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ABSTRACT 

WE COMPARE THE PERFORMANCE AND VIABILITY OF TWO PREVALENT ALTERNATIVE INDICES, EQUAL AND FUNDAMENTAL 

INDEXATION, WITH A TRADITIONAL MARKET CAPITALIZATION WEIGHTED INDEX. ALTHOUGH PRIOR STUDIES FIND THAT 

ALTERNATIVES OUTPERFORM TRADITIONAL INDICES, THEY OMIT IMPORTANT TRANSACTION COSTS KNOWN AS MARKET 

IMPACT COSTS, WHICH MEAN THAT ANY REPORTED OUTPERFORMANCE MAY BE NEITHER GENUINE NOR VIABLE. MARKET 

IMPACT IS THE COST ASSOCIATED WITH ADVERSELY MOVING THE STOCK PRICE AS A RESULT OF TRADING IN THE STOCK. IT IS 

NOT DIRECTLY OBSERVABLE AND THUS DIFFICULT TO ESTIMATE ACCURATELY, EVEN THOUGH IT MAKES UP THE GREATEST 

PROPORTION OF TOTAL TRANSACTION COSTS WHEN REBALANCING AN ALTERNATIVE INDEX. RATHER THAN ASSUME NO, OR 

CONSTANT, MARKET IMPACT COSTS WE IMPLEMENT A SIMPLE BUT MORE REALISTIC, NON-LINEAR, MARKET IMPACT COST 

MODEL TO ASSESS THE EFFECTS OF COSTS ON ALTERNATIVE INDEX PERFORMANCE. WE FIND THAT AS FUND SIZE, AND 

CONSEQUENTLY TRANSACTION COSTS, INCREASE THE DIFFERENCE IN RETURNS BETWEEN ALTERNATIVE AND TRADITIONAL 

INDICES DECREASES TO THE POINT WHERE NO SIGNIFICANT OUTPERFORMANCE EXITS. WE ALSO CONSIDER ALTERNATIVE 

INDEX IMPLEMENTATION AND FIND THAT ALTERNATIVES ARE NOT VIABLE FOR LARGE FUNDS, SINCE EXECUTION SHORT FALLS 

INDUCE TRACKING ERROR. WE CONCLUDE THAT THE TRADITIONAL, MARKET CAPITALIZATION WEIGHT INDEX WILL FOREVER 

REMAIN POPULAR FOR ITS SIMPLICITY, VAST INVESTMENT CAPACITY AND LOW INHERENT IMPLEMENTATION COSTS. 
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1. Introduction 

Recently, alternatives to traditional market capitalization weighted indices (MCWI) 

have been proposed. These alternative indices do not weight their constituent stocks by 

market capitalization but instead use various alternative, theoretically motivated, weighting 

procedures to do so. Here, we focus on two alternative indices: the first, equal weight 

indexing (EWI) weights each stock in an index equally; and, the second, fundamental 

indexing (FI) weights each stock using a measure of ‘economic size’.  

Both performance and viability are essential for a successful alternative index. 

Without a performance advantage over standard MCWI there is no reason to use alternative 

indexation. Additionally, overcoming any implementation issues is critical in ascertaining 

whether any outperformance is practically viable. If simulations of alternative indexes report 

outperformance but do not properly account for all transaction costs or ignore implementation 

issues, then any reported outperformance may be neither genuine nor achievable.  

We assess the performance and viability of FI, EWI and MCWI, after accounting for 

all transaction costs using different rebalancing frequencies, trade size and firm size. 

Although prior studies have found that alternatives outperform market capitalized weighted 

indices (e.g. McQuarrie (2008), Arnott, Hsu and Moore (2005)), they typically assume a 

constant (proportional to fund size) transaction cost, and omit important variable transaction 

costs. The primary aim of this work is to ascertain the extent of the performance degradation 

of alternative indexing when the most important variable cost, market impact trading cost, is 

included.  

Market impact cost is the cost associated with adversely moving the stock price as a 

result of trading in the stock. The cost of market impact increases nonlinearly as an index’s 

assets under management, small firm ‘tilt’ , rebalancing frequency and, consequently, trading 

increase. It is not directly observable and thus difficult to estimate accurately even though it 
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makes up the greatest proportion of total transaction costs when rebalancing an alternative 

index (e.g. Keim & Madhavan, 1998; Kissell, Glantz, & Malamut, 2004; Almgren, Thum, 

Hauptmann, & Li, 2005).  

Market impact costs are particularly severe for alternative indexes as they are not 

anchored to price and therefore sacrifice the automatic, price dependent, rebalancing of 

MCWI. This results in the need to rebalance the many small stock in the index replicating 

portfolio frequently so as to accurately track the index. This generates portfolio turnover, 

especially in small stock, which increases transaction costs in general, and market impact 

costs in particular, ultimately eroding performance.  

As expected, given the tilts of alternatives to size and value risk factors, the EWI and 

FI strategies generate higher returns compared to MCWI. However, as the fund size and 

consequently transaction costs increase, the outperformance is reduced to the point where it is 

no longer statistically significant. In effect, the additional transaction costs associated with 

rebalancing the alternatives completely erodes the higher returns realized from their increased 

size and value tilts.  

We conclude that, particularly when performance evaluating the performance of 

alternatives, we should not ignore their implementation. We find that EWI strategies are a 

viable investment technique as long as the size of the fund remains relatively small. 

Investment in an FI portfolio has investment capacity and is a viable option at current, 

moderate, investment levels. However, the results suggest that the MCWI strategy will 

forever remain popular due to its simplicity, vast investment capacity and low costs. 
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2. Background & Literature Review 

The reliance of traditional indexing on market price bestows both theoretical and 

practical benefits: In an efficient market, prices reflect all information and hence, a market 

capitalization index (which relies on price to find a firm’s total market capitalization and 

hence set its MCWI weight) is theoretically optimal. Furthermore, by investing in proportion 

to a stock’s market capitalization, portfolio rebalancing occurs automatically as prices 

change, leading to very low trading costs when replicating the index. 

However, various theoretical mechanisms exist which may subvert efficient pricing 

and hence traditional MCWI indexation. One mechanism, the Grossman-Stiglitz paradox 

(Grossman & Stiglitz (1980)), states that if investors do not stay vigilant and instead assume 

that efficient markets will always deliver accurate  prices, they will not undertake costly ‘due 

diligence’, and hence paradoxically mispricing may occur. Since MCWI weights are price 

dependent, mispricing will lead to overpriced stock being overweight in the index and vice-

versa, ultimately leading to a sub-optimal index (Hsu & Campollo, 2006; Siegel, 2006; 

Treynor, 2005).  

In order to mitigate such ‘structural drag’ new alternative indices which do not use 

market price to determine index weights have been developed. As a consequence, the 

automatic rebalancing of market capitalization schemes is sacrificed, resulting in frequent 

deleterious costly rebalancing; undesirable, but essential for accurate index tracking. It is 

unknown if these alternative indexing strategies suffer severely degraded performance after 

including all transaction costs ((Arnott, Hsu and Moore (2005), McQuarrie (2008)). To 

evaluate this, oft-ignored transaction costs, such as market impact costs, should be considered 

as they may severely erode performance. The convenient and common practice of assuming 

constant transaction costs will under estimate these costs. Irrespective of the underlying 

theory motivating an alternative index, it must overcome all transaction costs, particularly 
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onerous market impact costs, in order to outperform a MCWI. No study can claim to evaluate 

alternative indexing outperformance accurately without considering all such transaction costs.  

Transaction costs can be broken into two components, explicit and implicit costs. 

Explicit costs consist of brokerage fees and commissions, taxes and paying bid-ask spreads 

when transacting. These costs are easy to measure as they are most often known before a 

trade takes place (Collins & Fabozzi, 1991). Implicit costs, on the other hand, are 

unobservable, difficult to measure accurately and make up the greatest proportion of total 

transaction costs (Kissell, et al., 2003). Implicit costs include timing risk, price appreciation 

and, most importantly, market impact2. 

Market impact is best defined by Kissell et al. (2003, p. 97) as “the difference 

between the stock’s price trajectory with the order and what the price trajectory would have 

been had the order not been submitted to the market” (Arnott & Wagner, 1990; Kissell et al., 

2003). For a large fund, even a relatively small dollar trade may represent a large portion of 

the daily trading volume of a small stock. and therefore may incur substantial market impact 

costs, eroding any returns that may be otherwise realised. 

The continuing problem with many studies on index viability is that the transaction 

costs, particularly market impact costs, are not included. Models that estimate market impact 

are notoriously inaccurate. For example, Almgren et al. (2005) note that their cost model is 

calibrated on very little data relating to small-cap stock trades and large volume trades, yet 

the subsequentR2s are less than 1%. Condon (1981) reports an R2 of below 5% and Korajczyk 

& Sadka (2004) produce a model with reported R2s of less that 10%. There are models that 

claim to have robust predictive power, however, these remain the proprietary information of 

their owners such as Investment Technology Group (2007). 

                                                      
2 For an in depth breakdown of equity transaction costs see Kissell et al. (2003). 
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Keim and Madhavan (1998) provide a comprehensive review of the numerous 

transaction cost models, mostly market impact models, and estimates of implicit transaction 

costs proposed by academics. It is shown that smaller, less liquid, stocks have larger 

transaction costs associated with them, primarily due to market impact costs. In addition, the 

larger the trade size, the greater the market impact cost.  

Market impact is particularly pernicious on index rebalancing dates, when new stocks 

enter and old stocks leave the index. On these rebalance dates, the stocks whose index 

membership changes are subject to either a large degree of buying pressure (index additions) 

or selling pressure (index deletions). Even though a property of MCWI is that, once invested, 

there is very little rebalancing required (Handley (2011)), rebalancing is still required when 

stocks are added to and removed from the index and for corporate actions such as mergers 

and spin offs, all of which incur transaction costs as they require an adjustment of portfolio 

weights (Frino, Gallagher, Neubert, & Oetomo, 2004; Russell Investments, 2011b).  

These adjustments, and those related to reconstitutions, are often required to be made as 

quickly as possible3 in order for the portfolio to track the index closely (Blume & Edelen, 

2004). Large funds which use alternative indexes may encounter difficulty in this regard, as 

they require frequent rebalancing in small stocks (see part C of Results section).  

The rebalancing of an alternative index is more onerous because the weightings are not 

anchored to price. Therefore, the rebalancing process of the FI portfolio index induces more 

trades and, ultimately, greater transaction costs. In Arnott et al. (2005), the annual turnover of 

the Composite FI portfolio was reported as 10.55%, almost double that of the MCWI 

portfolio but still low in terms of active managers which approach 100% per annum. 

Although the EWI turnover is not reported, Arnott et al. (2005) suggest that it is much greater 

than the FI and MCWI turnover. Whilst it is argued that as a consequence of the alternative 

                                                      
3Index fund managers may begin trading in the days leading up to a reconstitution to take advantage 
of lower prices and stock liquidity (Madhavan & Ming, 2003). 
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indexing is increased turnover, greater transaction costs are incurred as a result, eroding their 

outperformance. 

In terms of the volume of stocks traded and associated costs that are incurred when 

rebalancing an MCWI portfolio, Hsu and Campollo (2006), and later Arnott (2009), argue 

that the turnover of the portfolio is dominated by small market capitalisation stocks which, as 

discussed above, are subject to the greatest market impact costs. They contend that even if the 

turnover is greater, the FI portfolio may not face the same level of costs as it trades 

predominantly in larger stocks. Arnott et al. (2005) maintain that under an explicit 1% one-

way transaction cost, the excess return of the Composite FI strategy is 2.03% per year over 

the reference S&P 500 portfolio. They claim that only a 16% one-way transaction cost would 

be large enough to fully erode the performance differential between the Composite FI 

strategy returns and the returns of the S&P 500. This study tests these assertions by applying 

a variable transaction cost model based on the size of the company and the size of the trade 

undertaken to trade the FI composite index, rather than assuming constant transaction costs. 

The MCWI strategy invests solely on the market value of a company, therefore, it is 

guaranteed to have a large investment capacity since relatively large dollar investments are 

restricted to large stocks, with only proportionately smaller amounts invested in the smallest 

stocks. Conversely, the FI strategy does not weight stocks in the same way; rather, a larger 

investment may be made in a relatively small stock that presents good fundamentals. 

Consequently, and depending on the fund size, this investment could be a large portion of the 

company’s market capitalisation. Arnott et al. (2005) contend that because the FI strategy still 

weights stocks based on a measure of size, the investment capacity of an FI portfolio should 

be similar to that of the MCWI strategy. They infer that the investment capacity of the 

Composite FI strategy is 66% as large as that of the MCWI reference portfolio as shown by 

the CAP ratio (see section 3a) of 0.66. Mar et al. (2009) show a CAP ratio of 0.81 for the 
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Australian market. The concentration ratio (see section 3a) shows that the top 100 companies 

by Market Capitalisation weight hold a larger portion of the total Market Capitalisation of the 

top 100 Fundamentally Weighted companies, indicating that indexes based on fundamentals 

make larger investments in smaller companies. For the MCWI portfolio, Arnott et al. reports 

a ratio of 55.06%, whereas the ratio for the Composite FI strategy is 51.76%. 

Figure 1 shows graphically the vast difference in the market capitalisation of stocks that 

form the Russell 1000. It can be seen that the top 200 stocks by market capitalisation account 

for over 70% of the index as of June 2010. 735 stocks had market capitalisations of below 

$10 billion which would suggest they would be relatively less liquid than the largest, Exxon 

Mobil, with a market capitalisation of over $283 billion (Russell Investments, 2011a). 

Therefore, fund managers should expect an increasing level of market impact when trading in 

stocks with lower market capitalisations. The most affected strategy will be the EWI portfolio 

as it invests uniformly across the entire investment universe. At the other end of the 

spectrum, the MCWI portfolio weights solely based on the market value, with small 

investments in the smallest stocks, reducing transaction costs. 

Arnott et al. (2005) argues that the EWI strategy does not preserve many of the benefits 

of the MCWI strategy. In particular, the study suggests that EWI lacks investment capacity 

due to the relatively high weighting these indexes assign to small stocks. However, the 

investment company Guggenheim has shown that the strategy is viable on the S&P 500 and 

Russel 1000. The current fund sizes are relatively small, approximately $8 billion and $115 

million on the S&P 500 and Russell 1000 respectively (Guggenheim, 2014), compared to that 

invested in the MCWI equivalents of approximately $180 billion for the Vanguard S&P 500 

Fund (Vanguard, 2014) and $10 billion for the iShares Russell 1000 Fund (iShares, 2014). 

However, these funds have grown approximately four times in the last 5 years. 
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As funds continue to flow into FI and EWI portfolios, an additional complication in the 

implementation of these strategies is that even investments in relatively small stocks may 

become substantial holdings, greater than 5% of total issued equity. This issue is most 

relevant to the EWI portfolio as it invests the same dollar amount in all stocks. Any holding 

of stock greater 5% of issued equity must be disclosed4 to the Securities and Exchange 

Commission (SEC), incurring further costs and reporting requirements. Therefore, attempting 

to trade large volumes of stock in these small stocks may prove to be an issue. If the 

alternative index strategies are not viable in institutional sized volumes then any declared 

outperformance is practically unattainable. We explore this and other issues relating to the 

feasibility of the indexes we study, such as speed of execution, in Section C. 

3. Data and Methodology 

The data compiled for this research consists of monthly return data from the Centre for 

Research in Security Prices (CRSP) database5, company specific annual accounting data 

collected from the COMPUSTAT database6, and data supplied by Russell Investments 

relating to the composition of the Russell 1000 index for 1987–2010. The time period 

analysed is June 19877 to December 2010, a total of twenty-three and a half years (a total of 

283 consecutive months). 

                                                      
4 Submission of Schedule 13D to the SEC is required within 10 days by anyone who acquires more than 5% of 
any class of publicly-traded securities. Additionally, the Schedule must be updated to reflect any material 
change in the facts disclosed. This includes any change in holdings of 1% or more (SEC, 2008). 
5 Monthly prices and number of shares outstanding are from the CRSP database. The CRSP output has a small 
number of erroneous records, which are filtered out. These include missing year, duplicate records, and non-
unique PERMNOs 
6 Approximately 3% of company data is unresolved for the Russell 1000 constituents between 1987 and 2010. 
7 Whilst data was available for first half of 1987, the initial investment is carried out in June to coincide with the 
reconstitution of the Russell indices on the 31st of May. 
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We construct composite indexes for each strategy (MCWI8, FI, EWI). We test the 

viability of each strategy with zero implicit transaction costs and with transaction costs for 

varying fund sizes. We choose fund sizes of $0.5bn, $1bn and $10bn since they are 

representative of typical assets under management.  

To construct the Market Capitalisation Weighted Index portfolios, stocks are assigned 

a percentage weight based on their respective market capitalisation as a proportion of the total 

market capitalisation of the Russell 1000 at the rebalancing date: 

 % �  � ��ℎ  �, =  
�, −1∑ �, −1��=1 × 100 

 

(1) 

Where: % MCWI weight i,t is the percentage weight assigned to stock i at rebalancing date t 

MCi,t-1 is equal to the market capitalisation9 of stock i at rebalancing date t-1 

The Composite Fundamental Index as per Arnott et al. (2005) has recently become a 

prominent alternative to MCWI. The underpinning philosophy is that to remove the influence 

of ‘structural drag’, index weights should be based on ‘economic value’ and not market price. 

It uses a combination of accounting and financial variables to estimate economic value. It is 

constructed using the following company specific data: Book Value of Equity,10 Cash 

Flow,11 and Dividends and Sales. As per Arnott et al. (2005), in structuring the composite 

Fundamental Index® the use of a five-year trailing average is used to smooth volatility in all 

                                                      
8 We reconciled our returns, using the generated MCWI monthly weights, between 1995 and 2010 with 
published figures. The resulting comparison exhibiting a total average returns difference of 2 basis points. See 
official Russell 1000 website: http://www.russell.com/Indexes/data/fact_sheets/us/Russell_1000_Index.asp. 
9 Market capitalization is stock price (PRICE) multiplied by shares outstanding (SHROUT).  
10 We calculate book value as the book value of stockholder equity (SEQ) plus balance sheet deferred taxes 
(TXDITC) plus investment tax credits (ITCB) minus the redemption value of preferred stocks (PSTKRV). For 
the sake of consistency, this is taken from Fama and French’s book equity calculation (thus, we do not use the 
book value provided in CRSP/Compustat). The values are calculated in June of each year. Two versions of the 
Fama–French book value formulas are implemented (differing on filtering conditions) and comparison data sets 
are generated. The first is based on Fama and French (1993) and the second (as reported here) is based on 
personal correspondence with Kenneth French. The differences are not material. 
11 Depreciation added to earnings is used to compute cash flow (as in Desai et al., 2004). 

http://www.russell.com/Indexes/data/fact_sheets/us/Russell_1000_Index.asp
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of the variables except book value of equity. In the case where five years of past data is not 

available, the average of the available data is taken. 

The Equally-Weighted Index portfolio’s stocks are assigned, as the name implies, in 

equal percentage weights based on the number of stocks comprising the Russell 1000 at the 

rebalancing date. Whilst the Russell 1000 is constructed to represent the top 1000 stocks by 

market capitalisation, if a stock is deleted between annual reconstitution dates (i.e. May 31 of 

each year), it is not replaced. If a stock satisfies the Russell 1000 criteria as a result of an IPO 

or Spin-off, it is also included in the index (Russell Investments, 2011).  

For all rebalancing frequencies considered in the study, a buy and hold investment is 

implemented for the entire period. For example, annual rebalancing under FI requires a stock 

to be purchased in the beginning of June, year t, and held until the end of May, year t+1. Only 

then may the stock be bought or sold depending on the required weight for the following 

period.  

To evaluate the effect of transaction costs associated with a particular strategy’s 

investment and rebalancing, a method for the approximation of those transaction costs is 

required. In this work, the total transaction costs are modelled as the sum of those due to 

commissions and those due to market impact costs: 

 �, = � �  �� �, � + � �  �� �, ,�/ � (2) 

Where TCi,t is the total transaction costs incurred in trading stock i at rebalancing date 

t; C represents commissions12, a constant rate paid on the value of all purchases and sales of 

stock i at time t; and MI is the market impact, which is based on the size decile stock i 

belongs to13, the trade size and the direction of the trade (b/s :buy or sell).  

Various studies (Jones (2002), Jones and Lipson (2001) and Keim and Madhavan 

(1997)) have exercised great care in estimating the one-way (institutional) commission rates, 

                                                      
12 Commission flat rate is adapted from Chen et al. (2006) and Jones (2002). 
13 Decile is based on a stock market capitalization scale in Chen et al. (2006). 



~ 12 ~ 
 

C, valid for the time period around our study. We use the one way, round-lot, commission 

rates (sliding from 0.25% in 1987 to 0.10% in 2000) taken from Figure 3 in Jones (2002) 

(which are consistent with those cited in Jones and Lipson (2001) and Keim and Madhavan 

(1997)). Post 2000, we assume that the commission rates stay constant at the 2000 rate of 

0.10%14. According to Chen et al (2006), the commissions are small relative to price-impact 

costs, MI, for typical fund sizes (p.19). 

Note that we did not include the effect of bid-ask spreads in the estimate of the one-

way transaction costs, TC, in Equation (2). Through-out our analysis we assume indexers get 

filled at mid-point closing prices and do not cross the spread to execute. In our context, the 

closing price, excluding bid-ask adjustment, is the relevant price used to calculate monthly 

index returns. When index portfolio rebalancing occurs, the price on the last trading day of 

the month is used as the purchase or sale price. In other words, we assume that the investor 

does not cross the bid ask spread and does but gets completely filled at this monthly closing 

price. This has the nice property that, by definition, executing at this price will induce no 

index tracking error for the investor. We then adjust the investors monthly return by 

subtracting the transaction costs obtained from Equation (2). Furthermore, the market impact 

model we implement below in Equation (3), estimates the price impact on mid-point quotes 

(see p.8 of Chen et al (2006)). Nevertheless, it is a simple exercise to include the bid-ask 

costs in our analysis15. This price is established via the NYSE closing auction mechanism16.  

We use a simple nonlinear market impact model developed by Chen, Stanzl & 

Watanabe (2006). This model provides a market impact which is concave with respect to 

                                                      
14 Jones notes (p.6) that after full deregulation (after May 1975), no minimum, transaction-size dependent, 
binding commissions existed any longer. Although in Equation (2) we denoted commissions as a function of 
trade size, they are in fact directly proportional to trade size. 
 

15 The Total one way transaction costs including half bid-ask spread are provided in Figure 4 of Jones 
(2002). The total costs are approximately 0.5% in 1987, sliding down to 0.2% in 2000.  
 
16 The closing price is obtained via a closing auction mechanism and represents an equilibrium price where the 
maximum number of shares in the closing auction is executed (see NYSE (2014)).  
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trading volume. Non-linear should be preferred to linear market impact models, since 

according to Chen et al (2006), a linear price impact function (e.g. Bertsimas and Lo (1998), 

Dutta and Madhavan (1995)) will  underestimate the market impact of small and medium 

trades, whilst over-estimating the market impact of large trades (see Chen et al (2006), p. 14 

and his Figure 3). Due to the large curvature of the non-linear price impact function 

associated with the smallest decile firms, the underestimate of market impact costs will be 

most pronounced for the smallest stock when using a linear price impact model (Figure 4). 

This is pertinent for alternative indexes, such as EWI, which overweight small firms relative 

to MCWI. It means that not only should market impact costs be included with alternative 

indices, but in order to estimate the true costs associated with the inherent frequent 

rebalancing of alternative indices, market impact should be nonlinear. 

Chen et al (2006) apply a Box-Cox transformation to the trade size measured in 

dollars, and estimate a non-linear market impact model. Market impact is calculated for either 

Buy or Sell based on decile d: 

  MI = Ad+Bd×(� �  �� ���-1)÷Cd    (3) 

The model says that the market impact cost of trading increases as the size decile 

trade size increase. The three, decile dependent curvature parameters: Ad, Bd & Cd, are used 

to calibrate the model. The values for these curvature parameters are available from Table 4 

in Chen et al (2006). 

The choice to use Chen et al (2006) market impact model was made for several 

reasons: The methodology and intuition behind the Chen et al. (2006) model is 

straightforward; It uses only two factors, the trade size and market capitalisation of the 

company, both of which are readily available; In addition, the costs can be shown graphically 

across the different size decile portfolios and trade sizes for both buy and sell transactions 

which aides understanding (Figure 4); Also, the parameters and fit of the model are available 
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in Table 4 of Chen et al. (2006) which means that the model can be fit to our data set 

relatively easily; Finally, the work has been influential and is cited recently in many of the 

best finance journals17.  

However, we concede that like most academic market impact models (considered in 

our literature survey), the fit of the Chen et al (2006) is imperfect. Whilst the model 

parameters coincide with the first part of our data sample (1987-2000), the last ten years are 

effectively out-of-sample. In that time, market execution has changed dramatically with the 

advent of high frequency trading and “dark pools” which means the model is to some extent 

outdated. Nevertheless, it represents the best available academic model. 

Despite its limitations, it is important that we explicitly include market impact costs, 

and particularly non-linear market impact costs, as this should result in vastly superior 

estimates of transaction costs for alternative indexes when compared to the common practice 

of using constant proportional costs (such as in Arnott (2005) et al). This is particularly true 

for alternative indexes, such as EWI, which severely over weight small firms and as a 

consequence incur severe market impact costs which are underestimated by constant costs.  

For any stocks that are missing the required data, we take a conservative approach and 

estimate the market impact based on the largest size decile. By using an easily replicable and 

understandable estimation model, the effects of a variable cost model on fund performance is 

easily observable. 

4. Results 

The performance and viability of the three index strategies considered in this work are 

divided into three sub-sections in the results. We begin by considering the overall 

performance of indexation strategies; next we consider the risk adjusted Fama-French 

                                                      
17 Despite only being published in RePEC, the Chen et al (2006) model is highly cited with over 65 google 
scholar citations and with numerous in the Journal of Finance, Journal of Financial Economics and the Review 
of Financial Studies. 
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performance evaluation; and finally, we discuss pragmatic issues of viability or 

implementation.  

a. Overall Performance of the MCWI, FI and EWI Indexation Strategies 

In this section we focus on the performance evaluation of the three indexation strategies 

both before including transaction costs (Table 1), and also after incorporating implicit and 

explicit transaction costs (Tables 2-4). In each table, the performance using three different 

rebalancing frequencies (monthly, quarterly and annually) are provided. For performance 

evaluation with transaction costs included (Tables 2-4), we report the performance of the 

three indexation strategies using three different representative fund sizes (small ($500m), 

medium ($1 bn) and large ($10 bn))18 too.  

The tables report various performance, turnover and transaction cost metrics for each 

index. The performance metrics, which measure how well each index portfolio performs with 

and without risk adjustment, are: annualized geometric returns; annualized volatility; the 

Sharpe (1966) ratio; ‘Value of $1’; and, ‘Ratio to MCWI’. The turnover metrics which 

measure how much the index portfolio transacts include: ‘Annualized Turnover’ and ‘Trade 

of $1’. Finally, the transaction cost metrics, which measure the implicit/explicit costs of 

trading in each index portfolio, include: ‘Cost of $1’, ‘% of costless’ and ‘Eroded Value’. We 

consider each metric type, and provide greater detail, below.  

1. Return Performance Metrics 

We begin by discussing the five performance metrics in more detail and then using 

Tables 1-4, to interpret them as they apply to each index portfolio considered in this work. 

The geometric return, the first metric, is computed from annualised monthly returns over the 

entire period; next, the annualised volatility is defined as the standard deviation of monthly 

returns multiplied by the square root of twelve (as per Arnott et al. (2005)); the Sharpe ratio is 

                                                      
18 When we consider zero costs (Table 1) the results are valid for all fund sizes and hence we have just one 
table. 
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computed by dividing the monthly excess returns (monthly strategy return less the risk free 

rate) by the standard deviation of monthly returns of the strategy19. The ‘Value of $1’ is 

simply the cumulative compounded value of a dollar invested over the entire period for a 

given index. The ‘Ratio to MCWI’ is the ‘Value of $1’ for the FI or EWI strategy divided by 

the equivalent for MCWI; it provides a relative performance measure for the alternative 

indices. 

We begin by considering the annualised geometric returns for each strategy from 

Table 1, where no transaction costs are included. Although this oft-used scenario is 

unrealistic, many analyses do not include costs or make very simple cost assumptions. 

Comparing Table 1 with Tables 2-4, we find that, as expected, all indices perform better 

when there are no costs. This obvious point is important as it highlights how significant the 

implicit costs of trading are, particularly for alternative indices where rebalancing is not 

automatic. If we compare the performance of EWI (whose performance is most affected by 

increased fund size and most frequent, monthly, rebalancing) when transaction costs are 

included, we find that a change from a zero cost scenario (Table 1& Figure 2) to the largest 

cost scenario (i.e., Table 4, $10bn & Figure 3) decreases the returns by almost one per cent 

per annum. Changes in the Sharpe ratios reported are similar to those of returns, as the 

volatility does not alter much when costs are included (in Tables 2-4). Most interestingly, if 

we compare the statistical significance of EWI excess returns relative to those of MCWI (t-

stat of Excess Return) reported in Tables 1-4, we find that excess returns becomes less 

statistically significant as fund size increases, until no statistically significant differences for 

the largest fund size exist. This shows that standard analyses, which exclude transaction 

costs, are flawed and may lead to incorrect conclusions about the out-performance of EWI, 

particularly for large funds. 

                                                      
19 The risk free rate is the 1-month US T-Bill return from Ibbotson and Associates. 
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Next, we focus on Tables 2-4 which permit the comparison of different indexing 

approaches for the three fund sizes when costs included. Importantly, we find that when we 

compare all indices by fund sizes and rebalancing frequencies, the EWI always provides the 

highest annualized return. Before costs, this is no surprise as any outperformance of MCWI 

occurs due to the inherent small firm tilt in EWI. However, this result is very interesting as it 

suggests that the EWI has great potential as an alternative to MCWI, even after considering 

both the implicit and explicit transaction costs associated with its frequent rebalancing.  

Fund size is crucial in the analysis of implicit costs for alternative indexing, since we 

know that due to market impact costs index strategies will not scale perfectly. That is, 

diseconomies of scale occur since the larger the fund size, the greater the return degradation, 

ceteris paribus. As expected, from Tables 2-4, we see that all geometric returns reduce as 

fund size increases. However, we find that as the size of a fund increases, each index’s return 

performance degrades, but to a different extent. For all rebalancing frequencies, as the size 

increases EWI is most severely affected, with its performance degrading by 1-2 basis points 

(bp) more than FI. When considering the most corrosive scenario, a change from the $0.5bn 

to $10bn fund size (comparing Tables 1 and 3) combined with the most frequent, monthly, 

rebalancing, the MCWI has the least return degradation, suffering only a 9bp return 

degradation, as compared to 36 bp and 39 bp for FI and EWI respectively (relative to their 

performance for $1bn fund size with the same, monthly, rebalancing). These results are not 

surprising, after all EWI needs frequent and substantial rebalancing in order to provide equal 

exposure to all stocks in the index as price (and therefore market capitalization) changes, 

whereas MCWI requires virtually none.  

The reductions in returns due to diseconomies of scale ultimately translate to 

compounded erosion in the Value of $1, which report the terminal (December 2010) value of 

$1 invested in each fund beginning in June 1987. As we move from small to large fund 
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scenarios with annual rebalancing, the EWI strategy falls from $9.89 to $9.56, the FI fund 

from 8.64 to $8.38 and the MCWI strategy from $7.67 to $7.57. This is summarized by the 

ratio to MCWI, which shows that as fund size increases the ratios for the EWI and FI 

strategies reduce indicating decreasing return outperformance of alternative indexing.  

We analyse the different indexing approaches under different rebalancing frequencies. 

We expect that the more frequently we rebalance the alternative indices, the greater the costs 

and the higher the subsequent return degradation. In reality, the EWI and MCWI strategies 

operate under quarterly and monthly rebalancing respectively not annual rebalancing like FI 

(FI is constrained by its use of annual accounting data). Under such increased rebalancing 

frequencies, the loss in geometric return from small to large fund sizes is 0.94% p.a. for the 

MCWI strategy and 2.53% p.a. for the EWI strategy. In terms of the value of $1, over the 

entire time period the MCWI strategy loses 1.79% using monthly rebalancing and the EWI 

strategy loses 5.53% under quarterly rebalancing comparing the biggest (Table 4) and 

smallest (Table 2) fund sizes.  

Evidently, the self-rebalancing properties of the MCWI strategy result in it having the 

lowest erosion of performance as fund size increases. Most importantly, where the excess 

returns of the quarterly rebalanced EWI portfolio were significant at the 10% level in the 

small and medium sized funds, the additional costs associated with trading larger volumes in 

the largest fund results in an insignificant excess return for EWI; indicating greater 

performance erosion as the fund size increases. 

2. Risk Adjusted Performance 

Rather than simply focus on returns, next we consider risk adjusted returns using the 

Sharpe ratios reported in Tables 2-4. Irrespective of rebalancing frequency or fund size, the 

EWI Sharpe ratio is always largest, followed by FI and then MCWI. This is particularly 

noteworthy as it means that on a risk-adjusted basis, EWI appears to provide the most 
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attractive investment; even after the onerous transactions fees which occur due to the 

necessary frequent rebalancing of such an alternative index are included. It should also be 

noted that the difference between EWI and FI Sharpe ratios is not large when compared with 

the difference between these alternative and MCWI Sharpe ratios. However, an important 

caveat is that EWI, followed by FI, consistently has the largest risk as measured by 

annualized volatility (except for annual rebalancing where FI has the lowest risk and MCWI 

is next). This means that any investor should be aware of this increased risk from alternative 

indexation when choosing amongst the different index strategies. 

The analysis of the Sharpe ratio as fund size increases yields interesting results. It 

shows that the EWI and FI portfolios suffer a greater erosion of risk-adjusted performance as 

the fund size increases when compared with MCWI, decreasing the outperformance of the 

strategies against the MCWI portfolio. When comparing the different realistic rebalancing 

frequencies, mentioned previously for each index, for a move from a small to large fund size, 

we find that the monthly MCWI portfolio Sharpe ratio falls 2.2%, the quarterly EWI portfolio 

ratio falls 3.01% and the annual FI strategy falls 2.05%. It is evident that the increased 

turnover required to maintain the EWI and MCWI strategies using a realistic rebalancing 

scenarios results in a greater erosion of risk-adjusted performance when compared to the FI 

strategy which only rebalances once a year. This performance erosion is most evident when 

comparing the Sharpe ratios for the quarterly rebalanced FI and EWI strategies. As a result of 

the increased transaction costs from rebalancing the EWI portfolio at these higher 

frequencies, the returns are reduced to the point where the Sharpe ratios of the FI strategies 

are larger than EWI. 

When comparing the more realistic rebalancing frequencies for the MCWI and EWI 

strategies the findings are consistent with previous results. The Sharpe ratios of the largest 

fund size when using quarterly rebalancing for the EWI portfolio is 0.1258, down 
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approximately 9% from the zero cost equivalent in Table 1.This performance reduction is 

large compared to the small reduction in the monthly MCWI Sharpe ratio to 0.1090, down 

only 3% from its zero cost equivalent in Table 1. As noted above, the FI portfolio Sharpe 

ratio falls by 4.6%. 

In summary, the performance metrics show that the overall outperformance of the FI 

and EWI strategies has been reduced, but not fully eroded, once implicit costs are included in 

the analysis. For small and medium funds, EWI outperformance is only statistically 

significant at the 10% level. For the largest fund there is no significant outperformance after 

transaction costs, in contrast to the zero cost scenario. 

2. Turnover Metrics 

Next, we consider the turnover metrics. These metrics provide information about how 

much trading occurs required to periodically rebalance each index in order to minimize 

tracking error. The turnover metrics used are: the Annualised turnover which is calculated as 

the average of the total monthly purchases at time t divided by the fund size at t-1 multiplied 

by the rebalancing frequency; and the ‘Trade of $1’ which represents the dollars traded 

throughout the period during rebalancing for each $1 investment in the fund at the beginning 

of the sample (i.e., June 1987). 

In a world with transaction costs, the rate of turnover of a portfolio can have a 

pronounced effect on the final value of the investment. One important reason that active 

managers do not often out-perform indices over the long run is because they incur large 

trading costs due to the average active manager turning over their entire portfolio once a year. 

With annual rebalancing, the turnover of the MCWI portfolio averages 6.04%, the FI 

averages 12.69% and the EWI averages 19.69% per annum for all fund sizes. This is a 

turnover ratio of 1:2:3 respectively. As the rebalancing becomes more frequent, the turnover 

ratio increases, such that the turnover of the monthly MCWI portfolio averages 8.73%, the FI 
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averages 39.85% and the EWI averages 54.07% per annum (for all fund sizes). This is a 

turnover ratio of 1:5:7 respectively. The difference between MCWI and the alternative index 

turnovers is large and leads to greater performance erosion for the alternative indices. This is 

highlighted by the ‘Trade of $1’ metric used in Tables 1-4 which show that for $1 invested in 

June 1987, for the largest fund size with the most frequent monthly rebalancing, the MCWI 

portfolio trades (buy and sell) $20.16 for every dollar invested, the FI trades $94.57 and the 

EWI trades $117.42.  

3. Cost Metrics 

Finally, we consider the cost metrics: the ‘Cost of $1’ represents the transaction costs 

per dollar invested (in 1987 dollars); the ‘Eroded Value’ is the total dollar cost of trading over 

the entire time period (for example, in Table 2 the Value of $1 plus Eroded Value is 

equivalent to the Value of $1 when there are no costs in Table 1) ; ‘% of Costless’20 is the 

percentage remaining after the eroded value has been removed from the ‘Value of $1’.It 

reflects the extent of the performance erosion due to transaction costs. Overall, irrespective of 

fund size and rebalancing frequency, it is clear from Tables 2-4 that: the ‘Cost of $1’ and 

‘Eroded Value’ is always largest and the ‘% of Costless’ is always  smallest for the EWI, then 

FI and least for MCWI.  

From Tables 2-4, the costs associated with this trading are $0.16, $0.85 and $0.93 per 

dollar invested for the MCWI, FI and EWI strategies respectively for the largest fund with 

most frequent, monthly, rebalancing. When the costs of trading are applied over the life of the 

fund the difference between the costless paper portfolio (Table 1) and the actual portfolio 

(implementation shortfall) will continue to grow as a result of compounding. Over the entire 

sample, the Value of $1 for the MCWI portfolio is worse off by $0.33, the FI portfolio by 

$1.68 and the EWI portfolio $2.52. 

                                                      
20 The ‘% of Costless’ is calculated as (1-(Eroded Value/(Value of $1+ Eroded Value)). 
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In summary, the turnover metrics indicate that the performance of the EWI and FI are 

eroded by the transactions costs associated with rebalancing. Pointedly, the extent of this 

performance erosion means that whilst for the small and medium fund size EWI provides 

significant outperformance (excess returns are statistically significantly different from zero at 

the 10% level of significance) this no longer holds for the largest fund size. So, even if issues 

of viability (see section C, below) in EWI are overcome, once a fund size becomes too large 

it will not statistically significantly outperform MCWI. 

<<INSERT TABLE 1, 2,3 & 4 HERE>> 

b. Fama French Evaluation of the Indexation Strategies 

In the previous section we considered the risk/return performance of the two alternative 

indices (EWI and FI) and compared them with the standard MCWI before and after 

transaction costs. In this section, we wish to attribute the performance of the indices to 

standard Fama-French risk exposures and ascertain whether or not the alternative indexation 

strategies  generate any significant abnormal performance (i.e., alpha). A finding of 

insignificant abnormal returns indicates that risk-adjusted returns can be completely 

explained by standard risk factor exposures. An investor may like to the risk/reward 

characteristics of an alternative index, even though using a Fama-French model provides no 

evidence of abnormal performance. 

To determine whether the performance of the strategies can be attributed to size or 

value exposures, Fama and French (1993) three-factor model regressions are run on the 

excess returns (portfolio return less risk free rate) of each index under the various cost, 

rebalancing and size scenarios (see Tables 5, 6 and 7).   

We find that the MCWI portfolio shows both significantly negative SMB factor 

exposure and HML exposure, which translates to a large-cap, growth tilt. The FI portfolio has 

significantly positive loadings on the HML factor with insignificant SMB loadings. The EWI 
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portfolio, as expected, shows significantly positive SMB and HML exposures, which 

confirms the small-cap value tilt of the portfolio. For all three strategies, across all scenarios, 

insignificant alpha (α) coefficients are reported suggesting that the attributed value and size 

tilts account for any of the excess returns. 

We focus on the size factor and find that for the SMB coefficient the MCWI portfolio 

has a clear large-cap bias. The antitheses of this are the results for the EWI portfolios. This 

finding is consistent considering that the EWI portfolio gives the same weight to the largest 

stocks as it does to the smallest stocks, thus exposing the portfolio to the small-cap bias. The 

FI portfolio coefficient on the SMB factor, unlike the other two, is very small in magnitude. 

This insignificant result for the size tilt of the FI portfolio is in contrast to the findings 

regarding the DJ Stoxx 600, and the US for both the RAFI 1000 index and the DJIA where 

small but significant SMB coefficients are reported (Blitz & Swinkels, 2008; D. Chen, et al., 

2010; Houwer & Plantinga, 2009).However, Mar et al. (2009) report an insignificant 

coefficient on the SMB factor, although, for the Carhart (1997) four-factor model, rather than 

the three-factor model. Therefore, it cannot be concluded that exposure to small-cap stocks is 

the source of the FI outperformance over the MCWI portfolio. Whilst there is no small-cap 

tilt for the FI portfolio, the absence of a large-cap tilt may still give rise to some of the 

outperformance of MCWI. In contrast, the EWI portfolio has a clear small-cap tilt which 

explains a portion of the superior performance.  

Next, we focus on the value factor. For the HML coefficient, both the EWI and FI 

strategies present a positive and significant tilt toward value stocks whilst the MCWI 

portfolio has a significantly negative coefficient, which suggests a tilt toward growth stocks. 

The outperformance of the EWI and FI strategies could, in part, be attributed to a value tilt in 

the portfolios. For all rebalancing, cost and fund size scenarios the HML coefficients for the 

EWI and FI strategies are significant at the 1% level. The FI coefficients are larger in 
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magnitude in comparison to the EWI portfolio, which suggest a larger exposure to value 

stocks. For annual rebalancing, the FI coefficient (0.32) is 0.14 greater than the EWI 

coefficient of 0.18. The MCWI portfolio for the same rebalancing shows a significantly 

negative coefficient of -0.018 at the 10% level which is representative of a growth tilt rather 

than a value tilt. 

The alpha coefficient gives a measure of the excess return to each of the strategies 

that is not accounted for by loading on the SMB, HML or market factors. Under every 

scenario, none of the strategies generate an alpha that is significantly different from zero. The 

MCWI and EWI strategies generate positive alphas that are insignificant whilst the FI 

portfolio reports insignificantly negative alpha which is consistent with the prior literature 

applying the three-factor model (Arnott, 2005; Blitz & Swinkels, 2008; Chen, et al., 2010). 

These results support the argument that the FI strategy is not a superior investment strategy, 

but rather the loadings on the value stocks drive the return outperformance over the MCWI 

strategies. The fact that the EWI portfolio does not generate any alpha suggests that the 

significant small-cap and value tilts are the basis for the return outperformance over the 

MCWI portfolio. 

These results remain the same under all the various cost structures. These findings are 

consistent with the prior literature of McQuarrie (2008), Chen at al. (2010) and give weight to 

the argument of Asness (2006) with regards to the outperformance of the FI portfolio being 

attributed to a value tilt. 

<<INSERT TABLE 5,6 & 7 HERE>> 
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c. Viability of the MCWI, FI and EWI Strategies 

In this section we consider the various practical implementation issues associated with the 

alternative indices such as liquidity characteristics and fund size limits, position limits, 

percentage holdings of each portfolio and implementation issues related to trading on 

rebalance dates.  Each of these represents bone-fide practical limitations that are oft-ignored 

in academic studies. For very large funds, even if trade execution was done efficiently and 

execution costs could be controlled, trading in those stocks that enter the index may not be 

possible simply due to the volume of stock required and disclosure rules around owning more 

than 5% of any given firm (see below). 

Table 8 reports the relevant liquidity characteristics and fund size limits for each of 

the strategies.  To determine whether each strategy is economically viable several factors are 

considered. The first, the CAP Ratio, used by Arnott et al. (2005), is a measure of the 

investment capacity of each strategy in comparison to the MCWI strategy. It is the FI or EWI 

market capitalisation of the stock divided by market capitalisation, calculated as: 

 �� =
∑ � ��ℎ �, × � ���, −1��=1∑ �, −1��=1 × � ���, −1  (4) 

Where: Weight,t is the Composite Fundamental weight or the Equal Weight for stock i at 

rebalancing date t; MCi,t-1 is the market capitalisation weight for stock i at rebalancing date t; 

and MktCapi,t-1 is the market capitalisation of stock i at rebalancing date t-1. 

We also consider the concentration ratio, which measures the fraction of the total 

capitalisation of the index constituents that belongs to the top stocks. The concentration ratios 

of the top 100, 200 and 300 stocks by market capitalisation weight and by composite 

fundamental weight are calculated and reported in Table 8 in order to assess any differences 

in the top holdings of each strategy.21  

                                                      
21 The assessment of the Equally-Weighted Index strategy is inappropriate because each stock is given the same 
investment weight. 
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From Table 8, it can be clearly seen that the MCWI strategy provides the greatest 

investment capacity. The FI strategy is less viable; however, large scale investment is still 

possible. The EWI strategy is not close to the capacity of either FI or MCWI, posing 

problems for the viability of implementing a large equally-weighted index. The CAP ratio 

indicates the amount that could be invested under each alternative strategy in comparison to 

the MCWI strategy (Arnott et al. (2005)). By this logic, the fund size of a FI strategy could be 

approximately 80% of the value of a MCWI strategy. When imposing a 5%  market 

capitalisation holding limit on any one stock in the portfolio the results are vastly different 

(see below). Using the MCWI strategy, the fund size is limited to $121.23 billion in June of 

1987 and could be no greater than $640.21 billion in December 2010. The FI strategy 

equivalent for both of these dates is $3.94 billion for June 1987 and $34.78 billion for 

December 2010, suggesting a ratio of 3.25% and 5.43% respectively, a major reduction in the 

investment capacity as compared to the MCWI strategy. However, when considering that the 

net asset value (NAV) of largest Russell 1000 fund was only $6.36 billion as of December 

2010 (iShares, 2011), there is no immediate threat to the viability of the FI strategy.  

In the case of the EWI strategy, the CAP ratio is 0.16. Meaning the weighted average 

market capitalisation of the portfolio is only 16% of the MCWI portfolio, a marked reduction 

indicating the investment capacity of the EWI strategy is greatly reduced. In terms of the fund 

size limits, in June 1987, the fund could only be $1.86 billion and in December 2010, $9.93 

billion. A mere 1.53% and 1.55% of the MCWI fund size limits at each date, respectively. As 

a result, investment in the EWI strategy reweighting the constituents of the Russell 1000 

would not be a viable option. This is most likely why Rydex operate an EWI fund on the 

S&P 500, as the distribution of market capitalisations is much smaller (Rydex SGI, 2011).  
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Comparing the MCWI and FI strategies concentration ratios, it can be seen that the 

MCWI strategy has a slightly higher ratios for the top stocks, ranging from 58.10% for the 

top 100 to 80.66% for the top 300. The FI has concentration ratios ranging from 50.80% to 

74.70%. This indicates that the greatest investments of the MCWI strategy are in slightly 

larger companies as opposed to the FI investments, although these differences are small. 

Therefore, the differences must lie in the weighting of the stocks with lower market 

capitalisations.  

<<INSERT TABLE 8 HERE>> 

Next, we compare the largest holdings for MCWI and FI. Such a comparison permits 

the reader to understand where the two indexing approaches lead to similar and different 

investments. Table 9 shows the top twenty stocks by both market capitalisation and by 

composite fundamental metric for December 2010. The comparison shows that of the twenty 

companies, thirteen are held in common. Of the seven that differ in the MCWI portfolio, six 

are involved in computing and IT and the last is the Coca Cola Company which derives much 

of its value from the brand rather than fundamentals. The differing companies for the FI 

portfolio are comprised of two financials companies, Verizon, Conocophillips, Phillip Morris 

(Altria Group), Tyco International and Progressive Corporation. Interestingly, Progressive, an 

insurance company, has the fifth highest weight whilst only having a market capitalisation of 

$13.13 billion. Tyco has a weight of 0.77% in the FI portfolio whilst only having a market 

capitalisation of $17.21 billion. As the fund size increases, trading in these two stocks may 

prove to be more difficult. 

<<INSERT TABLE 9 HERE>> 

It is important that any index rebalancing is feasible. One aspect of feasibility is 

executing any required trades in a timely manner. Small sized trades are more likely to be 

completed/filled and have lower price impact, so funds that rely on smaller positions in 
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stocks to replicate an index are more likely to be filled, and at favourable prices leading to 

lower tracking error and better performance. Table 10 present the frequencies of investment 

levels for each of the three variable cost funds with initial starting fund sizes of $500 million 

(Small fund), $1 billion (Medium fund) and $10 billion (Large fund). There are 278,973 

separate company months across the entire time period. The rebalancing frequencies of each 

are: monthly for the MCWI strategy; annual for FI; and, quarterly for EWI (consistent with 

realistic rebalancing frequencies).  

From Table 10, in terms of investment levels, the MCWI strategy demonstrates that 

by weighting based on market capitalisation, the percentage investment in each of the stocks 

comprising the index is equal in any given month. This results in a very low percentage 

holding across all companies. With an initial fund size of $500 million, the percentage 

investment in the company for the entire period is less than 0.25% for all constituents. Under 

the largest initial fund size, the percentage investment is below 0.50% and as the fund grows 

in value, investment levels rise, but to less than 0.75% of market capitalisation22. Under the 

FI strategy, which weights stocks based on alternative measures of size rather than market 

capitalization, there are no investment weights greater than 2.25% (and only 6 trades occur 

where investment weights are at 2.0% level for the small and medium sized funds). A 

majority of holdings, like the MCWI portfolio, remain under 0.75% of market capitalisation. 

However, for the large fund the investments may begin to become restrictive. There are 849 

instances where the percentage of market capitalisation exceeds the 5% level and for 75 of 

these, the holdings are between 10% and 20%. These investment levels, in reality, would not 

be possible and the funds would be required to be redirected to larger stocks. Considering that 

over the twenty-three and a half year time period there are more than 270,000 individual 

investments, reallocating 849 may not pose such a large problem after all. 

                                                      
22 The large fund would be worth over $70 billion by 2010. 
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<<INSERT TABLE 10 HERE>> 

Another aspect of feasibility, oft-neglected in the academic literature, is speed of 

index adjustments. For a MCWI, most cost is associated with rebalancing dates, when there 

are new entrants/exits in the index. The argument can be made that, at these times, due to 

well known (e.g., Petajisto (2011), Green & Jame (2011), Chan, Kot & Tang (2013)) 

premiums performance will be eroded for ‘pure’ indexers who blindly invest/divest in 

entries/exits. In contrast, ‘enhanced indexers’ purchase/sell new entrants/exist before the 

effective date (when they enter/exit the index) and enjoy better performance but greater 

tracking error. A pure indexer will not tolerate such tracking error and therefore must 

purchase stock on the rebalancing date. Any delays will lead to tracking error, even if a better 

price can be achieved.  

From a trading perspective presented in Table 11, no strategy under any of the fund 

size scenarios would be able to carry out every trade within four days as the volume of stock 

in the market is not large enough. There are more trades for the EWI and FI strategies that 

require larger portions of a stocks trading volume compared to the MCWI strategy. For the 

small fund, the number of times the percentage of four day volume required to attain the 

required strategy weight is greater than 10% is 2,382 for the EWI fund, 334 for the FI fund 

and 230 for the MCWI fund. However, taking into account the trades required under the 

differing rebalancing frequencies, the EWI fund exceeds 20% of the volume required in 2.5% 

of the total number trades, the FI fund 1.4% and the MCWI fund 0.08%. As the initial fund 

size increases, so does the percentage of volume required to attain the strategy weight. For 

the medium sized fund, the number of trades for the EWI strategy greater than 10% of 

volume increases to 4,675 which represents 5% of all trades over the period. The equivalent 

FI fund frequencies increase to 867 (3.6%) and for the MCWI to 593 (0.21%). Under the 

large fund scenario, these numbers increase markedly to 29,336 for the EWI strategy, 7,391 
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for the FI and 3,883 for the MCWI strategy. The corresponding percentages are 33%, 32% 

and 1.4% for the EWI, FI and MCWI strategies respectively. These results suggest that for 

the FI and EWI strategies, the trades in the smaller stocks are larger than those under the 

MCWI strategy. As a result, the trading in these small stocks may take much longer than four 

trading days to attain the weight or the funds may have to be reallocated to larger stocks. 

These alternatives may result in reduced returns to the portfolio due an implementation 

shortfall. 

<<INSERT TABLE 11 HERE>> 

4. Summary of Results, Discussion & Conclusion 

The application of the variable cost model produces results for each of the three fund 

sizes; the $500 million fund (small), $1 billion (medium) and $10 billion fund (large). Under 

each of the simulations, the EWI strategy remains the best performer in terms of geometric 

return, the FI strategy second and the MCWI strategy has the lowest geometric returns for the 

period. However as fund size increases, the superior performance of the FI and EWI 

strategies reduce as a result of the varied implicit and explicit transaction costs of trading.  

Comparisons between the three fund size scenarios give an insight into the effect of 

rebalancing, stock selection and the associated transaction costs. As the fund size increases, 

the various measures of performance reduce monotonically for all three strategies but the 

magnitudes of the decreases vary across strategies, eroding outperformance. This can be 

illustrated by observing the decreases in several of the performance measures.  

Using excess returns from the MCWI as our benchmark, we find that a naïve analysis 

which ignores all transaction costs shows that EWI and FI outperform MCWI. When the 

market impact model is utilised to estimate implicit transaction costs, only the EWI 

outperforms (at 10% significance). When the standard 1% one-way transaction costs is 

applied (Arnott et al., 2005), the excess returns of FI and EWI indices are not significant.  
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Indeed, when we examine the performance of all the indices using the Fama-French 3 factor 

mode, none of the index strategies produce an alpha which is statistically different to zero. 

This means, that value and size risk factors are able to completely explain the performance of 

each index. Our performance evaluation suggests that there is no compelling reason to switch 

from MCWI to alternative indexing. 

This view is reinforced when we consider the viability of each alternative index. The 

reliance of traditional indexing on market price bestows theoretical and pragmatic benefits 

which are scarified with the alternatives, often resulting in non-viable indices. In Part C of the 

Results section we show that EWI is capacity constrained for two reasons: holding limits are 

violated for large funds and tracking error is induced as swift rebalancing is impossible due to 

the inherent liquidity constraints of allocating large funds to small stocks. 

In summary, this research examines the performance of the MCWI strategy against 

the FI and EWI strategies by reweighting the Russell 1000. Unlike prior studies, a variable 

transaction cost model is applied to the dataset to assess the post transaction cost performance 

of each strategy and the effects of stock selection and turnover. Approximate breakeven 

transaction cost are obtained for each strategy which give an insight into the required 

transaction costs for the superior return performance of the EWI and FI strategies to be fully 

eroded. 

The paper assesses the viability of the three strategies in terms of both investment 

capacity and trading requirements. This is the first time that percentage holding and volumes 

required have been analysed for these strategies. 

Whilst the EWI and FI strategies perform better in terms of geometric returns and 

Sharpe ratios, as the fund size and consequently transaction costs increase, the disparity in 

returns to the MCWI strategy are reduced. Additionally, the exposures of each strategy to risk 

factors explain these superior return performances. The EWI strategies are a viable 
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investment technique as long as the size of the fund remains relatively small. Investment in 

an FI portfolio has investment capacity and is a viable option at current investment levels. 

The MCWI strategy will forever remain popular for its simplicity, vast investment capacity 

and low cost. 

  



~ 33 ~ 
 

References 

Almgren, R., Chee, T., Hauptmann, E., & Hong, L. (2005). Equity market impact. Risk, 

18(7), 57-62. 

Arnott, R., Hsu, J., & Moore, P. (2005). Fundamental indexation. Financial Analysts Journal, 

61(2), 83-99. 

Arnott, R. D., & Wagner, W. H. (1990). The measurement and control of trading costs. 

Financial Analysts Journal, 46(6), 73-80. 

Asness, C. (2006). The value of Fundamental Indexing. Institutional Investor, 31(8), 67-71. 

Blitz, D., & Swinkels, L. (2008). Fundamental indexation: an active value strategy in 

disguise, Journal of Asset Management, 9(4), 264-269. 

Bertsimas, D. & Lo, A. (1998). Optimal control of execution costs. Journal of Financial 

Markets 1, 1-50. 

Blume, M. E., & Edelen, R. M. (2004). S&P 500 indexers, tracking error, and liquidity. 

Journal of Portfolio Management, 30(3), 37-46. 

Carhart, M. (1997). On persistence in mutual fund performance. Journal of Finance, 52(1), 

57-82. 

Chan, H., Faff, R., Gallagher, D., & Looi, A. (2009). Fund size, transaction costs and 

performance:Size matters! Australian Journal of Management, 34(1), 73-96. 

Chan, K. Kot, H.W., & Tang G. (2013). A Comprehensive long term analysis of S&P500 

index additions, Journal of Banking & Finance, 37, 4920-4930. 

Chen, D., Dempsey, M., & Lajbcygier, P. (2010). Is fundamental indexation able to time the 

market? Evidence from the Dow Jones Industry Average. 

Chen, Z., Stanzl, W., & Watanabe, M. (2006). Price impact costs and the limit of arbitrage, 

RePEc, http://econpapers.repec.org/paper/ysmsomwrk/ysm251.htm. 

Collins, B. M., & Fabozzi, F. J. (1991). A methodology for measuring transaction costs. 

Financial Analysts Journal, 47(2), 27-36. 

Condon, K. A. (1981). Measuring equity transaction costs. Financial Analysts Journal, 37(5), 

57-60. 

http://econpapers.repec.org/paper/ysmsomwrk/ysm251.htm


~ 34 ~ 
 

Desai, H., Rajgopal, S., & Venkatachalam, M. (2004). Value-Glamour and accruals 

mispricing: one anomaly or two? Accounting Review, 79(2), 355-385. 

Fama, E. F., & French, K. R. (1993). Common risk factors in the returns on stocks and bonds. 

Journal of Financial Economics, 33(1), 3-56. 

Geer, C. (2011, February 7). Investing in funds: a monthly analysis - index funds get a 

makeover – here's how the new varieties work - and when they make more sense than the 

traditional ones. Wall Street Journal  (Eastern Edition), pp. R.1.  Retrieved September 12th, 

2011, from ABI/INFORM Global. (Document ID: 2259287261).  

Green, C.T., & Jame R. (2011). Strategic trading by index funds and liquidity provision 

around S&P500 index additions, Journal of Financial Markets, 14, 605-624. 

Grossman S.J, Stiglitz, JE (1980). On the Impossibility of Informationally Efficient Markets, 

The American Economic Review, 393-408. 

Guggenheim (2014), Guggenheim Russell 1000 and S&P500 Equal Weight ETFs, 

http://guggenheiminvestments.com/products/etf/ 

Handley, M. (2011). The ins and outs of index investing. U.S. News Digital Weekly, 3(10), 

19-19. 

Houwer, R., & Plantinga, A. (2009). Fundamental indexing: an analysis of the returns, risks 

and costs of applying the strategy. Unpublished Working Paper. Available at SSRN: 

http://ssrn.com/abstract=1343879. 

Hsu, J. C., & Campollo, C. (2006). New frontiers in index investing: an examination of 

Fundamental Indexation. Journal of Indexes, 58(January/February 2006 ), 32-37. 

Investment Technology Group Inc. (2007). ITG ACE® - Agency cost estimator: a model 

description. Retrieved April 10th, 2011, 

http://www.itg.com/news_events/papers/ACE_White_Paper_200705.pdf 

iShares (2014), iShares Russell 1000 ETF, 

http://www.ishares.com/us/products/239707/ishares-russell-1000-etf. 

Jones, C. M. (2002). Century of Stock Market Liquidity and Trading Costs. 

http://guggenheiminvestments.com/products/etf/


~ 35 ~ 
 

 Retrieved from: http://ssrn.com/abstract=313681 or http://dx.doi.org/10.2139/ssrn.313681. 

Jones, C & Lipson, M. (2001). Sixteenths: direct evidence on instituational trading costs, 

Journal of Financial Economics, 59(2): 253-278. 

Keim, D., & Madhavan, A. (1998). The cost of institutional equity trades. Financial Analysts 

Journal, 54(4), 50-69. 

Kissell, R., Glantz, M., & Malamut, R. (2003). Optimal trading strategies: quantitative 

approaches for managing market impact and trading risk New York: AMACOM. 

Korajczyk, R. A., & Sadka, R. (2004). Are momentum profits robust to trading costs? 

Journal of Finance, 59(3), 1039-1082. 

Dutta, P.K, & Madhavan, A. (1995). Price continutiy rules and insoder trading, Journal of 

Fiancnial and Quantitative Analysis, 30(2), 199-221. 

Mar, J., Bird, R., Casavecchia, L., & Yeung, D. (2009). Fundamental Indexation: an 

Australian Investigation. Australian Journal of Management, 34(1), 1-20. 

McQuarrie, E. F. (2008). Fundamentally Indexed or fundamentally misconceived: locating 

the source of RAFI outperformance. Journal of Investing, 17(4), 29-37. 

NYSE (2014). http://www1.nyse.com/equities/nysearcaequities/1157623605155.html 

Perold, A. F., & Salomon Jr, R. S. (1991). The right amount of assets under management. 

Financial Analysts Journal, 47(3), 31-39. 

Petajisto, A. (2011). The index premium and its hidden cost for index funds. Journal of 

Empirical Finance 18, 271-288. 

Russell Investments. (2011). Russell U.S. Indexes construction & methodology.   Retrieved 

1st September, 2011, from 

http://www.russell.com/indexes/data/US_Equity/russell_US_indexes_methodology.asp 

Rydex SGI. (2011). Equal Weight strategies.   Retrieved 1st September, 2011, from 

http://www.rydexsgi.com/products/etfs/content/equalweight.shtml 

Securities and Exchange Commission. (2008). Schedule 13D.   Retrieved 1 September, 2011, 

from http://www.sec.gov/answers/sched13.htm 

http://dx.doi.org/10.2139/ssrn.313681
http://www.rydexsgi.com/products/etfs/content/equalweight.shtml


~ 36 ~ 
 

Sharpe, W. F. (1966). Mutual fund performance. Journal of Business, 39(1), 119. 

Siegel, J. (2006, June 14). The 'noisy market' hypothesis. The Wall Street Journal. Retrieved 

from http://online.wsj.com/article/SB115025119289879729.html 

Treynor, J. (2005). Why market-valuation-indifferent indexing works. Financial Analysts 

Journal,61(5), 65-69. 

Vanguard, (2014) Vanguard 500 Index Fund Investor Shares, 

https://personal.vanguard.com/us/funds/snapshot?FundId=0040&FundIntExt=INT.  

https://personal.vanguard.com/us/funds/snapshot?FundId=0040&FundIntExt=INT


~ 37 ~ 
 

 
 
 

Table 1 
Risk, Return & Turnover Characteristics of the Strategies with Zero Transaction Costs 

 
The strategies are formed from June 1987 to December 2010. The geometric return is computed from 
annualised monthly strategy returns over the period. The annualised volatility is the standard deviation 
of monthly returns multiplied by the square root of 12 as per Arnott et al. (2005). The Sharpe ratio is 
computed by dividing the monthly excess returns (monthly strategy return less the risk free rate) by the 
standard deviation of monthly returns of the strategy. The risk free rate is the 1-month US T-Bill return 
from Ibbotson and Associates Inc. Annualised turnover is calculated as the average of the total 
monthly purchases of time t divided by the Fund Size at t-1 multiplied by the rebalancing frequency. 
Trade of $1 represents the dollars traded throughout the period during rebalancing for a $1 invested in 
the fund on June 1987. The ratio to MCWI is calculated as Value of $1 for the FI or EW strategy 
divided by the Value of $1 for the monthly rebalanced MCWI strategy. The t-statistic of excess returns 
is carried out on the excess returns to the monthly MCWI where the null hypothesis is that the excess 
equals 0. ***, ** and * represent significance at the 1%, 5% and 10% levels respectively 

 

 
Monthly Quarterly Annual 

 
MCWI FI EW MCWI FI EW MCWI FI EW 

Annualised Geometric Ret. (%) 9.20 10.61 11.59 9.23 10.67 11.40 9.12 9.75 10.46 

Annualised Volatility (%) 15.89 16.46 18.62 15.82 16.29 18.28 15.59 15.12 17.02 

Sharpe Ratio 0.1123 0.1326 0.1372 0.1131 0.1344 0.1359 0.1121 0.1254 0.1279 

Value of $1 7.97 10.78 13.29 8.02 10.92 12.76 7.82 8.97 10.44 

Ratio to MCWI - 1.39 1.71 1.03 1.40 1.64 1.01 1.15 1.34 

t-stat of Excess Return - 1.18 2.14** 0.50 1.20 2.03** -1.32 0.38 1.36 

Annualised Turnover (%) 8.68 39.85 54.07 7.10 24.68 35.26 6.04 12.69 19.69 

Trade of $1 20.88 106.01 135.87 17.61 65.38 86.09 14.98 32.70 45.10 
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Table 2  

 Risk, Return & Turnover Characteristics of the Strategies with Variable One-Way 
 Transaction Costs and Beginning Fund Size of $500m 

 
The strategies are formed from June 1987 to December 2010. The geometric return is computed from annualised 
monthly strategy returns over the period for a fund with an initial investment of $500 million. The annualised 
volatility is the standard deviation of monthly returns multiplied by the square root of 12 as per Arnott et al. 
(2005). The Sharpe ratio is computed by dividing the monthly excess returns (monthly strategy return less the risk 
free rate) by the standard deviation of monthly returns of the strategy. The risk free rate is the 1-month US T-Bill 
return from Ibbotson and Associates Inc. Annualised turnover is calculated as the average of the total monthly 
purchases of time t divided by the Fund Size at t-1 multiplied by the rebalancing frequency. Trade of $1 
represents the dollars traded throughout the period during rebalancing for a $1 invested in the fund on June 1987. 
Cost of $1 represents the transaction costs incurred in trading $1 invested in the fund on June 1987. The ‘Eroded 
Value’ is the total dollar cost of trading over the entire time period. The ratio to MCWI is calculated as Value of 
$1 for the FI or EW strategy divided by the Value of $1 for the monthly rebalanced MCWI strategy. The t-
statistic of excess returns is carried out on the excess returns to the monthly MCWI where the null hypothesis is 
that the excess equals 0. ***, ** and * represent significance at the 1%, 5% and 10% levels respectively. 

 

  Monthly Quarterly Annual 

  MCWI FI EWI MCWI FI EWI MCWI FI EWI 

Annualised Geometric Ret. (%) 9.09 10.17 10.99 9.13 10.36 10.96 9.02 9.57 10.20 

Annualised Volatility (%) 15.89 16.47 18.62 15.81 16.29 18.27 15.59 15.14 17.03 

Sharpe Ratio 0.1114 0.1294 0.1297 0.1114 0.1294 0.1297 0.1106 0.1222 0.1239 

Value of $1 7.78 9.81 11.69 7.85 10.22 11.62 7.67 8.64 9.89 

Ratio to MCWI - 1.26 1.50 1.01 1.31 1.49 0.99 1.11 1.27 

t-stat of Excess Return - 0.93 1.78* 0.81 1.05 1.78* -1.11 0.32 1.23 

Annualised Turnover (%) 8.73 39.85 54.07 7.15 24.68 35.26 6.04 12.69 19.69 

Trade of $1 20.46 99.33 123.97 17.28 62.38 80.47 14.73 31.76 43.30 

Cost of $1 0.09 0.47 0.58 0.08 0.33 0.41 0.07 0.17 0.22 

% of Costless 97.58 91.04 87.96 97.80 93.64 91.11 98.04 96.23 94.69 

Eroded Value 0.19 0.97 1.60 0.18 0.69 1.13 0.15 0.34 0.55 
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Table 3 
 Risk, Return & Turnover Characteristics of the Strategies with Variable One-Way Transaction Costs and 

Beginning Fund Size of $1bn 
 

The strategies are formed from June 1987 to December 2010. The geometric return is computed from annualised 
monthly strategy returns over the period for a fund with an initial investment of $1 billion. The annualised volatility 
is the standard deviation of monthly returns multiplied by the square root of 12 as per Arnott et al. (2005). The 
Sharpe ratio is computed by dividing the monthly excess returns (monthly strategy return less the risk free rate) by 
the standard deviation of monthly returns of the strategy. The risk free rate is the 1-month US T-Bill return from 
Ibbotson and Associates Inc. Annualised turnover is calculated as the average of the total monthly purchases of time 
t divided by the Fund Size at t-1 multiplied by the rebalancing frequency. Trade of $1 represents the dollars traded 
throughout the period during rebalancing for a $1 invested in the fund on June 1987. Cost of $1 represents the 
transaction costs incurred in trading $1 invested in the fund on June 1987. The ‘Eroded Value’ is the total dollar 
cost of trading over the entire time period. The ratio to MCWI is calculated as Value of $1 for the FI or EW strategy 
divided by the Value of $1 for the monthly rebalanced MCWI strategy. The t-statistic of excess returns is carried out 
on the excess returns to the monthly MCWI where the null hypothesis is that the excess equals 0. ***, ** and * 
represent significance at the 1%, 5% and 10% levels respectively 

  Monthly Quarterly Annual 

  MCWI FI EWI MCWI FI EWI MCWI FI EWI 

Annualised Geometric Ret. (%) 9.07 10.11 10.92 9.12 10.32 10.91 9.01 9.55 10.18 

Annualised Volatility (%) 15.89 16.47 18.62 15.82 16.29 18.27 15.59 15.14 17.03 

Sharpe Ratio 0.1102 0.1246 0.1277 0.1112 0.1287 0.1290 0.1104 0.1218 0.1234 

Value of $1 7.75 9.69 11.52 7.82 10.13 11.50 7.65 8.59 9.83 

Ratio to MCWI - 1.25 1.49 1.01 1.31 1.48 0.99 1.11 1.27 

t-stat of Excess Return - 0.89 1.74* 0.85 1.03 1.76* -1.07 0.32 1.22 

Annualised Turnover (%) 8.73 39.85 54.07 7.15 24.68 35.26 6.04 12.69 19.69 

Trade of $1 20.41 98.49 122.76 17.23 61.99 79.89 14.70 31.65 43.12 

Cost of $1 0.10 0.54 0.64 0.09 0.38 0.46 0.08 0.20 0.25 

% of Costless 97.28 89.86 86.69 97.53 92.78 90.16 97.83 95.75 94.14 

Eroded Value 0.22 1.09 1.77 0.20 0.79 1.26 0.17 0.38 0.61 
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Table 4 

 Risk, Return & Turnover Characteristics of the Strategies with Variable One-Way Transaction 
Costs and Beginning Fund Size of $10bn 

 
The strategies are formed from June 1987 to December 2010. The geometric return is computed from 
annualised monthly strategy returns over the period for a fund with an initial investment of $10 billion. 
The annualised volatility is the standard deviation of monthly returns multiplied by the square root of 12 
as per Arnott et al. (2005). The Sharpe ratio is computed by dividing the monthly excess returns 
(monthly strategy return less the risk free rate) by the standard deviation of monthly returns of the 
strategy. The risk free rate is the 1-month US T-Bill return from Ibbotson and Associates Inc. 
Annualised turnover is calculated as the average of the total monthly purchases of time t divided by the 
Fund Size at t-1 multiplied by the rebalancing frequency. Trade of $1 represents the dollars traded 
throughout the period during rebalancing for a $1 invested in the fund on June 1987. Cost of $1 
represents the transaction costs incurred in trading $1 invested in the fund on June 1987. The ‘Eroded 
Value’ is the total dollar cost of trading over the entire time period. The ratio to MCWI is calculated as 
Value of $1 for the FI or EW strategy divided by the Value of $1 for the monthly rebalanced MCWI 
strategy. The t-statistic of excess returns is carried out on the excess returns to the monthly MCWI where 
the null hypothesis is that the excess equals 0. ***, ** and * represent significance at the 1%, 5% and 
10% levels respectively. 

  Monthly Quarterly Annual 

  MCWI FI EWI MCWI FI EWI MCWI FI EWI 

Annualised Geometric Ret. (%) 9.00 9.81 10.60 9.05 10.11 10.68 8.96 9.44 10.05 

Annualised Volatility (%) 15.88 16.46 18.61 15.81 16.28 18.27 15.59 15.15 17.04 

Sharpe Ratio 0.1090 0.1199 0.1233 0.1102 0.1254 0.1258 0.1096 0.1197 0.1214 

Value of $1 7.64 9.10 10.77 7.72 9.68 10.96 7.57 8.38 9.56 

Ratio to MCWI - 1.17 1.38 0.99 1.24 1.41 0.97 1.08 1.23 

t-stat of Excess Return - 0.72 1.57 1.05 0.92 1.64 -0.86 0.28 1.17 

Annualised Turnover (%) 8.73 39.85 54.07 7.15 24.68 35.26 6.04 12.69 19.69 

Trade of $1 20.16 94.57 117.42 17.04 60.14 77.32 14.57 31.08 42.30 

Cost of $1 0.16 0.85 0.93 0.14 0.60 0.67 0.11 0.31 0.37 

% of Costless 95.80 84.39 81.05 96.20 88.70 85.89 96.80 93.44 91.60 

Eroded Value 0.33 1.68 2.52 0.31 1.23 1.80 0.25 0.59 0.88 
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Table 5 

Time-series ordinary least square regression analysis on the Fama and French (1993) three-factor 
model with Variable Transaction Costs and Initial Fund Size of $500 million 

 
This table presents the results of the time-series ordinary least square regression analysis based on the FF 
three-factor model in market with variable transaction costs and an initial fund size of $1 billion: 
 � −  � = � + �� � −  � �+  � + ℎ� +  ��  
 

The FF MCWI is used as the market proxy. The strategies are formed using the Russell 1000 index 
constituent data over the sample period June 1987 to December 2010 with rebalancing frequencies of 
monthly, quarterly, semi-annual and annual. The MCWI strategies weights stocks based on market 
capitalisation. The FI strategy is constructed on the equally weighted average of the four size metrics: 
book value of equity, cash flow, dividends and net income. The EW strategy assigns the same weight to 
each stock. The intercept � measures the excess return which is unexplained by �, si and hi. � represents 
the loading on the market risk premium. si and hi represent the loading on the SMB (small minus big) and 
HML (high minus low) factors respectively. ***, ** and * represent significance at the 1%, 5% and 10% 
levels respectively (where the t-statistic for each of the coefficients are shown below). 

 

 
Monthly Quarterly Annual 

 
MCWI FI EW MCWI FI EW MCWI FI EW 

� 0.0002 -0.0005 0.0005 0.0002 -0.0004 0.0004 0.0001 -0.0007 0.0001 

� 0.9900 1.0114 1.1141 0.9856 1.0022 1.1017 0.9719 0.9432 1.0405 

si -0.0884 0.0083 0.2118 -0.0889 -0.0015 0.1859 -0.0870 -0.0170 0.1578 

hi -0.0256 0.3569 0.1966 -0.0234 0.3560 0.2085 -0.0175 0.3231 0.1797 

          
t( �) 0.61 -0.62 0.64 0.73 -0.44 0.59 0.46 -1.01 0.22 

t( �) 172.34*** 53.17*** 64.50*** 168.92*** 53.55*** 66.19*** 155.91*** 62.41*** 87.80*** 

t(si) -11.04*** 0.31 8.80***  -10.94*** -0.06 8.02***  -10.02*** -0.81 9.56***  

t(hi) -2.97***  12.52*** 7.60***  -2.68***  12.69*** 8.36***  -1.87* 14.26*** 10.12*** 
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Table 6 
Time-series ordinary least square regression analysis on the Fama and French (1993) three-factor 

model with Variable Transaction Costs and Initial Fund Size of $1 billion 
 

This table presents the results of the time-series ordinary least square regression analysis based on the FF 
three-factor model in market with variable transaction costs and an initial fund size of $1 billion: 
 � −  � = � +  �� � −  � �+  � + ℎ� + ��  
 
The FF MCWI is used as the market proxy. The strategies are formed using the Russell 1000 index 
constituent data over the sample period June 1987 to December 2010 with rebalancing frequencies of 
monthly, quarterly, semi-annual and annual. The MCWI strategies weights stocks based on market 
capitalisation. The FI strategy is constructed on the equally weighted average of the four size metrics: book 
value of equity, cash flow, dividends and net income. The EW strategy assigns the same weight to each 
stock. The intercept � measures the excess return which is unexplained by �, si and hi. � represents the 
loading on the market risk premium. si and hi represent the loading on the SMB (small minus big) and HML 
(high minus low) factors respectively. ***, ** and * represent significance at the 1%, 5% and 10% levels 
respectively (where the t-statistic for each of the coefficients are shown below). 

 

 
Monthly Quarterly Annual 

 
MCWI FI EW MCWI FI EW MCWI FI EW 

� 0.0001 -0.0006 0.0004 0.0002 -0.0004 0.0004 0.0001 -0.0007 0.0001 

� 0.9900 1.0114 1.1140 0.9855 1.0022 1.1016 0.9719 0.9433 1.0406 

si -0.0883 0.0083 0.2117 -0.0889 -0.0017 0.1857 -0.0870 -0.0172 0.1575 

hi -0.0256 0.3569 0.1966 -0.0234 0.3560 0.2086 -0.0174 0.3232 0.1799 

          
t( �) 0.57 -0.68 0.58 0.69 -0.47 0.54 0.43 -1.03 0.18 

t( �) 172.22*** 53.18*** 64.51*** 168.80*** 53.54*** 66.17*** 155.83*** 62.35*** 87.64*** 

t(si) -11.03***  0.31 8.80***  -10.93***  -0.07 8.00***  -10.02***  -0.81 9.52***  

t(hi) -2.97***  12.52*** 7.60***  -2.67***  12.69*** 8.36***  -1.87* 14.26*** 10.11*** 
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Table 7 

Time-series ordinary least square regression analysis on the Fama and French (1993) three-factor 
model with Variable Transaction Costs and Initial Fund Size of $10 billion 

 
This table presents the results of the time-series ordinary least square regression analysis based on the FF 
three-factor model in market with variable transaction costs and an initial fund size of $10 billion: 
 � −  � = � +  �� � −  � �+  � + ℎ� + ��  
 
The FF MCWI is used as the market proxy. The strategies are formed using the Russell 1000 index constituent 
data over the sample period June 1987 to December 2010 with rebalancing frequencies of monthly, quarterly, 
semi-annual and annual. The MCWI strategies weights stocks based on market capitalisation. The FI strategy 
is constructed on the equally weighted average of the four size metrics: book value of equity, cash flow, 
dividends and net income. The EW strategy assigns the same weight to each stock. The intercept � measures 
the excess return which is unexplained by �, si and hi. � represents the loading on the market risk premium. 
si and hi represent the loading on the SMB (small minus big) and HML (high minus low) factors respectively. 
***, ** and * represent significance at the 1%, 5% and 10% levels respectively (where the t-statistic for each 
of the coefficients are shown below). 

 

 
Monthly Quarterly Annual 

 
MCWI FI EW MCWI FI EW MCWI FI EW 

� 0.0001 -0.0008 0.0002 0.0001 -0.0006 0.0002 0.0001 -0.0008 0.0000 

� 0.9897 1.0114 1.1139 0.9853 1.0019 1.1014 0.9718 0.9438 1.0411 

si -0.0881 0.0082 0.2113 -0.0888 -0.0025 0.1847 -0.0871 -0.0181 0.1561 

hi -0.0255 0.3568 0.1966 -0.0233 0.3559 0.2087 -0.0172 0.3240 0.1809 

          
t( �) 0.36 -0.94 0.27 0.51 -0.66 0.31 0.29 -1.16 -0.02 

t( �) 171.32*** 53.21*** 64.54*** 167.90*** 53.46*** 66.03*** 155.16*** 62.06*** 86.81*** 

t(si) -10.95*** 0.31 8.79***  -10.87*** -0.10 7.95***  -9.98***  -0.85 9.34***  

t(hi) -2.94***  12.53*** 7.60***  -2.65***  12.67*** 8.35***  -1.83* 14.22*** 10.07*** 
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Table 8 

Liquidity Characteristics and Fund Size Limits  
 

This table reports the CAP ratio and the concentration ratios for the top 100, 200 and 300 
stocks by strategy weight. In addition, the largest viable fund size as at June 1987 and 
December 2010 are reported. 

 

MCWI FI EW 

CAP Ratio 1.00 0.79 0.16 
Concentration Ratio (Top 100) (%) 58.10 50.80 58.10 

Concentration Ratio (Top 200) (%) 72.34 65.80 72.34 
Concentration Ratio (Top 300) (%) 80.66 74.70 80.66 
Jun 87: 5% Fund Size Limit ($ Bn) 121.23 3.94 1.86 
Fund Size Ratio (%) 100 3.25 1.53 

Dec 10: 5% Fund Size Limit ($ Bn) 640.21 34.78 9.93 

Fund Size Ratio (%) 100 5.43 1.55 
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Table 9 

20 Largest stocks by Market Capitalisation and by Composite Fundamental Metrics 
for June 2010 

 The following table presents a list of the top 20 companies in the Market Capitalisation Weighted 
portfolio and in the portfolio created using a Composite Fundamental metric approach as held by each 
portfolio for June 2010. Given are the market capitalisations and the percentage weight that the 
company is assigned in the portfolio. The t-test for equal means tests the null that there is no significant 
difference between the average market capitalisations of the top 20 stocks in each portfolio. The p-
value is also presented. 
 

Largest by Market 
Capitalisation 

Market Cap 
($ Bn) 

Weight 
(%) 

Largest by Fundamental 
Weight 

Market Cap 
($ Bn) 

Weight 
(%) 

EXXON MOBIL 283.06 2.40 EXXON MOBIL 283.06 3.06 

APPLE 233.74 1.98 GENERAL ELECTRIC 174.56 2.54 

MICROSOFT 226.11 1.92 BANK OF AMERICA 157.92 2.25 

WAL MART  189.66 1.61 CITIGROUP 114.76 1.94 

PROCTER & GAMBLE 175.93 1.49 PROGRESSIVE 13.13 1.93 

GENERAL ELECTRIC 174.56 1.48 WAL MART  189.66 1.92 

JOHNSON & JOHNSON 160.8 1.36 AT&T  143.59 1.90 

IBM  160.63 1.36 CHEVRON 148.38 1.85 

BANK OF AMERICA 157.92 1.34 JPMORGAN CHASE 157.48 1.77 

JPMORGAN CHASE 157.48 1.34 MICROSOFT 226.11 1.50 

WELLS FARGO & CO 149.48 1.27 CONOCOPHILLIPS 77.18 1.40 

CHEVRON 148.38 1.26 VERIZON 77.79 1.35 

AT&T  143.59 1.22 PFIZER 122.85 1.30 

CISCO SYSTEMS 132.27 1.12 PROCTER & GAMBLE 175.93 1.15 

PFIZER 122.85 1.04 WELLS FARGO 149.48 1.12 

GOOGLE 119.27 1.01 GOLDMAN SACHS 74.26 1.02 

INTEL 119.18 1.01 JOHNSON & JOHNSON 160.8 1.00 

COCA COLA 118.58 1.01 MORGAN STANLEY 37.89 0.99 

CITIGROUP 114.76 0.97 TYCO INTERNATIONAL 17.21 0.77 

ORACLE 113.44 0.96 ALTRIA GROUP 42.26 0.77 
 

      Total          3,201.68       27.10%                    2,544.29             
31.50% 

 
T-test for equal means = 1.76 

P-value = 0.0873 
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Table 10 
Percentage Market capitalisation Holding for a Fund under Variable Costs with Initial Investments of 

$500 million, $1 Billion and $10 Billion 
 

The table shows frequencies of the percentage holdings market capitalisation over the time period for each 
strategy assuming their most realistic rebalancing frequencies, variable transaction costs and initial fund sizes of 
$500 million, $1 billion and $10 billion. 
 

 
$500 million $1 Billion $ 10 Billion 

% Monthly MCWI Annual FI Quarterly EW Monthly MCWI Annual FI Quarterly EW Monthly MCWI 
Annual 

FI 
Quarterly EW 

- - 4,164 19 - 4,164 19 - 4,164 19 

0.25 278,973 271,042 266,980 278,973 267,625 204,156 - 58,458 27,975 

0.5 - 818 9,349 - 3,429 63,041 138,574 80,901 30,452 

0.75 - 72 1,291 - 640 7,301 140,399 59,698 27,473 

1 - 6 503 - 168 1,864 - 32,749 21,640 

1.25 - - 241 - 66 753 - 16,372 19,781 

1.5 - - 139 - 4 510 - 8,908 17,673 

1.75 - - 46 - - 274 - 4,926 17,199 

2 - - 37 - 6 227 - 2,787 16,057 

2.25 - - 24 - - 140 - 1,900 15,066 

2.5 - - 10 - - 108 - 1,084 13,912 

2.75 - - 10 - - 86 - 931 12,520 

3 - - 10 - - 45 - 652 11,228 

3.25 - - - - - 23 - 428 9,470 

3.5 - - - - - 23 - 301 7,402 

3.75 - - 11 - - 14 - 264 5,869 

4 - - 5 - - 22 - 279 4,892 

4.25 - - - - - 12 - 97 3,478 

4.5 - - 1 - - 11 - 99 2,518 

4.75 - - 3 - - 6 - 108 1,993 

5 - - - - - 4 - 147 1,510 

5.25 - - - - - 3 - 92 1,198 

5.5 - - 4 - - 7 - 99 1,089 

5.75 - - 3 - - 10 - 83 923 

6 - - - - - - - 44 681 

6.25 - - 3 - - - - 51 644 

6.5 - - 3 - - - - 79 605 

6.75 - - - - - - - 30 477 

7 - - - - - 1 - 62 424 

7.25 - - 1 - - 5 - 29 340 

7.5 - - - - - 5 - 53 320 

7.75 - - - - - 3 - 50 305 

8 - - - - - 2 - 11 198 

8.25 - - - - - - - 24 212 

8.5 - - - - - - - 15 186 

8.75 - - - - - 1 - 1 166 

9 - - - - - - - 1 150 

9.25 - - - - - - - 13 130 

9.5 - - - - - 3 - 2 109 

9.75 - - - - - - - 22 104 

10 - - - - - - - 13 82 

20 - - - - - 14 - 75 1,719 

30 - - - - - - - - 352 

40 - - - - - 3 - - 69 

50 - - - - - - - - 32 

60 - - - - - - - - 17 

70 - - - - - - - - 6 

80 - - - - - - - - 10 

90 - - - - - - - - 1 

100 - - - - - - - - - 
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Table 11 
Percentage of Four Day Volume for a Fund under Variable Costs with Initial Investments of $500 

million, $1 Billion and $10 Billion 
 

The table shows frequencies of the percentage of the first four days of trading volume required to obtain the 
desired strategy weight over the time period for each strategy assuming their most realistic rebalancing 
frequencies, variable transaction costs and initial fund sizes of $500 million, $1 billion and $10 billion. 
 

 
$500 million $1 Billion $ 10 Billion 

% Monthly MCWI Annual FI Quarterly EW Monthly MCWI Annual FI Quarterly EW Monthly MCWI 
Annual 

FI 
Quarterly EW 

- - 350 - - 350 - - 350 - 

0.25 272,159 11,321 43,823 267,545 7,551 29,971 192,411 1,187 5,045 

0.5 2,280 3,924 15,089 4,618 3,786 13,962 36,717 1,057 4,375 

0.75 982 2,076 8,162 1,417 2,318 8,847 15,030 912 3,724 

1 604 1,336 5,132 864 1,604 6,244 8,187 796 3,326 

1.25 408 877 3,542 552 1,165 4,636 5,133 749 2,900 

1.5 358 679 2,552 428 914 3,504 3,532 654 2,648 

1.75 264 507 1,962 358 757 2,834 2,362 639 2,367 

2 222 433 1,540 246 570 2,291 1,840 593 2,075 

2.25 185 274 1,211 227 491 1,886 1,333 563 2,081 

2.5 144 245 986 182 386 1,634 1,075 451 1,876 

2.75 142 205 857 188 361 1,353 901 453 1,865 

3 102 139 751 166 318 1,198 740 460 1,647 

3.25 87 146 606 138 276 1,083 575 427 1,541 

3.5 82 98 506 126 231 875 511 397 1,573 

3.75 70 110 431 129 239 819 435 402 1,363 

4 48 96 376 94 191 710 364 339 1,334 

4.25 65 66 343 100 157 644 330 378 1,302 

4.5 59 60 355 85 119 568 262 343 1,193 

4.75 43 67 296 80 125 530 241 310 1,146 

5 36 50 247 68 118 449 211 281 1,106 

5.25 39 57 211 76 104 427 198 288 1,069 

5.5 36 45 244 62 99 419 183 262 994 

5.75 23 51 185 58 72 411 149 246 948 

6 32 41 175 44 66 347 159 260 963 

6.25 27 27 161 47 65 315 139 222 836 

6.5 22 36 180 39 82 281 130 220 841 

6.75 22 39 108 45 52 266 125 218 833 

7 30 32 140 37 46 240 108 221 777 

7.25 24 24 137 35 52 234 111 202 790 

7.5 10 29 118 35 59 191 111 193 764 

7.75 14 32 136 17 51 208 109 194 747 

8 7 20 101 31 45 169 91 177 713 

8.25 12 14 89 30 28 174 96 175 697 

8.5 12 23 95 36 38 174 100 175 622 

8.75 16 11 80 30 27 185 91 152 614 

9 13 12 80 30 34 170 76 139 585 

9.25 10 20 78 24 39 135 81 182 611 

9.5 15 16 78 17 24 156 73 127 535 

9.75 10 8 70 21 23 130 75 141 560 

10 7 11 69 16 28 110 66 141 540 

20 149 226 1,316 380 549 2,527 1,580 3,389 13,124 

30 37 62 474 106 165 875 760 1,537 5,965 

40 17 25 232 43 59 439 491 936 3,438 

50 10 7 131 24 37 288 328 522 2,159 

60 6 4 86 14 25 189 239 320 1,579 

70 1 3 45 7 12 121 162 246 1,076 

80 6 2 30 9 13 109 118 202 772 

90 1 4 42 3 3 80 131 129 690 

100 3 1 26 7 4 47 74 110 533 
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Figure 1: Market Capitalization  versus a stocks position in the Russell 1000.  
The market capitalization decreases exponentially, so that the largest 100 stocks have 60% of the indices’ total 
market capitalization.  
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Figure 2: Value of $1 with Zero Transaction Costs under Realistic Rebalancing 
This figure depicts the value of $1 invested in each of the three strategies from June 1987 through to December 
2010 under their most realistic rebalancing frequencies. The rebalancing frequency for the MCWI strategy is 
monthly, quarterly for EWI and annual for the FI strategy. Here the EW returns are statistically significantly 
different to MCWI returns at 5% significance. 
 
 

Figure 3: Value of $1 with Variable Transaction Costs under Realistic Rebalancing and an Initial Fund 
size of $10 Billion 
This figure depicts the value of $1 invested in each of the three strategies from June 1987 through to December 
2010 under their most realistic rebalancing frequencies in an environment with a variable transaction cost and an 
initial fund size of $10 billion. The rebalancing frequency for the MCWI strategy is monthly, quarterly for EWI 
and annual for the FI strategy. Here the EW returns are not statistically significantly different to MCWI returns. 
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(a) Buy Side 

 
(b) Sell Side 

 
Figure 4: Buy and Sell Market Impact 
The figure depicts the percentage market impact incurred depending on the size of the trade and the size decile 
in which the stock fits. Note the nonlinear, concave relation between Trade Size and Market Impact. The market 
impact is most pronounced for the smallest decile. The negative market impact for the sell trades are converted 
into absolute numbers within the model. 
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