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1. Introduction

“Every happy family is the same. Every unhappy family is miserable in its own way”
(Leo Nikolayevich Tolstoy, 1877)

Citation, Laurence H. Summers (May, 2000).

The experience of the last financial crisis sheds light on the dangers coming up from
systemic risk. This led academic research as well as financial institutions to face this
threat for financial market functioning. The debate on the definition of systemic risk as
well as on the sources of the last turmoil is still open. If Schwarz (2008) <28>, discussing
systemic risk, states that “if a problem cannot be defined it cannot be solved”, Tirole
(2002) <33> argues that “two crises are never identical and each one shows own distinc-
tive elements”.

Given that the last distress may be considered aas an example of systemic crisis, our
research investigates a potential roots of systemic risk: the degree of homogeneity market
agents as consequence of their portfolio diversification strategy. The common threat of
systemic risk definitions, in fact, is the experiencing of a collapse of the entire financial
system.! Hence, if the market’s agents are mutually similar or homogeneous the likeli-
hood that a systemic event affects all of them in the same way increases. Thus, portfolio
diversification, usually considered as one of most important tools to mitigate risk and im-
plemented by financial investors to reduce own portfolio risk, may increase the likelihood
of a systemic crisis.?

The aim of this paper is to examine these two sides of the diversification process by
analyzing the impact of diversification on different types of financial risk. More precisely,
we investigate over the past ten years how diversification has impacted portfolio and sys-
temic risk. The former may be decomposed in two components: i) systematic risk, which
stems from the sensitivity of portfolio returns to market returns, and it is usually mea-
sured through the portfolio 8 factor -the correlation between the portfolio and market
returns; ii) idiosyncratic risk, which depends on the specific portfolio factors and it is
the portion of portfolio risk not explained by market factors. In the financial literature
systematic risk is considered non-diversifiable while the second component of portfolio
risk may be reduced through an adequate portfolio diversification strategy which neutral-
izes the risk-components related to portfolio-specific factors.> Therefore, if the portfolio
idiosyncratic component is reduced, the level of mutual homogeneity among market’s
agents increases, making them vulnerable to a simultaneous collapse when a negative
systemic event occurs. Thus, starting from different conditions and expectations, market
agents become homogeneous because of their portfolio diversification strategy, increasing
the level of systemic risk of the financial system.

Our investigation proceeds along three consecutive steps: i)portfolio systematic risk
or the beta factor is estimated and analyzed; ii) the relation between the idiosyncratic
portfolio risk and the portfolio diversification is investigated; iii) the impact of portfo-
lio diversification and homogeneity level of the financial system on the likelihood of a
simultaneous downturn is assessed.

IEngle and Brownlees (2010) <15>, De Bandt and Hartmann (2000) <10>, Lehar (2004) <25>, De
Nicolo and Kwast (2002) <11>.

2It can be defined as a systemic event that affects a considerable number of financial institutions or
markets, in a strong sense and severely impairing the general well-functioning of the financial system (De
Bandt and Hartmann (2000) <10>).

3Goetzmann, Kamur, 2001 <19>; Fama, MacBeth (1973) <18>.



The remaining of the paper is organized as follows: Section 2 introduces and reviews
the related literature; Section 3 describes the estimation model; Section 4 presents the
dataset and the descriptive findings; Section 5 shows the results of the empirical estima-
tions. Section 6 concludes.

2. Related literature

The debate about systemic risk is recent and the related literature is still limited.
Moreover, there is not a common view on the definition of systemic risk. Let’s briefly
review some of these below.

Fifteen years ago, Alan Greenspan (1995) <20> said that “the very definition of sys-
temic risk is somewhat unsettled”. The statement appears an alert to financial research
after the dramatic events such as the European Monetary System in 1993, and the Mexi-
can crisis in 1994. Since that moment many strands of investigation about this threat to
the economic system have been developed.

We may list four different approaches to the concept of systemic risk: (1) risk that an
event affects a large number of financial institutions and markets at the same moment,
(2) a domino-effect that occurs through common exposures of financial institution to
a certain asset, (3) a banking default or a broader market participants’ default as key
factors, (4) a negative externality involving real effects.

In the first approach the systemic risk may be thought as the likelihood that a trigger
event such as an economic or financial shock may cause significant adverse effects in a
large portion of financial institutions or markets. This strand of literature (by Engle and
Brownlees (2010) <15>, Kupiec and Nickerson (2004) <23> and Dow (2000) <13>),
defines systemic risk as the risk of a simultaneous collapse of market agents acting in the
financial system. In Dow (2000) <13> systemic risk produces its effects in four different
ways: disruption of a payment system due to one or more banks’ defaults, depression
of banking asset values, general fear of losing savings (simultaneous withdrawals from
banks) and reduction of national income linked to macroeconomic changes. Kupiec and
Nickerson (2004) <23> describe other potential ways of systemic risk impacting on the
financial system: price volatility, corporate liquidity, efficiency losses.

In the second group we can include an opposite view by Kaufman (1996) <22>, De
Bandt and Hartmann (2000) <10>, Sheldon and Maurer (2008) <29>, Schwarcz (2008)
<28>. These authors explain that systemic risk acts as a domino-effect due to linkages
between the financial institutions. Kaufman (1996) <22> refers to the cumulative losses
caused by an event that ignites successive losses along a chain of financial institutions or
markets. De Bandt and Hartmann (2000) <10> relate systemic risk to the experiencing
of a systemic event. This involves a Y institution in second-round as a consequence of an
initial shock that has impacted on the X institution even if the Y one was fully solvent
at the beginning. This view is also in Bartram et al. (2005) <4>, where systemic risk
affects the unexposed institutions not otherwise affected by a crisis, given their economic
fundamentals. The domino-effect is explicitly defined as the likelihood that a failure of
one bank triggers a chain reaction causing other banks distress through interbank loans
(Sheldon and Maurer, 2008)(2008) <29> and as a trigger event that causes a chain of
bad economic consequences (Schwarcz, 2008 <28>).

In the third approach the banking default is the key element to define systemic risk.
Eisenberg and Noe (2001) <14> refer to the number of waves of default needed to cause
a firm’s default in a closed financial system. Lehar (2004) <25> assesses systemic risk as
the probability that a certain number of banks within a time period fall in default due to
the fall of the value of banks’ assets below a value of banks’ liabilities. This view stems
from Merton’s (1974) <26> structural models where bank’s default occurs when the value



of its assets falls below a given threshold. Considering not only a bankruptcy condition
but all market participants’ default, the Bank for International Settlements (BIS, 1994)
<3> defines systemic risk as the risk that a failure of market participants to meet their
contractual obligations may cause other participants’ default. Such definition is shared
by the US Commodity Futures trading commission (2008) <9> which describes systemic
risk as the risk that a market participant’s default involves the other participants due to
the interlocking nature of financial markets.

In the last approach, De Nicolo and Kwast (2002) <11>, Kambhu et al. (2007) <21>
discuss systemic risk as a negative “externality”, either through the direct linkages given
by intermediaries’ exposures and through a broader disruption directly affecting the fi-
nancial markets. The impact of this market failure has an effect on the cost of capital,
producing a reduction in credit provision as well as in real activity. The authors underline
the fact that real effects of systemic risk constitute the main treat. However, they distin-
guish systemic from financial crises. In De Nicolo and Kwast (2002) <11> the financial
failures have to be so high as to induce real consequences such as reductions in output
and employment. In Kambhu et al. (2007) <21> the effect is a reduction of productive
investment due to the decreasing credit provision. But in the authors’ opinion the optimal
level of systemic risk is not zero.

Few similar researches may be found in previous literature about the relation between
diversification, portfolio and systemic risk.

De Vries (2005) <12> argues that diversification reduces the frequency of individual
bank failure when a shock is smaller and easily borne by system, while it increases the
likelihood of a systemic failure when a stronger shock occurs. Allen et al. (2010)<1>
analyze the systemic risk focusing on the banking sector and the interconnections among
the banks looking especially to signal perceived by investors who have to roll their invest-
ments in the same banks. The banks are involved in a network and each bank’s condition
is a signal for the entire banking system. The network is the result of the diversification
process of the banks who desire to share their projects with other banks to grant a lower
default probability and a lower repayment to creditors.

The same process makes up a “clustered” network in which each bank holds the same
portfolio, so that each bank’s signal is of interest for investors. Wagner (2006) <34>
considers an economy with two banks which have to set the optimal level of diversification.
Full diversification is undesirable because it reduces the risk at individual institution but
increases the risk of a systemic crisis. The bank has incentives to fully diversify because it
externalizes the costs, thus producing an increasing of the likelihood of failure for the other
banks. The level of diversification has to be arbitrarily small, depending on difference
between costs of individual failure and a systemic crisis.

Diversification may increase the likelihood of a contagion too, exposing banks to the
consequences of the failure of other banks in which the first one diversified its investments.
Allenspach and Monnin (2007) <2> test the hypothesis of the existence, between 1993
and 2006 of an empirical link between common exposure to shocks and systemic risk. If
all banks choose to diversify, they are all exposed to the same risk factors.

Considering a broader notion of systemic risk that includes the contagion of financial
turmoil across different countries or regions, Schinasi and Todd Smith (2000) <27> relate
the diversification between risky and riskless assets, especially looking to the rebalancing
of portfolios among these two different classes of securities, with the contagion effect from
one region, where the shock occurs, transmitted to the other region. Focusing on Rus-
sian default of 1998, this paper shows that one shock leads the leveraged portfolio to a
reduction of other risky positions (in other regions, markets, industries) according to all
management rules, thus discovering the implicit and potential danger within the portfolio
diversification.



3. The estimation model

The framework proposed below aims to analytically describe the relation between
diversification, portfolio risk and systemic risk through a multistep analysis that begins
from the portfolio return decomposition and explanation. The goal of this model is to show
how diversification activity impacts on different terms of financial risks to capture the net
effect of diversification on portfolio and systemic risk. Many papers (Fama, 1972 <16>;
Becker, Hoffmann, 2008 <5>; Goetzmann, Kamur, 2001 <19>) focus on consequences
of diversification on individual risk-taking without pointing out the impact on the entire
system. Another strand of literature (Allenspach, Monnin 2007 <2>; Allen et al. 2010
<1>, Wagner, 2006 <34>) attempts to assess how banking diversification affects the risk
that the whole banking system will collapse. By contrast, the model below aims (i) to
evaluate the impact of diversification on different components of risk for a representative
agent, and (ii) to assess the consequences for the entire financial system.

3.1. Portfolio return and 8 factor

Consider an economy with ¢ agents, with ¢ going from 1 to n. Each agent holds a
portfolio composed by different asset classes (from here, we identify each agent with his
own portfolio. In other words, 7 identifies at the same time the agent as well as the
portfolio). Each portfolio consists of k asset classes (with k going from 1 to m), and each
asset class weighs wy, into the agent’s portfolio. Thus, the portfolio is a basket of k-asset
classes and the relative portfolio size may be described as follows:

PS; = Z Witr = Z Wik PSit,

k=1 k=1

where PS;; is the size of portfolio 4 at time ¢ (with ¢ going from 0 to s), Wy is the
amount of portfolio ¢ at time ¢ allocated to asset class k, and w;y is the weight of each k
asset class in the portfolio ¢ at time ¢. The sum of asset classes’ weights w; is equal to
1.

For the aim of the paper it is useful to refer to the strand of literature related with
the traditional financial theory of market models where portfolio return is explained by
different components: i) a constant term, ii) the portion of portfolio return explained
by the co-movements between the portfolio and the market returns (systematic factors
of portfolio return), and iii) the portion of portfolio return not explained either by the
constant term or the systematic factors identified as idiosyncratic or specific component:*

Ry = oy + BiRynt + €4t (1)

In (1) o is the constant term, R;; is the return of portfolio ¢ at time ¢, and R,,; is
the market return at time t. (3; is the factor that explains the sensitivity of i-th portfolio
return respect to the market return, and ¢; is the portion of portfolio return neither
explained by market return nor by the constant term. This portion is defined as the
idiosyncratic component of portfolio return, the portion of portfolio return explained by
portfolio specific factors.

4 Among other see: Black et al. (1972) <6>



3.2. The impact of diversification on portfolio risk

It is now interesting to investigate the relation between the model described in equation
(1) and the portfolio diversification process. In order to do this, we need to construct a
diversification measure of agents’ portfolio. For this purpose, we use Herfindahl’s measure
of concentration and compute its complement as proposed by Woerheide, Persson (1993)
<35>, Lang, Stulz (1994) <24>, Byrne, Lee (2001) <7>, Goetzmann, Kamur (2001)
<19>:

m
E 2
HIit == witk,
k=1

where HI;; is the Herfindahl concentration measure of portfolio 7 at time ¢, that is
the sum of the squared weights of k asset classes (w;i). Our diversification index DIV;;
is the complement of (H;;):

We can evaluate how the portfolio diversification of the own portfolio of agent i and
the other j # ¢ agents’ portfolios impacts on the portfolio risk of i-th agent, focusing
on the idiosyncratic component. For this purpose we build a measure of idiosyncratic
portfolio risk, based on the standard deviation of the residuals in (1) defined as o;;(g;1).°

We use this approach to estimate portfolio diversification to investigate how the di-
versification process of the own portfolio of agent ¢ and the other j # i agents’ portfolios
affects the idiosyncratic term of i-th agent’s portfolio risk.%

The analysis may be implemented using the idiosyncratic risk of portfolio ¢ as depen-
dent variable, where the independent variables are the diversification index of the i-th
portfolio and the average measure of other portfolios diversification, followed by a set of
controls (portfolio size, portfolio turnover ratio, year, inception date of portfolio):

oit(eit) = oo + a1 DIViy + o DIVe + > ayVige + vit, (3)
Yy

where g is the constant term , DIVj; is the diversification degree of portfolio i at
time ¢, DIV, is the average degree of diversification of the financial system at time ¢,
and V¢ represent the control variables (with y, going from 1 to ¢, is the number of the
controls), and v;; is the error term.

8.8. The relation between diversification, asset allocation of economic agents, and sys-
temic risk

The third and final stage of the estimation model focuses on systemic risk and the
relation between systemic risk and diversification. More precisely, the aim of this inves-
tigation is to assess how diversification impacts on the degree of heterogeneity of asset
allocation among market agents. In fact, if systemic risk is defined as the risk that a
given event produces a simultaneous collapse of all market agents and entire system, then
this condition occurs with a larger probability when the agents are similar and vulnerable
to similar threats.” In this case the given event affects all agents in the same way. To

5Fama, MacBeth (1973) <18>.

6The latter diversification term may be computed as follows: DIV; = % Z?:I DIV;;. This indicator
measures the average degree of diversification of the financial system at each time ¢.

7According to the first strand of literature proposed.



measure the level of agents’ heterogeneity we construct a dispersion index of portfolio
asset allocation:

1 — S—
DISPy = —% (Wins — Wir)?, (4)
k=1

where DISP;; is the dispersion index of portfolio ¢ at time ¢, Wy is the weight of
k-th asset class at time t in portfolio i, Wy is the average weight of k-th asset class at
time {.

DIS P;; measures to the extent the weights of k asset classes in portfolio 7 are different
from the average weights of the k asset classes in all n agents’ portfolios for each time ¢.
From this index DISP;; it is possible to define an average value for each time ¢ among all
portfolios to measure the level of heterogeneity in terms of asset allocation of the financial
system, taking also account agent’s portfolio size as follows:

1 n
HET; = — ; PS;; « DISPy, (5)
where HET; is the weighted average heterogeneity index of the financial system at
time ¢, P.S;; is the portfolio size of portfolio ¢ at time t.

Considering the definition of systemic risk, it is worth to investigate when and in
what condition a simultaneous collapse occurs and what is the relation among portfolio
diversification, heterogeneity and a market agents’ simultaneous downturn indicator. As
stated by Engle, Brownlees (2010) <15>, Acharya et al. (2009,2010) <18>, a systemic
event may be defined a market loss that overcomes a given threshold (75) and systemic
risk is the expected shortfall suffered by market agents when the systemic event occurs.
Hence, Engle, Brownlees (2010) <15> build an expected return estimation model that
takes into account different factors in addition to market return. In particular, they
measure the expected loss suffered by a portfolio when the market loss overcomes T'S.
The sum of these expected shortfalls is considered as a proxy of systemic risk. Following
this approach, it is possible to compute the simultaneous downturn (hereby, SD) rate as
the ratio of portfolios that record a certain shortfall when the market loss overcomes a
given threshold:

SDyuy. — N01)07]“\?(7:10;12'05(Ri:Z < TS)’ (6)
ort folios

where z is a specific period in ¢ where the condition R,,; < TS occurs. Therefore,

following Engle and Brownlees’ approach (2010) <15> and relating with the traditional

market model estimation described in previous section, we may build a return estimation

model which takes into account market return, portfolio diversification and heterogeneity,

to evaluate how diversification and heterogeneity affect this simultaneous downturn rate.

From the simple market model in equation (1) we move to the following return estimation
model:

Rit = &i + B1iRmt + Boi HET; + B3; DIVt + it (7)

where 7);+ is the error term. In this way, given a market return, it is possible to assess
the impact of diversification and heterogeneity: i) on the return of portfolios and on
the average return of the whole financial system; ii) on the simultaneous downturn rate.
The latter allows to evaluate how diversification and heterogeneity impact the number



of portfolios that drop at the same time. Once the coefficients have been estimated, the
arbitrary fixed level of market return (market crash) is applied to calculate (i) the average
of portfolio returns, and (ii) the SD rate. Finally, to isolate the effect of diversification,
the heterogeneity index (HET;) is fixed so that the trend of average return and SD rate
depends only on the diversification index (DIV;;). The same procedure is implemented
to isolate the effect of heterogeneity fixing the portfolio diversification index.

4. Descriptive findings

4.1. Data

The dataset consists of 233 balanced investments funds out of a universe of 1500 largest
balanced investment funds from November 2001 to December 2010.% In the dataset we
have monthly variables that may be grouped in two categories: i) the main characterizing
treats of funds; ii) variables that capture the composition and the allocation strategy of
funds.

The first group of variables includes i) return, the performance of fund i in a particular
month ¢ ii) fund size is a measure of month-end net assets of fund 7 in a given month ¢,
recorded in millions of euro.

The second category of variables is related with the asset allocation strategy of funds.
The main variables are: asset allocation bonds, asset allocation equity, asset allocation
cash, asset allocation other (AAb, AAe, AAc, and AAo respectively). They measure
the monthly amount percentages of fund investments allocated to each one of these as-
sets class for different sub-asset allocations. On the equity portion of asset allocation,
the first sub-category of asset class deals with the geographic allocation: North America
(Ena), United Kingdom (Euk), Eurozone (Eeuro), Emerging markets (Eem), Asian de-
veloped countries (Easia), Japan (Ejapan). The other sub-category for asset allocation
equity concerns super-sectors, that include many similar and homogeneous industries.
The equity super-sectors are: manufacturing, information and services (Eman, Einf, and
Eserv respectively). Bonds constitute the second asset category for which sub-asset al-
location observations are available. It is possible to separate bonds allocation into five
super-sectors: United States government, United States corporate, Non-US government,
Mortgage and Cash (Busgov, Buscorp, Bnonus, Bmortg, and Bcash respectively). These
represent the portion of asset allocation bond invested in bonds of United States govern-
ment; United States private company bonds; bonds issued by public authority with the
exception of United States; bonds related with the different kinds of mortgage that have
been securitized and transformed in market bonds; bonds with maturity less than twelve
months respectively. The last sub-asset allocation refers to the credit quality rating. For
each month, the percentage of total asset allocated to bonds rated aaa, aa, a, bbb, bb, b,
below b are available.

4.2. Summary statistics
[Insert Table 1, here]

Looking at the fund performance measure, returns suggest some considerations. For
the whole sample, returns present a .5% mean (table 1, column 3) with the skewness of

8Data are provided by Morningstar Italia. The selected funds are those funds that have over 70%
of non-missing observations on the asset allocation variables from 2001 to 2010. We decide to start our
analysis from the first month after the economic recession of 2001 (November 2001), according to the St.
Louis Federal Reserve<30> estimation.



-.86 (column 5). The presence of fat tails is confirmed by a value of kurtosis equal to 6.84
(column 6). Extreme values in monthly returns are described by -19.02% and 20.71%
respectively (columns 1 and 2).

The selected balanced funds seem to be really risk-averse because they allocate the
largest portion of bond investments to low risk assets (see table 1, column 3 for variables
Ba, Baa, and Baaa). The average percentage of bonds aaa is 45% for the whole sample.
By contrast, the portion allocated to the riskiest bonds (below B) is about 1%. In the
second sub-asset bond allocation (super-sectors), all funds tend to allocate their portion
of bonds to non-United States government and short-maturity bonds (see column 3 for
variables Bnonus and Beash). There are no strong differences between North American
and European funds, except for a particular bond sector, the mortgages (Bmortg). The
North American funds allocate to this market one bond out of 10, the European funds
only allocate one out of 200.° Counter intuitively, the European funds on average are
larger than the North American.

It is useful to focus on the differences among two different time periods: pre-crisis of
2007 (January 2005-June 2007) and over the last financial crisis (July 2007/December
2010).

[Insert Table 2, here]

It is possible to observe from table 2 how the distribution of the returns changes
between the first and the second period. The average return is .65% (table 2, column 3)
in the first period, whereas it decreases to .2% (column 10). The fat tails phenomenon
is more pronounced in the first period: 5.89% over the last crisis, and 6.59% before the
crisis (columns 6 and 13 respectively). Furthermore, signals of a large volatility over the
years of the last financial crisis are supported by a larger standard deviation during the
last crisis (3.21%, column 4) with respect to the other period (2.38%, column 11).

Looking at the four principal asset allocation variables, no strong differences are ev-
idenced by the summary statistics. Asset allocation equity, bond and cash show a slide
increase from the first to the second period while the asset allocation other strongly falls
over the last crisis (see column 3 and 10 for variables AAe, AAb, AAc, AAo respectively).
It seems obvious to think of the well-known “fly to safety” of investors when the crisis
bursts.

5. Estimations results

In this section we implement the estimation model with the dataset described in the
previously. In the empirical analysis that follows the agent ¢ described in the estimation
model will be proxied by the fund ¢, while the time t will be the month.'®

As stated in the introduction our analysis consists of three steps aim to capture differ-
ent sides of the financial risk related with the diversified investments. The first two steps
evaluate the portfolio risk, decomposed in their two fundamental components. However,
the main contribution of the paper is the third step where a return estimation model
stresses the impact of agents’ diversification strategy and agents’ portfolios heterogeneity
on the risk of a simultaneous collapse of the investors (see section 5.3 below). This effect
is tested augmenting the classical market model with these two factors. To check the
robustness of our model we also consider a multifactor model (Fama and French, 1993
<17>; Carhart, 1997 <8>).

9We define the country of origin for each fund according to the inception domicile provided by Morn-
ingstar.
10Recalling section 3.1 we identify the agent 7 with his own portfolio .



5.1. Portfolio return, B factor and idiosyncratic risk

The first step of our analysis deals with the investigation of the relationship between
funds’ returns and market proxy returns, to estimate the beta factor. We estimate the
factor in (1) for both sample period and pre-sample five years period.'! For the sample
period, we perform a random effects panel regression for the equation (1). We also check
year effect and region effect. We also define dummies to control for the effect of the
2007-2009 crisis (taking 1 if ¢ is between July 2007 and December 2008, zero otherwise),
the pre-crisis (January 2006-June 2007) and the post-crisis periods (the time periods
subsequent to the crises of 2001 and 2007-2009: November 2001/April 2003, January
2009/June 2010, respectively).

[Insert Table 3, here]

As table 3 shows, the sensitivity of funds returns (Ret) to market returns (Global
Market) strongly increased over the past decade. In the pre-sample estimation of (1)
the panel 8 factor was .89. This value has become very close to 1 (.94), the perfect
correlation with market returns (table 3, column 1). This value suggests on the increasing
consolidation and integration within the market and it is a first evidence of the decreasing
diversity across financial agents. In other words, the co-movements of the funds and
market returns became more synchronized over time, and the asset allocation pattern of
each fund became more and more similar to those of other funds and to average market
composition. This trend is more evident for North American funds than European funds,
as the coefficient values of dummy region show (column 2). This may be a consequence of
the difference in the structure of the financial systems since North America is a markets-
oriented and Europe is bank-oriented.

All years between 2001 and 2006 show positive coefficients (table 3, column 3). The
highest value appears in 2005 (.46). The statistical significance changes over years with
an increasing positive trend until 2005. This result shows that within this decade the
value of beta factor substantially increased during the first five years. From the year of
the beginning of the last financial crisis in 2007 (with a spike in 2008, -.40) a change in
the trend occurs. The burst of the crisis had the consequence of funds’ behavior changing
from a more aggressive one to a reduction of the systematic component of risk in their
portfolios returns.

These findings are supported by the last estimations (columns 4, 5, and 6) with dummy
variables to control for the effect of different periods within the time windows of analysis.
As stated before, over the years immediately before the past turmoil, the sensitivity of
funds’ returns to market returns increased following the on-going consolidation of the
financial system and an aggressive market strategy of funds, spread by the enthusiasm
for the good economics trends and the abundance of liquidity (table 3, column 5). The
crisis jeopardized this confidence and the funds began implementing a less aggressive, and
less market correlated, strategy. This effect is specially strong over the post-crisis periods
(-.38, column 4) rather than over the last crisis period (-.29, column 6).

The results described above stem from a panel regression of model (1) that returns

one beta factor for all funds. However, it may be interesting estimate different beta for
each time series using the following model:

Ry = a+ BRu + &, (8)

1We use the same approach of Black et al. <6> in estimating the pre-sample . We estimate the 8
factor for the pre-sample period (November 1996 - October 2001) to compare with the S estimation in
the sample period.
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where model (8) is estimated for each fund . This estimation model implies, contrary
to the hypothesis of panel, that the time series are considered as mutually independent.
The results show that the largest portion of all funds has a beta factor close to the the
market line (f=1). Only few funds show extreme values, less than .5 or more than 1.5.
More precisely, 47 funds (20% of the sample) show these values whereas eight funds on
ten have a beta factor between .5 and 1.5. 88 funds (more than one fund on three) show
a beta factor value between .8 and 1.2. These 89 funds can be defined as aggressive with
a beta factor of more than one. The largest portion of funds consists of defensive funds
with a beta factor less than one.!?

5.2. The impact of portfolio diversification, portfolio asset allocation, and diversification
of the other agents on portfolio risk

In this section, we evaluate the relation between the funds’ portfolio diversification
strategy and the measures of idiosyncratic risk. We consider two proxies of idiosyncratic
risk: 1) the standard deviation of the panel § factor combined residuals, and ii) the
standard deviation of the 3 factor time series estimation residuals.'®

[Insert Table 4, here]

In the first set of regressions (table 4, columns la and 2a) the proxy for idiosyncratic
risk is regressed against the funds diversification index DIV;;. The coefficients estimated
are negative and statistically significant. In the panel estimation (column 1la) the coef-
ficient (-.41) is higher than in OLS (-.29) (column 2a); the latter is more significant. In
column 1b and 2b, the estimation takes into account the average diversification DIV of
the financial system. The finding may seem counterintuitive because the coefficient value
is positive (1.02 and 1.22; columns 1b and 2b respectively) and sheds light on the positive
relation between average diversification of all funds and the idiosyncratic risk of the single
fund. Thus, the higher diversification of all funds, the higher appears to be idiosyncratic
risk of the single fund.

Table 4 column 1c and 2c include equity asset allocation among six different geographic
regions: Asia, Emerging markets, Eurozone, Japan, United Kingdom, North America. All
these variables are significant (with the exception of the UK in time series and Eurozone)
but they show different signs and statistical significance. In both estimates (columns
lc and 2¢), Emerging markets, UK and North America present a positive coefficient
while Asia, Japan and Eurozone show a negative value. This difference may be referred
to the different degree to which these regions were involved in the past crisis. North
America and United Kingdom are closely correlated markets and both the last crises
affect especially their financial systems. In the United Kingdom a dramatic instance of
bank-run risk occurred during the collapse of Northern bank while both the bubble burst
of 2001 and sub-prime mortgages crisis of 2007 began in United States before spreading
to other regions of the world. The negative value of the Emerging Markets coeflicient
may be instead referred to the high volatility and fragility of these markets such that
an investment in these economies may be rightly assessed as strongly speculative and
risky. By contrast, investments in developed Asian and Japanese markets, also physically
far from the last crises centers, appear to reduce portfolio riskiness. In the same way,

12Details on this estimation are available from the authors upon request.

13n computing the idiosyncratic risk as the standard deviation of residuals of model (1) and (8) with the
moving average approach we know that the wider the time window the more significant is the estimation
and the higher the influence of older observations. The narrower the time window, the higher the weight
of recent observations, the lower the significance of the estimates. To achieve an adequate compromise,
we will use a time window of 36 six months, that is the same time window chosen by Morningstar in
computing the standard deviation of portfolio returns.
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investments in Eurozone markets reduce idiosyncratic risk. This is probably due to the
different structure of European financial system, where financial markets are less volatile
and institutional architecture appears to be more consolidated.

The other outward counterintuitive finding is the significant negative value of mortgage
bond coefficients (table 4, columns 1d and 2d). The explanation may be provided by two
factors: the good performance of real estate market during the years before the burst of
the crisis and the credit quality of these assets. There is no information in fact about
the specific category of these ones which may be low risk. At the opposite, it is more
consistent the next result obtained through regressions (1e) and (2e). In these estimates,
the cash bonds (with a maturity lower than one year) enter the regression with a negative
parameter as can be expected because a short-term investment is more liquid and generally
less risky. However, in (1le) and (2e), the variables diversification, average diversification,
and UK and Asian equity allocation lose their statistical significance. The estimates of
model (3) with control dummy variables confirm that the more speculative funds bear a
higher idiosyncratic risk, while the funds incepted after the crisis of 2001 bear a lower
idiosyncratic risk. The fund size is not significant.

5.8. The relation between homogeneous diversification of economic agents and systemic
risk

If we share that systemic risk is the risk that the entire financial system experiences a
simultaneous distress when a given event occurs, the term simultaneous plays a prominent
role in this concept. Two conditions seem to be fundamental to allow an event to affect
at the same time the whole financial system: i) the event itself must be able to affect
the entire system (systemic event) and ii) the level of similarity (or homogeneity) among
agents and institutions must be sufficiently high. As stated in the estimation model - see
equation (4) and (5) - we calculate the heterogeneity index HET; from November 2001
to December 2010.

[Insert Figure 1, here]

Figure 1 shows an overall view of the simultaneous effect of diversification on idiosyn-
cratic risk, the heterogeneity level of the financial system and the simultaneous downturn
rate.!* Thus, when diversification increases (until the beginning of recession) the idiosyn-
cratic risk decreases, the heterogeneity degree of financial system moves down and the
simultaneous downturn rate grows. This is the effect that may be described with the
expression “the two faces of the same coin”. At the same time, diversification reduces the
portfolio-specific risk but increases the likelihood of a simultaneous collapse of financial
institutions, given that a systemic event occurs. This hypothesis may be tested through
a return estimation model where these two factors enter model of portfolio returns as
proposed in equation (7) in the estimation model.

14We need to choose the threshold (TS) of the equation (6) that, if overcome, evidences the experiencing
of a systemic event. Following the Engle’s approach (2010 <31>, 2011 <15>) the threshold (TS) may
be fixed at -2%. In addition to Engle’s approach (2010 <31>, 2011 <15>), using the same threshold
(2%), we assess the SD rate as the ratio of the number of funds that show this loss (higher than 2%)
-in the months that market loss overcomes this threshold. The indicator shows its highest values during
the 2007 financial crisis period, and its peak corresponds to the month of Lehman Brothers’ failure. The
SDrate index may thus be considered a good proxy to define a systemic crisis and to measure the risk of
a simultaneous collapse of financial system given the market proxy building strategy. The market returns
proxy used in this analysis is in fact constructed as weighted average of North American and European
market proxies. Moreover, the market proxy is constructed reflecting the funds asset allocation, which
is balanced among different asset classes (i.e. equity, cash, bond, other). Hence, the market proxy
is a balanced index where at least one component (cash) is substantially less volatile than the others.
Consequently, a strong drop of this index may be considered as a good signal of a systemic distress.
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However in figure 1 it also appears that the relation between these two factors and
portfolio return is characterized by a lagged effect. For this reason, we construct lagged
variables for diversification and heterogeneity (one month, six months and twelve months)
and we run panel regressions where the dependent variable is always the monthly fund
returns while the independent variables, with the exception of market proxy returns,
change. Different combinations of contemporaneous and lagged variables enter into the
panel regression to test the significance of the parameters of the return estimation model.

[Insert Table 5, here]

Among all these panel regressions, one only equation shows significant values for all
the independent variables with HET;_ 15 and DIV;. The estimated panel coefficients of
lagged heterogeneity and diversification (column 13) evidence the fact that the former
has a positive impact on funds return (when the heterogeneity level of financial system
increases, the fund return increases) and the latter has a negative impact (when the
portfolio diversification increases, the portfolio return decreases).

Given this model estimation (table 5, column 13), it is possible to estimate for each
fund the coefficients associated with the parameters described in the model (7), through
an OLS time series estimation where the dependent variable is the fund return. The
independent variables are: the market proxy returns, the lagged heterogeneity level, the
fund diversification index. Once the coefficients have been estimated, it is possible to
measure the prediction ability of the estimates through a panel t-statistic test. Over
the whole time window the model predicts returns values not statistically different from
effective values.!®

We now implement the model (7) to investigate the impact of heterogeneity and
diversification on the average return of the financial system and the likelihood of a si-
multaneous collapse, given the occurrence of a systemic event. To this end, we fix the
market return in the estimation model (7) and compute the PAR (predicted average re-
turn) and SD (simultaneous downturn) rate, when a market crash occurs. To choose the
fix level of market return, for simulating a systemic event (market crash), we implement
the t-statistic test where the average return and the predicted average return become,
respectively, the estimated average return when market loss is equal to 2% and the es-
timated average return when market loss is at a worst level. Thus, we run the test for
different “worst loss levels”, beginning from 2.1. We stop when all the time series values of
the estimated average returns significantly differ from the estimated average return when
market loss is equal to 2%. We identify this threshold new market crash equal to -2.44%.

To isolate the effect of diversification or heterogeneity we estimate the predicted av-
erage return and SD rate through the estimation model (7) by fixing the market return
at the market crash level and, alternatively, diversification and heterogeneity. Thus, we
have: a) market crash and mazimum heterogeneity; b) market crash and minimum het-
erogeneity; ¢) market crash and mazimum diversification; d) market crash and minimum
diversification.'®

_ N2
(Rit—Rit)\/ S5~

— 2 — 2
(N 1)0‘Rit +(N I)GR“

15We perform the t-test on panel data as follows: t = where R;; and R;; are

the cross-section average values of monthly effective return and monthly estimated return respectively,
N is the number of cross-section observations, g is the number of degrees of freedom, o2 is the relative
variance.

16Tn a) and b) the heterogeneity indicator assumes, respectively, the maximum and the minimum value
recorded in the sample (2.88; 1.03) over the entire time window. In ¢) and d) the diversification index
assumes for each fund and each month, respectively, the maximum and the minimum value of the index
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This estimation strategy allows us to: i) isolate the effect of diversification/heterogeneity;
ii) control the significance of the impact of the variables, and iii) test the statistical sig-
nificance of the differences between the couples of estimates (a-b; c-d).

Moving from a maximum to a minimum level of heterogeneity the predicted average
return drops about .9% over the entire time window with an incidence ratio of about
80% over the estimated return with maximum heterogeneity. The SD rate increases
about 25% with an incidence ratio of about 100%. This finding suggests that moving
from maximum to minimum heterogeneity of financial system, the ratio of funds that
experience a simultaneous downturn doubles.

As argued above, the trend of these two estimates depends only on diversification.
This factor seems to especially affect the fund’s return when the heterogeneity degree is
at minimum value. In this case, when diversification reaches the top values the average
return experiences the maximum drop and the SD rate the higher values. The statisti-
cal significance of difference between the estimations results in a) and b) is investigated
through the t-panel test. The two average returns are, respectively, the estimated aver-
age return with maximum and minimum heterogeneity. The results of the test evidence
a high statistical significance of this difference over the entire time window. Hence, the
difference is substantial and significant.

The same strategy of analysis is implemented when diversification index assumes,
respectively, maximum and minimum values and market returns is -2.44%. The trend
of SD rate and Predicted Average return is a consequence of the changes in the lagged
heterogeneity.

Moving from a maximum to a minimum level of diversification the predicted average
return increases over the entire time window of a fixed value (1.34). This condition occurs
because we fix the only one parameter that varies not only over time but also over funds.
In other words, we fix the only variable that represents the portfolio-specific factors. The
incidence ratio is of about 65% over the estimated return with maximum diversification,
with a peak in May 2003 (93%). The SD rate decreases of about 5-10% with an incidence
ratio of about 20%. The impact on SD rate is much lower than in the previous estimation
on maximum and minimum heterogeneity. This finding appears to confirm the fact that,
even if diversification is an explaining factor for the homogeneity degree of financial sys-
tem, it is rather the latter that affects the likelihood of a simultaneous collapse of market
agents. The statistical significance of the difference between the estimations results in c)
and d) is investigated through the t-panel test. The two average returns considered are,
respectively, the estimated average returns with maximum and minimum diversification.
The results of the test evidence a high statistical significance and a large difference over
the entire time window. Hence, the difference is substantial and significant also in this
case.

5.4. The multi-factors model

The return estimation model (7) is now tested augmenting the model factors as well
as suggested by the multi-CAPM presented by Fama-French (1993) <17>:

Rit = &; + BriRmt + Boi HET; + B3 DIV + B4 SMB + Bsi HML + 14, 9)

where SM B; (small minus big) is the difference between the returns on diversified
portfolios of small and big stocks, HM L; (high minus low) is the difference between the

(.01; .99). Given these values, the predicted average return and SD rate can be estimated.
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returns on diversified portfolios of high and low book to market stocks.'”

Subsequently, a robustness check is performed considering the augmented model by
Carhart (1997) <8>, that extends Fama-French model by incorporating additional fourth
factor that considers the momentum anomaly (MOM). The four factor model can be
explained as a performance attribution model where the coefficients and premia on the
factor-mimicking portfolios aim to explain the proportion of mean return attributable to
four elementary strategies:

Rit = G + Bri Rt + Boi HET, + B3, DIViy + Bai SM B + B3 HM L + f; MOM + 15,1, (10)
where MOM represents the one-year momentum in stock returns.

The two models (9) and (10) support our results. Model (9) in table 6 confirms the
results in column 13 of table 5. Moreover, models (9) shows thst the diversification per-
sists affecting negatively fund’s return whereas heterogeneity has now a negative impact
with a different lag in time (column 5, table 6). Heterogeneity lag is now only one month
whereas in table 5 column 13 was 12 months. In table 6 column 15, heterogeneity shows
again positive sign, and diversification is now positive but with a 6 months lag. In all
the estimations above, SMB has a positive coefficient suggesting as the small cap funds
have higher expected returns, and arguably higher expected risk, than those of large cap.
Otherwise in table 6, HML shows a positive sign in estimation 5, and negative in the two
other estimations 13 and 15.

Model (10) results are described in table 7. It also supports the findings of both model
(7) and (9) for the estimation 13. Here the MOM variable is not significant. In addition,
model (10) confirms model (9) for the estimation 5.'% In table 7 estimation 15 confirms
again model (9) even though the added MOM variable is not significant as well as HML.

6. Concluding remarks

The last financial crisis highlights systemic risk as one possible variable that can play a
role in policy makers decisions. The research investigates two aspects of agents’ portfolio
heterogeneity in terms of asset allocation: within the single portfolio, and across investors’
portfolios. The latter may be considered one possible source of a systemic distress. The
rationale behind this idea is that if agents’ portfolios become more similar to each other,
the likelihood of a simultaneous collapse increases.

The analysis has been implemented through a sample of investment funds over the
last decade, in three steps. The first two steps concern about the impact of diversification
on the two portfolio risk components, respectively: systematic and idiosyncratic. The
last one focuses on the impact of portfolio diversification on systemic risk.

The findings appear to suggest that the diversification, even if is confirmed to be useful
to reduce the portfolio specific risk, concurs to increase the degree of homogeneity among
the investors. This condition worsens the risk that a negative systemic event produces a
simultaneous collapse. If the agents allocated their wealth to the same assets a negative
event affects all agents in the same way at the same time.

17The book-to-market ratio attempts to identify undervalued or overvalued securities by taking the
book value and dividing it by market value. In basic terms, if the ratio is above 1 then the stock is
undervalued; if it is less than 1, the stock is overvalued.

18Here the positive and significant coefficient of MOM indicates successful timing activity between
momentum investing and contrarian investing strategies.
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Our results are related with Wagner (2006) <34>, which argues that the fully diver-
sification is undesirable because it reduces the risk at individual institution but increases
the risk of a systemic crisis, and De Vries (2005) <12>, which argues that diversification
reduces the frequency of individual institution failure when a shock is smaller and easily
borne by system but increases the likelihood of a systemic failure when a stronger shock
occurs.

Further strands of research may follow the investigation implemented in this paper.
For example, it is possible to cluster the sample by regions (i.e. North America, Eu-
rope, Asia, Emerging Markets), ranking portfolios by funds’ beta factor or improving
the model forecasting ability for heterogeneity, diversification and systemic risk. These
research proposals go beyond the aim of the paper, which may be also an alert against
the recent provisions of the financial authorities. Common capital adequacy rules, in-
deed, while increasing transparency, also encourage homogeneity in investment strategy
and undertaking of risk, leading to a high concentration of risk. That means that global
regulations can be dangerous because they may increase the amplitude of global credit
cycles (TaxPayers’ Alliance, 2010 <32>).
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Figure 1: Overall view
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The figure shows the overall view of the descriptive findings, over the time window November
2001/December 2010: in Panel A the trend of the average diversification index (DIV;), in Panel B
the trend of asset allocation heterogeneity indicator (HETy), in Panel C the average idiosyncratic risk
computed as mean of the idiosyncratic risk indicator o;;(g;+) among all funds 4 for each time ¢, in Panel
D the simultaneous downturn rate as estimated in equation (6).

Source: Own elaboration on Morningstar data.
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