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BANKS’ HOLDINGS OF AND TRADING IN GOVERNMENT BONDS 
 

by Michele Manna* and Stefano Nobili* 
 

Abstract 

In this paper we examine the holdings of government securities by domestic banks 
along with those of five other sectors: foreign banks, foreign non-banks, the official foreign 
sector, the domestic central bank and domestic non-banks. We use data for 21 advanced 
economies from 2004 Q1 to 2016 Q2. The results offer four main insights. First, banks are 
reluctant to undertake major changes in their holdings of domestic bonds but do accept 
frequent changes of more intermediate size. Second, the foreign official sector emerges as the 
clearest example of a contrarian investor, buying when prices fall and selling when prices rise. 
Third, the greater the holdings by domestic and foreign banks, the lower the yields tend to be 
on 10-year benchmark sovereign bonds. Finally, in all countries included in the sample we 
find a positive home bias in banks’ sovereign holdings while foreign banks hold fewer bonds 
than predicted by a neutral portfolio measure. These results suggest that banks regard 
domestic government bonds as a special asset class (hence the positive bias and avoidance of 
major changes in inventories) which they manage in a flexible manner (hence the frequent 
intermediate changes and lack of systematic timing of transactions), in all likelihood to meet 
requests from their customers. All in all, this behaviour by domestic banks provides a positive 
contribution to the liquidity of the market. 
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1.  Introduction
1
 

An enquiry on the liquidity of government bond markets almost unavoidably runs into the 
role played by banks, as large owners and influential traders of these bonds. However, 
banks’ leadership is under threat on a number of counts and a list of usual suspects could 
include changes in regulation, the process known as electronification of markets, the 
legacy of the crisis started in 2007, the ample deleveraging undertaken by banks as well 
as the current monetary policy stance and purchase programs by central banks (BIS, 
2014, 2016a and 2016b). 

It should thus be of no surprise that large efforts are being deployed by both the academia 
and official institutions to assess the current state of markets’ liquidity with a focus on the 
contribution banks can offer.2 A fair summary of this body of research could describe 
liquidity, compared to pre-crisis standards, as adequate but also less resilient to the arrival 
of significant news and large orders.3 Moreover, banks are perceived to be decreasingly 
willing and capable to offer inventory services to customers (including, but not limited to, 
for government bonds) and increasingly inclined to provide ‘search services’ instead.4 
The role of electronic platforms adds to this pattern, especially of most liquid bonds. 

The core input of the analysis is an IMF dataset (Arslanalp and Tsuda, 2012) – which we 
expand with data from ECB, BIS and Bruegel, a think tank – on bond holdings by six 
sectors of investors, measured as end-quarter stocks in 2004Q1 through 2016Q2, for 21 
advanced economies.5 The six sectors are: (i) foreign official sector, (ii) foreign banks, 
(iii) foreign non-banks, (iv) domestic central banks, (v) domestic banks and (vi) domestic 
non-banks.  

The objective of this paper is to offer a comprehensive analysis of styles of management 
of bonds’ holdings by different groups of investors, banks but not only. By style of 
management, we mean the preference displayed by the investor to keep  holdings stable 
or let them vary over time. And, in the latter case, whether such changes tend to occur 
piecemeal or also in large amounts. The style of management means also the timing of 
the transactions, namely whether the investor tends ‘to follow the market’ or rather ‘leans 
against the wind’. The way the investor implements her / his trading choices does 
contribute to the liquidity of the bond market and in the econometric part of the paper we 
study the relationship between the bonds’ yields and the holdings estimating a panel 
model.6 

                                                           
1
  The views expressed in this paper are those of the authors and do not necessarily reflect those of the 

Bank of Italy. The authors wish to thank participants in seminar held at the Bank of Italy as well as 
two anonymous referees for a number of helpful suggestions. Thanks go also to Daniela Pizzuto that 
read carefully the text. 

2  Possible references include Adrian, Fleming, Shachar and Vogt (2016), Trebbi and Xiao (2015), Bao, 
O’Hara and Zhou (2016); as for analyses undertaken by official institutions, virtually any recent 
bulletin and financial stability report from central banks deals with developments in market liquidity. 

3  Probably, most commentators would also agree that liquidity is not as easy a concept to measure 
exactly. 

4  The bank provides an ‘inventory service’ when it acts as direct counterpart of its customer, so that the 
transactions changes the bank’s inventories. Conversely, in the ‘search service’ the bank effectively 
acts as a broker searching for a suitable counterpart of its customer to close the deal. 

5  Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy, 
Japan, Korea, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom 
and USA. 

6  Due to data limitations we could run this part of the analysis on 16 of the 21 countries only. For a 
more limited subset of 9 countries we could extend the analysis to a seventh sector, obtained the 
breakdown of domestic non-banks in insurance firms and pension and mutual funds on the one hand 
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This paper builds on different streams of literature on portfolio choices, surveyed in 
section 2. Its element of novelty is the systematic approach adopted in the analysis: we 
look at management styles in a large number of countries, tackling all holdings of the 
outstanding government bonds, and benefitting from a relatively long sample.7 

Anticipating the main result of the research, we find that banks display a unique style of 
management in respect to their domestic holdings of government bonds (that is, the bonds 
issued by their own national Treasury). Noticeably, these banks are reluctant to undertake 
large changes in their holdings but do accept frequent changes of more intermediate size, 
a cautious-but-flexible approach which is probably meant to meet trading requests from 
their customers. Furthermore, as shown by the panel model, in so doing domestic banks 
provide a positive contribution to the liquidity of the market as a whole. 

The rest of the paper is organized as follows. Section 2 review the relevant literature. 
Section 3 sets out the results of the descriptive statistics, whereas section 4 presents some 
results on home and foreign bias indexes. An exercise of cross-checking the timing of 
changes in inventories with changes in interest rates is shown in the Section 5 and is 
preliminary to the panel analysis, which is in section 6. In the light of the results of the 
work, section 7 presents some clues on the future microstructure of the government bond 
markets. Section 8 draws the conclusions. Annex 1 adds a description of the data sources 
while Annexes 2, 3 and 4 deal the technical aspects of the research. 

 

2.  The literature 

Our paper builds on a number of different strands of academic research and reports from 
the relevant authorities. In the introduction we referred to three reports authored by 
central banks’ committees. BIS (2014) discusses trends in market-making and proprietary 
trading and identifies signs of increased liquidity bifurcation and fragility, with market 
activity concentrating in the most liquid instruments and deteriorating in the less liquid 
ones. That report also stresses the decline in (banks) dealer risk-taking capacity and/or 
willingness. Touching a similar chord, BIS (2016a) highlights that fixed income markets 
are in state of transition: while dealers have continued to cut back their market-making 
capacity in many jurisdictions, demand for market-making services, in turn, continues to 
grow. BIS (2016b) tackles electronification, a term referring to the traction that electronic 
communication networks are gaining in inter-dealer markets for liquid sovereign bonds. 
Market liquidity and market-making is the subject of ESRB (2016). In the US, the “Joint 
Staff Report on October 15, 2014”8 argued that primary dealers no longer account for 
most trading volume on the interdealer brokerage platforms. It fits well into this first list 
of references the work by Benos and Zikes (2016) on the liquidity of UK Gilts and that 
by Kurosaki, Kumano, Okabe and Nagano (2015) on the Japanese government bonds. 

At the intersection between the topics of market liquidity and the role of banks in the 
market, we find the banks’ home bias. The existence of a positive bias is ubiquitous in 

                                                                                                                                                                             

and all other domestic non-banks on the other. The panel is estimated both on levels of the 10-year 
government bonds yields and their first differences. Besides holdings of these bonds by the different 
sectors, the explanatory variables include short-term interest rates, expectation of inflation, 
expectation of GDP growth (as proxy of the real interest rate) and public finance ratios. 

7  Studies that are more directly comparable  close to ours are Andritzky (2012) and Arslanalp and 
Poghosyan (2014), who deal with the relationship between the investor base and sovereign yields.  

8  Joint report from the U.S. Department of the Treasury, Board of Governors of the Federal Reserve 
System, Federal Reserve Bank of New York, U.S. Securities and Exchange Commission, U.S. 
Commodity Futures Trading Commission (2015). A summary of the report is in Fleming, Keane and 
Schaumburg (2016). 
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finance – it can be found in virtually any category of investors and on any type of 
financial instruments – and we can thus refer our reader to a broad literature which 
encompasses but is certainly not confined to government bonds. A subjective list of 
contributions could include Lewis (1999), Chan, Covrig and Ng (2005), Fidora, 
Fratzscher and Thimann (2006), Chen and Yuan (2011), Levy and Levy (2014), Park and 
Mercado (2014).9 As to how to detect the bias, the basic idea is to compare actual banks’ 
holdings with a neutral portfolio allocation (Cooper and Kaplanis, 1994, Brealey, Cooper 
and Kaplanis, 1999, Chan, Covrig and Ng, 2005, Chen and Yuan, 2011, and Vanpée and 
De Moor, 2012).10  

On a different line of research, the question arises whether the holdings of government 
bonds (notably domestic bonds, due to the marked positive bias) crowd in or crowd out 
other banks’ assets. To sketch the main elements of this debate, a preliminary observation 
is about the money-like properties of securities issued by established Treasuries. Grinblatt 
(2001) and Krishnamurthy and Vissing-Jorgensen (2012) show that investors are willing 
to underwrite these securities at yields lower than those required for other instruments, 
after controlling for various factors, where this premium is declining in the total supply of 
Treasuries. In a later paper, Krishnamurthy and Vissing-Jorgensen (2015) – building on 
works à la Diamond and Dybvig (1983) – recall the special role of banks in creating 
liquidity and conclude that supply of Treasury bonds crowds out financial sector short-
term debt via effects on the equilibrium prices. On the other hand, Weymuller (2013) 
argues that banks hold public debt as an input to their safety production function. 
Notably, this author establishes a link between the supply of Treasuries, which is 
generally welfare improving because it is endowed with negative beta, the level of safe 
assets in the economy, the dimension of banks’ balance sheets and their lending to the 
economy.11 

Results such as those put forward by Krishnamurthy and Vissing-Jorgensen (2012) tell us 
something about the level of the yields of government bonds (compared to yields of other 
financial instruments). When it comes to the changes in these yields, a number of authors 
show that increases in the share of outstanding debt held by non-residents are associated 
with a reduction in yields.12 However, a moot point is about the direction of causality, 
namely whether it is the demand by foreign investors that brings yields down (commonly 
known as push factor) or these investors step in the market when prices are expected to 
rise and yield to go down (pull factor). 

Given the objectives of our work, we ought to retain also at least one key result of the 
literature on market microstructure (two ample surveys are Madhavan, 2000, and Biais, 
Glosten and Spatt, 2005): market makers tend to adjust their quoted prices when, as a 

                                                           
9  Overall, this literature identifies three broad drivers of the home bias in financial markets: (i) 

information and transaction costs, (ii) asset-liability management, as economic agents tend to select 
assets originated in their own country to match the bulk of their liabilities; (iii) a basket of other 
factors of less tangible nature such as moral suasion by the authorities and the tendency to replicate 
what neighboring investors do. 

10  Cross-country comparisons are often limited by lack of adequate data on holdings, while data on 
supply of securities are usually readily available and of good quality. Perhaps, this is the reason why 
ESRB (2015) infers a strong home bias through the sheer comparison of country ratios of banks’ 
holding of domestic sovereign debt to their holdings of all sovereign debt issued by euro area 
Treasuries. 

11  Weymuller (2013) acknowledged that this process is not without boundaries: a greater supply of 
government bonds is beneficial up to the point where the bonds lose their safe-asset status. 

12  A selective list of references on the role of foreign investors include De Santis and Gérard (2006), 
Warnock and Warnock (2009), Andritzky (2012), Beltran, Kretchmer, Marquez and Thomas (2012), 
Battistini, Pagano and Simonelli (2013), Arslanalp and Poghosyan (2014). 
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result of the execution of a buy or sell order, their inventories deviate from a target or 
desired level (Kyle, 1985, and Glosten and Milgrom, 1985, among others). This finding 
allows to rationalize the bid-ask spread, as a form of remuneration against the risk that 
the steering of inventories back to their desired level implies capital losses. Hence, the 
progress in electronification notwithstanding, the bid-ask spread quoted by market 
makers ought to stay in the future, even when the physical costs of trading were 
negligible. 

 

3.  Descriptive statistics  

Our dataset counts 6,300 data points in terms of level of inventories, as a result of 50 
quarters times 21 countries times 6 holding sectors (see Annex A.1). Hence, across all 
sectors we count 294 quarterly changes of inventories per country (49 times 6). A number 
of our statistics revolve around what we define as ‘large changes’ in the inventories, 
complemented by statistics on ‘intermediate changes’. By ‘large’ we mean a quarterly 
change which falls in the top or bottom 5% of all changes per country. Overall, we 
identify 630 ‘large changes’, equally split between 315 ‘large increases’ and 315 ‘large 
decreases’ with obvious meaning.13 By intermediate we mean a change comprised 
between the 10th and 40th percentile or between the 60th and 90th percentile of all quarterly 
changes per country. 

 

3.1  The weights of inventories 

Chart 1 overleaf shows the distribution of weights of holdings of government bonds by 
sector along the entire time span of our sample, using the IMF (Arslanalp and Tsuda, 
2012) dataset.14 In most quarters domestic investors held 50 to 60% of governments 
bonds with marginally lower values in 2009-2010. Across the foreign sectors, the weight 
of the foreign official sector increased from levels close to 5% in 2004 to above 20% in 
2016 mainly at the expense of foreign non-banks. Focusing on foreign banks, their weight 
moved in a roller-coaster clearly associated to the unfolding of the crisis, falling from 
levels of 13-15% until 2010 to 5% in 2013, to gain back part of the lost ground towards 
the very end of the sample. By contrast, and this is one the main subjects discussed in this 
paper, remarkably stable is the share of bonds held by domestic banks, confined in a 
narrow range from 15% to 18%. Finally, the impact of purchase programs emerges 
visibly from the chart in the widening of the weight associated to domestic central banks 
in recent years. 

  

 

                                                           
13  315 is the result of 15 ‘large increases’ per country times 21 countries. In turn, 15 is the closest integer 

of 5% times 294 (the exact result being 14.7). 
14  The weight of each sector per quarter is the median of the corresponding weights across all 21 

countries; more details are presented in Chart 2 and in Table A.1 (Tables and Charts coded A.1, A.2, 
etc. are shown at the end of this paper). We did not opt for select a weighted average of country 
weights based on GDP / outstanding stock of public debt coherently with the selected broad-based 
approach (any such weighted average would have de facto singled out the patterns in just 2 countries 
or at most 5 ones, bearing in mind that USA and Japan alone account for 64% of all outstanding 
public debt securities across the entire sample, a share rising to 82% adding Italy, Germany and 
Japan). Nor we picked an unweighted average, too sensitive to outliers (possibly driven by small 
countries).  
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Chart 1             Holdings of government debt securities, by sector (1) 

(weights over a sample of 21 countries) 

 
Source: IMF (Arslanalp and Tsuda, 2012). (1) The weight in each sector / quarter is obtained as median of 
the weights across the 21 countries of our sample (see footnote 5). 

 

In Chart 2 we plot the 50th percentile (the median) of domestic banks’ quarterly holdings, 
the 10th and 90th percentiles as well as a trimmed average, which excludes the highest and 
lowest 10% of the weights across the 21 countries. Two findings emerge. Firstly, the 
trimmed average and the median are very much alike, signaling that the stability in the 
weights associated to domestic banks is robust to the specific metrics being used. 
Secondly, the width of the “corridor” drawn by the 90th and 10th percentiles is also fairly 
stable over time, namely while there is natural heterogeneity in weights across countries, 
relative positions tend to change little over time. All in all, we gauge from these findings 
that the share of domestic banks’ holdings owes to structural elements, which stand solid 
through the years of great moderation, the banking crisis and the European sovereign debt 
crisis. 

 

Chart 2            Government debt securities held by domestic banks 

(percentiles over a sample of 21 countries) 

 
Source: IMF (Arslanalp and Tsuda, 2012). 
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Some lessons can be learnt by the corresponding statistics on holdings by foreign banks. 
In this case, the median and the trimmed average display a downward trend – which 
compares with the aforementioned stability for domestic banks – as weights went from 
levels in the order of 10-15% to below 10% (Chart 3). Simultaneously, the 90th-10th 
corridor widened markedly in recent years, probably a reflect of flight-to-quality 
purchases by foreign banks towards a few sovereign issuers. 

 

Chart 3              Government debt securities held by foreign banks 

(percentiles over a sample of 21 countries) 

 
Source: IMF (Arslanalp and Tsuda, 2012). 

 

3.2  The changes in the weight of inventories 

We now turn to the changes in inventories, to highlight how domestic banks kept their 
inventories of domestic govies broadly stable over time by, on the one hand, limiting 
large quarterly changes and, on the other hand, being flexible enough to undertake many 
intermediate changes (we introduced the notions of large and intermediate at the 
beginning of this section).  

Out of a total of 630 large changes in inventories, we count 215 occurrences among 
foreign non-banks only (Table 1). Dividing this number by 19.4%, the average weight of 
holdings of this sector, we obtain a ratio of 11.1, which is around three times as large as 
the corresponding ratios for the foreign official sector, domestic banks and domestic non-
banks (respectively, 4.5, 3.8 and 4.6). That is, foreign non-bank investors are much more 
prone, in absolute and relative terms, to undertake massive changes of their holdings 
compared to other groups of investors. The fact that a ratio above 11 is found also for the 
central bank should not mislead: as already pointed when discussing Chart 1, such 
changes occurred only in recent years in the backdrop of purchase programs.  

Differences emerge across sectors also in terms of the sign of the large changes. In the 
two non-bank sectors, the ‘large decreases’ outnumber the ‘large decreases’, that is 
within these sectors the offload of inventories tend to occur in bulk size while the 
opposite accumulation tends to happen in a more granular way. We read in these statistics 
a sign of occasional panic selling. The opposite approach – more ‘large increases’ than 
‘large decreases’ – is pursued by the foreign official sector and the domestic central bank: 
in the former case, this relative proportion is a first hint of a contrarian approach on 
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which we shall see more later, while in the latter case no general lesson can be drawn as 
the statistics reflect choices clustered in the latest years only, as already noted. To cut a 
long story short, we gauge from these statistics that the nature of large changes in 
inventories tends to be associated with what you do as a profession, not on your country 
of residency. 

 

Table 1                             Large changes in inventories (1) 

Sector (a) No. large 
increases 

(a) No. large 
decreases 

(c) = 
(a)+(b) 

(d) share (c) / (d) 

×100 

Foreign official sector 52 13 65 14.4% 4.5 

Foreign banks 36 39 75 10.1% 7.4 

Foreign non-banks 92 123 215 19.4% 11.1 

Domestic central bank 39 14 53 4.7% 11.3 

Domestic banks 32 30 62 16.4% 3.8 

Domestic non-banks 64 96 160 35.0% 4.6 

Total 315 315 630 100%  

(1) Changes measured on end-quarter stocks, 2004Q1-2016Q2. ‘No. large increases’ / ‘No. large 
decreases’: number of times the weights associated to the specified sector fall in the top or bottom 5% of 
all changes per country. ‘share’ average weight of the specified sector across the 21 countries. 

 

In the second step of the analysis, we counted which combinations of ‘large increases’ 
and ‘large decreases’ occur more frequently (the ten most frequent combinations are 
shown in Table 2). A few facts emerge from this bean counting. Firstly, more often than 
not when one sector undertakes a large change of a given sign, another sector does the 
opposite.15 This behavior suggests that large deals bring about a marked reallocation of 
weights between pairs of sectors. In turn this reallocation may be non-neutral on market 
dynamics as a whole if the two sectors involved adopt different trading styles. Secondly, 
only 2 out of the 10 most frequent combinations see the juxtaposition of a domestic and a 
foreign sector. As we have already observed above, this finding confirms that, over the 
entire panel, there is not a split along national lines in trading choices. Moreover, 
domestic banks are conspicuously absent from this list, confirming that they rarely 
undertake large changes. 

 

 

 

 

 

 

 

                                                           
15  Consider the example of a large increase in holdings by foreign non-banks: the aim is to buy bonds 

and it ought to be irrelevant in this move who is selling them. Accordingly, it could have been 
expected to be the norm that when one given group undertakes a large change, the offsetting pattern is 
dispersed in a number of small changes by other sectors. In fact, we find as mentioned in the text more 
a one-to-one trading pattern. 
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Table 2                       Most frequent combinations  
                           of ‘large increases’/‘large decreases’ (1) 

 Sectors with large changes in inventories No. of 
occurrences  Increase Decrease 

(i) Foreign non-banks Foreign official sector 38 

(ii) - Foreign non-banks 32 

(iii) - Domestic non-banks 29 

(iv) Domestic non-banks Foreign non-banks 25 

(v) Domestic non-banks - 23 

(vi) Foreign official sector Foreign non-banks 23 

(viii) Foreign non-banks Domestic non-banks 19 

(viii) Domestic central bank Domestic non-banks 15 

(ix) Foreign official sector - 12 

(x) Foreign non-banks Foreign banks 11 

(1) In rows where either side of the transaction is blank, no sector undertook a ‘large 
change’ in inventories.  

 

The results gathered thus far prove unambiguously that banks manage their inventories of 
domestic government bonds in a prudent way. However, banks do not enforce a strict 
targeting either and as a result do not qualify as brokers: as a matter of fact, banks do 
accept to alter their inventories, but avoid large jumps. This tendency emerges neatly if 
one compares the frequency associated to domestic banks in respect to large changes 
(above 95th and below 5th percentile) with the frequency in respect to intermediate ones 
(between 10th and 40th percentile or 60th and 90th percentile). As noted in Table 1 
domestic banks are the sector with the second lowest number of occurrences of large 
changes, 62 out of 630 or 9.8%. However, the situation is reversed if we take into 
consideration intermediate changes: in this bracket, domestic banks stand out as the 
sector with the highest number of changes: 727 out of 3626 or 19.7%, marking the largest 
increase among the six sectors with 9.9 percentage points (Table 3). However, domestic 
banks are not alone in upholding this behavior as comparable results are obtained for the 
foreign official sector and foreign banks. 

 

Table 3                     Large and intermediate changes in inventories 

 Large changes (1) Intermediate changes (2) ∆% (3) 

 number % number %  

Foreign official sector 65 10.3% 699 18.9% +8.6 

Foreign banks 75 11.9% 695 18.8% +6.9 

Foreign non-banks 215 34.1% 593 16.0% -18.1 

Domestic central bank 53 8.4% 340 9.2% +0.8 

Domestic banks 62 9.8% 727 19.7% +9.9 

Domestic non-banks 160 25.4% 642 17.4% -8.0 

Total 630 100% 3696 100%  

(1) Changes which fall in the top or bottom 5% of all quarterly changes per country. (2) Changes which fall 
between the 10th and 40th percentile of all quarterly changes per country or between the 60th and 90th 
percentile. (3) Difference between the percentages associated to large and intermediate changes. 
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We complete this analysis of changes in inventories by examining the time dimension of 
these statistics: Chart 4a shows the yearly number of large and intermediate changes for 
domestic banks, while Chart 4b presents the corresponding results for foreign banks. The 
number of intermediate changes is remarkably stable in both sectors, even in problematic 
years such as those covered by our sample. Conversely, substantial more dynamics 
emerge in respect to large changes, e.g. the noticeable jump in the series relating to 
domestic banks in 2008, followed by another high level in 2009. Clearly this proves that 
banks tend to stick to a preferred pattern in their holdings of domestic government bonds 
– many intermediate changes and few large ones – but could not help from yielding to 
pressure under the exceptional circumstances of the banking crisis in 2008-2009. 

 

Chart 4a     Number of domestic banks’ large and intermediate changes (1) 

 
(1) Total per year. Data for 2004 are annualized; data for 2016 are not shown. 

 

Chart 4b    Number of foreign banks’ large and intermediate changes (1) 

 
(1) Total per year. Data for 2004 are annualized; data for 2016 are not shown. 
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4.  The Home and Foreign Bias Indexes  

Following Manna (2004) and Manna, Signoretti, Tommasino (2016), we elaborate a 
Home Bias Index (HBI) which compares the holdings by bank located in i and issued by 
the Treasury of country j against a neutral measure of these holdings, proportional to both 
the total bonds’ holdings by i banks and the total holdings by all (worldwide) banks of 
bonds issued by j. We introduce the following symbols: 

Vt(i,W) - stock of bonds held by banks resident in i, no matter what is the country of 
issuance (or, equivalently, the bond is issued in the world, W), as of time t;  

Vt(W,i) - stock of bonds held by all banks, irrespective of the country of residence, 
and issued in i; 

Vt(i,i) - stock of bonds held by i banks and issued in i, these are the domestic 
holdings 

Vt(W,W) - stock of bonds held by all banks and issued globally. 

The algebra of the HBI is 

[1] HBIi,i = ���	��, �� −	
�	
��,�	×	
�	�,��	

�	�,�

�	/	��	��,��						i = 1, …, n 

where the denominator outside the curly bracket is a scaling factor so that [1] yields a 
dimensionless number, ranging (approximately) between -1/n and (n-1)/n.16 We 
emphasize that the level of the index corresponding to neutrality (no bias) is country- 
dependent.17 Details of the procedure we follow to derive the inputs in (1) are in Annex 
A.3.  

While equation [1] broadly is conceptually close to similar results laid down in the 
literature surveyed in section 2, what is innovative of this paper is our proposal of a 
foreign bias index (FBI), measuring whether foreign banks hold more or less bonds 
issued in country i than a neutral portfolio measure. The algebra of this latter index is : 

[2] FBIi,t = ���	����, �� −	
�	
���,�	×	
�	�,���	


�	�,�
�	/	��	����,��    i = 1, …, n 

where we introduced the additional symbols 

Vt(RWi, W) - stock of bonds held by banks not resident in i, issued globally;  
Vt(RWi, i) - stock of bonds held by banks not resident in i, issued in i; 
Vt(W, RWi) - stock of bonds held by all banks in i, issued outside i. 

We conclude this introduction to the bias indices noting that, especially the HBI, could be 
regarded as unfair to banks from non-euro countries in our sample. Indeed, non-euro 
based banks are subject to an exchange rate risk on all foreign bonds, whereas banks from 
the area may invest in bonds issued by Treasuries of other euro area countries (hence, still 
foreign bonds) without incurring in this risk. Hence, we work out a variant of [1] which 
adjusts for the fact that for euro area banks there are two levels of “foreign-ness”: foreign 

                                                           
16  The exact boundaries are –V(W, i) / V(W, W), omitting the time index, if banks in i hold only foreign 

bonds and [1 – V(W, i) / V(W, W)] if they hold only domestic bonds.  
17  This is because the neutral, no-bias quota of domestic banks is a function of the total demand for 

bonds by the banks resident in any given country (compared to the demand from other banking 
systems) and the supply by the national Treasury (compared to the supply from other Treasuries. 
Hence, the problem of finding a non-bias portfolio must be solved separately for each country / 
banking system; a numerical example is in Annex A.2. Incidentally, this rules out one-size-fits-all 
solutions where the ‘neutral measure’ is obtained as a weighted average (GDP is a usual candidate for 
the weights) of the bonds’ portfolios of all national banking systems.  
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bonds issued from other countries of the area and foreign bonds issued from countries 
outside the area (details in Annex A.3). In what follows measures of the home bias of 
euro area banking systems are based on this variant. 

Results for the HBI are shown in Chart 5 (full time series of this index for each country in 
the sample are in Charts A.1 and A.2). Moving from left to right in the Chart 5, the dots 
corresponding to the different countries mainly cluster in four groups. A first group is 
formed by two banking systems displaying a HBI with a low average but intermediate 
volatility (Norway and United Kingdom). Next, there are two groups of banking systems 
whose results take both intermediate values in terms of average levels where the standard 
deviation is low in one case (Austria, France, Germany, Japan and United States)18 
whereas it take more intermediate values in the other (Denmark, Netherlands, Portugal 
and Sweden). Final, there is a group whose HBI is as stable as that of the second group 
but displays a distinctly higher average (Australia, Canada, Finland, Italy, Korea and 
Spain).  

 

Chart 5                                     Home Bias Index (1) 

 
(1) Average and standard deviation of country time series of (1). Groups: (A) Norway and UK; (B) 
Austria, France, Germany, Japan, USA; (C) Denmark, Netherlands, Portugal, Sweden; (D) Australia, 
Canada, Finland, Italy, Korea, Spain. Greece and Ireland have standard deviation outside scale and are not 
shown in the scatter.  

 

Belgium and Switzerland are two outliers while the dots for Ireland and Greece are 
conspicuously absent from Chart 5, as their standard deviation exceeds the selected 
vertical scale. One might gauge from this finding a link between patterns in home bias 
and the impact of the banking-turned-sovereign crisis. However, the crisis argument 
cannot explain it all. The events in Greece and Ireland are only partly comparable as the 
former country suffered from a fundamental economic imbalance while the latter 
experienced a banking crisis although starting from ‘right’ fundamentals. Hence, it is 
difficult to draw any common lesson. Moreover, it speaks volume that the dots for Italy 
and Spain lie in the same cluster as those for Australia, Canada and Finland, all countries 
which have either benefited from the commodity boom or have weathered well the peak 

                                                           
18  Only four dots are visible in this cluster as those of Germany and Austria lie almost exactly one on top 

of the other. 

0,00

0,05

0,10

0,15

0,20

0,25

0 0,2 0,4 0,6 0,8 1

standard

deviation

average

(A) low and

variable

(C) medium 

and variable

(D) high

and stable

(B) medium

and stableCH

BE



16 

 

of the sovereign crisis in 2010-2011.19 All combined, our intuition is that the degree of 
home bias, as measured through the HBI statistics [1], owes in most countries to 
structural factors specific to each country and banking system. 

The corresponding results about the Foreign Bias Index (FBI) are shown in Chart 6. Note 
that for all 21 countries of our sample this bias turns out to be negative: this means that 
for each country i, foreign banks hold less bonds issued by the i-th Treasury than it ought 
to be based on considerations of equal distribution. As a rule of thumb, countries with 
largest outstanding public debt feature more negative foreign bias. An ample gap emerges 
in the FBI measure for the two largest economies, as the dot for Japan lies far to the left 
of that of United States, suggesting that there is relatively less demand by foreign banks 
for Japanese bonds compared to US ones. As to the three largest euro area economies, 
there is not much difference in the degree of foreign bias, though it should be noted that 
this piece of data is more negative for the Italian debt, relatively less for France and 
places Germany in an intermediate position.  

 

Chart 6                                   Foreign Bias Index (1) 

 
(1) The scatter shows along the X-axis the average and along the Y-axis the standard deviation of the 
country time series of equation (2). 

 

 

 

 

 

 

 

 

 

                                                           
19  It is also notable the stability of the quarterly time series for Italy and Spain (Chart A.2) in the home 

bias measure through the sovereign debt crisis. Indeed, this reflects a more widespread pattern, as in 
most countries the standard deviation of the quarterly results for the HBI is a fraction of the average, 
again with the exception of Greece and Ireland (with Belgium being an intermediate case). 
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5.  Matching changes in inventories with changes in interest rates  

Cross-checking the timing of large changes in inventories with market rate conditions 
may provide insights about the style of market participation. For instance, if an investor 
purchases bonds (increasing his inventories) when yields rise (price fall), he is leaning 
against the wind. Or, if he sells (decreasing his inventories) when yields have been falling 
(price rising) since the previous quarter, he may be taking profits. A full taxonomy is in 
Chart 7. 

 

Chart 7             A taxonomy of changes in yields and changes in inventories 

Net purchases (‘large increases’) Net sales (‘large decreases’) 

 

The results of an exercise along these lines are shown in Charts 8 and 9, for respectively 
the quarters up to 2010Q2 and from 2010Q3 onwards.20 In the first sub-sample, the dots 
relating to the foreign official sector (FOS) and domestic central bank (DCB) lie in the 
top-right region in quarters of large increases in inventories:  these two groups were 
buying in quarters of price falls, leaning against the wind. Note that the foreign official 
sector offloads its inventories in the opposite circumstances when prices rise, signaling a 
profit taking action. A different result is observed for the domestic central bank, which 
tends to avoid large reductions in its stock likely to prevent unwanted price volatility.21 In 
the second sub-sample the dot of the foreign official sector are again in the top-right 
region but close to zero along both coordinates. One could conjecture that in times of 
exceptional uncertainty, even this sector balked at taking a contrarian position to the 
market. What about the domestic banks? We find them close to the bottom-left region in 
quarters when they reduce their inventories in the first sub-sample, which could be read 
as a profit-taking action, and are otherwise close to zero.  

 
 
 
 

                                                           
20  Statistics based on a sample excluding Greece, Ireland and Portugal. 
21  Of course, a cluster in sales could be observed should the central bank undertake the sale right to exert 

downward pressure on prices rather than to achieve a leaner balance sheet only. 

against the 

wind (bet on 

fundamentals)

against the 

wind (trading

opportunity)

strenghten 

trend (herd 

behaviour?)

trigger 

price 

reversal

yields fall

y
ie

ld
s

fa
ll

yields rise

current quarter

y
ie

ld
s

ri
se

p
re

v
io

u
s

q
u

a
rt

e
r

profit 

taking (?)

against the 

wind (trading

opportunity)

strengthen 

trend (herd 

behaviour?)

trigger 

price 

reversal

yields fall yields rise

current quarter



18 

 

Chart 8      Changes in inventories and changes in yields, 10-year bonds, 2004-2009 (1) 

Large increases 

 
Large decreases 

 
(1) FOS: foreign official sector. FB: foreign banks. FNB: foreign non-banks. DCB: domestic central 
bank. DB: domestic banks. DNB: domestic non-banks. 
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Chart 9      Changes in inventories and changes in yields, 10-year bonds, 2010-2016 (1) 

Large increases 

 
Large decreases 

 
(1) FOS: foreign official sector. FB: foreign banks. FNB: foreign non-banks. DCB: domestic central 
bank. DB: domestic banks. DNB: domestic non-banks. 

 

It is beyond the scope of this paper a thorough discussion of the purchase programs 
undertaken in recent years by a number of central banks. These programs deserve 
nonetheless some attention within this research since they offer a real-life experiment of 
how banks handle their inventories of domestic bonds. In Table 4 we break down for six 
jurisdictions the holdings in sovereign governments between the domestic central bank, 
the domestic banks and a residual group (“Others”) which include all other investors; the 
start and the end dates are selected so as to single out the period when the central 
undertook the (bulk of its) purchases. With the exception of Japan, the large increase in 
holdings by the domestic central bank is offset entirely by a decrease in the holdings by 
the Other investors, while the weight associated to domestic banks stayed put or even 
increased, even if marginally. 
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Table 4      Bonds holdings in times of central banks’ purchase programs (1) 

 Japan USA UK 

 2012Q2 2016Q2 ∆ 2010Q3 2016Q2 ∆ 2009Q1 2012Q3 ∆ 

Domestic 
central bank 

10% 33% +23 6% 14% +8 3% 27% +24 

Domestic 
banks 

42% 27% -15 10% 10% = 4% 6% +2 

Others 48% 40% -8 84% 76% -8 93% 67% -26% 

 Germany France Italy 

 2015Q1 2016Q2 ∆ 2015Q1 2016Q2 ∆ 2015Q1 2016Q2 ∆ 

Domestic 
central bank 

1% 9% +8 3% 9% +6 6% 10% +4 

Domestic 
banks 

14% 15% +1 14% 14% = 26% 26% = 

Others 85% 76% -9 83% 77% -6 68% 62% -6 

Source: IMF (Arslanalp and Tsuda, 2012). 

(1) Weights of holdings out of outstanding national public debt securities, in specified quarters and 
countries. 

 

 

6. The panel model 

6.1  Some background to the model  

The literature on market microstructure (Madhavan, 2000, and Biais, Glosten and Spatt, 
2005) argues that the breakdown of the holdings among different groups of investors is 
non-neutral on the yield of a long-term bond. At the same time, according to a tenet in 
finance, the yield can be decomposed onto the sum of three components: expected 
inflation over the term of the security; expected short-term real interest rates, usually 
proxied by real rates of growth in GDP; and a residual component that embeds the 
compensation for several risk premia.22 In turn, the premia may be broken down, at least 
in conceptual terms, in the product of a ‘quantity of risk’ times the ‘price per unit of risk’. 
While the former should be an objective measure the latter should be rather subjective, 
namely it should vary with the subjects holding the bonds and participating in the market. 
Moreover, the literature on microstructure proves that the arrival of large orders in the 
market does affect the yield of the bond, and not necessarily over a short interval only.23  

Carvalho and Fidora (2015) set out a taxonomy of the theoretical contributions on the 
impact of asset demand on long-term interest rates, between portfolio balance theories 
and preferred habitat models. In portfolio balance theories, purchases of long-term 
securities reduce the risk premium through a decrease in the duration available in the 
market (Gagnon et al., 2010, Neely, 2010, and Bauer and Neely, 2012). This may take 
place either because the marginal buyer of the specific duration risk is willing to pay a 

                                                           
22  The premia owe in the first place to the uncertainty over the realization of the said expectations. In 

addition, the holder of the bond will seek compensation for a range of risks: credit, liquidity, 
operational, legal, and so forth. The literature offers fairly established approaches to conduct the 
empirical decomposition of the yield (Bernanke, 2013). 

23  See the literature cited in footnote 12. 
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higher price for it or because the average buyer decreases exposure to the specific 
duration risk and therefore demands a lower compensation to hold it.  

Conversely, in preferred habitat models, the focus is on heterogeneous investor 
preferences and imperfect substitutability between maturities and asset classes (Vayanos 
and Vila, 2009). This approach relies on the preliminary identification of two types of 
investors: arbitrageurs and investors with preferred horizons. Faced with a demand shock 
in a given maturity that decreases yields, arbitrageurs move along the yield curve looking 
for alternative (higher yielding) investment opportunities, while other investors tend to 
stay put. While in general it is the movement undertaken by arbitrageurs to spread the 
shock from a single maturity bucket along the entire yield curve, the extent to which this 
contagion happens depends on the risk aversion of arbitrageurs themselves. The higher is 
their risk aversion, the lower is the spreading of the shock.  

We try to encompass these approaches, using the following very general model: 

[3] ( ){ }jtktt

S

t

L

t SZEifunctioni ,,, +=   

where L

ti  and S

ti denote respectively the long- and short-term interest rate as of time t, 

Et(Zt+k), is the current expectation of macroeconomic variables Z, and, finally, St,j is the 
stock of inventories held by sector j of investors. The actual panel model used in the fits 
is: 

[4] ( ) ( ) termerrorSEyEii
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j

cjtjckttcktt
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ct +++++= ∑
=

++
1

,,,4,3,2,10, βπββββ   

where, on top of aforementioned symbols, the pedix ‘c’ signals that the equation refers to 
variables for country c, Et(yt+k,c) is the expected real rate of GDP change of that country, 

Et(πt+k,c) its expected inflation rate and St,j,c is the stock of inventories held by sector j of 
investors.  

We assess the short- and long-run determinants of long-term government bond yields 
employing a panel error correction model (PECM). We also take into account the cross-
country dependences regarding this segment of the capital markets. More specifically, we 
apply the pooled mean group (PMG) estimator of Pesaran et al. (1999), a panel data 
version of the error-correction model. Indeed, this approach addresses the unit roots in the 
panel data and allows for short-run versus long-run analyses of sovereign bond yields in 
the same specification. Besides, similar to the fixed effects (FE) estimator, the PMG 
estimator pools coefficients of long-run factors to improve the statistical inference and 
comply with theoretical predictions (which are general and should not wary from country 
to country). However, unlike the FE estimator, the PMG is flexible enough to allow 
country-specific variations in short-run coefficients. In turn, this allows a differentiated 
response to changes in short-term factors. 

In order to take account the common factors in the cross equation covariance, the long-
run parameters are obtained with Common Correlated Effect (CCE) estimator (Pesaran, 
2006). This is consistent under various types of cross-section dependence, including 
single or multiple common factors, which might be stationary or non-stationary, and even 
when the idiosyncratic errors are cross-sectionally correlated (Kapetanios, Pesaran, and 
Yamagata, 2011; Pesaran and Tosetti, 2011). 

We estimate the complete PECM described by the following equation: 
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where ∆ is the difference operator, 
L

cti ,  the long-term government bond interest rate, vt,c 

the disturbances, X includes a set of explanatory variables. The index c denotes the 

country, t the period and λc is the speed of adjustment towards the long-run level.  

 

6.2 The results of the model  

Due to data limitations we run this part of the analysis on 16 of the 21 countries 
considered in the previous sections.24 In particular, Australia and Korea are excluded for 
lack of data about Consensus Economics expectations either on  inflation rate and on 
gross domestic product. Market data for expectations on 10-year inflation are not 
available for Greece, Ireland and Portugal; for these countries, data issues arise also in the 
interest rate series. 

Based on a preliminary ordinary inspection, tests show that all the variables considered in 
the long run estimate (10-year nominal interest rate, 12-month real interest rate, 10-year 
inflation rate expectation, domestic banks holdings/ GDP, foreign banks holdings/ GDP, 
foreign official sector holdings/ GDP) contain a unit root (Tables A.2 and A.3). We used 
both first and second generations of panel unit root tests (an introduction on these models 
is in Annex A.4). The use of second-generation panel unit root tests is desirable provided 
the panel is subject to a significant degree of error cross-section dependence (CD) as 
confirmed by the Pesaran test (2004, Table A.4).25 Between the variables considered in 
the short run equation turn out to be stationary: i) the real GDP growth; ii) the standard 
deviation of 10 year nominal interest rate and iii) the level of risk aversion in global 
capital markets, measured by the VIX Index.26 The deficit / GDP is stationary with the 
first generation tests. On the other hand, domestic central banks holdings are integrated of 
order 2.  

Against these results, firstly we test the existence of co-integration between nominal 
long-term interest rates and its potential determinants. To this end, we used the test by 
Banerjee and Carrion-i-Silvestre (2017), which runs a panel unit root test on residuals 
from a Common Correlated Effect Pooled (CCEP) procedure.27 Secondly, we estimate a 
                                                           
24  Austria, Belgium, Canada, Denmark, Finland, France, Germany, Italy, Japan, the Netherlands, 

Norway, Spain, Sweden, Switzerland, the United Kingdom and USA. Comparing to the previous 
sections, the econometric analysis has not run for Australia, Greece, Ireland, Korea and Portugal.  

25  The test is based on a simple average of all pair-wise correlation coefficients of the OLS residuals 
obtained from standard augmented Dickey–Fuller regressions for each individual in the panel. All the 
variable used in the long run estimates show cross-section dependence. Between the variables 
considered in the short run equation, one exception is the series of Foreign Non-Financial Sector 
Holdings. 

26  In this instance, a DF-GLS unit root test shows that the null hypothesis of a unit root can be rejected at 
5 percent significance level (test statistics = -2.972). The stationarity of the time-varying degree of 
international risk aversion indicates that it is a phenomenon influencing short-run variations in 
sovereign yield spreads (Attinasi et al., 2010, find it to be relevant during the financial crisis) but not 
long-run fluctuations. 

27  In the testing phase, Banerjee and Carrion-i-Silvestre test (2017) is our first choice but we have run 
also the tests put forward by Gengenbach, Urbain and Westerlund (2008) and Pedroni (1999) for the 
sake of robustness. This ranking mainly owe to the fact that Banerjee and Carrion-i-Silvestre (2017) is 
a test specifically geared to assess co-integration on a Common Correlated Effect Pooled (CCEP) 
model, and thus is well suited to our application. The Gengenbach, Urbain, Westerlund test is 
regarded as especially suited to CCE Mean Group model, while Pedroni has a limited allowance for 
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panel error correction model (PECM). In what follows we consider the following sets of 
variables28: 

X = (12-month real interest rate, 10-year inflation rate expectation, Domestic banks 

Holdings/ GDP, Foreign banks Holdings/ GDP, Foreign Official Sector Holdings/ GDP)
 
 

We estimate the long-run determinants of sovereign yields using the cross-section 
augmented co-integrating regression, based on the CCEP procedure: 
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The co-integrating regression is augmented with the cross-section averages of the 
dependent variable and the observed regressors as proxies for the unobserved factors. 

Accordingly, Y

cti
10

,  and tX  denote respectively the cross-section averages of the long 

term sovereign yield and the independent variables in the year t. Note that the coefficients 
of the cross section averages do not need to carry a specific economic interpretation as 
their inclusion simply aims to improve the estimates of the coefficients of interest.  

Nominal 10-year interest rate is found to be statistically and positively related to the 12-
month real interest rate and 10-year inflation expectation, and negatively to the holdings 
by domestic banks, by foreign banks and by the foreign official sector (Table 5A). In 
details, the estimates show that across the sixteen countries of the panel, the ratio of 
bonds’ holdings by domestic banks to GDP exerts a negative and significant influence on 
the level of the yields. Likewise, a negative and significant coefficient is associated to the 
holdings by foreign banks and by the foreign official sector.  

 

 

 

 

 

 

 

 

 

                                                                                                                                                                             

cross-section dependence unless you assume that the unobservable variables are identical in their 
impact across countries.  

28  We tested the existence of co-integration between different set of combinations of the variables: i) 10-
year nominal interest rate, 12-month real interest rate, 10-year inflation expectation, Domestic Banks 
Holdings/ GDP; ii) 10-year nominal interest rate, 12-month real interest rate, 10-year inflation 
expectation, Foreign banks holdings / GDP; iii) 10-year nominal interest rate, 12-month real interest 
rate, 10-year inflation expectation, Official Foreign sector holdings / GDP; iv) 10-year nominal 
interest rate, 12-month real interest rate, 10-year inflation  expectation, Domestic banks holdings / 
GDP, Foreign banks holdings/ GDP,  Foreign official sector holdings / GDP; v) 10-year nominal 
interest rate, 12-month real interest rate, 10-year inflation expectation, Domestic banks Holdings/ 
GDP, Foreign holdings (the sum of inventories by foreign banks and the foreign official sector 
/GDP).The results of the Banerjee and Carrion-i-Silvestre test (2017) support the existence of co-
integration; these outcomes have also been confirmed by the Gengenbach, Urbain and Westerlund 
(2008) and Pedroni (1999) tests. Results are available on request.
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Table 5  CCEP (long-run) and PMG (short-run) estimations, 2004Q1- 2016Q2 
  (1) (2) (3) (4) (5) (6) 

(A) Long-run coefficients       

12-m real interest rate 0.31*** 0.22*** 0.28*** 0.23*** 0.29*** 0.29*** 

 (0.03) (0.02) (0.03) (0.03) (0.03) (0.03) 

10-y inflation expectation 0.41*** 0.26*** 0.44*** 0.21*** 0.43*** 0.43*** 

 (0.07) (0.06) (0.07) (0.07) (0.07) (0.07) 

Domestic banks’ holdings / GDP -0.02**   -0.03*** -0.02*** -0.02*** 

 (0.01)   (0.01) (0.01) (0.01) 

Foreign banks’ holdings/GDP  -0.04***  -0.04**   

  (0.02)  (0.02)   

Foreign official sector hold. / GDP   -0.02** -0.03**   

   (0.01) (0.01)   

(Foreign banks &off. sector) / GDP     -0.07*** -0.07*** 

     (0.01) (0.01) 

Constant 0.85 1.75** 0.32 3.05** 1.41 1.41 

 (0.86) (0.86) (0.62) (1.29) (0.91) (0.91) 

       

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

(B) Short-run coefficients       

Error Correction term -0.16*** -0.14*** -0.15*** -0.11*** -0.12*** -0.12*** 

 (0.02) (0.019) (0.03) (0.02) (0.02) (0.02) 

∆ 12-m real interest rate 0.22*** 0.22*** 0.23*** 0.26*** 0.24*** 0.24*** 

 (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) 

∆ 10-y  inflation expectation 0.63*** 0.65*** 0.61*** 0.71*** 0.70*** 0.72*** 

 (0.05) (0.05) (0.05) (0.06) (0.05) (0.05) 

∆ Domestic banks’ holdings / GDP 0.02   0.00 -0.01 -0.01 

 (0.04)   (0.05) (0.05) (0.05) 

∆ Foreign banks holdings / GDP  -0.10***  -0.09***   

  (0.02)  (0.02)   

∆ Foreign official holdings / GDP   0.04 0.05   

   (0.04) (0.03)   

∆ Foreign banks &off. sector/ GDP     -0.01 -0.03* 

     (0.02) (0.02) 

Deficit/ GDP 0.06** 0.07*** 0.08** 0.06** 0.07** 0.08** 

 (0.03) (0.03) (0.04) (0.03) (0.03) (0.03) 

∆ Foreign non banks / GDP      -0.04** 

      (0.02) 

Constant -0.41*** -0.97*** -0.13** -0.91*** -0.10 -0.11 

 (0.09) (0.14) (0.05) (0.17) (0.07) (0.07) 

       

Number of countries 16 16 16 16 16 16 

Observations 784 784 784 784 784 784 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 

In a nutshell, the more banks (both domestic and foreign ones) hold a given bond, the 
lower is the yield of this bond, ceteris paribus. A possible intuition behind this result is 
that because banks ‘make the market’, larger holdings of a given bond by their side are 
associated to more liquidity. In turn, this could justify a lower headline yield required by 
investors to underwrite the bond in the first place. Moreover, as highlighted above, banks 
hold large and relatively stable holdings of government bonds. In this way, banks do 
decrease the duration risk available in the market and other investors as well may be 
appreciative of such contribution by accepting a lower yield, ceteris paribus.29 Indeed, we 

                                                           
29  Duration risk denotes the exposure of long-term bonds to unexpected changes in policy interest rates, 

where the monetary value of this risk increases with the stock of long-term bonds. One could thus 
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find that a one percentage point increase in the share of government debt held by 
domestic banks is associated to a lower yield in the 10-year government bond by 2-3 
basis points. 

We also find a larger impact, in the order of 6-7 basis points of reduction, when foreign 
investors (banks and official sector) increase their share by one percentage point. This 
result is comparable with previous studies on the impact of the foreign investor base on 
long-term sovereign bond yields in a cross-country context (Andritzky, 2012 and 
Arslanalp and Poghosyan, 2014) as well as with the estimate of 5-6 basis points put 
forward by Beltran et al. (2012) in a work US Treasuries. 

Having proven a long-run relationship in our panel, we estimate the error correction 
model using the following PMG equation: 

 [7] 	∆��,���� = 	� + ∑ ��,�∆�� �,� + !	"#$$%$	&%$$#&'�%(	'#$)* + +�,�,
�-�  

In the equations on first differences, the estimated coefficients of the co-integration 
equation linking the nominal 10-year, the real 12-month interest rates, the expected 10-
year inflation rate with the holdings by domestic banks and foreign sector are significant 
and show the expected negative coefficient: bar any news, the market corrects itself when 
yields deviate from a long-term equilibrium (Tables 5B). The speed of adjustment 
towards the long-run level is around -0.13, namely the adjustments completes in 7 
quarters or so.30 

The deficit-to-GDP ratio contributes to the fit with a significant positive coefficient: 
ceteris paribus, the higher this ratio the more costly is for a country to refinance its public 
debt, as it should be expected. In the short run, changes in holdings by foreign banks 
exert a negative and significant influence in the change of long-term yields; conversely, 
the coefficient of domestic banks is not significant. The coefficient of foreign official 
sector exerts a positive influence and confirms the results of the exercise of matching 
changes in inventories with changes in interest rates, shown in the section 5. In other 
words, the foreign official sector bought government bonds in quarters of price falls 
(yield increases) and sold them in quarters of price rises (yield decreases).31 The 
coefficient of the level of risk aversion in global capital markets, measured by the VIX 
Index, is not significant and not reported in Table 5. 

To test for coefficients stability, we repeated the regressions on a reduced sample. On 
March 2015, the ECB began its public sector purchase programme (PSPP) and around the 
same time the Bank of Japan increased the size of its government bond purchases. As 
these drivers of change could have affected the coefficients of the regressions, we have 
considered the sample until the end of 2014. The results for the long- and short-run 
equations are shown in Tables 6.  

 

                                                                                                                                                                             

conjecture that the larger and more stable the banks’ holdings of these bonds, the lesser is the 
monetary value of this risk for other market participants. 

30  Before considering Equation 7, we used a Hausman statistic to test for common parameters across 
countries (i.e. λc = λ, for c = 1,…,N): data did not reject the null hypothesis λc = λ on the speed of 
adjustment. The results commented  in the text are based on  the co-integration between nominal long-
term interest rate, 12-month real interest rate, long-term inflation expectation, domestic banks 
holdings/ GDP, the sum of inventories by foreign banks and the official foreign sector /GDP. Results 
are robust with respect of selection of regressors. More precisely, results are extremely similar if we 
substitute the sum of inventories by foreign banks and the official foreign sector /GDP with the single 
components (Table 5B).  

31  The same result is obtained for the domestic central banks. 
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Table 6   CCEP (long-run) and PMG (short-run) estimations, 2004Q1- 2014Q4 
  (1) (2) (3) (4) (5) (6) 

(A) Long-run coefficients       

12-m real interest rate 0.32*** 0.22*** 0.28*** 0.24*** 0.30*** 0.30*** 

 (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) 

10-y inflation expectation 0.43*** 0.28*** 0.49*** 0.19** 0.44*** 0.44*** 

 (0.08) (0.07) (0.07) (0.08) (0.08) (0.08) 

Domestic banks’ holdings / GDP -0.02***   -0.05*** -0.04*** -0.04*** 

 (0.01)   (0.01) (0.01) (0.01) 

Foreign banks’ holdings/GDP  -0.05***  -0.06***   

  (0.02)  (0.02)   

Foreign official sector hold. / GDP   -0.01 -0.04**   

   (0.02) (0.02)   

(Foreign banks &off. Sector)/ GDP     -0.08*** -0.08*** 

     (0.01) (0.01) 

Constant 0.99 1.66* 0.18 3.48** 1.54 1.54 

 (1.19) (0.93) (0.73) (1.40) (1.15) (1.15) 

       

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

(B) Short-run coefficients       

Error Correction term -0.17*** -0.18*** -0.17*** -0.08*** -0.10*** -0.10*** 

 (0.028) (0.03) (0.03) (0.02) (0.02) (0.02) 

∆ 12-m real interest rate 0.24*** 0.23*** 0.25*** 0.31*** 0.29*** 0.28*** 

 (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) 

∆ 10-y inflation expectation 0.66*** 0.67*** 0.63*** 0.76*** 0.73*** 0.75*** 

 (0.05) (0.06) (0.05) (0.06) (0.06) (0.05) 

∆ Domestic banks’ holdings / GDP 0.03   0.00 -0.00 -0.01 

 (0.04)   (0.05) (0.05) (0.04) 

∆ Foreign banks holdings / GDP  -0.07***  -0.06***   

  (0.02)  (0.02)   

∆ Foreign official holdings / GDP   0.05 0.06   

   (0.04) (0.04)   

∆ Foreign banks &off. sector/ GDP     -0.00 -0.02 

     (0.02) (0.02) 

Deficit/ GDP 0.05** 0.04*** 0.03* 0.07 0.09* 0.08** 

 (0.02) (0.01) (0.02) (0.04) (0.05) (0.04) 

∆ Foreign non banks / GDP      -0.03 

      (0.02) 

Constant -0.34*** -0.81*** -0.05 -0.67*** -0.05 -0.04 

 (0.08) (0.14) (0.05) (0.17) (0.06) (0.06) 

       

Number of countries 16 16 16 16 16 16 

Observations 688 688 688 688 688 688 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 

These results confirm the stability of the coefficients, a finding which emerged also in 
further estimates run when dividing the sample in two sub-periods: the first goes from 
2004Q1 to 2010Q4; the second from 2011Q1 to 2016Q2 (results available on request). 
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Table 7                   CCEP (long-run) and PMG (short-run), subset of 9 countries 
  (1) (2) (3) (4) (5) (6) (7) 

(A) Long-run coefficients        

12-m real interest rate 0.33*** 0.27*** 0.36*** 0.26*** 0.36*** 0.36*** 0.36*** 

 (0.03) (0.03) (0.04) (0.04) (0.04) (0.03) (0.04) 

10-y inflation expectation 0.39*** 0.30*** 0.43*** 0.20** 0.33*** 0.37*** 0.33*** 

 (0.09) (0.09) (0.08) (0.11) (0.10) (0.10) (0.10) 

Domestic banks’ holdings / GDP -0.01   -0.03*** -0.03*** -0.03*** -0.03*** 

 (0.01)   (0.01) (0.01) (0.01) (0.01) 

Foreign banks’ holdings/GDP  -0.06***  -0.00    

  (0.02)  (0.02)    

Foreign official sector hold. / GDP   -0.02 -0.03*    

   (0.02) (0.02)    

(Foreign banks &off. Sector)/ GDP     -0.05*** -0.05*** -0.05*** 

     (0.01) (0.01) (0.01) 

Other domestic financial corp. 
holdings/GDP 

     -0.003  

      (0.01)  

Constant 1.59** 1.54** 1.26* 1.86*** 1.66*** 3.46*** 1.66*** 

 (0.74) (0.77) (0.65) (0.50) (0.37) (0.97) (0.37) 

        

  (1) (2) (3) (4) (5) (6) (7) 

(B) Short-run coefficients        

Error Correction term -0.17*** -0.16*** -0.15*** -0.12*** -0.13*** -0.14*** -0.13*** 

 (0.03) (0.03) (0.02) (0.02) (0.02) (0.03) (0.02) 

∆ 12-m real interest rate 0.17*** 0.18*** 0.19*** 0.21*** 0.20*** 0.19*** 0.19*** 

 (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) 

∆ 10-y inflation expectation 0.70*** 0.70*** 0.73*** 0.7*** 0.77*** 0.75*** 0.79*** 

 (0.07) (0.08) (0.08) (0.09) (0.08) (0.08) (0.08) 

∆ Domestic banks’ holdings / GDP -0.04   -0.07* -0.05 -0.06 -0.06* 

 (0.04)   (0.03) (0.04) (0.04) (0.03) 

∆ Foreign banks holdings / GDP  -0.12***  -0.13***    

  (0.03)  (0.05)    

∆ Foreign official holdings / GDP   0.05 0.07    

   (0.05) (0.04)    

∆ Foreign banks &off. Sector/GDP     -0.01 -0.01 -0.02 

     (0.03) (0.03) (0.03) 

∆ Other domestic financial corp. 
holdings/GDP 

   0.01 0.01 0.01 0.01 

    (0.04) (0.04) (0.04) (0.04) 

Deficit/ GDP 0.04*** 0.05*** 0.04*** 0.03*** 0.04*** 0.04*** 0.04*** 

 (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) 

∆ Foreign non banks / GDP       -0.05*** 

       (0.01) 

Constant -0.77*** -0.60*** -0.37*** -0.99*** -0.54*** -0.57*** -0.54*** 

 (0.17) (0.14) (0.08) (0.19) (0.15) (0.15) (0.14) 

        

Number of countries 9 9 9 9 9 9 9 

Observations 441 441 441 441 441 441 441 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 

A further exercise we undertook was to run the fits, for the whole time sample but 
splitting the domestic non-bank group in two sub-sectors: (i) financial corporations other 
than banks (i.e. insurance companies and pension and mutual funds) and (ii) others. This 
exercise is relevant in terms of the debate of the role entities (i) could play in the market 
along banks or in their substitution. However, this cannot be our baseline fit since we 
availed of suitable data only for 9 countries.32 Results are shown in Tables 7. The 
estimates show that across the nine countries of this panel, the ratio of bonds’ holdings to 

                                                           
32  Belgium, France, Germany, Italy, Japan, the Netherlands, Spain, the United Kingdom and USA. 
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GDP either by domestic banks and foreign banks exert a negative and significant 
influence on the level of yields. In the long-run regression, the coefficient of other 
financial corporations’ holdings (i.e. insurance companies and pension funds) to GDP is 
negative but not significant: across the nine countries of this panel these investors exerts a 
non-significant influence on the level of the yields. A significant role of foreign banks’ 
holdings is also detected in the fit of the model whose dependent variable is the first 
difference of the 10-year government bond yields. The role played by other financial 
corporations’ holdings in the short run dynamics is again not significant. 

 

7.   Thoughts on the future government bond market 

Do the results gathered in this research offer any hint on the future microstructure of the 
government bond markets? We believe that the answer should be a cautious yes which 
we gather from comparing three scenarios: (a) banks effectively stop acting as market 
makers and the market evolves into an order driven one, largely operated through 
electronic platforms; (b) banks partly dismiss their market-making function and the void 
is filled by other non-bank financial intermediaries; (c) fewer banks act as market-makers 
with no other significant development. 

As to scenario (a), simply enough we do not find in our results any clear sign of a 
retrenching by the banking system as a whole from established patterns in terms of 
management of inventories. Accordingly, our intuition is that trading on government 
bonds will continue to be based on the offer of quotes by intermediaries who ‘make the 
market’. However, it remains to be discussed who will offer the market-making services. 
Incidentally, note that such a microstructure fits well a theoretical result of the literature: 
markets for which the arrival rate of new orders reasonably outweighs that of new 
information – and reasonably this is the case of the government bond market33 – suit 
better forms of continuous trading vs. the alternative of call auctions (Biais, Glosten and 
Spatt, 2005).34  

Turning to scenario (b), Duffie (2012) argued that due to changes in banking regulation, 
“Some of the lost market-making capacity might be filled by existing non-bank firms 
such as hedge funds or insurance companies”. The intuition is that once a market maker 
has limited capacity to warehouse risk on its balance sheet, then it would avoid meeting 
requests for immediacy services to keep actual inventories in a narrow range around the 
target.35  

To examine whether this will actually prompt non-banks to turn up as market makers, 
let’s follow BIS (2014) which identifies five common features in this business: (i) a 
sufficiently large client base to get a good view of the flow of orders; (ii) the capacity to 
take on large principal positions; (iii) continuous access to multiple markets, including 
funding and hedging markets; (iv) the ability to manage risk, especially the risk of 

                                                           
33  To cut a long story short, there is a huge effort by market participants and institutions to analyse the 

fundamentals on government bonds’ yields (inflation and real growth) and fiscal variables. Hence, 
there is limited scope for high-frequency surprises in data.  

34  This should be seen only as a criterion of compatibility, in the sense that while market makers tend to 
be found in continuous markets, one may have continuous markets also without market makers.  

35  The regulatory regime could affect the banks’ market making capacity even when the holdings of 
sovereign bonds as such would be treated fairly leniently. It would be enough for regulation to 
enhance the cost of trading in a key segment for the market-making activity such as the repo market. 
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holding assets in inventory; and (v) market expertise in providing competitive quotes for 
a range of securities (see also Fender and Lewrick, 2015). 

Criteria (iv) and (v) do not seem too demanding, in the sense that non-banks such as 
insurance firms and hedge funds may well stock adequate market expertise and capability 
to manage risk. As to criterion (iii), commercial banks avail of a large customers’ basis, 
but so could do insurance firms and investment and pension funds. Given the question we 
laid down above, it is crucial however that only domestic banks have, as a rule, direct to 
central bank liquidity. This offers them a full access to the different market segments, in a 
way that other financial intermediaries do not enjoy.36 

As to the empirical results we have been able to gather, both descriptive statistics and the 
econometric analysis do not offer hints to a market-making role of non-bank investors. 
Hence, in our view, although non-banks may possibly have some role in market making 
they are not fit to replace the banks fully.  

Hence, we place our bet with scenario (c) with banks playing (most of) the market-
making function in the government market even in the foreseeable future. However, this 
statement needs to be qualified however in different ways. Firstly, when we say “banks” 
we refer to the banking system as a whole; namely, we accept that some individual banks 
do take a different course of action by halting their market-making function. Secondly, it 
is also true that liquidity tends to cluster: traders place their orders when they see others 
doing the same, to take advantage of that public good called liquidity (Admati and 
Pfleiderer, 1988, Pagano, 1989, Foster and Viswanathan, 1990). Hence, a pattern of 
bifurcation could emerge across bonds: some bonds could attract increasingly flows in 
transactions throughout the whole business day also supported by the readiness by banks 
to offer inventory services while on other bonds competing quotes would be on offer only 
in peak hours with banks offering mostly ‘search services’. On both counts, a different 
type of analysis, on micro data, could shed more light on these patterns at the level of 
individual intermediaries and securities. Finally, developments in technology  may be a 
double-edged sword: technology may lead to an increase in competition from less 
traditional sectors (with platforms taking traction) but it may also serve well the banks in 
many ways (BIS, 2016b).  

 

8.  Concluding remarks  

In this paper we analyze patterns in holdings of government bonds by six groups of 
investors, covering 21 advanced economies from 2004Q1 to 2016Q2. The research is 
organized around three questions: whether banks hold a different approach in the 
management of government bonds’ inventories compared to other groups of investors; 
under which market conditions large changes in inventories by both banks and non-banks 
take place; whether levels and changes in yields of 10-year benchmark government bonds 
are driven by banks’ (and other sectors) holdings besides the usual fundamentals. 

As to the first question, we find that banks adopt a unique style of ‘loose targeting’ of 
their inventories of domestic bonds: banks emerge as the sector less prone to undertake 

                                                           
36  In the euro area in 2016 special repo rates have often been quoted well below the Eurosystem’s 

deposit facility. This apparently odd result has often been interpreted by noting that while banks can 
park their excess liquidity with their domestic central bank within the euro area, other financial 
intermediaries do not have this option and are forced to accept even more negative rates of interest on 
their deposits. 
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large changes but at the same time are quite ready to undertake changes of more 
intermediate size. By comparison, we find many large changes for both foreign banks and 
domestic central banks (compared to the size of their average holdings) while, at the other 
end of the spectrum, domestic non-banks skip both large and intermediate changes. In 
this ranking, the foreign official sector is the one that comes closest to domestic banks. 

Where differences emerge between the foreign official sector and domestic banks – 
which brings us to the second question – is about the timing of the changes. The former 
sector has proved to be a cunning investor able to lean against the wind, by buying when 
prices fall and selling when prices rise (noticeably prior to the onset of the great financial 
crisis). By contrast, we do not observe this pattern for domestic banks, which in our view 
is not necessarily a sign of limited capability in exploiting market trends as it may rather 
reflect the banks’ availability in using their inventories to serve customers’ orders. This is 
reflected in the banks’ willingness to undertake many intermediate changes, as outlined 
above.  

As to the third question, the econometric analysis shows that the larger are the holdings 
by domestic and foreign banks, the lower the yields of 10-year benchmark sovereign 
bonds, after controlling for the usual fundamental factors. One interpretation is that 
investors are willing to underwrite bonds at relatively low yields when banks are 
significant holders because of the liquidity services they offer.  

All in all, the results of this econometric analysis and the descriptive statistics we worked 
out to answer the first two questions suggest that the provision of liquidity to the market 
as a whole is an important by-product of the services domestic banks offer to their 
customers. 

Two final points are worth highlighting. Firstly, each of the 21 national banking systems 
displays a positive (home) bias in respect to bonds issued by their own Treasury – where 
the ‘positive’ means that they hold more bonds than a neutral distribution would suggest 
– and at the same time a negative (foreign) bias in respect to bonds issued by foreign 
Treasuries. The result on the home bias adds to an ample extant literature in finance while 
the one on the foreign bias is novel (we are not aware of similar empirical systematic 
research). On the whole, these results clearly indicate that the nature of the bias is not 
country-dependent and reinforce the view that banks regard domestic government bonds 
as a special class of assets.  

Secondly, both descriptive statistics and econometric fits prove to be robust to the 
unfolding of the financial crisis; accordingly, we tend to see the aforementioned domestic 
banks’ “loose targeting” style as a structural feature. Noticeably, we do not find evidence 
of any broad-based, system-wide change in attitude by banks in the management of their 
inventories of bonds. In turn, this suggests that caution should be exercised in predicting 
any major short-term transformation in the pivotal role played by banks in government 
bond markets. 
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Annex 

 

A.1.  The data 

The backbone of our inputs is formed by quarterly stock data, 2004Q1 through 2016Q2 
for a total of 50 quarters, on holdings by six categories of investors, from IMF (Arslanalp 
and Tsuda, 2012). Data are from 21 countries, of which 11 belong to the euro area, 5 are 
European countries outside the area and other 5 are non-European countries; the full list 
is in footnote 5. In order to derive measures of home and foreign bias we use also data 
from ECB and BIS. All in all, our main dataset counts 5.796 data points, which is the 
product of 21 (countries) times 6 (sectors) times 46 (quarters). 

Again in the econometrics, data on holdings are ratios between the stock of holdings and 
the current GDP of the country issuing the bonds. Due to data limitations, in the 
econometric analysis we are forced to restrict the analyses to a subset of 16 countries.37  

Bloomberg is the source of series on interest rates and long-term inflation expectation. 
Expectation on real GDP growth and short term inflation rate are from Consensus 
Forecast.  

The long-term interest rate refers to a series representing yield-to-maturity of the 10-year 
government bond benchmark while the short-term interest rates are the 3- and 12-month 
interest rates; expectations on 10-year inflation rate are mainly derived from market 
inflation swap data. However market data without gaps for expectations on long-term 
inflation are obtained only for a subset of 12 countries out of the 16 we are interested in. 
Following Grande et al. (2014), we specify a regression model able to explain the 
expectations on 10-year inflation rate for these 12 countries. Then, through the regression 
coefficients, we obtain a theoretical inflation expectation variable for all the countries of 
the sample. We estimate a fixed-effect panel regression model. The model specifications 
we estimate are shown in Table A.5. We choice the model with the 1-year forecasted 
inflation and 1-year expected values of GDP growth (both obtained from Consensus 
Forecast) as regressors as our preferred specification (equation (4) in Table A.5). 

As a measure of a country's creditworthiness, for European countries, fiscal variables as 
the general government primary deficit and the public debt are taken from the Eurostat 
quarterly database. For United States, data are from Congressional Budget Office (CBO). 
Other macroeconomic variables (GDP growth, GDP potential growth, inflation rate) are 
from Thomson Reuters Datastream, Bloomberg and IMF World Economic Outlook. 
Given that the literature considers also the international risk aversion (Attinasi et al., 2010 
among others), we consider the inclusion of a variable capturing this phenomenon, 
measured by the VIX, the Chicago Board Options Exchange Market Volatility Index, a 
measure of the implied volatility of the S&P 500 stock index.38 

                                                           
37  Data are from 16 countries: Austria, Belgium, Canada, Denmark, Finland, France, Germany, Italy, 

Japan, the Netherlands, Norway,  Spain, Sweden, Switzerland, the United Kingdom and USA; of 
which 8 belong to the euro area, 5 are European countries outside the area and other 3 are non-
European countries. Comparing to the other analyses in the paper, the econometric analysis has not 
run for Australia, Greece, Ireland, Korea and Portugal. In particular, Australia and Korea are excluded 
for lack of data about Consensus Forecast expectations either on short term inflation rate and on gross 
domestic product. As already mentioned in section 6.2, market data for expectations on 10-year 
inflation are not available for Greece, Ireland and Portugal; for these countries, data issues arise also 
in the interest rate series. 

38  The VIX, the Chicago Board Options Exchange Market Volatility Index, is considered a good 
indicator of the level of risk aversion in global capital markets. 
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We add further data from the Bruegel database of sovereign bond holdings developed in 
Merler and Pisani-Ferry (2012); this adds an important degree of freedom as it allows us 
to single out the holdings of insurance companies and pension and mutual funds from the 
sector ‘domestic non-banks’.39 These additional data are available for only nine countries 
of our initial 16 econometric sample.40 This narrows the coverage of the sample and it is 
used only as a robustness check in the econometric analyses. 

 

A.2 The home bias: a numerical example 

Consider a two-country world, where banks from A hold 49 units of domestic 
government bonds (A-issued) and 21 units of foreign (B-issued) bonds while banks from 
B hold 18 bonds of domestic government bonds and 42 units of foreign (A-issued) ones. 
Finally, to keep matters simple, let us assume that the size of the balance sheets is the 
same in the two banking systems, say 200. One might be tempted to state that A banks 
feature a higher home bias than B banks based on either of the following three 
statements: (i) A banks hold more units of domestic government bonds than B banks (49 
vs 18); (ii) the weight of domestic bonds in the total portfolio is higher for A than for B 
banks (70% = 49/70 vs. 30% = 18 / 60); (iii) the weight of domestic bonds out of total 
assets is higher for A than for B banks (24.5%=49/200 vs. 9%=18/200). In fact all three 
statements fail to seize the fact that in this world all banks prefer bonds issued from 
government of country A to those issued by government B, in the proportion of 91 
(=49+42) vs. 39 (=21+18). Perhaps, A bonds are traded in a highly liquid wholesale 
market while B bonds are designed to appeal to buy-and-hold households. From this 
point of view, there is no ‘bias’ if A banks – just as any bank in this world – picks 
relatively more A bonds (we picked the numbers of this example so as to obtain exactly 
the same result for the Home Bias Index we put forward). Last but not least, the weight of 
the neutral portfolio change are specific to each banking system. 

 

A.3 The home and foreign bias indices: the algebra 

In the following we denote with V(i,j) the holdings by banks resident in country “i” of 
bonds issued the government of country j.41 Besides “i”, our reference country, the legend 
of geographical locations include: W, world; RWi, rest of the world, that is the world 
except “i" (to stress the fact that this concept is variable with “i” we adopt the slightly 
longer notation “RWi” in lieu of the invariant “RW”); A, euro area; RAi, rest of the area 
outside “i". 

A superscript denotes the source of the series: e.g. V(i,i)IMF is the volume of domestic 
holdings by banks in “i” based on the IMF dataset (see Annex A.1). The absence of a 
superscript means that the series is derived from our algebra. Finally, a superscript “*” 
signals that the volume is derived under the assumption of equal distribution of cross-
border positions. 

                                                           
39  If data about insurance companies and pension funds were not available, private financial institutions 

holdings refer to the sum of the holdings of other financial intermediaries and financial auxiliaries, 
and insurance companies and pension funds unless these institutions belong to the public sector. 

40   Belgium, France, Germany, Italy, Japan, Netherlands, Spain, UK and USA. Japan’s data are obtained 
at Bank of Japan’s website to the link:  

 http://www.stat-search.boj.or.jp/ssi/cgi-bin/famecgi2?cgi=$nme_a000_en&lstSelection=FF 

41  For the sake of simplicity we omit to specify the time index but the reader should bear in mind that the 
holdings are referred each to a specific end-quarter. 
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The baseline algebra of the two indices is: 

(A.1) V(i, W) = V(i, i)IMF + V(i, RWi)BIS 

(A.2) V(W, i) = V(i, i)IMF + V(RWi, i)IMF 

(A.3) V(RWi, W) = V(W, W) + V(i, W) 

(A.4) V(W, W) = max [∑i V(i, W); ∑i V(W, i)] 

where “∑i” means the summation over all i’s (that is over the 21 countries of the sample)  

(A.5) V(RWi, RWi) = V(RWi, W) - V(RWi, i)IMF 

(A.6) V(W, RWi) = V(i, W) + V(RWi, W) 

(A.7) HBI_i ={V(i, i)IMF – [V(i, W) × V(W, i)] / V(W, W)} / V(i, W) 

(A.8) FBI_i ={V(RWi, i) – [V(RWi, W) × V(W, RWi)] / V(W, W)} / V(RWi, W) 

 

For euro area countries we adopt the following algebra 

(A.9) V(i, W) = V(i, i)IMF + max [V(i, RWi)BIS, V(i, RAi)] 

(A.10) V(i, RAi) = V(i, RAi)ECB × V(i, i)IMF / V(i, i)ECB 

(A.11) V(W, i) = V(i, i)IMF + max [V(RWi, i)IMF, V(RAi, i)] 

(A.12) V(RWi, W) = V(W, W) – V(i,W) 

(A.13) V(RWi, RWi) = V(RWi, W) – V(RWi, i) 

(A.14) V(i, A) = V(i, i)IMF + V(i, RAi) 

(A.15) V(A, i) = V(i, i)IMF + V(RAi, i) 

(A.16) V(i,j)* = V(i, W) × V(W, j) / V(W, W) 

(A.17) δi = ∑j∈A,j≠i V(i,j)* / ∑j∈W,j≠i V(i,j)* 

(A.18)  V(i, RAi)* = min [δi × V(i, RWi)BIS, V(i, RAi)] 

(A.19) V(i, W)* = V(i, W) – [V(i, RAi) – V(i,RAi)*] 

(A.20) HBI_i ={V(i, i)IMF – [V(i, W)* × V(W, i)] / V(W, W)} / V(i, W)* i ∈ A 

(A.21) FBI_i={V(RWi, i) – [V(RWi, W) × V(W, RWi)] / V(W, W)} / V(RWi,W) 

 

A.4  First and second generations of panel unit root tests  

As a preliminary step of the econometric analysis, we used both first and second 
generations of panel unit root tests.  

Two generations of panel unit root tests have been developed. One approach is based on 
the contributions, among others, by Levin et al. (2002) and Im, Pesaran and Shin (2003). 
While in both these works the null is that the series contains a unit root, Levin et al. 
(2002) assume that all panels have the same autoregressive parameter, Im, Pesaran and 
Shin (2003) allow each panel to have its own autoregressive parameter. A second 
generation of panel unit root tests allows for different forms of cross-sectional 
dependence, modelled using cross-sectional means of the levels and differences of the 
variables. Among the second generation of panel unit root tests, we used the Pesaran 
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(2007) test. In a first-step “cross-sectionally augmented Dickey-Fuller-Test” (CADF), the 
common factor is approximated by the lagged period-specific cross-section mean. 

As stressed by Banerjee et al. (2005) and Afonso and Rault (2015), panel unit root tests 
of the first generation can lead to spurious results (because of size distortions) if there 
exists significant error cross-section dependence and this is ignored. A number of works 
prove that such dependence can be found in the data, particularly in a competitive market 
or a common currency area (Canova et al., 2007, Pesaran, 2007, Canova and Ciccarelli, 
2009, Claessens et al., 2013). Consequently, the use of second-generation panel unit root 
tests is desirable when it has been established that the panel is subject to a significant 
degree of error cross-section dependence. One way of testing for the presence of cross-
section dependence in the data is to carry out the test of Pesaran (2004) and to compute 
the Cross-section Dependence (CD) statistic. The test of Pesaran is based on a simple 
average of all pair-wise correlation coefficients of the OLS residuals obtained from 
standard augmented Dickey–Fuller regressions for each individual in the panel.  
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Additional tables and charts 

 

Chart A1: Home bias index: country results 

(1) Charts show country results for equation (1). 
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Chart A2: Home bias index: adjustment for euro area countries (1) 

(1) Solid lines: quarterly time series of home bias index adjusted for partial currency risk; dotted lines: 
corresponding unadjusted series. See Annex A.2 for details. 

  

 

 

 

 

 

Table A.1                            Weights of holdings, by sector (1) 

 2004 2006 2008 2010 2012 2014 2016 

 median 

Foreign official sector 5.1% 8.2% 12.3% 16.9% 18.3% 18.5% 18.5% 

Foreign banks 12.3% 11.6% 9.8% 9.7% 6.1% 7.3% 7.3% 

Foreign non-banks 18.4% 21.9% 18.1% 17.6% 15.2% 10.8% 10.5% 

Domestic central bank 1.8% 1.0% 0.9% 1.5% 2.2% 2.2% 9.5% 

Domestic banks 16.1% 16.9% 14.9% 16.0% 15.9% 14.7% 14.5% 

Domestic non-banks 34.7% 29.7% 27.7% 28.2% 34.9% 32.5% 27.4% 

 Trimmed average 

Foreign official sector 6.8% 9.8% 12.8% 16.6% 18.2% 18.5% 20.1% 

Foreign banks 11.4% 11.7% 9.7% 9.3% 7.1% 7.6% 8.0% 

Foreign non-banks 20.9% 21.0% 22.8% 20.1% 15.8% 16.3% 13.8% 

Domestic central bank 3.0% 2.9% 2.2% 3.0% 4.0% 6.0% 11.1% 

Domestic banks 15.7% 14.9% 15.2% 17.0% 17.3% 16.4% 15.4% 

Domestic non-banks 39.8% 36.4% 34.0% 31.5% 34.9% 32.0% 28.9% 

(1) Data based on a sample of 21 countries (see fn. 5), at year-end except for 2016, Q2. (2) Average of 

country weights, excluding highest and lowest 10% of observations. 
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Table A.2                                            Panel unit root test 

Variable Levin, 
Lin, Chu 

 - test 

p-
value 

 Im, Pesaran, 
Shin - test 

p-
value 

 Pesaran - 
test 

p-
value 

 

3-m real rate interest rate -0.224 0.412  1.121 0.869  -1.087 0.138  

10-y inflation rate expectation 2.116 0.983  2.140 0.984  -0.187 0.426  

10-y nominal interest rate 3.595 1.000  6.033 1.000  -0.250 0.401  

10-y nominal interest rate (real) 1.703 0.956  3.772 1.000  -1.135 0.128  

12-m nominal interest rate 0.714 0.762  1.912 9.972  -1.187 0.426  

12-m real interest rate  0.618 0.732  1.077 0.859  -2.023 0.219  

10-y nominal interest rate (mean) 4.314 1.000  6.157 1.000  -0.684 0.247  

Stand. deviation 10-y interest rate -9.932 0.000 *** -10.080 0.000 *** -11.428 0.000 *** 

12-m inflation rate expectation -3.783 0.000 *** -4.030 0.000 *** -1.290 0.198  

GDP expectation -7.025 0.000 *** -6.929 0.000 *** 0.047 0.519  

GDP real growth -1.349 0.089 * -4.648 0.000 *** -3.537 0.000 *** 

DEB / GDP -0.755 0.225  1.333 0.909  0.147 0.558  

DEF / GDP -1.658 0.049 ** -2.018 0.022 ** -0.111 0.456  

Foreign official sector's holding 
GDP 

0.811 0.791  4.285 1.000  0.415 0.661  

Foreign banks' holdings GDP -0.945 0.173  -1.145 0.126  1.953 0.975  

Foreign non banks' holdings GDP -2.156 0.016 ** -1.601 0.055 * 0.536 0.704  

Domestic central banks' holdings 
GDP 

17.901 1.000  7.407 1.000  4.730 1.000  

Domestic non banks' holdings GDP -1.199 0.115  -0.255 0.399  0.387 0.651  

Domestic banks' holdings GDP -1.265 0.105  -0.078 0.469  2.599 0.995  

Notes: *** , **, * means that we reject the null hypothesis of unit root at the 1%, 5%, 10% level  
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Table A.3: Panel unit root test, First Difference 

Variable Levin, 
Lin, Chu 

 - test 

p-
value 

 Im, Pesaran, 
Shin - test 

p-
value 

 Pesaran - 
test 

p-
value 

 

∆ 3-m interest rate -16.766 0.000 *** -16.005 0.000 *** -5.281 0.000 *** 

∆ 10-y inflation rate 
expectation 

-14.404 0.000 *** -23.241 0.000 *** -5.180 0.000 *** 

∆ 10-y nom interest rate -18.663 0.000 *** -21.967 0.000 *** -5.970 0.000 *** 

∆ 10-y real interest rate  -19.522 0.000 *** -21.209 0.000 *** -6.670 0.000 *** 

∆ 12-m nom interest rate -21.171 0.000 *** -18.503 0.000 *** -6.518 0.000 *** 

∆ 12-m real interest rate -17.063 0.000 *** -22.319 0.000 *** -9.053 0.000 *** 

∆ 10-y nominal interest 
rate (mean) 

-24.604 0.000 *** -18.118 0.000 *** -5.717 0.000 *** 

∆ Standard deviation 10-
y interest rate 

-17.182 0.000 *** -21.455 0.000 *** -10.472 0.000 *** 

∆ 12-m inflation rate 
expectation 

-16.983 0.000 *** -17.877 0.000 *** -7.435 0.000 *** 

∆ GDP expectation -14.872 0.000 *** -14.560 0.000 *** -5.983 0.000 *** 

∆ GDP real growth -16.112 0.000 *** -7.209 0.000 *** -11.476 0.000 *** 

∆ DEB / GDP -8.911 0.000 *** -9.689 0.000 *** -4.137 0.000 *** 

∆ DEF / GDP -4.239 0.000 *** -6.659 0.000 *** -9.667 0.000 *** 

∆ Foreign Official 
Sector's Holdings 
GDP 

-13.343 0.000 *** -14.226 0.000 *** -4.519 0.000 *** 

∆ Foreign Banks' 
Holdings GDP 

-23.230 0.000 *** -20.785 0.000 *** -6.349 0.000 *** 

∆ Foreign Non Banks' 
Holdings GDP 

-19.626 0.000 *** -16.382 0.000 *** -4.888 0.000 *** 

∆ Domestic Central 
Banks' holdings GDP 

44.890 1.000  1.009 0.844  4.895 1.000  

∆ Domestic Non Banks' 
Holdings GDP 

-17.079 0.000 *** -16.691 0.000 *** -5.685 0.000 *** 

∆ Domestic Banks' 
Holdings GDP 

-12.931 0.000 *** -16.729 0.000 *** -4.935 0.000 *** 

Notes: *** , **, * means that we reject the null hypothesis of unit root at the 1%, 5%, 10% level  
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Table A.4: Cross section Dependence Test 

Variable CD-
test 

p-value corr abs(corr) 

3-m nominal interest rate 67.48 0.000 0.871 0.871 
10-y inflation rate expectation 36.94 0.000 0.477 0.521 

10-y nominal interest rate 64.46 0.000 0.832 0.832 

10-y real interest rate 52.18 0.000 0.674 0.712 

12-m nominal interest rate 67.25 0.000 0.868 0.868 

12-m real interest rate 51.85 0.000 0.669 0.669 

10-y nominal interest rate (mean) 63.83 0.000 0.824 0.824 

Standard deviation 10-y interest rate 36.07 0.000 0.466 0.505 

12-m inflation rate expectation 36.55 0.000 0.472 0.501 

GDP expectation 61.26 0.000 0.791 0.791 

GDP real growth 57.98 0.000 0.748 0.748 

DEB / GDP 32.05 0.000 0.414 0.718 

DEF / GDP 39.81 0.000 0.514 0.543 

Foreign Official Sector's Holdings GDP 64.20 0.000 0.829 0.829 

Foreign Banks' Holdings GDP 6.11 0.000 0.079 0.446 

Foreign Non Banks' Holdings GDP -1.70 0.089 -0.022 0.389 

Domestic Central Banks' Holdings GDP 34.51 0.000 0.445 0.624 

Domestic Non Banks' Holdings GDP 19.01 0.000 0.245 0.432 

Domestic Banks' Holdings GDP 17.90 0.000 0.231 0.454 

Notes: Under the null hypothesis of cross section independence 

 

 

Table A.5  10-Year Inflation Forecasts Estimation - Dependent variable: 10-

year Inflation rate expectation 

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

     
Inflation (Consensus Forecast) 0.463***   0.444*** 
 (0.0209)   (0.0215) 
Current Inflation  0.1806*** 0.1791***  
  (0.01346) (0.01281)  
GDP (Consensus Forecast)   0.109*** 0.0420*** 
   (0.0138) (0.0126) 
Constant 1.209*** 1.714*** 1.539*** 1.174*** 
 (0.0382) (0.0267) (0.0337) (0.0393) 
     
Observations 600 600 600 600 
R-squared 0.457 0.235 0.308 0.467 
Number of Countries 12 12 12 12 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 



(*) Requests for copies should be sent to: 
Banca d’Italia – Servizio Studi di struttura economica e finanziaria – Divisione Biblioteca e Archivio storico – Via 
Nazionale, 91 – 00184 Rome – (fax 0039 06 47922059). They are available on the Internet www.bancaditalia.it.
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