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INVESTOR BASE DYNAMICS AND SOVEREIGN BOND YIELD VOLATILITY 

By Carlos Alberto Piscarreta Pinto Ferreira1 

 

KEYWORDS 

Volatility, Bond Market, Public Debt, Investor Base, Sovereign Risk, Local Projections. 

JEL CODES 

C23, E44, G11, G15, H63 

ABSTRACT 

We assess the role of investor base dynamics in explaining sovereign bond yield volatility 
in a broad number of advanced economies, adding to previous work by investigating the 
role of both foreign and domestic non-official investors and using local projections to 
parsimoniously address endogeneity among variables. Our results show that buying and 
selling have differentiated impacts on volatility. Foreign investors contribute to increase 
bond yield volatility, mostly through net sales. Domestic investors’ net purchases may 
help to shield the sovereign issuer against volatility even if their dampening effect is not 
instantaneously felt or indeed is only observable in the more crucial context of rising 
yields.  The Euro Area, split in two groups of countries that do not respond uniformly to 
foreign net sales nor enjoy the same level of protection from domestic net purchases, 
seems vulnerable requiring, from a policy point of view, vigilance, and protection against 
fragmentation risks.       

     

  

 
1 ISEG - Lisbon School of Economics & Management, Universidade de Lisboa; REM/UECE. R. Miguel Lupi 
20, 1249-078 Lisbon, Portugal. Email : cpferreira@phd.iseg.ulisboa.pt; cferreira@iseg.ulisboa.pt. The views expressed 
are the author’s and all errors are his responsibility. I am very grateful for comments from Miguel St. 
Aubyn and José Cardoso da Costa. 
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1. INTRODUCTION 
News headlines are once more calling the public attention to volatility in sovereign bond 
markets. Around ten years ago the Euro Area (EA) faced a sovereign debt crisis that put 
into disarray government bond markets and the financial system. Two to three years 
before another bout of volatility had been observed in the wake of the Great Financial 
Crisis (GFC), this time centred in the US. These are recent proofs of the fact that from 
times-to-times volatility spikes occur in sovereign bond markets.  

But why should we care about volatility? Firstly, a better understanding of volatility may 
help market participants in fixed income markets exposed to volatility in their portfolio 
and collateral management. Regulators may benefit of the same knowledge to fine tune 
policy measures oriented toward safeguarding and strengthening the financial system, 
as well as scenario analysis and stress-testing design. Central banks that have added 
long-term yields to their monetary policy reaction function2 may want to use it to better 
gauge market participants expectations and evaluate possible reactions to their 
decisions. Debt Management Offices may consider it in their issuance strategies both in 
terms of the degree of flexibility to retain or the balance of their investor base structure.   

Although there is an extensive literature regarding volatility in the financial markets, to 
our knowledge, few empirical studies specifically focus on the drivers of volatility of 
sovereign bond yields3. In particular, the role of the investor base structure has been 
addressed mainly in studies regarding Emerging Markets. This empirical paper aims to 
fill part of this gap and to provide empirical insights into the role of the investor base on 
sovereign bond market volatility. In this respect we investigate three research questions: 
(i) do foreign investors increase volatility? (ii) are there any differences between buying 
and selling periods? (iii) do domestic investors shield the sovereign issuer against 
volatility? Furthermore, the low frequency of the available data on the investor base 
made us review previous findings on bond volatility derived mainly from higher 
frequency data. Thus, our results complement the existing knowledge base on sovereign 
bond yield volatility. We add to previous work by examining the issue simultaneously in 
a broad number of advanced economies, by combining different levels of analysis, by 
investigating the role of domestic non-official investors on top of the usual analysis of 
foreign participation and by using local projections to parsimoniously address 
endogeneity among volatility, yields and investor net transactions.  

Our analysis shows that the investor base has a role in explaining sovereign 10-year bond 
yield volatility. This role is complex, asymmetric, and uneven across investors and 
countries. Independently of the type of investor considered, buying and selling have 

 
2 An example of inclusion of Treasury bond volatility in the reaction function of the Fed is provided by 
Rudebusch (2001).  
3 An exception is the attention given to cross-border transmission of volatility spurted by financial crises. 
Examples of this literature applied to the EU are Christiansen (2003), Refenes & Skintzi (2006), Gómez-
Puig (2009a and 2009b), Sosvilla-Rivero & Morales-Zumaquero (2012), or Fernández-Rodríguez et al. 
(2016). Examples of studies covering other geographies are provided by the latter authors (p.128). A wider 
literature on contagion exists but focus on the determinants of yields or yield spreads, not volatility itself. 
Clayes & Vasicek (2014), Ludwig (2014) and Ribeiro et al. (2017) are just a few examples.  
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differentiated impacts on volatility. Foreign investors tend to contribute to increase 
bond yield volatility, mostly through net sales. Domestic investors net purchases may 
help to shield the sovereign issuer against volatility even if their dampening effect is not 
instantaneously felt or is only observable in the more crucial context of rising yields. In 
the case of the EA, member countries are split in two groups that do not respond 
uniformly to shocks in foreign net sales, in term of size and timing, nor enjoy the same 
level of protection of domestic net purchases. Thus, under an exogenous negative shock 
we may observe different responses of volatility across core and periphery that may 
translate into higher risk premiums and wider bond spreads. Therefore, from a policy 
point of view, we must recognize the need to remain vigilant and keep a close 
monitoring of market developments, on the one hand. On the other hand, a protection 
mechanism that mitigates idiosyncratic volatility under common shocks is required to 
shield the EA sovereign bond markets against fragmentation risks. 

The remainder of the paper is structured as follows. Section 2 reviews the relevant 
literature. Section 3 introduces the data and some descriptive statistics. Sections 4 
describes the general modelling and econometric approach. Section 5 details the 
empirical strategy and presents the results. A summary of the study main findings is 
given, and conclusions are drawn in Section 6. The Appendix provides more 
comprehensive information, namely description of data sources, time-series tests, and 
econometric results. 

2. LITERATURE REVIEW 
In previous empirical work, the role of the investor base has been addressed mainly 
focusing on the impact of foreign investors or foreign ownership on the volatility of 
sovereign bond yields, namely in Emerging Markets (EM). Foreign investors tend to be 
associated with higher bond yield volatility, but this result is far from being universal, 
either across advanced economies or emerging markets. The impact of foreign net 
trades might be asymmetric and intensify fundamental weaknesses. Available causality 
results are ambiguous. 

We first review the literature concerning advanced economies. Borio & McCauley (1996) 
study the turbulence of 1994 in international bond markets. Foreign investors impact on 
yield volatility is examined in 6 countries - Germany, France, Italy, Canada, Belgium, and 
Spain - using monthly data over M9:92 to M4:95. The analysis is conducted by adding 
net foreign cash4 purchases and sales in government bonds to an autoregressive process 
of order 1 - AR(1) from now on - for domestic implied bond yield volatility, implicitly 
assuming one-way causality. They conclude that foreign net transactions were linked to 
increased volatility only in Germany, France, and Italy. Controlling for changes in bond 
yields in the volatility process does not change this conclusion, although the net sales 
impact reduces. This result suggests a direct link between the investor base and volatility 
on top of indirect effects through yields. The impact of net sales is considerably larger 

 
4 Change in cash holdings reflects only a part of the change in investors’ positions since they do not include 
changes in off-balance-sheet positions. However, if both are correlated, as seem to have been the case in 
1994, the coefficients for cash transactions would capture both effects on volatility. 
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than the effects of net purchases in all countries but in France, pointing to the existence 
of asymmetries. The impact on volatility of changes in holdings of foreign investors is 
attributed not to the investors’ geographical base but to the fact that they tend to be 
leveraged investors, subject to mark-to-market accounting. In bear markets, capital 
constraints become binding for this type of investors leading to forced liquidation of 
levered positions 5 . The same argument explains the asymmetry of foreign net 
transactions, as investors’ need to avoid losses leads to rapid withdrawals and puts 
pressure on market liquidity. The typical buyer would be a domestic investor (bank or 
another institutional investor). On the contrary, holdings tend to build up gradually 
overtime and purchases are facilitated by sovereign bond issuance.  

Andritzky (2012), briefly comments the impact of investors’ ownership on the volatility 
of 10-year bond yields in advanced economies (AE) since his focus is on its effect on 
yields. Using pooled OLS and yearly data between 1969-2011 regarding 9 countries, he 
also finds that a higher share of foreign holdings is associated with a small 6  but 
statistically significant increase in the volatility of sovereign bond yields. Domestic non-
bank financial institutions share the same effect, at a smaller scale, but the associated 
parameter fails to be statistically significant.  

Previous authors assume causality runs from investor holdings to volatility. However, 
Cafiso (2016), investigating the specific case of Italy, using monthly data of the volatility 
of 10-year yields over 2002-13 and a VAR-X approach7, concludes that Granger causality 
runs from market volatility to changes in foreign holdings, not the other way around. 
We will see later that causality regarding foreign investor’s holdings is indeed ambiguous, 
while bi-directional causality is clear in what regards domestic investor’s holdings. 

Focusing on EM, Peiris (2010) estimates the impact of foreign participation on the 
volatility of long-term sovereign bond yields in ten countries using a country-by-country 
GARCH framework. Long-term rates are modelled as an autoregressive process in the 
mean equation and foreign participation is introduced in the form of multiplicative 
heteroskedasticity in the equation for the conditional variance. Results obtained with 
monthly data8 over the period 2000Q1 – 2009Q1 show that in 6 out of 10 cases there is 
no statistically significant relation between foreign participation and bond yields. This 
lack of relation is attributed to the low level of bond yield volatility during the sample 

 
5 He & Krishnamurthy (2012, 2013) show that shocks to the intermediaries’ wealth, namely losses that 
deplete equity capital or investor withdrawals from investment funds, which can be interpreted as 
negative capital shocks, impact asset prices in a nonlinear fashion. Losses reduce intermediaries risk 
tolerance prompting asset sales and a fall in prices, the effect being larger if their equity capital constraint 
starts binding. Thus, capital shocks can explain intermediaries procyclical behaviour. 
6  Volatility increases 0.9 basis points per 1 additional percentual point in the share of non-resident 
investors of government bond holdings. 
7 Short-term rates, VSTOXX index and debt-to-GDP ratio are used as control variables. Only the latter two 
are found to be statistically significant, both with positive signs. 
8 Data gathered for foreign participation in the domestic bond market is quarterly. No mention is made 
on how this data is treated on a monthly basis.  Long-term rates for Brazil, Indonesia and Turkey are 5-
years bond yields sourced from Bloomberg. For the remaining countries, government bond yields from 
the International Financial Statistics (IMF) are used, no mention is made regarding their maturity.   
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period. Statistically significant results point to greater foreign participation increasing 
yield volatility in one country (Korea) and decreasing it in three others (Malaysia, Mexico, 
Turkey). The hypothesis put forward to explain such diverse results is the distinct role of 
domestic institutional investors. The relation is not investigated due to lack of data on 
the share of these investors. However, if we take Korea and Malaysia, countries whose 
institutional investors, namely state provident funds, gained importance during the 
period, we find relationships with opposite signs. Thus, the advanced explanation seems 
hard to sustain without further evidence.  

Ebeke & Lu (2014) also focus their attention on foreign participation9 and EM. Their 
econometric analysis, examining a sample of 12 countries over 2009Q1 - 2013Q1, shows 
that higher foreign holdings of local currency government bonds have somewhat 
increased yield volatility10. Furthermore, countries that rely more on external financing 
tend to suffer more from the yield volatility induced by a higher dependency upon 
foreign investors. 

Their econometric approach starts with a pooled OLS estimation of the relation between 
bond yield volatility and foreign participation with two control variables for global and 
domestic risks: the VIX Index11 and the inflation rate, respectively. The relation found is 
negative and statistically significant. Panel within-estimation is then used to account for 
country fixed-effects and further controls are introduced (the current-account, 
government debt, and the volatility of the 2-years forward exchange rate). The foreign 
participation parameter turns out not only to have an unstable sign across the different 
regressions, but to be not statistically significant in all cases. The VIX is the only control 
variable that is consistently statistically significant with the single exception of the 
regression with the volatility of the 2-years forward exchange rate. To address possible 
endogeneity issues stemming from the impact of volatility on foreign investment, two 
2-stages instrumental variables (IV) approaches are used. The first regresses current 
foreign participation on its 2nd and 3rd lags in the first stage. The second, models (linearly 
and non-linearly) the degree of foreign participation on an indicator of market 
remoteness, inspired by gravity models and based on the notion that distance increases 
information asymmetries. All estimates of IV models produce a positive statistically 
significant relation between foreign participation and bond yield volatility, ranging from 
0.039 to 0.116. VIX and the current account-to-GDP are the only controls statistically 
significant, and solely under the second IV model. Even then, the latter takes an 
unexpected ‘wrong’ positive sign.  

The econometric specification used to test that the effects of foreign participation are 
conditional on domestic vulnerabilities, assessed by the levels of fiscal balances, public 
or external debt, current account, and international reserves (all in percent of GDP), and 

 
9 Measured as the share of foreign investors in the local currency bond markets. 
10 The quarterly yield volatility indicator for each country is computed as the standard deviation of weekly 
changes in the 5-year local currency government bond yields over 12 weeks. 
11 VIX Index is the Chicago Board Options Exchange’s Market Volatility Index, a measure of constant 30-
day expected volatility of the US stock market, derived from real-time, mid-quote prices of call, and put 
options on the S&P 500.  
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on the level of global risk aversion (proxied by the VIX), includes all these variables and 
their interaction with foreign participation, besides the previously mentioned set of 
control variables and country fixed effects. Gross external debt-to-GDP is the only 
variable with consistent statistically significant (positive) effects on bond yield volatility 
both directly and through its interaction with foreign participation.  

Ebeke & Kyobe (2015) investigate the role of foreign participation12  in transmitting 
global financial shocks into EM government bond markets, distinguishing between 
foreign holdings of local and foreign currency-denominated bonds. Their approach 
follows the work of Ebeke & Lu (2014) but using a longer sample period (2004Q1 – 
2013Q3) and one more country. A conspicuous difference13 is the absence of VIX from 
the set of controls, having been replaced by the forward exchange rate volatility. The 
results for local-currency debt show a positive effect of foreign participation under the 
IV model specification (0.0078 using the 1st and 2nd lag as instruments and 0.0233 using 
a remoteness indicator, both statistically significant at 5% and 10% significance level, 
respectively), and a positive but non statistically significant effect under the panel fixed- 
effects model. From the set of controls, the forward exchange rate volatility is never 
statistically significant; real GDP growth volatility has the expected positive sign but is 
statistically significant only under the IV model specification; the current account-to-
GDP ratio is statistically significant under all models but has a ‘wrong’ positive sign, 
suggesting that the improvement of the external account is associated with higher local-
currency debt volatility.  

3. BOND YIELD VOLATILITY 
3.1 Data Description 

Financial market volatility is not a directly observable variable (Bollerslev & Zhou, 2006). 
We can find in the literature three different approaches to find a suitable proxy. First, 
the use of time-series models that explicitly parameterize the volatility process to obtain 
conditional variances, such as the GARCH class (Engle, 1982; Bollerslev, 1986) or the 
stochastic volatility models (Shepard, 2005). Second, the use of market prices of option 
contracts to derive implied volatilities, which offer the advantage of a wider information 
set as prices reflect market participants views on the future and not just historical data, 
but at a cost of carrying a premium over ex-post volatility realizations. Lastly, non-
parametric, market-based volatilities, encompassing the traditional historical volatility 
measure and realized volatility, a concept introduced by Andersen et al. (2001). Realized 
volatility is calculated by summing up five-minutes squared returns and is a measure 
that provides a less noisy gauge of the underlying level of volatility and is better 
equipped to deal with time-varying volatility.   

 
12  They tested the disaggregated components of foreign holdings (i.e., foreign bank and non-bank 
participation) individually but since coefficients were not significantly different from one another decide 
to use aggregate foreign holdings. 
13 Another difference is the indicator used for volatility. The logarithm of the standard deviation of weekly 
changes in the 5-year yield over each quarter is used instead of the simple standard deviation.  
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The scope of the present work and data availability constraints determined our use of 
historical volatility, taking stock of the observed close relationship between historical 
volatility and implied volatility over the long-term  (Borio & McCauley, 1996).  Sovereign 
bond yield volatility is computed as the annualized standard deviation of the changes in 
daily yields of 10-year benchmark bonds over each quarter. Since price returns can be 
approximated by the product of changes in yields times modified duration, our volatility 
measure is commensurate to bond returns volatility, an alternative measure often found 
in empirical studies. Although using logs of yields would ensure better comparability of 
market movements, we did not use it due to the presence of negative rates later in the 
sample, and to avoid having a volatility measure whose link to asset return volatility is 
dependent on the level of yields. The data covers 23 advanced economies (countries are 
listed in Appendix A) for which the IMF has data on the investor base in government 
debt, having excluded Slovenia due to insufficient data on yields, over the period 
2000Q1 - 2019Q2.   

Data on non-official holdings of general government gross debt by type of investor 
between 2004Q1 and 2019Q2 (62 quarters) is taken from the sovereign investor base 
estimates by Arslanalp & Tsuda (2014). The investor base is decomposed in 4 types of 
investors: non-official foreign investors (banks and non-banks), and non-official 
domestic investors (banks and non-banks). Other variables and their respective sources 
are listed in Table A - II. Further details on the variables used can be found in Appendix 
B, Table – IX to Table - XII. 

3.2 Descriptive Statistics 
3.2.1 Volatility Analysis  

Table I shows descriptive statistics for bond yield volatility across the entire data sample 
for all countries, and all countries excluding Greece.  

TABLE I – BOND YIELD VOLATILITY DESCRIPTIVE STATISTICS 

 

 Notes: The between standard deviation measures variation of the variable’s means across countries and is calculated as the square 

root of SSDB/(Ti(N-1)) where SSDB = ∑ 𝑇 𝑋 − 𝑋 , Ti is the sample period of each country i, 𝑋  is the country mean, 𝑋  is the 
total sample mean, and N is the number of countries. The within standard deviation measures variation of the variable in each 
country over time and is calculated as the square root of SSDW/(NTi-N), where SSDW = ∑ ∑ (𝑋 − 𝑋 )  and 𝑋  is the value of 
the variable of country i at time t. Because the computation of the different standard deviations uses distinct degrees of freedom 
the sum of between and within standard deviations do not add up to total standard deviation. Thus, the decomposition is carried 
out over the sum of squared deviations, being presented the percentage of the overall sum of squared deviations due to between 
and within variability. Source: Author’s own calculations on data from Bloomberg. 

In %

Mean Std. Dev. Mean Std. Dev.
Overall 0.80 1.14 0.70 0.45
  Between 0.53 0.19
  Within 1.02 0.41
Decomposition of Sum of
Squared Deviations
  Between 20.30 17.60
  Within 79.70 82.40

All countries All ex Greece
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In general, outside the EA, volatility only briefly flares above 1.5% during periods of 
market turmoil. Japan stands apart in this respect with volatility consistently below 0.7%.  

 
Source: Author’s calculations based on data from Bloomberg. 

FIGURE 1 – BOND YIELD VOLATILITY IN NON-EURO AREA COUNTRIES 

In core EA countries volatility seldom goes above the 1% mark (see Figure 2). The short-
lived periods when is possible to observe such elevated levels of volatility coincide with 
the GFC and the EA sovereign debt crisis.  

When we focus our attention in Italy and Spain, we observe that volatility stays above 
the 1% mark for extended periods of time, and in the cases of Ireland and Portugal, even 
above 2% which represents about 2 standard deviations when we consider the all 
sample (see Figure 3).  

The case of Greece is unique, not only in what regards the extraordinarily high levels 
reached by volatility around the date of the Greek sovereign debt restructuring in 
March/April 201214 but also by its persistence since volatility had not yet returned to its 
pre-crisis level by 2019Q2 (see Figure 4). Volatility descriptive statistics excluding Greece 
(see Table I) reflect its uniqueness, showing a smaller mean volatility, a lower variability 
of volatility, and a reduced importance of the variability across countries relative to 
variations over time within each country. 

 
14 The following buyback of a large percentage of the newly exchanged government bonds in December, 
although preceded by a significant rise in bond market prices after its announcement, did not seem to 
have interfered with the post-debt restructuring decline in volatility.  
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Source: Author’s calculations based on data from Bloomberg. 

FIGURE 2 - BOND YIELD VOLATILITY IN CORE EURO AREA COUNTRIES 

 
Source: Author’s calculations based on data from Bloomberg. 

Figure 3 - BOND YIELD VOLATILITY IN IRELAND, ITALY, PORTUGAL, AND SPAIN 

 
Source: Author’s calculations based on data from Bloomberg. 

FIGURE 4 – BOND YIELD VOLATILITY IN GREECE 
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3.2.2 Correlation Analysis  
The exam of the pairwise correlations of volatility above 0.8 (see Table A - III) allows to 
see the close links among core EA countries, among Scandinavian countries, and 
between these two groups, although the ties are looser with Sweden, which also exhibits 
high correlations with US dollar bloc countries (Australia and Canada).  

Greece, Italy, Ireland, Portugal, and Spain (GIIPS) are linked among themselves, but the 
correlations are weaker than 0.8 with two exceptions: the correlation between Italy and 
Spain and the correlation between Portugal and Greece. Thus, core and periphery of the 
EA seem to form two clusters, as documented for example by Sosvilla-Rivero & Morales-
Zumaquero (2012), but the bonds linking the latter group’s participants seem to be 
weaker. The UK, once a bridge between the US and Europe (Borio & McCauley, 1996), 
seem now to be more tightly connected with core EA countries. The US correlations are 
stronger with the US dollar bloc countries (Australia and Canada) and Switzerland. Five 
countries do not exhibit any strong correlations with the rest of the advanced economies. 
Japan is the most autarchic, closely followed by Korea. Both countries main links are 
with US dollar bloc countries, a feature shared by Czechia and New Zealand, also 
members of this group of countries. Its last member is Ireland whose lack of strong 
correlations may result from the work of opposing attraction forces, since its major 
correlations are with Germany, on the one hand, and with Spain and Portugal, on the 
other.  

3.2.3 Volatility and Yields  
Volatility exhibits a positive relationship with yields (see Figure 5), but this relationship 
becomes looser as we move up the yield level scale to countries such as GIIPS or the 
Asia-Pacific countries, or down to Japan.  

  
FIGURE 5 – VOLATILITY AND 10-YEAR YIELDS 

 
FIGURE 6 – VOLATILITY AND ABSOLUTE VALUE 

CHANGES IN 10-YEAR YIELDS 
Note: Cross-section of average sample values of annualized volatility of 10-Year Yields daily changes over each quarter and 10-Year 
Yields over 2004q1 to 2019q2, excluding Greece, in Figure 5. Cross-section of average sample values of annualized volatility of 10-
year yields daily changes over each quarter and of the absolute value of quarterly change in 10-year yields over 2004q1 to 2019q2, 
excluding Greece, in Figure 6. Source: Author’s calculations based on data from Bloomberg. 

In a relation mostly determined by the heavy presence of European countries, Japan 
relative volatility seems low (a fact more clearly seen if we exclude all GIIPS from the 
graph), contrary to the findings of Borio & McCauley (1996). On the other hand, it is 
possible to confirm that the US bond yield volatility is relatively high. Once we remove 
GIIPS, whose volatility is strongly conditioned by the EA sovereign debt crisis, the 
regression line rotates clockwise, and the Asia-Pacific countries become more evenly 
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distributed around it. Even so, Australia, much like the US shows a relatively high 
volatility, while Korea and particularly New Zealand exhibit a relatively low volatility. 
These relation among Asia-Pacific countries is not explained by inflation volatility which 
is higher in the latter countries than in the former.        

The relation between the cross-section of mean volatilities and yield changes is 
conditioned by the presence or exclusion of Greece, Ireland, and Portugal (GIP). The 
slope of the linear relationship is positive and statistically significant in the presence of 
those three countries, but changes sign and becomes statistically insignificant once they 
are excluded.  

Focusing solely on GIP, a positive relationship is confirmed, and it stands the inclusion 
of Italy and Spain, although at a cost of a lower 10% significance level for the slope 
parameter.  

If we take yield changes in absolute values the relation becomes positive again, and 
robust to the inclusion or exclusion of GIP. Allowing for possible asymmetric effects by 
conditioning the results on positive and negative changes in yields results in substantially 
different slope parameters, both statistically significant. According with these results, 
volatility seems to be relatively more responsive to increases in bond yields. Removing 
GIP does not change this conclusion.     

3.2.4 Volatility and Investor Change in Holdings  
According with Franks & Schwartz (1991), the impact of new information can be 
evaluated through price changes but changes in volume will tell us whether investors 
agree in the interpretation of that information. Thus, volume and the type of investor 
may itself be regarded as information. 

  

FIGURE 7 – CORRELATIONS BETWEEN VOLATILITY AND 
CHANGES IN FOREIGN NON-OFFICIAL HOLDINGS  

FIGURE 8 – CORRELATIONS BETWEEN VOLATILITY AND 
CHANGES IN DOMESTIC NON-OFFICIAL HOLDINGS 

Note: Holdings are in logs, hence the change in holdings is a percentual change. Source: Author’s calculations based on data from 
Sovereign Investor Base estimates by Arslanalp & Tsuda (2014), and Bloomberg.  

Focusing on non-official investors, and distinguishing between foreign and domestic 
investors, we examine the correlation between volatility and changes in holdings across 
our sample of 23 countries. In general, unconditional correlations do not seem strong. 
In the case of foreign holdings, the highest correlations in absolute value are between 
0.4 and 0.6 for Portugal, Italy, and Canada, and above 0.6 only for Greece. The 
correlations with domestic holdings are weaker: only in the cases of Ireland and Greece 
are absolute values above 0.4, and none is above 0.6.  
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FIGURE 9 – CORRELATIONS BETWEEN VOLATILITY AND 
FOREIGN NON-OFFICIAL NET SALES  

FIGURE 10 – CORRELATIONS BETWEEN VOLATILITY AND 
FOREIGN NON-OFFICIAL NET PURCHASES 

  

FIGURE 11 – CORRELATIONS BETWEEN VOLATILITY AND 
DOMESTIC NON-OFFICIAL NET SALES 

FIGURE 12 – CORRELATIONS BETWEEN VOLATILITY AND 
DOMESTIC NON-OFFICIAL NET PURCHASES 

Note: Holdings are in logs, hence the change in holdings is a percentual change. Source: Author’s calculations based on data from 
Sovereign Investor Base estimates by Arslanalp & Tsuda (2014) and Bloomberg.  

When a distinction between net purchases and net sales is introduced, the correlations 
become somewhat stronger, particularly foreign net sales and domestic net purchases. 
In the case of foreign net sales, we find 7 countries with correlations in absolute value 
above 0.4 and 2 above 0.6 (Greece and Italy); regarding foreign net purchases, only 6 
countries exhibit correlations above 0.4, but none above 0.6. A total of 10 countries has 
domestic net purchases’ correlations above 0.4, though none above 0.6. This number 
drops to just 3 countries when domestic net sales are considered.     

         

3.3. Time Series Properties 
Considering the substantial implications of time series properties for empirical 
modelling we conducted a series of unit root and stationarity tests with different 
specifications, since tests are sensitive to treatment of serially correlated errors, means 
and trends. Across the different unit root tests volatility of 10-year bond yields prove to 
be stationary in levels. Test results for all other variables point to the presence of unit-
roots in levels but not after differentiation. Therefore, these variables will be used in 
first differences.  No compelling evidence of cointegration was found among our main 
variables of interest (10-year bond yield volatility, the 10-year bond yield, and non-
official foreign and domestic general government debt holdings). The details are 
available in Appendix B. 
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4. ECONOMETRIC METHODOLOGY 
The following empirical analysis uses several econometric methodologies.  

4.1. Panel Data Models  
Our bond yield volatility (Vt) base model is a dynamic panel data version of an 
autoregressive distributed lag ARDL (1,0) model, where N stands for the number of 
countries and T the number of quarters:  

(1)     Vit = αi + βiVit−1 + Uit ; i = 1, …, N ; t = 1, …, T.                                                                               

where Uit is the random disturbance term.  

This model is at times supplement by country ARDL (1,0) models: 

(2)    Vt = α + βVt−1 + Ut, 

In this case, estimation is conducted using OLS, which continues to be an efficient and 
consistent estimator as long as the disturbance does not exhibit autocorrelation. Newey-
West standard errors are computed to account for a heteroskedastic error structure. 

We use the dynamic panel data version to assess if the data is poolable. We perform two 
types of statistical tests, a F-test, and the Breusch-Pagan LM test, following Baltagi 
(2013). If poolability is confirmed, there are no country-specific effects either in the 
regressors (fixed effects) or the composite error term (random effects). We carried the 
F-tests using the strategy proposed by Maddala (1977), which consists in testing four 
alternative hypothesis: (1) common intercepts and slopes; (2) different intercepts and a 
common slope; (3) common intercept and different slopes; and (4) common intercepts 
given common slopes. The results point to different intercepts and a common slope 
suggesting time constant country heterogeneity. 

The Breusch-Pagan LM test is used to assess the alternative of a random-effects model, 
under the null hypothesis that the variance across countries effects (σ2

α) is nil. The 
corresponding χ2(1) statistic takes the value 0.00 (p-value = 1). Since the null is not 
rejected, we can conclude that there is not a significant random effect in the data 
warranting a random effect model to deal with heterogeneity. The results of the two 
tests point to a fixed effects regression model. 

To perform a preliminary identification of the variance-covariance process in the panel 
we perform a Breusch-Pagan (1979) / Cook-Weisberg (1983) test for heteroskedasticity 
where its F-stat version drops the assumption that the regression disturbances are 
independent draws from a normal distribution with variance σ2. In both cases the null is 
rejected, confirming residuals’ heteroskedasticity. A modified Wald statistic for 
groupwise heteroskedasticity in the residuals of the fixed effect model was also 
computed. This test statistic has a χ2(23) distribution under the null hypothesis that 
variance is identical across countries, our cross-sectional unit. The test results confirm 
the rejection of the null hypothesis of homoskedasticity.  

A Cumby-Huizinga test for autocorrelation on the residuals using heteroskedastic robust 
estimates of the variance-covariance matrix suggests possible serial correlation at lag 3, 
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although we cannot reject the null of absence of serial correlation against the alternative 
hypothesis of its presence between lags 1 and 3.  

Cross-sectional dependence in the volatility series was detected in the time-series 
analysis, with Pesaran (2004) and Pesaran (2015) CD Statistics of 70.55 and 111.39, 
respectively, both significant at the 1% significance level. 

In face of these results, we use Driscoll and Kraay (1998) standard errors for the 
parameters’ estimates of the fixed effects regression model, since they assume an error 
structure that is heteroskedastic, autocorrelated up to some lag and allow for cross-
sectional dependence. We set the maximum lag order correlation at 415, considering the 
previous evidence of possible serial correlation at lag 3.   

TABLE II – PERSISTENCE IN PANEL FIXED EFFECTS REGRESSION MODEL 

 

Notes: We reject the null of absence of country fixed effects at the 1% significance level: F (22,1402) = 3.54 (p-value = 0.0000); 
Driscroll-Kraay (1998) standard errors; F Stat. is the statistic of the F-test of overall significance (p-values below); R2 is the within R2; 
χ2(4) is the statistic of the Cumby-Huizinga heteroskedasticity robust test of serial correlation up to lag 4 with a null hypothesis of 
no serial correlation (p-values below). The asterisks ***, **, * indicate significance at the 1, 5, and 10% level.  

The fixed effects within estimator is unbiased under the assumption of strict exogeneity 
of the regressors. However, the strict exogeneity assumption never holds in unobserved 
effects models with lagged dependent variables (Wooldridge, 2002). Under a less 
stringent assumption of sequential exogeneity, and a time-series process appropriately 
stable and weakly dependent, the fixed effects estimator is biased. The bias is negative 
and arises because of the demeaning process that creates correlation between regressor 
and error (Nickell, 1981). The bias is not mitigated by increasing the number of cross-
sectional units, nor by smaller values of the autoregressive parameter. However, Nickell 
(1981) demonstrates that the bias is of order T-1 (T = number of time periods). Hence, as 
T →∞ the bias goes to zero. For large values of T, it can be approximated by: - (1+β)/(T-
1)16. In our case, using the autoregressive parameter estimate of 0.57 and 62 quarters 
we obtain an estimate of the Nickell’s bias of -0.0257 or -4.5% of the parameter estimate. 
Since the autoregressive parameter estimate is far from 1, we can dismiss Hsiao (1986) 

 
15 This value is close to the floor of 4*(T/100)(2/9) where T is the number of time periods, that in our case 
corresponds to a value around 3.6. 
16 The exact asymptotic bias is given by − (1 −

( )

( )
1 −

( )( )
(1 −

( )

( )
 

Coef. t Stat
Constant α 0.338 *** 3.83
AR Parameter β 0.574 *** 5.77

F Stat. - Overall Significance 33.27
(p-value) 0.0000
R2 0.330
 χ2(4) Stat. - Serial Correlation 4.489
(p-value) 0.3439

Variables
All Countries

ARDL (1,0)
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concerns of possible large bias even for very large T when the autoregressive parameter 
estimate is close to 1. An alternative approach would be taking first differences, but in 
this case, there is still correlation between the differenced lagged dependent variable 
and the disturbance process, and since the resulting bias does not depend on T, we 
prefer the fixed effects. Its combination with the use of instrumental variables such as 
lagged levels in the Anderson and Hsiao estimator have revealed to be poor instruments 
of first differenced variables, according with Arellano & Bover (1995) and Blundell & 
Bond (1998). The Arellano & Bond (1991) extension of the eligible instruments in a 
Generalized Method of Moments (GMM) context, is designed for ‘small T, large N’ panels 
which is not the present work’s case. Furthermore, GMM using many overidentifying 
restrictions are also known to have poor finite sample properties. Notwithstanding, for 
robustness check purposes we make use of the bias corrected least-squares dummy 
variable (LSDV) estimator17 that applies the bias approximations of Bruno (2005), who 
extends the previous work of Bun & Kiviet (2003), Kiviet (1999), and Kiviet (1995). The 
positive bias correction lies between 3.5% and 5.2%, hence around our previous 
estimate of the Nickell’s bias. 

Hahn and Kuersteiner (2002) derive an alternative bias-corrected estimator18  for the 
case of a simple AR(1) model with fixed effects in the case of large T and  large N, such 
that lim(N/T) is finite. The estimator reduces to adjusting the fixed effect estimator by 
multiplying it by (T+1)/T and adding (1/T).  Applying such adjustment, we obtain an 
estimate of the AR parameter of 0.60, identical to bias corrected LSDV initialized using 
the Anderson and Hsiao estimator. 

Having estimated the size of the fixed effects within estimator bias, we considered it 
reasonable enough against the problems of the alternative econometric approaches and 
proceed with this estimator. Exogenous variables are added to the base specification, 
namely sovereign bond yield movements and changes in investor holdings. 

4.2. Local Projections 
The results obtained with a dynamic panel data model with fixed effects assume that 
shocks or ‘news’ driving changes in bond yields and in investor holdings are independent 
and are transmitted to bond yields volatility without any feed-back effect. 

The most common way to estimate impulse responses that reflect the interaction of 
volatility, changes in yields and changes in holdings would be to use nonlinear 19 
functions of the estimated VAR parameters of a system with those endogenous variables.  
This would require a two-step procedure consisting of estimating first the model and 
then inverting its estimates to find the impulse responses. This method is optimal at all 
horizons if the VAR adequately captures the data generating process (Ramey, 2016). If 
the VAR is misspecified, and even it may still produce reasonable one-period ahead 

 
17 This estimator requires the specification of a consistent estimator to initialize the bias correction, such 
as the Anderson-Hsiao, the Arellano-Bond or the Blundell-Bond. 
18 This estimator is asymptotically efficient as N, T →∞ at the same rate under the assumption of normality 
of the disturbances.  
19 At horizons greater than one. 
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forecasts, the specification errors would be compounded at each forecast horizon. The 
local projections’ method introduced by Jordà (2005) overcomes this problem by 
avoiding reference to the unknown data generating process and the specification and 
estimation of the multivariate dynamic system itself, computing impulse responses by 
estimating a collection of projections local to each forecast horizon. According with 
Plagborg-Möller & Wolf (2021), the two methods are not conceptually different, being 
“just two particular linear projection techniques that share the same estimands but 
differ in their finite-sample properties”. They argue that any local projection impulse 
response function can be derived from an appropriately ordered recursive VAR and that 
any VAR impulse response function can be achieved through a local projection with 
appropriate control variables. Furthermore, they prove that the two methods are likely 
to approximately agree out to a short horizon h, if only a fixed number of h lags are 
included in both specifications.  

Jordà (2005) lists other advantages of local projections: they can be easily estimated by 
least squares in univariate regressions; consistency does not require the joint estimation 
of a system covering the sequence of h horizons; inference does not require asymptotic 
delta-method approximations or numerical techniques; and they deal better with 
(highly) non-linear specifications that are often impractical or infeasible in a multivariate 
context. 

Considering the listed advantages of local projections and our focus on the determinants 
of volatility we pursue by using this method. To facilitate the exposition, we 
momentarily drop the cross-sectional country index in the panel. Jordà (2005) uses the 
term local projections to designate the collection of H regressions of the following type:  

(3)   𝑌 = 𝛼 + 𝐵 𝑌 + 𝐵 𝑌 + ⋯ + 𝐵 𝑌 + 𝑈  , ℎ = 0,1, … , 𝐻 

where 𝛼  is a Kx1 vector of constants (K = number of variables), and 𝐵  are matrices of 
coefficients for each lag i (i=1, …, p) and horizon h+1. The lag length p is not required to 
be equal across forecast horizons and can be determined using information criteria. 

The impulse responses from the above local-linear projections are defined by: 

(4) 𝐼𝑅(𝑡, ℎ, 𝑑 ) =  𝐵 𝑑  , ℎ = 0,1, … , 𝐻 

where 𝑑  is a column vector identifying the relevant shock.  

Cumulative impulse responses are identically obtained from the following regressions: 

(5)   𝑌 −    𝑌  = 𝛼 + 𝐵 Δ𝑌 + 𝐵 Δ𝑌 + ⋯ + 𝐵 Δ𝑌 + 𝑈  , ℎ = 0,1, … , 𝐻 

where Δ indicates the first difference operator. 

We follow Jordà identification strategy considering a standard Choleski decomposition 
that assumes a recursive ordering for contemporaneous effects of shocks. Volatility is 
assumed to be at the end of the Wold-causal order. This means that we allow for 
contemporaneous effects of market movements and changes in investor holdings on 
volatility. Impulse responses are measured using the corresponding dynamic multipliers. 
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Consistency does not require the sequence of H+1 system regressions in (3) to be 
estimated jointly. Hence, each individual variable in Yt impulse response can be 
estimated by a univariate regression of that variable on the lags of all system variables. 
Residuals 𝑈  are a moving average of the forecast errors from time t to t+h. According 
to Jordà (2005), heteroskedasticity and autocorrelation (HAC) robust estimators of the 
variance-covariance matrix allows for the use of HAC robust standard errors in inference 
regarding local projections’ impulse responses with little loss of efficiency.  

5. EMPIRICAL STRATEGY AND RESULTS  
We start by supplementing our base dynamic panel data model with further controls, 
namely proximate market movements, before investigating the impact on volatility of 
changes in investor’s general government debt holdings.  

5.1 Volatility and Market Movements 
To investigate the link between volatility and proximate market movements, focusing 
on possible asymmetries between upward and downward markets, we estimate three 
models (Equations (6) to (8)). They distinguish themselves by the treatment of market 
movements represented by the change in the average yield vis-à-vis the previous 
quarter (dYit). In the first model the variable enters unadjusted; in the second one we 
consider the absolute values of the change in yields; the third model introduces the 
possibility of different reactions to positive and negative changes in yields. Note that 
volatility is measured within the quarter, while the change in yields measures the 
difference between current and previous quarter yield’s averages.      

The following three dynamic panel models are estimated 

(6)     Vit = αi + βVit−1 + γdYit + Uit ; i=1, …, N ; t=1, …, T ;                                                      

(7)     Vit = αi + βVit−1 + γa|dYit|+ Uit ; i=1, …, N ; t=1, …, T ;                                                 

(8)    Vit= αi + βVit−1 + γ- (1-It)dYit + γ+ ItdYit +Uit ; i=1, …, N ; t=1, …,T;                                           

where It is an indicator variable defined as: 𝐼 =
1 𝑖𝑓 𝑑𝑌  ≥ 0
0 𝑖𝑓 𝑑𝑌  < 0

 .                      

Results from the first two models (see Table III) indicate that market movements matter 
as in both cases the change in yields is statistically significant at the 1% significance level 
and they improve the explanatory power of the initial ARDL model.  

The estimate of the change in yields’ parameter is positive and almost identical in the 
two models20. This points to either directionality, in which case volatility moves in the 
same directions as yields, or symmetry, where all changes have a positive impact on 
volatility proportional to their absolute value size.     

 

 
20 The change in the persistence parameter, however, is very different. It increases in the first model and 
declines in the second. Consequently, the long-term unconditional volatility is higher in the directional 
model than in the symmetric one. The improvement in R2 is higher in the first model.   
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TABLE III - VOLATILITY AND MARKET MOVEMENTS 

Notes: GRC = Greece; panel fixed effects within regressions of equations (6) to (8); regression (4) has a second lag on the dependent 
variable due to the presence of serial correlation in the base model; Driscroll-Kraay (1998) standard errors; Wald tests use a F-
Statistic; F Stat. is the statistic of the F-test of overall significance (p-values below); R2 is the within R2; the change in the R2 is 
measured against the results of the base ARDL(1,0) model; χ2(4) is the statistic of the Cumby-Huizinga heteroskedasticity robust test 
of serial correlation up to lag 4 with a null hypothesis of no serial correlation (p-values below). The asterisks ***, **, * indicate 
significance at the 1, 5, and 10% level.    

The estimation of the third model suggests asymmetry of responses, more specifically 
semi-directionality, since only positive changes in yields have a statistically significant 
impact on volatility. A Wald test rejects the null of both parameters associated with the 
positive and negative changes in yields being zero at the 1% significance level. It also 
rejects the possibility of the two coefficients being identical at the 10% significance level, 
as well as one being the symmetric of the other at the 1% significance level.  

Having already verified the impact of Greece when estimating the initial ARDL model, 
we run another regression excluding this country - regression (4) in Table III. Due to the 
presence of first-order autocorrelation in the residuals an additional AR term is added to 
the regression. Again, results change, and now point to an asymmetric response. Positive 
changes in yields have higher impact than negative changes, and both are statistically 
significant.  

A Wald test rejects the null of absence of impact of both negative and positive change in 
yields at the 1% significance level. The symmetry of the associated parameters is also 
rejected at the 5.6% significance level.  

To better understand the underlying relations, we estimate the following country model. 

(9)     Vt = α + βVt−1 + γ+ It dYt + γ- (1-It) dYt + Ut                                                                                       

Country results (see Figure 13 and details in Appendix B, Table A - XII to Table - XV)  point 
to three groups of countries: (1) semi-directionality seems to be a feature of GIIPS21 and 

 
21 The semi-directional response from Portugal is confirmed by a model with a structural break in 2010Q2-
2013Q2. The response to negative yield changes is -0.0745, with a t-statistic of -0.28 (p-value = 0.78). The 

Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat
Constant α 0.341 *** 4.13 0.287 *** 3.67 0.298 *** 3.93 0.150 *** 3.60
AR Parameter β1 0.601 *** 7.13 0.483 *** 4.79 0.521 *** 4.87 0.391 *** 6.98
AR2 Parameter β2 0.235 *** 3.47
Change in Yields ϒ 0.443 *** 3.37
Absolute Value of Change in Yields ϒa 0.428 *** 2.85
Negative Change in Yields ϒ- 0.055 0.21 -0.279 ** -2.66
Positive Change in Yields ϒ+ 0.782 *** 4.05 0.653 *** 4.68

Wald Tests 
   1: ϒ+ = ϒ- 3.210 * 32.28 ***
   2: ϒ+ = -ϒ- 12.55 *** 4.10 *

F Stat. - Overall Significance 27.32 28.68 36.96 46.15
(p-value) 0.0000 0.0000 0.0000 0.0000
R2 0.384 0.352 0.400 0.518

0.05 0.02 0.07 0.11
 χ2(4) Stat. - Serial Correlation 5.328 4.982 5.994 1.184
(p-value) 0.2553 0.2891 0.1996 0.8807

All Countries ex GRCAll Countries
(4)

ΔR2

Variables (1) (2) (3)
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Belgium22; (2) core EA and Asia exhibit symmetric reactions; (3) Australia, Switzerland, 
UK, Norway, Sweden, and the US have a (weak23) asymmetric reaction, but in opposition 
to the panel results, volatility is more sensitive to downward movements in yields.  

Idiosyncratic cases are Czechia (no relation) and Canada, although the latter negative 
semi-directional reaction seems to be just a more extreme version of the asymmetry 
observed in the US.  

The greater impact of downward movements in yields is puzzling, but not new as it had 
already been documented by Sheppard et al. (2003) for Switzerland.  

1. No Relation 2. Semi-directional 

  
3. Asymmetric 4. Symmetric 

  
FIGURE 13 – RELATIONSHIP BETWEEN VOLATILITY AND MARKET MOVEMENTS 

Notes: (*) All other countries are Austria, Germany, Denmark, Finland, France, Japan, Korea, the Netherlands, and New Zealand. 

Running rolling regressions over a 30 quarters window for some of these countries (see 
Figure A - 1) we find the relation to be unstable with the most recent results pointing to 
a move towards a more symmetric relationship in Australia, Canada, US and possibly the 
UK, although in the latter case joining the semi-directional relationship group of 
countries seems more likely.  

 
response to positive yield changes is 1.004, with a t-statistic of 2.28 (p-value = 0.027). Cumby-Huizinga 
serial correlation up to lag 4 test yields 2.883 (p-value = 0.5775).         
22 The semi-directional response is also less clear for Belgium and results from the initial ARDL (5,0) model 
with a structural break in 2007Q4-2012Q1. The response to negative yield changes is 0.03, with a t-statistic 
of 0.26 (p-value = 0.795). The response to positive yield changes is 0.321, with a t-statistic of 0.172 (p-
value = 0.091). Cumby-Huizinga serial correlation up to lag 4 test yields 1.573 (p-value = 0.8137).     
23 In Australia, Switzerland, U.K. and namely the US, the response to positive changes in yields is only 
statistically significant at the 10% significance level. Symmetry is rejected in Australia, Norway, and 
Sweden only at the 10% significance level.  
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The results for Switzerland confirm the stronger impacts of decreasing yields and even 
suggest a negatively sloped semi-directional relationship. 

In GIIPS the volatility response to 1 p.p. increase in 10-year yields is the highest and 
ranges between 70 to 100 bps, being Portugal the most extreme case. Belgium’s 
response is considerably lower, amounting only to 30 bps. In the case of asymmetric 
responses, the impact of a 1 p.p. decrease in yields ranges between 46 to 64 bps. Core 
EA symmetric responses to a 1 p.p. change in yields lies mostly around 30 bps, with 
Germany’s response being slightly higher. Asia-Pacific countries’ response is either 
similar or even higher than Germany’s response, with Japan showing a value around 60 
bps. Persistence decreases on average 0.06 when we account for market movements. 
Explanatory power increases measured by both R2 and the Akaike Information 
Criterion24.    

The difference between these results and those of Borio & McCauley (1996) with month-
end data is striking. Only Italy, Japan, and Spain exhibit identical behaviour. The heavy 
representativity in their findings of semi-directional relationships showing a response of 
volatility only to rising yields may result from the coincidence of rising volatility solely 
with periods of rising or flat yields in their sample (October 1993 to August 1994). The 
size of impacts is not directly comparable but taking a yield of 6% as a reference their 
impact response ranges between 55 to 83 bps, not far from our own values.  

5.2 Volatility and Investor Holdings 
Most of the literature that investigates the relation between volatility and investor 
holdings focus on foreign investors. Hence, we begin by investigating the impact of net 
changes in foreign non-official holdings of government debt (dHfit) on sovereign bond 
yield volatility. Since Borio & McCauly (1996) find evidence of asymmetric impacts, at 
least in some European countries, we allow for different effects of net purchases and 
net sales in estimating the following three alternative specifications:  

(10)   Vit= αi + βVit−1 + φ- (1-If
t)dHfit + φ+ If

tdHfit +Uit ; i=1,…,N; t=1,…,T;   

(11)    Vit= αi + βVit−1 + φ- (1-If
t)dHfit + φ+ If

tdHfit + γ- (1-It)dYit + γ+ ItdYit +Uit ; i=1,…,N; t=1,…,T;   

(12)   Vit= αi + βVit−1 + γ- (1-It)dYit + γ+ ItdYit +Uit + η1(1-It)dYit x If
tdHfit + η2ItdYit x (1-If

t)dHfit  ;    
i=1,…,N; t=1,…,T;   

where If
t is an indicator variable defined as: 𝐼 =

1 𝑖𝑓 𝑑𝐻𝑓  ≥ 0
0 𝑖𝑓 𝑑𝐻𝑓  < 0

  and where It is an 

indicator variable defined as: 𝐼 =
1 𝑖𝑓 𝑑𝑌  ≥ 0
0 𝑖𝑓 𝑑𝑌  < 0

  .                       

Adding foreign net trades to our initial ARDL(1,0) model (equation (10)), we find that 
their impact seems sizable but uncertain, since only net purchases are statistically 
significant at the 10% significance level, and using a Wald test we cannot reject that the 

 
24 Czechia is an exception with no improvement registered in both measures. 



21 
 

parameters associated with net sales and net purchases are equal25 (or have the same 
absolute size).  Suspecting that Greece is the cause of the excessive noise, we drop this 
country out from the regression’s sample. The ensuing results show a general reduction 
in the size of the parameters associated with foreign transactions, that only foreign net 
sales are statistically significant 26  (a 10-p.p. increase in foreign net sales increases 
volatility by 2.1 bps), and a rejection by a Wald test of the equality of the parameters 
associated with net sales and net purchases27. When we control for the effects of market 
movements (specification (11)) the previous conclusions remain unchanged, and foreign 
net purchases came closer to statistical significance at the 10% level. This suggests a 
direct link between volatility and foreign holdings in addition to any indirect effect 
foreign investor transactions may have through bond yields. 

The previous model specification assumes a direct impact of foreign net transactions on 
bond yield volatility. However, it is possible that the decisions of foreign investors may 
only strengthen or weaken the impact of market movements. To test this hypothesis, 
we regress the same model but replacing foreign transactions by interactions of foreign 
sales with increase in yields and foreign purchases with decrease in yields (equation 
(12))28. The results reveal an increase in explanatory power and that both interaction 
variables are statistically significant29. Both types of foreign transactions magnify the 
positive impact of rising or falling yields on bond market volatility. Based on point 
estimates, the amplification produced by foreign net sales on the impact of rising yields 
is about the double of the one produced by foreign net purchases on the impact of falling 
yields. However, since we cannot reject the hypothesis of equality of the two interaction 
parameters using a Wald test30, the size of the amplification effects must be taken with 
a pinch of salt.  

Applying the same econometric modelling strategy to domestic non-official transactions 
(dHdit) using specifications (13) to (15), we start by observing that they also add 
explanatory power to the base model and that only domestic net purchases seem to 
have a statistically significant impact on bond yield volatility.  

(13) Vit= αi + βVit−1 + δ- (1-Id
t)dHdit + δ+ Id

tdHdit +Uit ; i=1,…,N; t=1,…,T;   

 
25 The Wald test yields a statistic F (1,22) = 2,38 (p-value = 0.1372). The Wald test on the same absolute 
size (hence admitting different signs of the parameters) yields a statistic F(1,22) = 1.72 (p-value = 0.2037). 
26 At a 10% significance level. 
27 The Wald test yields a statistic F (1,21) = 14,16 (p-value = 0.0011). The Wald test on the same absolute 
size yields a statistic F (1,21) = 0.96 (p-value = 0.3338). Both tests are conducted on a model with two lags 
in the dependent variable due to the presence of autocorrelation in the base model. 
28 The other two interactions - net sales and decrease in yields and net purchases and increase in yields – 
theoretically do not correspond to an amplification of price movements model, and empirically prove not 
to be statistically significant: in an extended version of  regression (5) of Table IV the first interaction has 
a parameter estimate of 0.2474, with t-statistic of 1.59 (p-value = 0.1280) and the second an estimate of 
-0.2951, a t-statistic of -1.28 (p-value = 0.2150). An equivalent result is found when we include Greece.     
29 A Wald test on the significance of both interaction parameters yields a statistic F (2,21) = 11.46 (p-value 
= 0.0004).  
30 A Wald test on the equality of both parameters does not reject the null with a statistic F(1,21)=2.26 (p-
value = 0.1477). 
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(14)  Vit= αi + βVit−1 + δ- (1-Id
t)dHdit + δ+ Id

tdHdit + γ- (1-It)dYit + γ+ ItdYit +Uit ; i=1,…,N; t=1,…,T;   

(15)  Vit= αi + βVit−1 + γ- (1-It)dYit + γ+ ItdYit + η3(1-It)dYit x Id
tdHdit + η4ItdYit x (1-Id

t)dHdit+Uit ;    
i=1,…,N; t=1,…,T;   

where Id
t is an indicator variable defined as: 𝐼 =

1 𝑖𝑓 𝑑𝐻𝑑  ≥ 0
0 𝑖𝑓 𝑑𝐻𝑑  < 0

  and where It is an 

indicator variable defined as: 𝐼 =
1 𝑖𝑓 𝑑𝑌  ≥ 0
0 𝑖𝑓 𝑑𝑌  < 0

  .                       

 

TABLE IV - VOLATILITY AND CHANGE IN FOREIGN HOLDINGS   

 

Notes: GRC = Greece; γ-/γ+ = Negative/positive change in yields; dHf = Change in the log of foreign holdings; γ * dHf = interaction 
between change in yields (negative or positive) and the change in the log of foreign holdings (positive or negative); Panel fixed 
effects within regressions; Driscroll-Kraay (1998) standard errors; constant and AR parameter estimates not reported for the sake 
of conciseness; ‘All countries ex Greece’ is a AR(2) model; F Stat. is the statistic of the F-test of overall significance (p-values below); 
R2 is the within R2; χ2(4) is the statistic of the Cumby-Huizinga heteroskedasticity robust test of serial correlation up to lag 4 with a 
null hypothesis of no serial correlation (p-values below). The asterisks ***, **, * indicate significance at the 1, 5, and 10% level.    

Excluding Greece from the panel countries does not change these results but is possible 
to observe a noticeable reduction in the value of the parameters associated with 
changes in domestic holdings, namely net sales. According with point estimates a 10-
p.p. increase in domestic net purchases increase volatility by 19 bps, an impact higher 
than the one found for foreign net sales.  

Controlling for market movements (specification (14)) does not change our previous 
conclusions, with the impact of net purchases dropping slightly to 17 bps after a 10-p.p. 
increase in domestic net purchases. Using the amplification of market movements’ 
specification previously introduced for foreign transactions (specification (15)), both 
interaction variables are found to be statistically significant at the 5% significance level. 
In this case, domestic purchases amplify the effect of falling yields, but domestic sales 
diminish the positive impact of rising yields on volatility. The large amounts of sales by 
domestic investors into central banks’ APPs may mean that this results indirectly reflects 
the contribution of those programmes to reduce bond yield volatility. Although this 

Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat
ϒ- 0.074 0.27 -0.286 ** -2.75 -0.232 ** -2.37
ϒ+ 0.772 *** 4.20 0.651 *** 4.70 0.491 *** 4.40
dHf < 0 -1.110 -1.46 -0.210 ** -2.78 -1.105 -1.43 -0.194 *** -3.06
dHf ≥ 0 0.288 * 1.77 0.095 1.42 0.361 1.71 0.084 1.65
ϒ- *dHf ≥ 0 -0.493 *** -4.72
ϒ+ *dHf < 0 -2.178 * -1.91

F Stat 15.12 49.90 35.67 57.74 35.56
(p-value) 0.0000 0.0000 0.0000 0.0000 0.0000
R2 0.345 0.450 0.415 0.519 0.531
χ2(4) Stat. 4.538 1.705 7.145 0.795 0.946
(p-value) 0.3381 0.7899 0.1284 0.9391 0.9178

Variables

Foreign Net Trades Foreign Net Trades & Market Movements
All Countries All Countries ex GRC All Countries All Countries ex GRC

(1) (2) (3)

Interactions
All Countries ex GRC

(5)(4)
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alternative specification opens the possibility of an (interaction) effect of domestic net 
sales on volatility, it fails to add explanatory power to specification (14).  

 

TABLE V - VOLATILITY AND CHANGE IN DOMESTIC HOLDINGS   

 
Notes: GRC = Greece; γ-/γ+ = Negative/positive change in yields;  dHd = Change in the log of domestic holdings; γ * dHd = interaction 
between change in yields (negative or positive) and the change in the log of domestic holdings (positive or negative); Panel fixed 
effects within regressions; Driscroll-Kraay (1998) standard errors; constant and AR parameter estimates not reported for the sake 
of conciseness; ‘All countries ex Greece’ is a AR(2) model; F Stat. is the statistic of the F-test of overall significance (p-values below); 
R2 is the within R2; χ2(4) is the statistic of the Cumby-Huizinga heteroskedasticity robust test of serial correlation up to lag 4 with a 
null hypothesis of no serial correlation (p-values below). The asterisks ***, **, * indicate significance at the 1, 5, and 10% level.    

The correlation between opposite transactions by foreign and domestic non-official 
investors is low, being close or below 0.1, hence we model their joint behaviour by: 

(16)   Vit= αi + βVit−1 + φ- (1-If
t)dHfit + φ+ If

tdHfit + δ- (1-Id
t)dHdit + δ+ Id

tdHdit +Uit ; i=1,…,N; 
t=1,…,T;   

(17)    Vit= αi + βVit−1 + φ- (1-If
t)dHfit + φ+ If

tdHfit + δ- (1-Id
t)dHdit + δ+ Id

tdHdit + γ- (1-It)dYit + 
γ+ ItdYit +Uit ; i=1,…,N; t=1,…,T;   

(18)   Vit= αi + βVit−1 + γ- (1-It)dYit + γ+ ItdYit +Uit + η1(1-It)dYit x If
tdHfit + η2ItdYit x (1-If

t)dHfit 

+η3(1-It)dYit x Id
tdHdit + η4ItdYit x (1-Id

t)dHdit;  i=1,…,N; t=1,…,T;   

where If
t , Id

t , It are indicator variables that retain the previously given definitions.            

Pulling together operations of both types of investors (specification (16)) the main 
results hold, i.e., foreign net sales as well as domestic net purchases add to volatility. 
Controlling for market movements (specification (17)) only very marginally reduces the 
impact of transactions.  

The amplification of market movements’ specification ((19)) also mimics the results 
obtained separately for each type of investors only with some loss of impact and 
statistical significance for the amplification of falling yields by foreign net purchases. Its 
explanatory power is higher but very close to the base specification. We can conclude 
from this analysis that the investor base dynamics does matter in the understanding of 
sovereign bond yield volatility. 

Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat
ϒ- 0.236 0.75 -0.272 *** -2.92 -0.187 * -2.02
ϒ+ 0.679 *** 3.58 0.616 *** 4.43 0.694 *** 4.54
dHd < 0 -9.629 -1.43 -0.372 -1.57 -9.744 -1.44 -0.313 -1.37
dHd ≥ 0 4.131 ** 2.20 1.930 *** 4.96 3.697 * 1.91 1.654 *** 4.94
ϒ- *dHd ≥ 0 -3.139 *** -2.96
ϒ+ *dHd < 0 5.841 ** 2.50

F Stat 18.44 53.65 46.45 41.02 35.19
(p-value) 0.0000 0.0000 0.0000 0.0000 0.0000
R2 0.418 0.477 0.486 0.539 0.535
χ2(4) Stat. 5.696 0.923 8.588 1.226 1.631
(p-value) 0.2231 0.9213 0.0723 0.8737 0.8031

Variables

Domestic Net Trades Domestic Net Trades & Market Movements
All Countries All Countries ex GRC All Countries All Countries ex GRC All Countries ex GRC

Interactions

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



24 
 

TABLE VI - VOLATILITY AND CHANGE IN FOREIGN AND DOMESTIC HOLDINGS   

 
Notes: GRC = Greece; γ-/γ+ = Negative/positive change in yields; dHf = Change in the log of foreign holdings;   dHd = Change in the 
log of domestic holdings; γ * dHf = interaction between change in yields (negative or positive) and the change in the log of foreign 
holdings (positive or negative);  γ * dHd = interaction between change in yields (negative or positive) and the change in the log of 
domestic holdings (positive or negative); Panel fixed effects within regressions; Driscroll-Kraay (1998) standard errors; constant and 
AR parameter estimates not reported for the sake of conciseness; ‘All countries ex Greece’ is an AR(2) model; F Stat. is the statistic 
of the F-test of overall significance (p-values below); R2 is the within R2; χ2(4) is the statistic of the Cumby-Huizinga heteroskedasticity 
robust test of serial correlation up to lag 4 with a null hypothesis of no serial correlation (p-values below). The asterisks ***, **, * 
indicate significance at the 1, 5, and 10% level.    

Drilling down to the sub-panel defined by the relationship between bond yield volatility 
and market movements we start by examining the group of countries that exhibit a 
positive semi-directional relationship between the two variables (Belgium and GIIPS).  

From all specifications, the one with highest explanatory power is the model where 
investor transactions amplify market movements (see Table A - XIV).  

When only foreign net trades are considered, we find that net sales amplify rising yields’ 
positive impact on volatility. Negative changes in yields, themselves and in interaction, 
are not statistically significant. On the other hand, looking just at domestic net trades 
we find that only net purchases are statistically significant and have a positive impact on 
volatility in the base specifications. However, when we consider the amplification of 
market movements’ specification, only net sales interaction turns out significant and 
increase volatility in conjunction with rising yields. The positive change in yields by itself 
becomes insignificant.  

Combining the operations of both types of investors (see Table A - XV), only the 
interactions of foreign and domestic net sales with rising yields are significant and have 
about the same impact (a combined 10-p.p. increase in net sales and a 100 bps rise in 
yields raise volatility by 103 bps). 

If we assume that domestic investors take a counter-cyclical behaviour, buying into 
rising yields (falling prices) and selling when yields fall (rising prices), we need to change 
our interactions accordingly. Equation (19) does just that. 

Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat
ϒ- 0.240 0.78 -0.273 *** -2.93 -0.164 * -1.79
ϒ+ 0.677 *** 3.69 0.615 *** 4.45 0.537 *** 4.38
dHf < 0 -0.875 -1.68 -0.136 * -1.85 -0.901 -1.70 -0.132 ** -2.14
dHf ≥ 0 -0.106 -0.57 0.068 1.43 -0.001 -0.01 0.061 1.40
dHd ≥ 0 -9.520 -1.47 -0.361 -1.50 -9.593 -1.47 -0.304 -1.32
dHd < 0 3.773 ** 2.22 1.872 *** 4.77 3.318 * 1.91 1.598 *** 4.72
ϒ- *dHf ≥ 0 -0.204 * -2.03
ϒ+ *dHf < 0 -2.078 * -1.89
ϒ- *dHd ≥ 0 -3.009 ** -2.73
ϒ+ *dHd < 0 5.216 ** 2.28

F Stat 16.88 60.50 37.10 51.20 42.74
(p-value) 0.0000 0.0000 0.0000 0.0000 0.0000
R2 0.430 0.479 0.498 0.540 0.547
χ2(4) Stat. 5.424 0.94 9.052 1.016 1.449
(p-value) 0.2465 0.9187 0.0598 0.9074 0.8356

(1) (2) (3) (4)
Variables

Investor Net Trades Investor Net Trades & Market Movements Interactions
All Countries All Countries ex GRC All Countries All Countries ex GRC All Countries ex GRC

(5)
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(19)   Vit= αi + βVit−1 + γ- (1-It)dYit + γ+ ItdYit +Uit + η1(1-It)dYit x If
tdHfit + η2ItdYit x (1-If

t)dHfit 

+ω1(1-It)dYit x Id
tdHdit + ω2ItdYit x (1-Id

t)dHdit;  i=1,…,N; t=1,…,T;   

where If
t  and It are indicator variables that retain the previously given definitions, but  

Id
t is redefined to: 𝐼 =

1 𝑖𝑓 𝑑𝐻𝑑  < 0
0 𝑖𝑓 𝑑𝐻𝑑  ≥ 0

 .            

Estimation of this specification (see Table A - XV) shows that foreign net sales continue 
to amplify rising yields, higher yields are themselves significant in this specification and 
it is possible to confirm that domestic investors buying when yields rise contribute to 
reduce volatility. The combination of the previous results suggests that a reduction of 
domestic holdings in a bear market has a large positive impact on bond yield volatility in 
this group of countries, while domestic net purchases dampen the increase of volatility 
brought about by rising yields. On what regards foreign investors, only the conjunction 
of foreign net sales and a bear market have an impact on bond yield volatility. 

In the panel of countries with asymmetrical relationship between volatility and market 
movements (see Table A - XVI and Table A - XVII), we find that foreign net sales add to 
volatility, while foreign net purchases loose statistical significance when we account for 
market movements. In what regards domestic investors, only net purchases have a 
positive and statistically significant impact on volatility. In general, the amplification 
specification is not validated by the data in this sub-panel.  

Only when we combine both types of investors do we find an interaction - domestic net 
sales and rising yields - statistically significant. However, the significance level is 10%, 
and the model has less explanatory power than the no interaction specification. 

The sub-panel of countries with a symmetric relationship between volatility and market 
movements (see Table A - XVIII and Table A - XIX) exhibit no volatility response to 
investors’ net trades. The only impact detected regards domestic net purchases, but the 
effect vanishes when we introduce market movements in the regression. Data also fails 
to validate the interaction of changes in yields and holdings. 

5.3 Addressing Potential Endogeneity Issues 
The previous results obtained with a dynamic panel data model with fixed effects must 
be taken with caution, as we cannot rule out the potential endogeneity of both market 
movements and investor holdings. To this point we have assumed that shocks or ‘news’ 
driving changes in bond yields and in investor holdings are independent and are 
transmitted to bond yields volatility without any feed-back effect. We have seen that in 
general both up and downward movements in yields translate into higher volatility. 
Reverse causality on what regards market movements has a priori a potentially ‘positive’ 
effect: higher volatility would require higher expected returns, hence lower prices, and 
higher yields; lower volatility would have the reverse effect on expected returns, driving 
prices up and yields down. The resulting effect on our previous estimates would mean 
we possible overestimated the positive association between volatility and positive 
changes in yields as part of the increase in yields would be explained by positive 
feedback effects. On the contrary we might have underestimated the negative 
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association between volatility and negative changes in yields as positive feedback effects 
would mitigate negative yield changes and their impact. Regarding investor holdings, 
our baseline conclusion was that foreign net sales and domestic net purchases increase 
volatility. If we assume investors are risk averse, higher volatility will prompt a reduction 
in holdings. In the case of foreign investors, the feedback effect would explain part of 
the net sales and the true impact of foreign net sales would be less intense (our results 
overestimate the true negative relationship). On the other hand, in the case of domestic 
investors the feedback effect would mitigate the net purchases and their true impact 
would be stronger (our results underestimate the true positive relationship).   

To further investigate the subject, we run a set of pairwise Dumitrescu & Hurlin Panel 
Granger Causality Tests between bond yield volatility, changes in yields and changes in 
foreign and domestic non-official holdings, assuming both homogeneous and 
heterogeneous coefficients across countries and using 1 and 4 lags. The results suggest 
bi-directional causality between volatility and both market movements and domestic 
holdings, although in one instance in each case causality only runs from these variables 
to volatility. Evidence concerning foreign holdings is less precise. Bi-directional causality 
requires a 10% significance level and occurs only at a specific lag in each type of 
coefficients. In the other cases causality runs just from volatility to foreign holdings.  

In our investigation using local projections, we start by determining the lag-length using 
the AIC and BIC information criteria, setting a maximum lag-length of eight. We follow 
Burnham & Anderson (2002)31 and compute also the AICc of Hurvich & Tsai (1989) since 
the ratio of the number observations to the number of variables drops below 40 in the 
specifications with higher number of lags. However, AIC and AICc are very close and 
overlap in Figure A - 2.  Irrespective of the specific information criterium used, the 
chosen lag-length always ends up being the afore mentioned maximum.   

To compute cumulative impulse responses, we estimate the following local projections 
up to a horizon of 8 quarters (cross-sectional country index omitted to facilitate 
exposition) using the within estimator with fixed-effects and Driscoll-Kraay standard 
errors:   

(20)     𝑉 − 𝑉  =  𝛼 + 𝛼 𝑑𝑉 + ⋯ +  𝛼 𝑑𝑉 + 𝛽 𝑑𝑌 + ⋯ + 𝛽 𝑑𝑌 + 𝛽 𝑑𝑌 + ⋯ +

𝛽 𝑑𝑌 + 𝛿 𝑑𝐻 + ⋯ + 𝛿 𝑑𝐻 + 𝛿 𝑑𝐻 + ⋯ + 𝛿 𝑑𝐻 + 𝛾 𝑑𝐻 + ⋯ + 𝛾 𝑑𝐻 +

𝛾 𝑑𝐻 + ⋯ + 𝛾 𝑑𝐻 + 𝜀  

where d is the first difference operator, h is the forecast horizon (h=0, …, 8), V is the 
volatility of bond yields’ changes, dYn and dYp are negative and positive changes in yields, 
dHj

n and dHj
p represent the negative and positive changes in non-official foreign (j=f) and 

domestic (j=d) holdings of government debt, and ε is the random error term. 

The cumulative impulse response of volatility to negative changes in yields, for example, 
is given by the sequence of 𝛽 , h = 0, …, 8. The equivalent sequences of 𝛿  and 𝛾   
provide the impulse responses to negative changes in foreign and domestic holdings of 

 
31 In page 445. 
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government debt. Confidence intervals of 10% are constructed by adding and 
subtracting 1.645 times the estimated parameter’s standard error to each parameter 
point estimate. In graphic representations the sign of the dynamic multipliers has been 
reversed to show the positive impact on volatility of negative changes in the variables 
of interest. 

  

  

  
Notes: The blue line denotes the cumulative impulse responses and the grey area the 90% confidence bands. Responses to 

negative shocks are multiplied by -1 to allow a direct reading of the impacts. 

FIGURE 14 – IMPULSE RESPONSES: ALL COUNTRIES EX-GREECE 

The results show that rising yields have a greater impact. A Wald test rejects both 
equality and symmetry of market movements’ parameters32. Positive changes in yields 
have also an initially more persistent positive impact on volatility than declining yields. 
The impact persists up to 3 quarters before dying out. Negative changes in yields have a 

 
32 A Wald test on the symmetry of the market movements impact at horizon 0 rejects the null, with a F-
statistic of 8.06 (p-value of 0.0098, from a F (1,21) distribution). A test on the equality of both coefficients 
is also rejected with a F-statistic of 18.10 (p-value of 0.0004, from a F (1,21) distribution). 
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first positive contemporaneous effect on volatility on the borderline of statistical 
significance at the 10% level. However, it is now possible to see that after 4 quarters a 
negative impact sets in and persists until the end of our forecast horizon. Thus, there 
seems to be a difference between the impact of market movements on bond yield 
volatility, not at the exact moment of the yield change, but in its aftermath. 

  

  

  
Notes: The blue line denotes the cumulative impulse responses and the grey area the 90% confidence bands. Responses to 

negative shocks are multiplied by -1 to allow a direct reading of the impacts. 

FIGURE 15– IMPULSE RESPONSES: ALL COUNTRIES EX-GREECE, IRELAND, AND PORTUGAL 

The impact of changes in foreign holdings confirms previous results. Foreign net sales 
have a positive effect on volatility. Foreign net purchases do not seem to have a 
statistically significant impact at any of the forecast horizons.  

We are also able to confirm the positive impact on bond yield volatility of domestic net 
purchases. The effect seems however to be short-lived as statistically its significance is 
difficult to ascertain once we move more than one quarter past the initial shock.  On the 
other hand, domestic net sales have only a deferred positive impact on volatility, its 
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effect being mostly felt between one and three quarters after the shock. The difference 
between the impact of net purchases and net sales is mainly timing, as the dynamic 
multipliers are very close to unity33. 

Excluding from our sample Ireland and Portugal, on top of Greece, we observe that the 
impact of positive market movements is smaller and less persistent, going up to 2 
instead of 3 quarters; declining yields positive impact on volatility becomes statistically 
significant immediately and up to one quarter after the shocks and the reversion of this 
impact after 4 quarters still holds. The instantaneous impact of both market movements 
is statistically identical, as a Wald test does not reject their symmetry (F (1,19) = 1.58; p-
value = 0.2238). Regarding changes in foreign holdings, we find no difference in pattern, 
with only foreign net sales having an impact on volatility. Differently, domestic net 
transactions impact changes. Both net purchases and sales have only a deferred positive 
impact on volatility. Net purchases have a one-off lagged positive effect two quarters 
after the shock. Net sales positive impact shows up one quarter after the shock and 
persist for another quarter. The cumulative impact measured two quarters after the 
shock is statistically identical between net purchases and sales34. 

Considering firstly our sub-panel of countries that exhibit a positive semi-directional 
relationship between volatility and market movements, we can confirm this relationship, 
which is clearer at a 5% significance level (see Figure A - 3). At that significance level only 
positive yield changes affect volatility. At a 10% significance level, it is possible to 
observe negative impacts at alternate quarters (2, 4 and 6) matching the previous 
findings for all countries ex-Greece. Foreign transactions, not only net sales but also net 
purchases, have an impact on volatility. It is just an instantaneous impact, of about the 
same size and statistically significant at merely the 10% significance level.  

We confirm the positive impact of domestic net sales35 , which persists up to two 
quarters after the shock. Contrary to our previous findings for this sub-panel, domestic 
net purchases show a positive impact on volatility. The effect is not only more 
statistically significant than the impact of domestic net sales, but also more persistent 
even if not in a continuous manner. 

Considering now the asymmetrical relationship panel (see Figure A - 4), we can confirm 
this relationship up to one quarter after the shock. The impact of rising yields is felt only 
instantaneously and is smaller than the impact of declining yields that persists for one 
more quarter. In this sub-panel, this initial impact on volatility is latter reversed in both 
cases. The reversion in the case of declining yields mirrors the general case. What is 
specific of this sub-panel is the reversion also in the case of rising yields which is more 

 
33 Using the regression of cumulative impacts one quarter after the shock (h=1) a Wald test with a F (1,21) 
statistic of 0.20 (p-value = 0.0003) does not reject the null of equal impacts on volatility of domestic net 
purchases and net sales. 
34 A Wald test yields a F (1,19) statistic of 0.15 (p-value of 0.7074).  
35 The impact is statistically significant only at 10% significance level. 
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sizable than the initial positive impact on volatility. This validates further the identified 
asymmetric relationship. 

Foreign net sales positive impact on volatility is confirmed, an effect that persists up to 
three quarters after the shock. Foreign net purchases do display a positive impact too, 
but only statistically significant at the 10% significance level and deferred 2-3 quarters 
after the shock.  

The impact of domestic transactions is more difficult to ascertain. Firstly, none has an 
instantaneous impact on volatility. Only after one quarter is possible to identify a 
positive impact of both types of transactions at 10% significance level with the effect 
being larger for net sales, which contradicts our previous findings. Also, in both cases, 
this effect is reversed at quarter 4, overpassing the initial impact in the case of domestic 
purchases. Only in the case of domestic sales is the initial positive impact re-established 
after quarter 6. Overall, it seems that domestic net sales have a positive impact on 
volatility, while domestic net purchases end up having the opposite effect.  

In the case of the symmetrical relationship sub-panel (see Figure A - 5) is possible to 
confirm the symmetry of market movements positive impact on volatility at lags 0 and 
1. However, the impact of rising yields is more persistent and does not reverse. Declining 
yields’ impact shows a reversion from lag 6 onwards.   

Foreign transaction, as previously found, have no instantaneous impact on volatility. 
Nonetheless, net sales exhibit a positive impact one quarter after the shock, which 
reverses at the end of the forecast horizon. Foreign net purchases have no statistically 
significant impact at the 5% significance level, corroborating earlier evidence regarding 
this sub-panel.  

Domestic transactions also do not have an instantaneous impact on volatility. Still, 
domestic net sales show a positive impact on volatility between 1 and 3 quarters after 
the shock. Domestic net purchases, on the other hand, show a deferred negative impact 
on volatility 6 and 8 quarters after the shock. 

In general, sub-panel results confirm previous findings. The most noteworthy difference 
relates with domestic net purchases that seem, if only in a deferred way, to contribute 
to reduce volatility in all cases but the semi-directional sub-panel. This result supports 
the importance for domestic sovereign issuers to have an important domestic investor 
base.       

5.4 Robustness Checks 
5.4.1 Fundamental Controls 

In previous unpublished work, we found that macroeconomic uncertainty indicators 
available for all countries failed to significantly add explanatory power to our baseline 
volatility model. Notwithstanding, we wish to explore in this section the introduction of 
a matrix of control variables to check if their presence changes our previous conclusions. 
Ebeke & Lu (2014) list a group of country-specific and global controls encompassing 
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inflation, government debt, current account balance, volatility of the 2-year forward 
exchange rate against the US dollar and VIX, the latter taken as a proxy of global risk.  

The reason presented by the authors to include the foreign exchange rate in the panel 
of control variables is that foreign investors measure asset returns in their domestic 
currency. Although this may be relevant for equity investments that usually are 
unhedged, it is rarely the case in the bond market since the exposure to exchange rate 
volatility would change considerably the risk profile of bond portfolios. Typically, 
investment is either hedged through local currency short-term funding of bond positions 
or in the foreign exchange market. Exposure related to potential gains and losses tends 
to be residual. Furthermore, changes in domestic fundamentals or in global conditions 
would tend to affect all asset markets including the foreign exchange market. An 
inflation surge would increase bond market volatility but also exchange rate volatility. 
Likewise, an environment of greater global risk would tend to have a positive impact on 
both local bond yield volatility and the local currency exchange rate volatility. In such 
circumstances we would expect both markets’ volatilities to be correlated, but this 
correlation results from the impact of other variables rather than reflect a causal relation 
between bond and foreign exchange volatilities. In Ebeke & Lu (2014) we see that this 
variable turns the VIX impact not significant and in Ebeke & Kyobe (2015) it is never used 
in conjunction with VIX which it replaces completely.  For the reasons pointed above we 
do not see fit to include the foreign exchange rate volatility in our group of control 
variables. 

In Table A -  XXII we summarize the econometric results of including control variables in 
our baseline model with market movements and investor net transactions.  

The inclusion of domestic fundamentals – regressions (1) to (3) - reveals that only the 
debt-to-GDP ratio first difference is statistically significant. A 10-p.p. increase in the ratio 
has an impact of 9 bps – recall that the average volatility value in the sample period is 
70 bps when Greece is excluded. The inclusion of the VIX (in first differences) in 
regression (4) proves to be statistically significant. An increase of 10 points in the index 
has a 10-bps impact on bond yield volatility. The presence of this variable, however, 
brings debt-to-GDP to the borderline of statical significance at the 10% significance level. 
Notwithstanding this result, we include both variables in the local projections model to 
assess their impact on our conclusions.  

The regression results from local projections including the two fundamental variables 
reveal that debt-to-GDP is almost always statistically insignificant, contrary to the VIX 
(see Table A - XXIII). The explanatory power of the baseline model improves slightly, as 
R2 increases to 0.57 from 0.54. Major results hold (see Figure A - 6).  

Differences relate (i) to the impact of declining yields that contemporaneously no longer 
increase volatility; (ii) to foreign net purchases that no longer increase volatility and, on 
the contrary, have a slight lagged negative effect, even if only significant at the 10% level; 
and (iii) a lesser but still significant impact of domestic net purchases on volatility.    
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5.4.2 International Volatility Spillovers 
It is well documented in the literature, as well as in our preliminary descriptive analysis, 
the existence of high correlation of volatilities among (at least) certain sovereign bond 
markets. This contemporaneous correlation may reflect similar responses to common 
shocks or ‘news’ and/or transmission of shocks across national boundaries. Since we are 
interested only in the latter effect, we forego contemporaneous relationships and focus 
in ascertain if the lagged volatility36 of a foreign market has a statistically significant 
impact on the volatility process and adds explanatory power to the baseline model.  

We take stock of the findings of Borio & McCauley (1996) regarding the central role of 
the US as an ‘unmoved mover’ and of Fernández-Rodríguez et al. (2015) in respect of 
the dominant role of Greece 37  as net transmitter of bond volatility during the EA 
sovereign debt crisis. Hence, we start by introducing the lagged US bond yield volatility 
in the baseline model with the VIX as a control variable and exclude the US from the 
regression’s sample countries. We further test if there is any difference between high 
and low volatility periods. Our results show that US spillover effects are statistically 
significant, contribute positively to other advanced economies’ bond yield volatility, but 
the 1-2% improvement in the within R2 is modest. Under this specification the symmetry 
of market movements’ impacts is clearly rejected at the 5% significance level38 in favour 
of asymmetric effects, where rising yields have a larger impact. The pattern of 
asymmetric investor net transactions impacts remains unchanged, with just a small 
decrease in the positive impact of domestic net transactions.     

To test the possibility of spillover effects occurring only during spells of higher volatility 
we define two regimes for US bond yield volatility taking 0.9% as the threshold level. 
Our results fail to confirm such hypothesis (see Table A - XXIV). Not only the impact of 
lagged US volatility remains statistically significant under the low volatility regime, but 
also a Wald test on the equality of the parameters associated with both regimes of US 
lagged volatility does not reject the null at all standard significance levels39.  Note that 
having the same marginal impact across volatility regimes means a higher overall impact 
when US volatility is higher since mean values under such regime are 74% above mean 
values under the low volatility regime.  

Keeping the previous specification, we moved to add the lagged Greek bond yield 
volatility to the baseline model40. The variable is statistically significant but adds limit 

 
36 Although not pursued here, another alternative would have been to also include the lagged foreign 
market movements in the spirit of the work developed for other asset markets. 
37 The authors also mention the role of Portugal and Ireland, but we chose Greece as its volatility spilled 
over Portugal and Ireland, not the reverse, and it allows to keep the same sample countries, as Greece 
has already been excluded during most of the analysis.  
38 Wald test statistic of  F(1, 20) = 7.19 (p-value = 0.0144). 
39 The Wald test statistic F(1,20)=2.40 (p-value = 0.1373). 
40 An alternative specification to the one used would be to distinguish Greek volatility impacts during the 
EA sovereign debt crisis and outside that period. Result available upon request show that only during the 
crisis period, defined as 2009 Q2 – 2015 Q4, does Greek volatility have a significant impact, but otherwise 
results are similar to the ones presented here.   
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explanatory power (1% improvement in R2). All previous conclusions about asymmetric 
effects of market movements and investor net transactions remain basically unchanged. 

Incorporating these exogenous variables in the computation of local projections’ 
impulse responses does not change results significantly (see Figure A - 7). Foreign net 
sales have a slightly higher impact on volatility. The reverse occurs with domestic net 
purchases, whose persistence also declines.     

6. CONCLUSIONS 
The aim of this paper is to provide empirical insights on the role of the investor base 
dynamics as a driver of volatility of long-term sovereign bond yields across advanced 
economies.  

In developing the base model of our analysis, we start by showing that bond yield 
volatility responds to proximate market movements. That response is uneven across 
geographies, corroborating the results of Sheppard et al. (2003), and possibly time-
varying. Three major response patterns can be identified. A semi-directional response 
when only increases or decreases in yields affect volatility. The first can be found in GIIPS 
and in Belgium, and the latter in Canada. An asymmetric response pattern where both 
increases and decreases in yields have an impact, but the volatility response is stronger 
in the latter case. This pattern is observed in a diversified group of countries 
encompassing the US, UK, Switzerland, and with a lower degree of confidence also in 
Norway, Sweden, and Australia. This puzzling relationship is in most cases unstable and 
seems to be evolving towards either a symmetric or positively sloped semi-directional 
relationship. Finally, a symmetric response pattern characteristic of most of core EA and 
Asia-Pacific countries.  

Contemporaneous domestic fundamental developments do not play a role in explaining 
volatility. However, volatility responds to global risk, and we find evidence of volatility 
spillovers across markets. In all cases the explanatory power of these variables is small. 

Our results show that the investor base has a role in explaining sovereign bond yield 
volatility. This role is complex, asymmetric, and uneven across investors and countries. 
Results encompassing all countries but Greece confirm that foreign net sales increase 
volatility. Foreign net purchases seem to increase volatility too, but only in interaction 
with decreasing yields. Domestic net purchases have a clear positive impact on volatility. 
On the contrary, domestic net sales impact is either mediated by the interaction with 
rising yields or is only felt with a lag of one quarter. This general result, however, does 
not hold when we examine the different countries grouped according with the 
relationship between volatility and market movements. In GIIPS and Belgium, our first 
results suggested that only net sales had a positive impact on volatility, alone or in 
interaction with rising yields. Domestic net purchases in interaction with rising yields 
contributed to lower volatility. Impulse response from local projections, however, 
identified domestic net purchases as the statistically stronger contributor to volatility, 
in a context where all operations have a positive effect. Notwithstanding, the impact of 
foreign transactions is merely instantaneous, with no persistence. In the group of 
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countries with an asymmetric relation between volatility and market movements the 
positive impact of foreign net sales on volatility is clear. Regarding domestic transactions 
the most striking fact is that domestic purchases initial positive impact is latter reversed 
and contributes to mitigate bond yield volatility. The same fact is observed in the group 
of countries with a symmetrical relationship between volatility and market movements. 
This result supports the importance for domestic sovereign issuers of having an 
important domestic investor base.   

In the case of the EA, member countries are split in two groups that do not respond 
uniformly to shocks in foreign net sales, in term of size and timing, nor enjoy the same 
level of protection of domestic net purchases. Thus, under an exogenous negative shock 
we may observe different responses of volatility across core and periphery that may 
translate into higher risk premiums and wider bond spreads. Therefore, from a policy 
point of view, we must recognize the need to remain vigilant and keep a close 
monitoring of market developments, on the one hand. On the other hand, a protection 
mechanism that mitigates idiosyncratic volatility under common shocks is required to 
shield the EA sovereign bond markets against fragmentation risks. 

Overall, our results allow us to answer our research questions recognizing that foreign 
investors contribute to increase bond yield volatility, mostly through net sales. Domestic 
investors net purchases may help to shield the sovereign issuer against volatility even if 
not instantaneously or only in a context of rising yields. More generally, net buying and 
net selling, independently of the type of investor, have differentiated impacts on 
volatility.  It follows from our results that bond yield volatility models should incorporate 
net transactions of the investor base on top of features such as mean-reversion, 
pronounced persistence, allowance for asymmetric market movements, as well as the 
possibility of impacts of global risk factors, domestic uncertainty, and cross-border 
spillover effects.       

The empirical analysis could be extended in several ways. In what concerns data, the 
country panel could be enlarged to cover emerging markets and the use of higher 
frequencies would allow modelling realized volatility. In terms of econometric 
framework, estimating the underlying VAR model would broaden the understanding of 
the interrelationships between bond yields, volatility, and the investor base, namely the 
impact of volatility on the other endogenous variables. Alternatively, the use of a panel 
GARCH approach, eventually over a simplified model, would allow to model conditional 
volatility and provide further insights on correlations across markets.  
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APPENDIX A  
 

TABLE A - I - SOVEREIGN DEBT INVESTOR BASE COUNTRY LIST 

# Advanced Economies Country Codes 
1 Australia AUS 
2 Austria AUT 
3 Belgium BEL 
4 Canada CAN 
5 Czech Republic CZE 
6 Denmark DNK 
7 Finland FIN 
8 France FRA 
9 Germany DEU 

10 Greece GRC 
11 Ireland IRL 
12 Italy ITA 
13 Japan JPN 
14 Korea KOR 
15 Netherlands NLD 
16 New Zealand NZL 
17 Norway NOR 
18 Portugal PRT 
19 Slovenia SVN 
20 Spain ESP 
21 Sweden SWE 
22 Switzerland CHE 
23 United Kingdom GBR 
24 United States USA 

 

TABLE A - II - VARIABLES DATA SOURCES  
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TABLE A - III –HIGHEST PAIRWISE CORRELATIONS OF 10-YEAR SOVEREIGN BOND VOLATILITIES 

 

 

Note: GIP = Greece, Ireland, and Portugal; Regressions using country means. dY = yields’ first difference; |dY| = yields’ first difference 
in absolute value. dY<0 = negative values of yields’ first differences; dY>0 = positive values of yields’ first differences. R2 is the 
between R2.  The asterisks ***, **, * indicate significance at the 1, 5, and 10% level, respectively. Source: Author’s calculations based 
on data from Bloomberg.  

 

TABLE A -  VIII – POOLABILITY F-TESTS 

 
Source: Author’s calculations. 

 

TABLE A - IX – HETEROSKEDASTICITY TESTS 

 
Source: Author’s calculations. 

AUS AUT BEL CAN CHE DEU DNK ESP FIN FRA GBR GRC NLD NOR
BEL 0.83
DEU 0.82 0.88
DNK 0.83 0.92
FIN 0.82 0.87 0.97 0.89
FRA 0.84 0.94 0.91 0.86 0.92
GBR 0.83 0.82
ITA 0.84
NLD 0.84 0.88 0.96 0.90 0.97 0.93 0.81
NOR 0.83 0.84 0.87
PRT 0.88
SWE 0.81 0.81 0.84 0.81 0.84 0.81 0.87 0.87
USA 0.82 0.86 0.84
Note: correlations calculated over 2000Q1 to 2019Q2.
Source: Author's calculations based on data from Bloomberg.

p-value

H0: common intercepts and slopes F(44,1380) 1.812 0.001

H0: different intercepts, common slopes F(22,1380) 0.131 1.000

H0: common intercepts, different slopes F(22,1380) 2.665 0.000

H0: common intercepts given common slopes F(22,1402) 3.540 0.000

F-Statistic

Modified

χ2 Stat p-value F Stat. p-value Wald Test

34912.66 0.0000 220.14 0.0000 320000 0.0000

Breusch-Pagan/Cook-Weisberg Test
p-value

 H0:  residuals' variance constant across countries

TABLE A - IV – VOLATILITY AND CHANGE IN 

YIELDS        
TABLE A - V - VOLATILITY AND ABSOLUTE VALUE OF 

CHANGE IN YIELDS        

 
  

TABLE A - VI – VOLATILITY AND POSITIVE 
 CHANGE IN YIELDS 

TABLE A - VII – VOLATILITY AND NEGATIVE  
CHANGE IN YIELDS 

  

14.66 2.26 0.035 0.196 5.10**
-0.33 -0.16 0.876 0.001 0.030
46.04 54.88 0.012 1.000 3012**
40.64 2.58 0.082 0.690 6.67*

R2 F Stat.

Greece, Ireland and Portugal
GIP, Italy and Spain

dY t Stat.  P>|t| 

All countries
All countries except GIP

2.56 29.21 0.000 0.975 853.2***
2.19 10.22 0.000 0.831 104.53***
2.74 6.71 0.000 0.698 45.00***

R2 F Stat. P>|t| 

All countries
All countries except Greece
All countries except GIP

I dY I t Stat.

3.22 24.35 0.000 0.966 592.9***
3.17 5.19 0.000 0.600 26.96***

R2 F Stat.

All countries
All countries except GIP

dY>0 t Stat.  P>|t| 

-1.86 -20.35 0.000 0.952 414.2***
-2.22 -6.17 0.000 0.679 38.01***

All countries
All countries except GIP

R2 F Stat.dY<0 t Stat.  P>|t| 
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TABLE A - X – CUMBY-HUIZINGA TEST FOR AUTOCORRELATION 

 
Source: Author’s calculations. Test robust to heteroskedasticity. MA = moving average; df = degrees of freedom; (*) indicates 
eigenvalues have been adjusted to make the matrix positive semidefinite. 

 

TABLE A - XI– BIAS-CORRECTED LEAST SQUARES DUMMY VARIABLE MODEL 

 
Notes: All countries; initialization using Anderson and Hsiao estimator (ah) and Blundell and Bond estimator (bb); bias correction 
up to order O(1/T); bootstrapped standard errors based on 50 repetitions. 

 

TABLE A - XII - VOLATILITY AND MARKET MOVEMENTS: COUNTRY REGRESSIONS  

 
Notes: OLS regressions with Newey-West standard errors to account for a heteroskedastic error structure possibly autocorrelated 
up to the fourth lag; Wald test F-statistic has a F(1,21) distribution. The regression F-statistic has a F (3,58) distribution. 

 

 

H0:  Serially Uncorrelated H0: MA order lag-1

Ha: Serial correlation at range j Ha: Serial correlation at lag j

From To

1 1 0.556 1 0.4557 1 0.556 1 0.4557

1 2 2.612 2 0.2709 2 1.376 1 0.2408
1 3 3.779 3 0.2863 3 6.701 1* 0.0096
1 4 4.461 4 0.3472 4 1.182 1 0.2770
1 5 6.564 5 0.2551 5 2.879 1 0.0897
1 6 7.631 6 0.2664 6 0.969 1 0.3250
1 7 8.085 7 0.3252 7 1.134 1 0.2869
1 8 8.264 8 0.4082 8 2.481 1 0.1152

Lag
Lags Range

χ
2
 Stat. df p-value χ

2
 Stat. df p-value

AR Coef. z Stat P>|z|
0.60 30.69 0.000
0.61 32.32 0.000

Bias-corrected LSDV ah
Bias-corrected LSDV bb

ϒ+ = ϒ-  P>F ϒ+ = - ϒ-  P>F 

AUS 0.17 3.24 0.002 0.68 10.56 0.000 -0.46 -3.52 0.001 0.25 1.91 0.061 9.31 0.003 3.07 0.085 94.97 0.000 0.680 -43.4
AUT 0.25 3.71 0.000 0.43 2.71 0.009 -0.33 -2.11 0.039 0.63 1.69 0.096 3.66 0.061 1.22 0.273 10.58 0.000 0.279 -23.7
BEL 0.25 3.82 0.000 0.59 6.48 0.000 0.10 0.77 0.443 0.31 1.31 0.195 0.83 0.366 1.76 0.190 14.06 0.000 0.334 -3.8
CAN 0.23 3.40 0.001 0.56 4.78 0.000 -0.34 -2.75 0.008 0.17 1.31 0.195 5.12 0.028 2.13 0.150 16.04 0.000 0.477 -89.2
CHE 0.16 2.77 0.007 0.51 4.91 0.000 -0.50 -3.43 0.001 0.21 1.97 0.054 9.61 0.003 6.3 0.015 8.16 0.000 0.487 -96.0
CZE 0.29 4.35 0.000 0.51 8.48 0.000 -0.13 -1.56 0.124 -0.18 -0.89 0.375 0.04 0.849 3.750 0.058 27.220 0.000 0.217 29.8
DEU 0.10 2.15 0.036 0.69 9.53 0.000 -0.48 -3.13 0.003 0.34 3.09 0.000 13.59 0.001 0.87 0.356 50.040 0.000 0.615 -71.6
DNK 0.10 2.21 0.031 0.59 7.62 0.000 -0.65 -6.13 0.000 0.64 4.26 0.000 35.47 0.000 0.01 0.924 49.820 0.000 0.614 -67.0
ESP 0.17 2.61 0.011 0.73 8.65 0.000 0.09 0.34 0.738 0.70 2.59 0.012 2.16 0.147 4.97 0.030 48.230 0.000 0.625 40.3
FIN 0.12 1.69 0.096 0.69 5.85 0.000 -0.34 -2.56 0.013 0.23 2.40 0.020 9.75 0.003 0.57 0.453 15.650 0.000 0.496 -67.9
FRA 0.21 2.61 0.012 0.54 4.13 0.000 -0.30 -2.59 0.012 0.29 2.24 0.029 9.70 0.003 0.01 0.933 10.120 0.000 0.319 -37.8
GBR 0.15 3.20 0.002 0.67 10.36 0.000 -0.46 -3.36 0.001 0.18 1.98 0.053 10.98 0.002 4.69 0.035 42.910 0.000 0.676 -78.8
GRC 1.13 2.27 0.027 0.55 3.68 0.001 0.37 0.68 0.501 0.81 2.28 0.026 0.27 0.606 9.59 0.003 19.000 0.000 0.370 338.9
IRL 0.28 3.03 0.004 0.47 2.60 0.012 -0.29 -1.21 0.230 0.73 3.03 0.004 4.78 0.033 15.57 0.000 82.810 0.000 0.522 95.8
ITA 0.26 3.31 0.002 0.59 4.82 0.000 0.07 0.20 0.845 0.87 2.00 0.051 1.47 0.230 5.12 0.027 22.760 0.000 0.540 47.5
JPN 0.09 2.84 0.006 0.56 6.36 0.000 -0.58 -2.73 0.008 0.62 3.48 0.001 12.99 0.001 0.03 0.853 28.550 0.000 0.530 -105.8
KOR 0.15 1.85 0.07 0.51 5.64 0.000 -0.55 -2.20 0.032 0.85 5.73 0.000 20.12 0.000 1.28 0.263 21.680 0.000 0.531 -1.3
NLD 0.09 1.65 0.104 0.73 9.10 0.000 -0.37 -2.75 0.008 0.27 2.54 0.014 11.11 0.002 0.49 0.488 29.660 0.000 0.591 -87.1
NOR 0.13 3.27 0.002 0.59 9.42 0.000 -0.64 -3.43 0.001 0.28 3.43 0.001 17.00 0.000 3.92 0.053 40.620 0.000 0.604 -59.4

NZL 0.34 6.21 0.000 0.34 3.93 0.000 -0.41 -3.83 0.000 0.33 2.91 0.005 16.95 0.000 0.35 0.558 25.880 0.000 0.391 -56.7
PRT 0.29 3.10 0.003 0.43 5.46 0.000 -0.32 -1.71 0.092 1.56 3.23 0.002 9.70 0.003 8.93 0.004 44.320 0.000 0.552 160.2
SWE 0.18 3.80 0.000 0.53 7.67 0.000 -0.52 -4.09 0.000 0.30 3.23 0.002 18.85 0.000 3.41 0.070 39.430 0.000 0.565 -74.4
USA 0.16 3.14 0.003 0.68 8.72 0.000 -0.58 -4.17 0.000 0.23 1.73 0.089 11.29 0.001 8.14 0.006 64.390 0.000 0.720 -51.1

Wald Tests
Country

AR        
(β) ϒ-  P>|t|  P>F Adj R2 AIC

Const.  
(α)

t Stat  P>|t| t Stat  P>|t| t Stat ϒ+ t Stat  P>|t| F Stat.
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TABLE A - XIII- VOLATILITY AND MARKET MOVEMENTS: DIAGNOSTICS  

 
Notes: Serial correlation is tested using the heteroskedasticity robust Cumby-Huizinga test statistic for autocorrelation up to lag 4 
χ2(4).  A Portmanteau test for white noise over 29 autocorrelations is also presented but this test is not robust to non-strictly 
exogenous regressors. Its Q-statistic has a χ2 distribution with 29 degrees of freedom under the null. Presence of autoregressive 
conditional heteroskedasticity in the residuals is tested using Engle’s Lagrange Multiplier test at lags between 1 and 4. The test has 
a χ2 distribution with p degrees of freedom, p being the lag order. When the null is rejected, the lowest statistically significant lag 
order is reported in a second column. The heteroskedasticity tests include 2 tests. The White (1980) test for homoskedasticity against 
unrestricted forms of heteroskedasticity, which has a statistic asymptotically χ2 distributed with 2 degrees of freedom. The Breusch-
Pagan (1979) and Cook-Weisberg (1983) tests the null hypothesis that t=0 in Var(U) = σ2ezt in two versions. The first presented 
assumes the disturbances to be draws from a normal distribution with variance σ2 and has a χ2 distribution with 1 degree of freedom; 
the second, under F-stat, and due to Wooldridge (2016), drops the normality assumption and has a F (1,60) distribution. Fitted values 
of the dependent variable are used for z. In the absence of a p-value, the asterisks ***, **, * indicate significance at the 1, 5, and 
10% level, respectively.    

 

 

 

 

 

 

 

 

χ2(4) Stat. p-value
AUS 2.013 0.7333 26.6513 0.5905 7.74 0.07 0.05
AUT 2.442 0.6551 26.6835 0.5888 19.88 ** 23.78 *** 10.93 ***
BEL 5.731 0.2202 31.7996 0.3287 5.065** 1 31.04 *** 49.19 *** 7.90 ***
CAN 0.648 0.9576 19.8926 0.8962 13.20 1.13 0.99
CHE 0.269 0.9917 20.4379 0.8788 12.10 4.78 ** 3.61 *
CZE 5.712 0.2217 23.5767 0.7495 4.19 8.30 *** 0.67

DEU 2.992 0.5591 29.3758 0.4456 16.12 ** 6.87 *** 5.96 **
DNK 3.505 0.4771 37.9816 0.1227 4.623** 1 14.00 * 2.05 2.79
ESP 4.603 0.3305 30.8503 0.3725 6.18 12.24 *** 2.29
FIN 1.399 0.8443 31.4139 0.3462 7.233*** 1 23.35 *** 19.69 *** 20.87 ***
FRA 1.568 0.8145 21.9189 0.8235 4.784** 1 13.32 28.30 *** 5.96 **
GBR 7.468 0.1131 34.8772 0.2086 21.59 *** 15.22 *** 11.08 ***
GRC 4.519 0.3403 34.7926 0.2114 21.12 *** 77.35 *** 7.49 ***
IRL 4.576 0.3336 15.9849 0.9757 16.95 ** 26.20 *** 3.69 *
ITA 3.770 0.438 32.4156 0.3019 25.64 *** 16.64 *** 8.14 ***
JPN 2.386 0.6651 26.2795 0.6105 6.91 0.04 0.02
KOR 7.239 0.1238 18.6763 0.9293 3.063 * 1 21.68 *** 21.96 *** 10.94 ***
NLD 0.625 0.9603 23.2225 0.7663 6.26 3.46 * 2.93 *
NOR 1.535 0.8205 28.9581 0.4673 22.11 *** 6.02 ** 5.90 **

NZL 1.069 0.8992 37.7133 0.1288 6.22 4.70 ** 2.19
PRT 5.318 0.2562 34.4447 0.2234 28.46 *** 110.79 *** 18.40 ***
SWE 3.592 0.4641 29.4846 0.4401 8.85 0.36 0.35
USA 5.111 0.2761 38.268 0.1165 10.92 3.19 * 1.45

Country
F-statB-P/C-W test

Heteroskedasticity H0: const.var

White

H0: no serial correlation

H0: no ARCH effects

Q(29)

H0: white noise

ARCH(4)
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FIGURE A - 1 SELECTED ROLLING REGRESSIONS OF VOLATILITY AND MARKET MOVEMENTS 

 

 

 

TABLE A - XIV - VOLATILITY AND CHANGES IN FOREIGN OR DOMESTIC HOLDINGS: SEMI-DIRECTIONAL 

PANEL   

Notes: γ-/γ+ = Negative/positive change in yields; dHf = Change in the log of foreign holdings;   dHd = Change in the log of domestic 
holdings; γ * dHf = interaction between change in yields (negative or positive) and the change in the log of foreign holdings (positive 
or negative);  γ * dHd = interaction between change in yields (negative or positive) and the change in the log of domestic holdings 
(positive or negative); Panel fixed effects within regressions; Driscroll-Kraay (1998) standard errors; constant and AR parameter 
estimates not reported for the sake of conciseness; ; F Stat. is the statistic of the F-test of overall significance (p-values below); R2 is 
the within R2; χ2(4) is the statistic of the Cumby-Huizinga heteroskedasticity robust test of serial correlation up to lag 4 with a null 
hypothesis of no serial correlation (p-values below). The asterisks ***, **, * indicate significance at the 1, 5, and 10% level.    

 

 

 

 

 

 

Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat
ϒ- 0.475 1.26 -0.067 -0.25 0.559 1.43 -0.010 -0.05
ϒ+ 0.770 ** 3.61 0.402 ** 2.92 0.677 * 2.52 0.037 0.10
dHf < 0 -9.774 -1.97 -10.21 -1.97
dHf ≥ 0 1.934 1.69 2.977 2
dHd < 0 -14.94 -1.63 -15.58 -1.78
dHd ≥ 0 7.001 ** 2.63 5.704 * 2.10
ϒ- *dHf ≥ 0 0.129 0.25
ϒ+ *dHf < 0 -14.98 *** -10.9
ϒ- *dHd ≥ 0 -1.250 -0.27
ϒ+ *dHd < 0 -21.35 *** -9.96

F Stat 15.30 34.23 107.02 17.83 40.18 79.20
(p-value) 0.0059 0.0007 0.0000 0.0042 0.0005 0.0001
R2 0.475 0.570 0.782 0.467 0.556 0.730
χ2(4) Stat. 3.106 7.642 1.408 7.312 9.225 4.515
(p-value) 0.5402 0.1056 0.8428 0.1203 0.0557 0.3408

(6)(5)
Net Trades

(1) (2) (3) (4)
Variables

Net Trades Trades & Mkt. Mov. Interactions
Foreign Investors Domestic Investors

Trades & Mkt. Mov. Interactions
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TABLE A - XV - VOLATILITY AND CHANGES IN INVESTOR HOLDINGS: SEMI-DIRECTIONAL PANEL   

Notes: γ-/γ+ = Negative/positive change in yields; dHf = Change in the log of foreign holdings;   dHd = Change in the log of domestic 
holdings; γ * dHf = interaction between change in yields (negative or positive) and the change in the log of foreign holdings (positive 
or negative);  γ * dHd = interaction between change in yields (negative or positive) and the change in the log of domestic holdings 
(negative or positive); Panel fixed effects within regressions; Driscroll-Kraay (1998) standard errors; constant and AR parameter 
estimates not reported for the sake of conciseness; ; F Stat. is the statistic of the F-test of overall significance (p-values below); R2 is 
the within R2; χ2(4) is the statistic of the Cumby-Huizinga heteroskedasticity robust test of serial correlation up to lag 4 with a null 
hypothesis of no serial correlation (p-values below). The asterisks ***, **, * indicate significance at the 1, 5, and 10% level.    

 

 

 

 

 

 

 

 

 

 

 

 

Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat
ϒ- 0.655 * 2.06 -0.102 -0.43 0.115 0.26
ϒ+ 0.659 ** 3.18 0.155 1.07 0.492 *** 4.95
dHf < 0 -7.219 * -2.47 -7.964 * -2.55
dHf ≥ 0 -1.241 -0.86 -0.080 -0.07
dHd < 0 -12.66 -1.86 -12.78 * -2.19
dHd ≥ 0 4.286 * 2.56 2.619 1.48
ϒ- *dHf ≥ 0 0.275 0.61 1.303 1.38
ϒ+ *dHf < 0 -10.32 *** -5.76 -15.21 *** -13.7
ϒ- *dHd ≥ 0 -1.644 -0.33
ϒ+ *dHd < 0 -10.32 *** -4.05
ϒ- *dHd < 0 1.479 0.89
ϒ+ *dHd ≥ 0 -4.735 * -2.08

F Stat 14.90 50.94 178.26 190.11
(p-value) 0.0000 0.0002 0.0000 0.0000
R2 0.557 0.654 0.821 0.793
χ2(4) Stat. 4.342 8.651 3.273 2.357
(p-value) 0.3617 0.0704 0.5132 0.6705

Domestic Inv.
Countercyclical Int.

(4)
Variables

Investors
Net Trades Trades & Mkt. Mov. Procyclical Interactions

(1) (2) (3)
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TABLE A - XVI - VOLATILITY AND CHANGES IN FOREIGN OR DOMESTIC HOLDINGS: ASYMMETRICAL PANEL   

Notes: γ-/γ+ = Negative/positive change in yields; dHf = Change in the log of foreign holdings;   dHd = Change in the log of domestic 
holdings; γ * dHf = interaction between change in yields (negative or positive) and the change in the log of foreign holdings (positive 
or negative);  γ * dHd = interaction between change in yields (negative or positive) and the change in the log of domestic holdings 
(positive or negative); Panel fixed effects within regressions; Driscroll-Kraay (1998) standard errors; constant and AR parameter 
estimates not reported for the sake of conciseness; all specifications with market movements are estimated using an AR(4) model; ; 
F Stat. is the statistic of the F-test of overall significance (p-values below); R2 is the within R2; χ2(4) is the statistic of the Cumby-
Huizinga heteroskedasticity robust test of serial correlation up to lag 4 with a null hypothesis of no serial correlation (p-values below). 
The asterisks ***, **, * indicate significance at the 1, 5, and 10% level.    

TABLE A - XVII - VOLATILITY AND CHANGES IN INVESTOR HOLDINGS: ASYMMETRICAL PANEL   

Notes: γ-/γ+ = Negative/positive change in yields; dHf = Change in the log of foreign holdings;   dHd = Change in the log of domestic 
holdings; γ * dHf = interaction between change in yields (negative or positive) and the change in the log of foreign holdings (positive 
or negative);  γ * dHd = interaction between change in yields (negative or positive) and the change in the log of domestic holdings 
(positive or negative); Panel fixed effects within regressions; Driscroll-Kraay (1998) standard errors; constant and AR parameter 
estimates not reported for the sake of conciseness; all specifications with market movements are estimated using an AR(4) model; ; 
F Stat. is the statistic of the F-test of overall significance (p-values below); R2 is the within R2; χ2(4) is the statistic of the Cumby-
Huizinga heteroskedasticity robust test of serial correlation up to lag 4 with a null hypothesis of no serial correlation (p-values below). 
The asterisks ***, **, * indicate significance at the 1, 5, and 10% level.    

Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat
ϒ- -0.524 *** -5.96 -0.512 *** -5.32 -0.514 *** -5.75 -0.477 *** -4.12
ϒ+ 0.225 ** 2.97 0.228 ** 3.01 0.223 ** 3.04 0.243 ** 3.11
dHf < 0 -0.116 *** -4.42 -0.096 ** -3.26
dHf ≥ 0 0.121 *** 3.95 0.062 1.90
dHd < 0 -0.867 -1.38 -0.544 -1.58
dHd ≥ 0 1.263 ** 3.13 0.783 ** 2.54
ϒ- *dHf ≥ 0 -0.136 -1.53
ϒ+ *dHf < 0 0.008 0.05
ϒ- *dHd ≥ 0 -1.370 -1.62
ϒ+ *dHd < 0 2.062 1.79

F Stat 44.44 71.04 78.99 77.51 55.81 57.51
(p-value) 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000
R2 0.518 0.669 0.665 0.531 0.672 0.669
χ2(4) Stat. 8.479 6.287 5.932 6.364 5.872 5.543
(p-value) 0.0755 0.1787 0.2043 0.1735 0.2089 0.236

Trades & Mkt. Mov.
Variables

Interactions
(1) (2) (3) (4) (5) (6)

Foreign Investors Domestic Investors
Net Trades Trades & Mkt. Mov. Interactions Net Trades

Coef. t Stat Coef. t Stat Coef. t Stat
ϒ- -0.510 *** -5.70 -0.475 *** -4.09
ϒ+ 0.220 ** 2.98 0.252 ** 3.32
dHf < 0 -0.074 * -2.05 -0.071 * -2.08
dHf ≥ 0 0.106 ** 3.58 0.054 1.67
dHd < 0 -0.789 -1.20 -0.522 -1.49
dHd ≥ 0 1.154 ** 2.87 0.676 * 2.25
ϒ- *dHf ≥ 0 -0.028 -0.34
ϒ+ *dHf < 0 0.093 0.60
ϒ- *dHd ≥ 0 -1.306 -1.49
ϒ+ *dHd < 0 2.246 * 2.05

F Stat 66.91 77.41 103.80
(p-value) 0.0000 0.0000 0.0000
R2 0.536 0.675 0.669
χ2(4) Stat. 7.976 6.683 5.773
(p-value) 0.0925 0.1536 0.2168

Variables

Investors
Net Trades Trades & Mkt. Mov. Interactions

(1) (2) (3)
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TABLE A - XVIII - VOLATILITY AND CHANGES IN FOREIGN OR DOMESTIC HOLDINGS: SYMMETRICAL PANEL 

Notes: γ-/γ+ = Negative/positive change in yields; dHf = Change in the log of foreign holdings;   dHd = Change in the log of domestic 
holdings; γ * dHf = interaction between change in yields (negative or positive) and the change in the log of foreign holdings (positive 
or negative);  γ * dHd = interaction between change in yields (negative or positive) and the change in the log of domestic holdings 
(positive or negative); Panel fixed effects within regressions; Driscroll-Kraay (1998) standard errors; constant and AR parameter 
estimates not reported for the sake of conciseness; F Stat. is the statistic of the F-test of overall significance (p-values below); R2 is 
the within R2; χ2(4) is the statistic of the Cumby-Huizinga heteroskedasticity robust test of serial correlation up to lag 4 with a null 
hypothesis of no serial correlation (p-values below). The asterisks ***, **, * indicate significance at the 1, 5, and 10% level.    

 

TABLE A - XIX - VOLATILITY AND CHANGES IN INVESTOR HOLDINGS: SYMMETRICAL PANEL 

 

Notes: γ-/γ+ = Negative/positive change in yields; dHf = Change in the log of foreign holdings;   dHd = Change in the log of domestic 
holdings; γ * dHf = interaction between change in yields (negative or positive) and the change in the log of foreign holdings (positive 
or negative);  γ * dHd = interaction between change in yields (negative or positive) and the change in the log of domestic holdings 
(positive or negative); Panel fixed effects within regressions; Driscroll-Kraay (1998) standard errors; constant and AR parameter 
estimates not reported for the sake of conciseness; F Stat. is the statistic of the F-test of overall significance (p-values below); R2 is 
the within R2; χ2(4) is the statistic of the Cumby-Huizinga heteroskedasticity robust test of serial correlation up to lag 4 with a null 
hypothesis of no serial correlation (p-values below). The asterisks ***, **, * indicate significance at the 1, 5, and 10% level.    

Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat
ϒ- -0.439 *** -4.78 -0.405 *** -4.30 -0.431 *** -4.70 -0.430 *** -4.15
ϒ+ 0.438 *** 4.40 0.423 *** 3.96 0.429 *** 4.22 0.438 *** 4.58
dHf < 0 0.050 1.04 0.008 0.23
dHf ≥ 0 0.057 0.52 0.006 0.09
dHd < 0 -0.360 -1.07 -0.061 -0.26
dHd ≥ 0 0.576 ** 2.58 0.224 1.27
ϒ- *dHf ≥ 0 -0.433 -1.57
ϒ+ *dHf < 0 -0.222 -0.99
ϒ- *dHd ≥ 0 -0.197 -0.43
ϒ+ *dHd < 0 0.193 0.14

F Stat 20.22 24.21 21.68 19.85 23.87 28.19
(p-value) 0.0004 0.0001 0.0002 0.0005 0.0000 0.0001
R2 0.358 0.469 0.471 0.366 0.470 0.469
χ2(4) Stat. 10.39 3.070 3.531 8.452 2.900 3.137
(p-value) 0.0343 0.5462 0.4732 0.0763 0.5747 0.5352

(1) (2) (3) (4) (5) (6)
Variables

Foreign Investors Domestic Investors
Net Trades Trades & Mkt. Mov. Interactions Net Trades Trades & Mkt. Mov. Interactions

Coef. t Stat Coef. t Stat Coef. t Stat
ϒ- -0.430 *** -4.64 -0.404 *** -4.00
ϒ+ 0.429 *** 4.22 0.425 *** 4.15
dHf < 0 0.048 1.00 0.009 0.25
dHf ≥ 0 0.051 0.49 0.006 0.09
dHd <  0 -0.335 -0.99 -0.059 -0.24
dHd ≥ 0 0.571 ** 2.61 0.224 1.27
ϒ- *dHf ≥ 0 -0.429 -1.37
ϒ+ *dHf <  0 -0.223 -0.98
ϒ- *dHd ≥ 0 -0.021 -0.05
ϒ+ *dHd < 0 0.221 0.17

F Stat 16.58 22.62 23.04
(p-value) 0.0005 0.0001 0.0001
R2 0.367 0.470 0.472
χ2(4) Stat. 8.376 2.889 3.482
(p-value) 0.0787 0.5766 0.4806

Variables

Investors
Net Trades Trades & Mkt. Mov. Interactions

(1) (2) (3)



49 
 

TABLE A - XX - PAIRWISE PANEL CAUSALITY TESTS: HOMOGENEOUS COEFFICIENTS 

Notes: The Wald test F-statistic is used to assess the null hypothesis that all parameters of the lagged independent variable are 
jointly zero, treating the panel data as a single stacked set of data, but without allowing data of one cross-section enter the lagged 
values of data of the next cross-section. This method assumes that all coefficients are the same across all cross-sections. The statistic 
has a F distribution with p (= number of lags) and N – 2p (= number of observations minus the number of lagged parameters 
estimated) degrees of freedom. 

TABLE A - XXI - PAIRWISE PANEL CAUSALITY TESTS: HETEROGENEOUS COEFFICIENTS 

Notes: The test statistic Dumitrescu & Hurlin (2012) W-Statistic is a simple average of individual Wald statistics obtained from testing 
the null hypothesis for every cross-sectional unit in the panel. The statistic Zbar ( = √(N/2p).(W-Stat – p) follows a standard Normal 
distribution when T,N →∞ (T= time; N= number of cross-sections). Based on this mean Wald statistics, if the null hypothesis is 
accepted X does not Granger cause Y for all individuals in the panel. However, if the null hypothesis is rejected the Granger causality 
results are heterogeneous across the panel, i.e. there is a causal effect of X on Y for some units but not for others. 

 

 

FIGURE A - 2 – INFORMATION CRITERIA 

Obs F-Statistic Prob. Obs F-Statistic Prob. 
Chg. in For. Hold. does not Granger Cause Chg. in Yields 1380 7.77 0.005 1311 1.89 0.109
Chg. in Yields does not Granger Cause Chg. in For. Hold. 11.49 0.001 5.02 0.001
Chg. in Dom. Hold. does not Granger Cause Chg. in Yields 1380 4.82 0.028 1311 5.01 0.001
Chg. in Yields does not Granger Cause Chg. in Dom. Hold. 6.72 0.010 7.38 0.000
Vol. does not Granger Cause Chg. in Yields 1426 43.70 0.000 1426 44.70 0.000
Chg. in Yields does not Granger Cause Vol. 274.19 0.000 168.29 0.000
Chg. in Dom. Hold. does not Granger Cause Chg. in For. Hold. 1380 4.96 0.026 1311 4.22 0.002
Chg. in For. Hold. does not Granger Cause Chg. in Dom. Hold. 0.52 0.470 3.43 0.009
Vol. does not Granger Cause Chg. in For. Hold. 1380 5.98 0.015 1311 3.61 0.006
Chg. in For. Hold. does not Granger Cause Vol. 2.89 0.089 0.88 0.475
 Vol. does not Granger Cause Chg. in Dom. Hold. 1380 1.99 0.159 1311 3.39 0.009
Chg. in Dom. Hold. does not Granger Cause Vol. 8.54 0.004 7.12 0.000

Lags: 1 Lags: 4 Null Hypothesis:

W-Stat. Zbar-Stat. Prob. W-Stat. Zbar-Stat. Prob. 
Chg. in For. Hold. does not Granger Cause Chg. in Yields 2.15617 3.56 0.000 5.38935 1.85 0.064
Chg. in Yields does not Granger Cause Chg. in For. Hold. 2.90503 5.95 0.000 6.32271 3.28 0.001
Chg. in Dom. Hold. does not Granger Cause Chg. in Yields 1.30736 0.86 0.388 5.60344 2.18 0.029
Chg. in Yields does not Granger Cause Chg. in Dom. Hold. 1.65019 1.95 0.051 6.01891 2.81 0.005
Vol. does not Granger Cause Chg. in Yields 1.17363 0.44 0.660 7.02674 4.36 0.000
Chg. in Yields does not Granger Cause Vol. 3.03399 6.37 0.000 9.88227 8.73 0.000
Chg. in Dom. Hold. does not Granger Cause Chg. in For. Hold. 2.06698 3.28 0.001 7.94835 5.75 0.000
Chg. in For. Hold. does not Granger Cause Chg. in Dom. Hold. 1.5449 1.62 0.106 5.57131 2.13 0.033
Vol. does not Granger Cause Chg. in For. Hold. 3.54467 7.98 0.000 7.60748 5.23 0.000
Chg. in For. Hold. does not Granger Cause Vol. 1.19477 0.50 0.614 5.27497 1.68 0.093
 Vol. does not Granger Cause Chg. in Dom. Hold. 3.40664 7.55 0.000 7.14433 4.53 0.000
Chg. in Dom. Hold. does not Granger Cause Vol. 1.88963 2.72 0.007 6.36221 3.34 0.001

Lags: 1 Lags: 4 Null Hypothesis:
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Notes: The blue line denotes the cumulative impulse responses and the grey area the 90% confidence bands. Responses to 

negative shocks are multiplied by -1 to allow a direct reading of the impacts. 

FIGURE A - 3 – IMPULSE RESPONSES: SEMI-DIRECTIONAL SUB-PANEL 
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Notes: The blue line denotes the cumulative impulse responses and the grey area the 90% confidence bands. Responses to 

negative shocks are multiplied by -1 to allow a direct reading of the impacts. 

FIGURE A - 4 – IMPULSE RESPONSES: ASYMMETRICAL SUB-PANEL 
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Notes: The blue line denotes the cumulative impulse responses and the grey area the 90% confidence bands. Responses to 

negative shocks are multiplied by -1 to allow a direct reading of the impacts. 

FIGURE A - 5 – IMPULSE RESPONSES: SYMMETRICAL SUB-PANEL 
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TABLE A -  XXII – BOND YIELD VOLATILITY CONTROL VARIABLES  

Notes: All countries ex-Greece AR(2) model; γ+/- = positive/negative change in yields;  dHf =  change in the log of foreign holdings 
(positive or negative); dHd = change in the log of domestic holdings (positive or negative); Panel fixed effects within regressions; 
Driscroll-Kraay (1998) standard errors; constant and AR parameter estimates not reported for the sake of conciseness; ; F Stat. is 
the statistic of the F-test of overall significance (p-values below); R2 is the within R2; χ2(4) is the statistic of the Cumby-Huizinga 
heteroskedasticity robust test of serial correlation up to lag 4 with a null hypothesis of no serial correlation (p-values below). The 
asterisks ***, **, * indicate significance at the 1, 5, and 10% level.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat
Baseline
ϒ- -0.263 *** -2.93 -0.262 *** -2.9 -0.271 *** -2.88 -0.164 ** -2.15
ϒ+ 0.619 *** 4.59 0.617 *** 4.49 0.613 *** 4.48 0.571 *** 4.77
dHf < 0 -0.136 ** -2.20 -0.155 ** -2.5 -0.155 ** -2.51 -0.128 ** -2.13
dHf ≥ 0 0.051 1.40 0.022 0.46 0.027 0.57 0.015 0.32
dHd < 0 -0.393 -1.56 -0.430 -1.6 -0.354 -1.45 -0.260 -1.12
dHd ≥ 0 1.569 *** 4.36 1.422 *** 4.72 1.426 *** 4.70 1.309 *** 3.98
Control
dVIX 0.012 *** 3.07
dGDP -0.013 -1.50 -0.013 -1.5
dInf Exp -0.312 -1.60 -0.281 -1.5
dDef 0.001 0.04
dDeb 0.008 * 1.75 0.009 * 1.98 0.007 1.71
dCA 0.005 0.68 0.005 0.72

F Stat 50.71 65.69 61.23 57.32
(p-value) 0.0000 0.0000 0.0000 0.0000
R2 0.544 0.545 0.5418 0.5706
χ2(4) Stat. 1.284 1.504 1.234 3.013
(p-value) 0.8640 0.8260 0.8725 0.5556

Fundamentals

Variables
(1) (2) (3) (4)

Domestic Dom. & Global
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Notes: The blue line denotes the cumulative impulse responses and the grey area the 90% confidence bands. Responses to 

negative shocks are multiplied by -1 to allow a direct reading of the impacts. 

FIGURE A - 6 – IMPULSE RESPONSES: ALL COUNTRIES EX-GREECE WITH VIX AND DEBT-TO-GDP 

 

TABLE A - XXIII- LOCAL PROJECTIONS: VIX AND DEBT-TO-GDP PARAMETERS 

Notes: All countries ex Greece; dVIX = VIX first differences; dDebt-to-GDP = Debt-to-GDP first differences. The asterisks ***, **, * 
indicate significance at the 1%, 5%, and 10% level, respectively  

 

 

 

0 1 2 3 4 5 6 7 8
dVIX 0.0137*** 0.0140*** 0.0085*** 0.0034 0.0028 -0.0021 0.0110*** 0.0059* 0.0013
t Stat. 4.875 6.393 3.811 0.986 0.940 -0.462 3.274 1.570 0.381
dDebt-to-GDP 0.0026 0.0079 -0.0073 0.0074 0.0108 -0.0046 0.0153 0.0125* 0.0076
t Stat. 0.47 1.35 -1.30 0.73 1.16 -0.46 1.43 1.76 1.14

Horizon (H)
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TABLE A - XXIV– FOREIGN VOLATILITY SPILLOVERS  

Notes: All countries ex-Greece AR(2) model; γ+/- = positive/negative change in yields;  dHf =  change in the log of foreign holdings 
(positive or negative); dHd = change in the log of domestic holdings (positive or negative); dVIX = VIX first differences; VUSt-1 = lagged 
US bond yield volatility, with superscript High and Low, when present,  referring to the correspondent volatility regimes; VGRCt-1 = 
lagged Greek bond yield volatility  Panel fixed effects within regressions; Driscroll-Kraay (1998) standard errors; constant and AR 
parameter estimates not reported for the sake of conciseness; ; F Stat. is the statistic of the F-test of overall significance (p-values 
below); R2 is the within R2; χ2(4) is the statistic of the Cumby-Huizinga heteroskedasticity robust test of serial correlation up to lag 4 
with a null hypothesis of no serial correlation (p-values below). The asterisks ***, **, * indicate significance at the 1, 5, and 10% 
level.    

 

 

 

 

 

 

 

 

 

 

 

 

Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat Coef. t Stat
Baseline
ϒ- -0.155 * -1.9 -0.159 * -2.1 -0.120 -1.4 -0.122 -1.5 -0.149 * -1.9 -0.152 * -2.00
ϒ+ 0.615 *** 5.11 0.590 *** 4.99 0.603 *** 5.06 0.578 *** 4.95 0.632 *** 5.03 0.608 *** 4.92
dHf ≤ 0 -0.121 * -2 -0.128 ** -2.2 -0.129 -2.1
dHf > 0 0.005 0.12 -0.001 -0 0.015 0.40
dHd ≤ 0 -0.248 -1 -0.219 -1 -0.302 -1.2
dHd > 0 1.217 *** 3.12 1.220 *** 3.00 1.248 3.16
Spillover
dVIX 0.014 *** 3.23 0.01 *** 3.03 0.014 *** 3.50 0.013 *** 3.30 0.014 *** 3.30 0.013 *** 3.10
VUS

t-1 0.159 *** 3.37 0.11 ** 2.41 0.171 *** 3.94 0.125 ** 2.79
VUS High 

t-1 0.266 *** 3.01 0.226 ** 2.77
VUS Low 

t-1 0.395 ** 2.41 0.362 ** 2.26
VGRC

t-1 0.008 *** 3.55 0.008 *** 3.67

F Stat 36.94 54.19 41.32 54.67 32.67 45.25
(p-value) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
R2 0.562 0.573 0.567 0.579 0.568 0.580
χ2(4) Stat. 3.799 3.190 3.224 2.542 4.073 3.622
(p-value) 0.4339 0.5265 0.5211 0.6371 0.3963 0.4596

Greek Volatility
(5) (6)Variables (1) (2)

US Volatility High/Low US Vol.
(3) (4)
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Notes: The blue line denotes the cumulative impulse responses and the grey area the 90% confidence bands. Responses to 

negative shocks are multiplied by -1 to allow a direct reading of the impacts. 

FIGURE A - 7 – IMPULSE RESPONSES: ALL COUNTRIES EX-GREECE WITH VIX, US AND GREEK VOLATILITY 
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APPENDIX B 
 

Supplementary material associated with this article is available upon request: 
cferreira@iseg.ulisboa.pt. 

 


