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An Analysis of the Impact of
Energy Price Escalations during

the 1970s on Hawaii Beef
Production and Prices

Roland K. Roberts, Gary R. Vieth and
James C. Nolan, Jr.

A quarterly econometric model of the Hawaii beef production sector is estimated. Energy
prices influence the model through Hawaii beef and feed prices which are a function of
Mainland-to-Hawaii freight rates. Energy prices also influence the decision of whether to al-
locate feeder animals to feedlots or pasture. Through simulation, it was found that rapidly
increasing energy prices after 1973 resulted in a 22 percent reduction in total Hawaii beef
production. The composition of production also changed toward more grain fed and less grass
fed beef. Given these results, other state and national beef modelers might find it useful to
include energy prices in their models.

In this paper, a quarterly econometric
model of beef production is used to study
the impacts of rapidly increasing energy
prices. The model is specific to Hawaii,
but it includes some unique features and
provides results that suggest important na-
tional and state implications. Unlike most
econometric models of livestock subsec-
tors (Arzac and Wilkinson; Baum, Saf-
yurtlu and Purcell; Crom; Folwell and
Shapouri; Freebairn and Rausser; Nelson
and Spreen; Reutlinger), the Hawaii mod-
el includes the price of energy as a major
determinant of beef production and prices.
Energy prices influence beef production

Roland K. Roberts and Gary R. Vieth are Assistant
Professors in the Department of Agricultural and Re-
source Economics and James C. Nolan, Jr. is a Beef
Extension Specialist in the Department of Animal
Sciences at the University of Hawaii at Manoa.

This research was supported by Western Regional
Research Project W-145 and approved by the Ha-
waii Institute of Tropical Agriculture and Human
Resources as Journal Series Number 2786. The au-
thors are grateful to Peter Garrod of the University
of Hawaii and Lloyd Garrett of the Hawaii Agricul-
tural Reporting Service for their contributions in the
early stages of this research.

through the impact of freight rates on beef
and feed prices. The Hawaii model uses
state rather than national beef and feed
prices to determine production. By in-
cluding local rather than national prices
in state or regional models, error from
freight rate changes might be reduced,
policy implications broadened, and addi-
tional energy price impacts captured. En-
ergy prices also influence the model
through their impact on cattle inventories
and the decision of feeder cattle allocation
to grain or grass finishing. Lasley suggests
that fuel and energy costs are potentially
important in farm production decisions.
Yanagida and Conway (1980, 1981) rec-
ognize the direct influence of energy prices
on production decisions, but they exclude
the potential impact on the composition
of beef production as energy prices influ-
ence placements on feed. The indirect im-
pacts, which are possibly more impor-
tant,1 are also excluded.

The direct energy price impacts on U.S. agriculture
discussed by Carter and Youde come through price
increases of energy-related farm inputs such as
electricity, fuel, fertilizer, and chemicals. The in-
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Energy Price and Beef Production

Hawaii provides a unique setting for an
impact analysis of energy prices on beef
production. First, as a state it is an integral
part of the United States market area. Beef
is freely imported from the Mainland
without restriction, and foreign beef ex-
porters tend to view Honolulu as they
would any other U.S. port (Schermerhorn
et al.). Consequently, the analysis can be
undertaken within a national context
rather than at an international level. Sec-
ond, Hawaii is located approximately
2,500 miles from the rest of the United
States. This isolation leads to a richness of
data in that freight costs are typically
higher than in other states and more easily
identified. Third, the methods of beef
production in Hawaii are similar to those
for the United States as a whole. The ma-
jority of Hawaii beef is produced in feed-
lots, while some steers and heifers are fin-
ished on grass. Finally, because of these
features, Hawaii can be thought of as an
extreme case. If energy prices are not in-
fluential in various aspects of Hawaii beef
production, then they are less likely to
have an impact on beef production in oth-
er states or regions of the United States.

The objective of this paper is to analyze
the impacts of rapidly increasing energy
prices during the 1974-80 period on Ha-
waii beef production and prices. There are
three hypotheses formulated from the data
presented in Table 1 and Figure 1 which
relate to this objective. Table 1 shows that
total Hawaii beef production increased
sharply between 1953 and 1968, but dem-
onstrated wide fluctuations and no up-
ward trend thereafter. Similarly, the beef
cow herd expanded from 71 thousand
head in 1960 to a peak of 92 thousand
head in 1969. The herd remained fairly
constant until after 1976 when it declined
substantially. Figure 1 shows the changes

direct impacts originate from changes in general
price levels and economic growth rates, induced by
changes in energy prices.
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Figure 1. Hawaii Range Steer and Heifer
Beef Production as a Percentage
of Total Steer and Heifer Beef
Production, 1969-80.

in the composition of beef production in
Hawaii between 1969 and 1980. The trend
toward a smaller percentage of grass fed
relative to total steer and heifer beef pro-
duction was reversed after 1974.2 It is pos-
tulated that rapidly increasing energy
prices after 1973 were a major cause of 1)
the trend reversal shown in Figure 1, 2)
the decrease in cow inventory after 1976,
and 3) the lack of a continued upward
trend in total Hawaii beef production
during the 1970s. The authors recognize
that there may have been other influences
that contributed to changes in the struc-
ture of the Hawaii beef industry after
1973. For instance, higher relative feed
costs and interest rates, and shifts in con-
sumer preferences toward leaner beef
might have influenced the change in the
composition of Hawaii beef production
and accentuated the decline in cow num-
bers.

2 The disaggregation of steer and heifer beef pro-
duction into grain and grass fed categories is based
on actual data collected from slaughterhouse rec-
ords by the Hawaii Agricultural Reporting Service.
Grain fed steers and heifers are defined as animals
fattened on grain or other concentrates which pro-
duce a carcass expected to grade good or better.
Grass fed steers and heifers are defined as animals
fattened primarily on grass and other roughage and
may include some supplementary feeding of grain.

91

Roberts, Vieth and Nolan



Western Journal of Agricultural Economics

TABLE 1. Total Hawaii Beef Production and
January 1 Beef Cow Inventory,
1953-80.

Beef Beef
Beef Cow Beef Cow

Produc- Inven- Produc- Inven-
Year tion tory Year tion tory

(mil. (thou. (mil. (thou.
Ibs.) head) lbs.) head)

1953 14.9 NA 1968 33.6 89
1954 17.9 NA 1969 31.4 92
1955 20.4 NA 1970 32.2 90
1956 21.4 NA 1971 34.0 89
1957 22.8 NA 1972 32.2 89
1958 24.0 NA 1973 31.0 90
1959 24.7 NA 1974 27.5 90
1960 25.0 71 1975 27.0 90
1961 25.7 - 73 1976 32.3 89
1962 24.3 73 1977 32.3 85
1963 26.3 75 1978 33.5 80
1964 26.2 79 1979 29.3 78
1965 26.0 85 1980 28.8 83
1966 29.2 87 1981 28.7 80
1967 31.3 87 1982 NA 80

NA-Not available.
Source: Hawaii Agricultural Reporting Service.

The Econometric Model

The quarterly econometric model of the
Hawaii beef production sector estimated
for this analysis is presented in Table 2
and symbol definitions are given in Table
3. The model considers both energy and
feed costs, data limitations specific to Ha-
waii, and special characteristics of the Ha-
waii beef industry. For example, because
of inadequate data on Mainland imports,
the model excludes equations estimating
consumer demand, and concentrates sole-
ly on Hawaii beef production. This does
not reduce the usefulness of the model in
studying producer response because local
beef and feed prices are exogenously de-
termined by Mainland supply and de-
mand conditions and freight costs. Hawaii
producers respond to these exogenous
prices, allowing energy prices and freight
rates to influence local beef production.

The Hawaii Agricultural Reporting

Service estimates that 1980 beef imports
from the Mainland United States and for-
eign sources (Australia and New Zealand)
accounted for 53 and 16 percent of total
Hawaii market supply, respectively.3

However, imports to Hawaii from the
Mainland were only 0.2 percent of Main-
land production and Hawaii received only
1.3 percent of Australia and New Zealand
beef exports to the entire United States
(Schermerhorn et al.). The difference be-
tween Hawaii's demand for grain fed beef
and local production of grain fed beef can
easily be augmented by imports at the
price for which Mainland beef can be sold
on the Mainland plus freight costs. Simi-
larly, Hawaii's demand for lower quality
beef can be augmented by imports of for-
eign beef at the price in Australia and New
Zealand plus freight costs. Hawaii's insig-
nificance in the U.S. and international
markets leads to the exogenous specifica-
tion of prices in the model.

The United States is the world's leading
producer and importer of beef, absorbing
approximately one-third of the world beef
trade. Evidence suggests that the United
States is a price maker at the international
level (Simpson, p. 1). Consequently, Ha-
waii prices of lower quality beef are dom-
inated by Mainland prices via the Austra-
lia and New Zealand markets. This
eliminates the need for the added com-
plexity of using Australia and New Zea-
land prices to determine Hawaii cow and
grass fed beef prices.

Because both the Mainland and Hawaii
import lower quality beef from Australia
and New Zealand, the process of arbitrage
should lead to approximate equality be-
tween Hawaii and Mainland wholesale
prices. Nevertheless, Mainland-to-Hawaii
freight rates can have a substantial impact

3 Mainland imported beef is of high quality and com-
petes directly with production from Hawaii's feed-
lots. Foreign beef imports are of lower quality and
compete with Hawaii's cow and grass fed steer and
heifer beef.
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TABLE 2. Estimated Equations and Identities of the Hawaii Beef Econometric Model.a

Equation
Number Equation

I. Quarterly Freight Rate and Price Transmission Equations
1 TRANBQ = 2.610 + .002OILPQ + .027TQ,

(.070) (.0004) (.005)
R2 = .9926, AUT, .= .784.

(.094)
2 TRANFQ = 14.385 + i0180ILPQ + .394TQ,

(.612) (.005) (.052)
R2 .9879, AUT, p = .607 .

(.120)
3 TRANFMQ - .25TRANFQ + .5TRANFQ(-1) + .25TRANFQ(-2).
4 HGFBPRQ = -6.831 + .980LAGFBPRQ + 4.548TRANBQ,

(1.477) (.020) (.782)
R

2
= .9964, DW = 1.676, OLS.

5 HNFBPRQ = -4.770 + .362LAGFBPRQ + .262LAGFBPRQ(-1)
(3.584) (.051) (.056)

+ 4.343TRANBQ + 1.573D1Q + 1.518D2Q + .041 D3Q,
(1.965) (.640) (.713) (.601)

R2
= .9882, AUT, /= .516,

(.129)
6 HCPRQ = -14.725 + .227LACPRQ + .412LACPRQ(-1)

(3.577) (.064) (.076)
+ .175LACPRQ(-2) + .131LACPRQ(-3) + 5.120TRANBQ,

(.075) (.070) (1.702)
R2 = .9870, AUT, p = .425.

(.137)
7 CFPQ = .535 + 1.686USCPMQ + .145TRANFMQ,

(.299) (.140) (.012)
R2 = .9747, AUT, p = ,360.

(.144)
8 CFPIQ = CFPQ/10.56.

II. Annual Cattle Inventory and Calf Crop Equations
9 BCI = 8.754 + .114HGFBPR(-1)/CFPI(-1)

(25.386) (.047)
- .0130ILP(-1)/CFPI(- 1) + .784BCI(-1),

(.010) (.242)
R2 = .8561, DH = -. 583, OLS.

10 HI = -10.528 + .449CC(-1) - .623HGFBPR(-1)/CFPI(-1)
(8.500) (.087) (.015)

+ .150OILP(-1)/CFPI(- 1) + .532H1(-1),
(.003) (.094)

R2 = .8278, AUT, / = -. 568.
(.253)

11 OHI = -5.734 + .828(Hi - HHDCR) + .00088HGFBPR(-1)/CFPI(-1)
(3.106) (.070) (.009)

- .O12OLP(-1)/CFPI(- 1),
(.001)
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TABLE 2. Continued.

Equation
Number Equation

R2 = .9660, AUT, = -. 499.
(.261)

= HI- OHI - HHDCR.

= -8.705 + .465CC(-1) - .050HGFBPR(-1)/CFPI(-1)
(10.312) (.122) (.022)

- .00701LP(-1)/CFPI(-1) + .408SI(-1),
(.005) (.151)

R2 = .8810, AUT, = -.318.
(.310)

= -34.757 + .899(BCI + DCI) + .784(HHBCR + HHDCR),
(24.931) (.183) (.375)

R2 = .7275, AUT, = -. 426.
(.273)

III. Quarterly Beef Production Equations

= -4233.5 - 51.732TSOHIQ*D1Q - 57.630TSOHIQ*D2Q
(1762.3) (23.447) (16.149)

- 1.809TSOHIQ*D3Q + 103.50TSOHIQ
(14.233) (22.84)
+ 44.402TSOHIQ(-4)*D1Q + 221.42RSOHIQ*D1Q

(20.727) (507.72)
+ 1489.1RSOHIQ*D2Q + 31.939RSOHIQ*D3Q

(537.33) (484.35)
+ 2104.4RSOHIQ + 37.9HGFBPRQ(-1)/CFPIQ(-1)

(905.65) (11.96)
- 39.359HNFBPRQ(-1)/CFPIQ(-1) - 3.741OILPQ(-1)/CFPIQ(-1)

(16.516) (1.634)
- 18.067(HGFBPRQ(- 1)/CFPIQ(- 1) - HGFBPRQ(-2)/CFPIQ(-2))

(6.237)
+ 8.816(OILPQ(- 1)/CFPIQ(- 1) - OILPQ(-2)/CFPIQ(-2))

(2.549)
+ 972.86DM1Q + 593.36DM2Q - 253.64DM3Q

(207.38) (195.4) (232.25)
- 372.88WQ + 27.93TQ,

(136.11) (17.248)
R2 = .9485, AUT, p = .563.

(.132)

= -532.71 -. 394TSOHIQ*D1Q + 4.233TSOHIQ*D2Q
(365.55) (1.082) (.714)

+ 2.110TSOHIQ*D3Q + 20.552TSOHIQ + 129.16RSOHIQ
(1.037) (4.892) (108.25)

- .087GFBPQ(-3) - 9.419HGFBPRQ(-3)/CFPIQ(-3)
(.025) (2.438)

+ 12.987HNFBPRQ(-3)/CFPIQ(-3) + .32301LPQ(-3)/CFPIQ(-3)
(3.714) (.271)

-50.484WQ(-3) + 341.78DM3Q + .657NFBPQ(-1),
(29.732) (66.416) (.073)

R2 = .9181, AUT, = -. 424.
(.144)

12

13

HHBCR

SI

14 CC

15 GFBPQ

16 NFBPQ
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TABLE 2. Continued.

Equation
Number
Number Equation

= GFBPQ + NFBPQ.

= 3317.0 - .769CIQ*D1Q + .934CIQ*D2Q
(849.38) (.406) (.435)
+ .411CIQ*D3Q- 17.041CIQ

(.371) (8.046)
+ 10.385(HCPRQ/CFPIQ - HCPRQ(-1)/CFPIQ(-1))

(3.642)
- 5.067(HGFBPRQ/CFPIQ - HGFBPRQ(-1)/CFPIQ(-1))

(2.004)
- 8.306TQ + 104.48WQ,

(2.732) (42.360)
R2 = .6757, AUT, p = .361 .

(.141)
= 36.171 + .046CBPQ + 44.798D1Q

(64.666) (.038) (15.848)
+ 20.981D2Q + 31.276D3Q + .459BBPQ(-1),

(15.920) (15.296) (.142)
R2 = .3190, DH = -. 851, OLS.

= TSHBPQ + CBPQ + BBPQ.

IV. Period Transition Identities
4

= .25 ~ CFPIQ(t).
t=i

4

22 HGFBPR(L) = .25 ~ HGFBPRQ(t).
t=l

23 OILP(L)
4

= .25 ~ OILPQ(t).
t=l

24 CIQ(t = 1-4) = BCI(L) + DCI(L).

25 TSOHIQ(t = 1-4) = SI(L) + OHI(L).

26 RSOHIQ(t = 1-4) = SI(L)/OHI(L).

a In the autoregressive equations (AUT), R2 is viewed only as a measure of goodness-of-fit (Kmenta, p. 234).
Numbers in parentheses below coefficients are estimated standard errors (asymptotic standard errors for AUT
equations). Numbers in parentheses following variable names indicate lags.

b L refers to the current year and t refers to the quarter of that year.

on Hawaii cow and grass fed steer and
heifer prices. First, even though little, if
any, cow and grass fed unprocessed beef
is imported from the Mainland, large un-
specified quantities of lower quality pro-
cessed beef are imported in the form of
hamburger, and the like, by fast food res-
taurants and other enterprises. This also
competes with locally-produced cow and
grass fed steer and heifer beef. Second, a

significant portion of the lower quality
processed beef from the Mainland prob-
ably originates in Australia and New Zea-
land.

Exogenously determined prices greatly
simplify estimation procedures. The ma-
trix of endogenous variable coefficients is
triangular and it is assumed that the in-
dustry can be represented by a recursive
model structure (Johnston, p. 369). Con-
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TABLE 3. Variable and Symbol Definitions.a

Variable or
Symbolb Definition

Endogenous Variables

BBPQ Bull beef production (dressed
weight, 1,000 pounds).

BCI Beef cow inventory (January 1,
1,000 head).

CBPQ Cow beef production (dressed
weight, 1,000 pounds).

CC Calf crop (1,000 head).
CFPIQ Cattle feed price index (1980 =

1.0).
CFPI Cattle feed price index (annual

average of CFPIQ).
CFPQ Cattle feed price (paid by Hawaii

ranchers, $/100 pounds).
Cl Beef plus dairy cow inventory

(January 1, 1,000 head).
CIQ Beef plus dairy cow inventory

(January 1 inventory for each
quarter of the current year,
1,000 head).

GFBPQ Grain fed steer and heifer beef
production (dressed weight,
1,000 pounds).

HCPRQ Honolulu cow price (wholesale, all
carcasses, utility, $/100
pounds).

HGFBPRQ Honolulu grain fed beef price
(wholesale, 500-900 pound
carcasses, choice feedlot steers
and heifers, $/100 pounds).

HGFBPR Honolulu grain fed beef price
(annual average of HGFBPRQ).

HHBCR Heifers held for beef cow
0C~~~ replacement (January 1st

inventory, 1,000 head).
HI Heifer inventory (January 1, 1,000

head).
HNFBPRQ Hawaii grass fed beef price

(dressed weight, steers and
heifers, $/100 pounds).

NFBPQ Grass fed steer and heifer beef
production (dressed weight,
1,000 pounds).

OHI Other heifer inventory, i.e., heifers
not held for beef or dairy cow
replacement (January 1, 1,000
head).

RSOHIQ Ratio of steer to other heifer
inventory (January 1 inventories
for each quarter of the current
year).

SI Steer inventory (January 1, 1,000
head).

TABLE 3. Continued.

Variable or
Symbolb Definition

TBPQ Total beef production (dressed
weight, 1,000 pounds).

TRANBQ Cost of transporting beef from the
U.S. West Coast to Hawaii in
containers ($/100 pounds).

TRANFQ Cost of transporting animal feeds
and feed ingredients from the
U.S. West Coast to Hawaii in
containers ($/ton).

TRANFMQ Three-quarter-weighted-moving-
average of TRANFQ (weights of
1/4, 1/2, and 1/4).

TSHBPQ Total steer and heifer beef
production (dressed weight,
1,000 pounds).

TSOHIQ Steer plus other heifer inventory
(January 1 inventories for each
quarter of the current year,
1,000 head).

Exogenous Variables

DCI Dairy cow inventory (January 1,
1,000 head).

D1Q Equals 1 in the first quarter and 0
otherwise.

D2Q Equals 1 in the second quarter
and 0 otherwise.

D3Q Equals 1 in the third quarter and 0
otherwise.

DM1Q Price freeze dummy, equals 1 for
1973(11)-1973(111).

DM2Q Pre-trailer freight regulation
dummy, equals 1 for 1976(1)-
1977(11).

DM3Q Post-trailer freight regulation
dummy, equals 1 for 1978(1V)-
1980(IV).

HHDCR Heifers held for dairy cow
replacement (January 1
inventory, 1,000 head).

LACPRQ Los Angeles cow price (wholesale,
350-700 pound carcasses,
utility, $/100 pounds).

LAGFBPRQ Los Angeles grain fed beef price
(wholesale, 600-700 pound
carcasses, choice steers, $/100
pounds).

OILPQ U.S. crude oil wholesale price
index (1967 = 100.0).

OILP U.S. crude oil wholesale price
index (annual average of
OILPQ).

TQ Time, equals 1 in 1970(1) to 44 in
1980(IV).
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TABLE 3. Continued.

Variable or
Symbolb

USCPMQ

WQ

Definition

Three-quarter-weighted-moving-
average of the average price
received by U.S. farmers for
corn (same weights as
TRANFMQ, $/bushel).

Weather dummy, equals 1 in
quarters when droughts
occurred.

Other Symbols

R2 One minus the ratio of the sum of
squares residual to the sum of
squares total (calculated from
untransformed data for
autoregressive equations).

DW Durbin-Watson statistic.
DH Durbin H statistic.
OLS Ordinary least squares.
AUT Autoregression procedure

(Cochrane-Orcutt or grid
search).

Estimated first order
autoregressive parameter.

a The data were obtained from the following sources:
Hawaii Agricultural Reporting Service, Statistics of
Hawaiian Agriculture, and worksheets; Hawaii Mar-
ket News Service, Honolulu Prices: Wholesale Eggs,
Poultry, Pork, Beef, and Rice; U.S. Department of
Commerce, Business Statistics 1977, and Survey of
Current Business; Matson Navigation Company,
Tariffs 14-B through 14-G; Economics, Statistics, and
Cooperative Service, Agricultural Prices, Annual
Summary; California Federal-State Market News
Service, Livestock and Meat Prices and Receipts at
Certain California and Western Area Markets; Na-
tional Weather Service, Honolulu, Hawaii, work-
sheets from Saul Price, Staff Meteorologist.

bQ at the end of a variable name denotes quarterly
observations. All other variables are annual.

sequently, ordinary least squares, and
Cochrane-Orcutt and grid search auto-
regression procedures were used to esti-
mate the structural equations of the mod-
el, using quarterly and annual data for
1970 through 1980 (White). For those
equations estimated as distributed lags,
partial adjustment was assumed (Ner-
love).4 Estimated variances for autore-
gressive equations that included lagged

4Where lagged dependent variables were present

dependent variables were calculated us-
ing Dhrymes' theorem 7.1 (pp. 199-201).
Seasonal intercept shifting dummy vari-
ables were included in all quarterly equa-
tions, but retained only where they were
found to be significant at the 5 percent
level using an F test (Kmenta, pp. 414-
15).

The structural equations and identities
of the model are divided into three sec-
tions which determine Hawaii beef and
feed prices, cattle inventories and beef
production, and one section which inter-
faces annual cattle inventories with quar-
terly prices and production.

Equations 1 and 2 estimate beef
(TRANBQ) and feed (TRANFQ) freight
rates as a function of the U.S. crude oil
(petroleum) wholesale price index
(OILPQ), which is used as a proxy for en-
ergy prices. A time trend (TQ) is included
to represent increases in transportation
efficiency and other costs of transporta-
tion services. Equations 4-7 provide esti-
mates of the Honolulu wholesale choice
feedlot steer and heifer carcass price
(HGFBPRQ), the Hawaii dressed weight
grass fed steer and heifer price
(HNFBPRQ), 5 the Honolulu wholesale
utility cow carcass price (HCPRQ),6 and

with autocorrelation, a grid search technique was
used to verify that the Cochrane-Orcutt procedure
converged to a consistent estimator at the global
maximum of the likelihood function. The grid search
procedure (White) was accurate to the nearest one
hundredth, still leaving a slight margin of error
(Betancourt and Kelejian, p. 1076).

5 A Honolulu wholesale price for grass fed steer and
heifer carcasses is not available. Therefore, the state
average dressed weight price received by farmers
for grass fed steers and heifers is used. There is no
analogous Mainland price. It is an advantage of the
Hawaii data that steer and heifer prices are disag-
gregated by feedlot and grass feeding (Hawaii Ag-
ricultural Reporting Service).

6 For simplicity, throughout the remainder of this
paper HGFBPRQ and HNFBPRQ will be referred
to as the Honolulu and Hawaii grain and grass fed
beef prices, respectively, and HCPRQ will be re-
ferred to as the Honolulu cow price.
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the Hawaii cattle feed price (CFPQ), all
as functions of Mainland prices and freight
rates. Equation 4 most closely fits the
Mainland price plus freight cost model
because of local pricing practices. Once a
week the major Hawaii slaughterhouses
call slaughterhouses in Los Angeles for
price quotations. Hawaii prices of grain
fed steers and heifers are based on these
quotations plus a markup for freight costs.
Pricing methods for Hawaii grass fed steer
and heifer, and cow beef are not as well
defined and Mainland price transmission
via Australia and New Zealand is some-
what delayed because of the great dis-
tances involved. Lagged Mainland prices
are included to capture price transmission
delays. Hawaii feed costs also demonstrate
lags in price transmission. Three-quarter
moving averages are used in equation 7
to capture these delays and to avoid the
problems of multicollinearity. The
weighting scheme of equation 3 was as-
sumed after preliminary regressions indi-
cated that the influence of the one quarter
lag was the strongest. All freight rate vari-
ables are significant at the 5 percent level
and the R2 's are all over .97, suggesting
that the Mainland price and freight rate
variables provide a good fit to the Hawaii
beef and feed price data.

Equation 8 simply converts the Hawaii
cattle feed price (CFPQ) into an index
with 1980 equal to 1.0 to be used as a
price deflator in the remainder of the
model. Deflating by the feed price is the-
oretically based on the zero degree ho-
mogeneity of derived input demand and
commodity supply (Henderson and
Quandt; Lau and Yotopoulos). A pre-
ferred deflator would be an index of prices
paid by farmers for production inputs in
Hawaii, but such an index does not exist.
Instead of a U.S. average index, the Ha-
waii cattle feed price is used as the nu-
meraire.

The absence of a "placements on feed"
equation represents another significant
departure from traditional or convention-

98

al beef models. It would have been more
desirable to include placements on feed in
the grain fed and grass fed beef produc-
tion equations as did Arzac and Wilkin-
son, but data limitations precluded their
estimation. Therefore, January 1 steer and
heifer inventories were estimated to link
the calf crop with beef production.

Equations 9-13 are inventory demand
equations. Equation 9 estimates January 1
beef cow inventory (BCI) assuming par-
tial adjustment. Normally, the feeder calf
price would be included, but in Hawaii,
ranchers typically retain ownership of
their animals until the carcasses are mar-
keted after slaughter. Consequently, live
feeder and slaughter cattle prices are not
available. The deflated Honolulu grain fed
beef price (HGFBPR/CFPI) and the de-
flated U.S. crude oil wholesale price index
(OILP/CFPI) lagged one year are used as
proxies for the expected profitability of
keeping a cow in the breeding herd (Jar-
vis; Nelson and Spreen; Reutlinger).

January 1 heifer inventory demand (HI)
is estimated in equation 10 as a function
of the calf crop (CC), the deflated U.S.
crude oil wholesale price index (OILP/
CFPI), the deflated Honolulu grain fed
beef price (HGFBPR/CFPI), and HI all
lagged one year. The theoretical signs of
the coefficients for lagged OILP/CFPI and
lagged HGFBPR/CFPI cannot be deter-
mined a priori. For example, energy prices
influence HI through slaughter age in four
ways. First, they influence the decision of
whether to allocate feeder animals to
feedlots or pasture. Over half of all grain
fed cattle in Hawaii are transported be-
tween islands before they enter a feedlot
(Schermerhorn et al.). Most are transport-
ed from the Island of Hawaii to the major
feedlot on Oahu; a distance of approxi-
mately 200 miles, at a cost in 1981 aver-
aging $14.23 per head for ocean freight
(Hawaii Agricultural Reporting Service).
Thus, an increase in energy prices this year
would cause HI to increase next year, be-
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cause of slower rates of gain as ranchers
increase the proportion of their heifers al-
located to grass.7 Second, as with cows,
higher energy prices reduce the expected
profitability of retaining a heifer in the
breeding herd (ceteris paribus). Thus, HI
would decline as fewer heifers are held
for replacement. Third, higher energy
prices might encourage ranchers to change
the method of producing calves from old-
er cows to younger heifers. Most cows are
slaughtered on the island of origin, so with
higher energy prices the opportunity cost
of retaining a cow would be reduced less
than the opportunity cost of adding a heif-
er to the herd. Hence, older cows would
be replaced by younger heifers. As more
heifers are held for replacement, HI in-
creases. Fourth, once a heifer is allocated
to the feedlot or pasture, higher energy
costs might be expected to reduce the
slaughter age (Jarvis), causing HI to de-
cline. The coefficient for OILP in equa-
tion 10 suggests that the positive effects
outweigh the negative. The influences dis-
cussed above for OILP would be opposite
for HGFBPR and indeed the coefficient
for HGFBPR is negative in equation 10.

Equations 11 and 12 disaggregate beef
heifers (HI-HHDCR) into heifers not held
for replacement (OHI) and heifers held
for beef cow replacement (HHBCR). The
coefficient for (HI-HHDCR) in equation
11 suggests that on the average 17 percent
of the beef heifers are held for replace-
ment and 83 percent are held for future
slaughter. OILP has a negative coefficient
implying that for a given number of beef
heifers, an increase in OILP will result in
more heifers entering the replacement
herd and less being held for slaughter. The

7 In Hawaii some ranchers produce only grass fed
steers and heifers, others concentrate solely on feed-
lot production, with the remainder marketing some
combination of grass and grain fed beef. See Scher-
merhorn et al. for a complete description of the
market organization of the Hawaii beef cattle in-
dustry.

opposite influence is evident for the Ho-
nolulu grain fed beef price (HGFBPR) but
the coefficient is not significant at the 5
percent level.

Equation 13 determines January 1 steer
inventory (SI) as a function of the same
variables used to estimate heifer invento-
ry. The coefficient for OILP is negative,
though nonsignificant at the 5 percent
level, perhaps because there is no analo-
gous breeding herd replacement impact.
The coefficient for HGFBPR has the same
sign as in equation 10.

Finally, the annual calf crop (CC) is es-
timated as a function of the inventories of
cows (BCI + DCI) and replacement heif-
ers (HHBCR + HHDCR), completing
Section II of the model.

Section III determines quarterly pro-
duction of grain fed beef (GFBPQ), grass
fed steer and heifer beef (NFBPQ), cow
beef (CBPQ), and bull beef (BBPQ).
Equation 15 estimates GFBPQ as a func-
tion of the January 1 inventory of steers
plus heifers not held for replacement
(TSOHIQ) and the ratio of steers to heif-
ers not held for replacement (RSOHIQ).
Dummy variables (D1Q, D2Q and D3Q)
allow changes in their impacts among
quarters. TSOHIQ represents the number
of steers and heifers available for slaugh-
ter during the coming year, while TSO-
HIQ(-4) recognizes that some animals
classified as steers and heifers on January
1 of the current year might not be slaugh-
tered until the first quarter of the follow-
ing year. This is especially true in Hawaii
where many ranchers brand calves four
times a year and usually consider them on
their records as steers or heifers thereaf-
ter. RSOHIQ accounts for the fact that if
steers constitute a larger proportion of the
animals available for slaughter, beef pro-
duction will be higher because of heavier
carcass weights and faster growth rates of
steers relative to heifers. Under this spec-
ification, prices are more important in the
grain fed beef production equation than
in previous studies (Arzac and Wilkinson;
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Freebairn and Rausser) because January
1 steer and heifer inventories are com-
posed of animals on both feed and grass,
and the proportion on feed depends on
expected prices of products (grass and
grain fed beef) and inputs (energy and
feed).

No previous study was found that in-
cluded both grain fed and grass fed beef
prices in the grain fed beef production
equation. The exclusion of the grass fed
steer and heifer beef price from Martin's
U.S. model is attributed to the lack of an
adequate data series. Bain hypothesized
that placements on feed were positively
related to grain fed cattle prices and neg-
atively related to grass fed cattle prices.
He used the utility cow price to represent
the grass fed beef price, but excluded it
from the final equation because of a high
standard error and an incorrect sign. In
contrast, the Hawaii model includes both
grain and grass fed steer and heifer beef
prices in equation 15, with significant coef-
ficients and anticipated signs.

The differences between one and two
quarter lags in the Honolulu grain fed beef
price (HGFBPRQ) and the crude oil
wholesale price index (OILPQ) are in-
cluded with negative and positive coeffi-
cients, respectively. The signs are ex-
plained through the relationship between
inventory and slaughter age. Given the
available inventory of steers and heifers,
if more are shipped to the feedlot in the
current quarter (shipped at younger ages)
because of an expected price increase, less
will be available for shipment in the next
quarter, and hence, production would be
lower two quarters down the line. The re-
verse would be true for increases in ex-
pected energy-related costs.

Other variables in equation 15 are a
time trend (TQ) to capture increases in
feedlot production efficiency and other
trend influences, and various binary vari-
ables. The positive coefficient for DM1Q
implies that animals were held to heavier
weights during the 1973 price freeze.

DM2Q and DM3Q are included to cap-
ture changes in shipping rules that re-
quired shipment of live animals in cattle
trailers rather than on open barges after
1977. The positive coefficient for DM2Q
suggests that ranchers shipped feeder an-
imals at earlier ages to get them to the
feedlot before trailers became mandatory.
The negative coefficient for DM3Q re-
flects the higher cost of shipping feeder
animals to the feedlot relative to leaving
them on pasture. During droughts in Ha-
waii, ranchers ship a larger proportion of
their feeder animals to feedlots, straining
feedlot capacity. Cattle already in feedlots
are slaughtered at lighter weights to ac-
commodate the increase in placements.
Hence, the negative coefficient for the
weather variable (WQ) is as anticipated.

Equation 16 estimates grass fed steer
and heifer beef production (NFBPQ) as a
function of TSOHIQ and associated quar-
terly dummy variables and RSOHIQ with
positively signed coefficients as in equa-
tion 15. A three quarter lag of grain fed
beef production (GFBPQ(-3)) is included
as a proxy for placements on feed four
and five quarters lagged. Deflated
HGFBPRQ, NFBPRQ, OILPQ and WQ
lagged three quarters are included to cap-
ture the decision to send older animals to
the feedlot as economic and environmen-
tal conditions change. Government regu-
lations requiring feeders to be shipped in
cattle trailers resulted in higher grass fed
beef production as demonstrated by the
positive coefficient for DM3Q.

Equation 16 was originally specified to
include the current weather dummy vari-
able (WQ). In Hawaii, cattle producers
reduce placement rates on pasture during
droughts by sending a larger proportion
of their feeder cattle to feedlots, allowing
pasture to be used to finish cattle already
on grass. Consequently, droughts are un-
likely to have a large effect on grass fed
beef production in the current period. WQ
was not significant in explaining grass fed
steer and heifer beef production and was,
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therefore, excluded from the final version
of equation 16.8

Quarterly cow and bull beef production
are determined by equations 18 and 19.
Bull beef production is estimated as a pro-
portion of cow beef production in a par-
tial adjustment framework with quarterly
intercept shifting dummy variables.
Quarterly cow beef production is estimat-
ed as a function of the January 1 cow in-
ventory (CIQ) and associated slope shift-
ing dummy variables, the change in the
deflated Honolulu cow price (HCPRQ/
CFPIQ - HCPRQ(-1)/CFPIQ(-1)), the
change in the deflated Honolulu grain fed
beef price (HGFBPRQ/CFPIQ -
HGFBPRQ(-1)/CFPIQ(-1)), a time
trend (TQ) and a drought dummy vari-
able (WQ). The negative coefficient for
CIQ is consistent with equations 11-12
which suggest a negative relationship be-
tween the number of heifers held for beef
cow replacement and the Honolulu grain
fed beef price and a positive relationship
with the U.S. crude oil wholesale price in-
dex. The implication is that Hawaii pro-
ducers react to higher grain fed beef prices
and lower energy costs by decreasing both
the culling rate and the replacement rate.
This allows ranchers to take advantage of
the higher expected profitability of heifer
slaughter by holding less heifers for herd

8 The original specification of equation 16 included
TSOHIQ(-4)*D1Q, DM1Q, DM2Q and the quar-
terly dummy variables associated with RSOHIQ.
The resulting equation showed symptoms of high
multicollinearity. Estimated asymptotic standard
errors were high and some key price variables had
incorrect signs, reducing the equation's usefulness
in later impact analysis. High collinearity existed
between the quarterly dummy variables for TSO-
HIQ and RSOHIQ. For example, the correlation
between RSOHIQ*D1Q and TSOHIQ(-4)*D1Q
was .90. The exlcusion of possibly relevant variables
may have introduced some bias into equation 16,
but the tradeoff was considered worthwhile. There
was also high correlation among some variables of
equation 15, but multicollinearity did not appear
to be a serious problem, given that most asymptotic
standard errors were low relative to the size of their
coefficients.

TABLE 4. Forecasting Accuracy of the Ha-
waii Beef Econometric Model,
1972(1)-1980(IV).

Root-Mean-
Square Simu-
lation Error
as a Propor- Theil's U2

Variable tion of Mean Coefficient

TRANBQ 0.023 0.942
TRANFQ 0.034 0.956
HGFBPRQ 0.015 0.196
HNFBPRQ 0.034 0.571
HCPRQ 0.038 0.537
CFPQ 0.036 0.629
GFBPQ 0.078 0.587
NFBPQ 0.148 1.318
TSHBPQ 0.080 0.825
CBPQ 0.073 0.605
BBPQ 0.147 0.878
TBPQ 0.063 0.843
BCI 0.021 0.646
CI 0.018 0.613
HI 0.035 0.547
OHI 0.063 0.641
HHBCR 0.039 0.535
SI 0.058 0.646
CC 0.041 0.721

replacement and sending more to the
feedlot.

The identities contained in Section IV
of Table 2 simply convert quarterly prices
to annual averages for use in Section II,
or they convert annual inventories into a
quarterly form for use in Section III.

Model Validation and
Simulation Results

The impact analysis of energy price es-
calations on Hawaii beef production and
prices during the 1970s is performed
through two simulations of the model.
Simulation 1 serves as a base. It is a dy-
namic simulation from the first quarter of
1972 through the last quarter of 1980, with
all exogenous variables set at their histor-
ical levels and previously determined en-
dogenous variables assuming their pre-
dicted values. Theil U2 coefficients
(Leuthold) and root-mean-square simula-
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TABLE 5. Annual Average Beef Production and Cow Inventory Simulation Results, 1974-80.a

Simu-
lation

Variable Number 1974 1975 1976 1977 1978 1979 1980

GFBPQ 1 19,589.9 17,668.3 20,653.3 19,694.7 18,304.1 17,634.3 14,395.3
2 0.39 9.76 12.94 16.05 22.52 27.35 52.27

NFBPQ 1 3,815.9 4,875.0 5,111.6 5,068.6 4,931.5 6,754.8 6,984.1
2 -0.65 -3.88 -11.45 -14.80 -15.11 -11.54 -12.44

TSHBPQ 1 23,405.9 22,543.3 25,764.9 24,763.3 23.235.5 24,389.1 21,379.5
2 0.22 6.81 8.10 9.73 14.53 16.58 31.13

CBPQ 1 5,394.1 5,882.5 5,769.1 5,785.8 5,978.9 5,716.5 5,486.6
2 -0.04 -1.33 -2.66 -3.88 -4.79 -6.46 -8.93

BBPQ 1 919.9 938.4 949.3 939.6 954.7 943.2 917.4
2 -0.20 -0.58 -1.23 -1.92 -2.46 -3.19 -4.34

TBPQ 1 29,719.9 29,364.1 32,483.2 31,488.7 30,178.1 31,048.8 27,783.4
2 0.17 4.94 5.92 6.88 10.16 11.74 22.05

BCI 1 92.0 89.0 86.0 82.0 80.0 80.0 82.0
2 0.00 1.25 2.71 4.01 5.40 6.79 8.88

a Simulation 1 results are in 1,000's of pounds except for BCI which is in 1,000's of head. Simulation 2 results
are expressed as percentage deviations from Simulation 1, with negative signs indicating decreases.

tion errors as proportions of endogenous
variable means (RMSEM) are presented
in Table 4. Grass fed steer and heifer beef
production (NFBPQ) is the only endoge-
nous variable with a Theil U2 coefficient
greater than one, suggesting that the
equation is less accurate than the naive
no-change extrapolation. It also has a
RMSEM greater than 0.1, as does bull beef
production (BBPQ). The relatively poor
performance was expected for BBPQ but
not for NFBPQ. The difficulty is that small
simulation errors in steer and heifer in-
ventories are greatly magnified in pre-
dicting NFBPQ.

Simulation 2 assumes that the U.S. crude
oil wholesale price index (OILPQ) in-
creases at its pre-oil embargo rate of 1.44
percent per quarter which is the average
rate for the first quarter of 1968 through
the last quarter of 1973. In Simulation 2,
OILP averages 32, 38, 36, 37, 39, 49, and
63 percent below actual levels for the years
1974 through 1980, respectively. 9 All oth-

9 The analysis accounts for all energy price impacts
on Hawaii beef production except the impacts
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er exogenous variables are maintained at
Simulation 1 levels so that other factors
influencing Hawaii beef production and
prices are unchanged.

Simulation results for selected beef pro-
duction variables are presented in Table
5. The most important finding is that the
composition of beef production in Hawaii
would have been markedly different had
energy prices not increased so rapidly af-
ter 1973. With energy prices increasing at
pre-oil embargo rates, grain fed beef pro-
duction (GFBPQ) would have been 52.27
percent higher and grass fed steer and
heifer beef production (NFBPQ) 12.44
percent lower in 1980. As depicted in Fig-
ure 2, the pre-1974 trend toward less grass
fed as a percentage of total steer and heif-
er beef production would not have been
interrupted so dramatically had energy
prices increased at pre-oil embargo rates.

through Mainland beef and feed prices. To simplify
the analysis these impacts are not considered in this
paper. However, if the indirect impacts are more
important than the direct impacts, as Carter and
Youde argue, then the results presented in this pa-
per would be amplified rather than diminished.
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Figure 2. Estimated Grass Fed as a Percent-
age of Total Steer and Heifer Beef
Production in Hawaii, 1972-80.

Cow (CBPQ) and bull (BBPQ) beef pro-
duction decline by 8.93 and 4.34 percent
in 1980 as ranchers reduce culling rates to
build breeding herds in response to higher
expected profits. These findings support
the hypothesis that rapidly increasing en-
ergy prices substantially altered the com-
position of beef production in Hawaii.

Total Hawaii beef production (TBPQ)
increases appreciably as larger percent-
ages of steers and heifers are sent to feed-
lots, releasing pasture for breeding herd
expansion. In 1980, total beef production
is 22.05 percent higher than Simulation 1
levels. If this percentage increase were
added to the actual 1980 level of 28.8 mil-
lion pounds (see Table 1) then the 1980
beef production would be 35.2 million
pounds, surpassing the 1971 high by 1.2
million pounds. Similar calculations for
1978 put total beef production at 36.9
million pounds, or 2.9 million pounds
higher than the 1971 peak. The results give
support to the hypothesis that the upward
trend in beef production would have con-
tinued in the latest cattle cycle had energy
prices not increased so rapidly after 1973.
Of course, this assumes that other influ-
ences would have remained unchanged
from historical 1972-80 levels.

Beef cow numbers would have declined
in 1977-79 even with lower rates of in-

crease in energy prices, but liquidation
would not have been as rapid or sustained,
allowing the cow herd to rebound in 1980.
The cow herd in 1980 under Simulation 2
assumptions is 8.88 percent higher than in
Simulation 1. This percentage increase
added to the actual 1980 herd size of 83
thousand head would give a herd of 90
thousand head, which is comparable to the
beef cow inventories of 1970-76 (Table
1). Thus, it appears that high energy prices
were responsible in part for the decline in
cow numbers after 1976.

In Table 6, the impacts of pre-oil em-
bargo rates of increase in energy prices on
freight rates and Hawaii beef and feed
prices are presented. The impacts on beef
and feed freight rates are quite similar,
with TRANBQ and TRANFQ being 16.04
and 14.96 percent lower than Simulation
1 levels in 1980. Because freight rates de-
cline, all beef and feed prices are reduced
in Simulation 2. The impact is largest for
the Hawaii cattle feed price (CFPQ)
which declines by over twice as much as
the Honolulu grain fed beef price
(HGFBPRQ). The impacts are progres-
sively larger for HGFBPRQ, HNFBPRQ,
HCPRQ and CFPQ because freight costs
constitute a progressively larger propor-
tion of the Hawaii price. For example, in
1980 the feed freight rate was 19 percent
of the Hawaii cattle feed price, while the
beef freight rate accounted for only 4 per-
cent of the Honolulu grain fed beef price
(Matson Navigation Company; Hawaii
Market News Service; Hawaii Agricultur-
al Reporting Service).

Conclusions and Implications

The modeling exercise demonstrates the
importance of energy prices in the deci-
sion framework of beef producers in Ha-
waii. State and national beef modeling
implications can be drawn from this ap-
plication. First, the use of local prices as
determined by national prices and freight
rates allows broadened policy analysis ca-
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TABLE 6. Annual Average Simulation Results for Freight Rate and Price Variables, 1974-80.a

Simu-
lation

Variable Number 1974 1975 1976 1977 1978 1979 1980

TRANBQ 1 3.59 3.78 3.91 4.06 4.23 4.51 5.03
2 -4.33 -5.67 -5.42 -5.86 -6.47 -9.45 -16.04

TRANFQ 1 25.39 27.56 29.27 31.21 33.24 36.15 40.81
2 -4.64 -5.89 -5.48 -5.76 -6.24 -8.92 -14.96

HGFBPRQ 1 80.64 87.69 77.37 80.00 97.47 120.62 128.18
2 -0.88 -1.11 -1.25 -1.35 -1.28 -1.61 -2.86

HNFBPRQ 1 57.12 60.90 56.16 56.80 67.69 82.28 88.99
2 -1.18 -1.53 -1.64 -1.82 -1.76 -2.25 -3.94

HCPRQ 1 59.60 49.43 56.94 55.61 69.77 93.56 96.21
2 -1.34 -2.22 -1.91 -2.19 -2.01 -2.33 -4.29

CPFQ 1 8.60 9.33 9.01 8.63 8.73 9.47 10.60
2 -1.41 -2.36 -2.63 -2.96 -3.32 -4.15 -7.57

a Simulation 1 results are in dollars per 100 pounds except TRANFQ which is in dollars per ton. Simulation 2
results are expressed as percentage deviations from Simulation 1, with negative signs indicating decreases.

pabilities not possessed by the model de-
veloped by Baum et al. For example, the
impacts of deregulating freight rates on a
particular state's beef industry could be
studied. Also, the state impacts of national
energy policies could be analyzed by link-
age with a national model. Second, state
and national beef modelers might find it
useful to incorporate energy prices di-
rectly in the equations determining the
allocation of feeder cattle to grain or grass
finishing. The importance of energy prices
would depend upon the location of
slaughterhouses relative to feedlots.

Simulation results suggest that spiraling
energy prices between 1974 and 1980 cur-
tailed total beef production in Hawaii, de-
pressed the size of the cow herd, and al-
tered the composition of production
toward more grass fed relative to grain
fed beef. Although these results are spe-
cific to Hawaii, they suggest a need for
additional research at the national level.
It would be useful to determine the extent
to which energy prices influenced the
sharp decline in U.S. cow inventories, beef
production, and per capita beef consump-
tion after 1975. This knowledge would
permit projections of the impacts of na-

tional energy policies on the U.S. beef in-
dustry.

References

Arzac, E. R. and M. Wilkinson. "A Quarterly Econo-
metric Model of the United States Livestock and
Feed Grain Markets and Some of Its Policy Impli-
cations." American Journal of Agricultural Eco-
nomics, 61(1979): 2 297-308.

Bain, R. A. "An Econometric Model of the United
States Beef Market." Bureau of Agricultural Eco-
nomics, Beef Research Report No. 20, Canberra,
Australia, 1977.

Baum, K., A. N. Safyurtlu, and W. Purcell. "Analys-
ing the Economic Impact of National Beef Import
Level Changes on the Virginia Beef and Pork Sec-
tors." Southern Journal of Agricultural Econom-
ics, 13(1981): 2 111-18.

Betancourt, R. and H. Kelejian. "Lagged Endoge-
nous Variables and the Cockrane-Orcutt Proce-
dure." Econometrica, 49(1981); 4 1073-78.

California Federal-State Market News Service.
"Livestock and Meat Prices and Receipts at Cer-
tain California and Western Area Markets." Cali-
fornia Department of Food and Agriculture, Sac-
ramento, various issues, 1977-80.

Carter, H. 0. and J. G. Youde. "Some Impacts of the

104

July 1984



Energy Price and Beef Production

Changing Energy Situation on U.S. Agriculture."
American Journal of Agricultural Economics,
56(1974): 5 878-87.

Crom, R. "A Dynamic Price-Output Model of the
Beef and Pork Sectors." U.S. Department of Agri-
culture, ERS Technical Bulletin No. 1426, 1970.

Dhrymes, P. J. Distributed Lags: Problems of Esti-
mation and Formulation. Holden-Day, San Fran-
cisco, 1971.

Folwell, R. J. and H. Shapouri. "An Econometric
Analysis of the U.S. Beef Sector." Washington State
University Technical Bulletin No. 89. 1977.

Freebairn, J. W. and G. C. Rausser. "Effects of
Changes in the Level of U.S. Beef Imports." Amer-
ican Journal of Agricultural Economics, 57(1975):
4 676-688.

Hawaii Agricultural Reporting Service. "Statistics of
Hawaiian Agriculture." Hawaii Department of Ag-
riculture, Honolulu, various issues and worksheets,
1962-1981.

Hawaii Market News Service. "Honolulu Prices:
Wholesale Eggs, Poultry, Pork, Beef and Rice."
Hawaii Department of Agriculture, Honolulu, var-
ious issues, 1974-1980.

Henderson, J. M. and R. E. Quandt. Microeconomic
Theory. 2nd Edition, McGraw-Hill Book Compa-
ny, New York, 1971.

Jarvis, L. S. "Cattle as Capital Goods and Ranchers
as Portfolio Managers: An Application to the Ar-
gentine Cattle Sector." Journal of Political Econ-
omy, 82(1974): 489-520.

Johnston, J. Econometric Methods. 2nd Edition,
McGraw-Hill Book Company, New York, 1972.

Kmenta, J. Elements of Econometrics. The Mac-
Millan Company, New York, 1971.

Lau, L. J. and P. A. Yotopoulos. "Profit, Supply, and
Factor Demand Functions." American Journal of
Agricultural Economics, 54(1972): 1 11-18.

Lasley, F. A. "Food Prices and Rising Energy Costs."
U.S. Department of Agriculture, ERS No. 674,
1982.

Leuthold, R. M. "On the Use of Theil's Inequality
Coefficients." American Journal of Agricultural
Economics, 57(1975): 2 344-46.

Martin, W. J. "U.S. Agricultural Policy and the De-

mand for Imported Beef." Unpublished Ph.D. Dis-
sertation, Department of Economics, Iowa State
University, 1982.

Matson Navigation Company. Tariffs 14-B through
14-G. 1970-1981.

National Weather Service, Work sheets from Saul
Price, Staff Meterologist, Honolulu, Hawaii, 1970-
1980.

Nelson, G. and T. Spreen. "Monthly Steer and Heifer
Supply." American Journal of Agricultural Eco-
nomics, 60(1978): 1 117-25.

Nerlove, M. "Distributed Lags and the Estimation of
Long-Run Supply and Demand Elasticities: The-
oretical Considerations." Journal of Farm Eco-
nomics, 40(1958): 2 301-11.

Reutlinger, S. "Short-Run Beef Supply Response."
Journal of Farm Economics, 48(1966): 4 909-19.

Schermerhorn, R. W., P. V. Garrod, and C. T. K.
Ching. "A Description of the Market Organization
of the Hawaii Beef Cattle Industry." Hawaii In-
stitute of Tropical Agriculture and Human Re-
sources, Information Text Series No. 11, 1982.

Simpson, J. "An Assessment of the United States Meat
Import Act of 1979." Food and Resource Econom-
ics Department, University of Florida, Economic
Information Report No. 152, 1981.

United States Department of Agriculture. Agricul-
tural Prices: Annual Summary. Economics, Statis-
tics, and Cooperatives Service, Washington, D.C.,
1974-1980.

United States Department of Commerce. Survey of
Current Business, Bureau of Economic Analysis,
Washington, D.C., 1978.

United States Department of Commerce. Business
Statistics, 1977: The Biennial Supplement to the
Survey of Current Business. Bureau of Economic
Analysis, Washington, D.C., 1978.

White, K. G. "A General Computer Program for
Econometric Methods-SHAZAM." Econometri-
ca, 46(1978): 1 239-40.

Yanagida, J. F. and R. K. Conway. "Annual Live-
stock Model of the United States." U.S. Depart-
ment of Agriculture, NED Staff Report, 1980.

Yanagida, J. F. and R. K. Conway. "The Effect of
Energy Price Increases on the U.S. Livestock Sec-
tor." Canadian Journal of Agricultural Econom-
ics, 29(1981): 3 295-302.

105

Roberts, Vieth and Nolan


