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Abstract This paper investigates the link between terms of trade volatility and long-term output growth in developing countries. I find that differences in terms of trade volatility account for over 20% of the cross-country variation in growth from 1980 to 2007. The magnitude is arresting: a two-standard-deviation difference in exposure to terms of trade volatility between two countries is associated in the data with a 35-percentage-point difference in overall output growth. A decomposition of output growth distinguishes pure capital accumulation from the dynamic effects of productivity growth. The data show that capital accumulation in the 1970’s and 80’s was highest in countries with high terms of trade volatility, which later shifted their portfolios away from domestic capital and into foreign bonds. The reallocation of precautionary savings from domestic to foreign assets led to falling output in countries with volatile terms of trade. A neoclassical capital accumulation model has significant precautionary savings associated with terms of trade risk. Opening foreign bond markets in the model induces a shift away from capital and a fall in output in price-volatile countries, reproducing my finding from the data. JEL classification: E2, F21, F4, O13. Keywords: terms of trade volatility; precautionary savings; GDP growth; developing countries. Thanks to Mark Aguiar, William Hawkins, Michal Kuklik, Stanislav Kornienko and seminar participants at the University of Rochester. All errors are my own. ∗
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Introduction



Developing countries have experienced widely varying growth trajectories. In 1980, income per adult was almost twice as high in Algeria as in neighboring Morocco. Over the ensuing decades, Morocco grew steadily, although slowly, while Algeria contracted. In Central America, Costa Rica saw income rise 61% while neighboring Nicaragua’s income fell 11%. The same story has played out on every continent: some countries grew, others contracted. Economists spend a great deal of effort trying to explain why growth rates differ across developing countries; this work is a contribution to that effort. This paper shows how a shift in savings patterns can explain a portion of the cross-country differences in growth. Developing countries with high terms of trade volatility are motivated to smooth their consumption by saving, often in domestic capital. As global asset markets became more open during the 1990’s, countries which had saved large quantities of domestic capital began to shift their savings to foreign assets. This asset flow away from certain developing countries leads to lower output growth in those economies than in low-volatility countries. Using cross-sectional analysis I find that the negative correlation between terms of trade volatility and GDP growth accounts for over 20% of the variation in growth across developing countries. In order to measure the exposure of an economy to terms of trade shocks, I interact the volatility of terms of trade with exports as a share of GDP. A two-standard-deviation difference in exposures to terms of trade volatility of two countries is associated with a 35 percentage point difference in total GDP growth between 1980 and 2007. I decompose the growth difference associated with exposure to terms of trade volatility and find that a 7 percentage point difference in GDP growth can be attributed to differing rates of capital accumulation. Examining robustness regressions, it is clear that the correlation is driven by differences in volatilities of terms of trade, not differences in the magnitudes of export sectors, which have independent positive effects countervailing volatility. In order to provide theoretical foundations for the finding, I posit a dynamic stochastic general equilibrium model of capital accumulation that fits these two features of the data. The modeled country is endowed with an exportable good, which it sells on world markets at a stochastic prevailing world price. The randomness of export prices give countries a precautionary savings motive. Export supply is inelastic, and investment in domestic 2



capital is subject to TFP shocks. When international bond markets are unavailable, precautionary savings are invested in the domestic consumables sector. However, when bond markets are available, savings are optimally invested abroad in riskless markets. The reallocation of savings from domestic capital to foreign bonds leads to a decline in domestic GDP. Since the degree of the precautionary motive differs across countries, depending on their export price volatility, the decline in GDP when bond markets open also differs. This creates a negative relationship between export price volatility and GDP growth when bond markets open. I compute this neoclassical model with preference and technology parameters from the literature held constant across countries, and stationary export price processes which match the data for 54 developing countries. Using simulations, I find that in this model precautionary savings alone can account for 6% higher growth in a country which experienced two standard deviations less export price volatility. This nearly matches the 7% estimate from the data, and supports the hypothesis that precautionary savings due to terms of trade variability has affected growth rates over the last few decades.



1.1



Outline



Section 2 reviews the relevant literature. Section 3 presents the World Bank’s WDI data, from which I draw quantitative inferences using cross-sectional analysis. I also defend the assumption of terms-of-trade exogeneity. In Section 4 I present a simple model, which I calibrate and report the results of in Sections 5 and 6. Section 7 concludes and discusses ongoing extensions.
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Literature



A number of previous authors have sought a connection between terms of trade volatility and output growth. Lutz (1994) looks at the connection between TOT volatility and growth in a wide sample of annual data from 1968-1988. He defines the cyclical component of terms of trade as the residual after removing a linear trend, and then computes its variance over a moving three-year window for each country. Regressing annual GDP growth on this measure of volatility, he finds a significant negative growth effect of income terms of trade volatility but a significant positive growth effect of net barter terms of trade volatility. With similar methodology, Bleaney and Greenaway 3



(2001) find weak negative effects of terms of trade volatility and on output growth, but not on investment, in a panel of 14 African countries. Mendoza (1997) finds that terms of trade volatility can explain 17% of consumption growth in a cross-section of 40 countries (28 developing) from 1971 to 1991. Blattman et al. (2007) find that volatility of terms of trade was a key determinant of income growth in commodity-exporting countries from 1870 to 1939, while terms of trade growth was irrelevant. Working with a broad sample of countries from 1960 to 2000, Aghion et al. (2009) find negative growth effects of terms of trade volatility, measured in 5-year periods, under fixed exchange rate regimes. A few equilibrium models have been proposed to explain how terms of trade volatility affects growth. Basu and McLeod (1991) use a model with imported inputs in production to show that increased variance in terms of trade can slow output growth due to the convexity of the production function. The effect, however, is second order and small in expectation. Mendoza (1997) proposes an AK model of endogenous growth, and for values of risk aversion less than 2 is able to generate a negative consumption growth effect of terms of trade volatility. However, the model generates positive GDP growth effects even within the range of parameters where volatility decreases consumption, and for risk aversion greater than 2 generates positive consumption growth. Turnovsky and Chattopadhyay (2003) use a Romer (1986) style endogenous growth model with imperfect capital mobility and three sources of exogenous variation, including terms of trade shocks. Their model implies that terms of trade volatility has a negative effect on growth, as they also find in data from 1975 to 1992. In these endogenous growth models, terms of trade shocks drive both business cycles and growth. Others, like Kose (2002), use price shocks to explain business cycles, but not growth. A broader literature models the negative output growth effects of sources of risk other than terms of trade. Ramey and Ramey (1995) link higher output growth rate volatility to lower average output growth. Burnside and Tabova (2009) show that five global risk factors, including three commodity price indices, and country-specific exposure to each factor can account for 70% of the variation in growth volatility. Likewise, Koren and Tenreyro (2007) decompose the sources of volatility in developing country manufacturing sectors, finding that about 50% can be accounted for by sector-specific volatility. In seeming contradiction to the negative growth effects of terms of trade volatility, the precautionary savings motive of high volatility has been noted 4



as well. Agenor and Aizenman (2004) find a positive precautionary savings response to permanent, favorable TOT shocks in a sample of African countries from 1980-1996. They reproduce their finding in a model of habit formation. Ghosh and Ostry (1994), investigating savings behavior by looking at current account surpluses, find that developing countries with higher TOT volatility ran larger current account surpluses in a large sample from 1965-1991. However, they do not look at domestic savings and capital accumulation. On the other hand, Dawe (1996) shows that volatility in the total value of exports increased capital accumulation but decreased income in a sample of 85 countries from 1970-1985, but does not distinguish between price and quantity movements. This paper confirms many of the empirical findings above and combines them into a cohesive narrative. Rather than emphasize the experience of volatility over a short window, I take volatility over the whole sample as the best estimate of the volatility of each country’s underlying price process. This must come at the expense of the time dimension in my analysis, which is similar to that of Mendoza (1997). Then I use a neo-classical exogenous growth model better capable of matching the relative movements of capital and output than the endogenous growth models. A model which does not rely on exogenous productivity growth better fits the data for developing countries, which in my sample have a mean per-adult growth rate of 0.45% per annum, much lower than the 4% growth needed by Turnovsky and Chattopadhyay in their key calibration.
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Data & Analysis



Throughout the paper, data discussed are from the World Bank World Development Indicators dataset, 2009 (WDI). Terms of trade (TOT) are defined in the WDI as the price of exports divided by the price of imports. Thus, to speak of ‘improving’ terms of trade denotes an increase in the price ratio. Terms of trade volatility refers here to the standard deviation of detrended net barter terms of trade. I measure long-run growth in terms of trade as its percent change over the sample period, aggregating over the first and last five years of the sample to abstract from short-run movements. A key assumption throughout the analysis is that terms of trade volatility is exogenous to each small economy’s decisions; this assumption is discussed at length in Subsection 3.2. 5



In order to measure each economy’s exposure to terms of trade volatility, I multiply by the mean export share of GDP. This measure, which I call exposure to terms of trade volatility, should capture the importance of the price volatility to each economy. Compared to the case with unweighted terms of trade volatility, the implications of the paper are strengthened somewhat. The wide variance in export share reflects a variety of factors, including country size and large scale re-exportation of imports in a few countries. I choose Gross Domestic Product (GDP) as the best measure of income to analyze output growth. From investment and population data, I construct series of GDP and capital stock per working-age adult. In order to identify Total Factor Productivity (TFP) and decompose per-adult growth into capital growth and productivity growth, I employ a riskless neoclassical growth model with Cobb-Douglas production. I proceed to show that peradult growth of GDP, capital stock, and TFP are negatively linked to TOT volatility. The differing magnitudes of these linkages suggest that while TFP changes account for the majority of the fall in capital and GDP associated with exposure to TOT volatility, an additional growth channel exists through differential capital accumulation. Further analysis constrains the search for a mechanism by which higher TOT volatility would cause lower capital accumulation, by ruling out potential channels which are not linked to growth or volatility in the WDI data. Taking these constraints into account, the model presented in Section 4 emphasizes the reallocation of precautionary savings between two steady states as a channel for differential growth as the world transits from one steady state to the other.



3.1



Data description



I analyze the volatility and trends of terms of trade for a sample of developing countries over the period 1980-2007. The data are drawn from the World Bank’s World Development Indicators. The countries I included are those which were not largely industrialized in 1980 and for which the WDI had sufficient data1 over the sample period. I exclude China as a potential nonprice-taker and importer (rather than exporter) of primary commodities. For estimations, this leaves 54 countries, of which 21 are in Sub-Saharan Africa, 1



Countries were excluded which did not have GDP, population, investment, and terms of trade data for most years in the sample.
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Table 1: Data Summary



Moment n Mean Median Std Dev Minimum Maximum



GDP Growth



Capital Growth



54 0.11 0.08 0.36 -0.65 0.97



54 0.17 0.08 0.62 -1.37 1.70



TOT Volatility Unfiltered HP(100) 54 0.23 0.19 0.12 0.06 0.49



54 0.010 0.093 0.043 0.037 0.242



Mean Export Share 54 30% 27% 16% 9% 85%



For each country, GDP growth is measured in log differences of GDP per adult in constant 2000 US$ between averages across the period 1980-84 and 2003-07; capital growth likewise. Terms of trade is normalized to mean 1 for each country. TOT volatility is the standard deviation of annual terms of trade. When HP(100) filtered, the standard deviation of the cyclical component is reported. Country-by-country moments are presented in Appendix A.



20 in Latin America, seven in Asia, and six in the Middle East and North Africa. This sample is further narrowed to 51 countries for robustness checks involving pre-1980 data. The researcher is faced with a non-trivial choice of how to measure price volatility. I am aware of no theoretical reason for assuming that price ratios are either autoregressive or contain a long-term trend. Basu and McLeod (1991) are able to reject a unit root process of terms of trade in 11 of 19 developing countries they study. I proceed along the same lines as Mendoza (1995) by Hodrick-Prescott filtering the price data with a coefficient of 100, a common convention for annual data. I find that filtering the data at other frequencies, or not at all, preserves the qualitative results and ranking of countries by volatility while shifting the point estimates. The standard deviations of detrended terms of trade are reported in Table 8 for my entire sample. In order to identify income in an environment of shifting prices, I looked for data on production per worker abstracting from price changes. Unlike measures of Gross National Income, which use a common price deflator to deflate both imports and exports - thus internalizing the relative movement 7



of terms of trade - Gross Domestic Product aggregations deflate each item in the national accounts using its own price, washing out direct terms of trade valuation effects from the income measure. Thus, as is noted by Kehoe and Ruhl (2008), terms of trade changes do not enter directly into output like a technological innovation. Since labor force data is unavailable for many countries in my sample, I use the population aged 15-64 to instrument for the labor force. With this population measure I compute output per adult. I then aggregate over the first and last five years of the sample period and take logged differences to compute GDP growth. Henceforth, I use the terms ‘output’ and ‘GDP’ to specify the natural logarithm of GDP per working-age adult in constant US$. I find that my results are qualitatively robust to other measures of income and population. Over the sample period, 33 of the countries experienced positive peradult output growth while 21 shrank. Haiti and Cote D’Ivoire experienced the worst growth record over the period. Botswana and Thailand grew the fastest. I find no evidence of unconditional convergence in my sample: the correlation of pre-1980 output with subsequent growth is −0.08. Regressing growth on initial or pre-1980 output explains none of the variation in growth rates (the adjusted R-squared is less than zero). For capital, I construct a per-adult variable analogous to GDP. Taking investment data since 1960, I use the perpetual inventory method to estimate capital stock and then divide by adult population in each year. Since data are not as widely available before 1980, capital stock and GDP for 1975-79 are available for only 51 countries. This limited sample is used in cases where I wish to instrument for the effects of initial conditions.



3.2



Exogeneity of Terms of Trade



An underlying assumption throughout much of the literature on developing country terms of trade is that short-term volatility and even long-term growth of terms of trade are exogenous to small economies. Developing countries have historically exported commodities in which they possess a geographically-determined comparative advantage. Mineral deposits and oil fields were often unknown until the 20th century, and agricultural options are dictated by climate. In the early 1980’s, primary goods made up the majority of exports for 44 of the 47 countries in my sample for which data is available. In the median country, 83% of exports were primary goods, and no country had less than 30% primary-good exports. Furthermore, the 8



productive processes for agricultural and mineral primary resources are not conducive to rapid increases in production in response to a favorable price shock. At both the extensive and intensive margins, developing countries are constrained from affecting the terms of trade they face in the world. Using data from various years of the Handbook of International Trade and Development Statistics, Kose (2002) shows that 68% of developing country exports are primary goods. These agricultural and mineral products are endowed to specific regions by geography, and often require long-term investment to produce. Riedel (1984) shows that as late as 1978, the top three exports of an average developing country accounted for 52% of its exports, and primary goods in general accounted for 82%. Primary exports are rarely good substitutes for home consumables. Thus, the composition of exports for developing countries is largely exogenous to price movements, especially short-term ones. Previous researchers have likewise assumed that terms of trade movements are exogenous to small developing economies. In their review of the growth-regression literature, Barro and Sala-i-Martin (1995) conclude that terms of trade shocks and growth may be treated as exogenous regressors. The assumption of exogeneity is also adopted by the authors whose work was discussed above. In addition, the evidence indicates that developing countries are pricetakers in export markets. Using IMF World Economic Indicators data from 1961-1990, Mendoza (1995) cannot reject the hypothesis that the quantity of exports does not cause the terms of trade for a sample of developing countries. Likewise, he finds that the quantity of imports does not cause the terms of trade. Buttressing this finding, Broda (2004) examines the potential for market power among developing country exports and finds that “only 22 goods from nine countries (out of a sample of 1000 goods and 75 countries)” exceed 15% of total world exports of that good. Of these, ten are manufactured goods from China and only nine are primary products. I follow these authors in proceeding with the assumption that terms of trade shocks are exogenous to developing countries. In my data, I find indications of exogeneity as well. One objection to TOT exogeneity over the period is that countries would like to diversify away from harmful volatility. Practically, that could be accomplished by shifting toward exporting manufactures. However, I find that countries that experienced high volatility of terms of trade in the 1980’s saw the share of primary exports rise relative to those with low volatility. 9



Another objection is that if growth in manufacturing, for instance, occurs for orthogonal reasons, the generally lower TOT volatility of manufactured exports would create a positive, but endogenous, correlation of GDP growth and TOT volatility. To test this, I computed TOT volatility over the first half and the latter half of the sample period. Correlating these measures with GDP growth over the opposite period, I found that early volatility was more strongly linked to late GDP growth (ρ = −0.51) than was late volatility to early GDP growth (ρ = −0.20). This is consistent with the TOT volatility impeding growth rather than growth lowering TOT volatility.



3.3



Linking Volatility to Growth



To measure the correlations between economic growth and exposure terms of trade volatility, I use the moments described in Subsection 3.1. These include country-by-country growth of GDP and capital from the first and last five years of the sample period and the country-specific volatilities of detrended terms of trade over the same period. I regress the growths in economic aggregates on terms of trade volatility, which I believe to be a source of exogenous variation, interacted with export share, which transmits the shock to the economy. The cross-sectional correlation coefficient of GDP growth and the standard deviation of the detrended terms of trade is −0.53. I specify a crosssectional univariate ordinary least squares regression as:       GDP2003−07 X X ln = β0 + β1 µ σT OT,c + β2 µ + ǫc GDP1980−84 GDP GDP As reported in Regression (1), Table 2, the coefficient β1 is negative and significant at the 1% level, confirming the surprisingly strong correlation. Comparing β1 in Regression (1) to Regression (2), which does not control for export share independently, we can see that the control is important, and export share captures effects other than those of terms of trade volatility. The adjusted R-squared of the first regression is 0.22. That is, exposure to terms of trade volatility explains more than a fifth of the variation in out-
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Table 2: GDP Growth and Terms of Trade



X GDP



∗ σT OT



X GDP



(1) (2) (3) -10.6*** -5.2** -10.9*** [2.7] [2.4] [2.9] .01*** .05*** [.003] [.001]



σT OT σGDP



-1.84 [3.72] .207 [.165] -.017 [.052] 0.24 51



TOT growth GDP1975−79 ¯2 R Countries



0.22 54



0.07 54



(4)



.6* [.003] -4.5*** [1.0] -1.03 [3.23] .022 [.151] -.047 [.045] 0.28 51



* significant at 10% level ** significant at 5% level *** significant at 1% level Dependent variable: Log GDP per adult growth from 1980-84 to 2003-07. Regressands σT OT and σGDP denote standard deviations of the cyclical component of HP(100)-filtered TOT and GDP, respectively. TOT Growth is percentage growth between the initial and final periods.



put growth 2 . This relationship can be seen in Figure 1 3 . Regressions (3) shows that this result is robust to the inclusion of TOT growth, pre-sample output, and GDP volatility; other controls, including log primary exports, export share, composition of exports, inflation, real exchange rate volatility, continent dummies, and government spending are generally insignificant explanatory variables, do not change β1 , and are unreported. Total population is negatively related to per-capita growth in this sample, but does not change 2



The high R-squared is not driven by the inclusion of export share. Regressing each variable alone, unweighted terms of trade volatility has a significant coefficient (-4.5***) and an adjusted R-squared of 0.27; export share has an insignificant coefficient (0.003) and an adjusted R-squared less than 0.01. 3 For ease of exposition, I use unweighted TOT volatility in the figures. The same pictures with weighted terms of trade volatility are similar, but conflate the unrelated export share effects illustrated in the contrast between Regressions (1) and (2)
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the coefficient on TOT volatility. Likewise, changing the sample of countries to exclude OPEC members or to include a sample of developed economies, does not appreciably change the results. Regression (4) shows that the result goes through when unweighted TOT volatility is used; the coefficients cannot be directly compared, but the magnitude of the unweighted TOT effect is about 10% less than the baseline. Using the mean absolute value of year-over-year change in terms of trade as the measure of volatility leaves my results essentially unchanged. Likewise, using the volatility of unfiltered terms of trade as the regressor instead preserves the qualitative results. The correlation between GDP growth and the standard deviation of terms of trade falls to −0.41, and OLS yields a statistically significant (1%) coefficient on exposure to terms of trade variation, with an adjusted R-squared of 0.15. The implication in that case is weaker because short-term volatility and long-term growth are conflated. As seen in Regressions (3) and (4), long-term growth of terms of trade has no predictive power on GDP growth. Table 3: Capital Growth and Terms of Trade



X GDP



∗ σT OT



X GDP



(5) (6) (7) -15.6*** -10.3** -16.7*** [49] [4.0] [4.2] .011* .024*** [.006] [.006]



σT OT K1975−79 GDP1975−79 ¯2 R Countries



0.13 54



0.1 54



-.687*** [.166] .564*** [.193] 0.41 51



(8)



.012** [.005] -7.0*** [1.5] -.720*** [.157] .626*** [.182] 0.47 51



* significant at 10% level ** significant at 5% level *** significant at 1% level Dependent variable: Log capital per adult growth from 1980-84 to 2003-07.



Capital growth is strongly correlated with GDP growth (correlation coef12



ficient is 0.83) and is negatively correlated with 1975-79 capital level (−0.31) and initial capital-output ratio (−0.43). This is consistent with my story, though it may reflect measurement error or artifacts of the perpetual inventory method. Capital growth, like GDP growth, is negatively related to terms of trade volatility (−0.46). Figure 2 exhibits the relationship between terms of trade volatility and capital growth, and Regressions (5) and (6), in Table 3, confirm that exposure to TOT volatility has explanatory power, especially when other export share effects are separately identified. Regressions (7) and (8) show that it is significant and robust to the inclusion of initial capital level and capital-output ratio. Identifying Productivity. In order to compute a measure of productivity from the data, I assume that the economy takes inputs of capital and labor and produces output according to Cobb-Douglas aggregate technology with total factor productivity z. That is, Y = zK α L1−α . Taking α = 0.35, I apply the production function to the output and capital per adult series and compute TFP for each country, as usual averaging over the first and last five years in the sample and computing the growth between the two. Total factor productivity growth is negatively correlated with terms of trade volatility (correlation coefficient is −0.44), and Regressions (9) and (10), in Table 4, quantify and confirm the statistical significance of the relationship. The relationship between terms of trade volatility and productivity is illustrated in Figure 3a. When I include a measure of human capital 4 in the production function, terms of trade remains an economically significant determinant of productivity, as reported in regressions (11) and (12) and illustrated in Figure 3b. It does appear, however, that some of the terms of trade effect is mediated through differential schooling growth - a potential channel for future investigation. Interpreting the Regressions. Consider two countries with terms of trade volatility a standard deviation below and above the mean, respectively. Regression (1) associates that difference with a 35 percentage point difference in GDP growth over the 28-year sample period. Regression (7) implies that TFP in the more volatile country will shrink by 19% relative to the other. Meanwhile, Regression (5) associates the terms of trade volatility difference with a 47 percentage point difference in capital growth. The TFP difference, however, has dynamic effects on capital and out4



I use the average years of schooling variable created by Cohen and Soto (2007) and use a Cobb-Douglas coefficient of 0.3 for human capital.
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Table 4: TFP Growth and Terms of Trade



X GDP



∗ σT OT



X GDP



σT OT ¯2 R Countries



Without Human Capital (9) (10) -5.1*** [1.6] .007*** .004** [.002] [.002] -2.1*** [.006] 0.21 0.24 54 54



Net of Human Capital (11) (12) -3.6 [2.3] .009*** .007*** [.002] [.002] -1.3* [.008] 0.21 0.21 47 47



* significant at 10% level ** significant at 5% level *** significant at 1% level Dependent variable: TFP growth from 1980-84 to 2003-07



put. Taking the regression coefficients back to the Cobb-Douglas production function allows us to evaluate the dynamic effects. In order to evaluate the growth effects of a change in TFP, I hold the capital-output ratio constant. Solving the system Y = zK α L1−α K =c Y for a constant c, α = 0.35, L = 1, and a value of z yields specific values of K and Y . When TFP falls by 19%, capital and output fall by 27%. Likewise, the capital decrease implied by Regression (5) will also decrease output dynamically. A residual 20 percentage point difference in capital accumulation remains after the balance is explained by the dynamic TFP effect. Using the same Cobb-Douglas production function, the 20 point difference in capital growth leads to a 7% difference in output growth. Taken together, the capital and TFP differences would lead to a 34 percentage point difference in output growth, almost equal to the estimate implied by Regression (1). The decomposition here implies that one fourth of the GDP growth difference and three fifths of the capital growth difference are caused by the je ne sais quoi of TFP growth differences. The remainder comes through the channel of capital accumulation. Although that portion 16



is small, it is economically significant in that it can explain a 7-percentage point difference in growth between two developing countries over a period when mean growth was only 12%. This paper shows that precautionary savings can account for that difference, and for the observed differences in capital accumulation. Evidence from initial conditions suggests that capital had been overaccumulated in countries that subsequently experienced high TOT volatility. Capital-output ratio in the early 1980’s is positively correlated (0.15) with overall terms of trade volatility; the same correlation in the 2000’s is −0.05. The initial condition illuminates Dawe’s 1996 finding that export volatility was linked to rising capital but falling output from 1970 to 1985. The model presented in Section 4 will be consistent with over-accumulation of capital during the 20th century, followed by decumulation in the 1990’s and 2000’s as better savings instruments became available to risk-averse developing countries. This is consistent with the movement in capital-output ratios presented in Table 5, where Regressions (13) through (16) show that terms of trade volatility is significantly, negatively associated with a relative fall in capital-output ratio. This relationship is illustrated in Figure 4.



3.4



Disciplining Mechanism Choice



In choosing how to model an economy in which terms of trade volatility leads to lower growth, I am constrained not only to match the key correlations that I observe in the data, but to avoid mechanisms that contradict the data. Significant in their absence from my data are strong relationships (a) between terms of trade shocks and output business cycles, (b) between the long-term growths of terms of trade and output, and (c) between terms of trade and export quantities. Thus, I will describe a mechanism by which terms of trade volatility hurts growth but is constrained from using business cycles, terms of trade growth, or export volume as a principal channel through which volatility impacts growth. To test the hypothesis that annual terms of trade shocks cause business cycles, I computed country-by-country time series correlations between the annual cyclical components of GDP and terms of trade. These countryspecific correlation coefficients are widely distributed between −0.47 and 0.75, with a mean and median near 0.12. Their standard deviation is 0.29. Similar results obtain when using unfiltered price data. These results largely confirm those found by Mendoza (1995) over the period 1965-1990 (Mendoza, 17



Table 5: Capital-Output Ratio Growth and Terms of Trade



X GDP



∗ σT OT



X GDP



(13) -5.6 [3.9] -.004 [.005]



(14) -7.4** [3.1]



0.07 54



0.08 54



σT OT K1975−79 GDP1975−79 ¯2 R Countries



* significant at 10% level ** significant at 10% level *** significant at 1% level Dependent variable: Capital-output ratio growth from 1980-84 to 2003-07.
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(15) -6.2* [3.3] .005 [.005]



(16)



.001 [.004] -3.0** [1.2] -.582*** -.593*** [.129] [.125] .498*** .519*** [.150] [.145] 0.37 0.4 51 51



Table 3). He finds correlation coefficients for 23 developing countries varying from −0.46 to 0.89, with a mean of 0.26, using IMF WEO data and the same HP(100) filter. Kose (2002) reports first moments identical to mine using earlier World Bank data for 28 non-oil exporting countries (Kose, Table 3). In addition, GDP growth is unrelated to GDP volatility in my sample (see Regression (2)), further evidence that business cycles are not driving growth. Thus, I reject the hypothesis that terms of trade cause business cycles in developing economies. Using a mechanism where terms of trade shocks drive volatility drives growth without the intermediation of business cycles distinguishes my model from those of Mendoza, Kose, and Turnovsky and Chattopadhyay. The second notably absent relationship in the WDI data is one between the growth of terms of trade and GDP growth in the long run. This is distinct from the Singer-Prebisch Thesis5 , since in this case the GDP deflator abstracts from relative price movements. The correlation between the two growth rates is 0.15 and an OLS regression finds that terms of trade growth explains none of the GDP growth in the sample6 . This is surprising, since terms of trade volatility does have a significant negative impact on GDP growth. Intuitively, one would expect that the realization of terms of trade deterioration would be worse than a mere possibility thereof (that is, expected volatility). This does not appear to be the case. Lastly, I find no statistically significant correlation between terms of trade volatility and primary export quantities. While quantities of both imports and exports of manufactured goods are related to TOT volatility in the same way as domestic output, primary commodity export quantities move more independently, and vary more widely.7 Thus, explanations of the link between TOT volatility and GDP growth should not be based in the expansion or contraction of the primary export sector. The model I will posit in Section 4 is consistent with these limitations: growth is not driven by business 5 The hypothesis, due to Prebisch (1950) and Singer (1950) states that terms of trade between primary and manufactured goods will move systematically in the latter’s favor as technology advances. 6 Analyzing a larger set of 60 countries I find even less evidence that TOT growth impacts GDP growth. 7 Regressing primary export quantity growth on TOT volatility yields a coefficient similar in magnitude to those for output growth, but not statistically significant, and with an R-squared of just 0.02. The same regression for manufactured exports yields a 1%significant coefficient with an R-squared of 0.21.
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cycles, long run TOT appreciation has little effect, and export quantities are constant.



3.5



Globalization



The reallocation of savings from productive domestic capital to foreign assets is central to the model I develop below, and is a notable fact in my data. That reallocation causes GDP to fall most in countries which had the highest levels of precautionary capital savings. Changes in the global financial climate over the past thirty years suggest a world economy that has become more open to cross-border savings and debt. Measurement by Chinn and Ito (2008), Quinn (2003), Miniane (2004), and Lane and Milesi-Ferretti (2008), among others, has established that financial openness increased vastly between the 1980’s and the 2000’s. This includes freer movement of financial capital across countries, better insurance markets, more transparent accounting, and fewer capital controls. The spectacular rise in debt held by developing countries has been widely noted, as has its heavy bias toward bonds.8 Less well-known is that total domestic capital in developing countries has fallen sharply over the last ten years, despite their increasing wealth. These trends are illustrated in Figure 5 for my sample of developing countries, which excludes notable savers China and India.



4



Model



This section describes a model which takes into account the features suggested by the data analysis above. I model a small economy open to trade in goods and populated by a continuum of identical agents produce two goods. The first good, which I refer to as ‘manufactured’, they produce using inputs of capital and labor; it may be exported, invested as physical capital, or consumed. The second good, termed ‘primary’, is endowed in fix quantity every period, and is in demand on international markets but has no value to domestic residents. Agents can save physical capital in non-negative quantities and, subject to constraints, can borrow and save a riskless internationally 8



For instance, Curcuru et al. (2008) find that 91% of US securities held by 19 emerging economies are bonds of maturity greater than one year.
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traded bond. The small economy is subject to two aggregate shocks: a productivity shock that affects the sector employing capital and labor and a world relative price shock that affects the endowment sector. Preferences. The small open economy is populated by identical, infinitelylived households of measure one who consume a single internationally-traded manufactured good. They value consumption over discrete periods of time according to a period felicity function u(c) that is increasing, concave and differentiable. Expected lifetime utility is given by "∞ # X U(c) = E β t u(ct ) , u(ct ) =



t=0 1−γ ct



1−γ γ > 1, β < 1.



,



Households do not have preferences over time use, and supply labor inelastically at any wage greater than zero. This assumption is appropriate to the per-adult formulation of the problem. They discount the future by the subjective discount factor β and their risk aversion, γ, is the inverse of their intertemporal elasticity of substitution of consumption, 1/γ. Production, Endowment and Goods Markets. A large number of identical, risk-neutral, profit-maximizing firms use capital and labor to produce the manufactured good according to the Cobb-Douglas production function Y = zK α L1−α , α ∈ (0, 1), z > 0. The manufactured good may be allocated to immediate consumption, traded, or irreversibly invested as capital. It may be freely imported and exported in unbounded quantities. Without loss of generality, I normalize the world price of the final good to unity in every period. Capital is subject to physical depreciation at a constant rate δ, and may be owned only by domestic investors. Capital is irreversible, and thus may not be consumed in future periods. Total factor productivity, z, is constant for now. The representative household is endowed with a non-transferable stream of a tradable primary good, {x}. The endowment quantity x is constant. The 22



primary good has no value within the small open economy, but is demanded inelastically at an exogenous relative price pxt on world markets. Financial Markets. Households face limited insurance opportunities. They may purchase capital goods for domestic investment or foreign non-contingent bonds subject to accumulation and borrowing constraints. Foreign bonds are risk-free and have constant gross return Rb . Negative foreign bond holdings are interpreted as debt and are subject to a No Ponzi Game condition, limN →∞ (Rb )−N Et [bt+N ] = 0. The gross return on domestic capital, Rk , is net of depreciation and determined in equilibrium. Stochastic Processes. Agents are subject to two shocks. The first is the world price of the primary export, px . It evolves according to a finite Markov process. The second is TFP shocks, z, which evolve according to an independent finite Markov process. These shocks fully characterize the world environment faced by the small open economy; thus a state of the world at time t can be characterized by the tuple (pxt , zt ). Planner’s Problem. A beneficent social planner chooses asset and consumption allocations to maximize expected lifetime utility. The solution to this problem can be decentralized as solutions to the problems of the representative firm and representative agent. The recursive formulation of the planner’s problem when national capital assets equal Kt and bond holdings Bt in state of the world (pxt , zt ), is V (Kt , Bt , pxt , zt ) = ct + Kt+1 + Bt+1 ct Kt+1 Bt+1



max



ct ,Kt+1 ,Bt+1



u(ct ) + βE[V (Kt+1 , Bt+1 , pxt+1 , zt+1 )]



≤ Bt Rb + pxt x + zt Ktα + (1 − δ)Kt , ≥ 0, ≥ (1 − δ)Kt , ∈ [bmin , bmax ]



(1) (2) (3) (4) (5)



where (bmin , bmax ) are the constraints on bond holdings. Let λt denote the Lagrangian multiplier on the capital irreversibility constraint, Equation (4). Equilibrium. An equilibrium in this model is a set of policy functions for capital and bond holdings and prices of capital and labor such that the planner solves Equation (1) subject to (2) through (5). Such a solution can be decentralized as an equilibrium in a competitive economy. Note that the small open economy assumption implies that final and primary goods and foreign bond markets clear trivially at world prices. We look for two specific equilibria by considering solutions to the house23



hold’s problem under extreme assumptions on bmin and bmax . First, assume bmin = 0 = bmax , and assume current bondholdings, b, are also zero. Then, after substituting under the Envelope Theorem, the Euler Equation for capital becomes α−1 βu′(ct ) = βE[u′(ct+1 )[1 − δ + αzKt+1 ] − (1 − δ)λt+1 ]] + λt .



The recursivity of λ implies that capital stock is not only a function of the history of states of the economy but also affected by all future states in which capital decumulation might be constrained by irreversibility. In a k competitive decentralization, the gross return to capital is therefore Rt+1 = α−1 [1 − δ + αzKt+1 ] − (1 − δ)λt+1 ]] + λt In contrast, if bond holdings are constrained only by the No Ponzi Game condition, such that bmin and bmax are ‘loose enough’ to be slack almost everywhere, the Euler Equation for bonds fixes the ratio of expected utilities: βu′(ct ) = βRb E[u′ (ct+1 )]. In this case, the decreasing returns to investment available in the capital sector are avoided by borrowing or accumulation of bonds. If z is constant, the return to capital is nailed down in the stochastic k steady state, Rt+1 = Rb , since optimal capital level will never change and thus the irreversibility constraint will never bind. In turn, this determines the level of capital in the constant-z stochastic steady state, regardless of shocks to px .
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Computational Strategy



In order to compute the model, I choose parameters and functional forms in keeping with the literature and to match what I observe in the data, fixing all parameters except the standard deviation of export price shocks. This I vary across countries, matching it to the standard deviation of terms of trade observed in the data. I then employ value function iteration to compute optimal policy functions for each country under financial autarky and under free bond trade. Parameter Choices. The parameters used to compute the model are summarized in Table 6. I follow conventions and previous literature in setting technology and preference parameters. Preferences are characterized 24



by constant relative risk aversion, with the period felicity function given by 1−σ u(c) = c1−σ . The risk aversion parameter σ is set to 2, the mode value used in the literature. Likewise, the annual discount rate β equals 0.96. The return on internationally traded bonds is set at Rb = 1/(0.96 − ǫ) with ǫ greater than zero to support a non-divergent steady state but small enough to avoid arbitrage on bonds. In practice, the range of possible ǫ is very small; I find no difference in computation between ǫ = 0.001 and ǫ = 0.0001. Technology follows the same production function used in the riskless model of Section 3.3. Output is produced following a Cobb-Douglas production with the quantity of labor normalized to unity; hence Y = zK α . The share of income paid to capital is 0.35, which is the developing country average estimated by Bernanke and Gurkaynak (2002). Capital suffers physical depreciation at the rate of 10% per year and is irreversible. Table 6: Parameters



Moment



Value



Source



α



0.35



Bernanke and Gurkaynak (2002)



β



0.96



Convention



γ



2



Convention



δ



0.1



Convention



σ crra



2.0



Convention



1/0.959



Calibrated



Country-specific



WDI Exports as % of GDP



0.83



WDI Net Barter TOT



0.064



Author’s calculations



0.94



Author’s calculations



Rb X µ( GDP ) x x ρ(pt , pt+1 ) σ(tf p) µ(tf p)



ρ(tf pt , tf pt+1 ) bmin



−175% of GDP



bmax



550% of GDP



The WDI data provide the remaining parameters. The size of the endowment stream x is calibrated to match the mean export share in each country. I estimate the cyclical component of estimated TFP as an AR(1) process common to all countries, which I convert to a two-state Markov chain 25



following the method due to Tauchen (1986). Likewise, for export price shocks all countries in the simulation share the same persistence and five-state Markov switching matrix. However, the underlying coefficient of variation of the export price shocks is taken from the unfiltered WDI data, as reported in Appendix A. These shocks are also estimated as AR(1) processes, and converted to five-state Markov processes following Tauchen. For computation, I must pick constraints on bond accumulation even in the open market case. These are set wide enough that very few of the simulated countries hit the bounds. The tightness of the bounds does not appear to affect computational results.
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Simulation and Results



Using the country-specific policy functions computed per Section 5, I simulate a sequence of relative price shocks and calculate the optimal response of the country to that shock sequence. The years 1965-1994 are simulated (with random TOT and TFP draws) under closed asset markets while 1995-2007 are simulated under open markets.9 After performing this simulation 3000 times for each country, I measure log GDP growth between the periods 198084 and 2003-07 and HP(100)-filtered export price volatility from 1980-2007, thus reproducing the data moments used in Regression (2) by employing the same transformations on the simulated data as on the real data. Likewise, I compute capital growth, and reproduce Regression (6). Since the model rules out export share influencing GDP through other channels, I can compare these results to the coefficients estimated in Regressions (1) and (5). The precautionary motive leads to higher savings in higher-volatility countries during the period with closed financial markets. After markets open, all countries revert to the same levels of capital and output. The only cross-country differences are cyclical and depend on recent TFP realizations. Due to volatile TFP, a risk premium spread of less than one percentage point opens between the return to bonds and the expected return to capital. Regressing simulated GDP and capital growth on simulated terms of trade volatility yields estimates that indicate that a country with two-standarddeviation higher TOT volatility will decrease capital by 21%, thus decreasing 9



In robustness checks, I find that moving the shift to globalized markets a few years in either direction from 1995 did not affect results.
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output by 6%. These are similar in magnitude to the portion of the effects in my data analysis not attributable to TFP growth. The estimates from the model and the data are presented in Table 7. Table 7: Effects of 2σ higher TOT volatility



GDP Growth



Capital Growth



accumulation



-6%



-22%



Data accumulation



-7%



-20%



TFP



-27%



-27%



Model



Welfare. Recall that the distinction between the two environments is the tightness of a constraint. A social planner, therefore, can always find a weakly better allocation in the less constrained environment. Because the solution to the problems of the representative agent and representative firm are equivalent to a social planner’s, all countries are weakly better off under the less constrained environment. Even though output falls, on average, in moving to the less constrained environment, welfare improves. Computation confirms this analysis; a regression associates a 2% rise in average consumption with a two-standard-deviation gap in terms of trade volatility. Note that this positive welfare gain would be swamped by much larger losses associated with falling TFP if the entire effect of terms of trade volatility were modeled; in the context of focusing solely on the precautionary savings portion, a small welfare gain is realized by the more volatile countries. Looking at per-adult consumption in the data, I find that, like output, it is negatively associated with terms of trade volatility, but the magnitude of the effect is 16% less severe, which implies that consumption rises relative to GDP in high-volatility countries, confirming the prediction of the model. Current Accounts. An implication of the model is that high-volatility countries will run large, persistent current account surpluses after financial integration. Regressions indicate that a country with price volatility one standard deviation above the mean will run an annual current account surplus 5% of GDP larger than a country with price volatility one standard deviation below the mean during the last simulated years. Returning to the data, I observe the same effect in regressions over the period 2003-2007. The parallel two-standard-deviation difference in terms of trade volatility accounts for an annual current account difference of 2% of 27



GDP. Some of the largest relative current account surpluses in this period belong to hydrocarbon exporters Algeria (21% of GDP) and Rep. of Congo (12%), and to copper-rich Zambia (9%). Only one of the 51 countries in my sample for which I have data ran a net current account deficit for the period 2003-200710.
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Conclusion



Cross-country differences in terms of trade volatility appear to be a key exogenous factor in explaining the differences in recent growth experiences across countries. This paper showed that one fifth of the output growth effect of terms of trade volatility differences, 7 percentage points, works through the channel of precautionary savings, as well as two fifths of the capital growth effect, or 20 percentage points. Countries with high levels of initial precautionary savings contract relative to those with little precautionary savings as they shift assets from productive domestic capital to international bonds with better yields. A neoclassical representative agent model is able to reproduce the portion of the growth effect attributable to precautionary savings. With parameters drawn from the literature, the precautionary savings shift in the model produces a 6% fall in output and 22% fall in capital in price-volatile countries relative to less volatile ones. The contraction of high-volatility countries due to portfolio shifts from domestic capital to newly available international bond markets is welfareimproving in a model with no externalities to capital. This should serve as a cautionary note to those interpreting growth regressions: a negative output growth effect may in fact be an improvement when it occurs through optimizing behavior. Though the shift in precautionary savings seen in the data appears to exacerbate the losses due to lower TFP growth associated with TOT volatility, it in fact ameliorates it. The rapid shift in international capital account positions contributes to our understanding of the large current account deficits run by the U.S. in recent years. The model predicts large current account surpluses in developing countries during the transition from closed to open international bond markets. Further research is necessary to identify the source of the drop in TFP. In ongoing work, I am investigating channels through which TOT volatility 10



Central African Republic ran a current account deficit of seven U.S. cents per year.
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might affect technological adoption or resource allocation.
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Data Summary by Country Table 8: Data Summary



Country



Algeria Argentina Bangladesh Benin Bolivia



GDP Growth -0.18 0.12 0.42 0.04 0.02



Capital TOT Volatility Growth Unfiltered HP(100) -0.29 -0.09 1.70 0.89 -0.26



46.76 13.47 18.68 10.26 28.08 32



16.44 7.84 5.57 8.59 9.18



Primary Export Share 1980-84 30% 13% 10% 16% 24%



Country



Botswana Brazil Burkina Faso Burundi Cameroon C.A.R. Chile Colombia Congo, Rep. Costa Rica Cote d’Ivoire Dominican R. Ecuador Egypt El Salvador Gabon Ghana Guatemala Haiti Honduras Indonesia Jordan Kenya Lesotho Madagascar Malaysia Mali Mexico Morocco Mozambique Namibia Nicaragua Niger Pakistan Panama



GDP Growth 0.97 0.07 0.35 -0.32 -0.24 -0.34 0.80 0.22 -0.19 0.34 -0.48 0.41 0.03 0.43 0.15 -0.30 0.23 0.11 -0.65 0.10 0.61 -0.16 -0.13 0.55 -0.26 0.69 0.22 -0.01 0.26 0.57 -0.05 -0.32 -0.35 0.43 0.17



Capital TOT Volatility Growth Unfiltered HP(100) 1.40 0.22 0.35 -0.04 0.01 -0.85 1.26 0.36 0.05 0.49 -1.37 0.71 -0.05 0.34 0.04 -0.73 0.25 0.12 0.04 0.34 1.34 -0.45 -0.39 1.06 -0.01 1.17 0.28 0.05 0.29 0.46 -0.53 -0.28 -0.65 0.40 -0.15



12.02 21.46 19.27 38.07 20.49 41.51 30.80 13.61 42.51 12.39 29.91 24.77 35.62 31.05 19.18 47.00 22.02 16.76 32.98 13.41 32.25 10.04 12.70 11.99 12.99 15.65 9.12 49.37 9.27 32.44 14.55 22.89 34.97 18.07 10.35 33



7.18 7.96 6.25 20.16 11.67 10.41 9.99 8.13 17.36 8.32 14.46 8.98 10.45 11.23 14.57 16.49 10.47 13.26 12.73 11.46 13.44 4.43 7.48 7.62 9.44 4.55 6.21 10.93 4.68 7.16 8.21 12.02 14.23 8.75 8.21



Mean Export Share 1980-2007 54% 11% 10% 9% 23% 17% 31% 16% 63% 38% 40% 33% 28% 23% 23% 56% 25% 19% 14% 40% 29% 47% 26% 27% 20% 85% 21% 22% 26% 16% 54% 22% 18% 14% 81%



Country



Paraguay Peru Philippines Senegal South Africa Sri Lanka Thailand Togo Trin & Tob Tunisia Turkey Uruguay Venezuela Zambia



GDP Growth -0.12 -0.02 0.03 0.03 -0.13 0.63 0.90 -0.30 0.15 0.36 0.38 0.30 -0.20 -0.23



Capital TOT Volatility Growth Unfiltered HP(100) 0.34 0.00 -0.05 0.23 -0.13 1.11 1.01 -0.90 0.06 0.12 0.58 0.11 -0.23 -0.65



18.73 28.55 11.72 21.76 6.46 11.12 12.98 41.41 24.09 9.93 7.51 11.13 37.34 34.06



10.45 9.35 9.89 7.28 4.79 8.95 4.59 19.13 10.66 3.70 4.65 7.79 13.79 24.23



Mean Export Share 1980-2007 36% 17% 36% 27% 27% 32% 44% 38% 47% 42% 16% 22% 28% 33%



GDP growth is measured in log differences of GDP per adult in constant 2000 US$ between averages across the period 1980-84 and 2003-07; capital growth likewise. Terms of trade is normalized to mean 1 for each country. TOT volatility is the standard deviation of annual terms of trade. When HP(100) filtered, the standard deviation of the cyclical component is reported. Exports are reported as an average of annual export shares in GDP.
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