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Abstract

The paper examines interest rates in nine Latin American and East Asian countries during the period 1987-1994.  The goal is to discover why interest rates have remained high, failing to converge to U.S. levels, despite capital market liberalization and a resurgence of portfolio capital inflows during the second half of this sample period.  Related questions are whether portfolio capital flows are strong enough to equalize expected returns between these "emerging markets" and the U.S., and whether there is any scope left for the authorities to sterilize inflows.  The conclusion of the study is that the largest single component of the gap in interest rates is expectations of depreciation of the local currencies against the dollar.  Key to the analysis is the use of survey data on exchange rate forecasts by market participants.  Indicative of integrated financial markets, we also find a big effect of U.S. interest rates on local interest rates, and a highly significant degree of capital flow offset to monetary policy.


Executive Summary

We examine portfolio capital flows to a set of nine Latin American and East Asian countries during the period 1987-1994, focusing particularly on Argentina, Chile, Mexico, the Philippines, and Korea.  The analysis resembles recent studies of capital inflows, and earlier studies of sterilization and offset coefficients.  The most important innovation methodologically is the use of a measure of exchange rate expectations from survey data on the forecasts of market participants.  (The source is Currency Forecasters' Digest.  The quarterly portfolio capital flow data were obtained from the World Bank's International Economics Department.)


We reach a number of conclusions.  First, U.S. interest rates are a very major influence in the emerging markets.  Whether one looks at the effect on portfolio capital flows or the effect on local interest rates, it is high and significant.  Indeed, changes in U.S. interest rates seem to have an effect on local interest rates that is more than one-for-one.  This confirms the finding of Calvo and others that low world interest rates were a major factor in the large capital inflows of 1990-1993.  Vulnerability of these markets to increases in U.S. interest rates, such as took place in 1994, could have been (and was) predicted.


Second, there is a substantial offset to monetary policy: the estimate suggests for Mexico that a monetary expansion is followed by a capital outflow within the same quarter equal to 0.28 per cent of the increase in the monetary base. 


Third, country risk and remaining capital controls were not the major reasons why interest rates in recipient countries remained above U.S. interest rates in 1990-94.  To be sure, country risk, measured for example by the discount in the secondary debt market, is a significant determinant of interest rates.  But a decomposition of interest differentials shows that the currency premium is generally larger than the country premium.  When countries have difficulty sterilizing inflows, in the sense that the issue of domestic bonds drives up the local interest rate, the interest differential is interpretable in large part as compensation for fears of future depreciation.


Fourth, Mexican interest rates during the period June 1993 - December 1994 were adversely affected by both increases in U.S. interest rates and political events in Mexico.  The effects show up both in Mexican dollar-denominated interest rates (tesobonos) and peso-denominated rates (CETES).


It is useful to look at local dollar-denominated interest rates when they are available, to measure the country premium, i.e., the spread over U.S. dollar interest rates.  Nevertheless it can be dangerous to look only at dollar interest rates.  Econometricians who do so in studies of sterilization and offset are missing the currency premium.  For policy-makers to focus too heavily on local dollar-denominated interest rates can be even more dangerous.  After the capital flows to Mexico began to reverse in February 1994, the Mexican response was sterilized intervention of the reserve outflows.  Anyone who judged the success of this response by looking at tesobono interest rates underestimated the magnitude of the problem.  The increase in peso interest rates was much greater than the increase in dollar interest rates in Mexico, signifying a large increase in the currency premium and, as we now know, a lack of sustainability in the exchange rate policy.


Liberalized Portfolio Capital Inflows in Emerging Markets:


Sterilization, Expectations, and the Incompleteness of Interest Rate Convergence

Six or seven years into the debt "crisis" of 1982, many observers had begun to despair that voluntary capital flows into developing countries would ever resume, other than to some East Asian countries that had not been badly hit by the debt crisis to begin with.  After 1989, however, the situation dramatically reversed.  Beginning in 1990 (and perhaps ending in 1994), capital flows, much of them taking the form of portfolio investment, flooded into emerging markets, not only in East Asia, but in Latin America and many other parts of the world as well.

Attempts to Sterilize Reserve Inflows

In economics, any change tends to have both a good side and a bad side.  Capital inflows, in addition to their benefits, create some difficulties for the recipient countries in the form of real appreciation of their currencies.  These difficulties include a loss of competitiveness by exporters, and the undermining of a strategy to achieve monetary stability by pegging the exchange rate.  Indeed, many East Asian and Latin American countries experienced real appreciation during the period 1990-1994.  Many tried to resist to some degree such pressure, through sterilized foreign exchange intervention.  In other words, the central banks absorbed increases in foreign exchange reserves, in order to resist any tendency toward nominal appreciation, while simultaneously reducing domestic credit in order to resist the tendency toward inflationary increases in the money supply.


The reduction of domestic credit can take the form of sterilization defined either narrowly or broadly.  Sterilization narrowly defined is the offsetting of reserve inflows so as to leave the monetary base unaffected, for example through the sales of domestic bonds.  Sterilization defined more broadly defined is the offsetting of inflows so as to leave the overall money supply unaffected, for example through increases in reserve requirements placed on commercial banks.  Either way, successful sterilization will inevitably put upward pressure on interest rates, in the sense that the market interest rate will be higher than it would have been if no attempt had been made to sterilize the foreign exchange intervention, and the reserve inflow had instead been allowed to increase the money supply.  Higher interest rates will in turn make domestic assets more attractive to world investors than they would otherwise be, and thus prolong the capital inflow.  Calvo (1991) has warned of the difficulties posed by sterilization of inflows.  He particularly emphasizes the future budget difficulties that will be created when the government has to pay interest rates on domestic bonds sold by the central bank that are higher than the interest rates earned by the central bank on its holdings of foreign reserve assets.


None of these consequences of capital inflows, or of the policy response to them, is surprising.  What would be surprising would be a finding that sterilized capital inflows have raised interest rates in some Latin American countries, not just relative to what they would be without the sterilization attempts, but relative to what they would be without the capital inflows.  Capital inflows should put downward pressure on local interest rates.  Warnings about the perils of sterilization might be interpreted as claims that interest rates are pushed up relative to their position before the capital inflow.  This is unlikely to occur in standard models if the cause of the capital inflow is external, for example, a decline in world interest rates such as occurred from 1990 to 1993 or an increased demand for portfolio diversification among U.S. investors, or if the cause is the removal of previously existing barriers to capital inflows.  But it would be perfectly natural for local interest rates to rise if the cause of the capital inflow were domestic, for example an investment boom in response to domestic deregulation or in response to successful debt-reduction, or an increase in the local excess demand for money in response to domestic monetary stabilization.


It is logically possible, in a model with several domestic assets, that sterilization of the reserve effects of foreign purchases of domestic assets (say, equities) could lead to higher interest rates on government securities (sterilization bonds), if the bonds issued by the central bank are very poor substitutes for the assets facing the increase in demand.  This refinement does not seem to be what Calvo has in mind.  But it is an interesting enough possibility to be worth testing for.

Recent Studies of Capital Inflows

A number of candidates have been offered to explain the upsurge in capital inflows from 1990 to 1993.  Some are purely external, some purely domestic, and some in between.  The external factors were a decline in the expected rates of return that were available in the major industrialized countries during the recessionary period 1990-93, particularly the decline in U.S. interest rates.  Purely internal factors were domestic economic reforms, including deregulation, privatization, and monetary stabilization programs (often based on pre-announced exchange rate targets), as well as political evolution toward democracy.  Intermediate factors that facilitated the flow from saver country to borrower country include the removal by many countries of controls on capital inflow, debt-reduction under the Brady Plan which was launched in 1989, and institutional innovations in the investor community that made diversification into emerging markets more convenient (such as country funds, American Depository Receipts, and Global Depository Receipts).


A number of recent econometric studies have investigated the causes of portfolio capital investments in major Latin American countries and other key emerging markets during the 1990s.  Some details on the techniques used in five studies are summarized compactly in Table 1.  Calvo, Leiderman and Reinhart (1993) examine flows to ten American countries during the period 1988-1991.  Chuhan, Claessens and Mamingi (1994) examine U.S. purchases of securities in 9 Latin American and 9 Asian countries during 1988-92.  Fernandez-Arias (1994) examines portfolio capital flows in a panel of 13 countries, 1989-93.


Perhaps surprisingly, these studies reach something of a consensus, in that all conclude that external factors were a major cause, perhaps the major cause, of the recent capital flows.  (Fernandez-Arias emphasizes that the decline in U.S. rates of return, in addition to reducing the opportunity cost of investing in the emerging markets, also improved country creditworthiness as measured by secondary debt prices.)  Calvo, Leiderman and Reinhart (1993, p. 136-137) find that "foreign factors account for a sizeable fraction (about 50 per cent) of the monthly forecast error variance in the real exchange rate...[and]...also account for a sizeable fraction of the forecast error variance in monthly reserves."  They warn that "The importance of external factors suggests that a reversal of those conditions may lead to a future capital outflow."  Chuhan, Claessens and Mamingi (1994) estimate that U.S. factors explain about half of portfolio flows to Latin America, though they explain less than country factors in the case of East Asia.  Fernandez-Arias finds that the fall in U.S. returns was the key cause of the change in capital flows in the 1990s.  Dooley, Fernandez-Arias and Kletzer (1994), in a study of the determinants of the increase in secondary debt prices among 18 countries since 1986, conclude that "International interest rates are the key underlying factor."  It is worth emphasizing that all these papers were written during a period when most analysts in the investment community continued to believe that the capital inflows were based on local pro-market reforms and were therefore likely to continue.  In other words, they (and the first draft of the present paper) were written before the Mexican crisis of December 1994.

The Aims of the Paper

We now come to a central question to be addressed by this paper.  Why did interest rates in most emerging markets fail to converge to world levels?  If the cause of the portfolio capital inflows was indeed primarily external, as the econometric studies seem to suggest, then local interest rates should have declined.  To be sure, nominal interest rates in most of the countries where market-determined interest rates are available were indeed lower after 1990 than previously.
  But they failed to decline to the levels in the United States or other industrialized countries.  Similarly, real interest rates failed to converge to U.S. levels in most of these countries.


Evaluating these issues is made difficult by exchange rate considerations.  There is no question that high nominal interest rates in many emerging market countries include a premium to compensate investors for the likelihood of currency devaluation or depreciation.  When we speak of the effect of capital inflows on local returns, or on differentials vis-a-vis the United States, we should be thinking of expected total returns, for example, nominal returns minus expected currency depreciation.  It is harder to tell whether expected returns in these countries declined after 1990, and whether expected returns remain above U.S. levels, than would be the case for nominal returns.  Expectations of changes in the exchange rate are of course not directly observable.  


One suspects that expected depreciation was much smaller in some of these countries after 1990 than it was previously.  Many of them, as part of monetary stabilization programs, deliberately slowed down or stopped a previous policy of currency depreciation.  Some, most completely Argentina, re-pegged their currencies to the U.S. dollar.  As already noted, the post-1990 capital inflows put upward pressure on currencies, even where governments would have preferred to avoid real appreciation.  Despite doubts about the sustainability of overvalued currencies, it is quite likely that expected depreciation in Latin America has generally been smaller in the 1990s than in the 1980s.  Thus we cannot say, looking only at nominal interest rates, whether expected returns have indeed fallen.


This paper attempts to quantify the extent to which some key countries in Latin American and East Asia have become open to international capital flows.  The analysis begins with simple tests of interest rate parity.  We then progress to more elaborate tests of the relationship between portfolio capital inflows and expected return differentials. The final goal is to estimate an "offset" equation that determines portfolio capital flows as a function of domestic credit creation.


An important null hypothesis that will be considered throughout is that the level of barriers to international capital mobility is sufficiently low and the degree of substitutability between domestic and foreign assets is sufficiently high, that arbitrage equates domestic and foreign expected rates of return.  In this case, the government loses monetary control, because reserves flow in through the capital account just as fast as domestic credit is extinguished by the central bank.  In other words, sterilization is not difficult; rather it is impossible.

How Should We Measure Exchange Rate Expectations?

Estimates of sterilization and offset equations for Mexico and Colombia include Cumby and Obstfeld (1983), Kamas (1985, 1986), and Rennhack and Mondino (1988).  Studies for East Asian countries include Fry (1993, 1994).  Traditionally, the greatest econometric difficulty has arisen from the simultaneity of the sterilization and offset equations: an observed positive relationship between domestic monetary tightening and capital inflows could exist either because capital inflows are attracted by the higher interest rates, or because monetary tightening is the central bank's attempt to sterilize reserve inflows.  Studies have emphasized the importance of using simultaneous-equations estimation techniques to disentangle these two effects.


We would argue, however, that an equally great econometric problem is created by the difficulty of measuring exchange rate expectations.  Three methods have in the past been attempted for measuring expectations of depreciation or devaluation.  The first method is simply to ignore the problem, in effect to assume that investors anticipate no exchange rate changes.  This approach is not satisfactory.  The second method (e.g., Cumby and Obstfeld, 1993) is to use a forward or futures exchange rate.  Aside from the fact that these forward and futures markets do not yet exist for most developing countries, this technique is conceptually flawed.  The forward rate only reflects expectations if domestic-currency assets are perfect substitutes for foreign-currency assets, so that there is no exchange risk premium.  But perfect substitutability is not especially likely for these countries, a priori, given the magnitude of uncertainty regarding the exchange rate.  Furthermore, perfect substitutability is one of the propositions that we wish to test, particularly if we are to study the scope for sterilization.  Thus we cannot presuppose it. 


Rodriguez (1994) argues that most credit in Latin America is now in dollars, and so the researcher is fully justified in using local dollar interest rates as the way to address the exchange rate issue.
  But this ignores the sterilization question. Sterilized intervention changes the mix of peso and dollar assets that investors must hold in their portfolio, not the mix of domestic-issued vs. foreign-issued assets per se.  To test its effects we must look at the expected rates of return on peso vs. dollar assets.  (This is not to deny that domestic dollar-denominated rates of return may be as important a determinant of capital inflows as the expected rates of return on peso assets.  A complete analysis would allow fully for both peso-denominated and dollar-denominated local rates of return.)


The third method for measuring currency expectations that is in common use is to infer them from observed movements in actual exchange rate changes (either lagged, in an adaptive or distributive lag formulation, or led, in a rational expectations formulation).  But this method is not very reliable even in the context of floating exchange rates, where the distribution of exchange rates is relatively smooth.  It is even less likely to give the right answer in the context of developing-country currencies that are prone to large discrete changes in value.  This is the original "peso problem."  Schadler, Carkovic, Bennett, and Kahn (1993), for example, try in their study of the capital flow offset equation to estimate ex ante expectations from ex post realizations, and are unsuccessful: The coefficients on expectations are either of the wrong sign or statistically insignificant.


Here we estimate exchange rate expectations from survey data on the forecasts of market participants.  Currency Forecasters' Digest (recently acquired by the Financial Times Group), collects forecasts of future exchange rates from multinational companies and forecasting services.  Among developing countries, Argentina, Brazil and Mexico are covered monthly; Malaysia, Philippines, Singapore, Taiwan, Korea, Colombia, and Venezuela are covered bi-monthly; and some others are covered three times a year.  Much of this data has been used for other purposes in Chinn and Frankel (1994b) and Frankel and Chinn (1993).  These two papers establish that expectations as inferred from the survey data behave very differently from expectations as inferred from ex post changes in the exchange rate under the orthodox rational expectations methodology.
 These data have, to our knowledge, not previously been used in the context of capital flows to developing countries.


The exchange rate forecasts are usually compiled on the fourth Thursday of each month.  Our data set runs from February of 1988 to June of 1994. The survey respondents are reported to number approximately 45, of whom two-thirds are multinational firms and the remainder forecasting firms or the economics departments of banks. We use as the measure of expectations the "consensus forecast" that CFD emphasizes. This measure is the harmonic mean:
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n = number of forecasts, and

Xi represents the individual forecast responses.

Other Data

The study also uses a number of other specialized data sources.  The data on portfolio capital flows were obtained from International Finance group of the World Bank's International Economics Department (IECIF), as was an index of emerging-country "investability" from the International Finance Corporation, as a direct measure of the degree of capital mobility.
  As Table 1 indicates, different studies have chosen to explain different variables.  Calvo, Leiderman and Reinhart (1993) focused on reserve flows (and changes in the real exchange rate, to address countries that allowed appreciation of their currencies).  The advantage is that reserve changes are available on a monthly basis, but the disadvantage is that the overall balance of payments measure includes foreign direct investment, trade, and all other current account transactions, whereas one wants to focus on portfolio investment.  Chuhan, Claessens and Mamingi used bond and equity flows from the United States (available from the U.S. Treasury); these data are also available monthly, but pertain only to the behavior of American investors.  We believe that the IECIF data, which we have obtained from the World Bank on a quarterly basis, are appropriately broad in their coverage.


An important problem is how to allow for country risk as a determinant of local interest rates.  One measure we employ is secondary-market debt prices (made available by Carmen Reinhart of the IMF); the closer are the secondary debt prices to 1.00, the lower is the perceived country risk.  Another measure, for those countries that offer dollar-denominated assets (such as the tesobonos in Mexico, or BONEX in Argentina), is the difference between the local dollar rate and the dollar rate on U.S. Treasury bills (or LIBOR).  Both measures are endogenous prices; it would be desirable to extend the estimation to see how the perceived country risk is influenced by fundamental determinants such as debt/GDP or debt service ratios and indicators of political instability.

The Gap Between Local Interest Rates and U.S. Interest Rates

We begin by looking at interest rates in some of the countries.  Throughout this study we use short-term interest rates to measure rates of return.  For each country we have tried to find the most market-determined interest rate possible.


The first set of charts, Figures 1-5, address the relationship between local interest rates (the dashed lines) and U.S. rates (the solid line), at the 3-month horizon.  Chile, Mexico and the Philippines show local interest rates that fell after 1990, but remained substantially higher than the U.S. interest rate throughout the sample.  The interesting question is the factors contributing to this differential.


In each figure, the dotted line represents the expected rate of return on local assets in terms of dollars: the domestic interest rate minus expected depreciation as measured by the survey data.  For most of the countries, expected depreciation constitutes a large positive share of the interest differential.  (The main exception is Taiwan during 1988-1990, the first half of the sample period, when expected depreciation is negative.  The new Taiwan dollar appreciated against the U.S. dollar in the late 1980s.)


In the case of Mexico, the expectation-adjusted local interest rate lies relatively neatly between the local and dollar interest rates.  ("Relatively" because the survey data are sufficiently variable that some smoothing seems warranted, mentally if not computer-aided.)  When the expectation-adjusted rate lies above the dollar interest rate in this way, it indicates a positive expected return differential on local assets.  Such a differential is usually interpreted as a risk premium, compensation to investors who view the local assets as riskier than U.S. assets.  In the case of Chile and the Philippines, the expectation-adjusted rate hovers in the vicinity of U.S. rates, suggesting that there may be little or no risk premium, or else that the survey data are too noisy to permit meaningful inferences.



For those countries where there exist local interest rates denominated in dollars, which includes Mexico, Argentina, and Chile, a further decomposition of the interest differential is possible.  Let ilp = the local peso interest rate, and iUS$ = the U.S. interest rate.  The total interest differential can be decomposed as follows:

ilp - iUS$   =   Ät,t+ke   +  (ilp - il$ - Ät,t+ke)   +   (il$ - iUS$).  
(1)

where Ät,t+ke is the period t survey-based expected depreciation from time period t to t+k (all variables are annualized);

(ilp-il$-Ät,t+ke) is the exchange risk premium, i.e., the compensation for holding currencies that are perceived to be riskier than dollars;

(il$ - iUS$) is the country premium, i.e., the compensation for holding claims on a country that are perceived to be riskier than claims on the United States, and

il$ the local dollar-denominated interest rate.


The exchange risk premium and the country premium for Mexico both appear to be positive.  Our data indicate, for example, that as of September 1994, the 7.7 % differential between 1-year Mexican CETES and U.S. Treasury bills broke down as follows: expected depreciation of the peso 3.8 % + exchange risk premium 1.8 % + country premium 2.1 %.


Figure 6 focuses on 3-month Mexican interest rates from June 1993 to December 1994.  It pinpoints the dates of major political events in Mexico during this period, as well as U.S. Federal Reserve decisions to raise the U.S. federal funds interest rate.  The uppermost line is the 3-month CETES Mexican peso interest rate.  (Some reports suggest that the CETES interest rate became much less representative of Mexican money markets in 1994, as the government withheld supply of the securities to keep the rate low, offering investors large amounts of Tesobonos instead.  We have also tried the interest rate on certificates of deposit.  The pattern is similar.)  Mexican peso interest rates show a clear decline after the American approval of NAFTA in November 1993, and a sharp increase after the assassination of Presidential candidate Luis Colosio.  The latter event roughly doubled the premium that Mexico had to pay over the U.S. Treasury bill rate.  


In terms of equation (1), do these variations in the Mexican spread take the form of changes in expected depreciation of the peso, the exchange risk premium, or the country premium?  From the graph, the answer appears to be the currency factors.  There is relatively little variation in the country premium, the difference between the Tesobono rate and the U.S. interest rate.  But expected depreciation of the peso rises sharply after the Chiapas uprising in January 1994, and falls sharply in September 1994 with the peaceful reaction to the Zedillo election.  The exchange risk premium, measured as the gap between the expectation-adjusted CD interest rate and the Tesobono interest rate, also declines with the NAFTA vote and Zedillo election.

The Relationship Between Local Expected Returns and U.S. Rates

We begin the econometrics with regressions of local interest rates, adjusted for expected depreciation, against the U.S. 3-month Treasury bill interest rate:

ilp - Ät,t+ke = 
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(2)

The null hypothesis is ß=1, which would signify perfect capital mobility as well as perfect substitutability between peso and dollar assets.


We started with a sample consisting of Argentina, Chile, Mexico, Philippines, Korea, Singapore, and Taiwan.  The sample period is 1987 -  1994.  The coefficient estimate for ß was absurdly high, reflecting interest rates in Argentina that were in excess of one million per cent per annum during the hyperinflation of 1989-1990.  Accordingly we dropped Argentina from the sample.  The result, reported in Table 2, is a coefficient estimate of 1.4, which, statistically, is significantly greater than zero and not significantly different from one.  This result constitutes a failure to reject the null hypothesis of perfect capital mobility and perfect substitutability.


We found it noteworthy that the point estimate was greater than unity.  When Mexico is excluded along with Argentina (because it was also a high-inflation country in 1987-1988, though far from hyperinflation), the coefficient lies even further above 1.0, and the difference becomes statistically significant.  One possible explanation is that the national interest rates include some risk of default or other country risk, and that this risk is correlated with world interest rates.  We attempted to correct for the country risk premium by including the secondary-market price of debt on the right-hand side of the equation.  The theory is that a higher price for secondary debt indicates lower country risk, and thus requires a lower local interest rate.


Secondary market prices are not available for Korea, Singapore and Taiwan, essentially because the debt would trade at par.  When these three countries are excluded from the analysis, the secondary debt price has the expected negative effect on local interest rates (with borderline statistical significance).  But the coefficient on the U.S. interest rate remains very large.


We tried setting the secondary debt price for Korea and Taiwan equal to 100, and including these countries in the test.  With Argentina included, the coefficient on the secondary debt price appears to be negative and clearly significant statistically; but the coefficient on the U.S. interest rate is again absurdly high.  When Mexico before June 1989 and Argentina are both eliminated from the sample, the coefficient on the U.S. interest rate becomes a reasonable 1.47, with a standard error that as before allows a clear rejection of zero effect and does not reject 1.00.  In other words it again supports the null hypothesis of perfect substitutability.  However the coefficient on the debt price, while highly significant statistically, puzzlingly becomes positive.  When Mexico and Argentina are removed from the sample entirely, both coefficients become even higher and more significantly greater than zero; indeed the coefficient on the U.S. interest rate becomes significantly greater than 1.0.


We allowed for fixed effects for each of the countries.  Chile, the Philippines, and Taiwan each show that they are able to pay rates of return significantly less than the other countries.  The results for the coefficient on the U.S. interest rate and the debt price are qualitatively unchanged.

An Analysis of Mexican Interest Rates Leading Up to December 1994

As already noted, for a few countries like Mexico, there exists an alternative way of adjusting for country risk, in place of the secondary debt price.  The tesobono interest rate in Mexico, shown in Figure 6, is denominated in dollars (though payable in pesos).  Thus the gap between it and U.S. interest rates reflects only the country premium.  We have tested the determinants of each of the components of the Mexican peso interest rate, both external determinants, as measured by the U.S. Treasury bill rate, and internal determinants, as measured by a dummy variable equal to +1 in the aftermath of the NAFTA vote and Zedillo election, equal to -1 in the aftermath of the Chiapas uprising, the two assassinations, and the December 1994 peso crisis.  [The regressions are reported in Table 2b.]  Both the event dummy and the interest rate appear to have highly significant effects on the tesobono, the Mexican dollar-denominated interest rate (column 6).  The expected effect of U.S. interest rates on the other Mexican interest rates, however, does not show up during this period.   


The effect of the event dummy on the CETES interest rate (the sum of all the components, in column 1) is high in economic magnitude and in statistical significance: each of the political events raises or lowers the peso interest rate by an estimated 2 per cent (200 basis points).  The estimated effect is divided roughly equally between the country premium (80 basis points, in column 4) and the currency premium (115 basis points in column 7).  It also has a large estimated effect on the exchange risk premium (column 3), though it is statistically insignificant, probably owing to the small number of monthly observations for which the survey data are available, and perhaps measurement error in the survey data as well.


The lower half of the table corrects for high first order serial correlation by running the regressions on first differences.  (In other words, the dummy variable is set up so that political events have a temporary effect on the change in interest rates, rather than -- what is equivalent -- a permanent effect on the level.)   The effect of U.S. interest rates on Mexican interest rates loses all significance in these results, but the significance of the event dummy remains.  Each adverse political event raises the country premium, and therefore the tesobono interest rate, by an estimated 47 basis points (highly significant).  The estimated effect on the currency premium is a reduced 27 basis points (not significant), for a combined effect on the peso interest rate of 73 basis points (significant).

The Portfolio Capital Flow Equation

The next step is to introduce the quarterly World Bank data on  portfolio capital flows.  We regress the inflows against the U.S. interest rate, the local interest rate, and expected depreciation.  Sometimes we impose the constraints that the coefficient on the local interest rate be equal in magnitude and opposite in sign to the coefficients on expected depreciation and the U.S. interest rate:



 PCI = A + B(ilp-iUS$-Ät,t+ke) + u.  
(3)

The inflows are first expressed in level form.  We also include the log of the GDP of the host country (expressed in dollars) as an explanatory variable.  Fernandez-Arias (1994) and Fry (1993, 1994) deflated nominal capital flows by nominal GDP; adding GDP on the right-hand side seems a less restrictive way to allow for scale effects.


In Table 3a, the coefficient on the U.S. interest rate has the expected negative effect on capital inflows, is of a very large magnitude, and is statistically significant.  The coefficients on the domestic interest rate and expected depreciation have the hypothesized signs, positive and negative, respectively, but are not significant.  The lack of significance holds regardless whether the coefficient magnitudes are constrained to be equal.  Indeed when the magnitude of the coefficient on the U.S. interest rate is constrained to be the same as the other two, it loses its significance.  It is quite possible that the survey data measure the forecasts of market participants with error.  An errors-in-variables problem would bias downward the coefficient on expectations, or on any rate-of-return variable that includes expectations.


When we allow for a dummy variable for each country, these country effects are statistically significant; but the results for the rates of return are qualitatively unchanged, in the respect that the U.S. effect is still statistically significant and the local effect is still not.  Similarly, the results are qualitatively unchanged in Table 3b, where Argentina before 1990 Q2 and Mexico before 1989 Q2 are excluded from the sample due to their high inflation rates.


The results are improved when we try expressing the dependent variable as the log of PCI (+1, to cope with zero-observations), reported in Table 3c.  The negative coefficient on expected depreciation becomes statistically significant, though the positive coefficient on the domestic interest rate does not.  The highly significant coefficient on the U.S. interest rate shows a point estimate of .32 when the log of GDP is the only additional factor, and a point estimate of .65 when country effects are added as well.  These estimates are semi-elasticities, revealing the percentage response in portfolio capital inflows resulting from a decline in U.S. interest rates (adjusted for expected depreciation) of 1 per cent.


Next we add the secondary debt price as another variable to help explain capital inflows in equation (3), under the theory that it will help adjust the local interest rate for country risk.  The debt price in Table 3b turns out to have the hypothesized positive effect on capital inflows, though it is not significant.  The other estimates are as before: correctly signed for the U.S. interest rate, local interest rate, and expected depreciation, but only significant for the first of these.


We also try the equation in inverted form:

 (ilp - iUS$ - Ät,t+ke)  =  -A/B  +  (1/B)PCI  +  v.
(4)

This specification has two major advantages.  First, it allows a new test of the null hypothesis of perfect capital mobility and substitutability, 1/B = 0.  (It would not be feasible in the preceding equation to test B=
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seq Figure  \* Arabic  \r0  \h.)  Second, the inverted specification also has the advantage that, as in equation (2), any measurement error in the survey data goes into the regression error and need not bias the regression estimate.  We must acknowledge that equation (3) and equation (4) cannot both be correctly specified.  If one set of regressions is right, then the other is wrong.


Estimates for the inverted specification are reported in Table 4.  The country effects are not statistically significant, with the exception of the coefficient on the dummy for Argentina.  The coefficient on PCI is not statistically significant.  Nor is the coefficient on the secondary debt price (whose sign is negative, as hypothesized), nor most of the country effects.  An F test fails to reject the hypothesis that all coefficients are zero.  In other words, we fail to reject the hypothesis that capital flows are strong enough to set the international differential in expected rates of return to zero.  This constitutes a failure to reject perfect capital mobility, perfect substitutability, and a zero scope for sterilization of inflows.  The results are again qualitatively unchanged when Argentina pre-1990Q2 and Mexico pre-1989Q2 are excluded from the sample, or when the secondary debt price is included as a regressor.


To return to a question posed at the outset, if capital mobility is indeed sufficiently high to equate expected returns internationally, then why have local interest rates failed to converge to U.S. levels?  Evidently the answer is expectations of depreciation or devaluation of the local currencies against the dollar.  This conclusion suggests that if attempts at sterilized intervention create difficulties, it may be because they create expectations of future monetization, inflation, and depreciation, rather than by creating a risk premium.  But there is as yet little reason to think that the expectations of depreciation are greater than under the alternative responses to a capital inflow, nonsterilized intervention or appreciation.


These results are highly preliminary.  We would like to explore the sensitivity of the results, for example, with respect to the interest rate measures used and with respect to correlation across countries.  We would like to include other direct measures of capital controls on the right-hand side of equation (3), perhaps multiplicatively with the expected return differential.  (One measure we have tried is the IFC investability index, but it did not perform particularly well in this context.)   We would like to include local dollar interest rates for those countries where they are available (Mexico, Chile, and Argentina) along with peso interest rates in equation (3).  We would like to include country variables such as debt/GDP and debt-service ratios, inflation rates, and indicators of political instability, perhaps allowing for the secondary market price of debt to be determined endogenously.  

 
Our statistical failure to reject perfect capital mobility in Table 4 is what we have.  The finding is consistent with the strong relationship in Table 2 between U.S. interest rates and domestic interest rates adjusted for expected depreciation.  Traditionally in econometrics, failures to find statistically significant results have been considered discouraging.  Bad data or insufficient data could produce the lack of statistical significance as easily as could the virtue of the null hypothesis.  In modern finance econometrics the failure to reject an important null hypothesis such as market efficiency is often considered reason for pride.  We, however, incline to the traditional interpretation, that failure to reject the null hypothesis does not allow one to assert that the null hypothesis is necessarily true.

The Offset Equation

The next step is to introduce a different measure of credit market conditions into equation (3), in place of the domestic interest rate, namely the domestic money supply.  The aim is to estimate the so-called offset coefficient: the negative effect of domestic credit expansion on the capital account.  We do so by introducing a money market equilibrium condition.  


m = p + 
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(5)

where m = is the log of the domestic money supply, which is in turn the sum of reserves and domestic credit;

p = the log of the price level; and

y = the log of real GDP.

We proceed to solve for the interest rate and substitute out for it in the capital flow equation:

   PCI = A + B[(-1/
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(6)

One can also decompose the money supply into domestic credit and reserves, but tests on such data are not reported here.  Instead, we will continue to aggregate them together.


The null hypothesis of full integration into world financial markets now becomes the proposition that the offset to domestic credit is complete and instantaneous.  This is the hypothesis that the coefficient B/
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seq Figure  \* Arabic  \r0  \h is so high that an increase in domestic credit equal to one per cent of the money supply produces a capital outflow of the same size.  (For simplicity, we impose the constraint 
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seq Figure  \* Arabic  \r0  \h=1, so that we can combine the real income and price level terms into a single nominal GDP variable, as we have been doing on the righthand side of our equations all along.  All quantities are measured in dollars.)


OLS estimates of equation (6) are reported in Table 5.   First, in keeping with our approach thus far, we use the quarterly flow of portfolio capital as the dependent variable.  The results are surprisingly good, for this line of work
.  The coefficients on the monetary base and nominal GDP are both highly significant statistically, and are opposite in sign and approximately equal in magnitude, as they should be.  The point estimate suggests that every one per cent expansion in the monetary base, in excess of nominal GDP growth, causes a loss of capital flows in the same quarter equal to about $3 million (or $12 million at an annual rate).  For Mexico, one per cent of the monetary base, on average during the sample period, was $89 million.  (Mexico is close to the average of the five countries in this regard.)  Thus the estimated offset within the quarter was roughly 3.4 per cent (=$3/$89).  Such estimates should be taken as only illustrative.


An alternative specification would be to treat the cumulated stock of capital inflows as the dependent variable, rather than the flow.  This is the portfolio-balance specification, which is relevant if the factor preventing perfect arbitrage is thought to be imperfect substitutability between dollar assets and peso assets, rather than remaining capital controls or other frictions in the international capital markets.  The data seem to prefer this specification: the fit is better, whether measured by the level of significance of the key coefficients, the F-statistic, R2, or adjusted R2.  Now the point estimate is that for every one per cent expansion of the monetary base in excess of nominal GDP, the country loses about $ 25.3 million in portfolio capital in that quarter.  For Mexico, this is an offset of roughly 28 per cent in the quarter (=$25.3/$89).


The coefficients on the U.S. interest rate and expected depreciation of the domestic currency are also of the correct sign.  The former is statistically significant, but the latter only marginally so.  We have allowed dummy variables to pick up country effects.  Chile and Argentina stand out as able to attract more capital than the others, holding the macroeconomic determinants constant.  The Philippines stands out in the opposite direction, but this country effect is not statistically significant.


In practice, researchers have allowed lags in the process whereby an expansion of domestic credit leaks out through the capital account.  The question then becomes how much of the expansion is offset in the first quarter, versus later.  We allowed for as many as four quarters of lags on the monetary base.  The sum of the coefficients on lagged and contemporaneous money were always about the same as the coefficient on contemporaneous money reported in Table 5.  Because the overall offset estimates are not much affected, we do not report these results separately.


We repeat the tests with the broad money supply in place of the monetary base, in other words including the liabilities of the banking system rather than just of the central bank.  The results, reported in columns (2) and (4) of Table 5, are strikingly similar to the results for monetary base.  Again, all coefficients are of the correct sign, and those on money, nominal GDP and the U.S. interest rate are highly significant statistically.  The main difference is that the estimated offset to a one per cent increase in broad money is 30 per cent smaller than the estimated offset to a one per cent increase in narrow money.
  The other difference is that Argentina and Mexico join the Philippines in showing significant negative country effects. 


Three important extensions remain for future work.  First, it is not legitimate to constrain all the countries in our sample to have the same offset coefficient.  Policy responses varied across countries, and for that matter across time as well.  Chile, for example, reinstituted some controls on capital inflows, in the form of deposit requirements.  Our plan is to introduce into the offset equation a direct measure of capital controls, equal to 1 for a financially open country and 0 for a closed one.  If the IFC investability index does not seem to capture what we want, then we may use a dummy variable based on the IMF's Exchange Arrangements and Exchange Restrictions, as used by Grilli and Milesi-Ferretti (1995).  Whatever the measure, it would be interacted in equation (6) with all righthand-side variables.  The hope would be that this variable would capture the cross-country (and cross-time) variation in B, so that the coefficients could then be interpreted as representing offset in the case of the financially open countries.  Second, we have not yet estimated an offset equation taking proper simultaneous account of the sterilization equation, representing central banks' tendency to vary domestic credit in response to balance of payments inflows.  The simultaneous estimation of offset and sterilization, which would of course require suitable instrumental variables, is our next priority for this project.  Third, it might be worth distinguishing in the econometrics between periods of net capital inflow and periods of net capital outflow.


Our results to date, however, may be described as a finding that the offset to domestic credit is highly significant statistically, though appearing to fall far short of instantaneous and complete offset.

Conclusions

Our results suggest a number of conclusions.  First, U.S. interest rates are a very major determinant of financial conditions in the emerging-market countries.  Whether one looks at the effect on portfolio capital flows or the effect on local interest rates, it effect is high and significant.  Indeed, changes in U.S. interest rates seem to have an effect on local interest rates that is more than one-for-one.  This confirms the finding of Calvo and others that low world interest rates were a major factor in the new capital inflows of 1990-1993.  Vulnerability to increases in U.S. interest rates such as took place in 1994 could have been (and was) predicted.


Second, consistent with findings of close links to world financial markets, we find a substantial offset to monetary policy: the estimate suggests for Mexico that a monetary expansion is followed by a capital outflow within the same quarter equal to 0.28 per cent of the increase in the monetary base.  The offset is not complete, however.


Third, we find evidence against the view that the existence of country risk or remaining capital controls is the major reason why interest rates in recipient countries remained above U.S. interest rates in 1990-94.  To be sure, country risk, measured for example by the discount in the secondary debt market, is a significant determinant of country interest rates.  But a decomposition of interest differentials into country premium and currency premium shows that the latter is generally larger.  When countries have difficulty sterilizing inflows, in the sense that the issue of domestic bonds drives up the local interest rate, the interest differential may be interpretable in large part as compensation for expected future depreciation.


Fourth, a more in-depth analysis of weekly Mexican interest rates during the period June 1993 - December 1994 shows significant adverse effects coming both from Federal Reserve decisions to raise U.S. interest rates and from political events in Mexico.  The effects show up both in Mexican dollar-denominated interest rates (tesobonos) and peso-denominated rates (CETES), indicating that the currency premium and country premium were equally important.


It is useful to be able to look at local dollar-denominated interest rates when they are available -- as they are for Mexico, Argentina, and Chile -- in order to measure the country premium, i.e., the spread over U.S. dollar interest rates.  Nevertheless it can be dangerous to look only at dollar interest rates, as opposed to local-currency interest rates.  Econometricians who do so in studies of sterilization and offset are missing the currency premium, which, as noted, is often larger than the country premium.  For policy-makers to focus too heavily on local dollar-denominated interest rates is even more dangerous.  After the capital flows to Mexico began to reverse in February 1994, the Mexican response was sterilized intervention of the reserve outflows.  Anyone who judged the success of this response by looking at tesobono interest rates underestimated the magnitude of the problem.  The increase in peso interest rates was much greater than the increase in dollar interest rates in Mexico, signifying a large increase in the currency premium and, as we now know, a lack of sustainability in the exchange rate policy.
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removed from fn.4 (along with Appendix graphs from Carmen): Appendix Figures 1a, 1b, and 1c pinpoint the period of sterilization for Colombia, Chile and Malaysia, respectively (courtesy of Carmen Reinhart).  In each case, interest rates fall when the authorities cease sterilizing capital inflows.  [In the case of Malaysia, the imposition of capital controls worked to cut off the inflows, so that there was little left to sterilize.]

omit from p. 25 [This comparison is consistent with the idea that Argentina and Mexico exhibited better-looking monetary discipline when their efforts to sterilize inflows are judged by broad money (e.g., sterilization by raising reserve requirements), and exhibited less-persuasive discipline when judged by narrow money (e.g., sterilization by open market purchases), in which case the inflows must be attributed in part to extra confidence in these two countries on the part of investors.]

    � The trend was identified and analyzed early on by Calvo, Leiderman and Reinhart (1993).  Recent reviews of the inflows and the response options for local authorities include Calvo, Leiderman and Reinhart (1995), Fernandez-Arias and Montiel (1995), Goldstein (1995) and Williamson (1994).


    �  These basic textbook points are further elucidated in Frankel (1994). 


    � The steep rise in U.S. interest rates that took place during the course of 1994 constituted a test of the warning, which most of these studies carried, explicitly or implicitly, that an adverse shift in world financial conditions could lead to an abrupt halt to the inflows and a new crisis on the order of 1982.  Asset prices in emerging markets did fall on the occasion of the initial tightening by the Federal Reserve Board in February 1994.  In many cases the decline in local asset prices was greater than the decline in securities prices in the United States, perhaps because many of the investors who had been holding the assets had been highly leveraged.  Asset prices subsequently recovered, as healthy positive capital inflows resumed.  The Mexican crisis that began December 20, 1994, however, and the apparent negative effects on securities prices in emerging markets worldwide, seemed to be precisely the sort of crisis about which Calvo and the others had warned.


    � One exception is Colombia, where interest rates rose in 1990 and 1991, and then fell abruptly in 1992 when sterilization ended.  This case has drawn a lot of attention, and is in part the basis for concerns over the perils of sterilization.  An alternative explanation that has been offered for this episode is that the source of the capital inflows in those years was a domestic investment boom (Edwards 1991).


    �  We choose in this study to focus on nominal interest rates and expectations of exchange rate changes, because these are the variables that are properly of interest to a portfolio investor who is comparing expected returns in different countries.  Expected inflation rates are not directly relevant for the decision how to allocate the portfolio among different countries' bonds, except to the extent they influence nominal interest rates and exchange rate expectations.


    �  Kouri and Porter (1974) is typical of earlier single-equation studies of capital account offset.


    � A study of the determinants of local dollar interest rates, such as Rodriguez (1994) favors, becomes very close to a traditional "country-risk" sort of study of the spread over LIBOR that countries are charged for loans.  [E.g., Edwards (1986), or Cline (1995) for bond spreads, who, interestingly, finds that countries that underwent Brady Plan debt reduction now have to pay higher interest rates than those that did not.]


    � In particular, expected depreciation as measured by the survey data obeys a much more sensible relationship to the forward discount than does expected depreciation as measured by ex post changes, which notoriously point in the opposite direction on average.  This point was first made by Froot and Frankel (1989), in the context of major industrialized countries.


    � Fernandez Arias (1994) uses the IECIF data.  Claessens and Rhee (1994) use the IFC data.  The Appendices in Gooptu (1993) discuss the available data, and report on financial restrictions in various countries.


    � Appendix 2 in the working paper version of this paper lists the alternative interest rates available.


    � One can readily undertake an analogous decomposition for the differential in real interest rates.  The expected nominal depreciation term is then replaced by expected real depreciation.  This line of thought is pursued in Frankel (1993).


    �  Studies of the effect of U.S. (or Japanese) interest rates on the interest rates of Pacific Rim countries include Chinn and Frankel (1994a, 1995) and Glick and Moreno (1994).


    � The log of the money supply can be approximated as a weighted average of the logs of reserves and domestic credit:


 m = (D) dc + (1-D) res.  The form of the offset equation that focuses explicitly on domestic credit is:


 PCI =  A + B[(-1/�EMBED Equation.3 \* MERGEFORMAT \s����seq Figure  \* Arabic  \r0  \h�)((D)dc+(1-D)res - p) + (�EMBED Equation.3 \* MERGEFORMAT \s����seq Figure  \* Arabic  \r0  \h�/�EMBED Equation.3 \* MERGEFORMAT \s����seq Figure  \* Arabic  \r0  \h�)y - iUS$ - Ät,t+ke] + u.	(6') 


    � See, e.g., Fry (1993, 1994) for six East Asian countries, on a time sample ending in 1991.


    �  A one per cent increase in broad money is $809 million on average for Mexico.  So the effect on the stock of capital of $17.55 million represents an offset, in these terms, of only 2.2 per cent [=$17.55/$809].
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