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                    Abstract
By investigating the developments and determinants of the dependence of domestic stock returns on latent global factors for 37 advanced and emerging countries during 1996–2015, this article illuminates contemporary trends in international finance with implications to the potential gains from international portfolio diversification and the independent effect of domestic monetary policy. There were upward time-trends in the dependences in the majority of the countries and at a global level, suggesting steady advances of international stock market integration or gradual declines of the potential gains from diversifying a stock portfolio internationally. The integration was greater in advanced countries than in emerging ones while progressing more rapidly in emerging countries than in advanced ones, suggesting relative attractiveness of emerging markets as an investment destination. An indication of a global financial cycle is that the degree of the dependences for different country groups changed over time in a similar fashion. Differences in those dependences across the countries and those over time were explained by the openness of international trade, the size of domestic stock market, and policies of monetary authorities: the level of short-term interest rates, the openness of the capital account, and the variability of foreign exchange rates. In that cycle, there emerged a dilemma between the mobility of international portfolio stock investments and the independent effect of domestic interest-rate policy over not only the sample period but also in the run-up to the 2008 crisis, as far as nominal short-term interest-rate differentials with respect to the United States were concerned.
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                    Notes
	In the case of Bekaert et al. (2009), a national DGF is inter-country correlations of market index returns as well as those explained by changes in the returns’ responsiveness to GFs.


	Agur et al. (2018) estimate common factors for emerging sovereign bond markets by making a factor analysis and examine the correlation between such GFs and potentially reasonable indicators for GFs.


	In the case of Beine and Candelon (2011), a national DGF is a country’s pairwise stock-return correlations adjusted for the boosting effect of high volatility. In the case of Chuluun (2017), a national DGF is the stock-return correlation between a national market index and a world portfolio. She finds that the DGF tends to be higher in a country occupying a more central position in its networks of international trade and finance.


	Firstly, the selected national stock price indices do not allow accurate comparisons of national stock market capitalisations because not all of them are broad market indices and they are constructed in different ways. Secondly, it is not possible to use identical indices for all sample countries. For example, MSCI country indices do not cover some of the 13 emerging countries, nor do they have sufficient long-term historical data.


	The percent cumulative eigenvalues for the first four PCs are 89.8%, 90.8%, 94.3%, 94.7%, 95.9%, 96.7%, 96.5%, 95.4%, 93.8%, 92.3%, 91.4%, 93.2%, 95.0%, 95.0%, 94.1%, 94.0%, 92.3%, 89.2%, 91.7%, and 96.9% in each year over the period 1996–2015, respectively. The remainders are the collective impact of other 33 PCs from the fifth one to the 37th one. Because their eigenvalues are very puny or almost zero, those remainders are interpreted as negligible.


	Pukthuanthong and Roll (2009) obtain ten PCs in a year for multiplying countries’ stock returns in the year by eigenvectors (factor loadings) gained for the returns in the previous year. The resulting PCs are not exactly orthogonal; that is, there is a risk of multicollinearity. In this regard, Pukthuanthong and Roll (2009) argue that they separately find the correlations amongst their ten PCs too mild to make the risk serious.


	I look at these four conventional factors here in order to equalise the number of GFs with the APT-based model. By analysing numerous individual stocks’ excess returns across 49 countries over the period 1981–2003, Hou et al. (2011) report that the cash-flow-to-price factor is a GF of great explanatory power. In my case, indicators representing this factor are not available for some of sample years and national stock indices.


	For example, regarding GF3, price-book value ratios are not available for all sample years and national stock indices.


	http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/.


	Given space constraints, I present only two observations on the results of 740 plain OLS estimations of Eq. (1) for each of the APT-based model and the Fama–French model. In the following recitation, (i) italic numbers refer to the APT model, (ii) numbers with single quotation marks refer to the Fama–French model, and (iii) the ten per cent significance level is applied. The two observations are as follows. Firstly, on the above-assumed normality of e, the Jarque–Bera test does not reject null hypotheses that es have the normalities in 571 or '496' regressions, but the tests do in 169 or '244' regressions. The rejections take place more frequently in emerging countries than in advanced ones. Although the rejection ratios—22.8% or '33.0%'—appear to insufficiently low, I do not think that the ratios prevent me from using the APT-based and Fama–French models to gauge national DGFs. This is because the normality assumption does not directly affect their size (although its collapse affects the statistical significance of estimated βs). Lastly, very small negative R2adj
s are gained in 22 or '30' regressions. These R2adj
s appear irregular because a R2adj
 is interpreted here as the percentage of non-diversifiable systematic risks in total risks of ER. Therefore, I regard the negative R2adj
s as 0.


	Pukthuanthong and Roll (2009) exclude a sample country in making the PC analyse to estimate GFs for the country. Such exclusion would be beneficial in hedging the risk of endogeneity. Their GFs are not common to sample countries, and they seem not to find a huge DGF for U.S. stock returns. However, I believe that GFs should be common to all sample countries. In addition, it would be more likely that the method fails to grasp true GFs when a sample country is a country whose asset prices are more relevant to GFs, like asset prices in oil-exporting countries and the sole key-currency country, or the U.S.


	To be specific, I assume that instrument variables for GFs at t are ER at t − 1 and their own GFs at t − 1; for example, GF2t − 1 and USA’s ERt − 1 for GF2t. As mentioned above, GF1–GF4 are exactly orthogonal with each other. I regress individual GFs on their instruments every year over the 20-year sample period and gain counterpart 80 residuals for each of USA and CHN. By repeatedly adding as a regressor one of the residuals in Eq. (1), I gain 80 augmented equations for each country. As a result of the OLS estimations of them, a null hypothesis that one of the added regressors is exogenous in its augmented equation cannot be rejected in only 13 and 6 regressions for USA and CHN, respectively.


	The estimates to TT and C are 0.00 and 0.08, respectively. The ADF test statistic to the residiaul is − 3.20 whose p value is 0.05. This suggests that ALL’s Sharpe ratios should have a horizontal trend.


	When either a fixed-effect model or a random effect model is selected, it is necessary to deal with four potential irregular aspects of residuals (ε) so as to gain asymptotically consistent estimates (ĥs): firstly, cross-section heteroskedasticity; secondly, period heteroskedasticity; thirdly, contemporaneously correlation; and lastly, serial correlation. These can reduce the reliability of the results of t-tests on the estimates. The first and second aspects could be acute for my dependent variables (L_DGFs) because they are logit-transformed variables (Kataoka 2005). The third and fourth aspects appear to be irrelevant when τ refers to a short period of time.


	Transaction costs can give rise to illiquidity discounts on asset prices, or illiquidity premia on asset returns (Amihud and Mendelson 1991; Lo et al. 2004). A more liquid financial asset can be bought and sold in the market with a relatively small impact on its market price. The size of a financial market is one of conventionally-used indicators for the market liquidity.


	C is dropped from Eq. (6). The order of lag(s) is one, selected by the Schwarz Bayesian Criterion. The ADF statistic for a within-dimension is − 4.439 (p value: 0.000) while the ADF statistic for a between-dimension is − 5.436 (p value: 0.000). The null hypothesis that there is no co-integration can be rejected. The number of observations used is 1500.


	The order of lag(s) is one, selected by the Schwarz Bayesian Criterion. The ADF statistic for a within-dimension is − 4.087 (p value: 0.000) while the ADF statistic for a between-dimension is − 5.923 (p value: 0.000). The null hypothesis that there is no co-integration can be rejected. The number of observations used is 1500.


	I calculate the VIFs between TO and FXV by using annual data over the period 1996–2015 for all sample countries. A VIF is defined as 1/{1 − (correlation coefficients)2}. Suffice it here to report that all of the VIFs are much smaller than 10, the criterion proposed by Snee and Marquardt (1984), defining negligible risk of multicollinearities caused by TO and FXV.


	As explained in “Appendix D”, natural interest rates are potential growth rates based upon local-currency real GDP, which are gauged by a conventional filtering method. The real short-term interest rates are those on an ex post basis: one-year sovereign bond yields minus annual inflation rates.
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Appendices
Appendix A: A brief survey of empirical studies on the DGFs
To justify the potential gains to investors from international diversification, early financial articles investigate the inter-temporal stability of bilateral correlation coefficients amongst major countries. Watson (1978, 1980) and Meric and Meric (1989) support this stability whilst Maldonado and Saunders (1981) do not. Beyond this disagreement, Forbes and Rigobon (2002) demonstrate that simple correlation coefficients can be biased, resulting in the false appearance of correlation during periods of high volatility. With a computational method of adjusting for such a bias, they find that there was no significant increase in many unconditional cross-country correlation coefficients of national stock markets even in times of crises, including the 1987 U.S. crash, the 1994 Mexican crisis, and the 1997 Asian crisis.
Testing for changes in a cointegrating vector for pairs of national stock indices also deals with correlations between two countries’ stock prices. Based upon a constant correlation GARCH model, Longin and Solnik (1995) report that the hypothesis of a constant conditional correlation is rejected. Based upon a dynamic conditional correlation GARCH model, Barari et al. (2008) show that estimated dynamic conditional correlations in stock returns between the U.S. and other G7 countries are clearer for iShares than for national stock market indices, but they do not discover an upward trend over the period 1996–2005. Although they find an increasing statistical significance for cointegration amongst G7 countries since 2001, it is impossible to establish different degrees of association for a cointegration because it is binary (Croux et al. 2001); in other words, a more statistically significant cointegration between two variables does not necessarily mean a stronger correlation between the two.
Bekaert et al. (2009) obtain a similar result for 23 developed stock markets over the period 1980–2005: there is no evidence of an upward trend for national DGFs, except for the European stock markets. They analyse inter-country correlations of market index returns as well as those explained by changes in the returns’ responsiveness to GFs (global factors)—the betas (βs) that the authors estimate by applying both APT-based and Fama–French-type multi-factor models.
Two articles challenge Bekaert et al. (2009). Blackburn and Chidambaran (2011) warn that using a market-capitalisation-weighted average of national stock markets as a world stock portfolio has the risk of disproportionally weighting countries with highly-capitalised stock markets, including financial superpowers such as USA, as well as city-economies functioning as international financial centres such as HKG and SGP. Looking at the same 23 stock markets used by Bekaert et al. (2009), Blackburn and Chidambaran (2011) make a canonical correlation analysis in order to retrieve comoving components from pairs of national stock returns. They define the components as common factors to the pairs. These common factors are a combination of weights which maximises correlation between a weighted-sum of historical data of stock returns in one country and a weighted-sum of those in another country. They gain maximised correlations for one country with respect to other countries individually, and show that, from the mid-1990s through 2010, the average pairwise correlation for individual countries increased, as did the average pairwise correlation amongst all pairs.
Pukthuanthong and Roll (2009) propose a method for gauging national DGFs, by arguing that the analyses of Bekaert et al. (2009) of trends in national DGFs by referring to individual countries’ estimates (βs) may be narrow as discussed in Sect. 2 of this article. Pukthuanthong and Roll (2009) apply their method to 81 countries, including developing ones, from the 1960s to 2007, and find an upward trend for the simple average of their DGFs.
Appendix B: Countries’ stock market indices and descriptive statistics of ERs
See Table 4.
Table 4 Countries’ ERs: market indices used and descriptive statisticsFull size table

Appendix C: An overview of APT-based GF1–GF4

I briefly make three kinds of analyses of APT-based GF1–GF4, to illustrate the realism of national DGFs gained by using them as regressors. First of all, remind the finding that USA’s DGF is almost full in all sample years, and so is CHN’s DGF after 2005. I understand that these countries’ stock returns are good proxies for GFs for which I control with GF1–GF4. Looking at Appendix Table 5 which lists eigenvectors (factor loadings) of USA and CHN for GF1–GF4, USA has large eigenvectors in absolute value for GF1 in almost all sample years, suggesting that GF1 is likely to have mainly reflected information affecting U.S. stock prices. Likewise, CHN has large eigenvectors in absolute value for GF2 in almost all sample years in and after 2006, suggesting that GF2 is likely to mainly reflected information affecting Chinese stock prices.
Table 5 Eigenvectors (factor loadings) of GF1–GF5 for USA and CHN by yearFull size table

Secondly, Appendix Table 6 shows correlation coefficients between GF1–GF4 and four indicators suitable for GFs: percentage change in VIX (%VIX), the change in the expected average of future U.S. short-term interest rates for ten years ahead (∆ExpUSMP), percentage change in effective FX rates of U.S. dollars (%US$), and percentage change in West Texas Intermediate crude oil prices (%WTI). The frequency of these indicators is weekly. “Appendix D” details their definitions and sources. Looking at the table, GF1 has statistically significant correlations with all of %VIX, ∆ExpUSMP,  %US$, and %WTI. GF2 has statistically significant correlations with %US$ and %WTI. GF3 has statistically significant correlations with ∆ExpUSMP and %US$. This can be said to GF4 too.
Table 6 Correlation coefficients between GF1–GF4 and selective indicatorsFull size table

The last analysis is to consider correlations between APT-model based GF1–GF4 and Fama–French (F&F) model based ones: the market, size, value, and momentum factors. Appendix Table 7 shows correlation coefficients between the two types of GFs. Looking at the table, APT-model based GF1 has statistically significant correlations with all of F&F-model based GFs, while APT-model based GF4 has statistically significant correlations with none of them. APT-model based GF2 has statistically significant correlations with F&F-model based GF1 (market factor) and GF2 (size factor). APT-model based GF2 has statistically significant correlations with F&F-model based GF3 (value factor) and GF4 (momentum factor).
Table 7 Correlation coefficients between GF1–GF4 and F&F-type GFsFull size table

Thus, I argue that, although APT-model based GF1–GF4 are unidentifiable, they are informative proxies for GFs because each of them has statistically significant correlations with a number of data-based and meaningful indicators for GFs.
Appendix D: On data
See Table 8.
Table 8 Definitions and sources of dataFull size table

Appendix E: Detailed results of baseline and alternative estimations
See Table 9.
Table 9 Results of estimating Eq. (6): L_DGFi,τ = h0C + h1TOi,τ + h2CACi,τ − 1 + h3FXVi,τ + h4Sizei,τ + IEi + εi,τFull size table

Appendix F: Detailed results of the extended estimations
See Table 10.
Table 10 Results of estimating an extended Eq. (6): L_DGFi,τ = h0C + h1TOi,τ + h2CACi,τ − 1 + h3FXVi,τ + h4Sizei,τ + h5X + h6(Xi,τ × CACi,τ − 1) + IEi + εi,τFull size table
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