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Abstract

This study investigates herding behaviour exhibited by Dutch pension funds in the
sovereign bond market. It uses a unique dataset on sovereign bond holdings of
pension funds, mutations and transactions between December 2008 and December
2014. It covers 67 large Dutch pension funds that invest in 109 countries. We find
evidence of intensive herding behaviour of Dutch pension funds in sovereign bonds.
Our findings also show that institutional factors, the macroeconomic environment
and the financial market environment are among the determinants of herding
behaviour in sovereign bonds. Our results also indicate that high diversification is
not without costs as it intensifies herding behaviour. We find mixed evidence on
whether pension funds are stabilising actors. The destabilising effect is most
pronounced on the sell side, while stabilisation is most prominent under more
extreme price shocks. The distinction between developing and emerging economies
and developed economies does not change these results.
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1. Introduction

Government debt has grown substantially in mosaaded economies over the past decade, and not
without consequences. Government debt took cetage $n the European debt crisis. Greece, Portugal
and Cyprus were given bail-out support, while ficiahmarkets in Italy and Spain came under incregsi
pressure. Most studies focus on the size of govenaiebt €.9.Reinhart and Rogoff, 2009; Bawshal,
2013), while behaviour on the demand side of ganemt debt has remained largely uninvestigated. With
respect to developing countries, it is often argined international institutional investors contiib to
destabilisation of financial markets in times abisr (Kaminsky 2000; Kaminskgt al.2004; Kim and

Lee, 2014). In some cases, crises even spreadéretmentries that do not appear to have any ecanomi
fundamentals in common (Goldstein and Pauzner,)2004

Institutional investors manage a substantial pglabal financial assets. Accordingly, their
behaviour is likely to have a significant impactforancial market sentiment (De Haan and Kakesp201
Their herding behaviour is believed to undermimaficial stability. Herding behaviour occurs when
investors imitate the investments of other marleatipipants without using their own information.
Herding by institutional investors may move sedegitaway from their price equilibrium and induce
abnormal volatility (Changt al, 2000). Whether this occurs in practice remaisslgect of heated
debate, both in academic and in policy circlestitintional investors are often considered long-term
investors trading on fundamentals. This type oéstinent behaviour has a stabilising effect on firedn
markets. In itself, the occurrence of herding ismexessarily destabilising. Therefore, this study
investigates whether intensive periods of herdisigaviour are followed by return reversals.

Only a small number of herding studies focus orsgmnfunds, although pension funds represent
a considerable proportion of the group of institnél investors. Furthermore, they will gain impocdea
over time due to the ageing population, and thetlihg behaviour consequently warrants more atienti
However, previous studies have mainly focused adihg behaviour of mutual funds or institutional
investors as a group in the United States. Thitddoe problematic because the behaviour of theeenti
group of institutional investors could blur thedirag behaviour of pension funds.

We are particularly interested in the time of thedpean sovereign debt crisis. In times of crisis,
the stabilising function of pension fund investnseistneeded most from the perspective of publi¢arel
Christie and Huang (1995) note, however, that lngrliehaviour intensifies under extreme market
circumstances. Bengtsson (2013, p.4) even stadesiths also widely recognized that institutional
investors can contribute to systemic risk by makieget prices stray away from fundamentals, and

fuelling financial bubbles and pro-cyclicality thugh herding behaviour.” If this is a consequence of



pension fund herding behaviour, it is especiallyngome because pension fund investments alsodave
social function as they contribute to the builtafpld-age income.

We focus on long-term sovereign bonds. These boomprise 99% of sovereign investments
and they are believed to be more stable than eoigstments. This asset class should therefore
potentially lead to underestimation of herd behawritWe define a long-term bond as a bond with a
maturity period of at least one year. To our knalgks we are the first to investigate the herding
behaviour of pension funds in long-term sovereightdnvestments. Our main aim is to establish wéreth
pension funds exhibit herd behaviour in long-teawneseign debt investments. We will also look at the
drivers of such herd behaviour. Moreover, this gtpibvides evidence on the question of whether
pension funds’ herding behaviour has a stabilisindestabilising effect.

We use two unique datasets provided by De NedestdmedBank (DNB), the Dutch central bank.
We combine balance of payments statistics with iparfsnd-specific characteristics. The data on jmms
fund holdings breaks down into sales and purchasealuations, exchange rate adjustments and other
adjustments. This is a rich data set which is maflable is most other herding studies, whécitounter
typical problems, such as estimating the purchasdsales in a period using pension fund or mditurel
holdings and index returidiVe elect to focus on long-term sovereign debt §@ae or more) because of
its significance in pension funds’ investment palitfs. Long-term sovereign debt holdings grew ta==U
164 billion in December 2014 from EUR 89 billionrecember 2008. These holdings represent the
largest proportion of sovereign holdings. On averdang-term sovereign debt holdings account for
98.8% of all direct sovereign holdings of Dutch gien funds. Assessing these holdings will therefore
provide us with a comprehensive view how Dutch fenfinds behaved during the European sovereign
debt crisis.

Our study contributes to the literature in severays. First, there are different studies that focus
on herding in equity investments by mutual fundsd€et al, 1999; Borensztein and Gelos 2000;
Kaminskyet al.2004; Kim and Lee, 2014). To our knowledge, thithi first attempt to investigate
pension funds’ herding in sovereign bonds on agrirational scaléSecond, from a public welfare
perspective, the stabilising or destabilising béhavof pension funds is most important in timesosis.
Despite several prior studies, however, littlengkn about how international institutional investtnade
around the world and how their trading strategiéferdn tranquil and crisis timégKim and Lee, 2014).

This study investigates herding behaviour durirgElropean sovereign debt crisis. Third, we have a

3 Numerous studies calculate the buying and sefiefgaviour over a specific time frame by investiggithe end-of-
period holdings and the overall market returns.
4Raddatz and Schmukler (2013) only use domesticrgovent bonds.
5These studies often have a very low data frequéday study uses monthly data.
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unigue micro-dataset of Dutch pension funds on athigp basis at our disposal, which allows us to
analyse long-term sovereign bonds trading in 1@éht@s. Fourth, this study may contribute to the
development of regulatory policies as it improves tinderstanding that policymakers have of thertgad
behaviour of pension funds. Mispricing resultingrirthis trading behaviour reduces the effectivenéss
the market mechanism to reveal the ‘fair valueasdets, undermining the fundamental principle of
market efficiency (Devenow and Welch, 1996).

Our paper is structured as follows. Section 2 mggithe literature. Section 3 explores the Dutch
pension system. Section 4 explains the methoddoghydata used. Section 5 presents our results and

Section 6 includes our conclusions.

2. Literature review

Herding in financial markets occurs when marketipgants contemporaneously trade in the same
direction and/or their behaviour converges to tlaek®mt consensus (Galariodsal, 2015). This happens
over a specific period, known as the herd intetdakding is an indication that financial markets aot
always efficient. Evidently, traditional asset jimig models with rational actors have no room fomigi
behaviour of investors or convergence towards thekat consensus. This study examines herding at the
micro-level of pension funds (contemporaneouslgitrg in the same direction). As a consequence of
herding, asset prices may not reflect fundameraties?

There are four main rational herding models thatar why herding behaviour may occur:
characteristic; reputational; informational, anddstigative herding.Characteristics herding has two
components: the asset and the investor. Investumte based on the specific characteristics of sgtas
(Falkenstein, 1996; Bennedt al, 2003; Holmest al, 2013). This study defines momentum trading as a
form of characteristic herding because investoaselpast returns (which is an asset characteristic)
Furthermore, asset managers have similar charstatere.g.their education and their social environment
and/or background). Consequently, they may intéipfermation or signals similarly. Reputational
considerations are also believed to be a driviieoding behaviour. Asset managers stay close tpabk

because underperformance may adversely impactrémeirneration or their career prospects (Schanfstei

8 Herd behaviour may be efficient if herding is based fundamentalse{g. new macroeconomic information).
Bikhchandani and Sharma (2000) note that therénaréorms of herding. Spurious herding occurs wparticipants
react in a similar way to new information. Intemi@ herding occurs when participants copy one amatitentionally.
Thus, spurious herding may improve the efficienéythe financial markets by a quicker incorporatiohnew
information in asset prices. Following Holnmetsal. (2013), we will give some intuitive evidence oe ticcurrence of
spurious and intentional herding using the marketimstances.
”We have only included rational herding models. Tat@®nal models are suitable for pension fundsyTare less
prone to crazes and psychological biases than ietastors are.
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and Stein, 1990; Rajan, 2006). Another theoreteason for the occurrence of herding is some masage
superior ability. Thus, other managers will folldleeir high ability counterparte (g.guru investors)
(Trueman, 1994). If this is the case, investorsagegn informational herding. They try to infer
information from other investors’ trades (Bikhchantkt al, 1992; Banerjee 1992; Sias, 2004).
Investigative herding is closely related to infotimaal herding. In investigative herding, market
participants act on the same signals, for instaeregljt rating changes and/or Bloomberg data (Febot
al., 1992; Hirshleiferet al, 1994), rather than inferring information from ethmarket participants’
trades®®

We are particularly interested in investment bebiawin times of crisis. If herding is aggravated
during crises, this may cause high societal c8$st studies on herding behaviour during crisesiso
on emerging economies in Asia and Latin Americaaddition, the scientific literature mainly usesada
on mutual funds which is easier to come by thaa datpension funds, and mutual funds mainly engage
in equity investments. For example, Kamingkyl. (2004) use data from 13 Latin American equity &ind
between April 1993 and January 1999. They demaestinat mutual fund managers and investors engage
in momentum tradingt Momentum trading behaviour is aggravated duriigest Managers and investors
also practice contagion trading — they sell (biggess from one country when asset prices fall)(ise
another (Kaminskgt al, 2004).

Several studies focus on the effects of the Asiaais and the consequences of herding behaviour.
In their study on the Korean stock market, Chbal. (1999) distinguish between foreign and domestic
investors. They find that foreign investors engiageositive feedback trading and herding, conttary
domestic investors. However, they do not find canirig evidence of herding behaviour during the Asia
crisis? The findings of Hwang and Salmon (2004) also piirthis direction. Their findings reveal that
the US and the Korean stock markets herd towarakeheonsensus, disregarding market conditions and
macroeconomic factors. The Asian crisis and thesRuascrisis reduce herding and are clearly ideifi
as turning points in herding behaviour (Hwang aati®n, 2004). In contrast, Kim and Wei (2002) find

herding and positive feedback trading for Korethattime of the crisi&® In a more recent study, Hsieh

8Note that the theoretical reasons are not muteaitjusive.
9Rational herding is often linked to the occurreat@ure’ contagion in theoretical contributiongrfexample, Calvo
and Mendoza (2000) note that fixed costs for gathesind analysing country-specific information ¢ead to herd
behaviour. An extensive investigation into ‘purehtagion is beyond the scope of this paper becsadecus on the
occurrence and causes of herd behaviour and contagii be accounted for in the co-movement of ficial market
and macroeconomic sentiments.
10 Koetsier and Bikker (2017) provide an extensiweaw of the empirical literature on herding behawio
1 This study targets momentum trading a form of Heetaviour. Mutual funds follow previous returns,iethis a
form of characteristic herding.
12Their study covers the period from 30 November 1098997 year-end.
3 Kim and Wei (2002) cover a slightly longer per{@ecember 1996 to June 1998) than Céioal. (1999).
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al. (2011) investigate herding in 12 Asian markebetween 1996 and 2004. They find that the positive
feedback effect and herding occur in the Asian e@tkMoreover, positive feedback trading and herdin
is more pronounced in countries during and afenisas.

Numerous studies investigate herding for emergaamnemies in multiple regions, among them,
Borensztein and Gelos (2000) and Gelos and WeBRB@Bbrensztein and Gelos (2000) use between 382
and 467 equity funds between January 1996 and M&£88. These funds were invested in Asia, Latin
America, Europe, the Middle East and Africa. Thieg fthat herding behaviour exists, although to a
relatively modest extent. Interestingly enoughytfied no significant difference between the prevale
of herding in crisis and in tranquil times. An adlthal contribution is that open-ended funds engages
aggressively in herding than closed-end fulidis.another study, Gelos and Wei (2005) investid&té
global emerging market and international equityd&sinT hey focus on the effect of transparency on the
behaviour of mutual funds. Their main finding istierding is more likely to occur in less trangpar
countries. Moreover, funds have a greater propetsitxit non-transparent countries during crisesl¢s
and Wei, 2005). This indicates that herding dudriges may be related to a country’s transparency.

Recent studies try to explain the seemingly coittaxy results on herding behaviour during
crisis periods. Kim and Lee (2014) investigatelibbaviour of 292 institutional investors in the iggu
market® They find that herding behaviour is potentialip¢i inconsistent. Before the 2007-2008 financial
crisis, they find strong evidence of short-term neatam trading at the level of individual stock atdhe
market level. However, during the crisis, mediumtenomentum trading increases compared to tranquil
times, whereas short-term momentum trading decse&sdariotiset al.(2015) investigates herding
behaviour in the United States and the United Kimgan days when macroeconomic data became
available. For the United States, they find thaestors herd based on both fundamentals and non-
fundamentals during crises (Galariagisal, 2015). Their findings for the United Kingdom shawery
different behavioural pattern. Herding was onlyefed during the Dot.com crisis and was based on
fundamentals only. Economat al.(2011) also present evidence on possible couptegific effects.

They investigate the Portuguese, Italian, GreekSpahish stock markets between 1998 and 2008, and

observed herding behaviour in the Greek and Itatiarkets. There is some mixed evidence for the

14 Bangladesh, China, Hong Kong, India, IndonesiagkpMalaysia, Philippines, Singapore, Sri Lankawkn and
Thailand.
15 Dutch pension funds are closed-end funds by lawye are unable to distinguish between open argkdiend
funds.
16 The institutional investors reside in 21 developedkets: Australia, Austria, Belgium, Canada, DarknFinland,
France, Germany, Greece, Hong Kong, ltaly, JagenNetherlands, New Zealand, Norway, Portugal, &ionee,
Spain, Sweden, Switzerland, and the United Kingderand 15 emerging markets: Brazil, Chile, Chinalidn
Indonesia, Israel, Korea, Malaysia, Mexico, thdippines, Poland, South Africa, Taiwan, Thailan &urkey (Kim
and Lee, 2014).
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Portuguese market. These findings suggest thaingentdhy be time-inconsistent, and its extent and
occurrence potentially differ between advanced enves.

These studies focus on equity investments onlypbustudy investigates herding in long-term
sovereign bonds. There are few studies on herdvimhdor bond investments, which mostly use ddta o
mutual bond funds. There are some guarded inditatitat herding behaviour in bond investments is
potentially more pronounced than in equity investtaeCaiet al. (2012) find that corporate bond herding
measure is 0.15 on average for US bond funds, mgainat 65% of trades go in one direction and 35% i
the other direction. This is considerably more ttt@nherding measure for equity trades. These messu
are often close to 0.03 for equity investmenthiWnited States. More recently, Xiao (2015) ussaa of
foreign and domestic equity and bond mutual fulddviexicol’ This enabled her to distinguish between
domestic and foreign investors. Her findings shiat foreign funds herd more intensively during pesi
of market stress. The herding measure is abouthigber for foreign bond funds than during tranquil
times. There is also considerable heterogeneitydmt the types of funds. Bond funds prove to beesmor
sensitive to global factors and they engage mogeesgively in positive feedback trading than equity
funds do. These findings show that bond investoudcpotentially be more prone to herding behaviour
than equity investors. Broedegsal. (2016) examine types of herd behaviour by Dutatsfos funds for
equities and bonds. They also find support foiif@rmation, regulation and reputation motives of
herding behaviour for bonds.

Whether the previous findings can be extendedversign bond investors remains to be seen.
There are only a very limited number of studieg tbaus on herding behaviour in sovereign bond
holdings. Xiao (2007) investigates the behaviouemerging market mutual funds that specialise in
sovereign bonds. Her dataset includes 44 bond foettgeen May 2003 and December 2003. The
investments of these funds are directed towardsgintemarkets. Xiao finds evidence of momentum
trading by these funds as they chase bonds withagt returns and yieldéRaddatz and Schmukler
(2013) examine herding behaviour for multiple astagses, including domestic corporate bonds,
domestic financial institution bonds, domestic goweent bonds and domestic mortgage bonds. Their
monthly data covers the period between 1996 an8,20 their findings clearly show that herding
behaviour differs considerably between asset ckas¥e average, they find a herding measure for
domestic government bonds of around 0.01. Howekienise of domestic bonds may lead to
underestimation of herding behaviour in sovereignds, due to information advantages for domestic

bond investment¥.

17She groups sovereign and corporate bonds together.
18 The different bonds are denominated in US dollars.
19 This study focuses on all long-term sovereign booldings of Dutch pension funds, which includegstments in
109 countries.
7



In summary, earlier studies find mixed evidencatmoccurrence and extent of herding
behaviour during crises. Herding behaviour is sammet linked to the investor’s country of residence.
There are some indications that herding behavopairtly time and country specific. Most studiesuf®
on equity markets which may bias the results apdi#tbate on herding behaviour. Bond investments are
also a sizeable asset class, particularly for perfsinds. Furthermore, these studies mainly ingatgithe
behaviour of mutual funds, which is only one typéngtitutional investor. More research is needed t
derive a clear conclusion about herding behaviotiné sovereign bond market. Our study on pension
funds’ herding behaviour in the sovereign bond reaeéandeavours to fill this gap in the empirical

literature.

3. The Dutch pension system

The Dutch pension system is a three-pillar syst&ive will focus on the second pillar, which consistts
company-specific and sector-specific pension fuhdsinvest employee and employer contributions
upfront. Their holdings accumulate over time amfgart of their members’ retirement income. The
second pillar grows over time and on average caaprbout half of a retired person’s income. Tis i
considerably more than in most other advanced aenm@m®

The holdings of all second pillar pension funds eamEUR 1,220 billion at the end of 20%4.
This represents 191% of Dutch GDP in that yearirTdiee results from the construction of the second
pillar, which is officially quasi-mandatory. Howaveén practice, over 918of the active labour force
participates in the second pillar. The MinisteSafcial Affairs and Employment plays a key role las s
can declare a collective bargaining agreement hindihe result of such a decision is that pension
arrangements embedded in the agreement becomeadpiindithe entire sector. Ultimately, this leads to
mandatory participation in the second pillar by &gprs and employees. Another reason for its size i
that there is no opt-out option. Dutch pension uack closed-end funds for their members. Thesectsp
combined with the long tradition of the secondgillesult in large pension funds holdings compé&sed
other countries.

Pension fund investments are relatively unrestlictdative to other countries. This is attributable
to the Dutch regulation framework, which is basedte prudent person rule. Article 135 of the Dutch
Pensions Act states that a pension fund's invesgmmeast be in the best interests of active anddorm

members and pensioners. The Dutch Pensions Actdeslonly one explicit restriction on investments:

20 Koetsier and Bikker (2017) provide a more detaédzglanation of the Dutch pensions system.
2 Data retrieved from De Nederlandsche Bank (2085} roeconomic statistics pension funds.
22The number is retrieved from a study by Van deit®n2013).
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investments of company and sector funds are limdeteir own company or group of companies.
However, the law explicitly states that these latiins do not apply to sovereign bond holdings, mimep
that Dutch pension funds are essentially free eshin sovereign bonds. Their investment behaviour
gives a clear indication of their preference farsth assets. Moreover, the absence of legal rasisct
gives them the opportunity to exhibit herding bebawwithout any a priori influence of legal restions

on their investment decisiofs.

4, Methodology and data

4.1. Methodology

To assess herding behaviour and its causes, wérgilestimate the herding measure introduced by
Lakonishoket al.(1992) (LSV). Second, we will employ this herdimgasure as our dependent variable
in the regression analysis.

The LSV herding measure is widely used in the mgrditerature ¢.g.Grinblattet al, 1995;
Voronkova and Bohl, 2005; Cat al, 2012). The measure represents the balance otanmtzabetween
the buys and sells in an asset class or countmyapgpecific period. It includes an adjustmentdador
the expected imbalance between buys and sells wgimghly occur by random chance. Thus, herding
occurs when there is more trading in a specifiedion then you would expect if trading is randomd a
independent! We agree with the International Monetary Fund @ahat the measure provides indicative
evidence of ‘true’ herding’

Following the LSV, we define the herding measure as

HM;; = |pit — pel — AFy; (1)
Where
Bj
L=t 2
Pit By + Sy (2)
and
Z’.‘z .
pt — i Iplt (3)
n

2 The observed herding behaviour is not the regutivestment restrictions by the government orghasion funds’
supervisor. For example, there may be restrictioms which countries to invest, or there can Ipeidmum amount
of funds that should be invested in domestic gawermt bonds. This steers pension funds towardsaime sassets,
aggravating herding behaviour.
2*Note that buys and sells are equal at the hidéestof aggregation. Thus there is no herdingistlevel. However,
we have only used Dutch pension funds that woutdyate this problem.
25The measure is unable to distinguish betweenapsitierding and intentional herding.
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B;; is the number of pension funds that are purchdeimgrterm sovereign bonds in couriiy(e.g.long-
term Belgian government bond) in mor{th), whereas;; indicates the number of pension funds selling
long-term sovereign bonds in countity in a particular montkit).2® Together they give the total number
of pension funds trading in that month. Thusgives the proportion of buys for counif) in month(t).
p; is the proportion of Dutch pension funds buyinggderm sovereign bonds in a particular month. It
simply indicates whether pension funds are purcigasi selling an asset class (in this case, long-te
sovereign bonds), irrespective of the country. Nbée the difference between the proportions igigin

absolute terms, so this first part of the equatigris always positive.

AF; = E[lpit — pel] (4)

AF;; represents the adjustment faét@andE denotes the expectation operator. The expectedimet is
the sum of all possible outcomes times their préipabf occurring. Following the herding literateirwe
assume; to equal the proportion of buys by all Dutch pendunds of long-term government bonds in
period(t). It thus accounts for fluctuations in the monthhgnth investment decisions made by pension
funds, irrespective of the countries. Note thatlt8% herding measuréH M;;) is calculated for all long-
term government bonds in coungtyin every montH(t). In other words, the herding behaviour displayed
by pension funds differs for each month and desitinaountry.

Some studies show that different behaviour mayyatapsell and buy herding. Since we
investigate extreme market circumstances, phenoffilenfire-sales may play a role. Following Wermers
(1999), we differentiate between buy and sell hreydi

BHM;; = HM;¢|pir > p¢ (5)
SHM;; = HM;¢|pir < pe (6)

The financial literature identifies some limitat®aof the LSV herding measure. First, Bikhchandani a
Sharma (2000) note that the measure fails to atdouthe size of the transaction. Our study deatk
this shortcoming in several ways. We use a minirsufficient size for transactions as suggested by
Andreuet al.(2014) and Fregt al.(2014). In addition, as a robustness check, amason is conducted

weighting for transaction size. Second, the LS\dhmy measure is unable to capture the inter-tenfipora

26 Qur study uses net sales or purchases.
27 Among other aspects, th;, also corrects the LSV measure when there are aslyall number of trades. In
addition, it corrects for the possibility that thember of pension funds’ trades cannot equal thpgation of buys by
all Dutch pension funds of long-term governmentdsim periodp,).
28\Wermers (1999) gives a more detailed explanatidheonecessity to distinguish between buy andreetiing.
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trading pattern. Thus, our measure is unable tatiiyenvhether pension funds implement trading
strategies over multiple months. In such a casetrttding decision is the consequence of a deciaite
in a previous month and should not be identifiefbiswing behaviour. We overcome this problem
identified by Sias (2004) using position continutrades. If the direction of trades is the samigén
following month, it is identified as an implemendat of a trading strategy over several months.
Therefore, if we use the position continuing tradeerion, this study disregards the trades over th
following months if the direction of trade is ndtanged?®

Third, Lob&o and Serra (2002) note that the LSMing measure does not indicate a specific
cause of herding behaviour. We do not regard theesaas mutually exclusive contrary to the suggesti
of Lobao and Serra (2002). This study identifiesttiggers of herding behaviour such as econonic an
financial circumstances. Fourth, an important ulyiteg assumption of the LSV herding measure is the
no short-selling constraint mentioned by Wylie (3D0f this assumption does not hold, the LSV sell
herding measure is underestimated. This results fhe fact that for a sell to occur, there musalbely
transaction first. In other words, the buy herdimgasure becomes stronger (biased upwards) vistheris
sell herding measure (biased downwards). Howeveigtbpension funds are not bound by this short-
selling constraint as discussed in Section 3. @ta dhows some episodes where individual Dutch
pension funds were short in long-term sovereigrdisan a country? However, there is still the
possibility of a missing market. Relatively lowdiag volumes typifying frontier markets would sugge
that short-selling is an activity not feasible lie$e markets (Econometial, 2011). We address this
issue using different minimum monthly trading irgiies at the country levet (g.more than or equal to
three, five, ten or fifteen trades by Dutch pendiords in a specific month), this gives an indicatof
whether short-selling is feasibleWe also re-estimate our results using minimumingkl If the end-of-
period holdings are positive, they can be soldhéfollowing period. Consequently, the possibitifysell
herding is believed to be equal to that of buy lmgydf holdings are positive and exceed a minimum
threshold.

Fifth, Wylie (2005) notes that the ex-ante probgbdf a fund manager buying an asset depends
exclusively on the extent of herding behaviour.sTdan be questioned for the low and middle income
countries in our sample in particular. Low liquydih the sovereign bond market may result in delays

order executions. Therefore, observed herding hetamay simply result from the illiquidity of some

29 The introduction of the Sias (2004) herding meassibeyond the scope of this paper.
%0In a specific country, even the aggregate podfofiDutch pension funds was short.
31 Societal pressures may also result in an effeatvshort selling constraint. England banned sbeliing for much
of the eighteenth and nineteenth centuries, whil&803, Napoleon declared short sellers to be ereafithe State
(Jones, 2015). However, our data shows clear evédtivat a (societal) short-sell constraint is niodimg or ineffective
because Dutch pension funds are short in some roesint
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sovereign bond markets. If this is true, the mgntiimber of trades for each country can partly anto
for the liquidity of the market. In general, a highmber of trades over a specific period indicataghly
liquid sovereign debt market.

We conduct pooled OLS and LSBAregressions to identify the causes of herding Wiehain
the sovereign bond mark&T here are some merits of using panel estimatioes coss-sectioff:* First,
it enables us to use the monthly data on holdingistieansactions whereas cross-section uses thagever
across all months. Second, it accounts for unokslereuntry-pension fund fixed effects. This studgau
the LSV herding measufé/M;;) as a dependent variable in our specification. Hewedue to the
different behavioural effect on the buy and selésthis study presents different effects on thednd
sell side, we also use the b(BHM;,) and sell herd measu(8HM;;) proposed by Wermers (1999) as a
dependent variable for robustness reasons. Dire tdifferent behavioural effects on the buy antl sel
side, this study often presents the results fobtheand sell herding measure only. Our regression

specified as follows:

HM;, = pu; + BiMACRO;¢ + B3FINAN;  + B3FUND; ;1 + ;¢ (7

We divide our variables into three broad categoiiesindicators of macroeconomic circumstances,
financial market sentiment and pension fund charestics*®* MACRO;, is a vector which includes the
macroeconomic variables, like inflation, the cutreccount balance, exchange rate movements, GDP
growth, general government debt, the unemployn@et net lending by the government, Standard &

Poor’s (S&P) credit ratings and outlodKT hese variables are all believed to influenceathyeetite for

32Following Raddatz and Schmukler (2012), we estinttagefixed effect using the Least Square Dummy atde
(LSDV) method. Our sample includes 73 months, whiltbws us to estimate our fixed effects specifamatvith a
very small asymptotical bias (the bias is of theéeo{1/T]). The average time-frame by country-pension fegdals
52.1 months.
33 We also use truncated regressions as a robusinesk because the values of the dependent vadahlenly be
within a certain range. The truncation takes plagiew -0.5 and above 0.5. As the results are veligtisimilar, they
are not included in this paper, but they are aléglan request.
34 Using fixed effects, we reduce the possible hiamfthe country-pension fund fixed effects. Toliertdeal with
the data structure, we clustered at the countm® land at a monthly basis.
35 We conduct the Harris-Tsavalis (1999), Im-Pes@him (2003) and Pesaran (2007) panel stationagttg tand
adjust the data to cover data gaps. Our choicth&se tests is driven by the large number of cgiypension fund
panely N = 1961) and relatively small time dimensigfi = 73). Our preferred test is the Pesaran (2007) testhwh
allows for unbalanced panels and cross-sectiomsrtiencies.
36 Most of the variables differ by country and oviene. There are some notable exceptions; howevesiqe fund
size differs only on a pension fund basis. Furtlanthe VIX index only differs per month as iaiglobal index.
37 According to the sovereign rating literature, there two major rating agencies, being S&P and MsodVe
decided to use S&P as it is considered to be the fating agency. Gande and Parsley (2014) shaauting the
Cooperet al.(2001) leader-follower ratio.
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investing in government bonds, and reflect the ilitglof the underlying economy. In addition, ittis be
expected that most pension fund managers have diteess to this information.

The vector(FINAN; ) captures the developments on the different firelmoarkets, for instance
the trend of share prices, CDS spreads, long-tewargment bond yields and the VIX index. These
indicators include local as well as global trendgtee financial markets. An example of a local
phenomenon is share price movements on the donséstic exchange and a global phenomenon can be
the change in the VIX index. The VIX index is oftiaerpreted as a measure of global risk aversion
(International Monetary Fund, 2014). In this wa eistinguish between the influence of local arabgl
market circumstances on herding behaviour.

The vectorFUND; ., comprises pension fund characteristics. FollovBiler et al. (2007), we
include these variables with a lag to limit endagignproblems® The vector includes the logarithm of
the size of the pension fund to incorporate theafbf in-house analysing capacityl he distance to the
government bond strategic asset allocation is drexddito account for additional purchases or salesdar
to meet the strategic asset allocation. Tradingatsmresult from a pension fund’s risk prefereiwe.
estimate risk preference by the ratio of equity pridate equity holdings to fixed-interest inveshtse
The inclusion of the funding ratio is motivatedthy fact that it may influence the risk appetitd ank
taking of a specific pension fund.@g.gamble for redemption). After Calvo and Mendoz@0@), this
study also aims to establish whether the sharepehaion fund’'s sovereign holdings in a specifiordoy
influences herding behaviour. Small sovereign booldings are relatively costly if there are country
specific fixed costs for bond investments. This eskimicking behaviour a rational choice. We also
account for the preference of relative high pasirns by using the ratio between the returns oedfix
interest investments and total returns. In this,waycan account for return-chasing behaviourén th
pension fund’s asset portfolt$?

The inclusion of these variables allows us tofimsthe different drivers of herding behaviour.
The specification does not assign different weigbtthe various explanations, and allows for the
simultaneous occurrence of multiple explanations.aléo examine the influence of financial market an

macroeconomic circumstances on herding behavegrd crisis or a tranquil period).

% This study implicitly assumes that pension fundsrnot influence the macroeconomic and financialketar
circumstances on their own. Whether this assumgstidirholds for them as a group, is subject tcestigation.
39 This study uses the logarithm of the pension faisi?e to ensure that the two largest funds dalisptoportionally
influence our results.
40 Note that our study does not suffer from the saamgroblems following from micro data. For exampte do not
aggregate individual pension fund data.
41 While we employ numerous controls, herding behavinay still be influenced by other unspecifiedidas. These
omitted variables can cause bias. Pension funddifgbehaviour can have many causes, which makiicult to
account for all factors. To account for some okthéactors, we already control any constant cocfningl omitted
factors. As a robustness check, we also use cofixég-effects.
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4.2. Data

We make use of two unique micro datasets of De Nal#sche Barfk on the holdings of Dutch pension
funds. The balance of payments statistics datasketdes monthly transaction data of Dutch pension
funds where individual long-term sovereign bondsaggregated on the country level for each pension
fund. It includes value changes divided into nethases or saléd price movements, exchange rate
adjustments and other changes. This makes our gnidye as we do not need to estimate sales and
purchases from holdings data. The data also insltlteholdings at the beginning and end of a peniat
the destination country of investment at the coulatvel per pension fund. We have transaction fiata
67 pension funds on sovereign bond investmentp to 109 countries. Our data covers the period
between December 2008 and December 2014, in t8talohths. Together we have 60,626 country-
pension fund-month combinations. The strength ofdaia is their high (monthly) frequency. DNB'’s
supervisory dataset includes pension fund speniiiemation. We distil the funding ratio, strategisset
allocation, fund size, and other characteristiosfithis dataset. Further, we add data on macroeticno
and financial market circumstances, obtained frioenWorld Bank, Standard & Poor’s, different central
banks and the OECD (for more details, see table 31)

Our study focuses on sovereign bond holdings o$iparfunds. This allows us to investigate the
investment behaviour of pension funds during theogean debt crisis, and to assess their behaviour
during tranquil and crisis times and compare the @ur analysis uses direct holdings of long-term
sovereign bonds. Long-term sovereign debt on aeetagprises 98.8% of the direct sovereign debt
holdings of Dutch pension funds. Short-term sograiebt is also used for liquidity management, tvhic
makes it difficult to assess whether this is arestment or liquidity management decision. In additthe
direct long-term sovereign debt holdings are highilyersified across countries, which allows usest t
herding behaviour in all kinds of macroeconomiceinstances.

Tables 3 and 4 provide summary statistics of thigrobvariables and balance of payments
statistics. The LSV herding measure is calculatestl on sovereign bond purchases and sales obpensi

funds.

[insert tables 3 and 4 here]

The LSV herding measures are calculated in differeys. Figure 1 shows a univariate kernel density

function with the LSV herding measure for a minimafrfive trades. The figure shows that sell herding

42 De Nederlandsche Bank is also responsible fostipervision of pension funds in the Netherlands.
43 Qur analysis is adjusted for accrued interestesglemnot regard this as a net purchase of a pefigidn
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more intense (sometimes over 0.4) than buy her@ug.study also discusses the accrued interestlfate
we adjust for the accrued interest rate by the gtspecific interest rafé herding is more pronounced

for all three categories (see figure 2).

[insert figures 1 and 2 here]

Dutch pension funds held long-term sovereign bamd€©9 countries (see figure 3). This providesaor
broad geographic and cultural spread, and variati@ronomic circumstances. Although pension funds

invest in a diverse set of countries, the sizéneirtinvestments differs considerably (see figure 4

[insert figures 3 and 4 here]

For several reasons, our study provides conseevatitimates of pension fund herding behaviourt,Firs
our analysis only includes direct investments ofddypension funds and disregards indirect investsnen
This excludes herd behaviour exhibited by exteasakt managers which act on the behave of a pension
fund. Multiple pension funds can have the samerpateasset manager which can result in similaritigad
behaviour. In other words, pension funds could realected the same asset manager who is likely to
mimic him- or herself for multiple pension funt?By using direct investments, we make sure that the
observed herding behaviour is based on a pensimtisfiown decisions. This also gives more
heterogeneity in possible outcomes, due to therifft strategies pursued by the asset managers of
individual pension funds.

Second, holdings of long-term sovereign debt asarasd to be managed more passively than
equity or corporate bond investments. Third, in parison with open-end funds, herding is likely & b
lower as the assets of Dutch pension funds carendirbetly redeemed by their members. This effetyiv
rules out herding behaviour by fund investors, Whian sometimes be observed for mutual funds
(Kaminskyet al, 2004).

4 We adjust for the accrued interest by imposingirimum net purchase because a net purchase can aeguo
accrued interest. The accrued interest is addedpaschase in the balance of payments statistiesadljust for this
by imposing a minimum of the purchase equal tpttevailing long-term interest rate in that partautountry.
45 pension fund asset managers may be influencedeiryexternal asset manageesy(presentations, roadshows or
investment information). This study only uses diiegestments by pension funds because our anakysésals that
pension funds with the same external asset marmageot exhibit different herd behaviour than pendimnds with
different external asset managers. We checkednitfisdata from DNB'’s pension fund supervision datagnnual
data is available on asset management firms thatgeaover 30% of holdings of a specific pensiordfufor our
sample, the number of different asset managergssWe identify the pension funds with matchingeagsanagers.
These pension funds do not exhibit more intensiseling behaviour than pension funds that use @iffensset
managers. Thus, our findings are not driven by tyitg herding behaviour due to similar informatilom the
external asset management firm.
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5. Empirical results

5.1. Herding behaviour

5.1.1. Herding behaviour of pension funds

Herding behaviour can only occur if there is a minim amount of purchases or sales in an assetrin ou
case, there must be multiple pension funds traidirrglong-term sovereign bond of coungty during
month(t). DNB’s balance of payments statistics includesatbe&ued interest refen sales and
purchases. Accrued interest are interest earnioiggeat received by the pension furedd.they are paid
out on a specific date). In other words, accruger@st increases the value of the sovereign hadding
therefore, this is recorded as a purchase of sigveb®nds. In order to identify a genuine purchase,
adjust the sales and purchases by the accruedsntéYe account for the inclusion of accrued irgtire
the purchasésby introducing a minimum amount of purchases pilehases should be higher than the
prevailing interest rate. This accounts for thesimlity that the purchase is just the additiorituf

accrued interest. We use two interest rates faetlerrections: the long-term interest rate andahg-
term interest rate augmented by the average conéihiaterest rate for missing valdegeferred to

below as the augmented interest rate). The firstisathe advantage that it is the best approximafithe

accrued interest rate, whereas the second enabtesstimate herding behaviour for more countries.

[insert table 5 here]

Table 5 shows that the herding measures corregtéaebcountry-specific interest rate reveal more
intensive herding. The overall, buy and sell hegdimeasures are 0.14, 0.12 and 0.16, respectiviey. T
herding measure including the augmented interéstgiaes a lower intensity of herding. Overall, and
sell herding are 0.09, 0.08 and 0.11, respectividlis is somewhat lower than the country-specific
estimates. However, herding in sovereign bond tmrests is still more intensive than it is in equity
investments. On average, the herding measure egu&swhereas the herding measure obtained for
equity investments is around 0.03 (Lakoniskokl, 1992; Grinblatet al, 1995; Jame, 2011).

46 Accrued interest are interest earnings not yesived by the pension fune.g.they are paid out on a specific date).
47 We ignore sales because accrued interest is detareel positive. Therefore, applying a cut-off @les is not
necessary.
48 The accrued interest is corrected by the prevpilierest rate augmented with WEO country grogygrage
interest rates.
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Position continuing trades could play a role in éhserved herding behaviour. Pension funds can
potentially follow their own investments.@.Sias, 2004). Implementation of an investment dmtisan
take several months, especially if the decisidaken at the end of the month. This study accdiants
pension funds following their own purchases orsalgdisregarding position continuing trades,ii.e.
only uses the initial investment decision. The emnsive country-pension fund observations are not
included up to the point where the pension fundchgkea its trading behaviows.g.from purchasing to
selling the sovereign or from selling to not traginT he downside of this approach is that subtle
differences are disregarded. Pension funds caextample decide to intensify purchases of a specific
sovereign bond.

The herding measures correcting for position caiiip trades reveal some different behaviour
than the previous measures. The buy herding measoomsiderably higher than the sell herding
measure. This contrasts with our earlier findingpere the opposite holds. The buy herding measure is
0.16 whereas the sell herding measure is 0.06., Bhuysherding is almost three times as intensiviesg
results may indicate that selling is a processttiads several months whereas buy herding is reated

a specific month. Price pressures may be a reasdhdse differences.

[insert tables 6 and 7 here]

The trading intensity can potentially affect theeimsity of herding, as shown in tables 6 and 7 .uéé&
four restrictions on the number of trades, i.eeé¢hfive, ten or fifteen tradé3A higher minimum number
of trades gives a more restricted sample. In gértemoverall and sell herding measures declitiesif
minimum number of trades increases. For the cotsyggific interest rate, sell herding declines from
0.16 with a minimum of three trades to 0.05 witmiaimum of fifteen trades. In a similar vein, althyh
less pronounced, the augmented interest rate shalsline from 0.11 to 0.07. This could be expldine
by unintentional and intentional herding motivesorRpt incorporation of new information and similar
interpretation of this information by pension furtds lead to unintentional herding. Pension fund
portfolio managers may window dress their portflishedding ‘exotic’ sovereigns more because large
sovereigns are in the portfolios of most portfatianagers. Whereas on the buy side, pension funds
continue to buy small sovereigns for return consitiens.

Lakonishoket al.(1992) state that intentional herding should &lsanore prevalent in small
equities, which could also apply to smaller soygei A tentative explanation is that a higher nunabe

trades indicates a more vibrant or larger soveregyt market. This probably resembles the fact that

49 Where there is no mention of a minimum numberaxdés, this study uses a minimum of five tradesypmth.
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trading is more frequent in advanced and large @oigs. There is more (public) information availabte
these large and vibrant sovereign bond marketssifatl sovereigns, portfolio managers are more
inclined to infer information from other manage®sharfstein and Stein (1990) and Rajan (2006) note
that underperformance may have an adverse effgobifolio managers’ career prospects. In additibn,
is more socially acceptable to hold on to Frenatesgign bonds when other asset managers sell these
bonds than to hold on to Zambian sovereign bonds.

This study also uses position continuing tradeseng the possibility that trades are
implemented over several months. We find relativelge buy herding measures, they range between
0.12 and 0.16 depending on the correction for toeuged interest rate and the number of trades.eThes
findings are similar to that of Balagyozyan and &ak2016). Their results indicate that herding was
much more prevalent in the run-up to the Dot.collpldieithan during the collapse. Our findings give
some indicative evidence in this direction becdalewing behaviour seems to be more pronounced on

the buy than on the sell side when we only redgaedritial purchase or sell decision.

5.1.2. The extent of herding

This study examines the extent of herding behaviiodifferent countries. Figure 5 shows that hegdin
may be country specific. The buy herding patteevgal that buy herding seems to be concentrated in
Europe and Africa. The ‘safe haven’ status of dfzecountries seems to have influenced trading in
Europe. Bijlsma and Vermeulen (2016) also obsea/ight to quality between 2006 and 2013 for Dutch
insurers. In Africa, buy herding seems related search for new investment opportunities as African

sovereign bond holdings accelerated the most avesample period.

[insert figures 5 and 6 here]

Figure 6 shows sell herding by country. Generalyyi herding is more pronounced than buy herditg T
level of herding on the sell and buy side also layer. Dutch pension funds again exhibit a highllete
herding in European and African countries. Howekierding behaviour is also strong in Latin America
compared to other continents. In summary, thermsedear evidence that the level of herding may be
influenced by country-specific factors. Moreovéiese figures provide no evidence that herding is
concentrated in emerging market economies only.

We investigate the differences in the extent efillehaviour between safe havens and countries

affected by European debt crisis. This study uffésreint definitions of safe havens and Europedst de
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crisis countries to assess the robustness of mdinfis®® Our findings reveal a difference between buy
and sell herding for safe havens. The buy herd\beharanges from 0.14 to 0.15, whereas sell herd
behaviour ranges from 0.03 and 0.06. For our eatiraple period, we do not find a considerable
difference in the extent of buy and sell herd béhavfor European crisis countries. This finding is
somewhat surprising, thus we further focus on thmpean debt crisis period. Our study defines the
period of the European debt crisis from May 2010uly 2012 The European debt crisis starts with the
first bail-out for Greece, whereas it ends withfdm@ous remark from Mario Draghi in July 2012: he
would do “whatever it takes”. From table 8, it Isar that the safe havens experience substantigier
buy herd behaviour ranging from 0.13 to 0.15 coreg@do crisis countries. Pension funds do not bugl he
in the crisis countries, the LSV herding measuaggje from 0.03 to 0.07. On the sell side, the diffe
between safe havens and crisis countries is evea pronounced. The LSV sell herding measures for
safe havens range from 0.02 to 0.06. The pensimasfaxhibit substantially more intensive herd
behaviour in crisis countries which ranges betw&és and 0.24. These results are consistent with ou
expectations. In crisis circumstances, the riskstntially increase in these countries. Therectbel
different explanations for this behaviour. Wherr¢his high uncertainty, pension funds might not be
willing to deviate from each other in their investm portfolio. During the European debt crisis,

considerable new information became available erctfsis countries which might drive herd behaviour

[insert table 8 here]

We also explore differences in herding behaviouqbintile analysis. Tables 9 and 10 show whether
pension fund characteristics, financial marketissgnit and macroeconomic circumstances play a fole o
significance in herding. The quintiles are congdmn a monthly basis. For each month, we diiée t
indicator into five equally sized groups (from ldevhigh). We elected to construct monthly quintéess
purchase and sell decisions are mostly influengetthéo comparative macroeconomic and financial

market situation in a particular month.

[insert tables 9 and 10 here]

We are especially interested in the specific pasténat could be observed between quintiles. Qlirfgs

reveal clear herding patterns for sovereign rafi@®3P growth, the size of the sovereign debt matket

50 Safe haven (1) consist of Germany, the Nether|@iizerland and Finland. Safe haven (2) addsrisutt the
list. Furthermore, safe haven (3) adds Denmarkwdgrand Sweden. The PIIGS include Cyprus, Greeeland,
Italy, Portugal and Spain. The definition of fineal@id recipients excludes Italy, whereas therdtéin of rescue
package recipients further excludes Spain.
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number of countries in a pension fund’s sovereigndoportfolio, interest rates, the CDS spread, the
current account, the average monthly sovereignitgddof a pension fund, sovereign holdings in a
country as a percentage of the pension fund’s smegreign holdings, corruption, political stalilit
regulatory quality, the absolute distance to thatsgic asset allocation, the pension fund’s simkthe
country’s yield. Note that these indicators areeptiilly correlated, therefore, the results shdodd
interpreted with care. As a robustness check, wewect a similar exercise correcting for the accrued
interest by the augmented interest rate. Most ofesults prove to be robust, except GDP growth, th
current account, corruption, regulatory quality getsion fund size. Note that previous results khioe
interpreted with cardyecause the various indicators may be correlated and, isygharagraph, we only
observe unilateral results.

Sell herding is driven by the macroeconomic andrfaial market circumstances. High yields lead
to more intensive sell herding and lower buy hegdind vice versa. Sell herding in the lowest yield
quintile equals 0.05 whereas sell herding in higkidd quintile equals 0.23. The opposite patisrn
observed for buy herding, with the low yield gumtt 0.14 and in the high yield quintile at 0.0lese
results indicate that the investment decisions ngdeutch pension funds do not seem to be primarily
driven by yield. Higher yields are a compensatimnhigher risks (e.g. a less stable macroeconomic o
political environment) and pension funds seem tateilling to take these (additional) risks. Earlie
studies by Bikkeet al. (2010) and de Haan and Kakes (2011) also showptration funds do not act as
return chasers. They also regard the potentiabfiskeir sovereign investments.

This study finds similar results for long-termargst rates. Herd behaviour is also influenced by
the CDS spread. In similar vein as the sovereigidyhigher CDS spreads increase sell herd behaviou
Another factor influencing herding is the sizelu sovereign bond market. The overall and buy hgrdi
measures show that a larger sovereign bond marlseinhe extent isolates the country from herding
behaviour.

The general economic environment is also impoff@arthe existence and extent of herding
behaviour. Sovereign bond ratings are taken taidehumerous aspects of the macroeconomic
environment, like GDP per capita, GDP growth, itifla, external debt, level of economic development,
default history, unemployment rate, the investntern&DP ratio, foreign reserves, current account
balance, exports, terms of trade, fiscal policy palitical risk (Afonscet al, 2011). Thus, credit ratings
may be viewed as a summary of the macroecononuiat&in in a country. The sovereign debt rating is
numerically transformed by defining AAA (1) and 2| (see table 11) and the rating outlook is
numerically transformed by negative (-1), stableai@d positive (+1). We find that low sovereignirrgs
intensify sell herding. Sell herding for the highested countries is 0.04, and 0.26 for the lowatstd
countries. This gives some indication that Dutchsp@n funds sell their investments from low rated

20



countries simultaneously. However, the institutis®iting also proves to be important. Pension $uare
regarded as long-term investors. Our findings shiml buy herding in times of high political stabjli
Pension funds seem to value low political risk. Bieyding increases from 0.08 for countries witbwa |
level of political stability to 0.17 for countriegith a high level of political stability.

The structure of a pension fund’s sovereign hgisliis also relevant for herding behaviour.
Pension funds with large sovereign holdings showempaonounced sell herding behaviour. A possible
reason for this is that these funds want to biivairtsovereign portfolio size more in line with thod
other funds. D&t al.(2015) find more intensive sell behaviour if pemsfunds have large sovereign bond
portfolios, which is not surprising as these asdetainate the portfolio holdings and they are galher
relatively liquid. Besides the fact that portfodize affects herding behaviour, we find evideneg th
portfolio composition is relevant for herding belmaw. Our findings reveal indicative evidence ttiare
is an information advantage if pension funds hadizaable share of their sovereign portfolios in a
specific country. Sell herding declines from 0.8 the countries that account for a small propaortb
the sovereign portfolio to 0.04 for countries thatount for a large proportion of the sovereigrtfptio.
This can be explained by the different incentivasififormation collection. Small sovereign bond
holdings are relatively costly if there are fixambts for country-specific investments as noted aly&@
and Mendoza (2000). Consequently, for small invesits)pension funds may rely more on the
information they infer from trades made by otherds. Interestingly, this effect cannot be obsexwed
the buy side. A related factor is the number ofntdas in a pension fund’s sovereign bond portfdlibe
results are highly similar compared to the proportof sovereign holdings in a specific countryl Sel
herding increases with the number of countriesasgmted in a sovereign portfolio.

As a robustness check, we also construct quirtdites the entire sample periéldPension fund
characteristics, macroeconomic and financial fadiaftuence herding behaviour. This approach haseso
merits over the monthly quintile approach. Redefinhe quintiles on a monthly basis can lead to
differences in the quintile cut-offs between thenths, which can potentially influence our results.
However, the previous estimations are quite robasause the results for the constructed quintites o

the entire sample period prove to be highly similar

5.1.3. Determinants of herding behaviour

We observed that pension funds’ herding behavidterd considerably with the financial market
conditions, the macroeconomic environment and parfsind characteristics. However, the quintile

analysis does not account for the relationshipsden indicators. The correlation coefficients retibel in

51 Detailed results are available on request.
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table 12 reveal multiple significant relationshipstween financial and macroeconomic indicators. We
will now include the indicators simultaneously ttermine the driving forces of herding behaviouthie
sovereign bond market, while giving an indicatidth®ir magnitude. Due to our relatively large séanp
statistical significance is insufficient to conctuthat an indicator contributes to herd behavielg.(
Granger, 1998).

[insert table 12 here]

We prefer using the LSDV regression as its estindbias decreases with the number of time peridds.
average, the country-pension fund panels include 62 consecutive months of observations. This is a
large time-component, particularly when comparestémdard macroeconomic panels. The OLS results
are included for completeness reasons. Howevesetbstimates can be biased, since herding maydiepen
on unobserved country-pension fund and time-fixéeces. We will mainly focus on the results of our
preferred model.

Table 13 shows buy herding at different tradingmsities. We distinguish 3, 5, 10 and 15 trades
in columns (1)-(4) for OLS and (5)-(8) for LSDV speectively. Our findings are relatively similar ass
specifications with a minimum of between 3 andri@des. The regression at a minimum of 15 trades
reveals some notable differences compared to tiex epecifications. GDP growth has an insignificant
effect on buy herding and a negative significaféafin the other regressions. In addition, the \Hdex
has a positive effect and an insignificant effedhie other specifications. The VIX index represet
indication of global risk aversion. The positiveytherding for highly traded sovereigns can beghflio
guality as observed for Dutch insurance companjeBijisma and Vermeulen (2016). Frequently traded
sovereigns are highly liquid, even under uncentaimditions. In addition, high-rated sovereigns
experience less buy herding, which may be explaayetie fact that high frequency of trading reduces
the probabilities of forming a herd. The largesiremmically significant effects result from soverreig
ratings and the size of the sovereign bond mafket.size of the sovereign bond market depresses the
LSV herding measure by 0.09 if it increases by staadard deviation. Thus, the size of its sovereign

bond market makes a country less prone to hercghgviour.

[insert table 13 here]

Table 14 presents sell herding behaviour at differading intensities. The lagged percentage of
sovereign holdings is negative and significantegt@t a minimum of 15 trades. Small sovereign bond

holdings are relatively costly if there are fixeolts for country-specific investments as noted alv&€
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and Mendoza (2000). Consequently, there is motderding in small sovereign holdings. This relates
the findings of Choét al.(2017), which suggest that concentrated investisteategies in international
markets can be optimal. The probability of selldireg decreases with the size of the sovereign bond
market. First, the size of the government bond etaekrelated to market liquidity. Thus, professibn
investors might worry less when other pension fundse out of these markets. Second, from an
investment manager's perspective, it is easiengtify holdings of sovereign bonds issued by large
economies. Scharfstein and Stein’s (1990) inteagicet of the shares of large companig (IBM) may
also apply to large sovereign bond markets. Thifdrmation costs are likely to be lower on averéage
larger holdings and for large sovereign bond marfeet.information updates are more frequent). The
size effect is also highly significant from an ecaric perspective. A one standard deviation adjustme
substantially decreases the LSV herding measue2ty A low sovereign rating increases sell herd
behaviour, except in the case of a minimum of &Bds. There is a stark contrast between the balravio
for sell and buy herding. This is not surprisirigce a high sovereign rating may be a reason tabuy
particular bond, whereas the opposite holds fordowereign ratings. This effect is also economjcall

relevant.

[insert table 14 here]

In general, the specifications for a minimum oftddsles differ from the other specificatiolS his is
attributable to the smaller sample size. In addjtaohigher minimum trading threshold means that on
frequently traded bonds are included. We followaheepted practice in the herding literature by
presenting our findings for a minimum of five tradé&his assures that the herding behaviour foued do
not result from random change, and a diverse setunftries is included (i.e. not just the frequeirthded
sovereign bonds). This also makes our resultsraitaparable to other herding behaviour studies.
According to our quintile analysis, pension funductcteristics have limited relevance for herding
behaviour, but our analysis suffers from some enwiac problems. Following Bikkeat al.(2007), the
pension fund characteristics are lagged to mitigatee of the endogeneity problems. Table 15 shioats t
the relative performance of fixed-income investraeag compared to the total performance of all pensi
fund investments influences buy herding behavidusetter relative performance significantly increas
buy herding, which may among other things be attable to adjustment of the tactical asset allocati
This refers to taking short-term (informed) betgelative asset class returns (Bikletal, 2007). If we

include all pension fund indicators simultaneouslgolumns 7 and 14, the relative performance iitmic

52 This sample is dominated by German and Dutch siyeibonds.
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remains significant. All other pension fund chaegistics are insignificant. For sell herding beloavj we
find no significant effects of pension fund chaeaisttics in table 16. At first glance, the irrelaca of
most pension funds’ specific characteristics ieeasurprising. The low relevance is confirmedHpy t
low economic relevance of pension fund charactesisThey have a limited effect on herding behawiou
One explanation for these results may be that parsnd characteristics persist over time. Consetye

the variation is too small to produce any signfficeffect.

[insert tables 15 and 16 here]

Our previous findings show that the macroeconoiibi@son may play an important role in herding
behaviour. Table 17 presents the results of theaeaonomic factors influencing buy herding. Our
findings show a positive and significant effectlod current account on buy herding. A better curren
account position leads to increased buy herdingziwmay be explained by the fact that the current
account serves as an indicator for the competitiserof a country’s economy. A current account sisrpl
makes it easier to serve debt payments, espeifiallyountry holds debt denominated in foreign
currencies. Cassimat al. (2008) note that this is particularly relevant faany developing countries as
they rely on foreign capital to finance their butdgg needs. Exchange rate volatility has a negatfifext
on buy herding behaviour. For pension funds, vitlathakes their investment revenues more inseoure
they are required to hedge currencies to uphold theenues.

We are somewhat surprised by our findings for gowent debt and net government lending.
Both indicators increase buy herding behaviour,nimepthat pension funds do not shy away from
countries with high government debt or high netagament lending needs. As said, this may due to
liquidity reasons. Melecky and Raddatz (2015) cadtinat there are two opposing effects. Although
countries have a higher probability of defaulhiéy have higher government debt and higher defitiey
often have better financial market access as tledit stock is the outcome of the supply of loartstae
purchase of their government bonds. The economitfgiance is also very high, a one standard dieviat
increase in general government debt increases éndjrig by 0.08. The unemployment rate has a negativ
and statistically and economically significant effen buy herding. Unemployment can have effects on
government tax revenues and social security clist® include all macroeconomic indicators
simultaneously, net government lending becomegifitant. Table 18 shows the results for
macroeconomic variables when sell herding occunese variables have the opposite sign to buy regrdin
and general government debt is insignificant. Tiemwnindicators are significant and signed as etguec
The unemployment rate has an economically sigmifieffect on sell herding. A high unemployment rate

increases the level of sell herding by 0.07.
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[insert tables 17 and 18 here]

Table 19 shows the influence of financial marketiseent on herd behaviour. We find no evidence that
stock market returns influence buy herding behaviowr findings do reveal that the CDS spread has a
pronounced negative effect on buy herding, in atzoce with our expectations. A higher risk of défau
makes Dutch pension funds less willing to herd thet sovereign. The yield also has a negativeceffie
buy herding, so additional yield does not suffitecompensate Dutch pension funds for the increpsi
likelihood of default. This contrast with the fimdjs of Xiao (2007) on international bond funds. Séhe
funds chase bonds with high past returns and yieldereas pension funds do not herd on
contemporaneous yield. A high CDS spread and yeddlt in an economically relevant decrease of buy
herding by 0.03 for both. Our estimated resultsbie 20 indicate that yield and the CDS spread do
contribute to sell herding behaviour, whereas stoakket returns have a negative and significamiceff

on sell herding behaviour. There is a clear econaltyisignificant effect of a one standard deviatio
increase in CDS spread and yield, the LSV herdirgsure increases by 0.06 and 0.04, respectively. In
summary, our findings reveal a clear influenceimdificial and macroeconomic conditions on sovereign

herding behaviour.

[insert tables 19 and 20 here]

There is a debate in the literature on the effésbeereign ratings and how rating changes affezt t
behaviour of sovereign bond investors. Pensionduadibit more pronounced buy herding behaviour
amid a positive rating outlook (see table 21). Tdtang outlook has a significantly positive effect buy
herding, so pension funds anticipate on possibfgrdrements in sovereign ratings, but we find no
evidence that their anticipating behaviour is nm@nounced immediately following a change in the
rating outlook. Our findings reveal that pensionds engage in buy herding following a sovereigmgat
change, meaning that they are incapable of coyradticipating the timing of a rating change. Taek of
anticipation may also imply that in some casesigativents for some reason go astray of the undgrlyi
macro and fiscal fundamentals that market partigipperceive (Afonset al, 2012). However, after a
rating change, all pension funds seem to activejysi their portfolios. Table 22 shows the selldireg
results for rating and outlook changes. As expeaegabsitive outlook dampens sell herding. Pension
funds hold on to these assets, probably becaugedbability of default decreases. In addition, ioyed
sovereign ratings could be closer to their pretkasset characteristics as discussed by Falkenstein

(1996). Contrary to the buy herding specificatiarthange in the rating outlook is significant, thet
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economic significance is rather low. The differemticators have a limited economically meaningful

impact on herding.

[insert tables 21 and 22 here]

Institutional factors influence the investment babar of pension funds. Institutional factors aighty
correlated, and we find mixed evidence on the effémstitutional factors on herding behaviour eféis
a positive and significant effect for the variabdégovernment effectiveness, regulatory qualitgt &nice
and accountabilifif (see table 23). Voice and accountability has eigtnomic significance, a one
standard deviation improvement of this indicataréases buy herding behaviour by 0.27. However, we
also find a negative and significant effect forificdl stability and absence of violence/terroriand rule

of law. Improving the quality of institutions shaulightly increase the likelihood of buy herdimgai
particular sovereign as it is more attractive agmaastment. However, buy herding can also have
destabilising effectse(g.price pressure, bubbles etc.). Thus, better utitits might be able to prevent or
mitigate buy herds. Consequently, the evidencerizesvhat mixed. The same is true for sell herding
behaviour (see table 24). Our findings reveal atieg and significant effect of better control of
corruption, regulatory quality and voice and acaability. In contrast, we find a positive and sifigant
effect for rule of law and political stability armdbsence of violence/terrorism. Our findings are sehat
similar to those of Gelos and Wei (2005) who fihdttinternational investors tend to flee more ogaqu
markets. We will not discuss the results for theudianeous inclusion of the institutional variables
because our correlation coefficients reveal thattrrelation of the institutional factors is oftarer 0.8.

Therefore, we should be cautious interpreting éselts when simultaneously including these indicato

[insert tables 23 and 24 here]

5.2. Sensitivity analysis

We perform various robustness checks. First, wesheljl the correction for the accrued interest kafee.
assume that the accrued interest is the same psavailing interest rate at that moment. Althoutyiis is
a reasonable approximation, we investigate whetheassumption drives our results. The correctamas
the world interest rate, the country specific ingrrate augmented with the average world inteagstfor

missing observations, an annualised uniform inteeds of 10%, the highest interest rate in thepgam

53 The World Bank (2015) defines the voice and actahitity variable as “it captures perceptions of #xtent to
which a country's citizens are able to participatselecting their government, as well as freeddnaxpression,
freedom of association, and a free media.”
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and the prevailing yield on long-term governmemdis?* The re-estimations of the LSV herding
measure using these corrections prove to be relathimilar to our previous corrections. Thus, our
findings are not driven by our decision to adjbst torrection for the accrued interest rate.

Bikhchandani and Sharma (2000) indicate that thé h&ding measure does not incorporate the
size of the transaction. We use absolute valuéisegpurchases and sales to incorporate the sibe of
transactions. Please note that our main aim isvestigate herding behaviour. From this perspective
size of the transaction is less important. Howetvansaction size does matter when regarding the
possible price effects of herding. Larger transextihave a larger potential to influence the psitéing.
This robustness check allows us to check whethelifgebehaviour is driven by a high number of small
transactions. We re-estimate our results weigtalgplute trade size. This does not significantngfe
our results.

Pension funds sometimes outsource their assetgeameat to external asset management firms.
Indirect investments can be classified as investsiato bond mutual funds. However, this still leathe
possibility that pension funds engage the serwféise same external asset managers. We want tessdd
this issue as pension funds’ herding behaviour beagttributable to similar dealings by the samermw
asset managér.The difference between the LSV herding measuredaision funds with similar asset
managers and non-similar ones gives an indicafitrealing due to the same external asset managers.
Some pension funds engage more than one extesalraanager. To account for multiple external asset
managers, we perform an additional robustness classkiming that the external asset managers manage
sovereign holdings proportionally. Our findings eal/that the LSV herding measures do not differ
between funds with similar asset managers and thitkelifferent asset managers. This can be exgdhin
by the fact that pension funds set different gaald have different risk attitudes.

To provide evidence on the sensitivity of our fimgh, we augment our econometric
specifications. We perform our econometric analysiag country-pension fund and time effects. The
country-pension fund fixed effects are the smaljestip in our sample which enables us to contnottfe

underlying most unobserved factors. Following Raddad Schmukler (2013), different fixed effects ar

54 All these corrections have advantages and disaages. First, the use of the world interest raterantees the
maximal sample but it is likely to be a poor apjmedion of the accrued interest rate for many cdestSecond, the
10% uniform correction filters out the small tractsans. Consequently, we regard the transactiorchvizian
potentially lead price effects. However, the catitecis likely to be incorrect approximation of thecrued interest
rate at the country level. Furthermore, it doesaujtist for interest rate fluctuations over timé&ird, the highest
prevailing interest rate suffers from similar draweks as the world interest rate. This assurestlteatorrection is
probably larger than the accrued in interest fade the world interest rate, there will be overd amderestimation of
the accrued interest rate. Fourth, the yield og4@mm government bonds is country-specific. Howgetree yield is
not widely available. Therefore, the sample sizedsiced.
%5 There is one drawback to our approach. The das dat allow us to distinguish between the exteasstt managers
who manage the sovereign bond holdings and the bdidings.
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included in tables 25 and 26. Our results showttiasign and significance of our indicators ishihjg

similar across specificatioris.

[insert tables 25 and 26 here]

This study presents the pension fund, financiatmeconomic and institutional indicators sequelytial
To assess the statistical sensitivity of past figdiand to control for a possible omitted varidiies, we
include all significant controls simultaneouSiThese results do not change our main findings that
economic and financial market circumstances wistmirinstitutional setting influence herding behaviou
Our results could potentially suffer from endogéneilerding by pension funds can influence the
independent variables. We re-estimate our mainifigest@ons using only variables that are laggedhg

period. Our results are not significantly different

[insert figure 7 here]

We then estimate a dynamic panel model to accaurgdssible autocorrelation. Figure 7 shows thateth
is no clear pattern in herding behaviour over tikighough there is no clear indication of persisinwe
deal with possible autocorrelation estimating aadyit panel regression. Our main specification is

redefined as follows, and it includes a lagged ddpat variable.

HM;, = p; + HM; 4 + BiMACRO;; + B3FINAN; s + B3FUND; 11 + &;¢ (8)

The lagged herding measures do not change theésésuthe other indicators. For both buy and sell
herding, the lagged herding measure is negativesigmificant. Thus, high intensity herding behaviau
generally followed by low intensity herding behawio

We also apply a different econometric estimatiaihrndology. We conduct truncated regressions
as the herding measure is only continuous withiergain range, due to the attributes of the LS\dimgr
measure. We have not included these regressiolisiedue to space constraints. Furthermore, these

findings do not differ substantially from the fimgjs of the LSDV regression.

%6 The exception for buy herding behaviour is thégimicance of the VIX index for our initial speihtion. For the
other two specifications, there is a positive aigdificant effect on buy herding. For sell herdiogy preferred fixed
effects show an insignificant effect for GDP growtthereas the other specifications show a negaffeet on sell
herding behaviour.
5’ The institutional indicators are the notable exiogpas they are highly correlated among themselves
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5.3. Stabilising or destabilising effect?

The question remains whether herding behaviouahstabilising or a destabilising effect on sovateig
bond prices. It could potentially be stabilisiegg.when herding accelerates incorporation of inforomat
in bond prices (Nofsinger and Sias, 1999). Wedrgdtablish whether herd behaviour has a stalgjlisin
destabilising effect by investigating the existenteeturn reversals. If herding behaviour indead a
stabilising effect, no return reversals are expkdiew information is included in bond prices, avitl
remain included in prices. If the effect is onlyhbgioural, bond prices should reverse in the future
Pension funds will then ignore their own informatand trade with the herd. This may move securities
away from their price equilibrium and lead to almal volatility (Changet al, 2000). This is the
destabilising effect of herding behaviour.

We focus on the price returns and price returns pkchange rate returns extracted from DNB’s
balance of payments database. We differentiatedsstthese returns because exchange rate fluctsiation
are regarded as less predictable. In addition|, tetarns also sometimes include the effects of
reclassifications. Following the standard pradiicthe financial literature, we also estimate thiim
reversals for winsorised returns. Pension fundstment managers mainly focus on their price return
expectations. We do not know the exact transadides during the month so the exact returns are
difficult to calculate on a monthly basis. Thestines depend to a certain extent on the datesrohpses
and sales. For now, we will use daily investmewits.assume that there are 20 trading days in a month
Investments are made in equal daily amounts. Wectack the robustness of our results later. We use
our balance of payments data and assume diffeceob@ase and sales dates within the month, and we
compare the results with sovereign market indaxnstdata.

Our investigation includes the time of the Eurapdabt crisis. This may cause very volatile asset
returns, especially in long-term government boRdgential outliers can influence our results on the
stabilising or destabilising effect of herd behawidr o control for this, the returns are winsorigethree
different ways. The results are obtained for wirsng at 0.1th and 99.9th percentile, at 0.5th @&th
percentile and at 1th and®9percentile. The latter winsorises more observatamd, therefore, results in

the inclusion of less outliers. The results ares@nted for winsorising at 0.1th and 99.9th pertenti

[insert tables 27 and 28 here]

We divide the buy and sell herding measures intotilgs. At periodt = 0, a pension fund either buys or
sells sovereign bonds. The quintile which exhithits strongest and the weakest buy herding areifedakss
asB5 andB1, respectively. In a similar vein, we classify g@l herding measure. Thds is the quintile
with the strongest sell herding, afitlis the quintile with the weakest sell herding. iMeestigate the
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abnormal return from two months prior to the tramisa until five months after the transaction. hiist
way, we can see whether a return reversal occurs.

Our findings reveal some mixed evidence on stamgisnd destabilising behaviour when using
total returns. The average returns for sell hertielgaviour are often statistically significant, wndees the
results for buy herding behaviour are less sigaific There are immediate return reversals for ®io s
guintiles,S3 andS1. This indicates destabilising behaviour of pengiords. When analysing the return
reversals using price returns, our results alseakemixed evidence on stabilising behaviour. Tlaeee
also no significant return reversals for buy hegdiexcept foilB1. Three sell herd return reversals are
identified, these occur for the quintile®, S2 andS1. This are the relatively less intensive sell hegdi
quintiles. In general, we find mixed evidence abilising behaviour. Destabilising behaviour se¢ons
be occurring on the sell side, although it is comticeged in the low intensity sell herd quintilesr Buy
herding, the pension funds behave in a stabiligiag.

Country characteristics may potentially lead tdedént behaviour from pension funds. The most
notable may be the difference in behaviour whenrotlimg for sovereign ratings. Based on theirmgs,
we divide the countries in two groups: investmeant aoninvestment grade. For investment grade
countries, we find some evidence of destabilisiaaviour in sell herding when we look at price nesy
even though not all immediate return reversalstatstically significant. The pattern of the sigaseals
that a reversal also occurs in the insignificaisesa except faf5. In the other specifications, we find no
evidence of destabilising behaviour by pension §urichus, noninvestment grade countries do notisuffe
from destabilising pension fund behaviour. Anottiistinction can be made between emerging and
advanced economies. When distinguishing betweeealaleing and emerging markets and developed
economies, we find no clear distinction. For adeaheconomies, we find only sporadic evidence of
destabilising behaviour. Our findings for emergazpnomies are highly similar. In general, we find
stabilising behaviour by pension funds in develoaed developing countries.

Investment decisions made by pension funds mustedseviewed at portfolio level. We start by
sorting the sell and buy herding measures intotiegnper month(t). Pension funds receive monthly
inflows, and their investment managers must deaidat to invest in. This paper combines the poxfoli
approaches of Wermers (1999) and €tail. (2012) to establish return reversals. We applyetal’s
(2012) methodology as we want to compare the retafifferent bond portfolios. We supplement their
approach by one aspect of Wermers (1999), who aidveight returns by the size of the investmenisTh

is a more suitable basis for our research as we twarbserve herd behaviour, which by its very nésne

30



following behaviour. Thus, the value of the tranigarcis not at stake, but rather the executiorhef t
transaction itself®

We find some mixed results at portfolio level. Whegarding all bonds, there are return reversals
if pension funds go short iBi1 and long inB5. This study distinguishes between investment geaude
noninvestment grade bonds. For investment gradddyoar findings reveal no immediate return
reversals. By contrast, there is an immediate metewversal for noninvestment grade bonds if priterns
are used; we find the same results for all bondati@ry to the results for total returns, we aisd fin
immediate return reversal for investment grade bofmtie return reversion continues for a maximum of
three months. As we do for ratings, we distinglistween emerging and advanced economies. Based on
total returns, we find evidence that % — B1, there is a return reversal in developing and gmgr
economies. For advanced economies, our findingsoticeveal any destabilising behaviour. If we use
price returns, our findings also show destabilidiefaviour for advanced economies at the level of
portfolio B5 — B1.

[insert tables 29 and 30 here]

In summary, we find mixed evidence whether penfioils act in a stabilising or destabilising way bu
in most instances, their actions have a stabilisffiect. When we analyse pension fund behaviour for
each buy or sell quintile, we find some destalpitidbehaviour on the sell side. Whereas at portfetiel,
we find destabilising behaviour when pension fugoldong in quintileB5 and short in quintilé1.

There is no consensus in the herding literaturhemuestion whether herding behaviour might
be stabilising or destabilising. For equity investits, Wermers (1999), Nofsinger and Sias (1999) and
Sias (2004) find no evidence of a destabilising&tffwhereas Puckett and Yan (2008) and Dasgiath
(2011) find evidence of a destabilising effecttHeir study on corporate bonds, @aal.(2012) show
that destabilising effects are concentrated orséfieside and in junk bonds. These results ar¢ivelg
similar to our findings for sovereign bonds.

Our mixed results can probably be attributed tontlagket circumstances, more particularly the
existence of extreme returns. We use winsorisechanewinsorised returns to estimate stabilising or
destabilising behaviour. We find that extreme mbadkeumstances in the sovereign bond market iserea
the likelihood of finding a stabilising effect. ther words, if more extreme returns are winsorisexdo
find more return reversals. One explanation fas thay be that pension funds engage in more aggeessi

rebalancing behaviour. Their portfolio clearly daeis from their long-term strategic asset allocatio

58 Following Wermers (1999), we also use a minimurfivaf trades.
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which necessitates aggressive adjusting of thereign holdings. If no adjustments are made when
extreme returns materialise, the prevailing stiatagset allocation will be unattainable. This nsmke
pension funds act in a stabilising way. From aalogelfare perspective, they contribute at the twhen
the financial markets are volatile (extreme higlextreme low returns), whereas in normal market
circumstances pension funds may occasionally deWtiam their strategic asset allocation because of
market timing. The resulting small return differeaao not have the power to change the assettidioca
in any significant way. Thus, the strategic asietation remains attainable and the deviatiomiy of a
short-term nature.

We perform numerous robustness chél&tst, we use the country-specific interest rates
augmented by the continental interest rate foringsealues as this maximises the number of countrie
included. This does not change our main findinged®d, we also obtain data return data from soyerei
market indices. We use different advanced and emgrgarket sovereign bond indié&s have
maximum coverage. Overall, we find stronger evi@éeofcreturns reversals than in our previous results
Our findings reveal reversals on the buy side wherinvestigate return quintiles. For the noninvesitn
grade portfolio, we find a destabilising effect the S5 — S1 and theB5 — S5 portfolio. Please note that
these results are obtained for a limited numbebaskrvations as sovereign market indices were not
available for all countries, especially not for égieg and developing ones. We assume that pension
funds only hold 10-year sovereign bonds as we ddvaee data at our disposal on the exact compnsitio
of the sovereign bond portfolios of each individpahsion fund. Third, this study uses different
investment moments within the month. This accofmtshe possibility that differences in returns are
driven by the timing of the investment. We inveatgyinvestments at the beginning, at the endeat th
middle, at the middle and the end, and at the éedery week (four equal amounts), daily (20-wonysja
and at payday in the Netherlands (th& @Bevery month). These alternatives have not cbdogir main
findings, meaning that our findings are not drivsrthe timing of the investment moment within the

month.

6. Conclusions

This study finds evidence of intensive herding lvéa in the sovereign bond market by 67 large butc

pension funds between December 2008 and Decemtdr Zhese findings prove to be robust for

%9 Although we find evidence of a destabilizing effetpension funds in normal market circumstanités,
important to note that prices can move away froair tundamental values for some other reasonsjiikentory
costs considerations or market frictions.
80\we use the non-hedged sovereign bond indices deated in euros. Thus, our study also includeseghens from
the exchange rate changes.
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numerous specifications. We find substantially kigherding behaviour in the sovereign bond market
than in the equity market. Previous studies oretingty market found an Lakonishekal.(1992) (LSV)
herding measure of around 0.03 (Lakoniskokl, 1992, Grinblatet al, 1995; Jame, 2011). This means
that 53 percent trades in one direction, and 4Zgmértrades in the other direction. The imbalasaatich
larger for the sovereign bond market. The ovelnaly; and sell herding measures for sovereign bonds
amount to 0.14, 0.12 and 0.16, respectively. Thd#cates that the intensity of herding behaviour is
approximately five times larger for these bondsthas for equity investments. More importantly,
sovereign bonds account for approximately 60% efinkkestment portfolios of Dutch pension funds.
Thus, herding behaviour in these bonds may havefisignt consequences.

This study assesses which factors play a roledmtturrence and extent of herding behaviour.
Our examination reveals that herding behaviourasiy driven by macroeconomic factors and country-
specific financial market conditions. These findirage confirmed by our econometric analysis. In
addition, the institutional setting influences hregdbehaviour. Institutional factors, like institutal
indices, have a significant effect. To our surpnsnsion fund characteristics have no significaupiact
on herding behaviour, which may be explained bgigtrnce of the characteristics over time.

As the potential public welfare costs of herding laigh as witnessed by the European debt crisis,
we need to establish whether herding behavioubéeki by Dutch pension funds indeed has a
destabilising effect. If herding behaviour is indestabilising, no return reversal is expected as th
purchase or sale transaction prices in new infdoma©Our findings show mixed results on whether
pension funds exhibit stabilising behaviour in segereign bond markets. Sell-side transactions by
pension funds do have a destabilising effect. \We ¢ionsistent evidence in the return quintiles thate
are immediate return reversals. Sometimes thesgsal persist for several months. When regarding
pension funds’ portfolio decisions, there are mhaversals in the portfolio where it goes longhia most
intensive buy herding quintil@35) and short in the least intensive buy quintid). When using
sovereign market indices, we also find evidencgestabilising behaviour in other portfolios. In &idah,
we find evidence of stabilising and destabilisirdnaviour being context specific and consequentigi
inconsistent. The trading behaviour of pension fuiscdestabilising in times of relatively normal ket
circumstances.

When extreme returns are not winsorised, we filad frutch pension funds have a stabilising
effect on the sovereign bond market. These diftezéfiects can be explained by the necessity to
rebalance. If extreme returns are not rebalanbedstrategic asset allocation will be unattainabtbe
long term, whereas market timing approaches maysked in the short term when returns do not deviate
too much. This enables the pension funds to attteiin strategic asset allocation. Please note that

stabilisation and destabilisation do not have #mesocial benefits and costs under different nharke
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circumstances. In times of crisis, the contributioat pension funds make to stabilisation has ahmuc
higher value from a welfare perspective than delgation during a non-crisis period. However, ixis
periods are probably shorter than a non-crisisopsriThe exact social benefits or costs remairestib)
further research.

Our study has some limitations. Although it hashHiggquency data (monthly data) compared to
guarterly or semi-annual data used in other stusli@y short-term herding may still occur. In adulit
institutional trading is most likely to distort pés if it is concentrated in short intervals (Lipsmnd
Puckett, 2010). Consequently, our estimates patgntinderestimate actual herding behaviour. Oudlyst
also investigates a very specific time frame inEaeopean sovereign bond market. The European
sovereign debt crisis and its uncertainty may hafheenced pension funds’ behaviour. However, it is
especially useful to study these extreme times fasncial welfare perspective. Herding can also be
driven by different motives, and further reseascheeded as to whether different motives leadfferdnt
outcomes about stabilising or destabilising behavio

Several policy recommendations follow from our stuelsults. First, this study reveals some
factors that influence the intensity of herd bebavi These factors can be monitored and their
consequences can be taken into account by pensids’fmanagers and supervisors. Second, Dutch
pension funds face a trade-off in terms of acqgimormation and the cost of information. Numerous
indicators reveal that information costs playsweia role in herding behaviour. For example, pensi
funds herd less in countries where they have laogereign holdings. Large sovereign bond holdings a
relatively cheap if there are fixed costs for coyspecific investments as noted by Calvo and Meado
(2000). Although some diversification has its ngribformation costs may prompt additional herding
behaviour, especially on the sell side. In genéiaigl behaviour seems more pronounced when
information is scares and/or costly. Pension funashagers and supervisors need to be aware dche f
that (further) diversification can have unintendedsequences (e.g. more intensive herd behaviour).
Third, pension fund supervisors should not treatsm fund herd behaviour as a homogeneous
phenomenon. Herding behaviour contributes to stglnil the sovereign bond market during crisis time
However, our study also reveals that destabilibeigaviour occurs during non-crisis times. Thus
monitoring of pension funds should not be limitecttisis periods. A stricter investment policy in
accordance with the strategic asset allocationlimatythe destabilising effect during non-crisimgs.
Whereas the limits of strategic asset allocati@maore binding during crisis times, non-crisis snggve

the opportunity to engage in destabilising behaviou
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APPENDICES

8.1. Methodology appendix

The adjustment factor assures that the LSV hentiegsure does not overestimate herd behaviour.

Equation (9) shows the formula for the adjustmantdr.

AF; = E[lpit — pel] 9

Equation (10) shows thai; is the number of pension trading in couftyand month(t). p; is the
proportion of Dutch pension funds buying long-tesavereign bonds in a particular mon#, is the
number of pension funds that are purchasing long-sovereign bonds in countiy. We useN;;, B;; and
p¢ to calculate the expected outcomes of the adjudtfaetor. The outcomes are expected to follow a

binominal distribution, and Equation (11) shows Hovealculate the probability of occurrence.

Nit = Bt + Sit (10)
N; ) o
b[Nit; Bit, pe] = <BZ> Pflt[l — pNuBit (12)

The adjustment factor is the sum of all outcommesi the probability of occurrence. Table 1 shows a
numerical example of such a calculation. We assihiatp; is equal to 0.3 and there are five trades. The
reasons for this choice is that it allows us toveihwo extreme cases of the LSV herding measure (a

negative LSV herding measure and a LSV herding oreasver 0.5).

Table 1. Results of the adjustment factor calculadins

Bir
Bj; b[Ny:; Bir,pt] Ny Pt |pir = pil
0 0.168 0 0.3 0.050
1 0.360 0.2 0.3 0.036
2 0.309 0.4 0.3 0.031
3 0.132 0.6 0.3 0.040
4 0.028 0.8 0.3 0.014
5 0.002 1 0.3 0.002
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The finale step is to sum the coluim; — p,|, these are the outcomes for a specific numbeupf b
transactions. The adjustment factor is equal t83.We calculate the LSV herding meas{#e/;; ) for
the different number of buy@;,). Our findings are presented below. Our resekgal that the LSV

herding measure can be negative if it is clogg té-urthermore, the herding measure can be ovef 9,5
is relatively low or high.

Table 2. LSV herding measure for different proportion of buys

B

Ni; HMit
0 0.13
0.2 -0.07
04 -0.07
0.6 0.13
0.8 0.33
1 0.53
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8.2. Results appendix

Table 3. Summary statistics of pension fund, macr@®nomic, financial and institutional indicators

Observations Mean Std. Dev.  Min Max

Lagged logarithm of total holdings 55635 15.94 1.03 13.67 19.64
Lagged funding ratio 55655 1.09 0.13 0.77 157
Lagged relative returns by sovereign 55635 0.23 5.73 -45.82 36.40
Lagged relative performance fixed-interest investtee 55611 0.73 1.28 -7.26 13.37
Lagged distance to the SAA 55635 0.22 0.23 0.00 3.53
Lagged risk preference 53016 0.72 0.40 0.07 4.08
Lagged percentage of sovereign holding 58093 0.05 0.11 0.00 1.00
Inflation 60622 1.94 2.58 -6.60 30.37
Current account 60605 -0.52 6.55 -38.10 32.60
Exchange rate, change 57742 0.11 2.18 -11.08 67.98
GDP growth 60605 1.21 3.30 -13.10 17.66
General government debt 60399 61.94 32.86 4.46 244.90
Logarithm of the sovereign bond market 38538 26.31 1.81 17.81 30.48
Unemployment rate 56109 8.53 4.74 0.45 33.29
Net government lending 60605 -3.68 441 -32.42 20.49
Credit rating 59351 7.08 5.10 1.00 22.00
Credit outlook 59351 -0.20 0.52 -1.00 1.00
Stock market return 51979 0.81 6.47 -37.38 51.49
VIX index 60626 20.91 8.29 11.40 46.35
Yield 51609 5.67 4.05 0.40 65.60
Long-term interest rate 42278 453 3.35 0.00 29.20
Logarithm of the CDS spread 52205 4.71 1.07 2.10 9.61
Credit rating change in the past 3 months 59351 -0.05 0.45 -6.00 6.00
Credit outlook change in the past 3 months 59351 0.00 0.36 -2.00 2.00
Control of corruption 60626 0.57 1.07 -1.57 252
Government effectiveness 60626 0.69 0.90 -1.26 2.27
Political stability and absence of violence/tersori 60626 0.23 0.87 -2.81 1.49
Regulatory quality 60626 0.71 0.84 -1.81 2.23
Rule of law 60626 0.58 1.03 -1.89 212
Voice and accountability 60624 0.61 0.84 -1.66 1.76

Table 4. Summary statistic of the balance of paymés statistics (EUR 1,000)

Observations Mean Std. Dev.  Min Max

Sovereign holdings, beginning of the mont 60626 131344 532933 -54460 14059790

Purchases and sales 60626 856 55801 -5646480 2976569

Price changes 60626 491 13981 -530300 675254

Exchange rate changes 60626 -9 2495 -198219 205988

Other changes 60626 6 3856 -188948 524694

Sovereign holdings, end of the month 60626 132688 537948 -121117 14059790
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Figure 1. Density of the LSV herding measure with aninimum of five trades between December
2008 and December 2014
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Figure 2. Density of the LSV herding measure with aninimum of five trades adjusted by the
country-specific interest ratebetween December 2008 and December 2014
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Figure 3. Distribution of investments across counies between December 2008 and December 2014
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Table 5. Summary statistics of the herding measuradjusted for accrued interest

Herding measure adjusted by the prevailing interestate

Observation  Mear Std. Dey Min Max
Overall herding measL 4164 0.14 0.1t -0.28 0.64
Buy herding measu 2405¢ 0.1z 0.1z -0.28 0.54
Sellherding measu 1758¢ 0.1€ 0.17 -0.28 0.64

Herding measure adjusted by the prevailing interestate augmented with WEO country-
groups average interest rates

Observation  Mear Std. Dey Min Max
Overall herding measL 4840 0.0¢ 0.14 -0.28 0.6¢
Buy herding measu 2618« 0.0¢ 0.1z -0.24 0.5z
Sell herding measu 2222: 0.11 0.1t -0.28 0.6¢

Herding measure adjusted by the prevailing interestate and position continuing trade:

Observation  Mear Std. Dey Min Max
Overallherding measu 1812( 0.1C 0.1€ -0.28 0.7¢
Buy herding measu 796: 0.1€ 0.1¢ -0.23 0.7¢
Sell herding measu 10157 0.0€ 0.1z -0.28 0.5¢

Herding measure adjusted by the prevailing interestate augmented with WEO country-
groups average interest rates and position continng trades

Observation  Mear Std. Dey Min Max
Overall herding measL 2045 0.1C 0.1€ -0.24 0.7z
Buy herding measu 957( 0.1z 0.1¢ -0.24 0.7z
Sell herding measu 1088! 0.0¢ 0.14 -0.24 0.6¢
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Table 6. Trading intensity and the herding measuredjusted for accrued interest

Herding measure adjusted for the prevailing interesrate

Overall herding measu

Observation Mear Std. Dev Min Max
A minimum of 3 trade 4004¢ 0.14 0.1t -0.2C 0.64
A minimum of 5 trade 3720¢ 0.15 0.1t -0.1€ 0.64
A minimum of 10 trade 2841¢ 0.11 0.1z -0.12 0.54
A minimum of 15 trade 1849; 0.11 0.12 -0.1C 0.5z
Buy herding measu

Observation Mear Std. Dev Min Max
A minimum of 3 trade 2375( 0.12 0.1z -0.2C 0.54
A minimum of 5 trade 2288 0.12 0.1z -0.1¢ 0.54
A minimum of 10 trade 1942; 0.12 0.12 -0.12 0.54
A minimum of 15 trade 1425( 0.15 0.12 -0.1C 0.47
Sel herding measul

Observation Mear Std. Dev Min Max
A minimum of 3 trade 1629¢ 0.1€ 0.17 -0.1¢ 0.64
A minimum of 5 trade 14317 0.1t 0.17 -0.1¢ 0.64
A minimum of 10 trade 8997 0.0¢ 0.14 -0.11 0.5z
A minimum of 15 trade 424; 0.0t 0.1C -0.0¢ 0.5z

Herding measure adjusted for the prevailing interesrate augmented with WEO country-
groups average interest rates

Overall herding measu

Observation Mear Std. Dev Min Max
A minimum of 3 trade 4684: 0.1C 0.14 -0.2C 0.6¢
A minimum of 5 trade 4404: 0.1C 0.1z -0.1¢ 0.6¢
A minimum of 10 trade 33101 0.0¢ 0.1z -0.12 0.6C
A minimum of 15 trade 19307 0.0¢ 0.11 -0.1C 0.6C
Buy herding measu

Observation Mear Std. Dev Min Max
A minimum of 3 trade 2534t 0.0¢ 0.1z -0.2C 0.5z
A minimum of 5 trade 2389¢ 0.0¢ 0.1z -0.1¢ 0.5z
A minimum of 10 trade 18507 0.0¢ 0.11 -0.12 0.5z
A minimum of 15 trade 1250¢ 0.1C 0.1C -0.1C 0.44
Sell herding measu

Observation Mear Std. Dev Min Max
A minimum of 3 trade 2149 0.11 0.1t -0.1¢ 0.6¢
A minimum of 5 trade 2014¢ 0.11 0.1t -0.1¢ 0.6¢
A minimum of 10 trade 1459« 0.0¢ 0.1z -0.12 0.6C
A minimum of 15 trade 679¢ 0.07 0.1z -0.1C 0.6C
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Table 7. Trading intensity and the herding measuredjusted for accrued interest and position
continuing trades

Herding measure corrected by the prevailing interesrate and position continuing trade:

Overall herding measure

Observations Mean Std. Dev. Min Max
A minimum of 3 trades 15893 0.12 0.16 -0.20 0.73
A minimum of 5 trades 12705 0.12 0.16 -0.16 0.73
A minimum of 10 trades 5156 0.13 0.15 -0.11 0.67
A minimum of 15 trades 2422 0.14 0.15 -0.07 0.52
Buy herding measure

Observations Mean Std. Dev.  Min Max
A minimum of 3 trades 7468 0.16 0.19 -0.20 0.73
A minimum of 5 trades 6411 0.16 0.18 -0.15 0.73
A minimum of 10 trades 3260 0.16 0.17 -0.10 0.67
A minimum of 15 trades 1562 0.16 0.17 -0.07 0.52
Sell herding measure

Observations Mean Std. Dev. Min Max
A minimum of 3 trades 8425 0.08 0.11 -0.20 0.59
A minimum of 5 trades 6294 0.08 0.11 -0.16 0.59
A minimum of 10 trades 1896 0.07 0.11 -0.11 0.50
A minimum of 15 trades 860 0.10 0.10 -0.07 0.39

Herding measure adjusted for the prevailing interesrate augmented with WEO country-
groups average interest rates and position continng trades

Overall herding measure

Observations Mean Std. Dev.  Min Max
A minimum of 3 trades 18177 0.10 0.16 -0.20 0.71
A minimum of 5 trades 14615 0.11 0.16 -0.17 0.71
A minimum of 10 trades 5301 0.12 0.15 -0.11 0.65
A minimum of 15 trades 2422 0.13 0.15 -0.09 0.54
Buy herding measure

Observations Mean Std. Dev. Min Max
A minimum of 3 trades 8608 0.12 0.17 -0.20 0.71
A minimum of 5 trades 7050 0.12 0.17 -0.17 0.71
A minimum of 10 trades 2825 0.14 0.15 -0.11 0.65
A minimum of 15 trades 1299 0.14 0.15 -0.09 0.44
Sell herding measure

Observations Mean Std. Dev.  Min Max
A minimum of 3 trades 9569 0.09 0.14 -0.20 0.69
A minimum of 5 trades 7565 0.09 0.14 -0.17 0.69
A minimum of 10 trades 2476 0.09 0.14 -0.11 0.65
A minimum of 15 trades 1123 0.11 0.15 -0.08 0.54
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Figure 5. Buy herding measure by country between @ember 2008 and December 2014

i

48



Table 8. The relation between herd behaviour and $a havens and crisis countries

This table reveal the overall, buy and sell herdimepsure for safe havens and crisis countries.sthdsy limits the
period of the European debt crisis to the periog RIal0-July 2012. The European debt crisis staitts tive first
bail-out for Greece, whereas it ends with the ré&om Mario Draghi in July 2012. He would do, “athver it

takes”.

Financial  Rescue
PIIGS aid package
recipients  recipients

Safe Safe Safe
havens (1) havens (2) havens (3)

Entire sample period, December 2008-December 2014

Overall herding 0.13 0.13 0.14 0.10 0.11 0.13
Buy herding 0.14 0.14 0.15 0.10 0.10 0.13
Sell herding 0.03 0.04 0.06 0.09 0.11 0.13
European debt crisis, May 2010-July 2012

Overall herding 0.13 0.14 0.15 0.12 0.14 0.20
Buy herding 0.15 0.15 0.16 0.07 0.03 0.04
Sell herding 0.02 0.03 0.06 0.15 0.18 0.24
Definition Countries included

Safe havens (1)
Safe havens (2)

Safe havens (3)

PIIGS

Financial aid recipients

Finland, Germany, the Netherlands, Switzerland

Austria, Finland, Germany, the Netherlands, Swisret

Austria, Denmark, Finland, Germany, the Netherlahisway, Sweder
Switzerland

Cyprus, Greece, Ireland, Italy, Portugal, Spain
Cyprus, Greece, Ireland, Portugal, Spain

Rescue package recipient Cyprus, Greece, Ireland, Portugal
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Table 9. Quintile analysis using the prevailing intrest rate

We form quintiles for the indicators. These arddbd into five approximately equal parts from lawhigh. The
quintiles are constructed on a monthly basis. égns that the divisions are conducted for evemtimd hus, the
position within a quintile is fixed within a monthut it can differ between months. The quintilelgsia is
conducted with a minimum of five trades larger thfam prevailing interest rate. The overall, buy aaelf herding
measures are presented in columns HMit, BHMit aAE, respectively.

Sovereign ratings
Quintile HMit  Observations BHMit Observations  SHMit Observations

1 0.12 14460 0.14 11490 0.04 2970
2 0.10 6036 0.11 4619 0.07 1417
3 0.11 8225 0.10 4352 0.12 3873
4 0.16 5271 0.08 1873 0.21 3398
5 0.23 3064 0.10 537 0.26 2527
GDP growth

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.15 7934 0.14 4939 0.15 2995
2 0.12 8093 0.12 5430 0.13 2663
3 0.11 8590 0.12 6272 0.10 2318
4 0.12 7799 0.12 4564 0.12 3235
5 0.18 4788 0.10 1682 0.22 3106

Size of the sovereign debt market
Quintile HMit Observations BHMit Observations  SHMit Observations

1 0.17 4610 0.16 2781 0.19 1829
2 0.15 5991 0.16 4158 0.12 1833
3 0.12 6944 0.13 5629 0.06 1315
4 0.10 5765 0.10 3617 0.10 2148
5 0.07 5994 0.08 4166 0.04 1828

Number of countries in the pension fund's sovereigbond portfolio
Quintile HMit  Observations BHMit Observations  SHMit Observations

1 0.11 10080 0.13 7836 0.06 2244
2 0.13 7979 0.13 5154 0.12 2825
3 0.14 7641 0.11 4022 0.17 3619
4 0.15 6638 0.11 3355 0.18 3283
5 0.14 4866 0.11 2520 0.18 2346

Interest rate
Quintile HMit  Observations BHMit Observations  SHMit Observations

1 0.12 9824 0.14 8051 0.05 1773
2 0.12 6117 0.14 4948 0.04 1169
3 0.11 6616 0.13 4651 0.06 1965
4 0.08 5517 0.08 2957 0.08 2560
5 0.08 5084 0.07 2280 0.09 2804
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CDS spread

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.12 10084 0.14 8091 0.05 1993

2 0.12 8181 0.13 6459 0.06 1722

3 0.11 6784 0.09 3656 0.13 3128

4 0.13 6082 0.09 2713 0.17 3369

5 0.19 3906 0.08 940 0.23 2966
Current account

Quintile HMit Observations BHMit Observations  SHMit Observations
1 0.18 4816 0.10 1814 0.23 3002

2 0.11 7867 0.09 4027 0.14 3840

3 0.12 7990 0.12 5067 0.13 2923

4 0.14 8001 0.14 545¢ 0.1z 254t

5 0.12 8530 0.13 6523 0.09 2007
Average monthly sovereign holdings by pension fund

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.12 8993 0.12 6180 0.11 2813

2 0.13 7630 0.12 4670 0.14 2960

3 0.13 7291 0.12 4407 0.15 2884

4 0.14 7156 0.13 4321 0.16 2835

5 0.14 6134 0.11 3309 0.17 2825

Sovereign holdings in écountry as a percentage of the pension fund's totabvereign

holdings

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.17 4202 0.11 1657 0.21 2545

2 0.16 5944 0.13 2810 0.19 3134

3 0.14 7640 0.13 4251 0.16 3389

4 0.12 9038 0.13 6023 0.11 3015

5 0.10 10380 0.11 8146 0.04 2234
Corruption

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.16 4925 0.07 1520 0.20 3405

2 0.16 6001 0.09 2378 0.20 3623

3 0.12 7357 0.11 4049 0.12 3308

4 0.10 9437 0.11 6866 0.08 2571

5 0.14 9484 0.16 8074 0.06 1410
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Political stability

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.14 6316 0.08 2517 0.18 3799

2 0.17 5316 0.08 1883 0.21 3433

3 0.10 7864 0.10 4749 0.10 3115

4 0.11 8715 0.12 6164 0.08 2551

5 0.16 8993 0.17 7574 0.10 1419
Regulatory quality

Quintile HMit Observations BHMit Observations  SHMit Observations
1 0.19 4426 0.09 1211 0.22 3215

2 0.18 5627 0.08 1922 0.23 3705

3 0.09 8118 0.10 4672 0.09 3446

4 0.1C 1007 0.1z 7812 0.0¢ 226:

5 0.14 8959 0.16 7270 0.06 1689
Absolute distance to the strategic asset allocation

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.14 7473 0.12 4232 0.16 3241

2 0.13 6744 0.12 3957 0.15 2787

3 0.13 6353 0.12 3837 0.15 2516

4 0.13 7449 0.12 4688 0.13 2761

5 0.13 6937 0.13 4570 0.13 2367
Pension fund size

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.12 7936 0.12 5298 0.12 2638

2 0.13 7252 0.13 4689 0.13 2563

3 0.14 7559 0.13 4496 0.15 3063

4 0.13 7060 0.11 4087 0.16 2973

5 0.14 5149 0.11 2714 0.17 2435

Yield

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.12 9823 0.14 7834 0.05 1989

2 0.12 8043 0.14 6342 0.05 1701

3 0.11 6719 0.11 3837 0.12 2882

4 0.12 5486 0.09 2340 0.14 3146

5 0.2C 388 0.07 92¢ 0.2¢ 295tk
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Table 10. Quintile analysis using the prevailing iterest rate augmented with WEO country-groups
average interest rates

We form quintiles for the indicators. These arddbd into five approximately equal parts from lawhigh. The
quintiles are constructed on a monthly basis. éans that the divisions are conducted for evemtimd hus, the
position within a quintile is fixed within a monthut it can differ between months. The quintilelgsia is
conducted with a minimum of five trades larger thfaa prevailing interest rate augmented with WEOntoy
groups’ average interest rates. The overall, balysafl herding measures are presented in columnis BMMit
and SHMit, respectively.

Sovereign ratings
Quintile HMit  Observations BHMit Observations  SHMit Observations

1 0.09 14460 0.11 10220 0.06 4240
2 0.08 6105 0.08 3881 0.07 2224
3 0.09 9101 0.08 4072 0.11 5029
4 0.09 7868 0.06 3048 0.12 4820
5 0.12 6230 0.07 2603 0.15 3627

Size of the sovereign debt market
Quintile HMit  Observations BHMit Observations  SHMit Observations

1 0.12 5654 0.11 3123 0.14 2531
2 0.12 6390 0.13 3975 0.10 2415
3 0.09 7081 0.10 5029 0.06 2052
4 0.07 6162 0.07 3201 0.08 2961
5 0.05 6068 0.04 3426 0.06 2642

Number of countries in the pension fund's sovereighond portfolio
Quintile HMit Observations BHMit Observations  SHMit Observations

1 0.09 10060 0.10 6809 0.07 3251
2 0.10 8916 0.09 4967 0.10 3949
3 0.1C 951« 0.0¢ 461¢ 0.11 489¢
4 0.10 8631 0.08 4117 0.12 4514
5 0.10 6922 0.08 3387 0.12 3535

Interest rate
Quintile HMit  Observations BHMit Observations  SHMit Observations

1 0.09 9824 0.10 6992 0.05 2832
2 0.09 6117 0.11 4371 0.05 1746
3 0.10 6616 0.10 4109 0.09 2507
4 0.09 5517 0.06 2347 0.10 3170
5 0.09 5084 0.04 1817 0.12 3267
CDS spread

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.09 10143 0.11 7017 0.06 3126
2 0.09 8327 0.10 5838 0.08 2489
3 0.08 7707 0.06 3334 0.10 4373
4 0.08 7839 0.06 3314 0.10 4525
5 0.11 6573 0.06 2502 0.15 4071
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Average monthly sovereign holdings per pension fund

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.09 9518 0.09 5654 0.09 3864
2 0.09 8967 0.08 4823 0.10 4144
3 0.1C 867¢ 0.0¢ 463t 0.11 404¢
4 0.10 8886 0.09 4787 0.11 4099
5 0.10 7993 0.08 3996 0.11 3997

Sovereign holdings in a country as a percentage thfe pension fund's total sovereigt

holdings

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.1z 688¢ 0.0¢ 315¢ 0.14 3731

2 0.11 8177 0.08 3767 0.12 4410

3 0.10 8966 0.09 4408 0.11 4558

4 0.09 9619 0.10 5587 0.09 4032

5 0.07 10395 0.08 6978 0.06 3417

Political stability

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.09 8724 0.05 3539 0.12 5185

2 0.10 8016 0.05 3142 0.12 4874

3 0.08 8983 0.07 4667 0.09 4316

4 0.09 9120 0.09 5489 0.08 3631

5 0.12 9200 0.13 7058 0.09 2142
Absolute distance to the strategic asset allocation

Quintile HMit Observations BHMit Observations  SHMit Observations
1 0.10 9035 0.08 4657 0.11 4378

2 0.10 8379 0.09 4428 0.11 3951

3 0.10 7802 0.09 4167 0.11 3635

4 0.09 8482 0.09 4689 0.10 3793

5 0.10 7668 0.09 4431 0.10 3237

Yield

Quintile HMit  Observations BHMit Observations  SHMit Observations
1 0.09 9995 0.10 6923 0.06 3072

2 0.09 8016 0.10 5667 0.07 2349

3 0.10 7330 0.08 3507 0.11 3823

4 0.09 7011 0.06 3019 0.12 3992

5 0.10 6546 0.06 2358 0.12 4188
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Table 11. S&P credit ratings and numerical linear tansformation

Numerical linear

Grade S&P Long Term :
transformation

Prime AAA
High gradt

=

Upper medium grac

Lower medium grac

© 00 N O OB~ WD

Noninvestmen
grade speculativ

Highly speculativ
Substantial risk
Extremely speculati
In default with little

prospect for recove

In defaul
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Table 23. Buy herd behaviour and institutional facors

This table represents the results of the ordineaigtl squares regressions (OLS) and least squaresyduariable
regressions (LSDV) of the LSV herding measure cbectby the prevailing interest rate. Errors austered at the
country level and at the month level.

OoLS
@) (2 (3 (4) (5 (6) ()
Lagged relative returns per 0.03 0.02 0.04 0.04 0.03 0.03 0.03
sovereign (1.80) (1.32) (1.98) (1.98) (1.77) (1.79) (1.62)
Lagged percentage of sovereign  -1.90™ -0.47 -1.41" -1.77" -1.33" -1.56" -0.37
holding (-3.04) (-0.75) (-2.20) (-2.66) (-2.03) (-2.63) (-0.70)
Inflation -0.89" -0.94™ -0.92™ -0.92™ -0.87" -0.88™ -1.06™
(-12.00) (-14.29) (-12.21) (-12.33) (-11.72) (-12.25) (-12.89)
GDP growth -0.02 -0.01 -0.01 -0.02 -0.02 0.04 0.07
(-0.37) (-0.13) (-0.24) (-0.36) (-0.45) (0.87) (1.59)
Logarithm of the sovereign bond  -2.60™ -2.47" -2.62" -2.66" -2.70™ -2.59™ -2.40™
market (-23.69) (-26.67) (-30.80) (-28.74) (-29.65) (-30.33) (-28.40)
VIX index -0.03" -0.0T -0.03™ -0.04™ -0.03™ -0.02" -0.01
(-4.27) (-1.92) (-3.38) (-5.08) (-4.11) (-2.20) (-0.84)
Rating -0.47" -0.19" -0.78™ -0.74™ -0.62™ -0.40™ -0.21"
(-4.45) (-2.62) (-12.61) (-11.37) (-10.19) (-5.24) (-2.31)
Control of corruption 2.32 -0.89
(6.02) (-0.77)
Government effectiveness 4.80” 8.42"
(15.52 (9.10)
Political stability and absence of 1.62" -0.19
violencelterrorisr (4.20; (-0.52)
Regulatory quality 2.33" -2.04
(4.69) (-1.57)
Rule of law 2.10™ -6.44™
(8.02) (-10.04)
Voice and accountability 5.26™ 9.29™
(9.01) (9.39)
Constant 82.04 73.97" 85.62" 84.93" 85.55" 77.97" 68.54™
(22.44) (26.38) (35.70) (30.81) (35.14) (34.05) (29.37)
Country-pension fund fixed-effects  No No No No No No No
Time fixed-effects No No No No No No No
Observations 18294 18294 18294 18294 18294 18294 29418
AdjustedR? 0.13 0.14 0.13 0.13 0.13 0.13 0.14

t statistics in parentheség < 0.10,” p < 0.05,” p <0.01
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(table continued)

LSDV
(8 C)] (10) (11) (12) (13) (14)
0.02 0.02 0.02 0.02 0.02 0.02 0.01
(0.97) (0.95) (0.79) (0.80) (0.87) (0.85) (0.34)
1.57 1.05 2.46 0.38 1.66 -1.27 -0.85
(1.32) (0.84) (1.95) (0.33) (1.39) (-1.28) (-0.89)
-1.15" -1.18" -1.21" -1.15™ -1.09™ -1.35™ -1.28™
(-8.05) (-7.78) (-9.48) (-7.86) (-7.55) (-9.40) (-9.58)
-0.11 -0.12" -0.18™ -0.14" -0.16" -0.07 -0.27"
(-1.73) (-2.04) (-2.89) (-2.40) (-2.60) (-1.39) (-4.42)
-4.66" -5.43" -5.38" -4.91™ -5.67" -3.20" -6.42"
(-3.15) (-3.81) (-3.61) (-3.68) (-3.59) (-2.23) (-4.90)
0.03 0.02 -0.02 0.02 0.02 0.08" -0.04
(1.20) (0.80) (-0.82) (0.71) (0.65) (2.72) (-1.61)
0.98™ 0.92" 0.99" 1.42" 0.72" 1.69" 1.56™
(8.04) (6.99) (10.53) (9.07) (5.82) (12.16) (8.95)
0.68 1.18
(0.64) (1.60)
7.44" 10.74"
(3.34) (7.14)
-10.51" -11.88"
(-7.89) (-10.55)
11.51" 10.46™
(8.10) (5.02)
-12.13" -16.83"
(-6.85) (-7.72)
32.88" 21.77"
(11.65) (8.03)
81.35 98.21" 101.64" 76.62 104.85" 27.45 102.76"
(2.39) (2.99) (3.03) (2.46) (2.89) (0.83) (3.34)
Yes Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes Yes
18294 18294 18294 18294 18294 18294 18294
0.28 0.28 0.29 0.28 0.28 0.29 0.29
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Table 24. Sell herd behaviour and institutional fators

This table represents the results of the ordineaigtl squares regressions (OLS) and least squaresyduariable
regressions (LSDV) of the LSV herding measure cbectby the prevailing interest rate. Errors austered at the

country level and at the month level.

OoLS
@) (2 (©)] 4 (5 (6) ()
Lagged relative returns per -0.01 -0.01 -0.01 -0.01 -0.01 -0.02 -0.00
sovereign (-0.43) (-0.52) (-0.44) (-0.34) (-0.52) (-0.53) (-0.21)
Lagged percentage of sovereign  -3.84™ -6.61" -4.01" -6.65" -5.78" -4.27" -10.47"
holding (-4.16) (-6.94) (-4.21) (-7.89) (-6.55) (-4.40) (-15.57)
Inflation 0.50" 0.37" 0.48" 0.22 0.38" 0.47" 0.06
(3.85) (2.87) (3.78) (1.90) (2.89) (3.78) (0.70)
GDP growth 0.30° 0.22" 0.28" 0.13 0.25" 0.18" -0.09
(3.84) (2.77) (3.54) (1.61) (3.04) (2.15) (-1.41)
Logarithm of the sovereign bond  -1.00™ -1.40" -1.00™ -1.66" -1.08™ -1.01™ -0.82™
market (-7.20) (-10.72) (-7.50) (-13.21) (-8.62) (-8.57) (-6.55)
VIX index 0.10" 0.05" 0.09" 0.03 0.06" 0.07" 0.02
(3.98) (2.04) (3.57) (1.00) (2.38) (2.75) (0.94)
Rating 1.04" -0.17 1.00" -0.43" 0.29" 0.46™ -0.20
(12.73) (-1.21) (14.51) (-4.34) (3.12) (8.08) (-1.75)
Control of corruption -0.44 22.74"
(-1.07) (22.13
Government effectiveness -7.64" -19.00"
(-7.76) (-24.84
Political stability and absence of -1.16™ 8.12"
violencelterrorisr (-3.64; (11.28
Regulatory quality -11.757 -18.83"
(-14.25) (-20.32)
Rule of law -4.39" -0.95
(-7.20) (-0.65)
Voice and accountability -6.12" -13.33"
(-12.16) (-10.27)
Constant 28.36 53.73" 29.04™ 68.16™ 39.02" 38.00" 61.81"
(7.08) (12.31) (8.05) (15.80) (11.29) (12.10) (15.20)
Country-pension fund fixed-effects  No No No No No No No
Time fixed-effects No No No No No No No
Observations 8284 8284 8284 8284 8284 8284 8284
AdjustedR? 0.19 0.21 0.19 0.24 0.20 0.20 0.35

t statistics in parentheség < 0.10,” p <0.05,” p<0.01
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(table continued)

LSDV
(8 (C)] (10) (11) (12) (13) (14)
-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.00
(-0.53) (-0.47) (-0.43) (-0.41) (-0.27) (-0.44) (-0.13)
-4.91™ -5.13" -4.99™ -4.19" -4.30" -4.80" -0.87
(-3.04) (-3.17) (-3.30) (-2.44) (-2.71) (-2.96) (-0.46)
-0.09 -0.09 -0.08 -0.07 -0.33" -0.07 -0.40"
(-0.67) (-0.64) (-0.55) (-0.53) (-2.59) (-0.52) (-2.79)
-0.17 -0.16 -0.18 -0.12 -0.01 -0.16 0.06
(-1.57) (-1.62) (-1.90) (-1.27) (-0.12) (-1.57) (0.64)
-11.10" -10.93" -10.81" -8.59" -15.31" -10.53" -13.17"
(-4.16) (-3.95) (-4.14) (-2.63) (-5.77) (-4.01) (-4.29)
-0.03 -0.04 -0.02 -0.02 -0.04 -0.04 0.05
(-0.77) (-0.95) (-0.53) (-0.48) (-0.94) (-0.91) (1.03)
0.43" 0.52" 0.59" 0.10 1.15" 0.45" 0.40
(3.14) (3.33) (4.13) (0.45) (7.94) (2.82) (1.91)
-3.82 -10.16"
(-1.93) (-4.65)
1.01 -2.28
(0.45) (-1.05)
6.84" 8.94"
(6.95) (8.64,
-9.22™ -18.41"
(-2.91) (-4.89)
29.70" 45.20"
(11.49 (15.23
-3.39 -6.15
(-1.48) (-1.58)
293.00" 240.53" 229.94" 286.32" 434,527 238.45" 385.07"
(4.73) (3.83) (3.75) (3.01) (5.44) (3.85) (4.17)
Yes Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes Yes
8284 8284 8284 8284 8284 8284 8284
0.57 0.57 0.57 0.57 0.57 0.57 0.58
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Figure 7. Three-month moving-average LSV herding masure in the period December 2008-
December 2014
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Table 27. Total return reversals per quintile

This table reveals whether return reversals arsgpte For each month, the buy and sell herding unegssire
divided in quintiles for the month in which pensimmds buy or sell long-term sovereign bonds (ia tase, atr).
The highest quintile (5) represents the most intersuy or sell herding, whereas the lowest quér(tll) shows the
least intensive buy or sell herding. The returnsiis of price changes and exchange rate changeseiurns are
subtracted by the average monthly return. Thisutation gives thexr which is the abnormal return. The table
shows whether the abnormal return is significadifferent from zero for the two months prior to they or sell
month @r;_, andar;_,), and for the five months after the buy or selimidar; 4, ..., ary,5). Thet statistics are in

parentheses.
Quintile ar,_, ar,_4 ar arg,q ar,, ar..3 ary.4 ar,,s
Sell herding
S5 0.067 0.520 1.224 0.479 0.648 -0.191 -0.602 -0.364
(0.335) (2.646) (4.672) (1.998) (3.088) (-0.921) (-2.565) (-1.359)
S4 -0.289 1.033 -0.235 0.638 -0.218 0.333 -0.067 0.506
(-1.532) (4.612) (-1.363) (3.009) (-1.111) (1.494) (-0.333) (2.609)
S3 0.122 -0.520 0.434 -0.458 0.301 -0.134 0.885 -0.016
(0.713) (-2.885) (1.861) (-3.035) (1.315) (-0.999) (3.484) (-0.143)
S2 0.093 0.204 -0.299 -0.424 0.240 -0.282 -0.158 0.505
(0.710) (0.964) (-2.099) (-2.820) (1.217) (-2.497) (-0.795) (2.525)
S1 -0.119 0.343 0.243 -0.392 -0.309 -0.263 0.163 -0.319
(-2.625) (2.146) (1.762) (-2.992) (-2.296) (-2.667) (1.082) (-2.625)
Buy herding
B5 -0.309 0.183 -0.091 0.116 -0.173 0.099 -0.255 -0.117
(-2.722) (1.221) (-0.930) (0.895) (-1.526) (1.079) (-3.336) (-0.955)
B4 -0.136 0.010 0.050 -0.239 -0.112 0.029 -0.078 -0.174
(-1.324) (0.102) (0.436) (-2.479) (-1.554) (0.318) (-0.902) (-1.947)
B3 0.049 -0.226 -0.064 -0.080 -0.391 -0.142 -0.267 -0.025
(0.468) (-1.904) (-0.485) (-0.740) (-4.078) (-1.141) (-2.756) (-0.221)
B2 -0.087 -0.177 0.174 0.021 0.171 -0.192 0.017 0.018
(-0.681) (-2.603) (1.440) (0.208) (2.589) (-3.599) (0.241) (0.248)
Bl 0.213 -0.178 0.014 0.091 -0.035 0.089 -0.353 -0.086
(1.428) (-1.390) (0.094) (0.796) (-0.282) (0.647) (-3.967) (-0.606)

t statistics in parentheses
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Table 28. Price return reversals per quintile

This table reveals whether return reversals arsgpte For each month, the buy and sell herding unegssire
divided in quintiles for the month in which pensimmds buy or sell long-term sovereign bonds (ia tase, atr).
The highest quintile (5) represents the most intersuy or sell herding, whereas the lowest quer(tll) shows the
least intensive buy or sell herding. The returnsixis of price changes. The returns are subtrégtélde average
monthly return. This calculation gives the which is the abnormal return. The table shows Wérethe abnormal
return is significantly different from zero for th@o months prior to the buy or sell montir,(_, andar,_,), and for
the five months after the buy or sell mofitr; , 4, ..., ary,5). Thet statistics are in parentheses.

Quintile ar,_, ar, 4 ar arg,q ary,, ar..3 ary,., ar,s
Sell herding
S5 -0.031 0.288 0.852 0.255 0.274 -0.128 -0.729 -0.836
(-0.178) (1.438) (5.219) (1.263) (1.540) (-0.778) (-3.576) (-3.706)
S4 -0.141 0.855 0.368 0.398 -0.227 0.394 -0.387 0.435
(-0.805) (5.641) (2.546) (2.936) (-1.461) (2.292) (-2.751) (2.646)
S3 0.274 -0.791 0.834 -0.395 0.187 0.074 0.505 0.218
(2.215) (-4.891) (5.396) (-3.173) (1.246) (0.745) (3.073) (2.465)
S2 0.126 0.021 0.190 -0.194 0.330 -0.185 -0.133 0.477
(1.433) (0.186) (2.327) (-1.805) (2.767) (-2.946) (-1.040) (4.626)
S1 -0.323 0.314 0.503 -0.278 -0.290 -0.094 -0.053 -0.357
(-5.191) (3.299) (6.299) (-3.644) (-2.941) (-1.224) (-0.787) (-5.191)
Buy herding
B5 -0.027 0.208 0.005 -0.007 0.051 0.086 0.140 -0.076
(-0.296) (2.204) (0.110) (-0.116) (0.868) (1.399) (2.628) (-1.238)
B4 -0.013 0.242 0.048 0.081 0.126 0.146 0.101 0.119
(-0.291) (4.515) (0.720) (1.514) (2.431) (3.003) (2.108) (2.224)
B3 0.025 -0.112 -0.199 0.038 -0.236 -0.056 0.090 0.027
(0.428) (-1.756) (-2.187) (0.760) (-2.403) (-0.661) (1.487) (0.417)
B2 -0.094 -0.045 0.036 0.059 0.315 0.048 0.039 0.210
(-1.019) (-1.008) (0.639) (0.987) (7.202) (1.121) (0.668) (4.935)
B1 0.128 -0.166 -0.328 0.134 -0.118 -0.024 -0.104 0.028
(1.341) (-1.857) (-3.385) (1.914) (-1.624) (-0.244) (-1.428) (0.289)

t statistics in parentheses
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Table 29. Total return reversals per portfolio

This table reveals whether return reversals argepiteby different categories of sovereign bondsaslereign
bonds, investment grade bonds, noninvestment drawlds, sovereign bonds from advanced economies and
sovereign bonds from emerging and developing ec@®rior each month, the buy and sell herding measue
divided in quintiles for the month in which pensitmmds buy or sell long-term sovereign bonds (ia tase, atr).
The highest quintile (5) represents the most intersuy or sell herding, whereas the lowest quér(tll) shows the
least intensive buy or sell herding. The returnsixis of price changes and exchange rate changeseiurns are
subtracted by the average monthly return. Thisutation gives thexr which is the abnormal return. Following Cai
et al. (2012), we apply a portfolio strategy (&§-S1) which longs the S5 portfolio and shortsSteportfolio. This
methodology is also applied for B5-B1 and B5-S5e Tdble shows whether the abnormal return on aestment
portfolio basis is significantly different from zefor the two months prior to the buy or sell mofith,._, and
ar;_,), and for the five months after the buy or sellhthq(ar;,,, ..., ar;4s). Thet statistics are in parentheses.

Portfolio ar,_, ar,_ 4 ar ar,.q ar,,, ar,,s ar; ., ar.s

All bonds

S5-S1 0.196 0.549 0.838 1.005 1.038 -0.003 -0.633 -0.312
(12.680) (41.280) (49.859) (56.842) (59.448) (-0.221) (-35.640) (-12.574)

B5-B1 -0.480 0.323 0.033 -0.076 -0.100 -0.048 0.169 -0.053
(-42.443) (36.307) (3.595) (-7.218) (-13.507) (-5.111) (24.571) (-5.502)

B5-S5 -0.290 -0.476 -1.254 -0.588 -0.925 0.328 0.371 0.421

(-22.529)  (-29.923)  (-77.569)  (-34.133)  (-57.387) (24.631)  (20.737)  (17.078)

Investment grade bonds

S5-S1 0.179 0.550 0.817 1.023 1.032 -0.025 -0.652 -0.324
(9.523) (34.527)  (40.782)  (47.355)  (48.228)  (-1.578) (-30.877)  (-10.801)

B5-B1 -0.485 0.339 -0.006 -0.073 -0.106 -0.014 0.167 -0.058
(-35.838  (31.463 (-0.546, (-5.791, (-11.803  (-1.200, (20.126 (-5.053

B5-S5 -0.289 -0.467 -1.238 -0.605 -0.932 0.377 0.340 0.421

(-18.612)  (-24.319)  (-64.328)  (-28.894)  (-47.366)  (23.526)  (15.850)  (14.102)

Noninvestment grade bonds

S5-S1 0.238 0.546 0.889 0.962 1.052 0.049 -0.590 -0.283
(8.747 (22.630 (28.734 (31.541 (35.166 (2.015 (-17.945  (-6.446

B5-B1 -0.471 0.286 0.125 -0.084 -0.087 -0.129 0.173 -0.041
(-22.739)  (18.160)  (7.588) (-4.327) (-6.600) (-7.583) (14.138)  (-2.331)

B5-S5 -0.292 -0.497 -1.290 -0.548 -0.908 0.215 0.441 0.420
(-12.733)  (-17.552)  (-43.356)  (-18.174)  (-32.554)  (8.962) (13.680)  (9.654)

Advanced economies

S5-S1 0.136 0.551 0.797 1.051 1.032 -0.031 -0.681 -0.301
(5.908) (28.469)  (33.156)  (39.457)  (38.875)  (-1.594) (-27.126)  (-8.402)

B5-B1 -0.49¢ 0.377 -0.06¢ -0.06¢ -0.117 0.041 0.161 -0.061
(-30.724)  (28.344)  (-4.863) (-4.548) (-10.635)  (3.009) (16.022)  (-4.399)

B5-S5 -0.271 -0.442 -1.219 -0.622 -0.952 0.438 0.299 0.386

(-14.296)  (-18.715)  (-52.594)  (-24.222)  (-39.213)  (22.570)  (11.552)  (10.782)
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Emerging and developing economies

S5-S1 0.254 0.547 0.877 0.961 1.044 0.023 -0.589 -0.322
(12.281)  (29.924)  (37.315)  (41.046)  (45.577)  (1.251) (-23.429)  (-9.368)

B5-B1 -0.462 0.271 0.127 -0.084 -0.084 -0.132 0.175 -0.045
(-29.303)  (22.851)  (10.082)  (-5.639) (-8.428) (-10.205)  (18.731)  (-3.401)

B5-S5 -0.308 -0.508 -1.287 -0.556 -0.899 0.226 0.438 0.453

(-17.658)  (-23.772)  (-57.071)  (-24.063)  (-42.095)  (12.307)  (17.722)  (13.346)

t statistics in parentheses

Table 30. Price return reversals per portfolio

This table reveals whether return reversals argepreby different categories of sovereign bondsaalereign
bonds, investment grade bonds, noninvestment drawlds, sovereign bonds from advanced economies and
sovereign bonds from emerging and developing ec@®riRor each month, the buy and sell herding measue
divided in quintiles for the month in which pensitmmds buy or sell long-term sovereign bonds (ia tase, atr).
The highest quintile (5) represents the most intersuy or sell herding, whereas the lowest quér(tll) shows the
least intensive buy or sell herding. The returnsgsta of price changes. The returns are subtrégtede average
monthly return. This calculation gives the which is the abnormal return. Following Cai et(2D12), we apply a
portfolio strategy (e.g. S5-S1) which longs thep®&folio and shorts the S1 portfolio. This methiodyy is also
applied for B5-B1 and B5-S5. The table shows whethe abnormal return on an investment portfolisib &
significantly different from zero for the two mostprior to the buy or sell month#,_, andar,_,), and for the five
months after the buy or sell monttwr; .4, ..., ary,s). Thet statistics are in parentheses.

Portfolio ar,_, ar,_ 4 ar ary.q ar,,, ar,,s ar;., ar.s

All bonds

S5-S1 0.222 0.182 0.206 0.627 0.644 -0.097 -0.566 -0.883
(13.543) (12.195) (15.463) (40.712) (43.070) (-7.893) (-32.208) (-36.217)

B5-B1 -0.150 0.418 0.372 -0.215 0.170 0.069 0.266 -0.055
(-16.918) (52.489) (47.238) (-24.932) (27.793) (7.134) (39.222) (-6.146)

B5-S5 -0.025 -0.096 -0.764 -0.457 -0.271 0.280 0.834 1.163

(-1.578) (-5.852) (45.765)  (-26.529)  (-15.626)  (18.878)  (45.131)  (47.154)

Investment grade bonds

S5S1 0.26% 0.20¢ 0.21¢ 0.65( 0.652 -0.097 -0.54¢ -0.86¢€
(13.237) (11.540) (13.722) (34.397) (35.760) (-6.557) (-25.969)  (-29.202)

B5-B1 -0.130 0.441 0.353 -0.221 0.169 0.085 0.278 -0.074
(-12.259)  (45.881) (37.644) (-21.492)  (23.011) (7.307) (34.045) (-6.880)

B5-S5 -0.049 -0.118 -0.809 -0.492 -0.288 0.286 0.817 1.144
(-2.511 (-5.945 (-39.896 (-23.408  (-13.615  (15.854 (36.688 (38.075

Noninvestment grade bonds

S5-S1 0.123 0.122 0.174 0.575 0.625 -0.097 -0.614 -0.923
(4.283 (4.553 (7.243 (21.810 (24.081 (-4.397 (-19.128  (-21.620

B5-B1 -0.198 0.364 0.416 -0.199 0.171 0.032 0.237 -0.011
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(-12.206)  (25.637) (28.740) (-12.687)  (15.601) (1.833) (19.571) (-0.683)
B5-S5 0.031 -0.045 -0.656 -0.375 -0.233 0.266 0.874 1.208
(1.079 (-1.530! (-22.493 (-12.568  (-7.691 (10.256 (26.396 (28.083
Advanced economies
S5-S1 0.298 0.237 0.233 0.684 0.669 -0.088 -0.516 -0.815
(12.186 (10.811 (11.993 (29.234 (29.666 (-4.912 (-20.500  (-22.973
B5-B1 -0.111 0.481 0.332 -0.224 0.169 0.110 0.297 -0.091
(-8.728) (41.255) (29.629) (-17.967)  (18.980) (7.777) (30.090) (-6.943)
B5-S5 -0.048 -0.129 -0.857 -0.532 -0.321 0.299 0.796 1.092
(-2.019) (-5.351) (-34.375)  (-20.507)  (-12.349)  (13.452) (29.509) (30.155)
Emerging and developing economies
S5S1 0.14¢ 0.12¢ 0.18C 0.57¢ 0.62( -0.10¢ -0.61< -0.94¢€
(6.776) (6.355) (9.861) (28.367) (31.345) (-6.250) (-24.972)  (-28.211)
B5-B1 -0.188 0.358 0.410 -0.206 0.170 0.031 0.236 -0.022
(-15.174)  (32.895) (37.074) (-17.297)  (20.327) (2.334) (25.403) (-1.766)
B5-S5 -0.003 -0.064 -0.674 -0.386 -0.224 0.262 0.870 1.229
(-0.151 (-2.874 (-30.261 (-16.909  (-9.683 (13.250 (34.312 (36.545

t statistics in parentheses
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8.3. Data appendix

Table 31. Overview of data sources and calculations

Indicators Unit Sources
Lagged logarithm of total holdings Total holdings (x 1,000 euros) De Nederlandsche Bank
Lagged funding ratio Ratio De Nederlandsche Bank

Lagged relative returns per sovereign

Lagged relative performance fixed-interest

investments

Lagged distance to the SAA
Lagged risk preference

Lagged percentage of sovereign holding
Inflation
Current account

Exchange rate, change

GDP growth

General government debt

Logarithm of the sovereign bond market
Unemployment rate

Net government lending

Credit rating

Credit outlook

Stock market return

VIX index

Yield

Long-term interest rate
Logarithm of the CDS spread

Credit rating change in the past 3 months
Credit outlook change in the past 3 months

Control of corruption
Government effectiveness

Political stability and absence of
violence/terrorism

Regulatory quality
Rule of law
Voice and accountability

County-pension fund returns minus total holdir
returns

Fixed-interest investments returns minus total
holdings returns

Real sovereign bond allocation minus the strate
sovereign bond allocation in absolute terms
Strategic asset allocations in shares and privat
equity over fixed-interest securities

Average sovereign holding during the month o\
total sovereign holdings at the pension fund lev
Percentage change

Percentage of GDP

Percentage change

Percentage change

Percentage of GDP

Euros

Percentage of the labour force
Percentage of GDP

1 AAAt022D

-1 negative outlook to 1 positive outlook

Percentage change

Level of the VIX index

Level of the yield

Level of the long-term interest rate

Level of the CDS spread

Change of the credit rating

Change of the outlook

-2.5 worst institutions to 2.5 best institutions
-2.5 worst institutions to 2.5 best institutions

-2.5 worst institutions to 2.5 best institutions

-2.5 worst institutions to 2.5 best institutions
-2.5 worst institutions to 2.5 best institutions
-2.5 worst institutions to 2.5 best institutions

De Nederlandsche Bank

De Nederlandsche Bank

De Nederlandsche Bank

De Nederlandsche Bank

De Nederlandsche Bank

OECD, World Bank, IMF

OECD, De Nederlandsche
Bank, IMF

OECD, World Bank
OECD, World Bank, IMF
World Bank, IMF

World Bank

OECD, World Bank, IMF
IMF

Standard & Poor’s
Standard & Poor’s

OECD, De Nederlandsche
Bank, World Bank

VIX index

Various central banks
OECD, IMF

De Nederlandsche Bank
Own calculation

Own calculation

World Bank

World Bank

World Bank

World Bank
World Bank
World Bank
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