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Risk models are an essential tool 
It is comparatively easier to improve the Information Ratio of your portfolio by 
controlling your risk than by finding new sources of alpha, so a good risk model is an 
important tool for all portfolio managers. Most risk models use either a time series or 
cross-sectional approach. There are disadvantages to both. 

We argue for a hybrid approach to risk modelling 
We argue that style risk factors are well suited to a cross-sectional approach, while 
market, region, sector and macro risk factors are better modelled with a time series 
approach. The UBS Hybrid Risk Model can incorporate both cross-sectional and time 
series risk factors. 

Expectation Maximisation Algorithm & Bayesian priors 
We use the Expectation Maximisation (EM) algorithm to estimate the UBS Hybrid Risk 
Model. This is guaranteed to be locally monotonically convergent so is a robust solution. 
By including Bayesian priors we may reduce sampling errors and will speed up the 
convergence of the EM algorithm. 

Figure 1: Forecast versus realised tracking errors for US 
portfolios in 2020 
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Quantitative Monographs UBS Research 

Summary 
Finding alpha is difficult. Controlling your risk is comparatively easier and - all else being 
equal - a manager with better risk control will have a better Information Ratio than other 

(1) 
managers. A well designed risk model is an essential tool for all portfolio managers. 

Controlling your risk means only having the exposures to risk factors that you intend to 
have. As a simple example, suppose you have identified ten stocks you believe will 
strongly outperform, but eight of them come from a single industry. A naive portfolio of 
those ten stocks will have the stock specific risk that you want, but also industry risk 
which, unless you also believe that industry will outperform, you don't want. If you don't 
control this exposure, a large negative return in the industry factor could easily destroy 
the alpha you anticipate from your single stock ideas. 

Unintended exposures will often be much more subtle than this example, so a risk model 
is necessary to identify them. We find that clients are usually aware of the exposures due 
to the stocks in their portfolio, but sometimes neglect negative exposures due to e.g. 
underweighting certain styles, industries or countries. 

Risk models are used in many areas of portfolio design and management. Here are the 
four main tasks investors use risk models for: 

i. forecasting your tracking error; to summarise how risky your portfolio is in a single 
number 

ii. risk attribution; to tell you what exposure the portfolio has to each risk factor 
iii. performance attribution; to show which risk exposures explain the past performance 

of the portfolio 
iv. optimisation; to create a portfolio which has a high expected return subject to 

constraints on, for example, total risk, number of stocks, sector exposures etc. 

A good risk model is parsimonious, easy to understand, robust and accurately describes 
a portfolio's risk. Unfortunately, no risk model provides a perfect answer to all of these 
criteria. There are trade-offs: 

A risk model which is too parsimonious may not capture all of the important risk 
factors. 
A risk model with more intuitive, easy to understand factors may not be able to 
pick up new sources of risk. 
A risk model which imposes a lot of structure will have fewer parameters to 
estimate and so have a lower sampling error, but if the model has been 
misspecified it will have a high structural error. 

We believe the UBS Hybrid Risk Model is an effective default model. It imposes enough 
structure to reduce the sampling error, but keeps enough flexibility to incorporate all the 
different sources of risk in a parsimonious fashion. 

Our framework is flexible and allows portfolio managers to easily incorporate 
macroeconomic risk factors, such as the oil price, so they can see their portfolio's macro 
sensitivities.Our Hybrid Risk Model uses a cross-sectional approach for style risk, but a 
time series approach for other sources of risk. We believe this is a sensible response to 
differences in the characteristics of these sources of risk; a stock's exposure to style risk 
can change rapidly (for example, if its multiple changes) while its exposure to country or 
industry risk is fairly stable. 

Combining these two approaches is technically challenging and requires the use of the 
Expectation Maximisation Algorithm, but users of the risk model should find it as easy to 
run and its output as easy to understand as any other risk model. 

Controlling risk is easier than finding 
alpha, and improves the Information 
Ratio of your portfolio 

Uses of risk models 

What is a good risk model? What are 
the trade-offs? 

UBS Hybrid Risk Model 

1. The authors would like to thank Professor James Sefton of Imperial College, London for the significant contribution he provided to this 
report. 
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Introduction to risk models 
We start by describing what a risk model is, the three main types of risk models and 
some key assumptions. Then we discuss the trade-offs involved with building risk 
models, focusing on model accuracy but also considering parsimony and ease of 
interpretation. Finally, we discuss what we use risk models for and which type of risk 
model is most suited for each purpose. 

What is a Risk Model? 

All risk modelling approaches are based on a linear factor model of the return Linear factor model 
generating process. This model can be written: 

Where r denotes the n-vector of returns to the n assets at time t, f the k-vector of factor 
returns, B is the n by k matrix of factor exposures or betas and is the n-vector of 
residuals. The idea behind the linear factor model is that all the co-movement in returns 
can be captured by the k factor returns (where k is much smaller than n). This means that 
instead of having to estimate the full n by n covariance matrix, we only need to estimate 
the n by k factor exposures and the k by k factor covariance matrix. When there are a 
large number of assets, this drastically reduces the number of values to estimate. 

To formalise this idea, assume that both ft and are independently and identically 
distributed normal variates 

To simplify the notation, we focus on risk only and assume that the random variables 
have zero mean. This is for convenience only - very similar models can be obtained with 
no such assumption made. The assumptions underpinning the linear factor model are 
that the error terms are uncorrelated with the factors and are independent, and so all 
the covariance in returns is explained by the k factors. Writing this mathematically we 
have: 

Given these assumptions, asset returns are normally distributed as 

The covariance matrix of returns, Vt is referred to as the risk matrix. "Building a risk 
model" just means estimating a covariance matrix of this form. 

The Three Main Approaches to Risk Models 

There are the three main approaches to estimating a risk matrix, which we shall refer to 
(2) 

as time-series, cross-sectional and statistical modelling. All approaches use a sample 
of returns. However, they differ on the assumptions they make concerning the structure 
of the risk matrix. 

Time-series, cross-sectional and 
statistical risk models 

Time-Series Risk Models: This approach assumes that the factor returns, ft, are 
observed and that the factor exposures are constant, i.e. Bt = B. In practise, it uses either 
time-series of economic data or returns to factor-mimicking portfolios as proxies for the 
factor returns. The estimation problem is therefore reduced to estimating the constant 
factor exposures and residual covariance matrix, B and D respectively. 

2. Time-series models are often also called economic models, and cross-sectional models are sometimes referred to as random coefficients, 
fundamental or characteristic factor models. 

Quantitative Monographs 16 June 2021 ab 4 



    
   

    
   

  

   
 

  

   

 
  

   
   

   

  

      
   

     
   

  
  

 

    
  

 
     

   
     

  
     

 

   

  
 

  
   

 

   
  

 
 

  

    
 

 

Cross-sectional Risk Models: This approach assumes that the factor exposures, Bt, are 
observed, though in practise fundamental data is used as a proxy for these exposures. As 
the factor exposures are ‘observed’, they can vary over time. The estimation problem is 
reduced to estimating the factor and residual covariance matrices, F and D respectively. 

Statistical Risk Models: This approach makes no additional assumption beyond the 
fact that there are k factors and the factor exposures and variances are constant over the 
sample period. Generally principal component analysis is used to identify the k factors 
from the return sample covariance matrix. 

The UBS Hybrid model combines aspects of the time-series and cross-sectional 
approaches. We will discuss this in more detail later in the note. 

There are a few, key assumptions that these risk models make: 

a) There are k factors: All of our modelling approaches require us to choose the 
number of factors in our model. If you have too few factors then the model will be overly 
simplistic and won't be able to capture the risk accurately. If we have too many factors 
then the model will be unnecessarily complex and so have a high sampling error. This 
also means that we may mis-attribute stock specific risk as factor risk. As a result you 
might use the wrong approach to control the risk in your portfolio. 

b) The factor betas are constant over time: Both the time series and the statistical 
modelling approaches assume that the factor betas are constant over time. 

This assumption is not totally correct. Andersen, Bollerslev, Diebold, Wu (2006), 
suggests there is a tendency for market, country and sector betas to mean revert over 
time. Some vendors specifically incorporate this tendency in their approach, by shrinking 
the historical market betas back to 1. The assumption is particularly flawed for stocks' 
betas with respect to style factors, as membership of these style baskets is very time-
varying e.g. a stock may be a value stock at some point in time and then become 
expensive. 

c) The factor exposures are observable: This is a very important - and flawed -
assumption made by cross-sectional risk models for country and sector factors. 

Cross-sectional models use an indicator dummy variable (which takes a value of 1 if the 
stock belongs to the market, sector or country and 0 otherwise) as a proxy for market, 
country and sector betas. This is implicitly saying that all stocks within a sector (or 
country) have the same sensitivity to sector (or country) risk. This is not correct. If we test 
that assumption empirically, we find it is rejected by the data at all standard confidence 
levels. We can try to remedy this by looking at more detailed sectors or smaller regions, 
but this increases the risk of over-fitting. 

Trade-offs when building a risk model 

What is the best approach to building a risk model? As always, there is no simple answer. 
Each approach offers a different balance on a number of objectives or trade-offs. We 
discuss three of these design trade-offs below: 

When estimating a large risk matrix, we have to specify some structure to reduce the 
number of parameters that we need to estimate. How much structure to specify is not a 
straightforward question. 

If we choose a risk model which imposes a lot of structure (for example a simple time 
series risk model) then we won't need to estimate as many parameters. This pushes 
down the sampling error. However, if the model has been mis-specified - for example if 
you omit an important factor - you will have a much higher structural error. For the 
greatest accuracy, you need to find a risk model which balances sampling error and 

(3) 
structural error. 

Risk Model Assumptions 

Trade-off 1: Structural versus 
Sampling error 

3. This can be understood as the bias/variance trade-off that you see in many statistical modelling problems. 
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A number of papers, Tien and Pfleiderer (2005), Scowcroft and Sefton (2006) and 
Connor and Briner (2008), have examined the trade-off between structural and 
sampling error. In all their tests, they found that the time-series and cross-sectional 
models outperformed statistical models. This strongly suggests that some structure is 
absolutely necessary to reduce sampling errors. However, the tests were less conclusive 
in determining precisely how much structure should be imposed; in some tests the time-
series models did better and in others the cross-sectional models outperformed. 

It is sometimes claimed that statistical models are less likely to ‘miss’ any risk factors. 
Miller (2006) investigated this. He found that, in practice, statistical models are only 
successful in capturing risks which i) are long-lasting and ii) affect many stocks. These are 
the very sources of risk that are easier to identify and will be included in any well built 
structural model! 

It is also sometimes believed that statistical models are a better short term model of risk 
because they have the flexibility to capture temporary changes in market structure. We 
disagree. With a shorter horizon your data sample is even smaller, demanding one 
should impose more structure rather than less to avoid massive sampling errors! 

Though this covers the principal statistical trade-offs, there are other objectives which 
are more pragmatic in nature and concern the simplicity and ease with which the results 
can be interpreted. 

Portfolio managers not only want to know the total aggregate risk of their portfolio, but 
they also want to attribute it to various sources. This decomposition adds more value, if 
the various sources of risk – the factors – have an intuitive economic interpretation. For 
example, if one of the factors is associated with the oil price, then the portfolio exposure 
to this risk factor can be interpreted as exposure to movements in the oil price. But by 
constraining the directions of risk to lie in certain ‘intuitive’ directions, you may be 
limiting the ability of the risk model to pick up transitory or new sources of risk. 

Reducing the complexity of the model amounts to keeping the number of factors to a 
minimum. This reduces the risk of over-fitting the returns but may mean a model does 
not capture an important risk factor. 

What do you use a risk model for? Which risk 

model is best for each purpose? 

Investors use risk models for many different purposes. There is no one type of risk model 
which is "best" every time. It depends on what you are trying to do with it. 

Here are some common uses and some comments on which of the three basic types of 
risk model would be most appropriate: 

i) Forecasting your tracking error 

Short-term models can react quickly to big changes in market volatility, so are often 
preferred for forecasting your tracking error. This is fine for a statistical model, which will 
typically work well even with a shorter sample period (e.g. 6 months). 

However, for the cross-sectional and time series models, this is a problem. For the time 
series model you will usually need a longer time period (e.g. 3 years' of data) to estimate 
coefficients accurately. For cross-sectional models, you typically have a large number of 
factors, which means you need a longer time period to estimate the covariance matrix 
robustly. 

ii) Risk attribution 

A risk model can help investors to break down the risk of their portfolio into a few, 
economically intuitive factors. A good risk attribution is parsimonious, easy to 

Trade-off 2: Ease of Risk Attribution 

Trade-off 3: Parsimony 
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understand and robust. 

Cross-sectional risk models typically have a very large number of factors - often as many 
as 80 - so it can be hard to fully understand the results of a risk attribution. However, the 
cross-sectional approach is very robust. If you analyse the same portfolio twice, a few 
weeks apart, you can expect to see a similar risk attribution each time. 

In contrast, a time series risk model has a much more manageable number of easy-to-
understand factors, because you can use the variation in stocks' betas to capture 
differences in their returns rather than relying on more and more subsectors or sub-
regions. However they can have problems with robustness if there are outliers in the 
betas computed. This is traditionally handled by simple rules of thumb like capping betas 
at +/-1.2. Alternatively, you can use a Bayesian approach which shrink betas back to 
more plausible values (which is what we do in our UBS Hybrid Risk Model). 

Statistical risk models are not appropriate for risk attribution. Statistical risk factors don't 
have an obvious real world interpretation, so if a risk attribution reveals a large risk 
exposure, it is hard for a portfolio manager to know if the exposure is desirable or needs 
to be controlled. 

On balance, we recommend a time series model for risk attribution. 

iii) Performance attribution 

Statistical risk models are not suitable for performance attribution. We need intuitive 
factors for this attribution to be useful. 

By construction, cross-sectional risk models have more stable betas than time series risk 
models. Performance attribution needs stable betas to make sense, so this is an 
advantage to cross-sectional risk models. 

and iv) Optimisation 

A risk model must be well conditioned for optimisation to work. If your risk model is mis-
specified and doesn't capture all of the relevant risk factors then the optimisation 
algorithm will give a very large weight to stocks (or groups of stocks) which, due to 
failures of the risk model, appear to be very low risk, but which are actually of normal or 
even high risk. This is called the error maximisation problem. 

To avoid this issue we need to be able to audit our risk model and check if it is well 
conditioned. That rules out statistical risk models. It is slightly easier to audit a risk model 
with a smaller number of factors, so a time series risk model or the UBS Hybrid Risk 
Model has a slim advantage over the cross-sectional risk model. 

A digression: if you are using your risk model for optimisation, it is helpful for the risk 
factors in your risk model to align with your alpha factors. Modern Portfolio Theory 
(MPT) argues that in an optimal portfolio the marginal return from a position should 
equal the marginal risk from a position. This process is both easier and more robust if the 
risk factors align with the alpha factors. If the risk factors only align approximately with 
the alpha factors, then an optimiser will focus on a portfolio of stocks that have a 
positive return, but carry little risk. The optimiser will tend to gear up on such portfolios. 
This may lead to an unbalanced portfolio and certainly excess turnover. This problem is 
avoided if the alpha factors are included as risk factors. 
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The UBS Hybrid Risk Model 
As we have seen in the introduction to risk models, we need to impose some structure 
on the risk matrix in order to limit the likelihood of significant estimation errors. But 
what structure? We believe this depends on the source of risk. For some sources of risk a 
cross-sectional model makes most sense, but for others a time-series model appears 
more reasonable. The UBS Hybrid Risk Model combines these two approaches. We 
choose which approach to use depending on the source of risk. 

A list of possible sources of risk would inevitably include: 

1. Market Risk – the systematic component of risk. 
2. Macroeconomic risk factors e.g. commodity prices. 
3. Industry Risk – risks that are systematic to a particular industry. 
4. Regional or Country risk – risks that are systematic to a particular geographical area. 
5. Style risk – risks that are pervasive to stocks that share a common characteristic; such 

as high debt, high earnings growth potential, heavily capitalised etc. 

It is our view that the first four sources differ crucially from final one and need different 
approaches within a risk model. 

Combining the cross-sectional and time-series 

approaches 

We believe that style risk factors should be handled differently to other risk factors. 
Whether a stock is a member of an industry or geography only very rarely changes. It is 
therefore reasonable to assume that exposures to these risk factors remain relatively 
constant over time. Furthermore the industry or country factor returns can be well 
proxied by the respective index returns. We therefore argue it is more natural to estimate 
these factors in time-series; i.e. assume that we observe the factor returns and estimate 
the exposures. Our reasons are summarised in the following list: 

• Estimating these factors in time-series allows for a more parsimonious description of 
the risk. Heterogeneity in sensitivities can be accommodated by heterogeneity in 
betas rather than the introduction of more risk factors. For example, global universal 
banks have a tendency to be more sensitive to financial shocks than local retail 
banks. In a cross-sectional model we would have to model this by having two factors, 
one for each sub-sector, with the factor returns being highly correlated but with one 
having a higher volatility than the other. In a time-series model, we could do that, or 
we could use a single factor with the stocks having differing sensitivities to this single 
factor. 

• The time series approach can accommodate cross-sensitivities between sectors and 
countries. Thus export orientated companies can have some sensitivity to foreign 
markets as well as their own domestic market. Similarly, companies with business 
lines which span multiple sectors can have exposures to multiple sectors, not just the 
one sector the overall company is assigned to. 

• Macroeconomic factors can only be easily incorporated in a risk model using a time-
series approach. Given an economic series – e.g. oil prices – it is straightforward to 
estimate stock sensitivities within a time series regression. It is not immediately 
obvious how this could be done within a cross-sectional model. 

In contrast to the first four sources of risk, sensitivity to style risk is likely to vary over 
time. For example, a stock's exposure to the risk associated with heavily indebted 
companies will change if it has a major capital restructuring, its exposure to the risk 
associated with very cheap companies will change if its multiple changes, etc. If we have 
a reasonable proxy for these time-varying exposures - such as the style values themselves 
- then the time-varying nature of these sensitivities can be accommodated relatively 
easily within a cross-sectional framework. We therefore believe style factors are better 
estimated in a cross-sectional framework. 

We therefore suggest the following hybrid approach to estimating a risk model: 

• For market, economic, industry and country factors, use a time-series approach. 
More precisely, assume the risk factor returns, ft, are well proxied by the returns to 
the respective market, economic, industry and country indices. Then – under the 

Estimate industry and region/country 
betas with a time series approach 

Estimate factor betas with a cross-
sectional approach 

Quantitative Monographs 16 June 2021 ab 8 

https://framework.We
https://changes,etc.If
https://other.In
https://banks.In
https://indexreturns.We
https://geographyonlyveryrarelychanges.It


  
  

  
   

   
 

  
   

 

 

 
  

    
    

 

  
  

 

  
  

   

   
 

  

 

 
  

 

 

  
  
 

  

 

 

   

  
   

  
 

  
 

 
 

  

assumption that the betas are constant over the sample – estimate the parameters 
using a number of time-series regressions. As this means estimating a relatively large 
number of parameters, we will estimate them within a Bayesian framework. This 
effectively shrinks the least-squares estimates back to a set of prior values – either ‘1’ 
or ‘0’ – but in proportion to the degree of uncertainty. Thus if the parameter is poorly 
estimated (as measured by its t-stat or sample variance) then it is shrunk back heavily. 
Conversely, if it is well estimated then far more weight is placed on the estimate. 

• For style factors, we use a cross-sectional approach. Assume that we observe the 
time-varying exposures Bt and estimate the factor returns, ft, using a series of cross-
sectional regressions. 

We refer to this model as UBS Hybrid Risk model. 

Combining the time series approach and the cross-sectional approach is not completely 
straight forward. In the time series and cross-sectional approaches, we assume that we 
know one of i) the factor exposures and ii) the factor covariances, and use these to 
compute the other. In the hybrid approach, we are explicitly saying that we don't know 
either of these for the full list of our factors. 

We use the Expectation Maximisation algorithm (EM) to solve this issue. We defer most 
of the detail of this model to the Appendix, but give a (very) brief sketch of the algorithm 
below. 

We need some initial estimates for: 

i. the betas to time series risk factors (market, country, sector and macro factors). 
This will just be the time-series betas, which we can compute by regressing the 
returns data on the returns to the market, country and sector index returns and 
onto macro time series. 

ii. the volatility of the error terms. This will be the volatility of the underlying assets. 
iii. the inverse of the covariance matrix for the cross-sectional risk factors (the style 

factors). We initially estimate this as the zero matrix. 

Then we iterate between the following two steps until our parameters converge: 

1) Given our current estimate for the time series risk exposures, we can estimate the 
unobserved cross-sectional factor returns for each period. This gives us a new estimate 
for the covariance matrix for the cross-sectional factors (and its inverse). 

2) Given this new estimate for the cross-sectional factor returns we can calculate a new 
estimate for the time-series exposures. 

The EM algorithm has a number of very desirable properties. The principal being that it is 
guaranteed to converge monotonically to a local maximum. This is a reliable solution to 
estimating the UBS Hybrid Risk Model. 

Accuracy of the Hybrid Risk Model 

In order to test the accuracy of the UBS Hybrid Risk Model we have compared the 
forecast tracking error with the realised tracking error over the following year for a large 
number of portfolios. 

To do this, we needed some randomly generated portfolios. We generated these using a 
simple algorithm: 

• Randomly select 35% of the stocks from each sector. 
• For each stock choose a value uniformly from the range 0 to 1, and multiply its 

market cap by this random value. These figures are then normalised so that each 
sector sums to 100%. This gives us the weight of each stock in the portfolio within its 
sector. These will typically be larger for large-caps but small and mid-cap names can 
still potentially take a substantial weight. 

• Each stock's weight within its sector is then multiplied by the weight of its sector in 
the benchmark to give the stock's weight in the overall portfolio. This yields a sector 
neutral portfolio. 

Estimating the UBS Hybrid Risk 
Model 
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We repeat this procedure 100 times to generate 100 random portfolios. We can then 
use the UBS Hybrid Risk Model to compute the forecast tracking error for each portfolio 
and then, by looking at the returns over the following year, we can compute the actual 
realised tracking error for each portfolio. This lets us see how accurate the risk model's 
forecasts are. We have run this analysis for various different regions and time periods. 

We start by examining forecasts tracking errors for 2013 for five different regions; 
ACWI, EMU, the USA, AC Asia ex Japan and the Emerging Markets. We chose 2013 as 
an example of a fairly uneventful year from a macro perspective. The risk model would 
have been reasonably accurate. 

Figure 2: Comparison of forecast and realised tracking errors in 2013 

 

   

  

  
      

   
  

       

 

 
    

 

Source : UBS 

If we examine 2020, we see that the UBS Hybrid Risk Model somewhat under-forecast 
risk in most of these regions. This is not very surprising. 2020 was a highly volatile year 
with a large jump in an unforeseen macro factor - the pandemic. 
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Figure 3: Comparison of forecast and realised tracking errors in 2020        

 

    

 

  
      

  
 

  

  
 

   
  

    
  

  
 

  
 

    
   

Source : UBS 

Do Style Factors Add Explanatory Power to the 

Hybrid Risk Model? 

The Hybrid model is built with 8 style risk factors; value (earnings yield), earnings 
momentum, 1-month and 6-month price momentum, size, volatility, quality (ROE) and a 
capital gearing factor (net debt to EV). In this section we investigate the explanatory 
power or significance of each style. We then compare the estimated style returns from 
both the Hybrid and Cross-sectional models with a set of calculated style index returns. 

We want to test whether a factor adds to the explanatory power of the risk model. If it 
does not, we could drop the factor and achieve a more parsimonious description of the 
data. However, a little care is required. As we have estimated the model in a Bayesian 
framework, we cannot use classical hypothesis tests. Instead we must approach the 
question, by asking whether one model description is more likely than another. Both the 
Bayesian Information Criterion (BIC) and the Akaike Information Criterion (AIC) offer an 
approach based on these lines. Similar to the classical likelihood ratio test, the criteria are 
based on twice the likelihood. However the criteria make an adjustment for the number 
of estimated parameters. These criteria therefore quantify the trade-off between the 
model fit and parsimony. The preferred model is the one with lowest information 
criterion. The BIC tends to favour less complex models than the AIC. These statistics are 
discussed in Lopes and West (2004). They argue that BIC is to be preferred. 
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Figure 4: Testing the parsimony of the Cross-Sectional Factors 

Base Model Drop Value 

Drop 
Earnings 

Momentu 
m 

Drop Price 
Momentu 

m 

Drop 
Market Cap 

Drop 12 
mth 

Volatility 

Drop 
Quality 

Drop 
Leverage 

Log Likelihood 

BIC 
Difference in BIC 

AIC 
Difference in AIC 

Volatility 

4712.2 

50229.1 

4686.7 

50267.6 
38.5 

57708.6 
37 

7.21 

4687.4 

50266.1 
37.1 

57707.2 
35.5 

3.97 

4691.0 

50259.0 
29.9 

57700.0 
28.3 

5.49 

4699.3 

50242.4 
13.3 

57683.4 
11.8 

2.45 

4702.2 

50236.5 
7.4 

57677.5 
5.9 

3.55 

4703.2 

50234.5 
5.4 

57675.5 
3.9 

1.84 

4704.6 

50231.7 
2.7 

57672.8 
1.1 

1.85 

0 

57671.7 
0 

Source : UBS. Each column refers to a different model. The first column is our default model with all the 7 factors included. The remaining 7 columns drop each of these 
factors in turn. The first row records the value of likelihood function at the optimum, the second row the BIC, and the 3rd row the difference in the BIC statistic from that of 
default model (all factors included). The 4th and 5th row record similar statistics for the AIC and the final row gives the estimated volatility in the default model of the dropped 
factor returns. 

Figure 3 records the results from the first set of experiments. In the default model there 
are 7 cross-sectional style exposures. We drop each of these factors in turn, and test 
whether this reduced factor model is more informative. We shall focus our discussion on 
the BIC statistics. The number of estimated parameters, p, in each model is nkTS time-
series exposures, n idiosyncratic return variances and kXS(kXS+1)/2 independent 
parameters in the cross-sectional covariance matrix; the BIC is equal -2l+p.log(T) where l 
is the log likelihood and p is the number of parameters. A model with a lower BIC is 
more probable in a Bayesian sense. Of all the models, the default model has the lowest 
BIC and so is suggestive that all the factors should be included. However the criterion 
does rank the factors in some order of explanatory power. The value, momentum and 
size factors contain the most information, with volatility, quality and leverage the least. 
The results from the AIC are consistent with these findings. 

We have also recorded in the table the volatility of the estimated factor returns in the 
default model. Perhaps unsurprisingly, the volatility of the factors ranks the factors in 
almost the same order as the information criteria. 

A Comparison of the Hybrid Risk Model 
and Cross-sectional Risk Model 
Ideally, we would try to establish if this UBS Hybrid Risk Model is better than previous 
standard approaches. Unfortunately, this is not possible as there is no single 
discriminating test. Instead we must be content with a comparing our Hybrid model to a 
‘close’ cross-sectional relative. Our comparison is designed to highlight the principal 
differences between the two approaches. We take the various components of the model 
in turn, examining industry and regional exposures, industry and regional factor returns 
and finally the style returns. 

We start off by describing the comparison model. We shall refer to this model as the 
cross-sectional model though this is not an entirely accurate description for reasons we 
shall now explain. This cross-sectional model has the same set of factors as our Hybrid 
model; a market factor, 7 regional factors, 10 industry factors and 7 style factors. These 
are estimated as follows: 

1. Market Factor: Firstly the market beta or exposures are estimated. This is done in 
time-series by regressing each stock return series on the market returns and a 
constant. The coefficient on the market is then the market beta. The rest of the 
model is estimated on the residuals of the regression rather than the raw returns. It is 
for this reason that even our cross-sectional model can be regarded as a sort of 
Hybrid model. 

2. Regional, Industry and Style Factors: In a cross-sectional model, all exposures are 
assumed to be known a priori. The country and industry exposures are the indicator 
vectors – an element is 1’ if the stock lies in the respective industry or country and ‘0’ 
otherwise – and the style exposures are proxied by a fundamental ratio. Thus in this 
cross-sectional model the country and industry exposures are the Bayesian priors 
used in the Hybrid model, and the style exposures are identical to those in the Hybrid 
model. Given these exposures, the factor returns are estimated by regressing the 
stock returns net of the market on these exposures in each period. Both our Hybrid 

All of the style factors improve the 
risk model; value, size and 
momentum contain the most 
information 

Details of the comparison model 
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and the Cross-sectional Model are estimated on the MSCI Investible Market Index 
(IMI) for developed markets of large and medium sized companies. The universe is 
just over 1600 stocks in each period. The models are estimated on 5 years worth of 
monthly data – i.e. 60 monthly observations. 

Comparison of Industry Factor Estimated Returns 

We shall now compare the industry factor returns estimated in the cross-sectional model 
with those used in the Hybrid model (recall that the factor returns used in the Hybrid 
model are the returns to the respective indices). The results are given in Figure 2. The first 
column records the correlation coefficient between the respective time series; the 
second and third columns the annualised volatility of the two series. The industry 
volatilities of the two sets of factors returns are broadly similar. 

Figure 5: Comparison of the estimated factor returns from the cross-sectional 
model with the respective index returns used within the Hybrid model. 

Annualised Annualised Correlation of Volatility of Volatility of factors returns - Factors Returns Factors Returns Hybrid vs. Cross- for the Hybrid for the Cross-sectional models Model sectional Model 
Oil & Gas 0.94 16.10 12.83 
Basic Materials 0.68 12.85 6.63 
Industrials 0.60 5.23 5.34 
Consumer Goods 0.63 4.25 4.29 
Health Care 0.81 7.85 5.66 
Cons. Services 0.78 5.68 5.53 
Telecomms 0.81 7.44 6.75 
Utilities 0.78 7.56 6.30 
Financials 0.79 7.74 6.72 
Technology 0.64 9.49 7.63 

Source : UBS 

Comparison of Style Factor Estimated Returns 

We now compare the estimated cross-sectional style returns from the Hybrid model with 
those from the Cross-Sectional model, with a set of calculated style returns. These 
calculated style returns are returns to a set of long short factor mimicking portfolios. 

Each period we divide our universe into industry and regions (e.g. North American 
Utilities). Within these sub-groups we rank stocks according to the relevant style beta. 
The top third of names within each sub-group is then our high basket and the bottom 
third of names is our low basket. The equally-weighted industry and regionally neutral 
style portfolio is defined as long the high basket and short the low basket. The style 
return is the return to this portfolio. 

Figure 4 records the correlation coefficients between the various style return series. For 
the Hybrid model, we have estimated the style returns with (the confidence placed in 
the prior) set to 1, which is its default value. 

Figure 6: Correlation coefficients between respective style return series 

Value 
Earnings 
Moment 

um 

Price 
Moment 

um 

Market 
Cap 

12 mth 
Volatility Quality Leverage 

Calculated returns vs hybrid model factor 
returns 0.83 0.84 0.49 0.72 0.88 -0.29 0.68 

Calculated returns vs cross-sectional model 
factor returns 0.82 0.66 0.77 0.76 0.91 0.34 0.58 

Hybrid model factor returns vs cross-
sectional model factor returns 0.87 0.88 0.84 0.71 0.88 0.55 0.72 

Source : UBS 

We make a couple of observations based on the results in this table: 

1. The estimated factor returns of the Cross-sectional and Hybrid models are highly 
correlated. 

2. The correlation of the estimated factor returns with the calculated style returns is low 

Quantitative Monographs 16 June 2021 ab 13 



    
 

 
 

 

   
   

  
  

  
  

for the quality style. This may be because this style is relatively uninformative and 
therefore poorly estimated. 

Conclusion 
In this paper we have argued for a Hybrid approach to building a risk model. We 
maintain that this imposes sufficient structure so as to reduce sampling error, but retains 
the flexibility to incorporate all major sources of risk in a parsimonious fashion. 

Our Hybrid model assumes the respective index returns are a good proxy for the industry 
and country risk factors. We prefer to estimate the betas, in the belief that there is 
substantial heterogeneity in these exposures both within and across sectors and regions. 
Furthermore this framework can incorporate macroeconomic risk factors naturally. 

In contrast, we prefer to estimate style factors in cross-section. Here the major attraction 
of a cross-sectional approach is that betas can vary over time. This is critical since style 
membership varies from period to period. 
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Appendix 

Further Details on the Estimation of the UBS Hybrid 

Model 

We want to estimate style factors using the cross-sectional approach and the other risk 
factors using a time-series approach. Combining these two approaches means that we 
cannot assume that we fully know either the factor exposures or the factor covariances. 
This makes estimating the covariance matrix and factor exposures more challenging. 

The estimation procedure builds on the work of Stroyny (2005). However, we develop 
his approach in a number of ways. Firstly, and most crucially, we incorporate priors on 
some of the parameters, in particular the time-series beta exposures. This generalisation 
is not only likely to reduce sampling error, by shrinking back the parameters that are 

(4)
poorly estimated, it also speeds up significantly the estimation procedure. 

Our second generalisation is to allow for stochastic nature of the factor returns in the 
estimation procedure. Some of the early work on factor analysis, Young (1942) and 
Lawley (1943), treated the factor returns as additional model parameters. The resultant 
algorithm – often referred to as the Least Squares Method of Factor Analysis (LSMFA) – 
was straightforward in that it amounted to iterating over a standard set of least squares 
regressions. However, Whittle (1952) described the approach as “too unstable to be 
useful”. Rubin and Thayer (1982) suggested using a prior that the factors returns were 
drawn from a normal distribution, and showed that the resultant model could be 
estimated using the Expectation Maximisation Algorithm, see McLachlan, Krishnan 
(1997). Adapting the Rubin and Thayer (1982) to our problem has three direct payoffs: 

1. It stabilises the estimation algorithm. 
2. It ensures that our estimated style factors are both industry and regionally neutral. 
3. It ensures that our estimate of the factor covariance matrix takes due account of 

errors in the estimation of the style factor returns. 
4. It enables us to test in turn whether each factor significantly adds to the explanatory 

power of the risk model. 

Let us describe the estimation procedure in greater detail than we did in the main note. 
Recall the basic linear factor model framework: 

We re-write equation (1) to separate out the time-series factors from the cross-sectional 
factors: 

where the subscript TS or XS denote the factors estimated in time-series and cross-
section respectively. We assume that we observe the time-series factor returns, fTS,t, and 
the cross-sectional betas, BXS,t and must estimate the timeseries betas, BTS, and the 
covariance matrices, D and F. We estimate the risk model in a Bayesian framework in an 
effort to reduce sampling error. We assume a standard conjugate on the time-series 

4. These two advantages are closely related. If a parameter is poorly estimated, its value is likely to ‘jump’ between iterations. By shrinking 
these parameters back to their priors, one not only reduces estimation error, but stabilise the iterative estimation procedure. 
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betas, 

where the BTS,0 is the dummy indicator matrix described earlier (an element is ‘1’ if the 
stock lies in the respective industry or country, and is ‘0’ otherwise), Ω is a diagonal 
matrix of variances and is a scalar. In our default model, we set =1. Later we 
experiment with different values for , so as to investigate the sensitivity of the 
parameter estimates to our prior. The matrix has the same dimensions as with BTS 

elements equal to the variance of the prior estimate. We calibrate these priors using a 
simple rule of thumb; imagine estimating a single beta by regressing a vector of factor 
returns on a vector of a stock’s returns. In this case, the standard error of the beta 
estimate will be: 

where the notation should be clear from above. Using typical values of Var( )/ Var(f) = 
4, then with 60 observations the variance of the beta estimate should be 0.25. Based on 
this, in the default model we let =(0.12+0.13 BTS,0i). Hence if the mean of prior is a ‘1’, 
its standard deviation (std.) is 0.5 (or variance of 0.25) and if the mean of the prior is ‘0’ 
its std. is 0.35. Thus our prior belief is that 95% of stocks have betas with respect to their 
industry or geography in the range 0 to 2, and betas in the range -0.7 to 0.7 with respect 
to the other factors. 

The estimation procedure is based on an Expectation Maximisation (EM) algorithm. To 
describe the approach, it will prove useful to write the covariance matrix F in diagonal 
form where: 

so that FTS is the covariance matrix of the times-series factor returns: 

and FXS is the covariance matrix of the cross-sectional factor returns. The EM algorithm is 
an iterative procedure can now broken down into the following steps: 

1. Scale all returns by an estimate of market volatility for that period. This removes a 
considerable proportion of the observed hetereoskedascity in returns. Initialise the 
estimation procedure with BTS = BTS,0,D=diag(Cov(r)) and FXS 

-1=0. 
2. Given an estimate for BTS, D and FXS 

-1 calculate an estimate for the unobserved cross-
sectional factor returns, fXS,t as 

with variance 

for every period t. Given these, a new estimate of the covariance matrix FXS is 

3. Given the estimate for the cross-sectional factor returns for calculate a new 
estimate for the time-series exposures, BTS,. This is done asset by asset, effectively 
performing n time-series regressions. If we use the notation [X]i• to refer to the ith row of 
the matrix X then: 
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where Zi is a diagonal matrix with the jth element on the diagonal equal to . Finally 
we update the estimate for the variance of the residual returns as 

4. Given these updated estimates of the parameters go to step (2). Repeat the loop until 
the parameters converge. 

The EM algorithm has a number of very desirable properties. The principal being that it is 
guaranteed to converge monotonically to a local maximum. The convergence can be 
slow but is stable. In practise, we found that with relatively confident priors, < 100, 
convergence was surprisingly fast. The priors shrunk back the poorly estimated 
parameters – the very parameters that would converge slowly if the priors were diffuse – 
which dramatically sped up convergence. 

Effect of Bayesian Framework on Hybrid Risk 

Model 

The UBS Hybrid Risk Model uses a Bayesian framework to speed up the computation of 
the EM algorithm and to improve the robustness of the model by avoiding extreme 
outliers in the betas. In this section, we examine the impact of our priors and the 
certainty ( ) that we place on them. 

In the default risk model, there are 7 regional factors – US, UK, Canada, Japan, EMU, 
Europe ex UK ex EMU, Asia ex Japan – and 10 industry factors – the ICB industry groups. 
The Hybrid model uses as its prior for the regional and industry exposures the indicator 
vectors; an element is 1’ if the stock lies in the respective region or industry and ‘0’ 
otherwise. 

In the following table we assess the impact of these priors. The table is split into two. The 
left hand side gives results for the case = ∞ i.e. a very diffuse prior and the right hand 
side when = 1 i.e. a strong prior, this is the default value for in the risk model. 
As tends to infinity, less and less weight is given to the priors, and in the limit the 
posterior estimates tends towards the same values that would be derived from a least 
square regression. The 1st column gives the mean of beta for all stocks belonging to the 
industry or region of that factor. The 3rd column gives the mean of the other beta 
estimates. The 2nd and 4th columns give the average standard deviation of the 
corresponding estimates around the means. Columns 5-8 give the same information for 
the posterior estimates for when = 1. 
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Figure 7: A summary of the exposure estimates for each of the industry and region 

Diffuse Prior ( = ∞ ) Conjugate Prior ( = 1 ) 
Stocks within Industry Stocks not in Industry Stocks within Industry Stocks not in Industry 

or Region or Region or Region or Region 

Mean Beta Std. Dev 
of Beta Mean Beta Std. Dev 

of Beta Mean Beta Std. Dev 
of Beta Mean Beta Std. Dev 

of Beta 
(1) (2) (3) (4) (5) (6) (7) (8) 

Oil & Gas 0.83 0.55 0.10 0.49 1.01 0.31 0.04 0.18 
Basic Materials 0.77 0.68 0.05 0.45 0.82 0.46 0.03 0.23 
Industrials 0.92 0.94 0.20 0.78 0.87 0.35 0.03 0.18 
Consumer Goods 0.55 0.90 0.12 0.86 0.84 0.31 0.03 0.18 
Health Care 0.67 0.80 0.09 0.65 0.81 0.31 0.02 0.18 
Consumer Services 0.85 0.78 0.21 0.76 0.90 0.32 0.04 0.18 
Telecommunications 0.65 0.54 0.03 0.63 0.87 0.29 0.01 0.18 
Utilities 0.92 0.63 0.14 0.60 0.93 0.32 0.05 0.20 
Financials 0.74 1.28 -0.02 1.00 0.74 0.35 -0.03 0.16 
Technology 0.76 0.89 -0.03 0.57 0.81 0.44 -0.01 0.19 
Canada 0.59 0.67 -0.09 0.63 0.88 0.25 0.01 0.18 
UK 0.69 0.85 -0.15 0.82 0.80 0.34 -0.02 0.17 
Japan 0.90 0.66 -0.13 0.50 0.94 0.38 -0.02 0.17 
United States 1.14 0.94 0.14 0.40 1.02 0.11 0.01 0.04 
EMU 0.70 0.93 0.02 0.77 0.94 0.28 0.01 0.14 
Europe Ex EMU & UK -0.05 0.76 -0.08 0.68 0.73 0.27 0.01 0.16 
Asia Pacific Ex Japan 0.59 0.70 -0.17 0.63 0.85 0.27 -0.02 0.18 

Source : UBS, The first four columns summarise for case tau = ∞, the last four for the case tau = 1. Each line refers to the beta estimates with respect to that factor. We record 
the mean and standard deviation of the betas for two groups of stocks; a stock is in the first group if it belongs to the respective industry or region and in the 2nd group if it 
does not. 

There are number of clear conclusions from these results: 

1. The mean beta of stocks to their own industry or region is close to but slightly less 
than 1. The mean beta of stocks to other industries or regions is clearly centred on 0. 
This is a very significant difference. 

2. When the prior is diffuse, the standard deviation within each group of the beta 
estimates is high. For the first group, it is roughly 0.75. Comparing columns 2 and 5, 
the impact of strengthening the prior is clear. The prior shrinks the estimates back, 
reducing the standard deviation of the posterior betas by over half. 

3. There is some evidence that the industry exposures are more significant than the 
regional exposures. This comes from comparing the ratio of the standard deviation of 
the members’ beta for the two different models (i.e. column 1 / column 2 or column 
5 / column 6) 
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Valuation Method and Risk Statement 

Our quantitative models rely on reported financial statement information, consensus 
earnings forecasts and stock prices. Errors in these numbers are sometimes impossible to 
prevent (as when an item is mis-stated by a company). Also, the models employ historical data 
to estimate the efficacy of stock selection strategies and the relationships among strategies, 
which may change in the future. Additionally, unusual company-specific events could 
overwhelm the systematic influence of the strategies used to rank and score stocks. 
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of a client of UBS and you understand and agree that (i) the Global Research is provided to you for information purposes only; (ii) for the purposes of receiving it 
you are not intended to be and will not be treated as a “client” of UBS for any legal or regulatory purpose; (iii) the Global Research must not be relied on or acted 
upon for any purpose; and (iv) such content is subject to the relevant disclaimers that follow. 
This document is for distribution only as may be permitted by law. It is not directed to, or intended for distribution to or use by, any person or entity who is a citizen 
or resident of or located in any locality, state, country or other jurisdiction where such distribution, publication, availability or use would be contrary to law or 
regulation or would subject UBS to any registration or licensing requirement within such jurisdiction. 
This document is a general communication and is educational in nature; it is not an advertisement nor is it a solicitation or an offer to buy or sell any financial 
instruments or to participate in any particular trading strategy. Nothing in this document constitutes a representation that any investment strategy or 
recommendation is suitable or appropriate to an investor’s individual circumstances or otherwise constitutes a personal recommendation. By providing this 
document, none of UBS or its representatives has any responsibility or authority to provide or have provided investment advice in a fiduciary capacity or otherwise. 
Investments involve risks, and investors should exercise prudence and their own judgment in making their investment decisions. None of UBS or its representatives 
is suggesting that the recipient or any other person take a specific course of action or any action at all. By receiving this document, the recipient acknowledges and 
agrees with the intended purpose described above and further disclaims any expectation or belief that the information constitutes investment advice to the 
recipient or otherwise purports to meet the investment objectives of the recipient. The financial instruments described in the document may not be eligible for 
sale in all jurisdictions or to certain categories of investors. 
Options, structured derivative products and futures (including OTC derivatives) are not suitable for all investors. Trading in these instruments is considered risky 
and may be appropriate only for sophisticated investors. Prior to buying or selling an option, and for the complete risks relating to options, you must receive a 
copy of "The Characteristics and Risks of Standardized Options." You may read the document at http://www.theocc.com/publications/risks/riskchap1.jsp or ask 
your salesperson for a copy. Various theoretical explanations of the risks associated with these instruments have been published. Supporting documentation for 
any claims, comparisons, recommendations, statistics or other technical data will be supplied upon request. Past performance is not necessarily indicative of 
future results. Transaction costs may be significant in option strategies calling for multiple purchases and sales of options, such as spreads and straddles. Because 
of the importance of tax considerations to many options transactions, the investor considering options should consult with his/her tax advisor as to how taxes 
affect the outcome of contemplated options transactions. 
Mortgage and asset-backed securities may involve a high degree of risk and may be highly volatile in response to fluctuations in interest rates or other market 
conditions. Foreign currency rates of exchange may adversely affect the value, price or income of any security or related instrument referred to in the document. 
For investment advice, trade execution or other enquiries, clients should contact their local sales representative. 
The value of any investment or income may go down as well as up, and investors may not get back the full (or any) amount invested. Past performance is not 
necessarily a guide to future performance. Neither UBS nor any of its directors, employees or agents accepts any liability for any loss (including investment loss) or 
damage arising out of the use of all or any of the Information. 
Prior to making any investment or financial decisions, any recipient of this document or the information should take steps to understand the risk and return of the 
investment and seek individualized advice from his or her personal financial, legal, tax and other professional advisors that takes into account all the particular 
facts and circumstances of his or her investment objectives. 
Any prices stated in this document are for information purposes only and do not represent valuations for individual securities or other financial instruments. There 
is no representation that any transaction can or could have been effected at those prices, and any prices do not necessarily reflect UBS's internal books and 
records or theoretical model-based valuations and may be based on certain assumptions. Different assumptions by UBS or any other source may yield substantially 
different results. 
No representation or warranty, either expressed or implied, is provided in relation to the accuracy, completeness or reliability of the information contained in any 
materials to which this document relates (the "Information"), except with respect to Information concerning UBS. The Information is not intended to be a 
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Information. Any opinions expressed in this document may change without notice and may differ or be contrary to opinions expressed by other business areas or 
groups, personnel or other representative of UBS. Any statements contained in this report attributed to a third party represent UBS's interpretation of the data, 
information and/or opinions provided by that third party either publicly or through a subscription service, and such use and interpretation have not been reviewed 
by the third party. In no circumstances may this document or any of the Information (including any forecast, value, index or other calculated amount ("Values")) 
be used for any of the following purposes: 
(i) valuation or accounting purposes; 
(ii) to determine the amounts due or payable, the price or the value of any financial instrument or financial contract; or 
(iii) to measure the performance of any financial instrument including, without limitation, for the purpose of tracking the return or performance of any Value or of 
defining the asset allocation of portfolio or of computing performance fees. 
By receiving this document and the Information you will be deemed to represent and warrant to UBS that you will not use this document or any of the Information 
for any of the above purposes or otherwise rely upon this document or any of the Information. 
UBS has policies and procedures, which include, without limitation, independence policies and permanent information barriers, that are intended, and upon 
which UBS relies, to manage potential conflicts of interest and control the flow of information within divisions of UBS and among its subsidiaries, branches and 
affiliates. For further information on the ways in which UBS manages conflicts and maintains independence of its research products, historical performance 
information and certain additional disclosures concerning UBS research recommendations, please visit https://www.ubs.com/disclosures. 
Research will initiate, update and cease coverage solely at the discretion of UBS Research Management, which will also have sole discretion on the timing and 
frequency of any published research product. The analysis contained in this document is based on numerous assumptions. All material information in relation to 
published research reports, such as valuation methodology, risk statements, underlying assumptions (including sensitivity analysis of those assumptions), ratings 
history etc. as required by the Market Abuse Regulation, can be found on UBS Neo. Different assumptions could result in materially different results. 
The analyst(s) responsible for the preparation of this document may interact with trading desk personnel, sales personnel and other parties for the purpose of 
gathering, applying and interpreting market information. UBS relies on information barriers to control the flow of information contained in one or more areas 
within UBS into other areas, units, groups or affiliates of UBS. The compensation of the analyst who prepared this document is determined exclusively by research 
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branches and affiliates as a whole. 
For financial instruments admitted to trading on an EU regulated market: UBS AG, its affiliates or subsidiaries (excluding UBS Securities LLC) acts as a market 
maker or liquidity provider (in accordance with the interpretation of these terms under English law or, if not carried out by UBS in the UK the law of the relevant 
jurisdiction in which UBS determines it carries out the activity) in the financial instruments of the issuer save that where the activity of liquidity provider is carried 
out in accordance with the definition given to it by the laws and regulations of any other EU jurisdictions, such information is separately disclosed in this 
document. For financial instruments admitted to trading on a non-EU regulated market: UBS may act as a market maker save that where this activity is carried out 
in the US in accordance with the definition given to it by the relevant laws and regulations, such activity will be specifically disclosed in this document. UBS may 
have issued a warrant the value of which is based on one or more of the financial instruments referred to in the document. UBS and its affiliates and employees 
may have long or short positions, trade as principal and buy and sell in instruments or derivatives identified herein; such transactions or positions may be 
inconsistent with the opinions expressed in this document. 
Within the past 12 months UBS AG, its affiliates or subsidiaries may have received or provided investment services and activities or ancillary services as per MiFID 
II which may have given rise to a payment or promise of a payment in relation to these services from or to this company. 
Where Global Research refers to "UBS Evidence Lab Inside" or has made use of data provided by UBS Evidence Lab you understand that UBS Evidence Lab is a 
separate department to Global Research and that UBS Evidence Lab does not provide research, investment recommendations or advice. UBS Evidence Lab may 
provide services to other internal and external clients. 
United Kingdom: This material is distributed by UBS AG, London Branch to persons who are eligible counterparties or professional clients. UBS AG, London 
Branch is authorised by the Prudential Regulation Authority and subject to regulation by the Financial Conduct Authority and limited regulation by the Prudential 
Regulation Authority. Europe: Except as otherwise specified herein, these materials are distributed by UBS Europe SE, a subsidiary of UBS AG, to persons who are 
eligible counterparties or professional clients (as detailed in the Bundesanstalt fur Finanzdienstleistungsaufsicht (BaFin) Rules and according to MIFID) and are only 
available to such persons. The information does not apply to, and should not be relied upon by, retail clients. UBS Europe SE is authorised by the European Central 
Bank (ECB) and regulated by the BaFin and the ECB. Germany: Where an analyst of UBS Europe SE has contributed to this document, the document is also 
deemed to have been prepared by UBS Europe SE. In all cases it is distributed by UBS Europe SE and UBS AG, London Branch. Luxembourg, the Netherlands, 
Belgium and Ireland: Where an analyst of UBS Europe SE has contributed to this document, the document is also deemed to have been prepared by UBS Europe 
SE. In all cases it is distributed by UBS Europe SE and UBS AG, London Branch. Turkey: Distributed by UBS AG, London Branch. No information in this document 
is provided for the purpose of offering, marketing and sale by any means of any capital market instruments and services in the Republic of Turkey. Therefore, this 
document may not be considered as an offer made or to be made to residents of the Republic of Turkey. UBS AG, London Branch is not licensed by the Turkish 
Capital Market Board under the provisions of the Capital Market Law (Law No. 6362). Accordingly, neither this document nor any other offering material related 
to the instruments/services may be utilized in connection with providing any capital market services to persons within the Republic of Turkey without the prior 
approval of the Capital Market Board. However, according to article 15 (d) (ii) of the Decree No. 32, there is no restriction on the purchase or sale of the securities 
abroad by residents of the Republic of Turkey. Poland: Distributed by UBS Europe SE (spolka z ograniczona odpowiedzialnoscia) Oddzial w Polsce regulated by the 
Polish Financial Supervision Authority. Where an analyst of UBS Europe SE (spolka z ograniczona odpowiedzialnoscia) Oddzial w Polsce has contributed to this 
document, the document is also deemed to have been prepared by UBS Europe SE (spolka z ograniczona odpowiedzialnoscia) Oddzial w Polsce. Russia: Prepared 
and distributed by UBS Bank (OOO). "Should not be construed as an individual Investment Recommendation for the purpose of the Russian Law" - Federal Law 
#39-FZ ON THE SECURITIES MARKET Articles 6.1-6.2. Switzerland: Distributed by UBS AG to persons who are institutional investors only. UBS AG is regulated by 
the Swiss Financial Market Supervisory Authority (FINMA). Italy: Prepared by UBS Europe SE and distributed by UBS Europe SE and UBS Europe SE, Italy Branch. 
Where an analyst of UBS Europe SE, Italy Branch has contributed to this document, the document is also deemed to have been prepared by UBS Europe SE, Italy 
Branch. France: Prepared by UBS Europe SE and distributed by UBS Europe SE and UBS Europe SE, France Branch. Where an analyst of UBS Europe SE, France 
Branch has contributed to this document, the document is also deemed to have been prepared by UBS Europe SE, France Branch. Spain: Prepared by UBS Europe 
SE and distributed by UBS Europe SE and UBS Europe SE, Spain Branch. Where an analyst of UBS Europe SE, Spain Branch has contributed to this document, the 
document is also deemed to have been prepared by UBS Europe SE, Spain Branch. Sweden: Prepared by UBS Europe SE and distributed by UBS Europe SE and 
UBS Europe SE, Sweden Branch. Where an analyst of UBS Europe SE, Sweden Branch has contributed to this document, the document is also deemed to have 
been prepared by UBS Europe SE, Sweden Branch. South Africa: Distributed by UBS South Africa (Pty) Limited (Registration No. 1995/011140/07), an authorised 
user of the JSE and an authorised Financial Services Provider (FSP 7328). Saudi Arabia: This document has been issued by UBS AG (and/or any of its subsidiaries, 
branches or affiliates), a public company limited by shares, incorporated in Switzerland with its registered offices at Aeschenvorstadt 1, CH-4051 Basel and 
Bahnhofstrasse 45, CH-8001 Zurich. This publication has been approved by UBS Saudi Arabia (a subsidiary of UBS AG), a Saudi closed joint stock company 
incorporated in the Kingdom of Saudi Arabia under commercial register number 1010257812 having its registered office at Tatweer Towers, P.O. Box 75724, 
Riyadh 11588, Kingdom of Saudi Arabia. UBS Saudi Arabia is authorized and regulated by the Capital Market Authority to conduct securities business under 
license number 08113-37. UAE / Dubai: The information distributed by UBS AG Dubai Branch is only intended for Professional Clients and/or Market 
Counterparties, as classified under the DFSA rulebook. No other person should act upon this material/communication. The information is not for further 
distribution within the United Arab Emirates. UBS AG Dubai Branch is regulated by the DFSA in the DIFC. UBS is not licensed to provide banking services in the 
UAE by the Central Bank of the UAE, nor is it licensed by the UAE Securities and Commodities Authority. Israel: This Material is distributed by UBS AG, London 
Branch. UBS Securities Israel Ltd is a licensed Investment Marketer that is supervised by the Israel Securities Authority (ISA). UBS AG, London Branch and its 
affiliates incorporated outside Israel are not licensed under the Israeli Advisory Law. UBS may engage among others in issuance of Financial Assets or in 
distribution of Financial Assets of other issuers for fees or other benefits. UBS AG, London Branch and its affiliates may prefer various Financial Assets to which 
they have or may have an Affiliation (as such term is defined under the Israeli Advisory Law). Nothing in this Material should be considered as investment advice 
under the Israeli Advisory Law. This Material is being issued only to and/or is directed only at persons who are Eligible Clients within the meaning of the Israeli 
Advisory Law, and this Material must not be furnished to, relied on or acted upon by any other persons. United States: Distributed to US persons by either UBS 
Securities LLC or by UBS Financial Services Inc., subsidiaries of UBS AG; or by a group, subsidiary or affiliate of UBS AG that is not registered as a US broker-dealer 
(a ‘non-US affiliate’) to major US institutional investors only. UBS Securities LLC or UBS Financial Services Inc. accepts responsibility for the content of a report 
prepared by another non-US affiliate when distributed to US persons by UBS Securities LLC or UBS Financial Services Inc. All transactions by a US person in the 
securities mentioned in this report must be effected through UBS Securities LLC or UBS Financial Services Inc., and not through a non-US affiliate. UBS Securities 
LLC is not acting as a municipal advisor to any municipal entity or obligated person within the meaning of Section 15B of the Securities Exchange Act (the 
"Municipal Advisor Rule"), and the opinions or views contained herein are not intended to be, and do not constitute, advice within the meaning of the Municipal 
Advisor Rule. Canada: Distributed by UBS Securities Canada Inc., a registered investment dealer in Canada and a Member-Canadian Investor Protection Fund, or 
by another affiliate of UBS AG that is registered to conduct business in Canada or is otherwise exempt from registration. Brazil: Except as otherwise specified 
herein, this material is prepared by UBS Brasil CCTVM S.A.¹ to persons who are eligible investors residing in Brazil, which are considered to be Investidores 
Profissionais, as designated by the applicable regulation, mainly the CVM Instruction No. 539 from the 13th of November 2013 (determines the duty to verify the 
suitability of products, services and transactions with regards to the client´s profile). ¹UBS Brasil CCTVM S.A. is a subsidiary of UBS BB Servicos de Assessoria 
Financeira e Participacoes S.A. (“UBS BB”). UBS BB is an association between UBS AG and Banco do Brasil, of which UBS AG is the majority owner. Mexico: This 
report has been distributed and prepared by UBS Casa de Bolsa, S.A. de C.V., a subsidiary of UBS AG. This document is intended for distribution to institutional or 
sophisticated investors only. Research reports only reflect the views of the analysts responsible for the report. Analysts do not receive any compensation from the 
persons or entities different from UBS Casa de Bolsa, S.A. de C.V., or different from entities belonging to the same financial group or business group of such Hong 
Kong: Distributed by UBS Securities Asia Limited. Please contact local licensed persons of UBS Securities Asia Limited in respect of any matters arising from, or in 
connection with, the analysis or document Singapore: Distributed by UBS Securities Pte. Ltd. [MCI (P) 003/08/2020 and Co. Reg. No.: 198500648C] or UBS AG, 
Singapore Branch. Please contact UBS Securities Pte. Ltd., an exempt financial adviser under the Singapore Financial Advisers Act (Cap. 110); or UBS AG, 
Singapore Branch, an exempt financial adviser under the Singapore Financial Advisers Act (Cap. 110) and a wholesale bank licensed under the Singapore Banking 
Act (Cap. 19) regulated by the Monetary Authority of Singapore, in respect of any matters arising from, or in connection with, the analysis or document. The 
recipients of this document represent and warrant that they are accredited and institutional investors as defined in the Securities and Futures Act (Cap. 289). 
Japan: Distributed by UBS Securities Japan Co., Ltd. to professional investors (except as otherwise permitted). Where this report has been prepared by UBS 
Securities Japan Co., Ltd., UBS Securities Japan Co., Ltd. is the author, publisher and distributor of the report. Distributed by UBS AG, Tokyo Branch to Professional 
Investors (except as otherwise permitted) in relation to foreign exchange and other banking businesses when relevant. Australia: Clients of UBS AG: Distributed 
by UBS AG (ABN 47 088 129 613 and holder of Australian Financial Services License No. 231087). Clients of UBS Securities Australia Ltd: Distributed by UBS 
Securities Australia Ltd (ABN 62 008 586 481 and holder of Australian Financial Services License No. 231098). This Document contains general information and/or 
general advice only and does not constitute personal financial product advice. As such, the Information in this document has been prepared without taking into 
account any investor’s objectives, financial situation or needs, and investors should, before acting on the Information, consider the appropriateness of the 
Information, having regard to their objectives, financial situation and needs. If the Information contained in this document relates to the acquisition, or potential 
acquisition of a particular financial product by a ‘Retail’ client as defined by section 761G of the Corporations Act 2001 where a Product Disclosure Statement 
would be required, the retail client should obtain and consider the Product Disclosure Statement relating to the product before making any decision about 
whether to acquire the product. New Zealand: Distributed by UBS New Zealand Ltd. UBS New Zealand Ltd is not a registered bank in New Zealand. You are being 
provided with this UBS publication or material because you have indicated to UBS that you are a “wholesale client” within the meaning of section 5C of the 
Financial Advisers Act 2008 of New Zealand (Permitted Client). This publication or material is not intended for clients who are not Permitted Clients (non-
permitted Clients). If you are a non-permitted Client you must not rely on this publication or material. If despite this warning you nevertheless rely on this 
publication or material, you hereby (i) acknowledge that you may not rely on the content of this publication or material and that any recommendations or 
opinions in such this publication or material are not made or provided to you, and (ii) to the maximum extent permitted by law (a) indemnify UBS and its associates 
or related entities (and their respective Directors, officers, agents and Advisors) (each a ‘Relevant Person’) for any loss, damage, liability or claim any of them may 
incur or suffer as a result of, or in connection with, your unauthorised reliance on this publication or material and (b) waive any rights or remedies you may have 
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against any Relevant Person for (or in respect of) any loss, damage, liability or claim you may incur or suffer as a result of, or in connection with, your unauthorised 
reliance on this publication or material. Korea: Distributed in Korea by UBS Securities Pte. Ltd., Seoul Branch. This report may have been edited or contributed to 
from time to time by affiliates of UBS Securities Pte. Ltd., Seoul Branch. This material is intended for professional/institutional clients only and not for distribution 
to any retail clients. Malaysia: This material is authorized to be distributed in Malaysia by UBS Securities Malaysia Sdn. Bhd (Capital Markets Services License No.: 
CMSL/A0063/2007). This material is intended for professional/institutional clients only and not for distribution to any retail clients. India: Distributed by UBS 
Securities India Private Ltd. (Corporate Identity Number U67120MH1996PTC097299) 2/F, 2 North Avenue, Maker Maxity, Bandra Kurla Complex, Bandra (East), 
Mumbai (India) 400051. Phone: +912261556000. It provides brokerage services bearing SEBI Registration Number: INZ000259830; merchant banking services 
bearing SEBI Registration Number: INM000010809 and Research Analyst services bearing SEBI Registration Number: INH000001204. UBS AG, its affiliates or 
subsidiaries may have debt holdings or positions in the subject Indian company/companies. Within the past 12 months, UBS AG, its affiliates or subsidiaries may 
have received compensation for non-investment banking securities-related services and/or non-securities services from the subject Indian company/companies. 
The subject company/companies may have been a client/clients of UBS AG, its affiliates or subsidiaries during the 12 months preceding the date of distribution of 
the research report with respect to investment banking and/or non-investment banking securities-related services and/or non-securities services. With regard to 
information on associates, please refer to the Annual Report at: http://www.ubs.com/global/en/about_ubs/investor_relations/annualreporting.html Taiwan: 
Except as otherwise specified herein, this material may not be distributed in Taiwan. Information and material on securities/instruments that are traded in a Taiwan 
organized exchange is deemed to be issued and distributed by UBS Securities Pte. LTD., Taipei Branch, which is licensed and regulated by Taiwan Financial 
Supervisory Commission. Save for securities/instruments that are traded in a Taiwan organized exchange, this material should not constitute "recommendation" 
to clients or recipients in Taiwan for the covered companies or any companies mentioned in this document. No portion of the document may be reproduced or 
quoted by the press or any other person without authorisation from UBS. Indonesia: This report is being distributed by PT UBS Sekuritas Indonesia and is 
delivered by its licensed employee(s), including marketing/sales person, to its client. PT UBS Sekuritas Indonesia, having its registered office at Sequis Tower Level 
22 unit 22-1,Jl.Jend. Sudirman, kav.71, SCBD lot 11B, Jakarta 12190, Indonesia, is a subsidiary company of UBS AG and licensed under Capital Market Law no. 8 
year 1995, a holder of broker-dealer and underwriter licenses issued by the Capital Market and Financial Institution Supervisory Agency (now Otoritas Jasa 
Keuangan/OJK). PT UBS Sekuritas Indonesia is also a member of Indonesia Stock Exchange and supervised by Otoritas Jasa Keuangan (OJK). Neither this report 
nor any copy hereof may be distributed in Indonesia or to any Indonesian citizens except in compliance with applicable Indonesian capital market laws and 
regulations. This report is not an offer of securities in Indonesia and may not be distributed within the territory of the Republic of Indonesia or to Indonesian 
citizens in circumstance which constitutes an offering within the meaning of Indonesian capital market laws and regulations. 
The disclosures contained in research documents produced by UBS AG, London Branch or UBS Europe SE shall be governed by and construed in accordance with 
English law. 
UBS specifically prohibits the redistribution of this document in whole or in part without the written permission of UBS and in any event UBS accepts no liability 
whatsoever for any redistribution of this document or its contents or the actions of third parties in this respect. Images may depict objects or elements that are 
protected by third party copyright, trademarks and other intellectual property rights. © UBS 2021. The key symbol and UBS are among the registered and 
unregistered trademarks of UBS. All rights reserved. 
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