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Exploring Techniques in Multi-
Factor Index Construction 
EXECUTIVE SUMMARY 

In multi-factor equity index construction, the decision-making and practical 

implementation can be complex and challenging.  This paper examines the 

range of portfolio construction choices available to those seeking rank-

based, multi-factor approaches, and the relative advantages of each. 

Through back-testing hypothetical portfolios based on the S&P 500®, this 

paper evaluates the following construction choices: top-down versus 

bottom-up; sector-neutral versus sector-agnostic; portfolio concentration; 

weighting scheme; and rebalancing frequency.  To measure the 

effectiveness of each portfolio, a factor efficiency ratio (FER) is proposed, 

which allows investors to gauge their factor purity without having to invoke 

the complexity of a risk model. 

Our paper concludes with key findings, including the following. 

• Sector-neutral portfolios may be more efficient than sector-agnostic. 

• Top-down approaches may dilute exposures but are still efficient. 

• Factor score-based weighting schemes may improve efficiency. 

Exhibit 1: Relationship of Factor Efficiency across Multi-Factor Techniques 

 
All portfolios shown are hypothetical. 
Source: S&P Dow Jones Indices LLC.  Chart is provided for illustrative purposes. 
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INTRODUCTION 

The benefits of diversifying across a multitude of smart beta equity factors 

have been supported and explained in a host of research and literature 1.  

Single-factor indices (quality, value, momentum, low volatility, and small 

size) may reward market participants over the long term, but can be 

notoriously difficult to time over the shorter term.  Multi-factor indices, on 

the other hand, generally forgo the need to time each factor and instead, 

through deliberate diversification, may provide more stable excess return 

outcomes. 

Multi-factor equity investing may be well justif ied in theory; however, there 

are numerous practical portfolio construction choices to consider, each with 

its own advantages and implications.  Without a consensus on the most 

effective multi-factor technique, indices offered in the market have fractured 

into a variety of vastly different methodologies.  Some employ optimization 

and risk models to determine the most effective portfolio based on the 

strategy’s objectives.  Others dismiss the complexity and lack of 

transparency of optimized solutions, instead favoring the relative simplicity 

of rank-based selection rules.  Yet even within this latter realm, the choices 

may appear countless and overwhelming. 

In this paper, we attempt to demystify the range of choices available to 

market participants seeking rank-based, multi-factor approaches.  In doing 

so, we compare the relative advantages of each approach and discover the 

trade-offs between each decision.  Critically, the approaches should be 

measured both on their effectiveness and efficiency in terms of risk. 

Importantly, we do not advise investors which strategic factor allocation 

decisions are the more successful.  Also, testing the robustness of multi-

factor performance across markets and time periods was outside the scope 

of this paper. 

Instead, by testing only one multi-factor combination on the S&P 500, the 

paper’s purpose is only to demonstrate relationships among portfolio 

construction choices.  Our goal is to arm market participants with the 

necessary knowledge to help determine which multi-factor portfolio 

construction techniques are most appropriate for their own investment 

objectives. 

 
1
  See, for example: Innes, Andrew.  “The Merits and Methods of Multi-Factor Investing.”  S&P Dow Jones Indices.  April 2018.  

https://www.spglobal.com/spdji/en/research/article/the-merits-and-methods-of-multi-factor-investing. 
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OVERVIEW OF THE CHOICES AVAILABLE IN THE CONSTRUCTION OF A MULTI-

FACTOR INDEX 

Exhibit 2: Multi-Factor Portfolio Construction Decisions Confronting Asset Managers 

PORTFOLIO CONSTRUCTION 

VARIABLES 
DESCRIPTION CONSIDERATIONS 

SCOPE OF 

THIS PAPER 

Top-Down versus Bottom-Up 

Either combine multiple single-factor 

indices together into an index of indices 
(top-down), or select constituents based 

on their multi-factor attributes to form a 
single index (bottom-up). 

Bottom-up approach may better suit 

concentrated and high factor exposure 
portfolios.  Top-down approach may 

easily allow for more diversified portfolios 
but with potential for factor dilution. 

✔ 

Sector-Neutral versus Sector-
Agnostic 

Either select constituents from each 

sector with the aim of mirroring the 
underlying universe’s sector weights 

(sector-neutral), or select constituents 
from any sector without regard to the 

resultant portfolio’s sector weights 
(sector-agnostic). 

Sector-agnostic may achieve higher 

factor exposures but sector-neutral 
reduces exposure to unintended risks. 

✔ 

Portfolio Concentration and 

Active Share 

Reduce concentration by increasing the 

number of selected stocks and their 
effective weights.  Reduce active share 

by minimizing the difference in the 
strategy’s weights from the underlying 

universe.  

Stock count may be a more intuitive 
selection method, but an active-share 

selection approach may offer more 
control over active risk. 

✔ 

Weighting Scheme  

Weight selected constituents 
proportionally by either their float-

adjusted market capitalization, multi-
factor score, or market cap multiplied by 

score. 

Trade-off between liquidity, active risk, 

and factor exposure. 
✔ 

Rebalancing Frequency 
Reselect and reweight constituents on a 

more or less frequent basis. 

Trade-off between factor decay and 

portfolio turnover. 
✔ 

Optimization 

Employ an optimizer and risk model to 
mathematically determine the portfolio 

that maximizes utility while abiding by 
pre-defined constraints. 

Trade-off between efficiency and 

transparency. 
✖ 

Factor Combinations 
Determine which equity factors the 
strategy should capture and in what 

intended proportions. 

Market participants may look to combine 

factors strategically or tactically with 
different weights assigned to each factor. 

Factor balance can be measured in 
terms of exposure or risk. 

✖ 

Factor Definitions 
Determine the precise definition for 
measuring each equity factor. 

Smart beta practitioners may consider 

diverse financial ratios to define factor 
risk premia.  This paper considers 

standard S&P DJI factor definitions.
2
 

✖ 

Source: S&P Dow Jones Indices LLC.  Table is provided for illustrative purposes.  

 
2
  For more information on the S&P DJI factor definitions of quality, value, and momentum z-scores, please refer to the S&P Quality Indices, 

S&P Enhanced Value Indices, and S&P Momentum Indices methodologies, respectively, at spglobal.com/spdji. 

http://www.spglobal.com/spdji
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BACKGROUND ON THE PORTFOLIO CONSTRUCTION 

CHOICES EXAMINED IN THIS PAPER 

Top-Down versus Bottom-Up 

Top-down multi-factor portfolios are constructed by blending single-factor 

portfolios that target differentiated equity risk premia.  The bottom-up 

approach aims to capture exposure to multiple factors by selecting stocks 

that score high across all of them, on average.  Both pursue the same 

objective: to offer diversified risk premia and achieve smoother 

performance across business cycles. 

An investor aiming to diversify factor risk may adopt a top-down multi-factor 

portfolio construction approach since it allows for easy replication via an 

“index of indices” approach.  It benefits from a more intuitive, transparent, 

and easy replication technique for investors.  On the other hand, 

constructing a multi-factor portfolio via a bottom-up approach requires a 

more intricate assembly of individual factor scores at the stock level in order 

to arrive at a composite score. 

The top-down approach allows for not only a broad strategy, but also for 

more opportunistic allocations.  It also allows for flexible and customizable 

combinations of single factors based on the same set of building blocks in 

order to serve diverse needs.  Additionally, the performance of any top-

down index can be easily attributed to the underlying factor components. 

Contrarily, the bottom-up approach may be inflexible once the methodology 

is crystalized, and hence relies on the design framework to help ride out 

market cycles.  Furthermore, in the bottom-up approach, factor 

performance cannot simply be attributed to underlying single-factor indices; 

a risk model would be required to analyze the risk and return. 

In theory, if factors have low correlations with one another, there could be a 

strong argument to construct a multi-factor portfolio via the top-down 

approach.  However, this approach does not consider factor interactions 

between the different single-factor sleeves that may lead to dilution of 

portfolio-level factor exposures.  Blending standalone single-factor 

portfolios that target a high score for one factor may lead to holding 

securities with low or negative scores in other targeted factors.  These 

securities would cause dilution of the scores of targeted factors within the 

multi-factor portfolio. 

Exhibit 3 helps better understand the dilution of the multi-factor portfolio 

score in the top-down approach. 

Top-down multi-factor 
portfolio construction 
benefits from a more 
intuitive, transparent, 
and easy replication 
technique for investors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The top-down approach 
does not consider factor 
interactions between the 
different single-factor 
sleeves, which may lead 
to dilution of portfolio-
level factor exposures. 
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Exhibit 3: Two-Factor Portfolio Constructed by Selecting the Top 50% of the 
Universe via Bottom-Up and Top-Down Approaches 

 
Source: S&P Dow Jones Indices LLC.  Charts are provided for illustrative purposes.  

In Exhibit 3, regions B and C represent stocks that have high target Factor 

1 scores, whereas regions C and D represent stocks that have high target 

Factor 2 scores.  Region A would rank low on both Factor 1 and Factor 2.  

The bottom-up approach aims to select the top 50% of the stocks with the 

highest cumulative score for Factors 1 and 2.  On the other hand, the top-

down approach selects regions B and C for the single Factor 1 portfolio and 

regions C and D for the single Factor 2 portfolio.  This shows that the top-

down approach is more diversified than the bottom-up approach, but this 

diversification may come at the cost of composite factor score dilution. 

Typically assembled from relatively diversified factor sleeves, top-down 

construction tends to result in portfolios with large effective numbers of 

stocks.  In general, bottom-up construction is often associated with 

concentrated portfolios that subsequently have a higher tracking error and 

a higher portfolio turnover.  But such portfolios may be advantageous if the 

investment objective is to maximize factor exposure, with the expectation 

that it will translate to better performance. 

Sector-Neutral versus Sector-Agnostic 

A sector-agnostic portfolio approach is devoid of any sector constraints in 

its selection.  It only takes the factor score into account in its stock selection 

process.  The sector-neutral approach is more stringent, wherein the stock 

selection is conducted independently in each sector to target a similar 

representation (by weight) in the factor portfolio as in the underlying 

universe. 

The objective of the sector-neutral approach is to control the risk of active 

sector allocations by rescaling the weights of the sectors in the same 

proportions as the underlying index.  Owing to their construction, sector-

neutral factor portfolios tend to have a lower tracking error and a market 

beta closer to 1. 

The top-down approach 
is more diversified than 
the bottom-up approach, 
but this diversification 
may come at the cost of 
composite factor score 
dilution. 
 
 
 
 
 
 
 
 
 
 
Top-down construction 
tends to result in 
portfolios with large 
effective numbers of 
stocks. 
 
 
 
 
 
 
Bottom-up construction 
is often associated with 
concentrated portfolios 
with higher tracking 
error and portfolio 
turnover. 
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Exhibit 4 shows a hypothetical underlying universe with a different stock 

count in each sector.  Sector S3 is the most represented sector in the 

underlying universe but does not necessarily have stocks with the highest 

Factor 1 scores.  A sector-agnostic approach would only call for selecting 

one stock each from sectors S1 and S3 but two stocks from S2, based on 

their high factor scores.  On the other hand, the sector-neutral approach 

has to be mindful of maintaining equivalent representation of each sector in 

the factor portfolio as in the underlying index.  This requires the selection of 

two stocks from sector S3, even though the second stock in S2 has a 

higher factor score.  This leads to a lower weighted average factor score in 

the sector-neutral factor portfolio compared with the sector-agnostic factor 

portfolio.  Therefore, the sector-neutral approach may be expected to 

provide lower returns; however, it may also offer lower tracking error as a 

benefit of mitigating active sector risks. 

Exhibit 4: Comparison of a Two-Factor Bottom-Up versus Top-Down 
Construction Approach 

 
Source: S&P Dow Jones Indices LLC.  Charts are provided for illustrative purposes. 

Selection: Target Weight versus Stock Count 

Target stock count selection (e.g., selecting the top 100-scoring stocks) is 

generally thought of as a more intuitive and easily understandable way of 

constructing portfolios, but it can fall short in terms of managing active risk.  

In one rebalance, the count-based factor portfolio may result in higher 

active risk, whereas in the subsequent rebalance, the selected portfolio 

may be closer to the underlying index, thus demonstrating lower active risk. 

However, a target weight approach (e.g., selecting the top-scoring stocks 

until reaching 25% weight of the underlying universe) affords more control 

over active risk (i.e., tracking error).  Since the targeted active share of the 

resultant portfolio is equal to the remaining untargeted weight (i.e., 1 minus 

target weight), one may estimate the level of relative swing in tracking error 

A sector-agnostic 
portfolio approach is 
devoid of any sector 
constraints in its 
selection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A sector-neutral portfolio 
may offer lower targeted 
factor exposure but also 
offers lower tracking. 
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by changing the active share in the portfolio.  Therefore, employing a target 

weight rule within a multi-factor portfolio is likely to improve the 

predictability and stability of realized tracking error. 

The challenges of targeting weight, as opposed to stock count, originate 

from the uneven nature of stock weights within an index.  For instance, 

selecting relatively few stocks with large weights may be sufficient to reach 

the target, and subsequently there may be low stock diversification.  

Conversely, the target may be unattainable without including the largest 

index weights, forcing the selection into unfavorably low multi-factor scores.  

In some instances, intricate rules may be required to ensure selected 

portfolios are not overly concentrated and stocks are not overweighted 

beyond their tradable capacity.  Additionally, rules may also be necessary 

to prevent significant turnover of constituents from one rebalance to the 

next. 

Weighting Scheme – Market-Cap Weighted versus Factor Score 

Tilting 

After the stock selection process, the next question to address is the 

portfolio weighting scheme.  Due to the correlation between company size 

and liquidity, a market-cap weighting approach results in a portfolio that is 

more liquid than other weighting schemes.  Furthermore, market-cap 

weighting naturally limits the active share of the portfolio, bringing its 

weights more in line with the underlying index, potentially offering lower 

tracking error.  The downside is that this approach may unintendedly 

introduce large-size bias.  On the other hand, choosing an equal-weight 

scheme is likely to introduce small-size bias, which may or may not be 

desirable. 

An alternate approach would suggest weighting the stocks by factor scores, 

which would help tilt exposures toward targeted factors.  However, this may 

entail excessive weight toward tail-end or illiquid stocks, which could pose a 

challenge to many investors. 

A hybrid approach would be to incorporate market-cap and the targeted 

factor score into the weighting scheme.  This helps blend the best of both 

worlds by tilting benchmark weights in the direction of targeted factor 

exposures.  This may help maintain the liquidity profile of the basket while 

not significantly affecting the tracking error or deviation from the underlying 

index. 

In summary, the choice of weighting scheme is driven by the objective of 

the investor.  With all things being equal, market-cap-weighted indices 

would tend to have the highest capacity3 and lowest turnover.  However, 

 
3
  Portfolio capacity may be considered synonymous to the amount of assets that can be invested in a strategy without materially  affecting 

stock ownership or liquidity. 

A market-cap weighting 
approach results in a 
portfolio that is more 
liquid than other 
weighting schemes. 
 
 
 
 
 
 
 
 
 
 
 
Weighting the stocks by 
factor scores helps tilt 
exposures toward 
targeted factors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A hybrid approach helps 
blend the best of both 
worlds by tilting 
benchmark weights in 
the direction of targeted 
factor exposures while 
maintaining the liquidity 
profile. 
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the score-weighted index may have lower capacity and higher turnover.  An 

investor less concerned about portfolio scalability but looking for a more 

aggressive targeted factor exposure would be more likely to employ a 

score-weighted methodology, while those investors who would like to 

reduce active risk would tend to incorporate a market-weighted scheme. 

Rebalance Frequency – Semiannual versus Quarterly 

The compromise that investors face in rebalancing factor portfolios is the 

trade-off between avoiding factor decay (i.e., diminishing factor exposures 

through time) and excessive portfolio turnover.  Quarterly rebalancing 

repositions the portfolios to capture factor opportunities more quickly than 

semiannual rebalancing does.  The hypothesis that drives investors to 

rebalance more frequently is that the higher the portfolio’s active exposure 

to targeted factors, the higher the possibility to capture the risk premia 

associated with the factors.  The disadvantages of more frequent 

rebalances include elevated turnover rates, high transaction costs, 

unfavorable taxation, and more operational complexity. 

Some strategies may require more frequent rebalancing than others.  In 

general, low volatility and small size factor portfolios tend to preserve their 

factor strengths over longer periods of time and typically require less 

frequent rebalancing.  On the other hand, a momentum index may require 

more frequent rebalancing to avoid factor score decay.  As a result, in a 

multi-factor portfolio, the particular combination and balance of factors may 

drive the decision on the rebalancing frequency.  The ultimate goal that the 

investor is looking to achieve is to generate the best returns, net of 

rebalancing fees. 

MEASURING THE EFFECTIVENESS OF PORTFOLIO 

CONSTRUCTION CHOICES 

Varying the construction is likely to lead to different multi-factor portfolio 

outcomes.  The pursuit of high factor exposures may bring unintended 

effects and risks.  Since there are a variety of approaches available to 

arrive at a targeted factor portfolio, a quantif iable metric such as factor 

efficiency can help evaluate different smart beta strategies. 

Academic literature defines factor efficiency ratio in multiple ways.  Hunstad 

and Dekhayser4 (2014) introduced a metric that gauges the amount of 

active risk derived from intentional, desired factor exposure versus active 

risk stemming from unintended, undesired bets.  The ratio is calculated as 

follows: 

 
4
  https://www.top1000funds.com/wp-content/uploads/2014/12/Evaluating-the-efficiency-of-smart-beta-indexes.pdf 
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The risk decomposition 
analysis required to 
calculate the FER relies 
heavily on a 
comprehensive risk 
model. 
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𝐹𝐸𝑅 =
∑ 𝐹𝐶𝑑

𝐴𝑅 −  ∑ 𝐹𝐶𝑑
               (1) 

where 𝐹𝐸𝑅 is the factor efficiency ratio, 𝐹𝐶𝑑 is the active risk contribution of 

𝑑 desired factors, and 𝐴𝑅 is the total active risk of the portfolio with respect 

to the benchmark. 

The FER as calculated by Hunstad and Dekhayser is a viable metric to 

measure the purity of a portfolio’s factor exposure.  However, the risk 

decomposition analysis required to calculate such a ratio does rely heavily 

on a comprehensive risk model.  Many market participants who do not have 

access to such risk models would be at a disadvantage. 

Another technique5 used by market participants simplif ies the calculation by 

making the FER the ratio of intended to unintended factor exposures: 

𝐹𝐸𝑅 =
∑ 𝐹𝐸𝑑

∑ 𝐹𝐸𝑢
                    (2) 

where ∑ 𝐹𝐸𝑑 is the portfolio’s total active exposure to desired (or intended) 

factors and ∑ 𝐹𝐸𝑢 reflects the same for unintended factors.  The underlying 

principle is that a higher exposure to targeted risk premia and lower 

exposure to uncompensated factors may result in higher risk-adjusted 

performance.  Again, portfolios that are more factor “efficient” would 

achieve a higher ratio. 

This simplif ication of the FER to only factor exposures and not to risk 

decomposition assumes that all factor exposures contribute equal and 

uncorrelated risk.  Since there is widespread evidence that this is not the 

case, then arguably this simplif ied ratio has limited use.  Furthermore, since 

the number of unintended factor exposures is unlimited (e.g., fundamental/ 

economic factors, industries, etc.), a risk model is required to identify only 

those that are meaningful in calculating portfolio risk. 

An alternative, more accessible approach to calculating FER may be 

preferable.  One that does not require a risk model, but still accounts for the 

unequal and unorthogonal nature of factor risk.  The proposed FER 

(equation 3) is the ratio of the active factor exposures to the active risk:  

𝐹𝐸𝑅 =
∑ 𝐹𝐸𝑑

𝐴𝑅
                    (3) 

The denominator of this equation—the portfolio’s active risk, which is 

synonymous to the tracking error—is evaluated for the entire back-tested 

period.  The numerator is the average active exposure over the same 

period, using the same factor scores required in the portfolio selection.  

 
5
  https://www.northerntrust.com/documents/white-papers/asset-management/evaluating-the-efficiency-of-smart-beta-indices-a-new-metric.pdf 

Our suggested FER is 
an intuitive empirical 
formula that allows 
investors to gauge the 
factor purity of a smart 
beta portfolio without 
having to invoke the 
need and complexity of 
a risk model. 

https://www.northerntrust.com/documents/white-papers/asset-management/evaluating-the-efficiency-of-smart-beta-indices-a-new-metric.pdf
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This last FER therefore defines the intended active multi-factor exposure 

captured per unit of tracking error.  Since tracking error is comprehensive in 

measuring the contribution of all systematic and idiosyncratic risk, this 

intuitive empirical formula allows investors to gauge the factor purity of a 

smart beta portfolio without having to invoke the complexity of a risk model.  

However, it does have a limitation, which lies in its assumption that each 

unit of targeted multi-factor exposure represents the same active risk 

contribution.  This would be a fair assumption when the portfolios being 

compared target the same factors in similar proportions.  In such cases, the 

inferences from equation 3 would be the same as equation 1, and would 

therefore provide a fair metric to evaluate and compare the efficiency of 

each portfolio construction choice on a relative basis.  It would be unwise to 

use this proposed FER to compare portfolios with differing factor exposure 

targets.  To holistically evaluate multi-factor portfolio construction, market 

participants may want to consider investability along with factor efficiency. 

METHODOLOGIES OF BACK-TESTED PORTFOLIOS 

We discussed in an earlier section that there are multiple levers that a 

manager can control in order to put together a smart beta portfolio.  To 

understand the effect of each of these choices, a total of 116 hypothetical 

back-tests (see Exhibit 5) were constructed to determine the impact of 

various multi-factor portfolio construction techniques on portfolio 

characteristics and performance.  In all cases, back-tests were carried out 

on the hypothetical portfolios based on the S&P 500 universe for a period 

of over 25 years (from March 1995 to May 2020).  Since the purpose of the 

investigation was to explore relationships within portfolio construction and 

not test factor robustness across markets and time horizons, only a single 

market was considered, while ensuring sufficient history to draw informed 

conclusions. 

All multi-factor portfolios equally targeted quality, value, momentum, and 

low volatility.  These factors were chosen to provide a comprehensive 

measure of commonly captured equity risk premia.  Size (as a factor) was 

not chosen due to its intrinsic link with any weighing scheme, making it less 

stable for comparison across portfolios. 

A total of 116 
hypothetical back-tests 
were constructed to 
determine the impact of 
various multi-factor 
portfolio construction 
techniques on portfolio 
characteristics and 
performance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In all cases, back-tests 
were carried out based 
on the S&P 500 
universe for a period of 
over 25 years. 
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Exhibit 5: Back-Tested S&P 500 Multi-Factor Portfolio Construction Methodologies 

SELECTION 
SECTOR 

CONSTRAINT 

TARGET 

ACTIVE 
SHARE 

WEIGHTING 

SCHEME 

REBALANCE 

FREQUENCY 

METHODOLOGY 

DESCRIPTION 

NUMBER OF 

PORTFOLIOS 

Top-Down 

Sector-Agnostic 20% to 80% 

Market Cap 
Semiannual & 

Quarterly 

Equal-weighted 

combination of 
single-factor 

portfolios 

28 Market Cap * Score Quarterly 

Score Quarterly 

Sector-Neutral 20% to 80% 

Market Cap 
Semiannual & 

Quarterly 

28 Market Cap * Score Quarterly 

Score Quarterly 

Bottom-Up 

Sector-Agnostic 20% to 80% 

Market Cap 
Semiannual & 

Quarterly 

Constituents 

selected based on 
multi-factor score 

(i.e., average of 
single-factor 

scores) 

28 Market Cap * Score Quarterly 

Score Quarterly 

Sector-Neutral 20% to 80% 

Market Cap 
Semiannual & 

Quarterly 

28 Market Cap * Score Quarterly 

Score Quarterly 

S&P 500 

Universe 
Sector-Agnostic N.A. 

Market Cap * Score Quarterly 
No selection, only 

reweighting based 

on multi-factor 
score 

2 

Score Quarterly 

S&P 500 

Universe 
Sector-Neutral N.A. 

Market Cap * Score Quarterly 
No selection, only 

reweighting based 

on multi-factor 
score 

2 

Score Quarterly 

All portfolios shown are hypothetical. 

Source: S&P Dow Jones Indices LLC.  S&P 500 universe in the sector-neutral version is tilted within the sectors to ensure concept portfolio’s 
sector weights are equal to the underlying S&P 500.  Table is provided for illustrative purposes. 

RESULTS 

Conclusion 1: Linear Relationship between Multi-Factor Exposure and Active Risk 

The back-tested portfolios demonstrate that increases in active multi-factor exposures were achieved 

by approximately proportional increases in tracking error.  In other words, they were equally efficient.  

Therefore, in theory, there is no optimal choice with respect to the active share of the portfolio and its 

ability to maximize factor exposure per unit of active risk.  Instead, the decision should primarily be 

driven by the risk tolerance of the market participant and their own expectations of factor returns. 

In practice, increasing active share in the portfolio may lead to increasing stock-specific risk, higher 

turnover costs, and less liquidity, which may also have an impact on the decision-making process (see 

Conclusions 4 and 5). 
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Exhibit 6: Tradeoff between Active Factor Exposure and Tracking Error for 
Sector-Agnostic Multi-Factor Portfolios 

 
All portfolios shown are hypothetical. 

Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  
Performance based on total return in USD.  Past performance is no guarantee of future results.  Chart is 

provided for illustrative purposes and reflects hypothetical historical performance.  Please see the 
Performance Disclosure at the end of this document for more information regarding the inherent 

limitations associated with back-tested performance. 

Conclusion 2: Significant Improvement in Factor Efficiency for 

Sector-Neutral Portfolios 

Portfolios constructed with sector neutrality exhibit marked improvement in 

their factor efficiency; i.e., higher multi-factor exposure per unit of tracking 

error compared with sector-agnostic portfolios.  This implies that if one were 

to decompose the active risk of sector-neutral portfolios, one could expect 

higher contribution from the intended factor returns and lower from other 

sources of risk, including sector returns. 

Mitigating sector risk within the portfolio construction process may limit the 

opportunity to capture only the highest-factor-exposed companies, but this 

is more than compensated for by the reduced active risk.  Therefore, 

portfolio practitioners may consider increasing the active share of a sector -

neutral portfolio in order to compensate and provide sufficient factor 

exposure. 

The back-tested 
portfolios demonstrate 
that increases in active 
multi-factor exposures 
were achieved by 
approximately 
proportional increases in 
tracking error. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Portfolios constructed 
with sector neutrality 
exhibit marked 
improvement in their 
factor efficiency. 
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Exhibit 7: Mitigating Active Risk with Sector-Neutral Multi-Factor Portfolios 

 
All portfolios shown are hypothetical. 

Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  
Performance based on total return in USD.  Past performance is no guarantee of future results.  Chart is 

provided for illustrative purposes and reflects hypothetical historical performance.  Please see the 
Performance Disclosure at the end of this document for more information regarding the inherent 

limitations associated with back-tested performance. 

It is important to note that if investors were not sensitive to tracking error 

and instead considered their objectives in an absolute return space, then a 

different conclusion could be reached.  For these investors, rather than 

consider the FER, a different ratio may be more suitable.  In these cases, 

the ratio of the sum of the intended absolute factor exposure to the portfolio 

concentration may be used to measure the effectiveness of the approach.  

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐹𝐸𝑅 =
∑ 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒𝐹𝐸𝑑

𝑃𝑜𝑟𝑡𝑓𝑜𝑙𝑖𝑜 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
                    (4) 

where, ∑ 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒𝐹𝐸𝑑 is the sum of portfolio’s absolute exposures to 

desired factors, and portfolio concentration is calculated as the sum of the 

squared constituent weights. 

Using this approach, sector-agnostic portfolios would be more suitable in 

achieving higher factor exposures at any required level of diversification 

(see Exhibit 8). 

For investors not 
sensitive to tracking 
error and who instead 
considered their 
objectives in an 
absolute return space, a 
different conclusion 
could be reached. 
 
 
 
 
 
 
 
 
For these investors, 
rather than consider the 
FER, a different ratio 
may be more suitable. 
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Exhibit 8: Quantifying Absolute6 Factor Efficiency for Multi-Factor Portfolio 
Construction Choices 

 
All portfolios shown are hypothetical. 

Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  
Average effective number of positions is represented as the inverse of portfolio concentration as 

calculated by the Herfindahl-Hirschman Index
7
.  Performance based on total return in USD.  Past 

performance is no guarantee of future results.  Chart is provided for illustrative purposes and reflects 

hypothetical historical performance.  Please see the Performance Disclosure at the end of this 
document for more information regarding the inherent limitations associated with back-tested 

performance. 

Conclusion 3: Bottom-Up and Top-Down Approaches Are Similarly 

Efficient 

Comparing the back-tested results between bottom-up and top-down multi-

factor approaches shows there is material factor dilution in the latter (see 

Exhibit 9).  However, the lower factor exposures of the top-down portfolios 

are compensated with proportionally lower tracking error.  Therefore, there 

is insufficient evidence to support the belief of lower factor efficiency in top-

down portfolios.  For the most part, the top-down portfolios can be better 

characterized as naturally accessing the lower end of the tracking error 

spectrum due to the inherent diversification brought by combining multiple 

single-factor portfolios. 

 
6
  It is appropriate to compare absolute exposure with concentration, since they are both "absolute" measures that are specific to the portfolio.  

On the other hand, active exposure is better suited for comparison against a rela tive measure such as tracking error, as shown in the other 
charts. 

7
  https://www.econrsa.org/system/files/publications/working_papers/working_paper_666.pdf 

Comparing the back-
tested results between 
bottom-up and top-down 
multi-factor approaches 
shows there is material 
factor dilution in the 
latter. 
 
 
 
 
 
 
 
 
However, the lower 
factor exposures of the 
top-down portfolios are 
compensated with 
proportionally lower 
tracking error. 

https://www.econrsa.org/system/files/publications/working_papers/working_paper_666.pdf
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Exhibit 9: Lowering Active Risk and Targeted Active Factor Exposure with 
Top-Down Multi-Factor Construction Approaches 

 
All portfolios shown are hypothetical. 
Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  

Performance based on total return in USD.  Past performance is no guarantee of future results.  Chart is 
provided for illustrative purposes and reflects hypothetical historical performance.  Please see the 

Performance Disclosure at the end of this document for more information regarding the inherent 
limitations associated with back-tested performance. 

The results highlight that both top-down and bottom-up approaches remain 

viable multi-factor portfolio construction techniques.  Aside from considering 

the practical and theoretical advantages of each, practitioners may also 

wish to consider the impact on turnover of each approach (see Conclusion 

5). 

Conclusion 4: Top-Down Portfolios Can Have More Evenly 

Balanced Factor Exposure 

Ideally, if the intention is to construct a balanced multi-factor portfolio with 

equal allocation (to either single-factor indices or single-factor score within 

the multi-factor score), then the portfolio’s exposures would also be equally 

balanced.  In practice, with rank-based approaches, this is relatively rare, 

and some of the individual factor exposures tend to outweigh the others, 

depending on the factor correlations at each point in time. 

The results highlight that 
both top-down and 
bottom-up approaches 
remain viable multi-
factor portfolio 
construction techniques. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ideally, if the intention is 
to construct a balanced 
multi-factor portfolio with 
equal allocation, then 
the portfolio’s exposures 
would also be equally 
balanced. 
 
 
 
 
 
In practice, with rank-
based approaches, this 
is relatively rare, and 
some of the individual 
factor exposures tend to 
outweigh the others. 
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Exhibit 10: Trend in Factor Imbalance across Portfolio Construction Choices 

 
All portfolios shown are hypothetical. 

Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  
Performance based on total return in USD.  Past performance is no guarantee of future results.  Chart is 

provided for illustrative purposes and reflects hypothetical historical performance.  Please see the 
Performance Disclosure at the end of this document for more information regarding the inherent 

limitations associated with back-tested performance. 

In order to evaluate the active exposure contribution of a given factor (e.g., 

quality), we take the ratio of its active exposure to the total active exposure 

of all four factors (quality, value, momentum, low volatility) for each 

portfolio.  If there was perfect balance, then each of the four factors would 

contribute equally; i.e., 25%.  We can therefore quantify the “factor 

imbalance”8 by measuring how much each factor’s average contribution 

differs from 25%. 

Any given stock is unlikely to have a uniform level of exposure to every 

factor.  By picking stocks that rank high on an average across all factor 

scores, the bottom-up approach creates portfolios that have unequal 

exposure to individual factors.  The observed negative correlation between 

factor exposures (see Exhibit 11) supports this argument.  It is therefore not 

surprising that bottom-up portfolios exhibit higher levels of factor imbalance. 

 
8  𝑓𝑎𝑐𝑡𝑜𝑟 𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 = 𝑠𝑢𝑚 (𝑎𝑏𝑠(𝐶(𝑓) − 0.25)), where C(f) is the average contribution of factor “f” (where f = Q,V,M,L) 

In order to evaluate the 
active exposure 
contribution of a given 
factor, we take the ratio 
of its active exposure to 
the total active exposure 
of all four factors. 
 
 
 
 
 
 
 
 
 
 
 
If there was perfect 
balance, then each of 
the four factors would 
contribute equally; i.e., 
25%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bottom-up portfolios 
exhibit higher levels of 
factor imbalance. 
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Exhibit 11: Factor Exposure Analysis – Bottom-Up versus Top-Down 

ACTIVE 
SHARE 

AVERAGE CORRELATION BETWEEN ACTIVE FACTOR 

EXPOSURES FOR MULTI-FACTOR PORTFOLIOS 

AVERAGE 

OVERLAP (%) 

SECTOR-
AGNOSTIC, 

BOTTOM-UP 

SECTOR-
AGNOSTIC, 

TOP-DOWN 

SECTOR-
NEUTRAL, 

BOTTOM-UP 

SECTOR-
NEUTRAL, 

TOP-DOWN 

SINGLE-
FACTOR 

PORTFOLIOS 

20 -0.124 0.004 -0.041 0.101 84 

30 -0.152 0.048 -0.051 0.117 74 

40 -0.16 0.038 -0.082 0.14 64 

50 -0.182 0.038 -0.123 0.105 53 

60 -0.192 0.062 -0.13 0.08 42 

70 -0.192 0.123 -0.156 0.076 31 

80 -0.206 0.149 -0.172 0.074 21 

All portfolios shown are hypothetical. 

Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  
Performance based on total return in USD.  Past performance is no guarantee of future results.  Table is 

provided for illustrative purposes and reflects hypothetical historical performance.  Please see the 
Performance Disclosure at the end of this document for more information regarding the inherent 

limitations associated with back-tested performance. 

The top-down approach combines silos of stocks with strong exposure to 

each separate factor, and the overlap between these silos decreases with  

increasing concentration (see Exhibit 11).  Consequently, for highly active 

top-down portfolios, the exposure to each factor tends to be dominated by 

the constituents of that factor silo alone.  In addition, the weight per stock is 

smaller (compared with bottom-up), resulting in more balanced exposure. 

Importantly, one may choose to not allocate evenly across factor 

exposures, and instead may wish to allocate strategically or tactically, or 

even incorporate the riskiness of each targeted factor into the decision-

making process.  However, the resultant exposures required to achieve 

such targeted outcomes are likely to still be affected by correlations and 

portfolio construction methods as discussed previously. 

Conclusion 5: Link between Active Multi-Factor Exposure and 

Performance Is Not Straightforward 

In a period of long-term multi-factor outperformance, one might hypothesize 

that exposure to those factors will directly drive a portfolio’s excess returns.  

However, in reality, this assumption is too simplistic.  Correlation between 

active multi-factor exposure and risk-adjusted returns is strongest for those 

approaches that minimize unintended sector and stock-specific risks. 

For highly active top-
down portfolios, the 
exposure to each factor 
tends to be dominated 
by the constituents of 
that factor silo alone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Correlation between 
active multi-factor 
exposure and risk-
adjusted returns is 
strongest for those 
approaches that 
minimize unintended 
sector and stock-
specific risks. 
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Exhibit 12: Performance versus Average Active Multi-Factor Exposure at 
Different Levels of Percent Active Share 

 
All portfolios shown are hypothetical. 
Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  

Performance based on total return in USD.  Past performance is no guarantee of future results.  Chart s 
are provided for illustrative purposes and reflect hypothetical historical performance.  Please see the 

Performance Disclosure at the end of this document for more information regarding the inherent 
limitations associated with back-tested performance. 

Naturally, the top-down approaches that were more diversified with 

relatively low active shares exhibited the strongest relationship between 

exposure and performance.  Bottom-up approaches that sought to 

maximize exposures did so by increasing unintended risks and thereby 

suffered the greatest unpredictability in their returns.  The sector-neutral, 

bottom-up portfolios improved this unpredictability to some degree by 

mitigating sector risk.  However, for highly concentrated sector-neutral, 

bottom-up portfolios, stock-specific risk will likely become more dominant 

and therefore widen the range of possible outcomes.  This highlights the 

degree to which exposure to unintended risks can affect portfolio returns 

even in periods of long-term factor outperformance. 

The top-down 
approaches that were 
more diversified with 
relatively low active 
shares exhibited the 
strongest relationship 
between exposure and 
performance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bottom-up approaches 
that sought to maximize 
exposures did so by 
increasing unintended 
risks and thereby 
suffered the greatest 
unpredictability in their 
returns. 
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Conclusion 6: Turnover Increases with Active Share and Varies 

across Portfolio Construction Choices 

In all of these back-tested portfolios, turnover increased as the active share 

of each portfolio increased.  To achieve higher active multi-factor exposure, 

one would choose a more active strategy and would be expected to accept 

the higher turnover and its associated costs.  The trade-off between factor 

exposure and turnover requires one to delicately balance the expected (and 

possible) returns from factors with the costs of churning the portfolio.  All 

else equal, in markets with higher liquidity and lower trading costs, one may 

favor higher exposures subject to their risk tolerance. 

Exhibit 13: Trade-Off between Portfolio Turnover and Targeted Multi-Factor 
Exposure 

 
All portfolios shown are hypothetical. 
Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  One -
way annualized portfolio turnover presented.  Past performance is no guarantee of future results.  Chart 

is provided for illustrative purposes and reflects hypothetical historical performance.  Please see the 
Performance Disclosure at the end of this document for more information regarding the inherent 

limitations associated with back-tested performance. 

This decision-making process is further complicated by the initial 

construction choice of the portfolio.  Bottom-up portfolios tend to be most 

efficient with respect to turnover.  Meanwhile, top-down approaches have 

relatively higher turnover for the level of multi-factor exposure they attain.  

This may be explained by recognizing that bottom-up portfolios only 

rebalance with the aim of refreshing a single exposure to a combined multi-

factor score, whereas top-down portfolios rebalance independently within 

each single-factor sleeve, which may ultimately lead to inefficient use of 

turnover. 

In all of these back-
tested portfolios, 
turnover increased as 
the active share of each 
portfolio increased. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All else equal, in 
markets with higher 
liquidity and lower 
trading costs, one may 
favor higher exposures 
subject to their risk 
tolerance. 
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Additionally, sector-neutral portfolios experience an additional drag on 
turnover since they must rebalance to maintain factor exposure and sector  

neutrality.  However, the results of the back-tested portfolios show that any 
sector-neutral, bottom-up approach provided more exposure per unit of 

turnover than any top-down approach. 

Conclusion 7: Less Frequent Rebalances Reduce Turnover but 

May Require Higher Active Share 

Independent of any other portfolio choices, turnover can be significantly 

reduced by decreasing the frequency at which the portfolio rebalances.  

The downside to less frequent rebalances is that it allows more time for the 
portfolio’s exposure to the factors to decay.  However, by measuring the 

sustained factor exposure of the portfolio through the entire period, rather 
than just those attained at rebalance, portfolios with differing frequencies 

can be compared more objectively. 

Exhibit 14: Effect of Rebalancing Frequency on Multi-Factor Portfolio 
Turnover and Factor Decay 

 
All portfolios shown are hypothetical. 
Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  One -

way annualized portfolio turnover presented.  Past performance is no guarantee of future results.  
Charts are provided for illustrative purposes and reflect hypothetical historical performance.  Please see 

the Performance Disclosure at the end of this document for more information regarding the inherent 
limitations associated with back-tested performance. 

Independent of any 
other portfolio choices, 
turnover can be 
significantly reduced by 
decreasing the 
frequency at which the 
portfolio rebalances. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The downside to less 
frequent rebalances is 
that it allows more time 
for the portfolio’s 
exposure to the factors 
to decay. 
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In all of these back-tested portfolios, semiannual rebalances resulted in 
lower sustained factor exposures compared with their equivalent quarterly 

rebalanced portfolios.  More importantly, though, is that by increasing the 
active share of a semiannual portfolio, an equivalent sustained factor 

exposure was maintained for considerably lower levels of annualized 

turnover than a quarterly rebalanced portfolio. 

The counterargument to this approach would be to consider the limitations 
associated with more concentrated portfolios, including less liquidity and 

more stock-specific risks (see Conclusion 4).  Additionally, different factor 

exposures naturally decay at different rates, and therefore less frequent 
rebalances can impact the factor balance that has been sustained 

throughout the period. 

Conclusion 8: Incorporating Factor Scores into the Weighting 

Scheme Can Improve Efficiency 

Factor scores can typically be implemented into a weighting scheme in two 

ways: by weighting selected stocks purely in proportion to their multi-factor 
scores, or by tilting the float-adjusted market cap (FMC) weights by the 

same scores.  In all of the back-tested tilted weighting schemes, the 
resultant active multi-factor exposures increased relative to the original 

FMC weighted portfolios. 

Exhibit 15: Targeted Multi-Factor Exposure versus Tracking Error to Study 
the Effect of Weighting Schemes on Multi-Factor Portfolios 

 
All portfolios shown are hypothetical.  The numeric legends assigned to the markers on the chart reflect 
target active share due to constituent selection.  The realized active share may deviate due to tilted 

weighting methodology employed for these hypothetical portfolios. 
Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  Past 

performance is no guarantee of future results.  Chart is provided for illustrative purposes and reflect s 
hypothetical historical performance.  Please see the Performance Disclosure at the end of this 

document for more information regarding the inherent limitations associated with back-tested 
performance. 

In all of these back-
tested portfolios, 
semiannual rebalances 
resulted in lower 
sustained factor 
exposures compared 
with their equivalent 
quarterly rebalanced 
portfolios. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Factor scores can 
typically be 
implemented into a 
weighting scheme in two 
ways… 
 
 
 
 
 
 
 
 
 
 
 
 
…by weighting selected 
stocks purely in 
proportion to their multi-
factor scores, or by 
tilting the float-adjusted 
market cap weights by 
the same scores. 
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The tilting method (FMC x score) retains some degree of market-cap 

weighting and therefore was more efficient in terms of exposure per unit of 

active risk.  The efficiency gain was evident for both sector-neutral and 

sector-agnostic portfolios at all levels of active share. 

For the score-weighted method, it appears that efficiency only improved in 

high active share portfolios.  In low active share portfolios, score weighting 

dramatically deviated weight from the benchmark index’s FMC weights, 

resulting in large increases in tracking error.  This method may also be 

more susceptible to liquidity concerns, since the portfolio weights are not 

related to the size or liquidity of the companies.  This can, of course, be 

controlled by careful rules to limit the weight of individual companies, but it 

may still affect the potential capacity and cost of executing the portfolio. 

Limitations of Rank-Based Approaches 

Rank-based approaches do tend to achieve the intended objective of 

obtaining exposures toward targeted factors.  But consequently, as a result 

of factor score correlations, they also inherit untargeted or dilutive factor 

exposures.  A sector-neutral framework can be helpful to control sector risk, 

but not correlated factor exposures.  These stray factor exposures may 

result in the performance deviating from an investor’s expectations, thus 

leading to unintended risk/return characteristics. 

Additionally, rank-based strategies, even in bottom-up approaches, allow 

for limited control over targeted factor balance.  It is possible that the 

exposure of one intended factor dilutes or overshadows another.  This can 

be addressed to some extent within the strategic allocation of targeted 

weights to each factor.  However, the correlations and associated risks of 

each factor may differ over the long and short term.  Therefore, investors 

looking to perfectly balance factor exposures or risk contributions may find 

it challenging to do so using this approach. 

Portfolio turnover at each rebalance can be controlled within a rank-based 

methodology, but with unconstrained outcomes.  Portfolio construction 

choices may limit the degree of expected turnover, but they cannot explicitly 

manage turnover without an optimizer-based solution. 

Practitioners of a rank-based construction approach may also be wary of 

uncontrolled active risk or tracking error.  One may expect higher 

contribution from stock specific risk over the long run as compared with an 

optimized portfolio designed with a risk control framework.  However, as 

discussed, the transparency of the portfolio selection may be sacrificed as a 

result. 

The tilting method (FMC 
x score) retains some 
degree of market-cap 
weighting and therefore 
was more efficient in 
terms of exposure per 
unit of active risk. 
 
 
 
 
For the score-weighted 
method, it appears that 
efficiency only improved 
in high active share 
portfolios. 
 
 
 
 
 
 
A sector-neutral 
framework can be 
helpful to control sector 
risk, but not correlated 
factor exposures. 
 
 
 
 
 
Additionally, rank-based 
strategies, even in 
bottom-up approaches, 
allow for limited control 
over targeted factor 
balance. 
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Further Investigation 

Suggestions for subsequent research primarily revolve around those 

elements of the multi-factor construction choices (within Exhibit 2) that were 

not considered in scope for this paper.  These suggestions include the 

following. 

• Incorporating optimization constraints into the portfolio construction 

process, such as: 

o Constraining tracking error and untargeted factors using a risk 

model and an optimizer; 

o Targeting a specified level of factor exposure balance or risk 

contribution; and 

o Limiting portfolio turnover and asset-level turnover based on 

liquidity. 

• Examining the impact of dif ferent factor definitions and factor 

combinations on the observed outcomes. 

• Using risk models to decompose and compare risk at the portfolio 

level, to determine the relative factor efficiency of rank-based 

approaches to optimized solutions. 

Summary of Conclusions 

The comprehensive back-tests across various rank-based, multi-factor 

portfolio techniques based on the S&P 500 highlight the inherent 

relationships and trade-offs among the choices. 

The results show that there was a direct linear relationship between active 

risk and factor exposure, and therefore there may be no optimal point at 

which exposure is maximized when determining the “activeness” of the 

portfolio.  Instead, this decision can only be made after considering the 

market participant’s risk tolerance and factor return expectations. 

The back-tests show that sector-neutral portfolios may be more efficient at 

capturing factor exposure per unit of active risk.  However, one may not 

favor this approach if they have absolute risk/return-based objectives. 

In terms of the balance between factor exposures, all rank-based 

approaches tested were susceptible to the effect of factor correlations.  

However, for top-down portfolios, factor correlation became less prominent 

at higher concentration, resulting in lower levels of factor imbalance. 

The conclusion on top-down versus bottom-up approaches is that both 

methods remain viable options for many investors, each with different 

practical and theoretical advantages.  While factor dilution may be present 

in top-down approaches, the tracking error reductions provide 

compensation. 

Suggestions for further 
research include 
incorporating 
optimization 
constraints… 
 
 
 
 
 
… examining the impact 
of different factor 
definitions and factor 
combinations… 
 
 
 
 
…and using risk 
models. 
 
 
 
 
 
 
The back-tests on the 
S&P 500 highlight the 
inherent relationships 
and trade-offs among 
the choices in multi-
factor indices. 
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High multi-factor exposure did not always translate into the highest excess 

return outcomes, even within periods of factor outperformance.  Exposure 

to unintended risks, such as sector and stock specific, may offset any gains 

and widen the range of possible outcomes. 

Turnover increased with active share and therefore became a competing 

element in the quest to maximize factor exposure—balancing possible 

factor return expectations with known trading costs.  Bottom-up approaches 

were much more efficient with respect to turnover since they did not have 

multiple factor sleeves to rebalance independently like their top-down 

counterparts.  All else equal, sector-neutral portfolios incurred additional 

turnover as a result of having to rebalance the portfolios to maintain sector  

neutrality in addition to refreshing factor exposures. 

Reducing the rebalance frequency from quarterly to semiannual can reduce 

turnover and its associated costs.  The downside is the reduction in 

sustained factor exposure as a result of allowing more factor decay 

between rebalances. 

The back-tests show that deviating from simple FMC weighting schemes to 

those incorporating multi-factors scores can have its merits.  Not only can 

multi-factor exposure be potentially improved, but also the efficiency of the 

exposure per unit of active risk can be improved when tilting FMC weights 

with factor scores.  However, purely score weighting is not always effective 

and may be more susceptible to liquidity issues, since the final weights do 

not bear any relation to the size or liquidity of the company. 

In summary, the evidence shows that there is no single solution that is most 

applicable to all.  Instead, there is a complex decision-making process for 

each individual that depends on their own circumstances.  The individual’s 

risk tolerance, tracking error aversion, factor return expectations, trading 

cost assumptions, and portfolio liquidity and capacity requirements should 

all be considered.  However, only through better understanding of the 

relationships and trade-offs of each portfolio construction choice can the 

most informed and appropriate decision be made. 

The evidence shows 
that there is no single 
solution that is most 
applicable to all. 
 
 
 
 
 
 
 
 
 
The individual’s risk 
tolerance, tracking error 
aversion, factor return 
expectations, trading 
cost assumptions, and 
portfolio liquidity and 
capacity requirements 
should all be 
considered. 
 
 
 
 
 
 
 
 
 
 
Only through better 
understanding of the 
relationships and trade-
offs of each portfolio 
construction choice can 
the most informed and 
appropriate decision be 
made. 
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APPENDIX 

Appendix 1: Top-Down, Sector-Agnostic Portfolios – Market-Cap Weighted 

PERFORMANCE CHARACTERISITICS 
TARGET ACTIVE SHARE 

20% 30% 40% 50% 60% 70% 80% 

Annualized Return (%) 10.0 10.1 10.2 10.3 10.6 10.8 11.1 

Annualized Volatility (%) 18.5 18.3 18.2 18.1 18.0 18.0 18.1 

Risk-Adjusted Return 0.54 0.55 0.56 0.57 0.59 0.60 0.61 

Excess Return (%) 0.5 0.6 0.7 0.8 1.0 1.2 1.6 

Tracking Error (%) 1.9 2.2 2.6 2.8 3.0 3.2 3.5 

Information Ratio 0.26 0.25 0.26 0.29 0.34 0.39 0.46 

PORTFOLIO CHARACTERISITICS 

Average Stock Count 494 488 479 463 435 388 312 

Average Portfolio Concentration (%) 0.93 0.97 1.02 1.06 1.15 1.26 1.49 

Average Effective Number of Positions 110 105 101 96 89 82 71 

Annualized Turnover (Quarterly, %) 34.8 41.1 47.8 55.0 63.3 76.0 92.0 

Annualized Turnover (Semiannual, %) 24.1 28.6 33.0 38.2 43.7 52.9 63.5 

FACTOR EXPOSURES AND BALANCE OF FACTOR CONTRIBUTIONS 

Factor Exposure (Active) 0.15 0.19 0.24 0.28 0.33 0.38 0.44 

Factor Exposure (Absolute) 0.30 0.34 0.38 0.43 0.47 0.53 0.59 

Quality Factor Contribution (%) 31.2 29.6 28.2 26.8 24.1 23.6 22.0 

Value Factor Contribution (%) 12.1 13.1 14.6 14.9 16.4 16.4 18.3 

Momentum Factor Contribution (%) 13.7 15.5 17.3 19.4 21.1 23.2 27.6 

Volatility (Low) Factor Contribution (%) 43.0 41.7 39.9 39.0 38.4 36.8 32.0 

Average Sustained Factor Exposure (Quarterly) 0.28 0.33 0.37 0.41 0.45 0.50 0.56 

Average Sustained Factor Exposure (Semiannual) 0.26 0.30 0.34 0.38 0.42 0.46 0.51 

FER 8.1 8.7 9.2 10.0 10.8 11.8 12.7 

All portfolios shown are hypothetical. 
Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  Performance based on total return in USD.  

Past performance is no guarantee of future results.  Table is provided for illustrative purposes and reflects hypothetical historical performance.  
Please see the Performance Disclosure at the end of this document for more information regarding the inherent limitations associated with 

back-tested performance. 
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Appendix 2: Top-Down, Sector-Neutral Portfolios – Market-Cap Weighted 

PERFORMANCE CHARACTERISITICS 
TARGET ACTIVE SHARE 

20% 30% 40% 50% 60% 70% 80% 

Annualized Return (%) 10.0 10.0 10.0 10.1 10.4 10.6 10.9 

Annualized Volatility (%) 18.9 18.8 18.6 18.6 18.5 18.4 18.4 

Risk-Adjusted Return 0.53 0.53 0.54 0.54 0.56 0.58 0.59 

Excess Return (%) 0.4 0.4 0.5 0.6 0.9 1.1 1.4 

Tracking Error (%) 1.1 1.3 1.6 1.7 1.9 2.2 2.7 

Information Ratio 0.37 0.33 0.31 0.34 0.47 0.50 0.50 

PORTFOLIO CHARACTERISITICS 

Average Stock Count 492 486 477 464 441 400 337 

Average Portfolio Concentration (%) 0.97 1.00 1.02 1.03 1.04 1.06 1.11 

Average Effective Number of Positions 105 101 99 99 98 97 93 

Annualized Turnover (Quarterly, %) 35.8 43.1 51.2 60.3 71.4 88.7 108.2 

Annualized Turnover (Semiannual, %) 24.7 29.5 34.8 40.6 48.1 58.7 71.0 

FACTOR EXPOSURES AND BALANCE OF FACTOR CONTRIBUTIONS 

Factor Exposure (Active) 0.14 0.18 0.22 0.25 0.29 0.33 0.37 

Factor Exposure (Absolute) 0.29 0.33 0.37 0.40 0.43 0.48 0.52 

Quality Factor Contribution (%) 35.1 35.3 35.1 34.0 33.0 31.5 29.4 

Value Factor Contribution (%) 9.6 10.8 12.1 14.6 16.1 19.5 24.1 

Momentum Factor Contribution (%) 14.7 14.9 16.1 18.4 20.9 23.9 28.9 

Volatility (Low) Factor Contribution (%) 40.6 38.9 36.7 33.0 30.1 25.1 17.6 

Average Sustained Factor Exposure (Quarterly) 0.27 0.31 0.35 0.38 0.41 0.45 0.50 

Average Sustained Factor Exposure (Semiannual) 0.25 0.29 0.32 0.35 0.38 0.42 0.46 

FER 12.6 13.5 14.1 14.7 15.1 14.8 13.6 

All portfolios shown are hypothetical. 

Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  Performance based on total return in USD.  
Past performance is no guarantee of future results.  Table is provided for illustrative purposes and reflects hypothetical historical performance.  

Please see the Performance Disclosure at the end of this document for more information regarding the inherent limitations associated with 
back-tested performance. 
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Appendix 3: Bottom-Up, Sector-Agnostic Portfolios – Market-Cap Weighted 

PERFORMANCE CHARACTERISITICS 
TARGET ACTIVE SHARE 

20% 30% 40% 50% 60% 70% 80% 

Annualized Return (%) 10.7 10.7 10.5 10.5 10.3 10.5 10.3 

Annualized Volatility (%) 18.2 17.8 17.4 17.1 16.8 16.5 16.5 

Risk-Adjusted Return 0.59 0.60 0.60 0.61 0.62 0.63 0.62 

Excess Return (%) 1.2 1.2 1.0 0.9 0.8 0.9 0.7 

Tracking Error (%) 2.8 3.6 4.4 5.4 6.2 7.1 8.3 

Information Ratio 0.42 0.32 0.22 0.17 0.12 0.13 0.09 

PORTFOLIO CHARACTERISITICS 

Average Stock Count 364 316 267 222 177 131 88 

Average Portfolio Concentration (%) 1.09 1.24 1.46 1.75 2.24 3.08 4.69 

Average Effective Number of Positions 94 82 70 59 47 35 24 

Annualized Turnover (Quarterly, %) 41.1 50.7 61.8 73.9 87.3 102.4 123.1 

Annualized Turnover (Semiannual, %) 30.0 37.3 44.6 53.8 62.4 72.7 86.2 

FACTOR EXPOSURES AND BALANCE OF FACTOR CONTRIBUTIONS 

Factor Exposure (Active) 0.30 0.41 0.51 0.61 0.72 0.85 1.00 

Factor Exposure (Absolute) 0.44 0.55 0.66 0.76 0.87 1.00 1.15 

Quality Factor Contribution (%) 32.6 32.4 33.2 32.6 32.4 30.8 28.9 

Value Factor Contribution (%) 14.4 14.2 13.3 12.8 12.7 12.6 13.7 

Momentum Factor Contribution (%) 16.5 16.8 16.9 16.6 16.6 16.8 16.9 

Volatility (Low) Factor Contribution (%) 36.5 36.6 36.6 38.0 38.4 39.9 40.4 

Average Sustained Factor Exposure (Quarterly) 0.43 0.53 0.64 0.74 0.84 0.96 1.11 

Average Sustained Factor Exposure (Semiannual) 0.40 0.50 0.59 0.69 0.79 0.90 1.04 

FER 10.7 11.3 11.5 11.4 11.6 11.9 12.0 

All portfolios shown are hypothetical. 

Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  Performance based on total return in USD.  
Past performance is no guarantee of future results.  Table is provided for illustrative purposes and reflects hypothetical historical performance.  

Please see the Performance Disclosure at the end of this document for more information regarding the inherent limitations associated with 
back-tested performance. 
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Appendix 4: Bottom-Up, Sector-Neutral Portfolios – Market-Cap Weighted 

PERFORMANCE CHARACTERISITICS 
TARGET ACTIVE SHARE 

20% 30% 40% 50% 60% 70% 80% 

Annualized Return (%) 10.2 10.3 10.4 10.5 10.7 11.2 10.7 

Annualized Volatility (%) 18.8 18.6 18.3 18.0 17.8 17.7 17.4 

Risk-Adjusted Return 0.54 0.56 0.57 0.58 0.60 0.63 0.62 

Excess Return (%) 0.7 0.8 0.9 0.9 1.1 1.7 1.2 

Tracking Error (%) 1.6 2.0 2.6 3.1 3.6 4.3 5.2 

Information Ratio 0.42 0.38 0.35 0.30 0.31 0.40 0.22 

PORTFOLIO CHARACTERISITICS 

Average Stock Count 361 315 271 227 185 144 102 

Average Portfolio Concentration (%) 1.08 1.22 1.43 1.72 2.12 2.63 3.52 

Average Effective Number of Positions 94 83 71 60 49 40 30 

Annualized Turnover (Quarterly, %) 44.6 56.9 67.4 83.8 100.6 124.7 153.7 

Annualized Turnover (Semiannual, %) 31.7 41.0 49.3 59.8 71.1 84.0 99.4 

FACTOR EXPOSURES AND BALANCE OF FACTOR CONTRIBUTIONS 

Factor Exposure (Active) 0.26 0.35 0.44 0.53 0.63 0.74 0.87 

Factor Exposure (Absolute) 0.41 0.50 0.59 0.68 0.77 0.89 1.02 

Quality Factor Contribution (%) 36.8 37.4 37.9 36.9 36.2 34.5 33.3 

Value Factor Contribution (%) 12.3 11.8 12.1 12.3 12.6 14.2 16.8 

Momentum Factor Contribution (%) 17.8 18.2 17.4 18.0 18.6 19.8 20.2 

Volatility (Low) Factor Contribution (%) 33.1 32.6 32.6 32.8 32.6 31.6 29.7 

Average Sustained Factor Exposure (Quarterly) 0.39 0.48 0.57 0.66 0.75 0.86 0.99 

Average Sustained Factor Exposure (Semiannual) 0.36 0.44 0.53 0.61 0.70 0.79 0.91 

FER 16.5 17.2 17.1 17.1 17.5 17.3 16.8 

All portfolios shown are hypothetical. 

Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  Performance based on total return in USD.  
Past performance is no guarantee of future results.  Table is provided for illustrative purposes and reflects hypothetical historical performance.  

Please see the Performance Disclosure at the end of this document for more information regarding the inherent limitations associated with 
back-tested performance. 

Appendix 5: Bottom-Up Sector-Agnostic Portfolios – Market Cap * Factor Score Tilted 

PERFORMANCE 
CHARACTERISITICS 

TARGET ACTIVE SHARE TILTED 
BENCHMARK 20% 30% 40% 50% 60% 70% 80% 

Annualized Return (%) 10.7 10.6 10.5 10.6 10.2 10.3 10.3 10.3 

Annualized Volatility (%) 17.5 17.2 17.0 16.8 16.6 16.4 16.4 17.9 

Risk-Adjusted Return 0.61 0.62 0.62 0.63 0.61 0.63 0.63 0.58 

Excess Return (%) 1.1 1.1 0.9 1.0 0.6 0.7 0.7 0.8 

Tracking Error (%) 4.0 4.6 5.2 5.8 6.6 7.4 8.3 3.1 

Information Ratio 0.28 0.23 0.18 0.18 0.09 0.10 0.09 0.25 

Factor Exposure (Active) 0.53 0.60 0.67 0.74 0.83 0.94 1.07 0.41 

All portfolios shown are hypothetical. 
Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  Performance based on total return in USD.  

Past performance is no guarantee of future results.  Table is provided for illustrative purposes and reflec ts hypothetical historical performance.  
Please see the Performance Disclosure at the end of this document for more information regarding the inherent limitations associated with 

back-tested performance. 
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Appendix 6: Bottom-Up Sector-Agnostic Portfolios – Score Tilted 

PERFORMANCE 

CHARACTERISITICS 

TARGET ACTIVE SHARE TILTED 

BENCHMARK 20% 30% 40% 50% 60% 70% 80% 

Annualized Return (%) 11.6 11.5 11.4 11.3 10.9 10.8 11.2 11.4 

Annualized Volatility (%) 17.7 17.5 17.2 16.9 16.7 16.5 16.2 18.4 

Risk-Adjusted Return 0.65 0.66 0.67 0.67 0.66 0.66 0.69 0.62 

Excess Return (%) 2.0 1.9 1.9 1.7 1.4 1.3 1.6 1.8 

Tracking Error (%) 5.6 5.8 6.2 6.5 7.0 7.5 8.3 5.0 

Information Ratio 0.36 0.34 0.31 0.26 0.20 0.17 0.19 0.36 

Factor Exposure (Active) 0.54 0.61 0.69 0.78 0.87 0.99 1.13 0.36 

All portfolios shown are hypothetical. 
Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  Performance based on total return in USD.  

Past performance is no guarantee of future results.  Table is provided for illustrative purposes and reflects hypothetical historical performance.  
Please see the Performance Disclosure at the end of this document for more information regarding the inherent limitations associated with 

back-tested performance. 

Appendix 7: Bottom-Up Sector Neutral Portfolios – Market Cap * Factor Score Tilted 

PERFORMANCE 

CHARACTERISITICS 

TARGET ACTIVE SHARE TILTED 

BENCHMARK 20% 30% 40% 50% 60% 70% 80% 

Annualized Return (%) 10.4 10.4 10.5 10.5 10.7 10.6 10.7 10.1 

Annualized Volatility (%) 18.4 18.3 18.1 17.9 17.8 17.7 17.5 18.7 

Risk-Adjusted Return 0.56 0.57 0.58 0.59 0.60 0.60 0.61 0.54 

Excess Return (%) 0.8 0.8 1.0 1.0 1.1 1.0 1.1 0.6 

Tracking Error (%) 2.1 2.4 2.8 3.2 3.7 4.2 4.9 1.6 

Information Ratio 0.40 0.34 0.34 0.30 0.31 0.24 0.23 0.35 

Factor Exposure (Active) 0.43 0.49 0.55 0.61 0.68 0.76 0.87 0.33 

All portfolios shown are hypothetical.  
Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  Performance based on total return in USD.  

Past performance is no guarantee of future results.  Table is provided for illustrative purposes and reflects hypothetical historical performance.  
Please see the Performance Disclosure at the end of this document for more information regarding the inherent limitations associated with 

back-tested performance.  

Appendix 8: Bottom-Up Sector Neutral Portfolios – Score Tilted 

PERFORMANCE 

CHARACTERISITICS 

TARGET ACTIVE SHARE TILTED 

BENCHMARK 20% 30% 40% 50% 60% 70% 80% 

Annualized Return (%) 12.0 11.9 11.9 11.9 11.9 11.9 11.7 11.5 

Annualized Volatility (%) 18.8 18.6 18.4 18.2 18.0 17.8 17.6 19.3 

Risk-Adjusted Return 0.64 0.64 0.65 0.66 0.66 0.67 0.66 0.60 

Excess Return (%) 2.4 2.4 2.4 2.4 2.3 2.3 2.1 2.0 

Tracking Error (%) 3.4 3.5 3.7 3.9 4.2 4.6 5.1 3.4 

Information Ratio 0.71 0.68 0.64 0.61 0.55 0.51 0.41 0.58 

Factor Exposure (Active) 0.46 0.53 0.60 0.68 0.76 0.84 0.95 0.26 

All portfolios shown are hypothetical.  

Source: S&P Dow Jones Indices LLC and FactSet.  Data from March 17, 1995, to May 29, 2020.  Performance based on total return in USD.  
Past performance is no guarantee of future results.  Table is provided for illustrative purposes and reflects hypothetical historical performance.  

Please see the Performance Disclosure at the end of this document for more information regarding the inherent limitations associated with 
back-tested performance. 
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PERFORMANCE DISCLOSURE/BACK-TESTED DATA 

All information presented prior to an index’s Launch Date is hypothetical (back-tested), not actual performance. The back-test calculations are 

based on the same methodology that was in effect on the index Launch Date. However, when creating back-tested history for periods of 
market anomalies or other periods that do not reflect the general current market environment, index methodology rules may be relaxed to 

capture a large enough universe of securities to simulate the target market the index is designed to measure or strategy the index is designed 
to capture. For example, market capitalization and liquidity thresholds may be reduced. Complete index methodology details are available at 

www.spdji.com. Past performance of the Index is not an indication of future results. Back-tested performance reflects application of an index 
methodology and selection of index constituents with the benefit of hindsight and knowledge of factors that may have  positively affected its 

performance, cannot account for all financial risk that may affect results and may be considered to reflect survivor/look ahead bias. Actual 
returns may differ significantly from, and be lower than, back-tested returns. Past performance is not an indication or guarantee of future 

results. Please refer to the methodology for the Index for more details about the index, including the manner in which it is rebalanced, the 
timing of such rebalancing, criteria for additions and deletions, as well as all index calculations. Back-tested performance is for use with 

institutions only; not for use with retail investors. 

S&P Dow Jones Indices defines various dates to assist our clients in providing transparency. The First Value Date is the firs t day for which 

there is a calculated value (either live or back-tested) for a given index. The Base Date is the date at which the index is set to a fixed value for 
calculation purposes. The Launch Date designates the date when the values of an index are first considered live: index values provided for 

any date or time period prior to the index’s Launch Date are considered back-tested. S&P Dow Jones Indices defines the Launch Date as the 
date by which the values of an index are known to have been released to  the public, for example via the company’s public website or its data 

feed to external parties. For Dow Jones-branded indices introduced prior to May 31, 2013, the Launch Date (which prior to May 31, 2013, was 
termed “Date of introduction”) is set at a date upon which no further changes were permitted to be made to the index methodology, but that 

may have been prior to the Index’s public release date. 

Typically, when S&P DJI creates back-tested index data, S&P DJI uses actual historical constituent-level data (e.g., historical price, market 

capitalization, and corporate action data) in its calculations. As ESG investing is still in early stages of development, certain datapoints used to 
calculate S&P DJI’s ESG indices may not be available for the entire desired period of back-tested history. The same data availability issue 

could be true for other indices as well. In cases when actual data is not available for all relevant historical periods, S&P DJI may employ a 
process of using “Backward Data Assumption” (or pulling back) of ESG data for the calculation of back-tested historical performance. 

“Backward Data Assumption” is a process that applies the earliest actual live data point available for an index constituent company to all prior 
historical instances in the index performance. For example, Backward Data Assumption inherently assumes that companies currently not 

involved in a specific business activity (also known as “product involvement”) were never involved historically and similarly  also assumes that 
companies currently involved in a specific business activity were involved historically too. The Backward Data Assumption allows  the 

hypothetical back-test to be extended over more historical years than would be feasible using only actual data. For more information on 
“Backward Data Assumption” please refer to the FAQ. The methodology and factsheets of any index that employs backward assumpt ion in the 
back-tested history will explicitly state so. The methodology will include an Appendix with a table setting fo rth the specific data points and 

relevant time period for which backward projected data was used.  

Index returns shown do not represent the results of actual trading of investable assets/securities. S&P Dow Jones Indices maintains the index 

and calculates the index levels and performance shown or discussed but does not manage actual assets. Index returns do not reflect payment 
of any sales charges or fees an investor may pay to purchase the securities underlying the Index or investment funds that are  intended to 

track the performance of the Index. The imposition of these fees and charges would cause actual and back-tested performance of the 
securities/fund to be lower than the Index performance shown. As a simple example, if an index returned 10% on a US $10 0,000 investment 

for a 12-month period (or US $10,000) and an actual asset-based fee of 1.5% was imposed at the end of the period on the investment plus 
accrued interest (or US $1,650), the net return would be 8.35% (or US $8,350) for the year. Over a thre e-year period, an annual 1.5% fee 

taken at year end with an assumed 10% return per year would result in a cumulative gross return of 33.10%, a total fee of US $5,375, and a 
cumulative net return of 27.2% (or US $27,200). 
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GENERAL DISCLAIMER 

Copyright © 2021 S&P Dow Jones Indices LLC. All rights reserved. S&P, S&P 500, S&P 500 LOW VOLATILITY INDEX, S&P 100, S&P 

COMPOSITE 1500, S&P MIDCAP 400, S&P SMALLCAP 600, SELECT SECTOR, S&P GIVI, GLOBAL TITANS, DIVIDEND ARISTOCRATS, 
S&P TARGET DATE INDICES, S&P PRISM, S&P STRIDE, GICS, SPIVA, SPDR and INDEXOLOGY are registered trademarks of Standard & 

Poor’s Financial Services LLC, a division of S&P Global (“S&P”). DOW JONES, DJ, DJIA, The Dow and DOW JONES INDUSTRIAL 
AVERAGE are registered trademarks of Dow Jones Trademark Holdings LLC (“Dow Jones”). These trademarks together with others ha ve 

been licensed to S&P Dow Jones Indices LLC. Redistribution or reproduction in whole or in part are prohibited without written permission of 
S&P Dow Jones Indices LLC. This document does not constitute an offer of services in jurisdictions where S&P Dow Jones Indices LLC, S&P, 

Dow Jones or their respective affiliates (collectively “S&P Dow Jones Indices”) do not have the necessary licenses. Except for certain custom 
index calculation services, all information provided by S&P Dow Jones Indices is impersonal and not tailored to the needs of any person, entity 

or group of persons. S&P Dow Jones Indices receives compensation in connection with licensing its indices to third parties and providing 
custom calculation services. Past performance of an index is not an indication or guarantee of future results.  

It is not possible to invest directly in an index. Exposure to an asset class represented by an index may be available through investable 

instruments based on that index. S&P Dow Jones Indices does not sponsor, endorse, sell, promote or manage any investme nt fund or other 
investment vehicle that is offered by third parties and that seeks to provide an investment return based on the performance o f any index. S&P 

Dow Jones Indices makes no assurance that investment products based on the index will accurately track index performance or provide 
positive investment returns. S&P Dow Jones Indices LLC is not an investment advisor, and S&P Dow Jones Indices makes no repre sentation 

regarding the advisability of investing in any such investment fund or other investment vehicle. A decision to invest in any such investment 
fund or other investment vehicle should not be made in reliance on any of the statements set forth in this document. Prospect ive investors are 

advised to make an investment in any such fund or other vehicle only after carefully considering the risks associated with investing in such 
funds, as detailed in an offering memorandum or similar document that is prepared by or on behalf of the issuer of the invest ment fund or 

other investment product or vehicle. S&P Dow Jones Indices LLC is not a tax advisor. A tax advisor should be consulted to evaluate the 
impact of any tax-exempt securities on portfolios and the tax consequences of making any particular investment decision. Inclusion of a 

security within an index is not a recommendation by S&P Dow Jones Indices to buy, sell, or hold such security, nor is it considered to be 
investment advice. Closing prices for S&P Dow Jones Indices’ US benchmark indices are calculated by S&P Dow Jones Indices based on the 

closing price of the individual constituents of the index as set by their primary exchange. Closing prices are received by S&P Dow Jones 
Indices from one of its third party vendors and verified by comparing them with prices from an alternative vendor. The ven dors receive the 

closing price from the primary exchanges. Real-time intraday prices are calculated similarly without a second verification. 
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WITH ANY SOFTWARE OR HARDWARE CONFIGURATION. In no event shall S&P Dow Jones Indices Parties be liable to any party for any 
direct, indirect, incidental, exemplary, compensatory, punitive, special or consequential damages, costs, expenses, legal fee s, or losses 

(including, without limitation, lost income or lost profits and opportunity costs) in connection with any use of the Content even if advised of the 
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