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Abstract This paper evaluates the relationship between research and development (R&D) 
investments, human capital, and the competitiveness of U.S. corn, cotton, wheat, and soybeans, as 
well as for U.S. competitors from 1971 to 2006. A dynamic ordinary least squares (DOLS) export 
model is estimated using R&D investments, human capital ratios, and the Mickey Index of trade 
specialization.  A positive relationship is found between domestic R&D expenditure, agricultural 
commodity export growth and the Mickey Index of trade specialization. The results indicate that the 
United States is the most competitive exporter of corn and wheat, while Argentina and Australia are 
most competitive in soybean and cotton exports, respectively. The study concludes that R&D 
investments play an important role in enhancing the export competitiveness of agricultural 
commodities for some countries while others may act as free riders since they benefit from R&D and 
either do not contribute or contribute minimally to its development. 
 
Keywords: R&D, competitiveness human capital, agriculture, exports 
 
JEL Classification: J24, Q16, Q17 
 
 
 
1. Introduction 
 
The United States (U.S.) has had a large and persistent agricultural and food trade surplus over the 
past two decades (CAST, 1995).  Agriculture’s share of U.S. gross domestic product (GDP) is only 
slightly more than 1%, but its share of exports was 8% in 2002.  This export performance came 
about despite falling terms of trade and declining real prices at the farm level (Gopinath and Roe, 
2000).  Colyer and Jolly (2000) attribute the exports to a highly productive and internationally 
competitive agricultural industry.  
 
The concept of competitiveness encompasses a variety of factors in addition to changes in nominal 
exchange rates, relative prices, and production costs.  Product differentiation, for instance, plays an 
important role in the competitive strategies of enterprises.  Productivity growth, reliability, delivery 
times, quality, after-sales service, financing arrangements, technological innovation, investment in 
physical and human capital, management style, and the institutional and structural environment play 
roles in competitiveness.  Many of these factors are qualitative in nature and research has typically 
focused on easily quantifiable indicators such as export price indices and unit labor costs (Agénor, 
1997; Dohlman, Schnepf, and Bolling, 2001).  
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Given how competitiveness is expected to drive global trade, this paper examines the influence of 
changes in R&D investments and human capital on the U.S. competitiveness as expressed by 
changes of market share and Michaely Index of corn, cotton, wheat, and soybeans.  The objectives of 
the paper are: (1) to analyze competitiveness indicators including export levels and Michaely Index 
of trade specialization of corn, cotton, wheat, and soybeans for U.S. and its competitors; (2) to 
evaluate the use of R&D and human capital in the measurement of U.S. agricultural competitiveness; 
and (3) to discuss the policy implications. 
 
Traditional studies of competitiveness focus on comparative costs or market participation of 
countries or industries, but subsidies distort costs and market shares, especially in agriculture.  To 
analyze the competitiveness of agricultural commodities, this study follows the methodology of 
Almarwani (2003). The study improves Almarwani (2003) methodology by including human capital 
and technological innovation, measured by research and development (R&D), seldom included in 
studies of competitiveness.   
 
 
2. Literature Survey  
 
2.1 Research and Development  
 
Technology-based theories of trade have long emphasized the role of innovation and technological 
differences in determining the pattern of trade. Posner’s (1961) technology-gap trade model was the 
first to include technological differences in trade explanation. For Posner, countries placed at the 
technological frontier would enjoy an export advantage in technologically advanced products. 
Empirical studies on technological factors affecting trade have found a strong influence on domestic 
innovation efforts on competitiveness (Fagerberg, 1988; Soete, 1987). Product and process 
innovation seems to be a crucial factor in gaining market share in international markets, at least in 
those concerning developed countries. 
 
According to Agénor (1997) technological innovation influences trade flows and export market 
shares by changing quality characteristics of products and determining the emergence of new 
products.  A firm’s adoption of productivity or quality-enabling technology will enhance its 
competitiveness and foster a shift of either supply or demand, linking technology to profits.  
 
The development and use of new technology has generated continued and increased productivity in 
agriculture.  These technologies are mechanical, chemical, or biological, and substitute for land and 
labor and result in increased crop and livestock production (Schimmelpfennig, et al., 1994).  
Gopinath and Roe (2000) compare U.S. agriculture with Europe and find that total factor 
productivity (TFP) due to the adoption of technology is the primary driving force behind growth.  
Public R&D has the potential to increase living standards of farm households and consumers while 
sustaining the U.S. competitive edge in foreign markets.    
 
Thus, over the past century, mechanical, chemical, and biological revolutions have represented 
fundamental changes in agriculture which have had social and economic impacts.  Biotechnological 
innovations played a significant role in enhancing competitiveness and economic development in the 
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last part of the 20th century.  Disease free seedlings, new animal vaccines, growth hormones, and 
transgenic plants opened a new era in agricultural production and altered comparative advantage 
(Heboyan and House, 2003). The study argues that U.S. agricultural export performance is positively 
influenced by investments in R&D and human capital that further induces changes in agricultural 
production resulting in efficient utilization of other production inputs. 
 
According to the literature, it is expected that countries engaging in R&D activities have a more 
comparative advantage in exporting their products. Furthermore, countries having “large” R&D 
expenditure may move to the forefront of the technology boundary when they invent new products 
or new production processes. They may then gain competitive advantages compared to other 
countries producing competing goods.  It is, therefore, expected that the export performance of a 
country is positively related to its R&D behavior. The agricultural R&D variable used in the study is 
developed as, 
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where = public R&D spending  in year t (t = 1971-2001),  Vit = value of output for 
commodity i in year t and St = value of agricultural sector output in year t. The RD ratio is generated 
as the ratio between R&D expenditure of country i and its GDP at time t, 
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where  Yit = value of GDP for country i in year t. 
 
2.2 Human Capital 
 
“Human capital” is a set of specialized skills that agents can acquire by devoting time to an activity 
called “schooling” or training. An important form of human capital is knowledge. Knowledge leads 
to a particular form of technology, the means by which resources are transformed into output (Schuh 
and Angeli-Schuh, 1989). This “production” technology is important for agricultural development.  
Knowledge is embedded in human beings by means of education and training, as well as through 
diverse forms of informal learning. Hence, the level of literacy, the level of educational attainment, 
and the amount of training provided to a country’s population are important measures of its 
investment in human capital (Schuh and Angeli-Schuh, 1989; Grossman and Helpman, 1991). 
 
Human capital is an important factor of production and has a direct impact on competitiveness. The 
higher the stock of human capital, the more output can be delivered per labor unit. Improvement in 
the quality of human capital leads to lower unit costs of production and decreases marginal cost of 
production, enabling firms to trade better quality commodities at lower prices (Kleynhans, 2006). 
 
Physical and human capital tends to complement one another. However, research has shown that 
investments in human capital tend to yield high social rates of return, much higher than on ordinary 
commercial ventures or on investments in physical capital. The high rates of return are due in part to 
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the ability of human capital to raise the productivity of more conventional resources such as land, 
labor, and capital. A more educated populace may provide better services to agriculture, improving 
productivity and competitiveness (Schuh and Angeli-Schuh, 1989; Gallacher, 1999).  
 
Similarly, the various forms of human capital are notably complementary. The introduction of new 
production technology, for example, tends to increase the demand for formal schooling and thus 
raises the rate of return on investments in schooling. Similarly, higher levels of education make it 
possible for new production technology to be diffused more rapidly; thus raising the rate of return on 
investments in the production of new technology. Gains in education accounted for 9% of the 
increased output from 1948 to 1994 according to Ahearn, et al (1998). 
 
An indirect measure of education may be school enrollment or adult literacy (Hayami and Ruttan, 
1985).  A measure of overall quality of the labor force may be life expectancy (Craig, Pardey, and 
Roseboom, 1997) or historic calorie availability (Frisvold and Ingram, 1995).  In an effort to focus 
more specifically on the education achievements of agriculture labor, Hayami and Ruttan (1985) also 
looked at the number of secondary school graduates as a proxy for the level of advanced technical 
education in agriculture.  
 
The study uses secondary school graduates as a proxy for skilled labor (H). According to Bowlus 
and Robinson (2005), secondary school graduates are an important contributor to the quantity of 
human capital. The fraction of secondary school graduates to the population or labor can be used as a 
proxy for a country’s human capital stock in international comparisons. The study develops a skilled 
labor (H) index for agricultural populations by calculating a fraction of secondary school graduates 
to the agricultural labor force for the US and its competitors. H has a quotient of between 0 and 1.  
 
The index for H is developed from the economically active population in agriculture Li in country i, 
estimated as the population engaged in agricultural occupations, Li  by 
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where  is the population engaged in agricultural occupations,  is gross output in agricultural 

crops sector,  is gross output of agriculture, forestry, and fishing.  This method assumes that labor 
productivities are equal across these agricultural occupations. The human capital index (H) is 
developed as;  
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where Gi  = the number of secondary graduates in the labor force.  The quotient takes a value 
between 0 and 1.  The assumption is that secondary school graduates would be more inclined and 
better equipped to organize their own business (Hayami and Ruttan, 1985).  
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3. Theoretical Model 
 
The study builds on the estimated export model of Arize, et al. (2000), de Vita and Abbott (2004), 
Almarwani (2003), and Almarwani, et al. (2007), amongst others to specify an export demand 
equation that incorporates R&D and human capital in the following form:  
 

ttttttt CpHRDPexYX ++++++= lnlnlnlnln 0β                                                                        (5) 
 
where Xt is the value of exports, is the real exchange rate, RDt is the R&D ratio of U.S. and 
competitor i,  is skilled labor ratio of U.S. and competitor i, and  is the Michaely Index of 
competitiveness. The study develops an R&D and human capital index based on Vonortas (1997) 
and Gallacher (1999), respectively.   
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In the specification, the study tests both the influence of domestic R&D and that of human capital. 
Given the nature of the data, especially for R&D, and the problems involved with estimating the 
equations in levels, the regressions are run using pooled data for the U.S. and two other competitors 
for each of the export commodity using panel cointegration techniques. Two specifications of the 
export demand function are estimated: 
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where  is the value of export volume in U.S. dollars,  i is a country index,  is a measure of 
income activity in U.S. dollars , is the real exchange rate volatility,  is the relative price in 
U.S. dollars, is R&D expenditure ratio of U.S. and competitor i,  is skilled labor ratio of U.S. 
and competitor i,  is the Michaely Index (a measure of specialization), D2 (1 = US, 0 = 
otherwise), and D3 (1 = competitor 1, 0 = otherwise) are dummy variables for U.S. and its 
competitors, and t  is the year of observation.   
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Equation (6) is the basic specification for testing the effect of RD, H and Cp on export performance. 
The RD variable is taken as the innovation variable. It is assumed that the level of exports depends 
on continued flow of new innovations. H is the measure of the extent to which skilled labor affects a 
country’s exports. Cp is a specialization measure that shows how specialization in production of 
agricultural commodity affects the country’s exports.  Finally, an interaction term between RD, H, 
Cp, and a dummy for the U.S. and its competitors are introduced in equation (7) to allow for 
different signs and magnitude for RD, H, and Cp between the U.S. and the competitors considered. 
Results of the estimation are expected to expose sensitivity of R&D, or skilled labor and other 
variables on exports. 
 
Chuang’s (2000) study on the relationship between human capital accumulation, exports, and 
economic growth in Taiwan found no direct effect of skilled labor accumulation on exports growth. 
Also, Courakis (1991) found that for natural resource dependent industries, gross exports are 
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unskilled labor intensive and human capital scarce. The study attempts to analyze whether there is a 
positive relationship between human capital growth and exports growth for selected agricultural 
commodities from the marketing side (exports) perspective. The study hypothesizes that human 
capital has a positive effect on agricultural exports since it facilitates the uptake and imitation of new 
technologies; thereby enhancing exports through cost competitiveness as noted by Kleynhans 
(2006).  
 
The exchange rate volatility is the foreign exchange price and its expected effect is negative, 
consistent with earlier studies such as that by Assery and Peel (1991), Chambers and Just (1982), 
and Grigsby and Arnade (1986).  A negative sign would indicate that home currency appreciation 
reduces commodity competitiveness.  The relative price coefficient  RP should have a positive effect 
on exports. 
 
Exports of normal goods are positively related to the GDP of importing countries as found by ERS 
(2003), Klitgaard and Orr (1998), and others.  The R&D coefficient should have a positive effect, 
consistent with studies by Trefler (1993, 1995),  Moreno (1997), and others.  An increase in R&D 
spending in a sector should boost output and exports. The coefficient of comparative advantage of 
competitors should be negative, which indicates that when comparative advantage of a competing 
country increases, the country’s competitiveness declines. 
 
 
4. Data Sources and Empirical Results 
 
4.1 Data Sources 
 
The study analyzes four export commodities, corn, cotton, wheat, and soybeans, from 1971 to 2006.  
The four commodities are selected commodities since they contribute more than 30% of U.S. 
agriculture export revenue and, according to USDA (2004) projections, will face stiff competition in 
the future. Argentina and Brazil were considered as U.S. competitors in the soybean market. 
Argentina and South Africa were considered as U.S. competitors in the corn market. Australia and 
Brazil were considered as U.S. competitors in the cotton market, while Australia and Canada were 
considered as the U.S. major competitors in the world wheat market. These competitors were 
selected since they offer the biggest competition for the U.S. export market in the selected 
commodities according to ERS/USDA (2004). 
 
Volume of Export (X) in metric tons for a 36-year period is used to calculate the lag value for 
quantity variable.  Exports were defined as the real value in U.S. dollars of the selected commodities. 
Annual data on gross agriculture exports and imports from the U.S. and selected competitors were 
obtained from The Production, Supply, and Distribution (PS&D) database of the USDA and Food 
and Agriculture Organization (FAO) statistical database.  All products have the same unit.  The 
variable (lnX), which is the natural logarithm of the export quantity values, is used in the study.    
 
Economic theory suggests that income in importing countries is a major determinant of a nation’s 
exports. The importing country’s GDP plays a major factor in determining their readiness to cover 
the payments for imports.  World income is selected to represent the income measurement and ln(Y) 
is the natural logarithm of GDP, which is used in the regression equations. Data on aggregate GDP is 
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defined as the sum of the income of the 10 largest importers of each commodity in constant year 
2005 U.S. dollars. The data were obtained from ERS/USDA macroeconomic database as 

with i ≠ j, where y is the gross domestic product of importer i. ∑
=
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The relative price is a measure that indicates the drive or incentive for trade.  Price differences 
between exporting countries are expected to direct commodities from low price markets to markets 
that offer higher prices.  The relative price coefficient (RP) is calculated as the weighted average of 
world importers price (P) against the exporters prices (P*). The variable (lnRP) is the natural 
logarithm of the weighted average of importing countries price to the exporting county price, P/P*.     
 
Exchange rate volatility is a measure intended to capture the uncertainty faced by exporters due to 
unpredictable fluctuations in the exchange rates. A nominal exchange rate movement is considered 
as a fundamental determinant of price competitiveness.  This study follows recent literature 
employing the moving average standard deviation as a measure of exchange rate volatility. Nominal 
exchange rate volatility (V) is used in the study. The measure has been used by a number of authors 
such as de Vita and Abbot (2004), Chowdhury (1993), and Arize (2000). This measure is 
approximated by a time-varying measure defined as follows: 
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where R is the natural log of the bilateral real exchange rate  and m is the order of the moving 
average. Real exchange rates data were obtained from the Economic Research Service’s Agricultural 
Exchange Rate database that contains annual and monthly data for exchange rates important to U.S. 
agriculture. 
 
The Michaely Index (MI) is a measure for comparative advantage. The Michaely Index value ranges 
from zero to unity, with a value closer to one indicating a greater degree of trade specialization.  
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where Xij  are exports of sector i from country j, and M ij are imports for sector i to country j.  The 
degree of specialization in each sector is weighted by its relative importance in the country’s total 
trade. This index also ranges between 0 and 1, and the value of one implies a complete specialization 
in trade. The variable ln (MI), natural logarithm of MI values, was calculated using excel formulas. 
The Michaely index of specialization was used in the study because its comparison takes account of 
exports within a sector relative to imports within a sector, relative to total imports and exports with 
no mention of other countries' exports (Cole, Elliott, and Shimamoto, 2005). 
 
Data on R&D spending for selected countries were obtained from various sources to compliment 
each other including the Organization for Economic Cooperation and Development (OECD) fact 
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book, U.S. National Science Foundation, Division of Science Resources Statistics (NSF/SRS), 
Research and Development in Industry and the United Nations Educational Scientific and Cultural 
Organization (UNESCO) Institute for Statistics.  R&D spending reflects the direction of innovative 
effort and can be considered as a measure of competitiveness. The moving sample standard deviation 
of the growth rate of both nominal and real exchange rate, as the measures of exchange rate 
volatility, was used in the study whereas the Michaely Index was employed as a measure for 
comparative advantage.  
 
The model was estimated in levels, since we are interested in the long-run determinants of exports 
and the impact of R&D and human capital, which are subject to diffusion lags. The use of panel data 
for long-run regression studies poses some difficulties because the time series component of the 
panel may not be stationary.   
 
MacKinnon critical values for the Augmented Dickey Fuller (ADF) test and Phillips-Perron (PP) 
unit root tests were administered for U.S. and competitors’ data in corn, cotton, soybeans, and wheat 
exports from 1971 to 2006. Table 1 reports the observed statistics for the ADF and PP unit root test 
for the export variable. Tests for unit roots suggest rejecting the null hypothesis of unit root at 10% 
level of significance for most of the variables. However, ADP tests for U.S. corn and Brazil’s cotton 
and Soybeans exports are not significant. Also, while PP results of most variables Argentina’s corn 
and Australia’s cotton variables are not significant. The outcome of the unit root tests indicates that 
all variables in the series are not integrated in the same order. 
 
This study relies on Kao and Chiang (1998) who discuss the properties of the ordinary least square 
(OLS) and dynamic ordinary least square (DOLS) estimators for the estimation of the long-run 
cointegration vector. Kao and Chiang (1998) find that the OLS fixed effects estimation of the panel 
is subject to a non-negligible bias in finite samples. For this reason, they propose alternative 
estimators. One proposed alternative is the DOLS estimator based on Stock and Watson (1993) 
obtained from running the following regression: 
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The DOLS regression adds to the OLS the leads and lags of the differences of the independent 
variables. This ensures asymptotically unbiased estimates and avoids the estimation of nuisance 
parameters. Kao and Chiang (1998) also show that the DOLS estimator is preferable to both the OLS 
and fully modified (FM) estimators in estimating panel regressions. The DOLS estimations for four 
specifications of the impact of export demand function with respect to R&D and human capital are 
reported in the tables 2- 5 and discussed next.  All variables have a correlation coefficient of less 
than 0.36. The low value of correlation coefficient may be an indication that multicollinearity is not 
a problem in our DOLS regression model. 
 
4.2 Empirical Results and Discussion 
 
All regression equations, as are reported in tables 2 -5, indicate significant F- statistics at the 1% 
level. The R2 for the regression models range from 0.42 to 0.79 for the DOLS models, an indication 
of good predictive power. Results for each of the commodities are presented next. 
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4.2.1 Corn Empirical Results 
 
Export competitors for U.S. corn considered in the study are South Africa and Argentina as shown 
on Table 2. Dummy variables are included to obtain country specific effects of R&D, human capital, 
and Michaely Index measure of trade specialization. The DOLS regression contains indexes for 
R&D, human capital, and Michaely Index along with related variables, as the independent variables. 
 
The estimation results indicate that the sign and magnitude of the income (GDP) parameter were as 
expected in all the DOLS regression models. The impact of R&D is clearly positive and significant 
in all specifications except in wheat. Specific results related to different commodity exports from 
U.S. and its competitors are discussed next.  
 
Coefficients of GDP and relative prices are statistically significant at 1% level in all cases, consistent 
with our expectations. This indicates that income per capita of a country and corn imports vary 
directly. The coefficient on the relative volatility variable for corn is negative but not statistically 
significant as shown in Table 2, equation (6). Since the relative volatility is a measure of U.S. 
exchange rate volatility compared to the volatility of the competitor’s exchange rate, one would 
expect the coefficient on this variable to be negative if exchange rate volatility was a factor that 
importers were concerned about when they make import decisions as noted by Almarwani, et al., 
(2007). One explanation for its lack of significance could be that since most corn exports go to 
countries that have adequate financial markets, the volatility of exchange rates may not be an 
important issue for importers. According to USDA (2004), the largest importer of corn is Japan, 
South Korea, and Mexico, in that order. 
 
R&D coefficient shows a positive relationship with corn exports and is statistically significant at the 
1% level. However, the elasticity of R&D is substantially higher for the U.S. at 1.95 than for its 
competitors South Africa and Argentina where the coefficients are not significant.  The coefficients, 
therefore, indicate that corn exports from U.S. increase faster for every dollar increase in R&D 
expenditure when compared to its competitor’s corn exports, given the same level of R&D 
expenditure increase. 
 
R&D coefficient for Argentina is negative and statistically significant as indicated by Table 2 
equation (7). This shows that Argentina has continued to enjoy increased trend in corn exports with 
unmatched increases in R&D investments. According to USDA (2004), corn yield in Argentina 
increased by 52% from 4.17 MT/ha to 6.33 MT/ha between 1993 and 2002. This enabled Argentina 
to increase its corn exports by 175% while there was only 2% increase in area planted in corn during 
the same period. This yield increases were brought about by improved seed varieties and increased 
fertilizer usage.  However, Argentina’s R&D expenditure increased by less than 0.4% during the 
same period. These increases can be attributed to technology borrowing, and is an indication that 
perhaps Argentina might be better off borrowing or buying technology for corn production than 
producing their own through investments in R&D. Lin (2004) argues that developing countries could 
increase their productivity by borrowing low-cost, low-risk technologies from developed countries 
allowing them to reallocate labor and other resources, opening new areas of comparative advantage. 
A number of developing countries prefer to conduct multicultural trials or field trials to evaluate the 
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appropriateness of a technology for adoption than to invest in the innovation process of that 
technology. 
 
The overall human capital index coefficient for corn was significant and negative indicating that 
corn exports do not benefit from the improvement in human capital of the exporting countries. One 
explanation could be as in Schunh and Angeli-Schuh (1989) who note that the aggregate production 
function of agriculture show that investments in human capital is a perfect substitute at the aggregate 
level for labor as input in the production process. Human capital is factor-augmenting as it increases 
the supply of labor services without the need for increases in physical stock. It is, therefore, possible 
to increase production and exports of corn with less human capital after increased investments in 
human capital.  The human capital index for the U.S. is positive and significant at 10% indicating 
that U.S. corn sector benefits most with increases in investments in human capital when compared to 
its competitors.  
 
The Michaely Index measure of trade specialization is positive and highly significant indicating that 
corn exports will benefit more if the exporting country is specialized in the commodity exports. 
Table 2 indicates that the U.S., with a Michaely Index of Competitiveness coefficient of 146.9, is the 
most specialized in corn exports when compared to its competitors South Africa with a coefficient of 
83.1 and Argentina with a coefficient of 36.4. 
 
4.2.2 Wheat Empirical Results  
 
Australia and Canada are considered to be U.S. competitors in the wheat export market. The overall 
human capital coefficient for wheat is significant at the 1% level, but with a negative sign. This 
indicates that in general, human capital increases are not associated with increases in the level of 
wheat exports. However, the human capital coefficient for the Canada is significant at the 1% level, 
indicating that Canada wheat exports benefit most from increases in human capital as indicated in 
Table 3.  
 
The overall Michaely Index coefficient of trade specialization for wheat is positive and significant at 
the 1% level, as indicated in Table 3. The Michaely Index coefficient for U.S. and Canada are 
positive and highly significant at 1% as shown in Table 3, with the U.S. being the most significant, 
followed by Australia and Canada. 
 
4.2.3 Cotton Empirical Results 
 
Australia and Brazil are considered as U.S. competitors in the cotton export market. The R&D 
coefficient for cotton shows the expected positive relationship of R&D expenditure with cotton 
exports and is significant at the 1% level. R&D expenditure effects on cotton exports from Brazil are 
most profound which has a positive and significant coefficient at 10% as indicated in Table 4.  
 
The human capital coefficient for cotton exports from the U.S. and Australia is positive but not 
significant. This indicates that, overall, cotton exports are positively influenced by investments in 
human capital. Brazil has a negative but significant human capital coefficient. One explanation for 
Brazil’s negative human capital coefficient could be that as farmers invest more in technology 
(R&D), less human capital is needed for the same unit of output. Also, as in corn, human capital is 



                         Kagochi & Jolly, International Journal of Applied Economics, 7(1), March 2010, 58-77  68

labor augmenting with the ability to increase the supply of labor without increases in its physical 
stock. 
 
The overall Michaely Index coefficient of trade specialization for cotton has a positive sign and is 
significant at the 1% level, consistent with our expectations as indicated by equation (6). When 
compared to its competitors, Australia has a positive and most significant Michaely Index 
coefficient.  On the other hand, Brazil has a negative Michaely Index coefficient.  This indicates that 
Australia is more specialized in cotton exports when compared to the U.S. and Brazil. 
 
4.2.4 Soybeans Empirical Results 
 
Argentina and Brazil are considered as U.S. competitors in the soybeans export market.  The 
coefficients for income, relative price, and R&D for soybeans have the expected signs and are 
significant at 1%. Exchange rate volatility for soybeans has the expected sign but is not significant. It 
should be noted that soybean is directed to the richer countries where it is used in feeding animals 
compared to commodities like wheat employed for direct human food use.  These countries have 
stable financial markets, which might reduce the volatility of exchange rates; thus reducing its 
impacts on imports. Income coefficient is significant at the 5% level, while both relative price and 
R&D coefficients are significant at the 1% level. 
 
The R&D coefficient for Argentina soybeans has the expected sign and is significant at 1%. This 
indicates that Argentina’s soybean exports sector accrue the highest benefit with increases in R&D 
expenditure, followed by U.S. as shown in Table 5. The R&D coefficient for Brazil has a negative 
sign and is significant at the 1% level as indicated in Table 5. That Brazil has continued to increase 
its soybean exports even with reduced investment in R&D can be attributed to technology 
borrowing. The overall Michaely Index coefficient for trade specialization for soybeans is significant 
at the 1% level (Table 5). Argentina and U.S. Michaely Index coefficients for trade specialization 
have the expected signs and are significant at 1% and 10%, respectively. With a coefficient of 151.5 
when compared to 126.7 for the U.S., Argentina would be considered to be more specialized in 
soybeans exports when compared to either U.S. or Brazil.  
 
 
5. Summary and Conclusion 
 
The role of R&D and human capital in the competitiveness of corn, cotton, soybeans, and wheat is 
evaluated in this paper. The study uses volume of exports, commodity prices, nominal exchange 
rates, GDP of the major importing countries, R&D expenditure of exporting countries, and 
secondary school enrolment of exporting countries.  Exchange rate volatility is calculated using 
nominal exchange rate data. Michaely Index is calculated to represent a measure of competitiveness. 
 
The results of this study indicate that R&D investment and commodity trade specialization, as 
measured by the Michaely Index, are important factors that positively influence agricultural 
commodity exports. The four commodities of corn, wheat, cotton and soybeans that were studied had 
positive relationship between R&D and their exports.  Results based on R&D variable show that 
U.S. corn production and Argentina soybean production are most responsive to increases in R&D 
investments. The results also indicate that the level of commodity competitiveness influences 
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exports. Relative price and Michaely Index of trade specialization were positive and significant.  The 
U.S. is the most competitive exporter of corn and wheat based on the Michaely Index results. On the 
other hand, Argentina is most competitive in soybeans exports, while Australia is most competitive 
in cotton exports. 
 
The human capital coefficient for the overall model is negative and only U.S. corn sector has a 
positive and significant human capital coefficient. Thus, U.S. corn sector benefits most when 
compared to other competitors based on the human capital coefficient. These results, although 
contrary to our expectations, are consistent with some earlier studies. Chuang’s (2000) study on 
human capital accumulation, exports, and economic growth in Taiwan found no direct effect of 
skilled labor accumulation on exports growth, while Courakis (1991) study in Portugal found that for 
natural resource dependent industries, gross exports are unskilled labor intensive and human capital 
scarce.  
 
Overall, the results of this study indicate that investments in R&D and commodity trade 
specialization influence agricultural commodity exports while we did not obtain consistent results to 
show that human capital has any effect on agricultural commodities export.  This shows that R&D 
measure can be included when evaluating the competitive position of U.S. agriculture. The results of 
this study could open an avenue for more research on the impact of R&D and human capital on non-
bulky agricultural export commodities so as to enhance the empirical findings of the study. 
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Table 1. Order of Integration: Unit Root Test on Exports Variable+ 

 
 

Commodities 

  

Competitors  

 

ADF test 

(One lag ) 

 

Phillips-Perron test 

US -2.33 -5.38** 

South Africa -3.57*** -4.18*** 

 

Corn 

 Argentina -5.03*** -2.10 

US -3.04** -2.48 

Brazil -2.50 -3.16*** 

 

Cotton 

 Australia -3.05** -2.00 

US -4.08*** -3.73*** 

Argentina -3.66*** -3.26** 

 

Soybeans 

Brazil 1.75 -2.83** 

US -5.77*** -4.31*** 

Canada -3.70*** -3.54*** 

 

Wheat 

Australia -2.79** -2.66* 

 
*, **, and *** denote rejection of the null hypothesis of the unit root at 10%, 5%, and 1% 
significant.  
+ MacKinnon critical values used for rejection of hypothesis of a unit root  
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Table 2.  Corn Export Function Estimation using DOLS1 
 
Variable Equation (6) Equation (7) 
Income (Y) 3.180 2.865 
 (0.000)*** (0.000)*** 
Exchange Rate Volatility (V) -0.005 -0.054 
 (0.966) (0.514) 
Relative Price (P) -1.666 -0.497 
 (0.000)*** (0.052)* 
R & D Index (RD) 1.687  
 (0.000)***  
Human Capital Index (H) -9.995  
 (0.021)**  
Michaely Index (MI) 66.629  
 (0.000)***  
RD (Argentina)  -1.111 
  (0.044)** 
H (Argentina)  -8.031 
  (0.020)** 
MI (Argentina)  36.383 
  (0.000)*** 
RD (US)  1.949 
  (0.044)** 
RD (South Africa)  -0.748 
  (0.334) 
H (US)  10.148 
  (0.065)** 
H (South Africa)  -4.042 
  (0.112) 
MI (US)  146.908 
  (0.000)*** 
MI (South Africa)  83.097 
    (0.000)*** 
R2 0.42 0.79 
F-stat. (17.84)*** (21.68)*** 

 
1Estimates are based on pooling data for U.S., South Africa, and Argentina.  
t-ratios in parenthesis 
 
***, **, and * indicates 1%, 5%, and 10% level of significance, respectively. 
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Table 3. Wheat Export Function Estimation using DOLS2 

 
Variable Equation (6) Equation (7) 
Income (Y) 2.869 2.514 
 (0.000)*** (0.000)*** 
Exchange Rate Volatility (V) 0.264 0.068 
 (0.000)*** (0.171) 
Relative Price (P) -0.387 -0.506 
 (0.097)* (0.001)*** 
R & D Index (RD) -0.601  
 (0.014)**  
Human Capital Index (H) -5.818  
 (0.000)***  
Michaely Index (MI) 63.683  
 (0.000)***  
RD (Australia)  -0.475 
  (0.016)** 
H (Australia)  -0.410 
  (0.569) 
MI (Australia)  41.779 
  (0.000)*** 
RD (US)  0.519 
  (0.159) 
RD (Canada)  -0.647 
  (0.088)* 
H (US)  3.236 
  (0.176) 
H (Canada)  6.939 
  (0.004)*** 
MI (US)  85.253 
  (0.000)*** 
MI (Canada)  7.074 
    (0.659) 
R2 0.60 0.72 
F-stat. (25.65)*** (21.37)*** 

 

2Estimates are based on pooling data for U.S., Canada, and Australia for a period of 1971-2006.  
 t-ratios in parenthesis 
 
***, **, and * indicates 1%, 5%, and 10% level of significance, respectively. 
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Table  4. Cotton Export Function Estimation using DOLS3 
 

Variable Equation (6) Equation (7) 
Income  (Y) 0.879 1.675 
 (0.003)*** (0.000)*** 
Exchange Rate Volatility (V) 0.511 0.060 
 (0.000)*** (0.689) 
Relative Price (P) -0.011 0.278 
 (0.983) (0.509) 
R & D Index (RD) 1.682  
 (0.000)***  
Human Capital Index (H) 0.890  
 (0.485)  
Michaely Index (MI) 147.516  
 (0.000)***  
RD (Australia)  -0.069 
  (0.876) 
H (Australia)  0.173 
  (0.907) 
MI (Australia)  200.411 
  (0.000)*** 
RD  (US)  1.283 
  (0.232) 
RD (Brazil)  1.159 
  (0.108)* 
H (US)  2.998 
  (0.696) 
H (Brazil)  -7.336 
  (0.001)**** 
MI (US)  204.366 
  (0.190) 
MI (Brazil)  -135.712 
    (0.056)** 
R2 0.55 0.69 

F-stat. (20.24)*** (17.26)*** 
 
3Estimates are based on pooling data for U.S., Australia, and Brazil for the   period 1971-2006.  
t-ratios in parenthesis. 
 
***, **, and * indicates 1%, 5%, and 10% level of significance, respectively.  
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Table 5. Soybeans Export Function Estimation using DOLS4 

Variable Equation (6) Equation (7) 
Income  (Y) 3.192 4.086 
 (0.000)*** (0.000)*** 
Exchange Rate Volatility (V) -0.178 -0.440 
 (0.242) (0.021)** 
Relative Price (P) -3.898 -3.607 
 (0.000)*** (0.000)*** 
R & D Index (RD) 3.037  
 (0.000)***  
Human Capital Index (H) -1.548  
 (0.639)  
Michaely Index (MI) 121.138  
 (0.000)***  
RD (Argentina)  2.985 
  (0.019)** 
H (Argentina)  -5.413 
  (0.404) 
MI (Argentina)  151.357 
  (0.000)*** 
RD (US)  -0.970 
  (0.600) 
RD (Brazil)  -3.751 
  (0.027)** 
H (US)  6.501 
  (0.585) 
H (Brazil)  5.284 
  (0.391) 
MI (US)  126.735 
  (0.101)* 
MI (Brazil)  -80.192 
    (0.047) 
R2 0.64 0.71 
F-stat. (30.21)*** (18.97)*** 

 
4Estimates are based on pooling data for U.S., Argentina, and Brazil for the   period 1971-2006.  
t-ratios in parenthesis. 
 
***, **, and * indicates 1%, 5%, and 10% level of significance, respectively.  
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