Revealed Compar ative Advantage and the M easur ement of
I nter national Competitivenessfor Agricultural Commodities: An
Empirical Analysis of Wool Exporters

By

David Leishman, Universty of Wyoming
Dde J. Menkhaus, Univerdty of WWyoming
Glen D. Whipple, University of Wyoming

Presented & Western Agricultura Economics Association Annua Meeting
July 11-13
Fargo, ND



Revealed Compar ative Advantage and the M easurement of | nternational
Competitivenessfor Agricultural Commodities: An Empirical Analysis of Wool
Exporters.

Trade liberdization and |ai ssez-faire economics are dtering the structure of agricultura
production and trade. The principle of comparative advantage, a classic tenet of economics, is
auseful tool for understanding the future of world agriculture. This study employs a“Reveded

Comparative Advantage’ approach to investigate patterns of comparative advantage among six

major wool exporting countries.



Introduction

The decline of the U.S. sheep indusdtry is awell-documented fact. Sheep numbers have
fdlen from 56 million in 1942 to less than 8 million today. Predetor problems, faling consumer
demand for mutton and lamb, labor shortages, the dimination of wool incentive payments, aong
with the expangion of synthetic fiber use, are some of the suggested reasons for this decline
(ITC, 1995; Purcell, 1995; Whipple and Menkhaus, 1989).

While other countries have not been immune to Smilar adversities, the American
experience gppears to be unique. Worldwide, sheep populations and wool production have
been rdatively stable. Despite significant structurd change and waning consumer demand, a
few nations have managed to maintain their preeminence in the globa wool market. In 1961,
Sx countries - Argentina, Austrdia, New Zealand, South Africa, the United Kingdom and
Uruguay - accounted for more than 83% of world exports of raw and scoured wool. Today,
the same six are il responsible for about 75% of the international market (FAOSTAT, 1999).

The pattern of success within the globa wool industry, however, isuneven. As
producers face new challenges and opportunities, their fortunes can rise and fdl at the whim of
the marketplace. The politica and economic turmoil of 1989 to 1991, for example, sparked a
crigsin world wool markets, led to a surge in stockpiles, and eventually forced the Audtraian
and New Zedand governments to discontinue their price reserve systems. Lately, other
governments aso have joined the lai ssez-faire bandwagon, and have curtailed or abolished
many of their marketing and price support functions. For wool producers, the absence of a
governmenta safety net has made the future dl the more daunting. Though producers can now
benefit from increased market access, due in large part to the GATT Uruguay Round and the
phase-out of the Multi-Fiber Agreement, there is il alingering uneasiness about the future.

Whether there ought to be more concern for the decline of an industry isanissuethet is



probably best |€ft to those within the political arena. Economigts, however, can eucidate on
reasons for why indudtriesrise and fal. By returning to a classical tenet of economics, the Law
of Comparative Advantage, one can seek answers to the questions of “who exports what and
why?" Anadyss of comparative advantage (CA) is certainly not anove idea. But, despite a
plethora of sudiesin the last 50 years, few have specifically addressed agriculturd trade. Some
suggest that the conspicuous absence of CA andys's from agriculture may be due, in part, to the
magnitude of digtortion brought by governmenta policy (Haey, 1985). In the 1950's, Wassly
Leontief argued that “.. . fluctuations in yield here and abroad, not to spesk of government
intervention, affect foreign trade in farm products to such an extent that the amounts of
agricultural commodities exported and imported in one single year can be expected to reflect
long-run comparative costs much less than is the case for any other type of good.” (Leontief,
1956) Clearly, the strength of this argument has been weakened by recent developmentsin
agricultura trade liberdization. Asagricultura producers become more exposed to market
forces, and as dependence on foreign markets increases, the relevance of CA isincreasngly
apparent.

The object of this study isto apply theoretical and empirica principles of CA to better
understand nationa patterns of production and export of wool. Specificaly, this study andyzes
patterns and variations of CA in sx wool producing countries over a 37-year timeframe. The
results of this analysis should contribute to a greater awareness of why the U.S,, or any other
country, isin the position it isregarding its wool industry. The sdection of wooal, for the
purposes of this study, is not accidental. Wool isawiddy traded non-perishable commodity —
more than 50% of world production is currently traded on the international market — by
comparison, only 20% of whesat production and 3% of rice production is traded internationally.

Wool isnot ahighly locadized commodity. Unlike coffee, bananas or sugar cane, factors



employed in the production of wool can be found dmost anywhere. Findly, wool has along
and distinguished history that transcends cultural differences. An examination of its past may

reved some interesting implications for agriculture as awhole.

Theory and M ethodology

The notion of CA is attributed to the work of John Stuart Mill, Adam Smith and David
Ricardo. Itislargely derived from the propositions on opportunity cost and labor specidization.
Smith and Mill first advanced the concept of absolute advantage, dlaming that a nation will
export an item when it is the lowest cost producer of that item. Ricardo refined the idea of CA
by recognizing that a nation tends to alocate its resources to their most productive use. A
nation may therefore import a good even when it isthe lowest cost producer of that good.

More recently, Eli Heckscher and Bertil Ohlin revolutionized trade theory by
emphasizing internationa differences in resource (or factor) endowments. “Factor abundance
theory”, or the Heckscher-Ohlin (H-O) modd, predicts that a country will export commodities
that are rdatively intensve in the factor with which the country isreatively well endowed. Thus,
aland-abundant country will export land intengve goods, while a capita-abundant country will
export capitd intensve goods. The purview of the H-O moded has been subsequently extended
through the work of Wassly Leontief, Paul Samuelson, Jarodav Vanek, and others
(Memedovic, 1994).

Empiricad tests of CA often use cost or price information to measure efficiency in
production, as well as availability and alocation of scarce resources. Trangportation models
and linear programming techniques, for example, have determined CA through market proximity
or cost minimizing solutions, subject to resource availability and prices. These forms of andysis,
however, are often constrained by alack of rdiable and internationally comparable data. Even

when survey methods are used to overcome data scarcity, the estimation of exchange rates,



purchasing power and va uation of loca land, labor and capita can be problematic. Further
complications also arise when taking into account the so-called “milieu factors’, such as
government policy, history and other likely sources of CA that do not easily lend themselvesto
quantification.

Idedlly, measures of CA should reflect regiond or cross-country differencesin a
hypothetica pre-trade environment, known as autarky. Autarky is the condition where
equilibrium prices are unaffected by influences externd to an economy (Houk, 1986). Since, in
redlity, al countries engage in some leve of internationd trade, “true’ CA in autarky cannot be
directly observed. 1n 1965, Bela Bdassa introduced the notion of “Reveded Comparative
Advantage’ (RCA) as away to agpproximate CA in autarky. According to Belassa, "the
concept of RCA pertains to the relative trade performances of individua countries in particular
commodities. On the assumption that the commodity pattern of trade reflects inter-country
differences in relative costs as well as in non-price factors, this is assumed to reved the
comparative advantage of trading countries.” (Baassa, 1977) If trade performanceis
determined by CA, then direct observations of trade performance should “reved” CA. Barring
production or export subsidies, the stronger a nation’ s releive trade performance in a certain
commodity, the greater the CA in the production of that commodity. The plausibility of this
condition has dmost certainly been strengthened by recent trends in trade liberaization.

Baassa and others have used production, consumption, import, and export data to
congtruct various trade performance indicators. While thereislittle judtification for selecting any
one measure over another, the most easily adaptable to the UN Food Agriculture Organization
datistical databases, and perhaps the most relevant for an analysis of wool exports, appearsto
be isan index based on export data only. The export based RCA index is caculated by

dividing acountry's share in raw and scoured wool exports by its share in the combined exports



of agricultura goods.
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Where:
RCAIjt = Reveded Comparative Advantage index vaue for the wool industry in
country j inyear t.
Xijt = Exports of wool industry in country j in yeer t.
Xiwt = Tota world exports of wool indudtry in yeer t.
SXajt = Sum of agricultura exportsin country j in yeer t.
SXawt: Sum of world agricultural exportsin yeer t.

The higher the RCA index vaue, the greater the importance of wool reative to other agricultura
exports. Thus, anindex vaue of 120 would indicate that a country's wool export share for a
given year is 20% higher than its share in total world exports of agricultural goods.

Wooal industry RCA index vaues are cdculated for Audtraia, Argentina, New Zedland,
South Africa, the United Kingdom and Uruguay for the years 1961 to 1997. F-tedts, t-tests
and correlation coefficients are dso estimated to identify particular patterns among the six wool
exporting countries. Two questions are of particular interest. First, have patterns of RCA
changed as aresult of declining government activism and grester trade liberdization? Second,
arethere any amilaritiesin RCA between countries in the same region or between countries that
gpecidize in smilar kinds of wool production?

A regression moddl, loosely based on H-O assumptions, was aso developed to
uncover factors that might be influencing year-to-year changesin RCA. In theory, the model
attempts to follow arelationship expressed as.

) RCAwooL = [ (Lasor Capirar Lano Tecrnotosy €fC......)
Where the exogenous variables need not take into account al possible determinants of CA.
Baassa noted that “this would be a rather [aborious exercise and, in view of the difficulties of

assigning numerica vauesto these variables, it might bring disappointing results” The obvious



data and satistica difficulties asde, thismode aso presents an equivaence or baance problem
between the endogenous variable, RCAwooL, and the exogenous variables for land, Iabor,
capital etc... According to the classic H-O modd, exports tend to reflect relative factor
abundance (or in the case of the Ricardian model, factor productivity). This prediction,
however, is not commodity specific. H-O, in fact, can only account for broad patterns of CA —
for example, capitd intensive reative to labor intensve exports. To understand CA & a
commodity specific level, one needs to re-focus the idea of opportunity cogt, bringing it closer
to a producer decison-making framework. The production decision to select one form of
enterprise or another is only partialy based on factor abundance and factor cost. “Milieu’
factors, such as higtory, environment, climate, available infrastructure, as well as rlative risk and
expected prices, aso influence producer decision-making.

To account for the dynamics of opportunity cost at the commodity specific leve, the
model should reflect arange of producer choice in dlocating resources to or away from wool
production. For this reason, three exogenous variables were selected to represent arange of
dternative opportunities or choices awool producer might typicaly face. Whilethereisno
strong justification for the sdection of the exogenous variables, MILK and WHEAT (both
measured in terms of annua production in metric tons), there is some evidence to suggest that
dairy, in rain-fed areas, and whest, in drier semi-arid regions, appear to have attracted a
number of producers away from the sheep industry (Morris and Stogdon, 1996). The last
exogenous variable, industry value added as a percentage of GDP (GDP), attempts to measure
relative levels of indudridization. This, in away, could account for growth and relative size of

non-agricultural sectors. The modd formulated as,

3 RCAwooL = f (MILK propuction WHEATRrRobucTIiON GDPINDUSTRY VALUE ADDED)

draws upon FAO and World Bank datafrom 1971 to 1993. The equation was estimated,



using pooled data and country dope shifters, with the Parks Method Time-Series Cross-
Sectiona Regression Procedure in SAS (TSCSREG), correcting for heteroscedasticity and

seria corrdation (SASETS, 1993).

Results and Discussion

After caculating wool RCA index vaues for 1961 through 1997 in each of the Six
countries, t-tests, F-tests and correlation coefficients were estimated to unvell sgnificant
patterns and differences between countries, and between pre- and post-liberalization periods.
Liberdization was defined by the landmark Puntadel Este Declaration, which launched the
GATT Uruguay Round in 1986. Although the actud implementation phase did not begin until
after the 1994 Marrakesh Agreement, it is assumed that the negotiations themselves had an
impact on expectations in the world market.

The correlaion andysis reported in Table 1 reveds a sgnificant relationship between
seven different country pairings (a = 0.10). In al cases except for New Zedland — Audtrdia
and New Zedand — United Kingdom, countries that produce similar types of wool tend to be
positively correlated, while countries producing different types of wool tend to be negatively
correlated. The New Zealand — Australia exception appears to follow a second pattern where
countriesin the same region tend to be postively corrdated. This could suggest that factors
affecting supply or demand influence RCA indices of Smilar countries, or of countries within a
particular region, in the same way. A more focused examination of the data reved's a stronger
explanation for why these patterns exi<.

When Austrdia and New Zedand are excluded from the andys's, dl significant pairings
are positively corrdated. Thet-testsin Table 2 further indicate that the RCA indices for the
four non-Oceanic countries have dropped significantly since the start of the GATT Uruguay

Round in 1986. This appears to suggest that liberdization, anong other factors, has had an



equaly detrimenta effect on the comparative advantage of the non-Oceanic countries. While
New Zedand' s RCA has not changed significantly in the post-liberaization period, Audtrdiahas
actudly seen asubgtantid riseinitsRCA. Inthe andyss, Audtrdia emerges asthe only clear
winner of the post-1986 period. Its unparaleled dominance in internationa wool exports could
be due in large part to economies of scae and the role of the “ specidist” enterprise, which
derives the mgority of its cash receipts from sheep and wool production, and collectively

accounts for dmost haf of Audrdia stotd wool production (ABARE, 1998).



Table 1. Pearson Correlation Coefficients/ Prob > |R| under Ho: Rho=0/N = 37
Argentina | Australia N.Zealand S. Africa United Kingdom Uruguay

Argentina 1

Audtralia -0.69320 1
(0.0001)

N. Zealand 0.03542 0.38417 1
(0.8352) (0.0189)

S. Africa 0.08691 -0.12426 -0.01057 1
(0.6090) (0.4637) (0.9505)

United Kingdom [JeXSE53) -0.82771 -0.34366 0.14839 1
(0.0002) (0.0002) (0.0373) (0.3808)

Uruguay 0.58803 -0.20633 0.36968 0.19789 0.04376 1
(0.0001) (0.2205) (0.0243) (0.2404) | (0.7970)

Z€ero.

Argentina  Augralia

RCA Pre-1986 m 203.3842

N. Zealand

Table 2. Means, Standard Deviations and Results of the t- and F-Tests
S. Africa United Kingdom

Note: Parentheses contain the significance probabilities under the null hypothesis that the correlation is

Uruguay

RCA Pre-1986 s

RCA Post-1986 s 35.7720

1151.3703 | 10536056 | 606.2278 | 134.899 11186102
40.9668 1931456 | 327.1552 | 1431245 | 26,6451 250.3204
1740.1609 | 1106.6932 | 520.6718 | 91.9608 887.8678
1611325 | 1342687 | 141.3816 | 155889 287.2651
5.6306 91273 | -0.6981 17087 | 6.1562 24478
(0.0000) | (00000) | (04898) | (0.0964) | (0.0001) (0.0195)
131 144 5.94 102 292 123
(06561) | (05403) | (0.0038) | (1.0000) | (0.0675) (0.6452)

means or thedifference in variances are zero.

Note: Parentheses contain the significance probabilities under the null hypothesis that the differencein



The estimation of amodified equation (3) lends further credence to thistheory. Using
Austradia as abase, country dope shifters were included in the equation to account for any

sgnificant differences between countries.

RCA =522.302583 + 0.023328 WHEAT - 0.02103 AWHEAT + 0.085542 NWHEAT +

(4.97) (3.99 (-3.02 (0.22)
0.091010 SWHEAT - 0.026965 UWHEAT - 0.082370 RWHEAT +

(1.78) (-4.20) (-0.30)

0.202336 MILK - 0.245437 AMILK - 0.163661 NMILK - 0.225760 SMILK -
(7.00) (-7.86) (-3.89) (-1.67)
0.21367 UMILK - 0.735026 RMILK - 21.585806 GDP + 18.855768 AGDP +
(-7.26) (-4.95) (-3.66) (3.07)
33.430307 NGDP + 19.185485 SGDP + 16.462943 UGDP + 55.769223 RGDP
(3.44) (1.96) (2.57) (8.00)

R =.93 (t-values are parentheses)

Where each exogenous variable is specified by individualy by country, (A)rgentina, (N)ew
Zedand, (S)outh Africa, (U)nited Kindom and U(R)uguay.

In the estimated equation, wheat and milk production does not adversdly affect
Ausgtraia swool RCA. In fact, the three forms of enterprise gppear to easly co-exist within
Augtrdiad s agricultural production capacity. The*specidist” enterprise, which accounts for
amogt of Augtralia’ swool production, appears to be unaffected by the possible trade-of f
between wool and milk or wheet production. The same, however, cannot be said for four of
the other five countries. In countries where “specidist” wool enterprises are less of afactor,
milk production in particular ssemsto detract from wool RCA. Thisis evident in the cases of
Argentina, South Africa, the United Kingdom and Uruguay. Wool producers in these four non-
Oceanic countries face a trade-off or a greater opportunity cost associated with their decison to

produce wool. As can be seen in the model, an increase in milk production leads to a decrease



in the RCA vaue for wool.

Although the robustness of the last exogenous variable, GDP, is questionable, it appears
to confirm an assumption that there is an inverse relationship between wool RCA and levels of
indudridization. Germany, Spain and the United Kingdom have al seen a substantia declinein
their wool production as their industria capacity increased. In the estimated equation however,
trend or other influences could be skewing the results, asis perhaps the case with New Zedland
and Uruguay.

Summary and Conclusons

In 1976, Gottfried Haberler remarked that “no sophigticated theory is necessary to
explain why Kuwait exports ail, Boliviatin, Brazil coffee and Portugd wine” (Goldin, 1990).
This paper contends that the analysis of comparative advantage for agriculturd commodities has
not only become relevant, but may in fact be an important tool for understanding the future of
world agriculture. Although autarky precludes direct observations of CA, measures of RCA
can provide useful approximations of CA.

While Balassa's export-based RCA index overlooks aspects of domestic consumption
and vaue-added processng, it is nevertheess a meaningful gauge for messuring the rdleive
strength or weakness of agricultural exporters. In the case of wool, the measurement of RCA
has shown that CA isadynamic, not agtatic condition. The dynamics of CA have become
increasingly apparent as agriculturd markets become less insulated by government trade and
support policies. This study has shown that, snce the gart of the GATT Uruguay Round in
1986, RCA indices have changed significantly. For the four non-Oceanic countries, wool RCA
index values have decreased significantly, while for Audrdia, the RCA index has actudly
increased despite the recent fal in sheep numbers.

Economies of scale and the importance of the “ specidist” enterprise are perhapsthe



best explanations for Augtralia s relative successin wool exports. A model, developed to
account for variations in RCA over time and across countries, gppears to confirm Augtrdia's
digtinctiveness relative to other mgor wool exporters. The model, loosely based on H-O
(factor abundance) and Ricardian (factor cost / productivity) assumptions, attempts to re-focus
the idea of opportunity cogt, bringing it closer to a producer decision-making framework.
Assuming a nation’s producers are collectively rationd, it is a thislevel that one can fully
account for climate, relative risk, expected prices, costs, endowments and productivity of land,
labor and capita, aswell other “milieu” factors— higtory, environment, available infrastructure,
knowledge of the industry, etc...

The decision to allocate resources to and away from wool production is represented in
the mode by measures of dairy (for rain-fed areas) and whesat (for semi-arid regions)
production. A measure of indudtridization is aso included in the mode to account for the
relative growth and size of the non-agricultural sectorsin the economy. If enterprise production
decisonsfor a given commodity ultimately determine international competitiveness, trade-offs
with competing forms of enterprise, or with competing sectors of an economy, will likely detract
from the international competitiveness of that given commodity. Although Audraiaand New
Zedand RCA indices appear to be largely impervious to this form of trade-off, milk production

in the remaining four countries has been shown to detract from wool RCA.
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