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                    Abstract
Using a newly constructed panel dataset for agriculture in 17 OECD countries over the 1973–2011 period, we investigate the role of capital deepening in affecting agricultural TFP growth and the convergence of relative TFP levels across countries with different relative factor endowments. Our results show that capital deepening contributes positively to agricultural productivity growth among countries with similar levels of land relative to labor as reflected in relative prices. Depending on the relative endowments of land to labor, countries with relatively more abundant land are more likely to achieve technological gains through capital deepening than countries with relatively more labor. This finding is consistent with Hayami and Ruttan (1970a) and provides supportive evidence for the induced innovation hypothesis.
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                    Notes
	By “capital deepening” we mean an increase in capital input per unit of labor.


	Since our dataset did not cover Japan and Korea which have quite different land-labor endowments, the finding from this work may not necessarily apply to those Asian developed countries.


	The data on output and intermediate input for the European countries are from the Economic Accounts for Agriculture NewCronos database http://epp.eurostat.ec.europe.eu/. Comparable data for the United States, Canada and Australia are available from the Economic Research Service, US Department of Agriculture, Statistics Canada, and the Australian Bureau of Statistics, respectively.


	Data on investment for the European countries are from Capital Stock Data for the European Union (Beutel 1997). The series was extended through 2011 using Eurostat’s NewCronos database http://europa.eu.int/comm/eurostat/newcronos/. Data for the United States are from Fixed Reproducible Tangible Wealth in the United States (U.S. Dept. of Commerce). Data for Canada come from Canadian Statistics and Agri-Food and Agriculture Canada, while for Australia come from Australian Bureau of Statistics.


	The mathematical model that underpins our estimates of capital stock can be found in Ball et al. 2008.


	The nominal rate was taken to be the average annual yield over all maturities.


	Ex ante real rates are expressed as an AR(1) process. We use this specification after examining the correlation coefficients for autocorrelation, partial and inverse autocorrelation and performing the unit root and white noise tests.


	A similar phenomenon is also observed by Ludina et al. (2007), Coelli and Rao (2005) and Fuglie and Rada (2018), although they have used different methodologies, data and indicators to measure agricultural productivity.


	Using a common methodology that allows comparisons across countries, Butzer et al. (2010) compiled a data series on fixed capital in agriculture based on national accounts data. The fixed capital measure differs remarkably from the Food and Agriculture Organization’s data on tractors, which has been widely used as a proxy for agricultural fixed capital. This highlights the importance of using accurate measures to better understand the cross-country differences in agricultural productivity (Gollin et al. 2004; Gollin et al. 2014a, 2014b).


	The theoretical relationship has also been derived following Acemoglu (2010) and shown in Appendix B. In addition, a similar model specification has been used in Ball et al. (2001) for the United States and nine European countries over the period of 1973–1993 and Ball et al. (2004; 2014) for cross-state analysis in the US over the period of 1960–2004. Meanwhile, for simplicity, we exclude material-intensity from the baseline model (while leaving it to be controlled in the full model), since we believe that material-deepening may play a similar role as capital deepening in affecting agricultural productivity convergence across countries.


	The instruments used in the IV-GMM estimation are two-period lagged input usages, and performed in STATA. We conduct the post-Sargan test to examine whether the econometric model is valid and whether the instruments included are exogenous.


	Compared with individual unit root tests, such as the Augmented Dickey-Fuller test or the Phillips and Perron (1988) test, all of these have common advantages when dealing with small samples. However, they also have their own limitations, which suggest that a joint interpretation of the test results would be preferred. The panel data unit root test results are reported in Appendix Table A15.


	For more a detailed discussion on the conditional quantile regression approach, please refer to Appendix C.


	At the tails, the sample size is really small and thus the impact becomes unstable.


	The statistical test (reported in Appendix C) shows that the conditional quantile regression model fit the data better than the baseline model.


	We noticed that there is an inconsistent change in marginal impacts from 1 to 5%, and believed that this is more likely to be caused by the small sample issue.


	The related results for all the five robustness checks are available in Appendix D.
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