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Abstract

Factor investing has become very popular during the last decades, especially with respect to equity markets. After extending
Fama—French factors to corporate bond markets, recent research more often concentrates on the government bond space and
reveals that there is indeed clear empirical evidence for the existence of significant government bond factors. Voices that
state the opposite refer to outdated data samples. By the documentation of rather homogeneous recent empirical evidence,
this review underlines the attractiveness of more sophisticated investment approaches, which are well established in equity
and even in corporate bond markets, to the segment of government bonds.
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Introduction

The still fast-growing body of the literature which concen-
trates on the predictability of variations in international asset
returns has a clear focus on equity markets where more than
300 papers on cross-sectional returns are counted (Crawford
et al. 2019; Harvey et al. 2016). Barr and Priestley (2004)
argue that it is reasonable to expect equity markets to be
less closely integrated than bond markets, largely because
differences between bonds in different countries are small.
However, Bekti¢ et al. (2019) and Dekker et al. (2019)
provide convincing evidence for the explanatory power of
the Fama—French factors also in corporate bond markets.
Additionally, Houweling and van Zundert (2017), Bekti¢
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(2018, 2019) as well as Israel et al. (2018) show that further
well-known factors from equity markets could be translated
to corporate bonds. These findings are consistent to early
results by Harvey et al. (1994) who show that factors driving
bond returns are the same as those driving equity returns.

Compared to these two asset classes, research on govern-
ment bond' return factors was perceived as less attractive
because excess returns of long-term government bonds are
subject only to interest rate risk in the absence of default
risk and cash flow uncertainty (Ilmanen 1995). Besides
approaches to explain predictable variation in government
bond returns with measures of time-varying risk (Lauterbach
1989; Boudoukh 1993), more technical factors were tested.
In this context, Litterman and Scheinkman (1991) support
the idea of identifying common factors that affect the returns
on US government bonds and related factors. They provide
evidence that three attributes of the yield curve—Ilevel,
steepness and curvature—can explain returns on all fixed-
income securities. However, in recent years a number of
papers have extended the idea of factor investing from the
corporate bond market to the government bond market, and
by doing so, they also address the increasing demand for
insights in this area as shown in Figs. 1 and 2.

! The terms “sovereign” and “government” bonds are used inter-
changeably throughout this article.
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These impressive demand patterns are interpreted as a
perceived lack of structured overall survey information on
the state of research on factor-based investing in government
bond markets. We address this research gap and intend to
give an overview on factors in government bond markets.
These factors are often defined as investments that produce
long-term returns using risk factors that are significant and
unique, in the sense that they are not subsumed by other tra-
ditional risk factors. Such investment strategies are usually
applied in a long—short or long-only (smart beta) manner.
However, while the most popular applications of these fac-
tors are dedicated to the equity market, the extension of risk
factors to non-equity markets has been an important trigger
for empirical research in the modern asset pricing literature.”

As the underlying asset classes of equity and sover-
eign bond markets are fundamentally different, so are the

2 Traditional approaches in the sovereign bond space primarily
included affine term structure models as well as macroeconomic and
latent risk factors.
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implications for investors seeking to track portfolios versus
market capitalization-weighted benchmarks for each asset
class, as well. On the one hand, while both equity and fixed-
income benchmarks contain a large number of securities,
constituents of fixed-income indices are usually changing
due to the maturing nature of fixed-income securities. On
the other hand, while market capitalization-weighted equity
benchmarks enable investors to hold mean variance efficient
portfolios, market capitalization-weighted indices in the
bond market force investors into the most prolific issuers of
debt, which intuitively are associated with elevated levels of
risk. This counterintuitive dynamic of market capitalization-
weighted indices in bond markets is known as the “bums
problem” (Siegel 2003) and, in terms of government bonds,
leads to assigning the largest weight to those countries with
the largest amounts outstanding in the index. These dynam-
ics in fixed-income markets motivate why factor-based strat-
egies may significantly and sustainably outperform their
market capitalization-weighted peers. For instance, [lmanen
et al. (2019) analyze a century of data across six asset classes
and find significant time variation in single-factor returns
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and variances, providing support for models of dynamic
return premia and, at the same time, rejecting models of
macroeconomic risks, which were perceived to have predic-
tive power in the past.’

The focus of our article is on the five best documented
and most cited factors, namely momentum, value, quality
(defensive), carry and liquidity. We compare and analyze
different factor definitions as well as data sets which are used
to conduct the corresponding research. Finally, we show how
investors should pursue factor strategies to generate signifi-
cantly higher risk-adjusted returns as well as to further diver-
sify their portfolios.

Momentum

Momentum is probably one of the most popular factors in
equity markets. In short, momentum is the tendency for an
asset’s recent performance to continue in the short term
(Brooks et al. 2018). Hamdan et al. (2016) also discuss that
a risk factor is not necessarily a risk premium. A momentum
strategy follows the market, and in trend-following strate-
gies, there is no additional exposure to a risk during “bad”
times. Thus, they argue that momentum is a risk factor and
a market anomaly instead of a risk premium. This trend-
following definition is also used by Brightman and Shepherd
(2016). They note that intuitively this might seem to violate
the efficient market hypothesis; however, empirical results
show that momentum is a robust strategy even across asset
classes.

For instance, Asness et al. (2013) show that momen-
tum exists in every major asset class. They employ a sim-
ple measure of momentum, the past 12-month cumulative
raw return not including the most recent month. Their
momentum portfolios are constructed as long-only as well
as long—short portfolios where securities are weighted
according to their signal rank. Additionally, Brightman and
Shepherd (2016) use each country’s own historical return
in a time series approach and report statistically significant
Sharpe ratios and mean returns based on momentum in gov-
ernment bond markets.

Another important finding from Asness et al. (2013) is the
negative correlation of value and momentum. This creates
a significant diversification effect on their 50/50 portfolio
consisting of value and momentum tilts and leads to stronger
results. The negative correlation also can be observed
through the first principle component and the liquidity risk’s
loadings on value and momentum. They argue that the nega-
tive relation between value and momentum might be the

3 See Ludvigson and Ng (2009), who provide a summary of macro-
factors in bond risk premia.

result of their opposite sign loadings on liquidity risk as
value loads negatively, while momentum loads positively on
liquidity. This positive loading on liquidity indeed captures
to some extent the variation in momentum returns.

Similar to Asness et al. (2013), Brooks et al. (2018)
define momentum as each country’s own 12-month average
excess return. They show that the long-only tercile portfolios
exhibit positive results, while the long—short alpha is not
statistically significant. Additionally, these authors construct
a multifactor (COMBO) portfolio and show that momentum
has a negative correlation with value, carry and quality for
government bonds (—0.32, —0.42 and —0.22). Therefore,
investors can exploit significant diversification benefits
when combining factors rather than employing just one sin-
gle factor in a portfolio (COMBO portfolio alpha=2.8%,
t-stat =3.89). The negative correlation of —0.18 between
momentum and value is also observed in Brightman and
Shepherd (2016).

Brooks and Moskowitz (2017) explore momentum in the
cross section across countries using level, slope and cur-
vature portfolios, which is a novel approach. In the cross
section of government-level returns, momentum is an insig-
nificant factor (duration-adjusted). Unlike carry and value,
it also does not capture any information from principal
components. In the cross section of country slope returns,
momentum again is not a significant factor and not related to
any principal component. It only becomes significant when
principal components and carry are added to the regres-
sion, but its coefficient is negative. Principal components
can explain only 25.5% and 40.7% of cross-sectional and
time series variation of momentum in slope strategies. This
drops even further for level strategies, but remains impor-
tant for curvature strategies in a time series analysis. When
curvature is high, recent returns of intermediate bonds are
lower compared to the bonds at the longer end of the curve.
This can be observed in the correlation structure of momen-
tum which is negatively correlated with the third principal
component (related to the curvature).

Brooks and Moskowitz (2017) also examine the perfor-
mance of factors using traded bond data from J.P. Morgan
across level, slope and curvature portfolios. In level portfo-
lios, momentum delivers 5.02% alpha (z-stat =2.46) when
the principal components are included in the regression.
Additionally, momentum is negatively correlated with the
first principal component as well as value across level, slope
and curvature portfolios (—0.36, —0.13 and — 0.51, respec-
tively). These results indeed indicate that momentum is a
unique factor in level portfolios and is not captured by other
known factors.

Since principle components are not sufficient to explain
the variation in momentum, further unspanned factors are
examined as well. For instance, momentum has a nega-
tive coefficient for macroeconomic variables (growth and
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in their term spread portfolio by dividing the total return
into two components; carry return and spot return using the
Koijen et al. (2018) carry definition. The results show that
nearly half of the return on the term spread portfolio can be
captured by carry, and the term spread value is positively
correlated with carry.

They also apply these two definitions to global govern-
ment bonds and construct long—short portfolios (a long
position in the top third and a short position in the bottom
third of the universe). The global term spread portfolio and
the global real yield portfolio produce 1.1% return (Sharpe
ratio=0.49) and 0.5% return (Sharpe ratio=0.26), respec-
tively. The global term spread and real yield bond value port-
folios are negatively correlated (—0.33).

In order to explain the variation observed in value, Asness
et al. (2013) investigate common macroeconomic and liquid-
ity risk factors. The macroeconomic factors are regressed on
a portfolio consisting of all the non-stock assets; hence, a
more reliable variation effect may be captured when testing
on global government bonds only. In general, they also find
that global funding liquidity shocks have negative impact
on value returns. This may be partly due to the price pres-
sure the flight-to-liquidity trades create when a shock occurs.
However, the exposure of value returns in global government
bonds to liquidity risks is weak.

Brooks et al. (2018) employ a value measure in gov-
ernment bonds, where the real bond yield is calculated by
comparing nominal yields versus maturity-matched infla-
tion expectations. The global government bond data and the
portfolio construction method (tercile long-only portfolios
and long—short duration-neutral portfolios) are the same as
previously described in the momentum section above. When
their value definition is applied across countries, the return
pattern shows that countries with relatively high yields are
preferred. Additionally, the Sharpe ratio improves from the
low value to the high-value tercile portfolio (0.87 to 1.07).
For the long—short portfolio, value produces a significant
and positive alpha (2.02%) with a Sharpe ratio of 0.65.

Brooks and Moskowitz (2017) analyze the relationship
between value and common bond market factors. They
also employ the real bond yield as a measure of value and
their strategy performs when the level of yields reverts to
expected inflation (which is the maturity-matched CPI infla-
tion forecast). The excess return of level portfolios across
countries is regressed on value and the coefficient is 0.53
(t-stat=3.56). The value factor even increases its signifi-
cance when carry and momentum are added to the regres-
sion (#-stat=3.72). This finding seems to strengthen the
hypothesis that value and other known factors are orthogonal
to each other, harvesting different sources of return. Addi-
tionally, value remains significant when principal compo-
nents are included in the regression as well.

Brooks and Moskowitz (2017) find that the first principal
component (PC1), which is highly related to “level” of the
yield curve, becomes insignificant in the presence of value
(z-stat drops 2.63 to 1.05). Value also loads positively on
PC1 when level-neutral long—short portfolios are employed.
The regression is repeated for slope and curvature portfo-
lios across countries. Finally, a long—short value portfolio
consisting of level, slope and curvature portfolios, weighted
according to the inverse of volatility, exhibits a statistically
significant alpha with a Sharpe ratio of 0.95.

To better understand the power of value in explaining the
returns of government bonds, other macrofactors such as
growth in industrial production and inflation for each coun-
try are added to the regressions of level, slope and curvature
portfolios. While macrofactors do not capture any informa-
tion in slope and curvature portfolios, interesting results are
observed in level portfolios. Here, value remains significant
when the returns are controlled for macrofactors and prin-
cipal components, but the previously significant inflation
factor is now subsumed by value.’

Finally, Brooks and Moskowitz (2017) show that the
value factor in level portfolios is positively related to and
correlated with value strategies in other asset classes like
equities and currencies. The co-movement of value strate-
gies is also documented by Asness et al. (2013). Addition-
ally, Brightman and Shepherd (2016) and Mazzoleni and
Kunz (2018) also find supporting evidence for this finding
by showing that value in bonds is correlated with value in
currencies and equities (0.20 and 0.25). Therefore, value
seems to be a significant and important factor across asset
classes and as a result should be an integral component of a
government bond portfolio as well. Table 2 summarizes the
above-discussed studies.

Quality (defensive)

The economic intuition behind a defensive strategy can be
summarized as the tendency of low-risk assets to deliver
higher risk-adjusted returns compared to assets with higher
risk and consists of buying low-beta assets while selling
high-beta assets (Brooks et al. 2018).

Brooks et al. (2018) employ effective duration as their
low-risk measure and apply the defensive strategy across
maturities unlike other style factors which are investigated
across countries. Since the defensive strategy uses duration
as the fundamental measure of the quality factor, it pre-
fers shorter maturities across all countries. They construct

> The Cochrane and Piazessi (2005) factor loses its explanatory
power as well when value and principal components are present in

the regression.
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Table 2 Summary of the value factor literature in government bond markets

%é

Article

# Countries Countries

Data source

Data period

Factor definition

Brooks and Moskowitz (2017)

Australia, Germany, Canada, Japan,

7

December 1971 to March 2016 Wright (2011)—till May 2009,

Real bond yield minus the nominal

Sweden, the UK and the USA

Reuters DSFI afterward

yield on the bond minus a matu-

rity-matched CPI inflation forecast
from Consensus Economics

Real bond yield

Brightman and Shepherd (2016)

Australia, Canada, Germany,

8

Datastream, Bloomberg and Global

January 1989 to June 2016

France, the UK, Japan, the USA

and Italy

Financial Data

Mazzoleni and Kunz (2018)

Australia, Canada, Germany,

March 1989 to October 2017  Datastream and Bloomberg

Term spread difference between the

France, the UK, Japan, the USA

and Italy

yields of the 10-year US Treasury
bond and the 3-month US Treas-

ury bill

Asness et al. (2013)

Australia, Canada, Denmark, Ger-

10

Bloomberg and Morgan Markets,

January 1982 to July 2011

The 5-year change in the yields of

many, Japan, Norway, Sweden,

inflation forecasts from Consen-

sus Economics

10-year bonds (negative of the

past 5-year return)

Switzerland, the UK and the USA

Australia, Belgium, Canada,

Brooks et al. (2018)

13

January 1996 to June 2017 J.P. Morgan Government Bond

Real bond yield (nominal yields

Denmark, France, Germany, Italy,
Japan, the Netherlands, Spain,

Index

vs. maturity-matched inflation

expectations)

Sweden, the UK and the USA

equally weighted portfolios containing the short maturity
bucket across all countries in the top tercile and long matu-
rity buckets in the bottom tercile. The top minus bottom
duration-neutral tercile portfolio goes long on short maturi-
ties while taking a short position on higher maturity securi-
ties. The resulting mean returns of the long-only defensive
strategy are positive and decrease monotonically from the
top to the bottom tercile portfolio. The long—short defen-
sive portfolio produces a significant alpha as well (1.3%,
t-stat =2.18). Furthermore, the factor also exhibits a low
positive correlation with value and carry (0.21 and 0.15)
and is negatively correlated with momentum (—0.22). Thus,
it amplifies the diversification benefits when constructing
multifactor portfolios.

As already stated in the introduction, a meaningful risk
factor should gain a return that cannot be obtained by expo-
sure to other factors. Hence, Brooks et al. (2018) run regres-
sions where the long—short defensive portfolio returns are
regressed on traditional market risk premia as well as equity
factor premia. However, the defensive factor produces sta-
tistically significant alphas even when controlled for these
additional factor exposures.

Another adoption of the defensive strategy is the betting
against beta (BAB) approach introduced by Frazzini and
Pedersen (2014). This strategy is based on a similar hypoth-
esis that high-risk assets offer lower returns compared to
low-risk assets when adjusted for risk. The strategy first sorts
assets ranked by their beta value and then short-sells the
high-beta assets while taking a long position on the low-beta
assets. However, these low-risk assets often require lever-
age as the portfolio maintains market neutrality (see Asness
et al. 2015).

Frazzini and Pedersen (2014) also extend their BAB strat-
egy to government bonds. The data are obtained from the
Center for Research in Security Prices (CRSP) US Treasury
Database and ranges from January 1952 to March 2012. To
calculate beta, they use equally weighted portfolios consist-
ing of all the bonds in the index. Then, to create the BAB
bond factor, they go long the shorter maturity bonds (as lev-
eraged low-beta bonds) and short the longer term bonds (as
de-leveraged high-beta bonds). The obtained BAB portfo-
lio delivers a significant Sharpe ratio of 0.81 (#-stat =6.26),
and the results remain almost unchanged when time-varying
market exposure is included in the regression analysis.

Finally, Frazzini and Pedersen (2014) note that BAB bond
portfolios may be subject to funding constraints as investors
would need a high level of leverage to implement such a
strategy in practice. Hence, this trade depends on the indi-
vidual leverage constraints of each investor.

However, Durham (2018) shows that investors should fol-
low such a strategy cautiously as it seems to be associated
with substantial systematic risk. Table 3 summarizes the
studies discussed above.
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Table 3 Summary of the quality factor literature in government bond markets

Factor definition ~ Data period Data source

# Countries Countries Article

Effective duration January 1996 to June 2017 J.P. Morgan Government

Bond Index

Beta value to January 1952 to March
GDP-weighted 2012

index website

CRSP US Treasury Data-
base and Kenneth French

Brooks and Moskowitz
(2017)

13 Australia, Belgium,
Canada, Denmark,
France, Germany, Italy,
Japan, the Netherlands,
Spain, Sweden, the UK

and the USA
1 the USA Frazzini and Pedersen

(2014)

Carry

Koijen et al. (2018) define bond carry as the return on a
government bond when the yield curve does not change
during the holding period. The main reason for its popular-
ity in fixed income is that it is quick and easy to calculate.
The predominantly employed definition specifies carry as
an asset’s future (or synthetic) return, assuming that interest
rates remain unchanged over time. Hamdan et al. (2016)
state that “the underlying idea of a carry strategy is to cap-
ture a spread or a return by betting that the underlying risk
will not occur or that market conditions will stay the same”
(p. 21).

Koijen et al. (2018) adapt this definition for government
bonds by relating carry to the slope of the yield curve and
by adding the “roll down” component that captures the price
change which occurs as the bond moves along the yield
curve as time passes. Thus, the carry strategy in general is
defined as taking a long position on high carry assets and a
short position on low carry assets. Furthermore, Koijen et al.
(2018) note that the application in global government bond
markets is even easier when bond futures are employed to
implement the strategy. However, liquid bond futures con-
tracts are only available in a small number of countries.
Thus, they use synthetic futures prices to test the application
of carry in the cross section of global government bonds.
Based on their definition, it is easy to see the connection
between bond carry and forward rates. Additionally, when
modified duration is included, carry can be separated into
two effects: the bond’s yield spreads to the risk-free rate and
the price appreciation of the bond as it moves on the yield
curve. To account for different duration exposures between
global government bonds, they use a duration-adjusted posi-
tion sizing.

The data set of Koijen et al. (2018) includes 10 countries
starting from November 1983 till September 2012, and the
returns are calculated by using the 10-year minus 2-year
slope returns in each of the 10 markets. Additionally, they
also analyze the 10-year global yields based on the level of
the yield curve. Then, the carry returns of global government

bond portfolios are regressed on the corresponding bond
market returns, the global value and momentum bond fac-
tors, as well as the time series bond momentum as defined
by Moskowitz et al. (2012), to understand what is actually
behind the variation in carry returns. The resulting alphas
are positive and statistically significant. Hence, carry strate-
gies deliver excess returns in each country without a signifi-
cant exposure to the corresponding bond market. The alpha
remains significantly positive when tested against cross-
sectional and time series momentum. Further tests analyze
the relation between global carry returns and downside risk
where the returns are positively exposed to global liquidity
shocks and negatively exposed to volatility risk except for
the US Treasuries where this relationship is the other way
round. However, the alphas of the carry strategy in global
government bonds and Treasuries are statistically signifi-
cant. Therefore, to explain the cross section of government
bond carry strategy returns, risk premia and exposure to the
above-mentioned risk factors are not a sufficient explanation.

Similar to Koijen et al. (2018), Brooks et al. (2018) define
carry as the tendency for higher-yielding assets to outper-
form lower-yielding assets and summarize it as the reach-
ing for yield. Brooks et al. (2018) use a sample of govern-
ment bonds consisting of all the bonds from the J.P. Morgan
Government Bond Index (13 markets in total) and divide
them into three maturity buckets (1-5-year, 5-10-year and
10-30-year bucket). Then, they test carry by taking an equal
duration-weighted average across the three maturity buckets
within each country. The sample period for both long-only
tercile portfolios and long—short portfolios is from January
1996 to June 2017. Finally, Brooks et al. (2018), Koijen et al.
(2018) and Brightman and Shepherd (2016) report similar
Sharpe ratios.

Brooks et al. (2018) also test whether the premium cap-
tured by a carry strategy is unique to factor investing or
whether it can be earned through investing in well-known
risk premia such as (1) the credit risk premium, (2) the
equity risk premium and (3) the bond term premium as
well as dynamic factors such as size, value and momen-
tum. They document only small exposure to both the credit
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risk premium and the bond term premium, and a small but
negative exposure to size. However, the R2 of the regres-
sion is only 8% which indicates that these risk premia can-
not explain the return variability in government bonds.
The authors also investigate the sensitivities of long—short
government bond portfolios to shocks in macroeconomic
and financial conditions. They use quarterly data of growth,
inflation, real yield, volatility and illiquidity between Janu-
ary 1997 and June 2017. However, the patterns for govern-
ment bond carry portfolios are significantly more stable
compared to the market as they show little sensitivity to
macroeconomic or financial market shocks.

Beekhuizen et al. (2019) improve the betting against beta
(BAB) results of Frazzini and Pedersen (2014) by using a
duration-neutral portfolio instead of a beta-neutral portfolio.
An interesting result is that curve carry still performs with
a significant alpha when BAB is added as an explanatory
variable in the regression although it loads heavily on BAB.
The authors believe that this is the result of both strategies
having a preference for lower-maturity buckets in times of
lower funding rates. However, the reverse regression shows
that BAB does not add value beyond curve carry, claiming
curve carry a superior strategy.

Brooks and Moskowitz (2017) find that carry subsumes
the explanatory power of the slope and the curvature of the
yield curve. They investigate both the time series and the
cross-sectional performance of international government
bonds’ returns in the level, slope and curvature of the yield
curve. The level and slope portfolios are built similar to
Koijen et al. (2018), using 10-year bond yields and the dif-
ference of 10- and 2-year bond yields, respectively. They
also include the “butterfly” portfolio where they use the dif-
ference between the 5- and an average of the 2- and 10-year
bonds. The results for level portfolios in the cross section
show that carry is mostly related to the second principal
component (PC2). Furthermore, the univariate forecasting
regression results show that carry captures significant and
positive risk premia in the cross section of government bond-
level returns (0.25%; t-stat=2.11). In slope portfolios, carry
is adjusted for duration to make the results more reliable.
However, carry still produces significantly positive returns
and becomes a stronger return predictor for slope portfolios
compared to level portfolios. Similar results are obtained for
the butterfly returns across countries for carry as it generates
a significant and positive alpha. Additionally, the authors
also examine the time variation in expected returns of the
level, slope and butterfly portfolios of each country and the
results confirm the findings from the cross-sectional analy-
sis. Finally, the results show that carry continues to exhibit
a significant positive alpha even when macrofactors like

¥

one-year-ahead forecasts of inflation and industrial produc-
tion growth are included in the asset pricing tests.°

Brooks and Moskowitz (2017) also show that both the
carry returns of the time variation and the cross section of
the level portfolios are positively related to carry returns of
equity indices, currencies and global bond indices. Addi-
tionally, Brightman and Shepherd (2016) also document a
positive correlation of bond carry with equity and currency
carry, and a negative correlation with commodity carry.
Lastly, Hamdan et al. (2016) state that a carry strategy is
betting that the forward price is not a true estimator of the
spot price and it goes against the financial theory of rational
expectations. Therefore, both Brooks and Moskowitz (2017)
and Hamdan et al. (2016) state that carry strategies become
extremely risky during market distress mostly due to their
higher probability of drawdowns. Table 4 summarizes the
above-discussed studies.

Liquidity

Government bond yields are heavily affected by the indebt-
edness of the particular government; thus, a liquidity
premia in government bond markets should be observed.
Bernoth et al. (2004) argue that the liquidity component
of the yield spreads highlights a lack of financial market
integration. They disintegrate the equation of bond yield
difference between two bonds into three segments where
one of them is the liquidity risk premium. Intuitively,
the liquidity risk premium increases when the domes-
tic bond market decreases in liquidity. Besides the basic
model, Bernoth et al. (2004) test the liquidity variable in a
reduced form model as well for 13 European Union (EU)
government bond markets between 1991 and 2002.” In this
model, they use the positive correlation between liquid-
ity and the total supply of debt (see Gravelle 1999) and
assume that the liquidity premium should be proportional
to the ratio of the debt issued by a government to the total
debt of the European Union issued in Deutsche Mark or
euro and US dollars. They show that the liquidity risk pre-
mium is larger for USD denominated bonds. Finally, they
observe that the effect of EU membership on liquidity is
positive as the coefficient of liquidity turns from negative
to positive in all regressions when a country becomes a
member of the EU. This finding indicates that with EU
membership, financial market integration across countries

6 Interestingly, when carry is included in the regression of the time
series-level portfolios on the country Cochrane and Piazessi (2005)
factor, this factor is not significant anymore.

7 Until 1998, they use bonds issued in Deutsche Mark, afterward
Euro or USD.
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increases and members therefore exhibit a lower-liquidity-
risk premium.

Favero et al. (2010) investigate the liquidity effect and
how it is priced in the EU area as well. The popularity of
the EU area in academia for researchers concerning liquid-
ity comes from the elimination of exchange rate risk in
bonds and the bonds from different countries’ not being a
substitute for each other as they still show some variation.
This variation indicates that different sovereign countries
in the EU have different risk profiles.

Favero et al. (2010) develop an asset pricing model with
an endogenous liquidity premium variable. The model
assumes that trading costs and the availability of other
investments in the market affect the liquidity premium.
They believe that the liquidity premium decreases when
the aggregate market risk increases. This assumption con-
tradicts with other studies in the literature supporting the
notion that an increase in volatility increases the liquid-
ity premium as investors usually want to liquidate their
asset in times of market turmoil (flight-to-liquidity). They
argue that if the illiquidity and the volatility increase at the
same time, asset prices would increase, while the positive
change in their return would decrease. The authors con-
clude that this effect comes from the interaction between
liquidity and aggregate market risk. Hence, the liquidity
risk premium exists in government bond markets and the
yield differentials depend on the interaction between the
liquidity variable and the exposure to aggregate risk.

Boudoukh et al. (2016) show that if a bond’s liquidity
increases, the price of that bond decreases. They analyze
the liquidity effect in 10 sovereign bond markets (devel-
oped countries) over a 17-year period by comparing newly
issued bonds to the most recent previously issued bonds.

Intuitively, during times of market turmoil, we would
expect investors to prefer more liquid assets and the spread
between newly issued government bonds and the previ-
ously issued ones to widen. However, their results show
that in “bad” times, the newly issued spread actually tight-
ens and becomes negative in those countries with rela-
tively lower credit quality.

Ejsing et al. (2012) investigate the liquidity premium
as well and how it is connected with the flight-to-quality
phenomenon, especially during the 2008 financial crisis
and subsequent sovereign debt crisis. In contrast to other
studies, they focus solely on the highly rated and liquid
France and Germany government bonds and they measure
the liquidity premia as the difference in the term structures
of government guaranteed agency bonds over government
bonds. The data set includes daily bond prices of the Ger-
man Kreditanstalt fiir Wiederaufbau (KfW) and the French
Caisse d’Amortissement de la Dette Sociale (CADES),
as well as the German and French government bonds
(obtained from Bloomberg for the period from January
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2006 to October 2011) to calculate the corresponding yield
curves.

The increase in liquidity of German/French government
and agency bonds is very clear during the 2008/09 financial
crisis as well as during the euro area debt crisis. In their
model-based framework, they take the liquidity factor as
a latent factor of their state—space model. The difference
between the two models comes from assuming that the pric-
ing of liquidity can also affect agency yields. The estima-
tion results show that the liquidity premium in agency yields
can explain 30% of the variation in the agency—government
yield spread. The results also show that in times of crises,
both German and French yields suffered due to an increased
demand for highly rated assets. Therefore, this paper also
presents evidence on the flight-to-quality effect and shows
why liquidity plays an important role in investors’ portfolios.
Table 5 summarizes the studies discussed above.

Conclusion

The concept of factor-based investing in the fixed-income
space is still relatively less mature compared to equities,
despite the obvious importance and relevance of the subject,
and can for certain no longer be denied by looking at cur-
rent figures. Especially in times of possible rising rates in
a low-yield environment, new approaches to fixed-income
investing have sparked investors’ interest. In this review, we
therefore clearly state that factor investing in sovereign bond
markets represents a new paradigm for a holistic portfolio
construction process.

The traditional market capitalization-weighted approach
has often been criticized for its lack of diversification,
especially in bond markets. It is questionable at best if
fixed-income indices, in the way they are constructed, are
representing what they are supposed to do as the level of
indebtedness is not necessarily representative for the mar-
ket as a whole. Therefore, factors like momentum, value,
quality, carry and liquidity should not be neglected when
constructing fixed-income portfolios as we observe strong
support for the existence of significant factors in global gov-
ernment bond markets. Moreover, based on a review of the
literature, all examined factor strategies generate a signifi-
cant alpha.

While the corresponding positive returns can be cap-
tured through investing in each factor individually,
employing multifactor portfolios produces more persistent
and even higher risk-adjusted returns. This is mainly due
to the low correlation between factors as well as due to
different market behavior of each factor across the busi-
ness cycle. Therefore, multifactor portfolios provide bet-
ter and a more efficient diversification. However, not only
the implemented strategy and factor definition preferences
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Table 5 Summary of the liquidity factor literature in government bond markets

Article

# Countries Countries

Data source

Data period

Factor definition

Bernoth et al. (2004)

13 Austria, Belgium, Denmark, Fin-

Capital DATA Bondware and

January 1991 to January 2002

The ratio of the total debt of the

land, France, Germany, Greece,
Italy, Ireland, Portugal, Spain,

Ameco database

issuer country to the total debt of
the EU issued in DM/euro or US$

Sweden and the UK
Austria, Belgium, Finland, France,

Favero et al. (2010)

January 2002 to December 2003 Euro MTS Group’s European

5-day moving average of the bid—

Germany, Italy, the Netherlands,

Portugal and Spain

Benchmark Market trading

platform

January 1998 to December 2015 Data Scope Fixed-Income (DSFI)

ask spread

Brooks and Moskowitz (2017)

Belgium, Canada, France, Italy,

10

Newly issued bond spread (the

Germany, Japan, the Netherlands,

Spain, the UK and the USA

from Thompson Reuters and

Bloomberg

spread between the hypothetical
bond, based on the previous issue

curve, and the newly issued bond)
Model-free indicators of liquidity in January 2006 to October 2011

Ejsing et al. (2012)

France and Germany

2

The German Kreditanstalt fiir

Wiederaufbau (KfW) and the

a state—space model

French Caisse d’Amortissement

de la Dette Sociale (CADES), the
German and French governments

but also the specific implementation design like invest-
ment universe as well as rebalancing frequency, transac-
tion costs, weighting scheme and definition of portfolio
configuration has a significant impact on performance and
explains why two portfolios (or funds) based on seem-
ingly identical factors may perform differently. Addition-
ally, from our review of the literature, it is not always
clear whether currency risk is hedged or left unhedged.
As currency moves and hence volatility can be substan-
tial, especially in the short term, significant differences in
performance between hedged and unhedged government
bond portfolios can occur.

The main criticism of factor outperformance versus
conventional benchmarks points at a higher risk exposure
to duration and carry trade risk. However, as shown in
our literature review, the latest studies control for these
exposures and document that the results remain almost
unchanged. Additionally, when analyzing alphas of gov-
ernment bond portfolios (or funds) one should also take
into account the possibility of omitted risk factors as well
as considering investable portfolios. While a theoretical
long—short portfolio usually leads to higher risk-adjusted
returns, implementing long—short sovereign bond portfo-
lios is complex and non-practical due to operational diffi-
culties and high transaction costs associated with shorting
cash bonds, especially for illiquid bonds.

Finally, as already discussed, our examined factors
are also employed in other asset classes as well. There-
fore, for future research, the adoption of a unified asset
pricing model that can be applied across asset classes
may be worth considering. Additionally, future research
should also examine further significant factors that might
impact the performance of government bond markets as
this would probably lead to greater financial literacy in
this rather underdeveloped field and hence larger investor
attention.
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