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Considering Liquidity Costs at Rebalancing

When rebalancing a portfolio, the simplest way to minimize liquidity costs is to minimize turnover: the
lower the traded volume, the lower the costs incurred in the rebalancing. While this argument is true for
an individual security, it is not necessarily valid for the portfolio as a whole, particularly when the
portfolio constituents cover a broad range of liquidity.

A more efficient rebalancing strategy can be designed given information about security level bid-ask
spreads. The total liquidity cost is reduced by concentrating the trading activity in those securities with
lower bid-ask spreads.

In this paper, we develop a hypothetical portfolio following an EMU sovereign bond benchmark. We
present a selection of rebalancing strategies, each incorporating a different degree of liquidity
information, and illustrate the impact of more granular liquidity data on the actual rebalancing costs
that are realized.
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Case Study: Rebalancing an EMU Sovereign Bond
Portfolio

A Hypothetical Mandate and the Need to Rebalance

To develop our case study, we consider a hypothetical investment mandate. We assume that a portfolio
manager is mandated to follow the Bank of America Merrill Lynch EMU Direct Government Index within
an ex ante annual tracking error limit of 25 basis points.! The mandate also stipulates that the active
weight on each country should be below two percent, and that the duration bias in each country should
be lower than 0.2 years. We assume that rebalancing occurs on the eighth calendar day of each month.

On January 8, 2013, there were 282 bonds in the benchmark portfolio. Our hypothetical tracking
portfolio on that date contained 32 bonds, and met all of the requirements of the mandate. Except for
Slovenia and Luxembourg, each country was represented with at least two bonds, with more bonds for
countries with heavier presence in the benchmark.

Due to the significant market movements in January 2013, the ex ante annual tracking error rose to 25.6
basis points on February 8, 2013, which was 1.6 bps above the limit in the investment mandate. See
Figure 1 for the active country exposures of the portfolio, and Figure 2 for the duration bias for each
country. In addition to the tracking error limit breach, the active country weight for Germany was
outside the range prescribed by the mandate, and the durations for Germany, Ireland and the
Netherlands were lower than the minimum value of their target range.

Under these conditions, the portfolio requires a rebalancing to return to compliance with the
investment mandate.

! The tracking error is calculated with RiskManager using historical simulations. The tracking error is measured based on 22-day returns with a 21-day overlap and a
five-year lookback horizon.
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Figure 1: Portfolio Active Country Exposures before the Rebalance (as-of-date: February 8, 2013).
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Figure 2: Duration Bias for each Country before the Rebalance (as-of-date: February 8, 2013).

0.4 -
Z 02 .. threshold
c
=]
o
o
> 0.0 -
]
v
a hreshold
[ t
c 0.2 4--------omommo- ey ______threshold__ _
.2
=
o
304 -

-0.6 -

2 Sy 2 Q > Q o S S >
& 0306\ \'b(\ Q(' @’b \’bo {\"b\ \,b(‘b A’SQ %Q'b\ ,\O\'Ib
RN & o
&
é@

Liquidity Profiling of the Investment Universe

To characterize the range of liquidity in the investment universe, we examine the liquidity profile of the
benchmark.

For this, trading costs are measured with the MSCI Bond Liquidity Measure (BLM) data. The BLM data
are indicative bid-ask spreads estimated with cross-sectional regressions based on bid-ask quotes. For
further details, see Acerbi, Stefek and Szekeres (2012).
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Figures 3 and 4 show the BLM data for the benchmark constituents.? For this case, we measure liquidity
in terms of the relative price bid-ask, which is the bid-ask spread divided by the bond price. The values of
the relative price bid-ask represent the trading costs of buying and selling a present value of one euro in
the given bond. As the graphs show, trading a present value of one euro can cost up to 2.5 cents if we
trade in the most illiquid bond. Trading in the most liquid bonds would cost only a small fraction of one
cent. A turnover-based rebalancing strategy would miss this fact.

Figure 3: Liquidity of Bonds In the Benchmark Portfolio for Belgium, Germany, Finland, France, and the
Netherlands (as-of-date: February 8, 2013).
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? Bonds issued by the goverments of Luxembourg and Slovenia are omitted from the analysis.
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Figure 4: Liquidity of Bonds In the Benchmark Portfolio for Austria, Spain, Ireland, Italy, and Slovakia (as-of-
date: February 8, 2013).
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Bonds issued by countries of Figure 3 have higher liquidity with lower relative price bid-ask spreads. It is
cheaper to trade sovereign bonds of these countries.

Figures 3 and 4 show that bid-ask spreads differ not only across countries (namely across sovereign
bond issuers) but tend to be higher with higher durations. For more details on BLM and on its
dependence on duration and other factors, see Acerbi, Stefek and Szekeres (2012).

Liquidity Profiling of the Portfolio
As a second step to select the most liquid bonds for trading, we plot the liquidity profile of our
hypothetical portfolio versus the benchmark in Figures 5 and 6.
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Figure 5: Liquidity Profile by Country for Belgium, Germany, Finland, France, and the Netherlands (as-of-
date: February 8, 2013).
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Figure 6: Liquidity Profile by Country for Austria, Spain, Ireland, Italy. and Slovakia (as-of-date: February 8,

2013).
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Figures 5 and 6 compare the portfolio assets and benchmark assets with respect to liquidity for each
country. For Finland and Slovakia, the portfolio has more liquid bonds relative to the benchmark. The
bonds from Belgium, Germany, the Netherlands, Austria, Spain, Ireland, and Italy have lower liquidity in
the portfolio than in the benchmark.

Note that Ireland, Slovakia, and Spain have bonds with high relative price bid-ask spreads (above one
percent). Ideally, these issues would be used in the rebalancing only if the constraints of the mandate
cannot be met otherwise.
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Optimal Trading Scenarios

In absence of liquidity data, the hypothetical portfolio can be rebalanced based on portfolio turnover.
With bond-level bid-ask spread information, the manager can choose the more liquid bonds to
rebalance the portfolio. To compare the two strategies in terms of estimated trading costs, we conduct
an analysis within a formal optimization framework. Our aim is to select the optimal trades for each of
the two approaches and to highlight the differences in the optimal trades and their associated costs. For
each trading method, we use a standard optimization setup with linear and quadratic constraints and a
linear goal function to select the optimal trades.

The constraints of the optimization problem are the same for each trading strategy and are formulated
based on the constraints in the investment mandate. Specifically, the optimization constraints are:

e The ex ante tracking error range should be less than 22.5 basis points, so that the portfolio
meets the tracking error constraint with some buffer.

e The active country weights of the portfolio should be less than two percent.
e The duration bias should be less than 0.2 years for each country.

Trading is restricted to the securities already held in the portfolio and very small trades are not allowed
(that is, trades smaller than 0.001 percent of the total portfolio present value).

We assume that the costs associated with the trading are covered from cash; therefore the incurred
costs do not decrease the total value of the invested portfolio.

As the goal function of our optimization problem, trading costs are minimized. The goal functions differ
for the two liquidity strategies:

e Turnover Optimization: In this case, the aim of the optimization is to minimize the turnover. The
value of the goal function equals the sum of the intended trading volumes. No specific
information on bond liquidity is required.

e Trading Cost Optimization: In this approach, the total trading cost is minimized using BLM data.
The value of the goal function is calculated assuming that the unit trading cost for the securities
equals half the bid-ask spread measured with the BLM data.

Bid-ask spreads of bonds vary by country and by security. Due to these differences, the optimal trades
and the associated costs are different for the two strategies. Based on the optimization results, we can
contrast the resulting trading actions and the trading costs.

To have a richer structure to compare the two scenarios, we introduce a hypothetical third strategy:

e Country-Based Trading Cost Optimization: Similarly to the Trading Cost Optimization, the total
trading cost is minimized. In this approach, we assume that the country-level relative price bid-
ask averages are known for the benchmark. The total trading cost is calculated based on these
country-level averages, assuming no difference in liquidity within countries.

The strategy to use country-level average spreads is not necessarily realistic. We introduce it in order to
analyze the effect of country-based liquidity differences on optimal trades. The Turnover and Country-
Based Trading Cost approaches will differ according to the liquidity differences across countries.
Similarly, the discrepancy in the optimal trading plan of the Country-Based Trading Cost and the Trading
Cost methods will give insights about the effect of the asset-based differences within the countries.
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Trading cost decreases significantly with more granular liquidity information

Figure 7 compares the actual trading cost® for the three approaches under the optimal trading scenarios.
For this specific example, relative to the Turnover Optimization, the rebalacning cost decreases by more
than 10 percent when we consider country-level differences, and by more than 50 percent when we
consider bond-level liquidity information.

Figure 7: Estimated Rebalancing Cost with Country Contributions.
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The total trading cost saving is 0.77 basis points relative to the total portfolio. This is a monthly
rebalancing, so a reasonable estimate for the annual gain from the Trading Cost optimization is 8-10
basis points. This is significant compared to typical passive management fees, and relative to the annual
tracking error of 25 basis points.

Figure 7 highlights the main contributors to total costs. For the Turnover strategy, 89 percent of the
total cost comes from trading in Spain, Ireland, and Italy. The Country-Based Trading Cost and Trading
Cost methods could successfully decrease total liquidity costs by lowering trade sizes in these countries.
The cost contribution of the three countries to the total cost drops to 66 percent for the Trading Cost
approach.

Smaller trades in less liquid countries

To assess the impact of the country-level differences in liquidity, we examine the active country weights
before and after the rebalancing. Figure 8 displays the country weights before the rebalancing, after the
rebalancing under the Turnover method, and after the rebalancing under the Country-Based approach.
For Ireland and Spain, the Turnover Optimization produces large changes in the country active weights.
The Country-Based approach gives the same directional signals (sell Irish bonds and buy Spanish ones),

® The actual trading cost is calculated based on bond-level bid-ask spread data and equals the estimated cost that actually occurs when we trade using the optimal
strategies.
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but the size of the rebalancing trades are noticeably less. This is consistent with our observation in
Figure 4 that these two countries’ bonds displayed relatively low liquidity.

Compared to the Turnover approach, the Country-Based approach reflects France’s relatively high
liquidity in a larger active weight.

Figure 8: Country Differences in Bid-Ask Spreads Induce Lower Trades in Countries with Wider Relative
Spreads and Vice Versa.
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In short, this example illustrates that a rebalancing strategy that incorporates country-based liquidity
information emphasizes trades in countries with lower liquidity costs.

Fewer trades in less liquid issues

We now examine the impact of bond-level liquidity information on the rebalancing results. Figure 9
displays the duration bias for selected countries before and after the rebalance for the two trading cost-
based rebalancing approaches.

Recall from Figure 6 that for Italy and Spain, the portfolio contained more illiquid bonds on average than
the benchmark. For both of these countries, the two trading cost optimization approaches agree on the
trading direction (decreasing the duration bias in Italy, and increasing it in Spain). But in both cases, the
signal is more muted when the specific bond-level information is taken into account, similar to the
country weights observation in the previous section.

For Slovakia, and especially Ireland, the portfolio also contains illiquid bonds relative to the benchmark,
and yet for these two countries there is no difference in the duration bias under the two trading cost
approaches. This is because the duration bias constraint is binding for these countries; it is impossible
to meet the investment mandate without trading in those countries’ most illiquid issues.
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Figure 9: Bond-Level Bid-Ask Information Forces Lower Trades In Less Liquid Issues, and Smaller Changes
In The Country Durations.
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The liquidity differences within countries thus creates incentives to trade in bonds that are cheap to
trade and assigns relatively low or high costs to modify the country duration.

The Effect of Market Impact

In the previous section, we analyzed the trading costs of the three strategies based on bid-ask spread
data. The resulting costs of Figure 7 are valid as long as we can execute the trades at the bid and ask
prices. In this section, we show how the trading cost increases for larger portfolios due to the market
impact of the trades.

The Market Impact Function

Figure 10 shows a hypothetical market impact function, which represents the relationship between the
order size and the unit trading cost for a given trading period. We utilize the parameterization from
LiquidityMetrics,” where the shape of the curve is described by the normal market size, the maximum
available trading volume, and the shape of the curve between these two points.

In Figure 10, the normal market size incorporates the depth of the market. Trades below the normal
market size are executed on the bid and ask prices, as in the example in the previous section. When the
intended trades are above the normal market size, the market depth is not enough to absorb the trade
at unchanged prices. In this case, the trade has a market impact, moving the available market prices,
and the total cost of the trade is higher than the half bid-ask. In Figure 10, the market impact function
shows how the unit cost increases after the trade reaches the normal market size.

* See Acerbi and Szekeres (2013).
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The market impact function can be different for buy and sell trades, depending on the market conditions
and asset characteristics.

For our calculations, we use the market impact functions provided by LiquidityMetrics. The parameters
of these functions are set based on surveys of bond market participants. See Acerbi and Szekeres (2013)
for further details.

Figure 10: Hypothetical Market Impact Function.
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Trading Cost with Market Impact

To examine the effect of market impact, we re-estimate the total cost of the trades generated by the
optimization in the previous section (without re-computing the optimization itself), while incorporating
the market impact information. For a range of possible portfolio sizes, we scale up the portfolio sizes
and trade volumes pro rata, and calculate the trading cost based on LiquidityMetrics. The results are in
Figure 11.
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Figure 11: Increase In Liquidity Costs Due To Market Impact.
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For portfolio sizes up to about two billion euros, the rebalancing trades are all smaller than the normal
market size, and the market impact has no effect on our estimated rebalancing cost. As the portfolio
value exceeds two billion euros, some of the trades become larger than the normal market size, and the
total trading cost increases. As the portfolio size increases further, the trading cost continues to grow as
more trades exceed the normal market size and larger trades are further penalized.

In this example, market impact has the strongest effect on turnover-based trades. This suggests a
relationship between bid-ask spreads and market depth, as the turnover-based optimizations seem to
select bonds with both higher bid-ask spreads and higher market impact. Although this connection
seems to be valid for this market on the date of the analysis, it may not prevail for other market
conditions. See Acerbi and Szekeres (2013) for further discussion.

Conclusion

Rebalancing a passive bond portfolio can be costly. Reduced costs can be achieved by trading in more
liquid bonds. With available information on asset liquidity, liquid and illiquid assets can be identified.
Based on bid-ask spread market data and impact data, the actual trading cost can be quantified and fed
into quantitative analyses to reduce the liquidity cost of trading.

In this case study, we demonstrated the effect of liquidity information on trading, showing that trading
based on liquidity information can reduce rebalancing costs. For the hypothetical mandate we analyzed,
bid-ask spread information helped to cut estimated trading costs by more than half. Of course, this
result was specific to the portfolio and the market conditions. The actual cost reduction depends on the
mandate, namely whether it is flexible enough to meet its constraints under various trade scenarios.

We also highlighted the effect of the market impact on trading cost for proportionally larger trade
scenarios. In case of complex bid-ask spread and market depth structures, considering the market
impact explicitly during the optimization process can decrease the total cost of the rebalance.

MSCI Applied Research —_— msci.com
© 2013 MSClI Inc. All rights reserved. 12 of 14
Please refer to the disclaimer at the end of this document o




Research Insight
Managing Portfolio Liquidity Costs

June 2013

References

Carlo Acerbi, Dan Stefek, Zsolt Szekeres: The MSCI Bond Liquidity Measure (BLM). MSCI Model Insight,
Septermber 2012.

Carlo Acerbi, Zsolt Szekeres: Introduction to LiquidityMetrics. MSCI Research Insight, June 2013.

MSCI Applied Research msci.com
© 2013 MSClI Inc. All rights reserved.

Please refer to the disclaimer at the end of this document 13 of 14



//) Research Insight
- Managing Portfolio Liquidity Costs

June 2013

Client Service Information is Available 24 Hours a Day

clientservice@msci.com

Americas Europe, Middle East & Africa Asia Pacific

Americas 1.888.588.4567 (toll free) Cape Town +27.21.673.0100 China North 10800.852.1032 (toll free)
Atlanta +1.404.551.3212 Frankfurt +49.69.133.859.00 China South 10800.152.1032 (toll free)
Boston +1.617.532.0920 Geneva +41.22.817.9777 Hong Kong +852.2844.9333
Chicago +1.312.675.0545 London +44.20.7618.2222 Seoul 00798.8521.3392 (toll free)
Montreal +1.514.847.7506 Milan +39.02.5849.0415 Singapore 800.852.3749 (toll free)
Monterrey +52.81.1253.4020 Paris 0800.91.59.17 (toll free) Sydney +61.2.9033.9333

New York +1.212.804.3901 Tokyo +81.3.5226.8222

San Francisco +1.415.836.8800

Sao Paulo +55.11.3706.1360

Stamford +1.203.325.5630

Toronto +1.416.628.1007

Notice and Disclaimer

This document and all of the information contained in it, including without limitation all text, data, graphs, charts (collectively, the “Information”) is the property of MSCI Inc. or its
subsidiaries (collectively, “MSCI”), or MSCI’s licensors, direct or indirect suppliers or any third party involved in making or compiling any Information (collectively, with MSCI, the
“Information Providers”) and is provided for informational purposes only. The Information may not be reproduced or redisseminated in whole or in part without prior written
permission from MSCI.

The Information may not be used to create derivative works or to verify or correct other data or information. For example (but without limitation), the Information may not be used to
create indices, databases, risk models, analytics, software, or in connection with the issuing, offering, sponsoring, managing or marketing of any securities, portfolios, financial products
or other investment vehicles utilizing or based on, linked to, tracking or otherwise derived from the Information or any other MSCI data, information, products or services.

The user of the Information assumes the entire risk of any use it may make or permit to be made of the Information. NONE OF THE INFORMATION PROVIDERS MAKES ANY EXPRESS OR
IMPLIED WARRANTIES OR REPRESENTATIONS WITH RESPECT TO THE INFORMATION (OR THE RESULTS TO BE OBTAINED BY THE USE THEREOF), AND TO THE MAXIMUM EXTENT
PERMITTED BY APPLICABLE LAW, EACH INFORMATION PROVIDER EXPRESSLY DISCLAIMS ALL IMPLIED WARRANTIES (INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF
ORIGINALITY, ACCURACY, TIMELINESS, NON-INFRINGEMENT, COMPLETENESS, MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE) WITH RESPECT TO ANY OF THE
INFORMATION.

Without limiting any of the foregoing and to the maximum extent permitted by applicable law, in no event shall any Information Provider have any liability regarding any of the
Information for any direct, indirect, special, punitive, consequential (including lost profits) or any other damages even if notified of the possibility of such damages. The foregoing shall
not exclude or limit any liability that may not by applicable law be excluded or limited, including without limitation (as applicable), any liability for death or personal injury to the extent
that such injury results from the negligence or willful default of itself, its servants, agents or sub-contractors.

Information containing any historical information, data or analysis should not be taken as an indication or guarantee of any future performance, analysis, forecast or prediction. Past
performance does not guarantee future results.

None of the Information constitutes an offer to sell (or a solicitation of an offer to buy), any security, financial product or other investment vehicle or any trading strategy.

You cannot invest in an index. MSCI does not issue, sponsor, endorse, market, offer, review or otherwise express any opinion regarding any investment or financial product that may be
based on or linked to the performance of any MSCl index.

MSCI’s indirect wholly-owned subsidiary Institutional Shareholder Services, Inc. (“ISS”) is a Registered Investment Adviser under the Investment Advisers Act of 1940. Except with
respect to any applicable products or services from ISS (including applicable products or services from MSCI ESG Research, which are provided by ISS), neither MSCI nor any of its
products or services recommends, endorses, approves or otherwise expresses any opinion regarding any issuer, securities, financial products or instruments or trading strategies and
neither MSCI nor any of its products or services is intended to constitute investment advice or a recommendation to make (or refrain from making) any kind of investment decision and
may not be relied on as such.

The MSCI ESG Indices use ratings and other data, analysis and information from MSCI ESG Research. MSCI ESG Research is produced by ISS or its subsidiaries. Issuers mentioned or
included in any MSCI ESG Research materials may be a client of MSCI, ISS, or another MSCI subsidiary, or the parent of, or affiliated with, a client of MSCI, ISS, or another MSCI
subsidiary, including ISS Corporate Services, Inc., which provides tools and services to issuers. MSCI ESG Research materials, including materials utilized in any MSCI ESG Indices or other
products, have not been submitted to, nor received approval from, the United States Securities and Exchange Commission or any other regulatory body.

Any use of or access to products, services or information of MSCI requires a license from MSCI. MSCI, Barra, RiskMetrics, IPD, ISS, FEA, InvestorForce, and other MSCI brands and
product names are the trademarks, service marks, or registered trademarks of MSCI or its subsidiaries in the United States and other jurisdictions. The Global Industry Classification
Standard (GICS) was developed by and is the exclusive property of MSCI and Standard & Poor’s. “Global Industry Classification Standard (GICS)” is a service mark of MSCI and Standard
& Poor’s.

About MSCI

MSCI Inc. is a leading provider of investment decision support tools to investors globally, including asset managers, banks, hedge funds and pension funds. MSCI
products and services include indices, portfolio risk and performance analytics, and governance tools.

The company’s flagship product offerings are: the MSCI indices with close to USD 7 trillion estimated to be benchmarked to them on a worldwide basis’; Barra multi-
asset class factor models, portfolio risk and performance analytics; RiskMetrics multi-asset class market and credit risk analytics; IPD real estate information, indices
and analytics; MSCI ESG (environmental, social and governance) Research screening, analysis and ratings; ISS governance research and outsourced proxy voting and
reporting services; and FEA valuation models and risk management software for the energy and commodities markets. MSCI is headquartered in New York, with
research and commercial offices around the world.

! As of September 30, 2012, as published by eVestment, Lipper and Bloomberg on January 31, 2013 Apr2013

MSCI Applied Research —_— msci.com
© 2013 MSClI Inc. All rights reserved. 14 of 14 - —
Please refer to the disclaimer at the end of this document o



