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Large-scale index-based investing doesn't just reflect equity market values; it affects them, too. Implement-
ing an index fund results in direct and indirect costs. The direct costs are commissions and transaction-
related fees; the indirect costs include, among other things, the market price impact of trading in size. In this
paper, we describe an approach to analyzing indirect trade costs incurred in rebalancing, and we present
our findings related to cap-weighted, equal-weighted, and fundamentals-weighted indices.

OUR POINT OF VIEW

Academics and practitioners have written a great deal about equity trade cost analysis." Our work
was broadly guided by the theoretical framework Robert Almgren, Chee Thum, Emmanuel Hauptmann,
and Hong Li set forth in their 2005 paper, “Direct Estimation of Equity Market Impact.”? Following
their lead, we focused on the price effect of the trader's own actions, and we incorporated factors
such as average daily volume and turnover into our analysis. However, the model we developed is
considerably more parsimonious than the one described by Almgren’s research team.

In principle, the market impact cost of an index-based investment strategy can be decomposed into
two components: an imputed reduction in the performance of the underlying index, and an observed
difference between the performance of the fund and that of the index.? The relative contribution of
the two components will depend in part on the trading schedule. For example, if an investor replicates
the index by trading “market on close,” then there is no performance gap between the index and fund,
and the reduced performance of the underlying index accounts for the entire market impact cost.
Concurrent trading in the same stocks by other market participants—including other managers
tracking the same index—may also affect the variance between fund and index results.

This paper centers on market impact cost at the index level. Unlike a fund's performance versus an
index, this component cannot be measured directly; it is not possible to observe how a fund would
have performed had it not been funded. However, statistical techniques can be used to analyze a large
number of index changes and calibrate a theoretical index-level model.

A SIMPLIFIED MARKET IMPACT MODEL

The Research Affiliates study used an internal database containing fundamental index rebalances
from 2009-2013. The aggregate trades that would be required to replicate these rebalances amount
to 1-40% of the stocks’ average daily volumes (ADVs).

From the empirical data, we determined that a linear market impact model represented a good trade-
off between simplicity and explanatory power:

A X
Pk
p Vv

Here, p is the pre-trade price of a stock, k is a constant that may depend on the individual market, X
is the number of shares bought or sold, and V is the aggregate ADV across all the company’s share
classes. Ap is the price change, that is, the difference between the stock’s post-trade and pre-trade
prices.

The Appendix to this paper details the mathematics of applying the linear trade impact model.
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THE FACTORS THAT DETERMINE THE RETURN IMPACT OF INDEX
TRADING

As the Appendix demonstrates, the market impact of a rebalance on the performance of an index is
the product of four factors: base impact, index breadth, effective turnover, and index tilt.

The base impact factor is the ratio of the assets under management in a given strategy to the dollar
value of shares traded daily across all the stocks in the universe of interest, scaled by a constant
factor. The key observation is that, under our assumptions, the cost is linear in strategy size.

The inverse of the index breadth factor (1/index breadth) is the fraction of the total universe trade
volume captured by the index. The index breadth is 1 for a portfolio that contains every stock in the
initial universe; it can fall by an order of magnitude or more for a small-stock or a highly concentrated
index.

The effective turnover factor reflects the fact that a simple annual rebalancing can have quite different
market impact consequences depending on the structural relationship between stocks replaced and
stocks retained. Effective turnover is proportional to the squared turnover if the portfolio doesn't
change constituents at rebalance and to the turnover itself if the portfolio replaces all its constituents.

Finally, the index tilt indicates how far the index departs from the cheapest to trade, a volume-weighted
index. Index tilt is defined as the weighted average of index weights relative to a volume-weighted
index. The volume-weighted portfolio has tilt of 1, and any other portfolio has tilt above 1.

THE MARKET IMPACT OF ANNUAL REBALANCING

Using this framework, we will compare the market impact cost of nine portfolios: Cap 1000, Equal-
Weight 1000 (with the same constituents as the Cap 1000), and RAFI® 1000, each in three regions:
U.S., Developed ex US, and Emerging. We will initially assume identical strategy size.

Theindex breadthis nearly identical, sinceitis about 1.0 for a broad portfolio. Therefore, any difference
in the market impact cost between the portfolios will be due to the base impact, effective turnover,
and index tilt.

With the same strategy size, the base impact is a function of the total trading volume of the universe.
Table 1 shows the snapshot at the end of June 2013.

The effective turnover is comprised of two components: a linear function for the additions and
deletions and a quadratic function for the reweighting of existing securities. Table 2 displays the
component values that emerged from our study.

TABLE 1. BASE IMPACT SNAPSHOT AS OF JUNE 30, 2013

REGION VOLUME, $B VOLUME, % OF GLOBAL
u.s. 136 52%
Developed ex U.S. 96 36%
EM 31 12%
Global 264 100%

Source: Research Affiliates.
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Because the fundamental size is more stable over time than the market capitalization, the turnover
from additions and deletions is smaller for the fundamental indices compared to cap-weighted
indices. On the other hand, the reweighting turnover is higher for the fundamental indices, since they
require rebalancing against the price movement. The equal-weighted indices have the highest
effective turnover, due to the very high turnover from additions and deletions (those occur at larger
weights in an equal-weighted index).

In virtually all cases, both turnover components are much higher in the emerging markets than in the
developed regions; this is due in part to the higher idiosyncratic volatility in the emerging markets.

Table 3 summarizes the index tilt for the portfolios.

Again, we note that the tilt increases dramatically as we move from the developed to the emerging
markets region.

Finally, we can compare the aggregate measure of market impact (i.e., the product of the effective
turnover, tilt, and inverse universe volume [Table 4]).

These numbers are scaled relative to the U.S. Cap 1000 portfolio. For example, the model predicts
that, at the same asset size, the market impact cost of rebalancing a broad RAFI U.S. index is almost
three times greater than that of a broad U.S. cap-weighted index.

Of course, the assets tracking cap-weighted indices (about $7 trillion by P&l estimates)* are much
greater than the fundamentals-weighted index assets (approximately $100B). Adjusted for that, it
would seem that cap-weighted index investing creates 25 times larger market impact than
fundamentals-weighted indexing. In reality, as the size of the cap-weighted strategies grew, new

OMPO 0 RNO
Index Component uU.s. Dev ex U.S. EM
T e & coletes 3.9% 6.6% 1.7%
Cap 1000 T eveightings 52% 5.7% 9.2%
Effective turnover 4.2% 6.9% 12.4%
T e & celetes 31% 4.4% 8.4%
RAFI 1000 T eneightings 19.9% 22.3% 33.8%
Effective turnover 9.2% 12.0% 25.2%
T e & deletes 17.4% 18.9% 27.2%
EW 1000 T neightings 19.9% 19.6% 26.4%
Effective turnover 22.9% 24.2% 36.2%

Source: Research Affiliates.

TABLE 3. INDEX TILT TABLE 4. MARKET IMPACT MEASURES

INDEX u.s. DEV EX U.S. EM INDEX u.s. DEV EXU.S. EM

Cap 1000 1.35 1.36 2.01 Cap 1000 1.00 2.36 1914

RAFI1000 1.66 1.39 1.71 RAFI 1000 2.68 419 33.01

EW 1000 3.20 3.27 6.52 EW 1000 12.89 19.92 180.85
Source: Research Affiliates. Source: Research Affiliates.
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developments in the market acted to reduce the market impact cost. For example, index providers
started to provide more lead time in pre-announcing index changes, thus encouraging liquidity
providers to come in. Furthermore, the index portfolio managers become aware of the market impact
and trade less aggressively. These and similar factors are not accounted for in the market impact
model we presented, but are subjects for future research.

APPENDIX

Consider an annually rebalanced investment strategy implemented by trading to the precise target
weights on the day of the rebalance. The market impact cost incurred from trading a single security s
equals , (aaw,.)' , where wp is its weight in the post-rebalance® portfolio p (pre-rebalance weights are

s

used for divested stocks); V. is its ADV; and A is the amount of assets invested in the strategy. The
reduction in performance due to the market impact of rebalancing is then

(48w, P AW, Awp *
C—*Eskis—kﬁgzsﬁ (D

Here V, V, are the total ADV of the securities in the universe of interest® and in the portfolio,
respectively; and 5, =% |s the weight stock s would have if the portfolio were volume-weighted.

|Awp |

Let us denote the absolute fraction of the stock traded 6, =
uncorrelated with the 2= . We can then write:

Vp.s

and assume for simplicity that J, is

Fow wps
o AV, 2 Wps _ 3 AVy 2 ST PSyps
Cc = kviVi ESW J = kV V Eswplsé‘p (2)
uVp p.

s s .5
p.s =D, Vps Zs Wp.s

As a step toward making the turnover structure more intuitive, let us denote the fraction of stocks
added to the portfolio as f, = Yaaqea Wp,s ; the fraction of stocks deleted as f; = Ygererea Wp,s ; and
Zretainedwp,sl‘sp,s|

the weighted average fractional weight change of the stocks that are retained as § = 5 "
retained "p,s

The two-way turnover of the portfolio is T =f; + f; + (1 — f,)8 = Taeq + T, Where Theq is the
turnover from additions and deletions; T, is the turnover from the retained stocks; and & =

a

2
Lser Wp,s0p.s

Furthermore, let i) = 5, the ratio of the average squared 5,5 to the square of the average

(ZsEer,s6p,s)
absolute value of &,s. The characteristic ¥ depends on the distribution of rebalance trades. For
example, if all trades were the same fraction of the traded security's weight, then 1) = 1; if the target

weights were the same year to year, and the trades were driven exclusively by price drift,” then 1) = —
We can then rewrite:

Wps

c= k—— (T + (1 £,)T? )ﬂ 3)

Wp,s
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We can therefore identify the following factors that determine the return impact:

1. base impact, which only depends on the ratio of the strategy size to the total trading volume of the
relevant universe;

2. 1/index breadth, the fraction of the total universe volume captured by the portfolio;

3. effective turnover, which has a linear term for replacements and a quadratic term for retained
stocks; and

4. index tilt vs. volume benchmark, defined as the weighted average of portfolio overweights relative
to a volume-weighted portfolio.

The base impact reflects the cost of buying into the broad volume-weighted portfolio of size A. The
critical observation is that the cost is linear in strategy size under our assumptions.

The index breadth is 1 for a portfolio that contains every stock in the initial universe. The breadth can
fall to 0.1 or less if we create a small-stock index or if the portfolio is highly concentrated.

The effective turnover is proportional to the squared turnover if the portfolio doesn’'t change
constituents at rebalance and to the turnover itself if the portfolio replaces all its constituents. This
means that a simple annual turnover can have quite different market impact consequences depending
on the structure of the turnover.

Index tilt measures how far the portfolio departs from a volume-weighted portfolio. The volume-
weighted portfolio has a tilt of 1; the tilt of any other portfolio is greater than 1.

ENDNOTES

1. The “references” section of a still-valuable review article written 15 years ago mentions about 60 articles. See Donald
B. Keim and Ananth Madhavan, "The Cost of Institutional Equity Trades,” Financial Analysts Journal, vol. 54, no. 4 (July/
August 1998), 50-69.

2. Available at http://www.math.nyu.edu/~almgren/papers/costestim.pdf. Accessed October 31, 2013.

3. This gap is not always negative; a smart implementation with a reasonable tracking budget may do better than the
underlying index.

4, Melanie Zanona, “Index Assets Up 18.4% for Year; Total Worldwide Tops $7 Trillion,” Pensions & Investments, September
16, 2013.

5. We prefer to use the post-rebalance portfolio because the weight distribution there is better understood (it is only af-
fected by the strategy, not by the pricing process).

6. Using the universe that corresponds to the cap-weighted benchmark would be the obvious choice, because it is the
deviation from those benchmark weights that are of interest.

7.  This approximation assumes that prices follow a normal (not log-normal) distribution; clearly, it won't work well if the
volatility is sufficiently high. In addition, the stocks that moved down in price by a large amount are more likely to be
deleted, further lessening the precision of the estimate.
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DISCLOSURES

The material contained in this document is for information purposes only. This material is not intended as an offer or solicitation for the
purchase or sale of any security or financial instrument, nor is it advice or a recommendation to enter into any transaction. Any offer to sell
or a solicitation of an offer to buy or sell pooled investment vehicles shall be made solely to qualified investors through a private placement
memorandum. Separately managed accounts will be based on an investment management agreement. This information is intended to sup-
plement information contained in the respective disclosure documents. The information contained herein should not be construed as finan-
cial or investment advice on any subject matter. Research Affiliates does not warrant the accuracy of the information provided herein, either
expressed or implied, for any particular purpose.

The index data published herein are simulated, no allowance has been made for trading costs, management fees, or other costs, are not in-
dicative of any specific investment, are unmanaged and cannot be invested in directly. Past simulated performance is no guarantee of future
performance and actual investment results may differ. Any information and data pertaining to an index contained in this document relate
only to the index itself and not to any asset management product based on the index. With the exception of the data on Research Affiliates
Fundamental Index, all other information and data are based on information and data from third party sources.

Investors should be aware of the risks associated with data sources and quantitative processes used in our investment management process.
Errors may exist in data acquired from third party vendors, the construction of model portfolios, and in coding related to the index and port-
folio construction process. While Research Affiliates takes steps to identify data and process errors so as to minimize the potential impact of
such errors on index and portfolio performance, we cannot guarantee that such errors will not occur.

The FTSE Research Affiliates Fundamental Indexes are calculated by FTSE International Limited (“FTSE") in conjunction with Research Af-
filiates LLC (“"RA"). All rights and interests in the FTSE Research Affiliates Fundamental Indexes vest in FTSE. All rights in and to the RA fun-
damental weighting methodology used in the calculation of the FTSE Research Affiliates Fundamental Indexes vest in RA. All rights in the
FTSE indices and / or FTSE ratings (together the “FTSE Data") vest in FTSE and/or its licensors. Except to the extent disallowed by applicable
law, neither FTSE nor RA nor their licensors shall be liable (including in negligence) for any loss arising out of use of the FTSE Research Af-
filiates Fundamental Indexes, the FTSE Data or underlying data by any person. “FTSE™" is a trademark of the London Stock Exchange Plc and
is used by FTSE under license. "Research Affiliates” and “Fundamental Index” are trademarks of RA. FTSE is not an investment adviser and
makes no representation regarding the advisability of investing in any security. Inclusion of a security in an index is not a recommendation to
buy, sell or hold such security. No further distribution of FTSE Data is permitted without FTSE's express written consent.

Research Affiliates is the owner of the trademarks, service marks, patents and copyrights related to the Fundamental Index methodology. The
trade names Fundamental Index®, RAFI®, the RAFI logo, and the Research Affiliates corporate name and logo are registered trademarks and
are the exclusive intellectual property of Research Affiliates, LLC. Any use of these trade names and logos without the prior written permis-
sion of Research Affiliates is expressly prohibited. Research Affiliates reserves the right to take any and all necessary action to preserve all of
its rights, title and interest in and to these marks.

The Fundamental Index® concept, the non-capitalization method for creating and weighting of an index of securities, is patented and patent-
pending proprietary intellectual property of Research Affiliates, LLC (US Patent No. 7,620,577; 7,792,719; 8,374,939; 8,380,604; RE 44,098;
and RE 44,362; Patent Pending Publ. Nos. WO 2005/076812, WO 2007/078399 A2, and WO 2008/118372). Intellectual property pro-
tected by one, or more, of the foregoing may be used in the material presented herein.
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