n aggregate per capita
sugar consumption Next, the big decline in total per capita
sugar consumption between 1978 and 1985 1s primanly an
artifact of the precipitous decline in per capita heverage sugar
consumption Ovwer this period, beverage sugar consumption
dechined at an average annuel rate of 2558 percent Since
1985, per capita beverage sugar consumption has continued to
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manded per capita by these two categories over the
period 1960-1992 1s shown mn fig 13

Beverage sugar demand 1s a derived demand That
15, the demand for beverage sugar 15 not based on
any 1ntrinsic desire for the sugar itself, but rather
on the need to use the sugar to sweeten the
beverages which are in turn sold to final con-
sumers or to wholesalers and retail establishments
who then sell them to final consumers 4 This
means that the demand for beverage sugar 1s
determined in the final markets by the demand
and supply for the beverage products being sold
Thus, the derived demand for sugar 1s indirectly
based on the elements which generate the supply
and demand for the final beverage products In a
properly specified demand mode! for beverage
sugar, these factors must be either exphatly or
mmphatly taken into account

Nonbeverage sugar 1s a fairly heterogenecus cate-
gory Some components of this demand are derived
and some consist of demand by final consumers
Thus, for example, the demand for sugar for ice
cream and dawry products, canned, bottled and

Figure 1
Per Capita Quantity of Sugar Consumed in
the United States in Pounds: 1960-1992
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dechine but this has been more than oflset by the increase in
consumption of nonﬁeverage sugar of approximately 0 90
percent per year This resulted in the modest growth n
aggregate per capita sugar consumption between 1985 and
1992

3Per capita sugar consumption is the focus here since 1t 18
this unit of measure that has served as the basis of the
analysis of many of the U8 sugar demand studies performed
{(some of these are cited below) and 1t 15 also the common unit
on which 1ndustry assessments of trends in sugar consumption
are based (for example, F Q0 Lichts, 1991-B, Mornis 1980, and
Page and Friend, 1974) Finally, 1t 13 a convement basis on
which to forecast the demand for sugar since changes in sugar
consumption are inexorably tied to changes in the population
size (for example, Blamberg, 1992)

45tigler (1966) explores the nature of dertved demand




frozen foods, and bakery, cereal, and allied prod-
ucts are, 1n general, all derived demand 5 On the
other hand, the nonbeverage demand for sugar via
retall and wholesale grocery sales is a final
demand by consumers 6 It was decided not to
consider each of these components of nonbeverage
sugar separately because their respective shares of
the total quantity of sugar demanded have, unlike
beverage sugar demand, been relatively stable over
the period 1960 through 1992 and because there 15
a dearth of different objective explanatory vari-
ables available for each of the components That 1s,
each of the separate components 1s specified to be
a function of the same set of explanatory variables
(for example, disposable personal 1ncome and
population) While 1t might be of interest to know,
for example, how the demand for sugar by
confectionery and related products responded to a
change 1n the price of sugar relative to how retail
grocery sales responded, this does not aid in the
objective of this study of explaining the aggregate
variabibty in the demand for sugar

Given the foregoing considerations for beverage
sugar and nonbeverage sugar, the specification of
the desired demand per capita, Q.*, for beverage
sugar and nonbeverage sugar separately are given
as

Q* = Co + Cy (Py) + Cp (P
+ Cg3 (ECONp + (V) (4)

where Q* denotes the per capita desired quantity
demanded for beverage sugar {nonbeverage
sugar) by consumers,

P, denotes the average price of sugar con-
sumed,

P, denotes an average composite price of
substitute sweeteners for sugar,

ECON denotes a proxy variable for
economic activity designed to capture the
effects of changes underlying the derived
demand and final demand on the desired
quantity demanded (per capita soft drink
sales for beverage sugar and disposable
personal income for nonbeverage sugar),

V denotes the error term,

8in 1992, this category of nonbeverage sugar demand
accounted for approximately 52 percent of the total quantity of
sugar consumed in the Umited States (Economic Research
Service, March 1993)

5The quantity of sugar demanded by these sources accounted
for approximately 45 percent of total sugar consumption 1n the
United States in 1992 (Economic Research Service, March
1893)

t denotes the time period, and

Co, C;, Cp, and C; are parameters to be
estimated

Combining relationship 4 with relationship 3, the
equation to be estimated becomes

Qt =a CO + (1-a) (Qt-l) + a C1 (Pat)
+ a Cz (Pot) + a Ca (ECONt) + Vt (5)

The coefficient on the sugar price term, P, should
be negative (following conventional neoclassical
demand theory) indicating that an increase in the
price will result in a decrease 1n the quantity of
either beverage sugar or nonbeverage sugar de-
manded Since other types of sweeteners are
ostensibly substitutes for sugar in both beverage
and nonbeverage uses, the coefficient estimate on
the price of the other sweetener should be positive
indicating that 1t 1s a substitute good for sugar
The coefficients on the soft drink sales (in the case
of beverage sugar} and disposable personal income
(in the case on nonbeverage sugar) should be
positive suggesting that an increase in soft drink
gales or disposable personal income will be associ-
ated with an increase in the consumption of
sugar 7

Data

The specific time period used 1n the estimation
covers 1960 through 1992 because comprehensive
and consistent (that 1s, consistently measured)
sugar consumption and price data are available for
this period The data are national aggregate
annual time series The data were obtained from a
variety of sources Data on the quantity of sugar
consumed and the wholesale sugar price® were
taken from the Sugaer and Sweetener Situation
and Outlook Report (Economic Research Service,
various 1ssues) and 1ts predecessor publications
{variously titled) and the US Sugar Statistical
Compendium (Angelo and others, 1991), all of
which were published by the Economic Research
Service of the Umted States Department of
Agnculture (USDA) The composite price of sub-
stitute sweeteners for sugar 1s computed as a
weighted average of the prices of glucose corn

7Disposable personal income 1s a commonly used measure of
consumer purchasing power and purchasing propensity 1n
empirical analyses A complete assessment of the relevant
1ssues can be found in Intrligater (1978, Chapter 7) and 1n
Phhips (1974)

8Both the wholesale and the retai sugar price were used in
prelminary analyses The empirical results exhubit no statis-
tically significant difference at the 5 percent level when one
price 15 used 1n deference to the other The results when the
wholesale price of sugar was used in the estimation are
reported here
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syrup, dextrose, and high fructose corn syrup (both
42 percent and 55 percent)®1¢ This price serles
was computed based on data obtained from various
1ssues of Sugar and Sweetener Situation and
Outlook Report and its predecessor publications
The data on soft drink sales were obtained from
Moore and Buzzanell (1991) while the data on
disposable personal income and population were
obtained from the Economic Report of the Presi-
dent (1993) Per capita soft drink sales were
computed by dividing total soft drink sales by the
population All of the price and income data are 1n
constant 1987 dollars The real values of these
variables were obtained by deflating their respec-
tive nomnal values by the gross domestic product
implicit price deflator This deflator was obtained
from the Economic Report of the President (1993)
as were the population data

Preliminary Analyses

Before presenting the estimation results for the
model developed here, several issues need to be
addressed The first factor to be considered
inveolves the demand model formulation In the
model formulation, an adjustment specification 1s
used for the desired quantity demanded whereby
the difference between the desired quantity de-
manded 1n the current period and the actual
quantity demanded 1n the previous period 1s
hypothesized to adjust at some specific rate a An
obvious question 1s whether this specification 1s
supportable based on the data ‘Additionally, an
additive specification 1s used 1n deference to others
that are available (for example, a multiplicative
specification) Is there any reason to prefer one
specification over another? Each of these 1issues
was examined 1n preliminary analyses using a
statistical test suggested by Davidson and MacKin-

SMeasuring the price of a representative sugar substitute 1s
very difficult The degree of substitutabihity between glucose
corn syrup, dextrose, and high fructose ¢orn syrup (HFCS) 1s,
for some uses, relatively low Thus for example, in the case of
soft drinks, glucese and dextrose are not equivalent to high
fructose corn syrup as sugar substitutes However, using the
price of a HFCS 1n the beverage sugar demand equation has 1ts
problems HFCS (42 percent) was only introduced 1n 1967 while
HFCS (55 percent) was introduced 1n the late 1970s Conse-
quently, the available series on HFCS do not cover the period
of this study The.alternative 1s to use a shorter time period 1n
the estimation This, however, presents another set of short-
comings because the underlying structural demand relation-
ships changed over time In order to handle the peculiarities
associated with this, the use of the longer time series 1s
required Un (1993) explains and explores this 1in detail

10]t would also be desirable to include a price or price index
for noncaloric sweeteners thereby providing an indication of the
extent to which sugar 15 a substitute for non-caloric sweet-
eners Unfortunately, no consistent and comprehensive data
series over the period of this study (1960 to 1992) exist on the
price of the various noncaloric sweeteners Hence, they are
omitted from consideration
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non {1981) First, the 1ssue of whether there 1s an
adjustment over time of the desired quantity
demanded was examined This was accomplished
by defining the null hypothesis to be the specifica-
tion where there 1s no adjustment parameter and
the alternative to be the specification where there
18 an adjustment parameter The results of the
Davidson-MacKinnon J-test strongly suggest that
there 1s 1n fact a lag of one period!l in the
adjustment between the desired quantity de-
manded and the actual quantity demanded for
both beverage sugar and nonbeverage sugar de-
mand 12 This means that consumers do not
completely adjust their consumption of beverage
sugar and nonbeverage sugar within the current
period to changes in sugar prices, the price of
sugar substitutes, soft drink sales, and disposable
personal 1ncome

Next, the null hypothesis that the approprate
specification 15 a linear specification versus a
linear-in-logarithms (which was the alternative
hypothesis) was 1nvestigated The test indicated
for beverage sugar and nonbeverage sugar that the
null hypothesis could not be rejected 13 Conse-
quently, the lhinear specification was used 1n the
estimation for both beverage sugar and non-
beverage sugar

A second factor considered concerns whether there
13 an 1dentifiable substitution of other types of
sweeteners for sugar To investigate this, a test for
directional causality was used !4

To determine whether changes in the composite
price of other types of sweeteners impacted the
gquantity of beverage sugar and nonbeverage sugar
demanded, current period consumption of beverage
sugar (nonbeverage sugar) was regressed on eight
lagged values of beverage sugar (nonbeverage
sugar) consumptien {(corresponding to consumption
in s1x previous periods) This gave the restricted
estimates used i1n performing the causality test
Subsequently, current period consumption of bev-

"Longer lags were also considered but they proved to be
statistically insignificant Also, lags on the various explanatory
vanables of up to four periods were considered In no instance
was a distributed lag of any of the explanatory variables
indicated

12The computed J-test statistic for a linear-in-logarithms
specification was 4 34 while for a linear specification 1t was
523 for the beverage sugar demand equation Corresponding
values for the nonbeverage sugar demand equation were 4 33
and 5 41, respectively The cnitical chi-square value at the 5
percent level 158 3 84

13The computed J-test statistic for the beverage sugar
equation was 246 and the computed J-test statistic for the
nonbeverage sugar equation was 3 08 The critical chi-square
value at the 5 percent level 15 3 84

14A general discussion of the technique 15 contained in Un
and Boyd (1990)



erage sugar (nonheverage sugar) was regressed on
eight lagged values of beverage sugar (nonbeverage
sugar) consumption (corresponding to consumption
10 s1x previous periods) and six lagged values of
the price of the substitute sweeteners This gave
the unrestricted estimates The relevant partial
F-statistics were then computed For the beverage
sugar equation, the computed value was 7 33 while
for the nonbeverage sugar equation the computed
value was 6 81 The critical value at the 5 percent
level 15 F(6, 26) = 247 Hence, 1t 1s possible to
identify from the data being used 1n the estimation
the substitution of other sweeteners for beverage
sugar and nonbeverage sugar (separately) Thus,
for example, thete 1s an indication that in response
to changing relative sugar and other sweetener
prices (however shght that change might have
been) that beverage sugar (nonbeverage sugar) was
substituted for one of the other sweeteners when
the relative price change favored sugar over the
other sweeteners

The demand equations for beverage sugar and
nonbeverage sugar were fit to the time series data
previously discussed Ordinary least squares was
used with coriection for first order serial correla-
tion (which was present {not surprisingly since
time series data were used) for both equations)
using the approach of Beach and MacKinnon
(1978) 1516 Ap instrumental variable was used for
the lagged dependent varnable (Bowden and Turk-
ington {1984)) The instrument was defined to be a
linear function of the average price of sugar, the
average composite price of the substitute sweet-
eners for sugar, and the proxy variable for
economic activity (soft drink sales for beverage
sugar and disposable personal income for non-
beverage sugar) all in the current period Lagged
values of these vanables did not enhance the fit of
the relationship

The 1mitial estimation results were very poor
There were few statistically significant coefficient
estimates and the coefficient of determination was
below 050 for both the beverage sugar and the
nonbeverage sugar demand equations One of the
reasons for this lack of acceptable results is that
the demand for beverage sugar and the demand for
nonbeverage sugar destabilized over the sample
period This destabilization coincided with the
introduction of high fructose corn syrup (HFCS) as

16There was no 1ndicatten that higher orders of seral
correlation were present based on an analysis of the residuals

16Geemingly unrelated regression estimates {see Judge and
others, 1985) were also obtained but there was no dentifiable
gain 1n estimate efficiency

a new and relatively high intensity sweetener
during the period of study 17

Estimation Results

The developments in the HFCS industry over the
past 20 years or so coupled with the price
advantage of HFCS over the domestic price of
sugar!® lead to HFCS having a destabilizing effect
on the demand for beverage sugar as well as
nonbeverage sugar in the Umted States!? Un
(1993) has shown that both the demand for
beverage sugar and the demand for nonbeverage
sugar destabilized around 1978 This corresponds
to the period just after which HFCS-55 was
introduced and when HFCS (both HFCS-42 and
HFCS-55) was making large imtial 1nroads into
the sweetener market as a substitute for sugar
(Vuilleumier, 1981, 1989) The demand for bev-
erage sugar destabilized agamn in 1985 This
corresponds to the first full year in which both the
Coca-Cola Company and PepsiCo permitted 100
percent substitution of HFCS for sugar in their
respective soft drink brands (Vuilleurmer, 1989)

To account for the instability in the underlying
demand relationships and 1ts 1mpact on the
parameter estimates, a combination of dummy
variables and the various explanatory variables
was ntroduced 1nto the specification for both the
demand for beverage sugar and the demand for
nonbeverage sugar Preliminary analyses were
undertaken to determine which of the vanables to
retain 1n the final specification Those varables
included are indicated n table 1

The 1esults of the stability test show that the
impact of some variables on the gquantity of
beverage sugar and nonbeverage sugar changed

17The substitution of HFCS for sugar in soft drinks wes a
major factor 1n the development of the HFCS industry
HFCS-42 began to be substituted for sugar in 1974 by Coca
Cola 1n response to the increase in sugar prices Other soft
drink manufacturers soon followed suit In 1978 Coca-Cola as
well as the rest of the soft drink industry began shifting to
HFCS-55 By November 1984, full replacement of refined sugar
by HFCS-55 was approved by both Coca-Cola and Peps1-Cola 1n
their flagship brands (Butler, 1981, Vuilleurnier, 1981, 1989)

The overall trend has seen sugar fall from accounting for
slightly more than 67 percent of all calonc sweeteners
consumed per capita m 1980 to around 46 percent in 1992
while HFCS has increased from accounting for less than 15
percent of total per capita caloric sweeteners consumption in
1980 to more than 35 percent in 1992 (Economic Research
Service, March 1993) Moreaver, 1n excess of 75 percent of
HFCS sales 1n 1992 were associated with soft drinks while they
were responsible for just 47 percent 1n 1980

18Using the domestic price of sugar as the base, HFCS 15
priced at a discount te this price (Morns, 1980, Nordlund, 1977,
and Vuilleurmer, 1989)

19Gtability 18 defined here 1n the statistical sense of the
estimated coefficients on the explanatory variables remaining
constant over time
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Table 1—Beverage sugar and nonbeverage sugar demand equation estimates (standard errors of the

estimates in parentheses)}

1 Beverage sugar demand

Qu = 27968 + 07987 Qg q 00521 P,
(0 6691) (0 0617) (0 0152)
+ 00347 P,, + 63588 ECON, + 220201 D78,
(0 0167) (0 9544) (3 4365}
- 333881 D85, - 53371 ECONpp + 68224 ECON 4,
(3 5903) (0 BO79) {(07114)
R? = 09976
Durbin h = (9786
SE = (3594
2 Nonbeverage sugar demand
Q. = 78257 + 08555 Q. 00882 P,
{2 5576) (0 0864) (0 0283)
+ 00514 P,, + 00145 ECON, - 31757 D78,
(0 0077) (0 0004) (0 8182)
+ 00025 Q7
(0 0010}
R2 = 09894
Durbin h = 10311
SE = 08402

Where @y, 15 the per capita quantity of beverage sugar demanded 1n period t, Q,, 18 the per capita quantity of nonbeverage sugar

demanded in period t P,y 18 the average price of beverage sugar

in peniod t, P,,,, 15 the average price of nonbeverage sugar in

period t P, 1s the price of the sweetener substitute for sugar, ECON, in the beverage sugar demand equation 1s soft drink sales 1n
period t and 1n the nonbeverage sugar demand eguation it 15 disposable personal income, D78, 15 a qualitative vanable equal to zero

prior to 1978 and equal to 1 for 1978 and after, D85, 1s a qualitative

variable equal to zero prior to 1985 and equal to 1 for 1985 and

after, ECON, 4, 15 equal to zero prior to 1978 and 18 equal to soft drink sales 1n period t for 1978 and later, ECON g, 18 equal to zero
prior to 1985 and 15 equal to soft drink sales 1n period.t for 1985 and after, and Q, g4, 15 equal to zero prior to-1978 and equal the
quantity of nonbeverage sugar demanded in the previous period for 1978 through 1991 R21s the coeflicient of determination Durbin
h 1s the Durbin h statistic used 1n testing for the presence of first order serial correlation, and S E 1s the standard error of the

regression

over the period 1960 through 1992 The effects of
other wvariables, however, remamned constant
throughout the period This does not mean that
they had no affect on the quantity demanded, but
that the magmtude of the effect did not vary over
the sample period

Finally, the structural instabibity in the demand
for beverage sugar and the demand for non-
beverage sugar did not lead to erroneous results as
far as the tests of the functional specification are
concerned The Dawvidson-MacKinnon statistical
tests addressing both the selection of the adjust-
ment specification and the linear speeaification
were performed using the revised models taking
into account the structural instability in both the
beverage sugar demand and the nonbeverage
sugar demand equations In both instances, the
previous test results were not changed

The actual estimates of the beverage sugar and
nonbeverage sugar demand equations that give
rise to the structurally stable relationships are

22

reported 1n table. 1 The values 1n parentheses
below the coefficient estimates are the standard
errors of the estimates The signs on the estimated
coefficients are consistent with a prior: expecta-
tions Thus, for example, the demand for beverage
sugar 1s 1nversely related to the price of sugar and
directly related to the quantity of sugar demanded
in the previous perwd, the price of sugar sub-
stitutes, and soft drink sales The demand for
nonbeverage sugar, on the other hand, 1s 1nversely
related to the price of sugar and directly related to
the price of sugar substitutes and disposable
petsonal income

With regard to the stability 1ssue, the demand for
beverage sugar destabilized 1n two ways First, 1in
both 1978 and 1985, the demand curve shifted as
indicated by statistically significant {at the 5
percent level) coefficient estimates on the terms
D78 and D85 Second, after 1978, the demand for
beverage sugar became much less responsive to
soft drink sales In fact, the demand for beverage
sugar 15 unresponsive to changes in soft drink




sales 20 This responsiveness, however, increased to
approximately 1ts origmmal level subsequent to
1985 Nonbeverage sugar demand also destabilized
in two ways Fnst, in 1978, the demand curve
shifted as indicated by the statistically sigmficant
(at the 5 percent level) coefficient estimate on the
term D78 Second, the habit formation process
changed such that consumers subsequently ad-
justed their consumption of sugar relatively more
rapidly to changes in the price of sugar, the price
of sugar substitutes and dispesable personal 1n-
come than they did prior to 1978, although this
change was fairly modest

Beyond these descriptive results, 1s there anything
more definmitive that can be concluded? Knowledge
of the quantitative magmtudes of the responsive-
ness of consumers to changes n the varous
explanatory factors will help in answering this
question These magmtudes will be presented here
as long-run elasticities and will be based on the
estimated coefficients and the average values of
both the dependent vamnable and the explanatory
variables Assuming the adjustment process given
m relationship 2, the long run elasticity of a
specific variable will equal (1/(1-a)) times the short
run elasticity The short run elastiaity can be
computed as the estimated coefficient on the
variable under consideration times the average
value of that variable divided by the average
{computed based on a time period coincident with
that of the variable of interest) of the quantity of
beverage sugar (nonbeverage sugar) demanded

Table 2 presents selected long-run elasticities for
beverage sugar and nonbeverage sugar Standard
errors of these elasticity estimates are given 1n
parentheses They are computed following the
suggestion of Horowitz (1981) The results are
interesting from several points of view First, the
introduction of HFCS resulted 1in the demand for
both beverage sugar and nonbeverage sugar be-
coming more price responsive (that 1s, the absolute
value of the own price elasticity increased) 2! In
both 1nstances, the price responsiveness more than
doubled between the first period (1960 through
1977) and the third period (1985 through 1992) In
the case of beverage sugar, the cross price

20That 1s, when the coeflicient estimates on the two soft
drink sales variables ECON, and ECON,, are considered in
conjunction with their standard errors 1t 15 not possible to
reject the null hypothesis that their sum 1s zero There 1s @
priort no reason to expect this

21Note that some of the variabihity 1n these elasticities 19 an
artifact of the way in which they were computed They are
based on anthmetic averages of the respective variables over
different time periods However, the average values together
with the reported ‘standard errors and knowledge of the sample
sizes will permit the reader to check that in lact the elasticities
did {or dad not) change 1n the manner suggested

Table 2—Long run elasticities (standard errors of
the estimates in parentheses)

Own Cross
price price Othert®

Perod‘V elasticity elasticity elasticity

I Beverage sugar

(a) Period 1 047 021 0 86
(0 20) (009 (0 32)

{b) Period 2 -0 86 027 021
(0 35) (011) (007)

{c) Period 3 -102 096 097
(0 41) (0 34) (0 39)

II Nonbeverage
sugar

(a) Period 1 -019 007 017
{0 07) (0 03) (0 07)

(b} Period 2 -0 49 010 021
(019) (0 04} (0 09)

(c) Peniod 3 -0 50 012 023
{019) (0 05) (011)

(1) Period 1 corresponds to 1960 through 1977, Period 2
corresponds to 1978 through 1984, and Period 3 corresponds to
1984 through 1991

(2) For beverage sugar, the other elasticity 1s for soft drink
sales while for nonbeverage sugar, the other elasticity 1s for
disposable personal income

elasticity 1ncreased nearly fourfold between the
first and third periods For nonbeverage sugar, on
the other hand, the cross price elasticity remains
relatively small, though statistically sigmificant at
the 5 percent level This 18 consistent with the
argument that other sweeteners, for a varety of
reasons, are hot good substitutes for sucrose The
responsiveness of beverage sugar demand to soft
drink sales 1s relatively large as would be expected
with the relevant elasticity approaching one for
both the first and third periods During the second
period (1978 through 1984), the soft drink sales
elasticity decreases to zero partially 1n response to
the introduction of HFCS-5522 By 1985, the
adjustments to this new sugar substitute seem to
have run their course with the soft drink sales
elasticity returning approximately to the level 1t
was at during the 1960-1977 period The income
elasticity for nonbeverage sugar 1s relatively small
and a test of the null hypothesis that the income
elasticity 1s constant across all three periods 1s
accepted Thus, there 15 a small but positive effect
of changes 1n disposable income on nonbeverage
sugar demand and this effect has remained
roughly constant for the past three decades

22]t 15 not clear how reliable this elasticity estimate 15 since
there was a relatively modest change in soft drink sales over
this period but a substantial market penetration by HFCS-55
This would tend to obfuscate the impact of changes in soft
drnink sales on the demand for beverage sugar
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Next, it 1s useful to compare the results reported
here with the estimates of others for the United
States TFirst, note that few other studies have
endeavored to disaggregate sugar demand 1into 1ts
beverage and nonbeverage components Given the
decline 1n beverage sugar consumption, especially
in response to the introduction of HFCS, 1t 1s
important to disaggregate Secondly, no previcus
studies have focused on the structural stability
1ssue As can been seen from the foregoing
analysis, this 1s an oversight that has significant
ramifications with regard to estimating the re-
sponse of both beverage and nonbeverage sugar
demand to changes 1n the price of sugar, the price
of sugar substitutes, soft drink sales, and dispos-
able personal income

One of the earliest studies of the demand for sugar
was by Hayenga (1967) Using time series data
covering 1949 through 1963 together with a hnear
specification, he finds an average price elasticity of
demand for beverage sugar of —-014 and an
average elasticity for baking, canning, confection,
and dairy products of -0 32 No soft drink sales or
disposable personal mcome variables were 1n-
cluded 1n his specifications It 1s interesting to note
that his estimates suggest that beverage sugar
demand 1s less than one half as responsive to price
changes as 1s nonbeverage sugar demand while the
results obtained 1n this study suggest just the
opposite

Lamm (1982) estimates the demand for sugar as
part of a system of dynamic demand functions
Only a short-run price elasticity 1s reported for
total sugar consumption This value 1s estimated to
be -0 06 based on annual data covering 1946 to
1978 This 1s substantially smaller than the value
of the short run elasticities obtained in this study
Given the nature of Lamm’s study, 1t 1s difficult to
determine why the difference 1s so great

Other studies addressing the demand for sugar
typically deal with the 1ssue 1n a secondary role
That 1s, estimation of price and income elasticities
were not the factor motivating the respective
studies but rather are done in support of some
other activity As a consequence of this, there 1s
typically scant discussion of the elements leading
to an adopted demand specification Nevertheless,
1t 15 useful to report some of these estimates for
comparisen purposes Lopez (1989) estimates a
long-run price elasticity of -0 59 for all sugar and
an mcome elasticity of 0 49 based on data covering
1955-1985 Lopez and Sepulveda (1985) estimate
an own price elasticity of -0 15 while King and
George (1971) estimate an own price elasticity of
—0 24 Fially, Leu and others (1987), using annual
data covering 1961 through 1983, estimate a long-
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run elasticity of -0 32 This specification 1s unique
among sugar demand studies in that 1t includes as
explanatory variables 1n a Iinear specification not
only the price of sugar in the current period but
also the price in the previous period A test of the
specification used in the current study, as noted
previously, does not support such a distributed
lag 23

Measurement Error
Overview

There 15 one lingering problem that was alluded to
previously The coefficient estimates reported here
are based on the assumptions that the model used
has been properly specified, that an appropniate
estimation technique has been empleyed, and that
the data used are accurate Is there reason to
believe that one or more of these assumptions 1s
invahd? With regard to the specification issue,
considerable effort through a variety of statistical
tests was expended to minimize the likelihood that
the model was musspeafied Concerming the
estimation techmique, both ordinary least squares
and the seemingly unrelated regression technique
were used 1n preliminary analyses and the esti-
mates obtained are consistent with one another
The accuracy of the data 1s another 1ssue In
particular, measurement of the price of substitute
sweeteners for sugar 1s problematic Recall how
this vamable was measured The composite price of
substitute sweeteners for sugar was computed as a
welghted average of the prices of glucose corn
syrup, dextrose, and high fructose corn syrup (both
42 percent and 55 percent) There are several
problems with this measuie First, some compo-
nents of this price series are discontinuous
Namely, HFCS did not exist prior to 1969 whereas

230ne final empirical test was performed This involved
testing for data outhers using the regression diagnostic
techniques of Belsiey, Kuh, and Welsch These diagnostic
techniques look at whether the coefficient estimates are
mnordinately influenced by a subset of the data This is relevant
since there are a few time periods where substantial changes
occur 1n the data For example, a look at Figure 1 shows that
the quantity of both beverage sugar and nonbeverage sugar
demanded fell precipitously in 1975 This fall was the result of
a jump 1n the price of granulated sugar from 15 cents per
pound at the beginning of 1974 to 72 cents per pound at the
beginming of 1975 This price increase generated by a number
of factors including the increased cost of producing refined
sugar, difficulties 1n processing and transporting sugar associ-
ated with the 1973-1974 energy crisis, world wide inilation
currency devaluation, and uncertainties about United States
sugar policy A fairly complete discussion of this 1s contained 1n
Confectionery Production (May 1975) and Bohall and others
€1977) In the context of the current discussion then did the
year 1975 have a disproportionate impact on the reported
(price) coelfictent estimates? There are no observations for
either of the equations that are judged to be beyond the cutoff
points



the data series extends back to 1960 This means
that for the series on the composite price of the
substitute sweeteners for sugar, its underlying
structure changes 1n 1970 because four price seres
rather than two contribute to 1ts makeup Second,
inclusion of the price of glucose corn syrup and
dextrose as components of the series might be
questioned because they are not good substitutes
for sugar in many uses and the relative importance
of the uses 1n these instances changed over time
Finally, for the reasons previously indicated, no
provision 1s made in the composite price of the
substitute sweeteners measure for noncaloric
sweeteners and they are a substitute for sugar 1n
some uses (Moore and Buzzanell, 1991)

Based on these considerations, while the prce
variable used to reflect any substitution effects of
other sweeteners for sugar 15 the best that could be
constructed, 1t 18 still a relatively poor measure to
rely upon because of the measurement error it
contains Assuming this measurement error 18
random,24 1t w1ll impact the estimated value of the
coefficclent on the substitute sweeteners price
variable as well affect the coefficient estimates on
all of the other explanatory variables To under-
stand this, a brief digression s 1n order Theoret1-
cal Considerations

The classical regression model 15 defined as
yt=zl Bl x1t+th+et (6)

for1=1,2, ,k,t=1,2, ,nand wherey,1sthe
dependent variable with zero mean and constant
variance contaiming no measurement error, the x,,
are 1ndependent variables with zero means and
constant variances and they are observed with no
measurement error, and z, 13 a true variable that
should properly be 1ncluded 1In an empincal
relationship but for which accurate observations
are not available It is further assumed that e,, the
random error term, has a zero mean and a
constant variance and is uncorrelated with y, and
X, Finally, 1t 18 assumed that e, has a constant
variance, o,

Random measurement error for an independent
varable exists when observations are not available
for z, but they are available for Z, where the
relationship between z, and Z, 1s given by

Z, =z, + 4, N

24There 15 no reason to assume otherwise That 1s, there 1s no
basis for assuming that there 13 some systematic error 1n the
variable as it 1s measured

where u, has a zero mean and 1t 1s uncorrelated
with e, y, and x,, Moreover, 1t 18 assumed that u,
has a constant varance, o,

There are two diagnostics that are useful 1n
evaluating the effects of random measurement
error on the estimates These are the regression
coefficient bounds and the bias correction factor
Regression coefficient bounds prove to be useful
because they indicate the impact on the estimated
regression coefficients of not only the randem
component i1n y, but the random component of the
explanatory vanable that contains the measure-
ment error as well The bias correction factor 1s
useful because it will indicate the extent of the
difference between the true population parameter
and the estimated value of the parameter

Regression coeffictent bounds are computed 1n a
fairly straightforward fashion and this computa-
tion process 1s well known (Fuller, 1987, Herbert,
1988, and 1989, and Maddala, 1988) What one
finds 18 that when random measurement error is
present, the estimated regression coefficient on the
variable possessing the measurement error 1s the
lower bound estimate of the true population
parameter (if the true population parameter 1s
positive) 25 The upper bound estimate (or lower
bound estimate 1f the true population parameter 1s
negative) 1s given by one divided by the coefficient
estimate on the reverse regression The reverse
regresston results when the vanable containing
the measurement error 1s regressed on the depend-
ent variable and the set of other explanatory
variables (that 1s, those not possessing measure-
ment error} The degree of the underestimation of
the true population parameter depends on o, /o,
Also, the better the data fit the estimated
relationship, the closer are the bounds

Following Herbert and Dinh (1989), the expression
for lnas, BIAS, 18 given as

Y (zn)-l Ozx
BIAS = (8
1+0Q

where x = (x;, Xx,, , X)), @ = (0,, (1 - (pz )W ay,)
and py, 15 the multiple correlation coefficient
between the true Z and the other correctly
measured (that 1s, possessing no measurement
error) explanatory variables

The variance-covariance matrix of the x, and Z, 1s
written as

261t represents the upper bound if the true population
parameter 18 negative
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z\(x T7x
Yoz = 9

(Ozx)s Uzz
It 15 assumed that o5, 15 not equal to zero

Given these diagnostics, in what follows both the
regression coefficient bounds and the bias correc-
tion factor will be computed for the previously
estimated demand relationships for beverage sugar
and nonbeverage sugar

Regression Coefficient Bounds

Consider first the regression coefficient bounds
question Since the population parameter 1s {the-
oretically) positive, the values reported 1n table 1
for beverage and nonbeverage sugar represent the
lower bound estimates of the impact of a change 1n
the price of the substitute sweeteners for sugar
The upper bounds are computed from the reverse
regression The reverse regression estimation re-
sults are presented m table 3 (with the standard
errors of the estimates 1n parentheses and all of
the variables as previously defined) Note that the
results of the stability test performed on the
reverse regressions did not indicate that there was
any structural shift in the relationships estimated
Consequently, unhke the situation when the
quantity of beverage sugar and nonbeverage sugar
were the dependent variable, no additional vari-
ables had to be introduced to account for vanation
in the ceefficients on the explanatory variables at
different time periods

From these results, for beverage sugar the lower
bound estimate 1s computed as 118 while for
nonbeverage sugar 1t 1s compuied as 1 12 Hence,
the coefficient bounds for the population parameter
C,, for beverage sugar are given as 003 < C; <
1 18 while for nonbeverage sugar they are given as
005 < C, <112

One procedure recommended for obtaining a single
estimate to use mm assessing the impact of the
varniable possessing measurement error on the
dependent variable 1s to compute the geometric
average For the current problem, the geometric
average for beverage sugar 15 019 and for
nonbeverage sugar, 1t 15 024 (Frisch, 1934,
Samuelson, 1942)

These results suggest that, due to the presence of
random measuilement error, there 1s considerable
uncertainty associated with consumers’ response to
changes 1n the price of substitute sweeteners for
sugar 1n the short run Thus, using the mean
values of the prices and quantities over the period
1985 to 1992, a 1 percent increase (decrease) 1n the
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Table 3—Beverage sugar and nonbeverage sugar
demand reverse regression equation estimates
(standard errors of the estimates 1n parentheses)

1 Beverage sugar demand
P, = 29523 + 02081 Q,,, + 02630 P,

(3 5318) (D 1903) (0 1109)
+ 05623 Q,, + 00045 ECON,
{0 2451) {0 0013)
R2 = 09010
Durbin h = 09623
SE = 07317

2 Nonbeverage sugar demand
P, = 28603 + 02310 Q,,,, + 02618 P,

(12 330) (0 1982) (0 1275)
+ 05311 Q,, + 00054 ECON,
(0 3102) (0 0059)
Rz = (9343
Durbin h = 10520
SE = (0899

Where Q,, 16 the per capita quantity of beverage sugar demand
in period t, Q,, 18 the per capita quantity of nonbeverage sugar
demanded in peried t, P,y,, 13 the average price of beverage
sugar 1n period t, P_.,, 15 the average price of nonbeverage
sugar in period t, P, 18 the price of the sweetener substitute lor
sugar, ECON, 1n the beverage sugar demand equation 15 soft
drink sales in period t and in the nonbeverage sugar demand
equation 1t 1s dispesable personal income, D78, 15 a gqualitative
vanable equal to zero prior to 1978 and equal to 1 for 1978 and
after, D85, 18 a qualitative variable equal to zerc prior to 1985
and equal to 1 for 1985 and after, ECON,,4, 15 equal to zero
prior to 1978 and 1s equal to soft drink sales 1n period t for
1978 and later, ECONgg,, 19 equal to zero prior to 1985 and 15
equal to soft drink sales in period t for 1985 and after and
Qn7ai-1) 15 equal to zero prior to 1978 and equal the quantity of
nonbeverage sugar demanded 1n the previous period for 1978
through 1992 R21s the coefficient of determination, Durbin h
15 the Durbin h statistic used in testing for the presence of first
order senal correlation, and S E 1s the standard error of the
regression

aggregate price of substitute sweeteners for sugar
will result in between a 019 and 092 percent
Increase (decrease) 1n the quantity of beverage
sugar demanded with a geometric average of 0 41
and between a 002 and 077 percent Increase
(decrease) in the quantity of nonbeverage sugar
demanded with a geometric average of 0 12 These
are wide ranges and make nferences about
consumers’ behavior 1n the face of changes in the
price of the substitute sweeteners for sugar very
tenuous The regression coefficient bounds for the
long run price elasticities are comparably large
For beverage sugar based on data covering
1985-1992, a 1 percent increase (decrease) 1n the
price of substitute sweeteners for sugar will result
n between a 093 and 449 percent increase
(decrease) 1in the quantity of beverage sugar
demanded with a geometric average of 2 04 and
between a 013 and 502 percent increase (de-
crease) 1n the quantity of nonbeverage sugar
demanded with a geometric average of 0 81




Bias Correction Factor

What does the bias correction factor indicate? To
expedite the discussion, details for just one of the
explanatory vanables, the pnce of sugar, P,,, will
be provided while results for soft drink sales (for
beverage sugar) and disposable personal 1ncome
(for nonbeverage sugar) will simply be 1ndicated
Consider the bias associated with the coefficient
estimate on the price of sugar From the data used
in the estimation of relationship 5 and from the
estimation results, the followang calculated values
for the period 1985 through 1992 were obtained

Beverage Sugar Demand

(E) ! Oz = 05135, 0y, = 28 6761, oy, = 38 8260,
(sz)z = 05409

Nonbeverage Sugar Demand

(0! 0z, = 06021, 07 = 28 6761,
o4, = 19 8560, (pz, )2 = 0 5409

The sole remaining value to be determined 1s o,
Fuller (1987), for the situation when random
measurement error 1s present, gives the expression
for o, as,

Tyu = Tzz — (UZy)2 (Uyy - Gee)-l (10)

where o, 15 the variance of the dependent variable
and the other terms are as previously defined

A maximum value for o, 18 obtained by setting
0ee = 0 This assumption will be employed here
With this expression (that is, equation 10), the
final pieces of information needed to compute the
bias are o,, and oz, In the current examples, for
beverage sugar, o,, = 152827 and oz, = 11 2862
and for nonbeverage sugar, o,, = 19 6272 and o4,
= 14 2714 Using relationship 10 and the computed
values of the variances and covariances, the
computed value for beverage sugar of o,, =
20 3413 and for nonbeverage sugar, 1t equals
18 2990

Given these values, the bias associated with the
coefficient estimate on the price of sugar 1s 0 0107
for beverage sugar and 00103 for nonbeverage
sugar For beverage sugar, this 18 equal to about
209 percent of the estimated coefficient for the
price of sugar variable and indicates the extent of
the over-estimation of the response of the quantity
of beverage sugar demanded to a change 1n the
price of sugar 26 For nonbeverage sugar, the over-

26Given the way the elasticity 15 computed in table 2, this 1s
the magnitude of the overestimation of the beverage sugar
price elasticity estimate as well This also heolds for non-
beverage sugar

estimation 1s approximately 116 percent Thus,
the measurement error associated with the sugar
sweetener substitutes price variable yields an
estimate of the response of varation 1n the
quantity demanded of beverage and nonbeverage
sugar demanded to changes in the price of sugar
that 1s too large

Analogous computations can be performed for the
soft drink sales variable (for beverage sugar) and
disposable personal 1ncome variable {(for non-
beverage sugar) Omitting the computation details,
the bias 1 the coefficient on the soft drink sales
variable 1s 1 6708 or 21 3 percent of the estimate
while the bias 1n the coefficient estimate on the
disposable personal income variable 18 0024 or
16 8 percent Thus, 1n both instances measurement
error 1n the substitute sweeteners price vamable
results 1n an over-estimation of the response of the
quantity of sugar demanded to changes in soft
drink sales and disposable personal income

Conclusion

This paper began by discussing some of the
problems frequently encountered in obtaining esti-
mates of the elasticity of demand To these
problems was added that associated with 1nac-
curacy 1n the measurement of one of the independ-
ent variables that impact the quantity demanded
Two diagnostics—the regression coefficient bounds
and the bias correction factor—were 1ntroduced to
assesg the affect that such measurement error
has on the estimated coefficients of demand
relationships

In considering the demand for beverage sugar and
nonbeverage sugar 1 the Umted States, the price
data for the substitute sweeteners for sugar
contains measurement error The regression coeffi-
cient bounds diagnostic was used to indicate a
range in which the true price responsiveness of
consumers to changes n the price of sugar
substitutes hes The resuits suggest that each 1
percent increase (decrease} in the price of sugar
substitutes will result i between a 019 and 0 92
percent increase (decrease) 1n the quantity of
beverage sugar demanded and between a 0 02 and
0 77 percent increase (decrease) in the quantity of
nonbeverage sugar demanded 1n the short run In
the long run, each 1 percent increase (decrease) in
the price of sugar substitutes will result 1n
between a 093 and 4 49 percent increase (de-
crease) 1n the quantity of beverage sugar de-
manded and between a 013 and 502 percent
increase (decrease) 1n the quantity of nonbeverage
sugar demanded The bias correction factor was
computed to evaluate the magnitude of the over-
estimation of the responsiveness of the quantity of
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beverage sugar and nonbeverage sugar demanded
to a change 1n the price of sugar For beverage
sugar, the over-estimation associated with the
price of sugar vaniable was 20 9 percent while for
nonbeverage sugar 1t was 116 percent With
regard to soft drink sales, the bias in the
coefficient was 21 3 percent of the estimate while
the bias in the coefficient estimate on the dispos-
able personal income variable was 16 8 percent

These results suggest that, in the presence of
measurement error in the data for the price of the
sweetener substitute, any conclusions or policy
recommendations based on the estimated sugar
demand relationships must be qualified Consider
the following Policy analyses using estimates of
the demand for sugar must be cognizant of the fact
that the period being studied must use the
appropriate elasticity estimate Thus, for example,
the US General Accounting Office (GAO) esti-
mates that the sugar program administered by the
USDA costs US consumers approximately $1 4
bilhon annually A critical assumption in this
analysis 18 a sugar price elasticity of -0 05 and 1s
based on the historical period covering 1970-1987
This value 1s used 1n conjunction with a varnety of
supply elasticities ranging between 01 and 20 to
get the reported result From the results of the
analysis 1n this paper, the appropriate price
elasticity would be based on the period 1984-1992
which indicates a larger price responsiveness on
the part of sugar consumers The estimated annual
impact of the sugar program would be less
Additionally, the uncertainty in the estimated
price responsiveness of consumers associated with
the measurement error 1n the price data for the
substitute sweeteners for sugar must be reflected
in the analysis

An alternative use of demand elasticities 1s for
forecasting purposes For example, under the sugar
program as configured in the Food, Agriculture,
Conservation, and Trade Act of 1990 (PL
101-624), provision 1s made for standby domestic
marketing allotments USDA annually estimates
the domestic production and quantity demanded
for sugar and the supply quantity needed to keep
domestic prices at a level that prevents producers
from forfeiting sugar USDA, in consultation with
the Sugar Working Group, then determines the
quantity of sugar to import The Sugar Working
Group 1s composed of representatives of various
government agencies possessing an tnterest in the
sugar program The 1990 law requires that the
quota be at least 1 25 billhon short tons to ensure
that sugar cane refiners continue to have access to
foreign raw sugar The quota also enables the
federal government to meet foreign policy objec-
tives The US Trade Representative allocates the
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quota to individual countries who can then export
their quota to the Umted States

If the import quota 1s met and 1f the price of sugar
falls below the forfeiture level, domestic marketing
allotments are to be used to support prices These
allotments restrict the quantity of domestically
produced sugar and crystallized high fructose coin
syrup that each manufacturer can sell To admims-
ter marketing allotments, marketing rights based
on historical production, ability to market sugar,
and production capacity of sugar cane millers and
sugal beet processors would be used Of cnitical
importance in predicting the impact of marketing
allotments 15 knowledge of the sugar price
elasticity and the cross price elasticity of sub-
stitute sweeteners Recogmition of what these
elasticities are, the uncertainty of their measure-
ment, and how they have changed over the
historical period must be factored into the assess-
ment of the effect of marketing allotments For
example, an assumed elasticity that 1s too small
will yield marketing allotments that aie too large,
thereby reducing the net farm income of domestic
sugar producers
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