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ABSTRACT

Baley can be differentiated into feed and madting barley based on its end-use markets.
Subdtitutability both in supply and in demand complicates andlysis of price information in the barley
market. The paper examines the price linkages between feed and mating barley in the Queendand
barley market by usng cointegration and error correction models. Mdting barley prices respond to
restore equilibrium relationships with corresponding feed barley prices in the long run, but not vice
versa. Thus there gppears to be a price leadership role for feed barley, and one-way subgtitutability
and qudity differencesin the barley market.
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1. INTRODUCTION

One of the mogt intricate set of grain market relationships occurs between malting and feed barley.
Maltsters and intensive livestock feeders have very specific and different requirements. Nonetheless,
a the margin, some subgtitution does arise between feed and madting barley. Only mating barley
vaieties are suitable for mating barley production, but agronomic practices and growing conditions
determine whether barley grown from malting varieties meets the madting grade standards or whether
it must be sold as lower priced feed barley. Higher yields of feed barley varieties can counter the
lower feed barley prices, athough these prices are dso influenced by the close subdtitution
relationships with other feed grains. Thus the extent of integration between mating and feed barley
markets isimportant and non-trivial, and is a centra focus of this paper.

To explore these rdationships fully cadlsfor a detaled structurd andysis of barley supply and
demand. For the Queendand barley industry, the task has been partly accomplished on the supply
sde by Jyothi-Gdi and Brown (1999), and on the demand side by Jyothi-Gdi (1998) and Jyothi-
Gdi e a. (1998). Ingead, this paper examines the price interdependencies that exist in the
Queendand barley market drawing on the methods employed in the growing literature on market
integrationt. Apart from being parsmonious in data requirements, the flexibility of this type of
andyss dlows market structure to be explored and for a number of market parameters such as
market integration, arbitrage efficiency, product subdtitutability and competitiveness of marketsto be
investigated.

The case of the Queendand barley market examined here captures the problems of a
rdaively smdl industry that has experienced recent mgor changes’. Rapid growth in intendve
livestock industries in the region coupled with new non-traditiond mating and other barley product
export markets hes dtered the target markets for Queendand barley’. The region has dso
experienced significant production varigbility with extended periods of drought in the first hdf of the
1990s.  Furthermore, industry deregulation and restructuring has dramaticaly dtered the
relationships between the various paticipants in the market. Confronted with this changing
agribusness environment, barley growers cannot rely of ‘best practice or other historica based
benchmarks, but mugt fully understand the market if they are to respond adequately and efficiently.
For growers and other indudtry participants, this task is by no means trivia, and economic tools
including market integration may be able to assst them.



A qualitative discusson of the factors that affect co-integration between feed barley and
malting barley prices follows. An empirica modd used to andyse the extent of market integration is
then discussed. The reaults highlight the price leadership role played by feed barley within the
Queendand barley market.

2. FACTORS AFFECTING COINTEGRATION OF FEED AND MALTING
BARLEY PRICES

Prices for malting and feed barley between 1985 and 1996 are shown in Figure 1. Although the
price series gppear to follow a gmilar pattern, the * premium’ for malting barley varies markedly from
year-to-year. Furthermore, it is not clear whether mating barley prices lead feed barley prices or
viceversa. Before empiricaly testing these relationships in the remainder of the paper, this section
discusses some of the supply, demand and market structure factors that influence the co-movement
of malting and feed barley prices.

***Figure 1 around here***

The product requirements for mating barley are more specific than that for feed barley
because of the need of maltsters and brewers for consistency in processing®. Malting barley can only
be produced from specified mdting varieties. However, the barley from such varieties must be within
a specified protein range and meet other criteria before maltsters accept it.

Feed barley comes from two sources. It may be produced from a mating variety that has
faled to meet the mdting standards because its protein levels are outsde the specified range, or its
grain 9zeisto smdl, or it is generdly in poor condition. Intengve livestock feeders in Queendand
are less concerned about protein range, as they tend to source their protein from other sources given
past price relativities (Jyothi-Gali et al. 1998). Intensive livestock users can and do substitute feed
barley for other grains in their feed rations, and so feed barley price is dso affected by its close
subgtitution with other feed grains.

Feed varieties yidd higher than malting varieties® In order to entice growers to grow malting
varieties, end users have had to offer a premium for mating barley over feed barley. For historic,
indtitutiona and other reasons (Jyothi-Gai 1998), mdting barley varieties remain the most popular,
accounting for about 60 to 80 per cent of plantings. However, as breeding efforts begin to be partly



redirected a feed varietiesintroducing higher yielding and more and more suitable feed varieties, and
as demand for feed barley increases, then interest in feed varieties grows.

In deciding on varietd choice, growers not only consider relative yieds and prices but dso
expected yidds and prices. Not dl mdting varieties grown produce barley that meets the mdting
grade standards’. Furthermore the probability of meeting the mating grade standards depends on
the type of season (Jyothi-Gali 1998). It is the risks associated with meeting these standards, and
the more demanding management practices required that determines the premium needed to
encourage individua growers to plant mdting varieties, to undertake appropriate management
practices, and to accept the risks of not meeting the malting grade standards.

The premiums needed to atract growers appear to have widened through time. Declining
s0il fertility through decades of cultivation has incressed the levd of management and risks
associated with producing malting grade barley. In addition, higher price premiums are needed to
offsat widening yidd differentids resulting from more research into higher yidding feed varieties
Before rapid growth in the intensvely fed livestock sector in Queendand in the early 1980s, the
dominant market for barley was mating barley especidly for the domestic market, with the feed
barley market a resdua market. Since the 1980s, however, feed barley demand has grown to the
extent where it now accounts for 60 to 80% of totd barley demand. Thus mating barley end users
have to compete in the market and offer higher premiums to guarantee their barley supplies.

The type of season impacts markedly on receivals of both mating and feed barley. In good
seasons, when there is plentiful malting grade barley in the market, matsters do not have to offer
large premiums to obtain sufficient supplies given that the domestic demand for mdting barley is
limited. However, in adverse seasons when overal barley receivads and mating grade barley
receivas are low, matgers need to offer substantive premiums to avoid leakage of the better quality
barley onto the feed market. In these tight supply Stuations, the mating grade standards are
sometimes relaxed. For instance, in the drought affected year of 1992 when there were few barley
receivas, the protein range for malting barley expanded from the 9 per cent to 11.5 per cent protein
range to a band of 8.5 per cent to 12.5 per cent. Although for the reasons outlined in Footnote 4
maltsters require specific quality attributes, the level of these attributes is not absolute, and there is
some subdtitution at the margins based on rdative prices and availability. The converse gpplies in

periods of high receivals, when mdting barley sandards are tightened to ensure a better qudity.



The amount of market information affects the co-movement of barley prices. Prices are
formed efficiently when large numbers of buyers and sdlers have smilar access to relevant market
information. The efficient price sgnds end-users about the costs of producing and supplying
particular types of barley to them, and smultaneoudy sends sgnds to barley growers about the
willingness of end-users to pay for the costs of production of various types of barley. Thus accurate
price Sgnds are essentid to the efficient dlocation of resources by both the barley growers and end-
users of barley. According to Lang and Rosa (1981) and Goodwin and Schroeder (1991), termina
markets have a more complete set of market information in each trade than do individua direct trade
markets. Thus the process of price discovery is dso instrumentd in determining the co-movement
between mating and feed barley prices.

Since the mid-1980s, sgnificant changes have occurred in the structure of the Queendand
barley industry. Higoricdly, there were only a limited number of market participants given that a
gatutory authority(ies) had vesting control of barley supplies that were subsequently sold primarily to
three main mdtgers. Although the smal number of buyers and sdlers limited competition and
impacted on the degree of integration, adl of the buyers and sdlers were reaively well informed.
Although its statutory marketing powers have al but disappeared, GRAINCO’ il represents the
mgor buyer of barley in Queendand, and especidly of mdting barley. Thus prices in the mating
barley market dill involve trade between reatively few buyers and sdlers each of which have
extengve information and where prices are reatively uniform.

Although GRAINCO isinvolved in the sde of feed barley, the feed barley market differs as
there is much more direct trade between barley growers and intensive livestock feeders. Thus trade
in feed barley trade comprises alarger number of smaller transactions involving less informed buyers
and sHlers. Although feed barley prices may be set more competitively and be more closdy digned
with other feed grain prices, the variance of price quantity combinations is likely to be larger than is
the case for mating barley. Integration of feed and mating barley markets will be influenced by the

different market structures in each of these barley markets.

3. APPROACH



Factors influencing co-integration between mdting and feed barley prices were discussed in the
previous section. However, only arigorous empirical analysis can reved the existence and extent of
any co-integration.

Co-movements of commaodity prices and trended data represent potentially major problems
for empirica econometrics. Deterministic or stochadtic trends can cause non-gationarity in the time
series data that can lead to “spurious regressions’ (Granger and Newbold 1974). Conventiona
approaches such as correlation to test integration misrepresent or ignore the time series properties of
price data Conversdly, the cointegration gpproach accommodates deviations from equilibrium
condition for two economic variables that are non-gtationary when taken by themselves. The intuition
behind the cointegration approach is that economic forces should prohibit persstent long-run
deviations from the equilibrium condition, dthough significant short run deviaions may be observed
due to seasond variaions. The two price series are cointegrated if they share the same stochagtic
trend. The mean, variance and covariance in the stochastic process for the two variables increase
amilarly over time. In such cases, ordinary least squares co-efficient esimators do not normaly
follow anormd digtribution and are biased, creating problems in vaidating Satigtica inference using
standard t and F tests.

Thus typicad regresson andyses make sense only for data not subject to a trend. Since
amog al time series contain trends, it follows that these series have to be de-trended before
sensble regresson andyses can be performed. The convenient way of removing atrend in aseriesis
by firgt differences, namely the differences between successive observations. However, this leads to
the loss of long-run properties from the data snce the modd in differences does not have along-run
solution. A reconsideration of regresson gpproaches led to models combining both short-run and
long-run properties and which at the same time maintain Sationarity in dl of the variables. The link
between non-stationary process and the concept of long-run equilibrium is cointegration. Anaysis of
cointegration in time series econometrics emerged in the mid-1980s and has been regarded as one
of the most important recent developmentsin empirical modding.

After testing both series are integrated of the order | (1), the Engle and Granger (1987) two
step procedure was used to estimate the cointegration relationship between feed and mating barley
prices. In the first step, the cointegration relaionship was estimated using data at their origind levd.
The error term from the estimated modd was then tested for stationarity, usng Durbin Watson
(DW), Dicky Fuller (DF), and Augmented Dicky Fuller (ADF) tests. Stationary of the error term is



especidly important in the error correction mechanism (ECM) model. The fact that variables are
cointegrated implies that there is some adjustment process that prevents errors in the long-run
relationship becoming larger and larger. Thus cointegration is a necessary condition for error
correction modelsto hold.

If the error term is Sationary according to the Dicky Fuller and Augmented Dicky Fuller
tests, the second step involves modeling short run dynamics in the ECM using data in difference
form. Differencing of dataleads to aloss of long-run information, but thisinformation is reintroduced
via the incdluson of lagged resduds from the cointegration regression. The error correction term
measures the extent to which the dependent and independent variables have temporarily departed
from the long run relationship. Since dl the variables in the ECM model are sationary, the sandard t
test of coefficient Sgnificance is vaid. However, the Engle-Granger method does not provide any
proof that the cointegration is long-run. In order to do so, an dternative means of deriving the long
run relationships between feed and malting barley prices is used based on the unrestricted error
correction modd (UECM) (Gunawardana et al. 1995). A Granger causdity test checks the
direction of causdity when the feed and mdting barley prices are cointegrated. This test employs

two regressons on the explanatory variables, namely with and without restrictions.

4, DATA SOURCES

Data availability influences the type of market analyss that can be conducted (Barrett 1996).
Intermarket linkages are commonly modeled as equilibrium either in spatia, tempord or product
dimensions in which transport, transaction costs and demand and supply jointly determine prices and
trade flows. Data for this andyds of the barley market conssted of 144 monthly observations from
the period January 1985 to December 1996. Even though data efforts were able to be focussed on
price data aone, the relevant data could not be sourced from one place because of the small crop,
restructuring of marketing organizations, and drought conditions in the first half of the 1990s meant
that there was no dngle source of monthly recorded price data for feed and mdting barley in
Queendand. From 1985 to 1991, data was pooled from the Queendand Country Life weekly
magazine and from published information by FARMARCO enterprises for barley traded at
Toowoomba. The remaining data for 1992 to 1996 came from receival dockets of GRAINCO



following the establishment of this grain marketing organization in 1991. Summary datigtics used in
the analysis appear in Table 1.
***Table 1 around here***

S. ANALYSIS

Monke and Petzel (1984), and Diakosavvas (1995) argue that a sequence of tests rather than a
sngle test are required to confirm market integration and full price tranamisson. Fird, the pair of
prices under consideration needs to be tested for co-integration. Second, the stationarity of the error
correction term requires testing. Third, the response of the two price series to departures in
equilibrium conditions needs to be examined.

In the first case, a straightforward test for whether barley prices are integrated and whether
the integration has changed over time is to compute the corrdation coefficients over time. The
correlation coefficient between feed and malting barley was estimated to be 0.93721 in the period
from 1985 to 1991, and 0.98289 in the period from 1992 to 1996. Tests reveded a sgnificant
difference between the correation coefficients implying that both barley markets have become more
integrated over time® Various factors may have led to the grester integration of feed and malting
barley prices in the latter period, including the partid deregulation of the barley market in the early
1990s. Adverse production conditions in the first haf of the 1990s, that meant matsters had to
compete more actively in the barley market for supplies of mdting grade barley, may dso be
responsible. However, identification of the key factors is clouded by the different data series
required for the two periods.

Despite these findings the corrdation andyss may yidd unrelidble results insofar asiit fals to
explore fully the time series properties. Cointegration tests examine these time series properties
basad on the assumption that a long run relationship exists between the prices of feed and mdting
barley, and that they have the same inter-temporal characteristics. The estimated cointegration
regressions and the reevant test satistics for both feed and malting barley appear in Equations 1 and
2.

The Durbin Watson, Dicky Fuller and Augmented Dicky Fuller tests indicate the non-
dationarity of the resduds, suggesting that there is a relaionship between feed and mdting barley



prices. If feed and mating barley markets were perfectly integrated then the cointegration parameter,
b, would be approximately equal to one. However, in both cointegration Equations (1 and 2), the
co-integration parameter is not equa to one. Given the differences in product atributes, end use
markets and inditutional structure outlined in Section 2, then a priori a cointegration parameter
equal to one was not expected.

The t test cannot be used to test the dgnificance of b in the cointegrated system. To

provide congstent parameters for this non-gationary data, recourse must be made to the Engle and
Granger (1987) two step procedure. The Granger causdlity test examines whether past changes in
the price of feed barley help to explain current price changes in mating barley, over and above the
explanation provided by the past changes in the price of malting barley. If thisis not the case, then it
can be concluded that the price of feed barley does not Granger cause the price of malting barley. If
feed and madting barley prices are found to be cointegrated, then the price of feed barley can be
used as a “basg’ price or “reference” price to measure the level of premium offered for mdting

barley.

(@] Pmbat = -4.9396 + 1.2271Pfbat+my
Test atistics for cointegration:
R*=0.9549
DW = 0.25345
DF =-3.1088 (95 per cent critica value is—2.64)
ADF = -2.7716 (95 per cent critical vaueis—2.64)

(2)  Pfba = 9.779+ 0.77820Pmba; + My
Test Satistics for cointegration:
R* =0.9549
DW =0.27721
DF = -3.2550 (95 per cent critical vaue is—2.64)
ADF = -2.9060 (95 per cent critical valueis—2.64)

The third test raised by Monke and Petzel (1984) and by Diakosavvas (1995) involves an
examination of the short run dynamic rationships. Based on Engle and Granger (1987), the error
correction models for malting and feed barley were specified as;
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(3  DPmba = b, + g (b,DPfba,, +b,DPmba_,) + b,m,; +e,

k=0

(4  DPfba, = b, +8 (b,DPmba, + b,DPfba,_,) +bsmy, +e

k=0
where D isthe fird difference term, my-1 is the error correction varigble estimated by the resduds
from the cointegration regression of equation 1, and et is awhite noise error term. The coefficient, b
3, measures the extent to which changes in price of mdting barley and the price of feed barley
respond to departure from the equilibrium condition. If b3 is dgnificant, then there is confirmation of
cointegration suggesting interdependence of the two price series. The long run convergence
(divergence) process of the two price series to the equilibrium condition is assured when b3 is
negative (postive). The Sze and Satisticad sgnificance of the coefficient b 3 measures the tendency of
esch price to return to equilibrium. In addition to testing for co-integration, the hypothesis of full
price transmisson can dso be tested. This requires that the coefficient of the long-run relationship
between the cointegrated series equa unity, namely that the independent variables are proportional
to the dependent varigble in equilibrium.

Independence of the two price series requires that price movements are distributed
randomly with respect to each other, and that the b; coefficient is expected to be zero. A sgnificant
t-gatigtic for the b coefficient suggests interdependence of the two prices. If the bs coeffident is
sgnificant, various price relationships may exis. If bs is not sgnificantly different from one and the
condant term is not sgnificantly different from zero, then the two price series are ddidicaly
identicdl. If b is sgnificantly different from one and zero, and the congtant term is not significantly
different from zero, a pure percentage premium is suggested. An absolute premium results when b
is equa to one and by is not equd to zero, reflecting a fixed differential between the two types of
barley.

Results from the ordinary least squares regression of Equations 3 and 4 appear in Table 2.
The error correction term has a pogtive sgn implying that the price of mating barley diverges from
the equilibrium. However, the inggnificance of the lagged error term provides evidence of the lack of
influence of the mating barley market on feed barley prices. Asindicated in Section 2, factors other
than malting barley prices influence feed barley prices including the prices of other feed grains. Thus

1



the estimated ECM in equation 3 cannot be used to forecast the price of feed barley from mating
barley prices.
***Table 2 around herex**

The coefficient for lagged feed barley price (0.6331) suggests that it has more influence on
the price of mating barley than does the lagged price of mdting barley. The coefficient associated
with the lagged price of mating barley indicates that price adjusment to changes in the price of feed
barley is not instantaneous.

Conversdy, the error correction term in the feed barley equation is sgnificant, suggesting
that the price of feed barley influences the price of mating barley. Hence, it is possble to forecast
the price of mating barley from the price of feed barley but not vice versa. The negative sign on the
error correction term implies that malting and feed barley prices converge to the equilibrium
conditions in the feed barley equation. In addition, because the error correction term is significantly
different from one and the intercept term is not dgnificantly different from zero in the feed barley

equation, then afixed differential or premium exists between the two price series.

(5) DPmba, = b, + é. (b,DPfba, +b,DPmba, )+ b;m., +b,Pfba., , +b;Pmba,_, , +e

k=0
The long run price relationships between feed and mating barley can be determined from the
unrestricted error correction model (equation 5) as the ratio -b4/bs. This vaue is dose to unity in
the mdting barley equation (row 8 of Table 2) suggesting that full price tranamission is possible from
feed to mdting barley markets in the long-run. However, the same is not the case for mating barley
to feed barley (last row in Table 2).

(6) DPmba, = b, + b,DPmba, , + b,m_, +¢,

To further test the hypothesis that the mating barley market does not lead the feed barley
market and vice versa, a redricted error correction model shown in Equation 6 redtricts the
independent variables to be only the past price changes in the dependent variables® The sgnificant F
vaue for Equation 5 shown in Table 2 indicates that the feed barley price leads the mdting barley
price. However, in the feed barley equation, the caculated F vaue is less than that in the mdting



barley equation inferring that past changes in the mating barley price do not explain the changes in
feed barley prices, and that one way Granger causality exists in the barley market.

6. CONCLUDING COMMENTS

Out of the intricate sat of supply and demand rdationships that exists between mating and feed
barley, the cointegration gpproach highlights the price leadership role of feed barley. Highlighting
these price reationships will ad barley market participants, from growers through to end-users,
better understand these grain market relationships, and so enable them to make more informed and
efficient choices. Apart from these direct bendfits, the usefulness of the analys's extends to those
interested in invedtigating these relationships in more depth through more extensve supply and
demand systems estimation by guiding mode specification.

Despite the many benefits of the cointegration analysis in eucidating market structure, it can
only reved so much. According to Monke and Petzel (1984) and Diakosavvas (1995),
cointegration analyss represents necessary rather than sufficient conditions for aggregation of
markets, snce imperfectly competitive pricing behavior in these two markets could dso generate
congtant price discounts and premiums.  Thus additiona information on market structure is needed
to complement the tests for market integration.

Although cointegration tests provide evidence about the linkages among the prices of feed
and malting barley, cointegration is not an absolute test but a matter of degree. Understanding the
factors that influence the degree of cointegration among feed and malting barley prices alows more
conclusive arguments to be devel oped regarding the price rel ationships between the two price series.
Thus the cointegration anayss presented here is an initid attempt in examining the extent to which
barley markets are integrated in Queendand. Further research is needed to identify the factors
contributing to the various degrees of cointegration and the evidence of market integration must be

assessed againgt additional information on barley market structure and production technology.
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Table 1. Summary dtatistics for barley prices

Mean ($/t) Maximum ($/t) Minimum ($/t) Standard deviation

--- $ per tonne --

Malting barley 156.5 81.7 48.56
257

Feed barley 131.6 79.8 38.67
214

16



Table 2: OLS estimates of barley prices using the Error Correction Method (ECM)

Estimated parameters

Dependent variable Equation Intercept  DPFBA1» DPMBAL, m1 PFBA 1.« PMBA.i.x DW ESS
Price of malting barley SRD 0.67206 0.6331 -0.3769 0.09306 19040 98524
(0.8606) (3.5145)***  (-2.088)** (1.197)
URECM 4.2283 0.63932 -0.35944 0.24553 -0.17122 0.17655 18994  9550.3
(1.550)*  (35757)***  (-2004)**  (1.5922)* (-11197)  (0.94371)
RECM 0.59758 0.18063 0.073901 19876  10810.6
(0.73369) (2.0102)** (0.91328)
F cal (SRD and RECM) = 12.44 ; F test (132, 4)= 2.45
F cal (URECM and RECM) = 8.309; F test (132, 6)=2.18
Long run relationship = -0.17122/0.17655 = 0.9698
Price of feed barley SRD 0.47509 0.43546 -0.31984 -0.24112 19366  10324.6
(0.59459)  (2.3612)** (-1.7312)**  (-2.4262)**
URECM 1.2924 0.43753 -0.30836 -0.422561 0.2139 -0.18496 1.8588 101192
(040892)  (2.3772)**  (-1.6702)*  (-2.2292)**  (1.1386) (-1.2523)
RECM 0.34696 0.15506 -0.24004 19556  10568.2
(043275)  (1.7445)* (-2.3968)**

F ca (SRD and RECM) = 3.02 ; F test (132, 4)= 2.45
F ca (URECM and RECM) = 2.7954; F test (132, 6)= 2.18
Long run relationship = -0.8647

*** Ggnificant at 1 per cent
** Sgnificant a 5 per cent
* Significant at 10 per cent



FOOTNOTES

! For some examples, see Mohanty et al. (1996) and Taylor et al. (1996).

2 In 1997, Queendand produced 428 600 tonnes of barley valued at $ 66.7 million. Around two-thirds of
the barley was sold for feed barley.

® The number of intensively fed livestock in southern Queendand (Brisbane, Moreton, Wide Bay
Burnett and Darling Downs statistical divisions) where barley is grown increased from around 8000 in
1989 to 14000 in 1997 (Source: Austraian Bureau of Statistics)

* Mdlting barley must meet a range of requirements including high standard of purity, freedom from
insect infestation, and regular size, shape and colour of individual grains. For example, GRAINCO, the
major marketer of barley in Queendand, specifies that 75 to 85 per cent by weight of grain is above
2.5mm, while screenings, defined as matter passing through a 2.2mm screen, is less than 3 to 5 per
cent. One of the main requirements is protein level, however, and these are often set at between 8.5
and 12.5 per cent. To achieve a uniform rate of modification from barley to malt, both maltsters and
brewers demand a narrow band of protein content. In malthouses, the level of protein affects the rate
at which grain changes from barley to malt. In the brewery, protein in its degraded form is required for
yeast nutrition and for producing beer foam. Too much protein causes haze formation in beer, while too
little protein increases the risks of undernourishing the yeast.

® Feed varieties such as Gilbert, Kaputar, Corvette and Skiff generdly yield 20 to 30 per cent higher
than malting varieties such as Grimmett and Tallon (Jyothi-Gali 1998, Chapter 6).

® Of the 60 to 80 per cent of malting barley planted in Queensland, only about 20 to 30 per cent meet
the malting grade standards.

"GRAINCO was established in 1991 with the merger and corporatisation of the Queendand Barley
Marketing Board, Queendand Wheat Board, Centrd Queendand Grain Sorghum Board, and
Queendand Bulk Grain Handling Board. Its subsequent transition to a grower owned co-operative and
public company has seen it lose most of its statutory powers except its sole sdller status of barley for
export.

® Denoting two sample periods under the null hypothesisHo =1 1 = 5, the following test statistic:

Inaél+ rl)g_ Inae(1+r2)g

_ Ay -2

S xWITL- 2+ @T2- 2)
where rl and r2 are correlation coefficients and T1 and T2 are sample sizes for period 1 and 2

respectively (Diakosavvas 1995 p. 40)
was found to be significant with avaue of —3.73276.

® Thisis evaluated through a combined F test as follows: F calculated = (N - n) (ESS(RE_S;S?’R)
q R

where N isthe total number of observations; n is the number of parametersin the unrestricted
regression; ESSR is the error sum of sguares from the restricted regression; ESSyR is the error sum
of squares from the unrestricted regression; and q is the number of parameter restrictions. For both
dependent variables, the F value is caculated and provided in Table 2. The calculated F valueis highly
dgnificant in the mating barley equation.




