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 Different Perspective —Our ‘Under the Microscope’ series, introducing topical 
academic research, aims to gain additional insight from the research and to 
investigate the empirical implications we think would be of most interest to market 
practitioners.  

 Standing out from the Crowd— With stock returns becoming increasingly 
synchronous within Europe, diversification opportunities are increasingly hard to 
identify in equities, and monitoring systemic risk has become a central component 
of the investment process. 

 Measuring Systemic Risk — We examine a measure of implied systemic risk, the 
Absorption Ratio - the proportion of total variability explained by a set number of 
principal components. A high Absorption Ratio implies a more codependent 
market and, consequently, a higher level of systemic risk. 

 Our Approach — One part of the original research was the application of the 
Absorption Ratio as a market timing model in the US (Principal Components as a 
Measure of Systemic Risk; Kritzman, Li, Page & Rigobon - 2010) we present 
empirical findings for market timing using the Absorption Ratio in European (and 
other) markets and investigate other pragmatic areas of implementation for the 
methodology. 

 Extending the Analysis — Our findings suggest that the Absorption Ratio certainly 
has some merit as a market timing signal in Europe and we see it as a useful tool 
for identifying market fragility/systemic risk. Additionally, we extend the 
application of the Absorption Ratio to sector timing/rotation. Using the 
methodology within sector at the stock level, we find that Absorption Ratio could 
be used successfully in timing sector rotation.  
 

Chris Montagu 
+44-20-7986-3958 
chris.montagu@citi.com 

Helen H Krause, CFA 
+44-20-7986-8653 
helen.krause@citi.com 

Matthew J Burgess 
+44-20-7986-8325 
matt.burgess@citi.com 

Rahul Jalan 
+44-20-7986-4075 
rahul.jalan@citi.com 

Lingjuan Ma 
+44-20-7986-4104 
lingjuan.ma@citi.com 
  

 

 
 
 
 
 

See Appendix A-1 for Analyst Certification, Important Disclosures and non-US research analyst disclosures. 

 

Equities  



Under the Microscope 
12 November 2010 

 

Citigroup Global Markets 2 
 

 

Contents 
Introduction 3 

The View from Academia: Market Timing & Sector 

Selection 4 

The Absorption Ratio 6 

Does the Absorption Ratio Work? 8 
Market Timing using the Absorption Ratio 9 
Absorption Ratio Signal Decay 13 

Can the Absorption Ratio be used for Sector Selection? 14 

Can the Absorption Ratio Signals be used on a Monthly 

Basis? 20 

Combining the Market Timing and Sector Selection 

Signals 21 

Conclusion 22 

Appendix - ARMT in Other Regions 24 

Appendix – PCA and Absorption Ratio Example 26 

Appendix – References 30 

Appendix A-1 37 



Under the Microscope 
12 November 2010 

 

Citigroup Global Markets 3 
 

The ‘Under the Microscope’ report aims to shed light on the potential benefits 
of ideas that have only very recently been presented in academic papers.  In 
the second edition of our series, we examine a recent working paper from 
Kritzman, Li, Page, and Rigobon (2010) which we discussed in our July 2010 
ARD publication. The title of the paper is: 

“Principal Components as a Measure of Systemic Risk”1 

The research introduces a measure of implied systemic risk, termed the “absorption 
ratio”, which equals the fraction of total variance of a set of asset returns explained 
or “absorbed” by a fixed number of principal components. The authors argue that 
an increase in this ratio indicates an increase in the importance of common 
risk/return driver(s), i.e. a set of common – latent – factors explains a larger 
proportion of total variability, and hence points to an increase in systemic risk.  An 
increase in systemic risk in turn suggests that the entire market becomes more 
fragile, in the sense that negative shocks propagate more quickly and broadly. To 
the extent that the latter conjecture is true, the absorption ratio can be used as a 
market timing signal. This is tested in one of the main experiments undertaken by 
Kritzman, Li, Page, and Rigobon (2010). 

Our analysis focuses on this empirical question too. We examine where the 
absorption ratio can be used as a market timing signal in Europe.  We carry out 
a number of additional tests relative to Kritzman, Li, Page, and Rigobon (2010) 
to test the robustness of the signal. While our base analysis focuses on 24 
industry groups as a representation of the entire market, we are also interested 
in alternative representations, i.e. 16 countries, 10 sectors. Given the 
aggressive nature of the signal we also investigate its decay and whether an 
aggressive rebalance approach can still be effective.   

Moreover we extend the analysis to investigate whether the absorption ratio 
concept can be used from an industry selection perspective. We hypothesize 
that tightly coupled stocks - with the same industry participation - are more 
vulnerable to negative shocks within their industry.  Hence an increase in the 
absorption ratio calculated within industry groups may be an effective industry 
rotation signal.  We investigate several angles of this hypothesis in a research 
framework that best suits the typical equity portfolio manager.  

The results of our analysis can be summarized as follows: 

 The Absorption Ratio Market Timing (ARMT) signal is an effective market 
timing model producing nearly double the return of bonds with comparable 
risk adjusted returns. 

 The decay of the ARMT signal is fairly slow. Lagging the signal or extending 
the holding period still significantly outperforms both holding either equities 
or bonds, offering attractive risk adjusted returns. This also allows for 
effective monthly implementation of the market timing model. 

 Using the Industry Group ARMT signals for sector selection is also fruitful. Both 
suggested implementation models consistently outperform the benchmark. 

 Combining the ARMT signal with the sector selection model further improves 
returns. Although the majority of returns for this combined model appear to 
be driven by the ARMT market timing aspect, it is good to see that overlaying 
the sector selection model provides incremental value. 

                                                           
1 The full paper is available from the SSRN Electronic Paper Collection 
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The Global Financial Crisis of 2007-2009 has created renewed interest in the 
study of the varying correlations of financial assets. Billio et al. (2010) argue 
that increasing correlations, i.e. increased connections and integration as well 
as similarities in risk exposures, contribute to the increase of systemic risk and 
hence to the vulnerability of financial markets to negative shocks. They 
propose a number of measures designed to capture changes in correlation and 
causality among financial institutions (the focus of their study). One of their 
approaches uses Principal Component Analysis (PCA hereafter) and examines 
the time variation in the magnitudes of the eigenvalues of financial institution 
returns’ covariance matrix. They conjecture that increases in eigenvalues 
indicate increases in systemic risk. They conclude that their PCA approach 
provides a broad view of connections and is “…indeed capable of picking up 
periods of market dislocation and distress, and may be used as early warning 
signal…” 

Kritzman et al. (2010) extend this idea to the entire equity market and study 
whether a modified PCA approach can capture the extent to which groups of 
stocks are unified or tightly coupled.  In the former case their analysis would 
suggest that the entire market loads heavily on a common risk factor, hence it 
is more fragile in the sense that negative shocks propagate more quickly and 
broadly. The latter would suggest the contrary. One straightforward empirical 
implication would be to use their measure, termed Absorption Ratio, as a 
market timing signal. A natural extension however in our view would be to 
examine whether the notion of financial fragility also applies within industries.  
The question we posit is what happens when stocks within industries are tightly 
coupled, hence more vulnerable to negative price shocks and how the 
Absorption Ratio concept can be used from an industry rotation perspective. 
Before we develop the relevant hypotheses and predictive models, we present 
in the following paragraphs a brief review of the current stand of academic 
literature in these two areas, i.e. market-timing and sector rotation. 

The academic literature in market-timing is dominated by studies that aim to 
predict the return of the market on the basis of a regression model with past 
period variables as predictors. Predictors that have been proposed over the 
years include a) technical variables, e.g. lagged returns, b) valuation factors, 
e.g. dividend yield, earnings yield, c) macro related variables, e.g. short rate, 
term spread, inflation, d) risk factors, e.g. default spread, options implied 
volatility, and e) sentiment variables, e.g. volume of shares traded2. The fit of 
models of this kind is generally moderate to poor3.  However it has been argued 
that even this level of fit is supportive of pursuing market timing strategies 
based on predictive regression models4. 

                                                           
2 See: Keim and Stambaugh (1986), Campbell (1987), Chen et al. (1986), Campbell and Shiller (1988), Fama 
and French (1989), Ferson (1990), Ferson and Harvey (1991a,b), Ferson and Harvey (1993), Whitelaw (1994), 
Pesaran and Timmermann (1995), Kandel and Stambaugh (1996), Pontiff and Schall (1998), Bossaerts and 
Hillion (1999), Lynch and Balduzzi (2000), Barberis (2000), Pastor (2000), Pastor and Stambaugh (2000), Xia 
(2001), Ait-Sahalia and Brandt (2001), Avramov (2002), Cremers (2002), Avramov (2004), Avramov and Chordia 
(2006), Ang and Bekaert (2007), Pastor and Stambaugh (2008). 
3 Campbell (1991) highlights that in predictive regressions of the excess stock market return using monthly 
data, fairly typical values of R2 are in the magnitude of 2.5% 
4 Clarke et al. (1989) find that a model that predicts monthly stock returns with an R2 of 0.09 can be expected 
to give a market timer a 5.9 per cent annual return advantage over an investor who buys and holds stocks. 
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The implications of Kritzman et al. (2010) for market timing - while original to 
our knowledge in terms of motivation - fall in a separate class of studies that 
propose less-structured frameworks for the prediction of future equity returns.  
Shen (2003), for example, advocates a profitability-based market timing 
strategy that uses the spread between the E/P ratio of the stock market index 
and the yield of three-month Treasury bills and the spread between the E/P 
ratio and the yield on ten-year Treasury notes.  Faber (2007) applies a price-
based rule, i.e. signals are based on the spread between short and long-term 
moving averages, and argues that the strategy results in equity-like returns with 
bond-like volatility and drawdowns. Guo and Higbee (2007) propose a risk-
based trading strategy that builds on mean-variance and idiosyncratic-variance 
and find that it outperforms a buy-and-hold strategy, and that the difference is 
important economically.  

Whilst the models in the former category may be more fundamentally sound 
relative to those in the latter, they are more data intensive and technically 
advanced; typically impose substantial structure to the predictive relationship 
hence increasing the impact of estimation and model risk; and are not de facto 
providing incremental utility for market timers.  

The literature on sector rotation very much resembles the setup we highlighted 
above.  A number of studies have highlighted that certain economic variables 
can be predictive of a sector’s future return. Salsman (1997), for example, 
finds that past changes in short-term interest rates (a signal of the future 
business cycle), precious metal prices (a signal of inflation), and dividend yield 
(a signal for valuation) are the most powerful explanatory factors predicting the 
relative performance of market sectors. Beller, Kling, and Levinson (1998) use 
macroeconomic variables such as the default premium, maturity premium, and 
aggregate dividend yield. Fletcher (1998) uses lagged market excess returns, 
return on the risk-free asset, lagged dividend yield of the aggregate market and 
a January dummy variable. Conover et al. (2008) use announced Fed policy 
changes as indicators of when to shift a portfolio to a more aggressive or 
defensive posture.   

Industry-specific fundamental factors and industry return momentum have, 
however, been the dominant factors in industry return predictability and 
industry rotation literature. Sorensen and Burke (1986) find that industry-
specific stock price movements tend to persist for at least two quarters and 
advocate a sector rotation strategy based on buying and holding the best 
performing industry group.  Moskowitz and Grinbalt (1999) find that industry 
momentum investment strategies, which buy stocks from past winning 
industries and sell stocks from past losing industries, appear highly profitable.  
O’Neil applies the principle of industry momentum with Sector Mutual Funds.  
Loudon and Okunev (2006) integrate value, momentum and growth in a global 
sector rotation strategy while Cavaglia and Moroz (2002) advocate a sector 
rotation strategy based on industry profitability, valuation and momentum. 
Other factors that have been proposed include analysts’ forecasts (Boni and 
Womack, 2006, Kadan et al., 2009) and flow information (Froot and Teo, 2008, 
Beber et al., 2008).     

In summary, the literature on sector return predictability and sector rotation 
strategies has thus far concluded that industry returns can be predicted 
effectively either through macro variables or through industry momentum, 
valuation, profitability and other factors. In this report we will investigate 
whether a new factor based on the principle of financial fragility can add value 
to sector return predictability and sector rotation.  
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As discussed in the previous section, the motivation of the research is by 
Kritzman et.al and is to examine the use of principal components as a measure 
or implied measure of systemic risk. To recap, they argue that as result of the 
market turmoil of the past couple of years, regulators have been motivated to 
develop tools to monitor and measure systemic risk in financial markets. 
However, due to the sophistication and, as a result, complexity of markets, it 
can at times be difficult to directly observe the potentially many linkages of 
financial institutions. Thus, the authors argue that their measure of systemic 
risk – the absorption ratio – can capture the extent to which markets are tightly 
coupled. In this context, a more tightly coupled or fragile market could lead to 
a faster propagation of a negative shock. 

We present below an outline of the methodology used to calculate the AR 
signals. We hope to provide sufficient information on the methodology to allow 
the reader to understand our analysis but, for more information, please see the 
original paper by Kritzman, Li, Page & Rigobon (2010) for a more complete 
guide to the process. 

Principal Component Analysis – Quick Explanation of Use 

Given that Principal Component Analysis (PCA) is at the heart of this research, 
we thought it worthwhile to provide a high-level discussion on the technique5. 
PCA involves a mathematical procedure that transforms a number of possibly 
correlated variables into a smaller number of uncorrelated variables called 
principal components. The first principal component accounts for as much of 
the variability in the data as possible, and each succeeding principal 
component (eigenvector/eigenvalue) accounts for as much of the remaining 
variability as possible. 

Without getting too technical, eigenvectors and eigenvalues help in PCA 
because of their mathematical properties. For eigenvectors, each eigenvector 
of a matrix is orthogonal to each other regardless of the dimensions of the 
matrix. For PCA this is important because data can be expressed in terms of 
the orthogonal eigenvectors instead of expressing them in terms of the x and y 
axis. 

In reference to the eigenvalues (which correspond to a respective principal 
component), the one with the highest value corresponds to the eigenvector that 
has the most significant relationship between the original data points. 
Therefore, ordering the eigenvectors by their respective eigenvalues gives you 
the principal components in order of significance. That is, the first principal 
component is the combination of variables that explains the greatest amount of 
variation. The second principal component defines the next largest amount of 
variation and is independent to the first principal component. 

                                                           
5 For more information on PCA and working example, please see Appendix. 
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How PCA relates to the Absorption Ratio 

As briefly discussed on the previous page, the AR aims to ‘measure the extent 
to which sources of risk are becoming more or less compact’ by looking at the 
proportion of the total variability explained by a set number of principal 
components/eigenvectors. Formally, the risk statistic is calculated as: 
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Where, 

AR: Absorption Ratio 

N: Number of assets 

n: number I of eigenvectors used to calculate AR 

2
Ei : variance of he i-th eigenvector 

2
Aj : variance of the j-th asset 

In order to estimate the AR, the authors use a 500 day window to estimate the 
covariance matrix and eigenvectors and set the number of eigenvectors used in 
the analysis to 20% of the number of assets in the sample. The 
variances/eigenvalues in the above equation are calculated with an exponential 
weighting with a half life set to half of the window, or 250 days. 

 As the authors note, the AR has exhibited a strong inverse relationship with 
the US stock market, however, the relationship is coincidental which limits its 
use as a leading signal of an impending market shock. To this end another 
signal has been created based on the raw AR to transform the signal such that 
it has an application as a leading signal – the ‘Standardized Shift in the 
Absorption ratio’ (ΔAR).The signal is calculated as the one-year moving 
average of the AR subtracted from the 15 day moving average of the AR. The 
difference is then divided by the standard deviation of the one-year absorption 
ratio to give ΔAR. This is then used as the input for the market timing model. 


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Where: 

AR : standardized shift in AR 

DayAR15 : 15 day AR moving average 

YrAR1 : 1 year AR moving average 

 : standard deviation 1 year AR 
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The first question we aim to answer is whether the AR works in European 
markets as a market timing model. Kritzman et.al. provide compelling evidence 
to suggest that the AR market timing strategy works well in the US and we aim 
to replicate this performance using a different market universe. Additionally, 
we extend the analysis and consider the methodology using different "assets" 
within markets such as different levels of sector grouping and at the country 
level. 

Data & Coverage 

The original research by Kritzman, Li, P age & Rigobon (2010) focused on daily 
signals generated by the standardized change in Absorption ratio (ΔAR) for the 
MSCI US Universe at an Industry level (51 Industries). We focus our attention 
on MSCI Europe and replicate the methodology using daily prices for the 24 
MSCI Europe GICS Industry Groups to calculate the AR. We would have 
preferred to have used the same breadth of sectors as Kritzman et.al. but felt 
that the within sector breadth at this granular level was too low and may 
promote noise in the actual signal. 

We also replace the T-Bonds used in the original analysis with a suitable 
European alternative – 10 year German Bunds – for when the model signals a 
switch out of equities. 

As previously defined, in order to calculate the AR we require 500 trading days 
of price history for each of the 24 GICS Industry Groups to generate the AR 
signal. We then use 250 days of the AR signal to calculate the (longer) one-
year moving average used in the ΔAR calculation. 

Our backtest period consequently covers January 2001 to September 2010 
inclusive – January 2001 being the earliest date for which we have at least the 
required 3 years returns for the underlying GIC Industry Groups in addition to 
MSCI Europe daily total returns data (in local currency). Clearly it’s a relatively 
short period with which to conduct our empirical analysis, especially as we are 
dealing with a market timing model. In order to address the limitations that we 
have with the daily data, we further support our analysis by conducting the 
same analysis but on a monthly basis where our data access is less restricted. 
We argue that if we see similar results on a monthly basis over a longer time 
period to what we see on a daily basis over a shorter period, we can assume 
that we would get similar results for the daily analysis over the longer period. 

Methodology & Assumptions 

To comply with the original methodology and for implementation purposes 
signals are lagged by one trading day – we therefore start to realize returns the 
day following a signal and assume that we are able to execute trades at the 
close price on the day of the signal. Additionally, we have measured the 
performance of the strategy(s) using index levels but we recognize that the 
implementation would be done using ETFs/Futures etc – therefore we would 
have preferred to use the historical prices of these instruments. But, once 
again due to data limitations we were unable to do so. However, we don’t see 
this as major factor that could influence the results of our analysis and with the 
original market timing model generating an average of 1.7 signals per year, the 
difference in pricing/returns using the underlying over the instrument is 
minimal. 
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Market Timing using the Absorption Ratio 

Given the caveats on the data and methodology our first set of analysis is to 
replicate the market timing strategy for the European market. Figure 1, shows a 
historical time series of the raw AR, together with the performance of the MSCI 
Europe. At a glance, the inverse relationship between the two series is 
apparent. 

Figure 1. Absorption Ratio (MSCI Europe Industries) and MSCI Europe Stock Prices 
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Delving a little deeper, we consider the data a little closer. As Figure 2 shows, a 
sizable proportion of the most significant drawdowns within MSCI Europe were 
lead by a one standard deviation spike in the AR. 

Figure 2. Proportion of drawdowns preceded by  1 standard deviation spike in AR, MSCI Europe 

 1% Worst 2% Worst 5% Worst 
1 Day 80.0% 80.0% 68.8% 

1 Week 84.0% 84.0% 76.0% 
20 Day 44.0% 62.0% 71.0% 

Source: Citi Investment Research and Analysis 

 
Results are impressive but somewhat inferior to those portrayed for the US 
market. One anomaly for the European data is that the hit rate for monthly 
drawdowns increases as the percentage threshold is relaxed, whereas daily and 
weekly equivalents follow the same pattern the authors found for the US. 

 It should be noted that the authors conclude ‘that a spike in the AR reliably 
leads to a significant drawdown in stock prices’ but that one would be ‘correct 
to conclude that a spike in the AR is a near necessary condition for a 
significant drawdown, just not a sufficient condition.’ 
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Figure 3. Annualised return after +/- 1 standard deviation  spike in AR 

 1 StDev Increase 1 StDev Decrease Difference 
1 Day -14.6% 20.5% 35.0% 

1 Week -13.1% 19.0% 32.1% 
20 Day -14.0% 18.4% 32.4% 

Source: Citi Investment Research and Analysis  

 
As in the original paper, on average, significant increases (decreases) in the 
AR are followed by significant stock market losses (gains) implying it would 
perhaps be prudent to increase (decrease) exposure to equities when the AR 
falls (rises). 

Trading the Signal – Making Money 

Kritzman et.al. present a straightforward trading strategy that uses the ΔAR 
signal and shows impressive results for the signal in the US. We replicate this 
trading strategy and show similar results for the European market. The trading 
strategy is simply based on three rules which switch between equities, cash 
and a balanced holding of the two: 

 1AR1   : 50% Equities, 50% Bonds 

1AR  : 100% Bonds 

1AR  : 100% Equities 

For our analysis trades are lagged by one trading day following the day of the 
signal and returns are calculated using MSCI Europe daily total returns and 10 
year German Bund daily returns. Figure 4 & Figure 5 show the results of our 
empirical analysis. 

Figure 4. ARMT Signal, Historical Performance & Equity Exposure  Figure 5. Performance Statistics 
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 ARMT 50/50 MSCI 
Europe 

Bonds 

Annualised Return 10.2% 3.6% 0.4% 5.4% 
Annualised Volatility 7.7% 10.0% 21.3% 3.7% 
Information Ratio 1.3 0.4 0.0 1.5 
     
Overall Hit Rate 57.4%    
% Positive Market Days Up 75.5%    
% Negative Market Days Up 37.4%    

Henricksson & Merton Test 6 0.11 
(4.36 ) 

   

T-Stat (vs 50/50 model) 7 2.0    

 

 

Source: Citi Investment Research and Analysis  Source: Citi Investment Research and Analysis 

 

                                                           
6 Henriksson and Merton test is a statistical evaluation of the directional accuracy of factor model forecasts. For 
more information on test see  Henriksson and Merton (1981). 
7 The null hypothesis in this test is that the ARMT returns are the same as the 50/50 model. 
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As seen by the results, dynamically rotating equity exposure according to the 
AR Market Timing (ARMT) signal produces a significantly more attractive 
profile than a pure equity or equally weighted equity/bond strategy for both 
absolute and risk adjusted returns. 

The ARMT approach produces enhanced returns (10.2%) in comparison to 
both pure equities (0.4 %%) and equally weighted blend of equities and bonds 
(3.6%) strategies, with nearly double the returns of bonds. 

Volatility is around a third of that of pure equities, producing an Information 
Ratio (IR) of 1.3 - a more attractive result and only just shy of the IR associated 
with holding bonds (1.5). 

The obvious downside of this strategy would be the possible inability of the 
average institutional investor to switch so aggressively between equities and 
bonds. However, we don’t suggest, and we are sure the authors of the original 
research would not advocate, this trading strategy as something that the typical 
institutional manager would undertake. We see the strategy as an example of 
the potential market timing ability of the AR signal. 

For reference, we also present returns for the ARMT model by using GICS 
sectors (10) and MSCI Europe countries (16) as the input into the underlying 
AR calculations. 

Figure 6. ARMT Signal using (10) MSCI GICS Sectors  Figure 7. ARMT Signal using (16) MSCI Europe Countries 
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Regardless of whether we use sector, Industry Group or Country returns as the 
underlying data, the ARMT signal outperforms both the pure equity and equally 
weighted equity/bonds strategies. 

It is, however, worth noting the almost linear relationship between the number 
of underlying assets used in the AMRT calculation and the resulting returns, 
volatility and risk adjusted returns. 

Double the return of bonds… 

…1/3rd of the volatility of pure equities 
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Figure 8. ARMT using Industry Groups, Sectors and Countries 

 Industry (24) Country (16) Sectors (10) 
  10.2% 7.2% 7.3% 
Annualised Volatility 7.7% 8.8% 10.3% 
Information Ratio 1.3 0.8 0.7 
    
Overall Hit Rate 57.4% 55.3% 55.9% 
% Positive Markey Days Up 75.5% 79.1% 80.4% 
% Negative Market Days Up 37.4% 29.0% 28.9% 

Henricksson & Merton Test 0.11 
(4.36 ) 

0.05 
( 2.00) 

0.06 
( 2.45) 

T-Stat (vs 50/50 model) 2.0 1.2 1.3 
    
Average Equity Exposure 38% 45% 47% 

Source: Citi Investment Research and Analysis 

 
As we decrease the number of assets used in the underlying ARMT signal 
calculations the volatility of the signal increases since the additional benefit of 
the marginal eigenvalue (i.e. the next eigenvalue or principal component) 
becomes more dominant within the model – i.e. the signal becomes less 
diversified! 

One could theoretically repeat this exercise at the stock level to maximise the 
number of eigenvectors/values8 used in the ARMT model but, with increasing 
stock return cross sectional correlation, the incremental value of the additional 
eigenvectors would be minimal, potentially rendering the exercise futile. 

 

 

                                                           
8 That is, the proportion of the of the total variance explained by the top eigenvalues or principal components 
remains constant between using GICS sectors or industries as the underlying assets, but the actual number of 
principal components used increases with the higher breadth sector classification. 

More signal diversity – higher returns 
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Absorption Ratio Signal Decay 

Implementation can be critical with any market timing strategy. Many strategies 
show excellent risk adjusted returns on paper but, in reality, the returns may 
be generated by very high turnover and therefore those excellent returns can 
not be fully harvested. One obvious concern with this strategy and the 
empirical results presented is that the strategy is based on a one-day 
investment horizon – the strategy is rebalanced daily. For many investment 
managers, a daily market timing model may not be feasible within their 
investment mandate. Consequently the slower the signal decay the more robust 
and investable this strategy could be. To this end we have investigated the 
serial correlation of the signal to establish the rate of signal decay. 

Below we illustrate the decay of the absolute annualized returns for the ARMT 
signal9. Focusing on Figure 9, although returns decrease fairly aggressively 
(and almost monotonically) with the length of the applied lag, applying even a 
40 day lag to the signal results in substantial outperformance over both a pure 
equity and equally weighted equity/bonds model. 

Figure 9. ARMT Signal Decay – Annualised Returns  Figure 10. ARMT  - Annualised Returns for Extended Holding Periods10 

0%

2%

4%

6%

8%

10%

12%

Industry (24) Sector (10) Country (16)

T
o

ta
l 

R
e

tu
rn

s

ARMT Signal 10 day lag 20 day lag 30 day lag 40 day lag

6%

7%

8%

9%

10%

11%

1 3 5 7 9

11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Days after Signal Date

T
o

ta
l 

R
et

u
rn

s

Source: Citi Investment Research and Analysis  Source: Citi Investment Research and Analysis 

 
This is further reinforced by the fact that, whilst there is some decay in returns, 
by extending the holding period following each signal (even up to 50 days) the 
ARMT model still yields 9% annualized returns. This gives us confidence that, 
as a market timing signal, ARMT is relatively robust and that the superior risk 
adjusted returns are not merely a result of excess turnover. 

On a related issue, which we don’t see as a major concern but for 
completeness we briefly discuss, when the model is either 100% equities or 
100% cash there isn’t an issue with rebalancing, per se, but when the position 
is 50/50% equities/cash, there will be turnover/transactions to maintain the 
50/50% position.  

                                                           
9 Volatility remains unchanged so the decay in risk adjusted returns is identical. 
10 Note that the 10 day lagged return is different in this chart relative to the chart in Figure 9 due to a difference 
in the calculation: Figure 9 is based on compound average returns over a certain period whereas the Figure 10 is 
based on average over each prior period to the period that we are considering. 

Auto correlation of Absorption Ration 

signal is low  
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Considering the efficacy of the AR when used as a market timing signal, it 
makes intuitive sense to further the analysis and investigate whether the AR 
can be incorporated into a sector selection model or, at least, a signal to aid in 
sector allocation. Our motivation is to see whether the AR metric or framework 
can be applied at the stock level within sector. That is, we answer the question 
as to whether the AR at the stock level can indicate how tightly coupled or how 
fragile a sector is and therefore how exposed it is to negative shocks. Put 
simply, can the AR be used a sector level to measure implicit "systemic" risk 
within a sector?  

Within Sector Absorption Ratio 

The logical start in which to analyse whether the AR can aid in sector rotation 
is to simply look at the performance of the AR within sector at the stock level. 
Using the same methodology as the previous analysis, we calculate 24 daily AR 
(one for each MSCI GICS Industry Group) using the relevant underlying stock 
constituents to create the co-variance matrices from which the AR's are 
derived. 

The simple test is conducted as a basic switching model. Like before the signal 
dictates whether we are in equities – in this case, the industry group which we 
are considering – or bonds. Additionally, to mitigate market exposure inherent 
in the industry, our industry returns are ex the market. In this sense we are 
attempting to disentangle the marketing timing from the industry timing11. 
Figure 11, following page, provides some evidence that the ARMT model does 
have value when applied at an Industry Group level. 22 of the 24 Industry 
Group classification returns are improved by integrating the ARMT mode with 
only Materials and Retailing offering negative relative returns using the ARMT 
model. Armed with this anecdotal evidence we are motivated to explore the 
industry timing potential of the absorption ratio. 

For this study we present a simple empirical analysis for two alternative 
methods of using the AR as an input into a sector selection framework. As an 
additional test, we also consider the cross-sectional predictive power of the 
ΔAR signal.  We stress that this analysis is not extensive but more an 
investigation on the potential application of the AR to other parts of an 
investment strategy. The three sector rotation strategies based on the AR are: 

1. Equally Weighted Sector Overweight Signal  

2. Dynamic Adjusted Sector Weights Signal 

and, 

Quintile Sector AR Ranking 

 
 
 
 
 
 

                                                           
11 We formally address the combination of these two signals – market and industry timing – further on in this 
research and we note that this analysis has a potential bias as we are assuming each sector has a beta to the 
market of one. 

Can the Absorption Ratio be used for Sector 
Selection? 

AR at the stock level can indicate how 

tightly coupled or how fragile a sector is 

and therefore how exposed it is to 

negative shocks  

ARMT improves returns for 22 of the 24 

GICS Industry Groups 
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Figure 11. MSCI Industry Groups  vs. ARMT for MSCI Industry Group (Annualized Returns) – Industry's highlighted where the ARMT performance is less than the actual industry return. 
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1. Equally Weighted Overweight Signal (EWOS) 

Our first analysis into whether the AR can be used as a sector rotation signal is 
straightforward -  the approach is to simply invest in all sectors when the AR 
(ΔAR < -1) signal is "long" with an equal weighting. To ensure the strategy is 
100% invested at all times, if no overweight signals are generated at the 
Industry level, the model is simply long the market. 

Whilst this approach to sector selection would in all probability not be 
investable from a risk perspective (the strategy is invested in 2 Industry Groups 
or less 37% of the time) it provides a useful indication of whether a more 
aggressive approach to sector re-weighting using the AR would be more 
fruitful.  

2. Dynamic Adjusted Weights Signal (DAWS) 

The second rotation strategy is more sophisticated than the first and aims to 
best replicate how an investment manager may implement explicit industry tilts 
within an investment strategy. The strategy is benchmark "anchored" and the 
approach uses a pragmatic and implementable methodology based on the 
overweight and underweight signals generated from the AR model in order to 
calculate an adjusted weight for each Industry on a given day. 

Specifically: 

 
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Where: 

)(adjiw  - adjusted weight of i-th industry 

n – number of industries 

 

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i wIw

i

1
1  (sum of underweight industry signals) 

 



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i
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i wIw

i

1
)1( (sum of overweight industry signals) 

iAR  - ΔAR (standardized shift in Absorption Ratio) of i-th industry 

.I  - denotes indicator function, equal to 1 if argument is true 
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Put simply, we allocate the sum of the weight of all Industries generating an 
underweight (ΔAR >1) signal proportionately (by MSCI market cap) to those 
industries generating an overweight (ΔAR < -1) signal.  All Industries 
generating a neutral signal (-1 < ΔAR <1) remain at market weight. 

These daily adjusted Industry weights are then simply multiplied by the 
respective underlying daily Industry returns to calculate model performance. 
As before, we lag the AR signals by one day.   

Results/Performance 

For reference, for the two strategies discussed, we provide a comparison 
against both the market and an equally weighted approach across all 
Industries. Implementing a sector selection model based on either of the above 
approaches delivers improved returns in comparison to the benchmark. 

Figure 12. Industry Selection using ARMT Signals  Figure 13. Performance Statistics 
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 Dynamically 
Adjusted 
Weights 

Equal 
Weighted OW 
AR Signals 

Equal Weighted 
Indusrties MSCI Europe

Annualised Return 3.2% 3.6% 1.8% 0.4% 
Annualised Volatility 21.5% 21.7% 21.0% 21.3% 
Information Ratio 0.15 0.17 0.08 0.02 
     
Overall Hit Rate 53.0% 52.9% 52.8%  
% Positive Market Days Up 96.4% 87.3% 95.3%  
% Negative Market Days Up 5.1% 14.9% 5.8%  
T-Stat (vs MSCI Europe) 2.3 1.1 1.2  
 

 

Source: Citi Investment Research and Analysis  Source: Citi Investment Research and Analysis 

 
Whilst volatility remains relatively unchanged in either case, annualized returns 
are improved significantly and to such an extent that risk adjusted returns as 8 
times those of the benchmark, although this improvement heralds from a low 
base. 

At first glance, both the Dynamically Adjusted Weights (DAWS) and Equally 
Weighted Overweight Signals (EWOS) seem to closely track the benchmark. 
Outperformance seems perhaps incidental and attributable to a few distinct 
periods. However, on closer inspection, outperformance of the DAWS approach 
is consistent over time and the strategy, relative to MSCI Europe, and has only 
been 5% off its ‘high water mark’ for 4 days (0.16% of the time – see Figure 
14, next page) in the entire backtest period, setting new highs on 9% of all 
days with annualized returns of 2.7% and a low volatility (3.8%).The DAWS 
approach also outperforms the benchmark on 58% of days, (53% on an 
absolute basis). 

Consistent outperformance over 

benchmark with a 58% hit rate 



Under the Microscope 
12 November 2010 

 

Citigroup Global Markets 18 
 

Figure 14. Dynamically Adjusted Weights, Relative to Benchmark  Figure 15. Number of Industries Held by Dynamically Adjusted Weights Model
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Whilst it is feasible for the DAWS model to be exposed to just a single Industry 
at a given point in time, we find the model holds 12 or more Industries (i.e. at 
least half of all industries) for 92% of the backtest period. 

Although at times the model is faced with significant sector tilts, these 
occurrences are few and far between. The model holds a minimum of 3 
Industry Groups on any given day and holds less than 6 Industry Groups for, on 
average, only 1 day a year (Figure 15, above). This provides us with some 
confidence that the DAWS model is sufficiently diversified and not overtly 
exposed to persistent significant individual sector bias. 

 

 

Model holds a minimum of 3 Industry 

Groups on any given day  
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A ‘Traditional’ Quant Approach - Industries in Quintiles  

An alternative way of utilizing the AR signals would be to incorporate them into 
a ‘more traditional’ Quant framework, allocating each Industry group to a 
performance ‘bucket’ according to the underlying AR signal (i.e. standard 
percentile bucketing/ranking).  

With there being 24 MSCI GICS Industry Groups, we split the universe into 
quintiles, ranking the Industry Groups in ascending order according to their 
ΔAR score and allocating12: 

 ranks 1 to 5 in quintile 5 (our long portfolio) 

 ranks 6 to 11 in quintile 4 

 ranks  15 to 19 in portfolio 2 

 ranks 20 to 24 in quintile 1 (our short portfolio) 

 all remaining Industry Groups are allocated to quintile 313 

Figure 16. Quintile Total  Return Spreads: Industry Group ΔAR  Signals  Figure 17. Cumulative Total Returns: Industry Group ΔAR  Signals 
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Although it is good to see the long quintile outperforming the short, the 
underperformance of quintiles 3 and 4 throw a sizable "spanner into the works" 
and make the distribution of quintile returns particularly non-monotonic. 
Having said, that if we consider the return spread between the top and bottom 
quintile, the total return is just over 1% and from a statistical perspective the 
returns are also significant at the 5% level. 

The average Information Coefficient (IC) over time is a statistically insignificant 
0.5%, i.e. a higher ΔAR implies higher returns, albeit marginally. It should 
however be noted that by grouping Industry Groups into quintiles in this 
manner we are removing the requirement for ΔAR to pass outside the 
previously defined one standard deviation bound to generate a signal and may 
consequently be diluting the power of the most extreme signals. 

                                                           
12 Consequently, Industry Groups with the lowest ΔAR score will be in our long portfolio. 
13 Pre 2004 there are 23 Industry Groups. We follow the same logic but allocate ranks 19 to 23 to our short 
portfolio etc. 
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We previously illustrated on page 13 that the decay of the AR signal is relatively 
slow - even when it is lagged by 40 days. This suggests there is scope for the 
AR signal to be used on a less frequent basis. As a way of demonstrating the 
AR's usefulness and to extend the period of our analysis, we repeat the same 
analysis on a monthly basis. With the focus on daily data, we have been 
restricted by the time period with which we can undertake our analysis – daily 
total returns at an index level are limited pre 2000's. The monthly analysis 
allows a longer time period to test the signal and make inference on the daily 
analysis over the same period. Additionally, a rebalancing frequency other than 
daily is perhaps more aligned with many institutional investment managers.14 

Using the same daily AR signals as before we take a snapshot at each month-
end and then apply the same methodology to determine whether the model is 
0%, 50% or 100% invested in equities over the subsequent monthly period. 

Figure 18. ARMT Signal, Historical Performance & Equity Exposure  Figure 19. Performance Statistics 
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ARMT 50/50 

MSCI 
Europe Bonds 

Annualised Return 8.6% 4.2% 2.5% 5.1% 
Annualised Volatility 7.0% 7.8% 23.3% 3.6% 
Information Ratio 1.2 0.5 0.1 0.5 
     
Overall Hit Rate 67% 60% 56% 65% 
% Positive Correct 85% 90%   
% Negative Correct 44% 19%   

Henricksson & Merton Test 
0.23 

(2.23) 
   

T-Stat (vs 50/50) 1.9    
 

 

Source: Citi Investment Research and Analysis  Source: Citi Investment Research and Analysis 

 

As with our previous findings using daily AR signals, a monthly implementation 
of the AR significantly outperforms a pure equity, bonds and an equally 
weighted mix of bonds and equities. 

As expected, implementing the ARMT model on a monthly basis does indeed 
still provide strong returns. The ARMT model risk profile is similar to that 
associated with bonds yet is accompanied by a 70% increase in absolute 
returns and a hit rate approaching 70%. Volatility is more than halved in 
relation to the benchmark. 

                                                           
14 Adjusting the rebalance frequency in this manner has the added benefit of extending our backtest period by 3 
years to 1998 as we can utilize the additional history of MSCI total returns available on a monthly basis. 

 

Can the Absorption Ratio Signals be used on 
a Monthly Basis? 

There is scope for the AR signal to be 

used on a less frequent basis – not just 

daily 
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As a final step in our analysis, we combine the Absorption Ratio Market Timing 
model signal with a sector selection model. We recognize that the performance 
of the sector timing strategies that we have considered is partly driven by AR's 
efficacy as a market timing tool. Having presented analysis that the 
Dynamically Adjusted Weights approach for sector timing does outperform the 
benchmark, we overlay the AR market timing signal with this sector timing 
model. 

Again, the motivation of this research is not to provide a prescription for 
sector/market timing but merely to present enough analysis to indicate the AR 
signal's ability to aid in these investment pursuits. The strategy we have 
employed for this analysis is straight forward. Whenever the ARMT model 
implies an equity exposure we assume the ‘equity’ proportion is derived from 
the DAWS approach as opposed to being invested in the equity benchmark. 

This analysis, when compared with the standard market timing signal, allows 
us to gauge the proportion of the sector signal that is market timing derived 
rather than a signal that is idiosyncratic to the specific sector/industry. Having 
said, it also must be recognized that the market timing signal may at times be 
driven by a specific sector – for example, the global financial crisis or TMT. 

Figure 20. Combined ARMT and Sector Selection Signals  Figure 21. Performance Statistics 
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 ARMT & Sector ARMT MSCI Europe 
Annualized Return 10.6% 10.2% 0.4% 

Annualized Volatility 7.7% 7.7% 21.3% 

Risk Adjusted 1.4 1.3 0.0 

    

Overall Hit Rate 58% 57% 53% 

% Positive Correct 75.0% 75.5%  

% Negative Correct 38.8% 37.4%  

T-Stat (vs 50/50) 2.1 2.0   

Source: Citi Investment Research and Analysis  Source: Citi Investment Research and Analysis 

 
In terms of the performance over time of the signals derived using the AR, the 
results are very positive when compared to the benchmark equity index (See 
Figure 20). Focusing on the aggregate performance statistics, the improvement 
in performance is only incremental. We do, however, draw attention to the fact 
that both annualized (10.6% from 10.2%) and risk adjusted (1.4 from 1.3) 
returns are improved for a constant volatility. Whether the market timing signal 
is picking up something industry specific of vice versa, its impossible to tell 
from this analysis, however, it is clear that the market timing signal and the 
combination signal AR could be useful signals in potentially many investment 
strategies. 

 

 

Combining the Market Timing and Sector 
Selection Signals 

Market Timing vs. Sector Timing – what 

drives the returns? 
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With the past few years offering a particularly unsympathetic equity market 
accompanied by significant spikes in volatility, timing – perhaps more than 
ever - has been paramount to the investment process and investors have, 
arguably, never been more concerned with systemic risk. 

Whether this has been market timing for asset allocation, sector selection or 
quantitative style rotation purposes, since the crisis (or should we say crises?) 
of 07/08, equities have become more codependent and stock selection has 
taken a back seat as macro factors have continued to dominate the markets – it 
hasn’t really mattered what you have bought, the marginal contribution of 
effective stock selection has been minimal provided you have been invested in 
the right assets/styles. 

With this in mind, the Absorption Ratio - a model used to measure the level of 
implied systemic risk in the market is of interest. Whilst the analysis is based 
on the findings from Kritzman, Li, Page & Rigobon (Principal Components as a 
Measure of Systemic Risk, 2010) for the US market, we have replicated the 
original analysis focusing on MSCI Europe and also extended the study to 
perform an empirical analysis on the use of the Absorption Ratio at an Industry 
Group level and as an input into a sector selection model. 

To determine if the Industry Group level signals have any incremental value 
above just market timing, as a final step, we combined the Absorption Ratio 
Market Timing signals with a sector selection model (Dynamically Adjusted 
Weights Signal – DAWS). 

The results of our analysis can be summarized as below: 

 The Absorption Ratio Market Timing (ARMT) signal is an effective market 
timing model producing nearly double the return of bonds with comparable 
risk adjusted returns. 

 The decay of the ARMT signal is fairly slow. Lagging the signal by up to 40 
days still significantly outperforms both holding either equities or bonds, 
offering attractive risk adjusted returns. 

 Extending the holding period beyond the original daily rebalance (even up to 
50 days) returns in excess of 9% annualized. This gives us confidence that 
the ARMT is robust and that the superior risk adjusted returns are not just a 
result of excessive turnover. 

 Implementing the ARMT signal on a monthly basis consequently offers 
equally attractive returns, outperforming both equities and bonds. 

 ARMT can also be used at a more granular level. 22 out of 24 MSCI Europe 
GICS Industry Groups returns are improved by integrating the ARMT signal. 
Only Retailing and Materials offer inferior returns. 

 Using the Industry Group ARMT signals for sector selection is also fruitful. 
Both our Dynamic Adjusted Weights Signal (DAWS) and Equally Weighted 
Overweight Signal (EWOS) consistently outperform the benchmark. 

 Allocating Industry Groups to quintiles according to their ARMT signals - a 
more typical quantitative approach - has some benefit. Long/short returns 
are statistically significant but are offset by a poor average Information 
Coefficient caused by, despite the long quintile outperforming the short, a 
strong non-monotonic distribution of quintile returns. 

Conclusion

Equities are more codependent, systemic 

risk is a concern… 

…macro has dominated; stock selection 

has had little added value above 

asset/style allocation. 

The Absorption Ratio: an effective daily 

market timing signal… 

…meaningful on a monthly basis and at 

an Industry Group level. 
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 Combining the ARMT model with the DAWS sector selection approach (i.e. 
implementing the DAWS model for any equity exposure implied by the ARMT 
signal) further improves returns. Although the majority of returns for this 
combined model appear to be driven by the ARMT market timing aspect, it 
is good to see that overlaying the DAWS sector selection approach does 
provide incremental value. 

In summary, our findings suggest that the Absorption Ratio certainly has some 
merit as a market timing signal in Europe. Whilst we don’t necessarily see this 
trading strategy as something a typical institutional manager would undertake, 
we do see it as a useful tool for identifying market fragility/systemic risk. 

To avoid the pitfalls of such an aggressive style switch, our alternative method 
of implementation, using Absorption Ratios at the Industry Group level for input 
into a sector selection model, offers the potential for better returns than the 
benchmark with considerably smaller adjustments to the underlying Industry 
Group weightings. 

Considering the efficacy of the signal at both the market and Industry Group 
level, we see the Absorption Ratio as having use as both an alpha generating 
signal and, at the very least, as an additional risk metric for institutional 
managers to consider. 

 

 

Overlaying the Absorption Ratio and a 

Sector Selection model further improves 

returns. 
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For completeness, we also consider our analysis from a regional perspective 
and below we present the base results for the ARMT model in each of: 

 MSCI Japan, calculated from 24 GICS Industry Groups Indices 

 MSCI United States, calculated from 24 GICS Industry Group Indices 

 MSCI Asia ex Japan, calculated from 12 MSCI Asia ex JP Country Indices 

 Whilst expanding the underlying indices from 12 Asia Pac ex Japan 
Countries to 24 Industry Groups may produce improved returns, we argue 
that the country bias remains more dominant in Asia Pac ex Japan and 
consequently present results using countries to more closely dovetail with 
the investment process of our Asia Pac ex Japan readership. 

Figure 22. ARMT, MSCI Japan (Industry Groups)  Figure 23. Performance Statistics 
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 ARMT 50/50 MSCI Japan Bonds* 
Annualised Return 0.6% -1.4% -6.7% 2.8% 
Annualised Volatility 11.0% 11.1% 23.2% 3.7% 
Risk Adjusted 0.0 (0.1) (0.3) 0.8 
     
Overall Hit Rate 53% 49% 48% 56% 
% Positive Correct 79%    
% Negative Correct 29%    

Henricksson & Merton Test
0.08 

(2.99) 
   

T-Stat (vs 50/50) 0.6    

* JGB 10 Year (total returns) 

Source: Citi Investment Research and Analysis  Source: Citi Investment Research and Analysis 

Figure 24. ARMT, MSCI United States (Industry Groups)  Figure 25. Performance Statistics 
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 ARMT 50/50 MSCI US Bonds* 
Annualised Return 8.4% 2.9% -2.3% 6.7% 
Annualised Volatility 8.1% 10.0% 21.8% 7.1% 
Risk Adjusted 1.0 0.3 (0.1) 0.9 
     
Overall Hit Rate 55% 53% 52% 54% 
% Positive Correct 63%    
% Negative Correct 47%    

Henricksson & Merton Test 0.09
( 3.72)

   

T-Stat (vs 50/50) 1.4    

*US 10 Year (total returns) 

Source: Citi Investment Research and Analysis  Source: Citi Investment Research and Analysis 

Appendix - ARMT in Other Regions 
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Figure 26. MSCI Asia Pac ex Japan (Countries)  Figure 27. Performance Statistics 
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 ARMT 50/50 MSCI APAC 
ex JP 

Bonds* 

Annualised Return 5.4% 7.6% 6.0% 8.2% 
Annualised Volatility 12.6% 11.6% 21.3% 4.7% 
Risk Adjusted 0.4 0.7 0.3 1.8 
     
Overall Hit Rate 56% 55% 54% 58% 
% Positive Correct 87%    
% Negative Correct 19%    

Henricksson & Merton Test
0.08 

(2.69) 
   

T-Stat (vs 50/50) (0.8)    

*Due to limited data availability, we use the iBoxx Asia Government Bond Index 
(Total Return, unhedged) as a proxy for Asia Pac ex Japan Bonds. 

Source: Citi Investment Research and Analysis  Source: Citi Investment Research and Analysis 

 

What we find 

MSCI Japan: With Japan being a highly mean reverting market, it comes as no 
surprise that the ARMT model struggles to identify sufficient trends for 
effective market timing, given the 500day estimation window of the AR. That 
said, ARMT at least provides positive returns (0.6%) – a significant 
improvement to a pure equity based approach (-6.7%). 

ARMT does however underperform bonds in Japan, and has a significantly 
higher volatility, making it the least attractive of the regions analysed from a 
market timing perspective. 

MSCI United States: We concur with Kritzman et al and, although we use 24 
Industry Groups as out input vs. their 51 industries, we find a significant 
improvement in both returns (8.4% annualized from -2.3%) and volatility 
(8.1% from 21.8%). 

Risk adjusted returns are improved relative to both equities and bonds. 

MSCI Asia Pacific ex Japan: Results are less attractive for Asia Pacific ex 
Japan, with the AMRT model underperforming both the underlying equity index 
and bonds. One should however take into account the fact that 1) Bond returns 
are perhaps inflated as they are Asian Government bonds and do not take 
Australia/New Zealand into account and 2) as above, we calculate the AR using 
12 countries as opposed to 24 Industry Groups. 
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In this section we will provide a basic example of how to perform principal 
components analysis and follow-up with a more mathematical description of 
how the analysis is conducted. 

A Two Asset Example 

We provide a basic example on how to conduct Principal Components Analysis 
(PCA) which will show the concept of the analysis. For this example, we will be 
working within 2 dimensions, but the theory scales up to N dimensions based 
on the same principles. We have two stocks, BHP and RIO, and we have time 
series of weekly prices (Figure 14). We start off by calculating the weekly 
returns and then by subtracting the mean from these vectors of returns – this 
produces two dimensions or vectors that have means of zero. 

Figure 28. Data Example 

 Price Weekly Price Return De-meaned Return 
Date Asset 1 Asset 2 Asset 1 Asset 2 Asset 1 Asset 2
13-Jan-10 2373 7050 1.60% 2.40% 0.60% 1.70%
20-Jan-10 2466 7400 3.80% 4.80% 2.80% 4.10%
27-Jan-10 2605 7610 5.50% 2.80% 4.50% 2.00%
03-Feb-10 2553 7475 -2.00% -1.80% -3.00% -2.60%
10-Feb-10 2475 7440 -3.10% -0.50% -4.10% -1.20%
17-Feb-10 2388 7165 -3.60% -3.80% -4.60% -4.50%
24-Feb-10 2455 7220 2.80% 0.80% 1.80% 0.00%
03-Mar-10 2434 7035 -0.90% -2.60% -1.90% -3.40%
10-Mar-10 2337 6750 -4.10% -4.10% -5.10% -4.90%
17-Mar-10 2470 7125 5.50% 5.40% 4.50% 4.60%
24-Mar-10 2592 7523 4.80% 5.40% 3.80% 4.70%
31-Mar-10 2800 7885 7.70% 4.70% 6.70% 3.90%
07-Apr-10 2950 8370 5.20% 6.00% 4.20% 5.20%
14-Apr-10 2975 8232 0.80% -1.70% -0.20% -2.40%
21-Apr-10 3010 8080 1.20% -1.90% 0.20% -2.60%
28-Apr-10 2930 7865 -2.70% -2.70% -3.70% -3.50%
05-May-10 3030 8275 3.40% 5.10% 2.40% 4.30%
12-May-10 3172 8797 4.60% 6.10% 3.60% 5.30%
19-May-10 2874 7830 -9.90% -11.60% -10.90% -12.40%
26-May-10 2855 8041 -0.70% 2.70% -1.70% 1.90%
   
 Mean 1.00% 0.80% 0.00% 0.00%

Source: Citi Investment Research and Analysis 

 
We then can calculate a covariance matrix using the two vectors, above, that 
have been mean-adjusted: 

Cov = 







00212.000174.0

00174.000189.0  

Appendix – PCA and Absorption Ratio 
Example 
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The next part is probably the most difficult part. As we have a square 
covariance matrix, we are able to calculate the eigenvalues and their respective 
eigenvectors for this matrix. Rather going into the mathematics of calculating 
eigenvalues/vectors, we provide them for our above covariance matrix15. Based 
on the covariance matix the resulting eigenvalues/vectors are: 

Eigenvalues =  00017.000384.0  

Eigenvectors = 











 6842.07293.0

7293.06842.0  

 

What are eigenvalues/vectors? Without getting too technical, eigenvectors and 
eigenvalues help in PCA because of their mathematical properties. For 
eigenvectors, each eigenvector of a matrix is orthogonal to each other 
regardless of the dimensions of the matrix. For PCA this is important because 
data can be expressed in terms of the orthogonal eigenvectors instead of 
expressing them in terms of the x and y axis - Figure 29 illustrates this. In the 
chart below we plot the mean-adjusted data points from the weekly return 
series for Asset 1 and Asset 2. Drawn over this plot are the eigenvectors. Note 
that eigenvector 1, is similar to a line of best fit between of the plotted points 
while, eigenvector 2 is orthogonal to eigenvector 1. The first eigenvector shows 
us how the data is related along this line, while the second eigenvector shows 
us the next pattern in the data which is less important than the first. So in this 
regard we are able to extract lines that best characterise the original data. 

Figure 29. Graphic example of mean adjusted data and the plots of the Eigenvectors 
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Source: Citi Investment Research and Analysis 

 

                                                           
15 There is vast amount of literature on this subject and most statistical/mathematical packages have the 
capacity to calculate eigenvalues/vectors 
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In reference to the eigenvalues, the one with the highest value corresponds to 
the eigenvector that has the most significant relationship between the original 
data points. Therefore, ordering the eigenvectors by their respective 
eigenvalues gives you the principal components in order of significance. That 
is, the first principal component is the combination of variables that explains 
the greatest amount of variation. The second principal component defines the 
next largest amount of variation and is independent to the first principal 
component.  We can also express this in terms of contribution to the overall 
variability of the data. 

Figure 30. Statistics from Principal Components Analysis 

Importance of Principal Components: 
 PC1 PC2
Eigenvalue 0.0038 0.0002
Std Dev 0.0619 0.0131
% of Variance 0.957 0.043
  
Loadings:  
 PC1 PC2
Eigenvector1 0.6842 0.7293
Eigenvector2 0.7293 -0.6842

Source: Citi Investment Research and Analysis 

 
Relating this example to the Absorption Ratio, and in a rather extreme way, the 
total variance of this portfolio is sum of the Eigenvalues (e.g. 0.0038 + 0.0002 
= 0.004). Principal Component 1 explains 95.7% of the total variance of the 
portfolio. The number of "assets" that are used in the analysis is the same 
number of the PCs that are output. In this example, two assets equals 2 
principal components and PC1 suggests there is very dominant factor in 
explaining the return variability of this portfolio, and in the contact of the AR, 
this could be an indicator of some high level of systemic risk. 
 
From a Technical/Mathematical Perspective 

Consider a pool of N securities. We assume that the vector of historical returns 

for each security in the universe is known and denoted  )()( ˆˆ i
t

i rr   where (i) 

stands for the number of a stock in the universe. We can now evaluate a 

correlation matrix for securities returns Ĉ  as )()(

)()(

, ,
)ˆ,ˆcov(

ji

ji

ji
rrC   

where )ˆ,ˆcov( )()( ji rr  is a covariance of vectors (i) and (j) and 
)(i  is the 

corresponding standard deviation. 
In order to evaluate the principal components of the data set, we need to find 

eigenvalues i  and eigenvectors iê  of the correlation matrix, where are, by 

definition, solutions to the matrix equation: 

   0ˆˆˆ  ii eIC       

 EQ-1 

where  ijI ˆ , with 1ij  for i=j and 0 otherwise, is an identity matrix, and 

 Ni ,....,2,1 . 
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After solving EQ-1, the matrix of principal components is then given as: 

 RTP ˆˆˆ        
 EQ-2 

where R̂  is a matrix of vectors 
)(ˆ ir  in the original time series, and T̂  is the 

transformation matrix given by: 

 


















NNN

N

ee

ee

T

...

.........

...
ˆ

1

111

     

 EQ-3 
Principal components thus generated are uncorrelated and ordered by 

declining variance N ...21  . The correlation matrix of the transformed 

data is diagonal matrix whose elements are made up of eigenvalues. The 

transformed points P̂  are linear combinations of their original data value R̂  
weighted by the eigenvectors.  
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