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This paper describes the mathematics, implementation, and motivation of
the factor based risk model used at SEB Investment Management. An inhouse model created in order to gain flexibility which would be hard, if not
impossible, to obtain by the use of an external model provider.
There exist in general two distinct methods of measuring risk: Either attribute it to funds or asset classes directly, or map it into more generic factors.
This paper describes the latter type of model, as we believe it is the optimal
approach for multi asset portfolios with significant allocations towards active managers. To give an example why, say we want to identify and understand a given tail risk scenario. If we were to use a fund based risk model
we would get results such as: In the tail scenario fund #1 delivers a negative
return of 10% and fund #2 delivers a positive return of 2%. Yet we would
not be able to fully understand, nor quantify, whether the negative return
of 10% for fund #1 were due to manager underperformance, due to a general decline in equities, or due to a rise in rates. On the other hand, using
a factor based model allows us to quantity just how much of the negative
return of fund #1 originates from, for example, the general moves in rates
and equities, and how much originates from the manager’s performance.
Furthermore, using the factor based model we can identify hidden correlations between the alphas of our active managers which should ultimately
lead us to a more robust portfolio construction process.
As nothing comes free in this world, the added flexibility of factor based
models does introduce additional challenges and requirements - compared
to the traditional fund based versions - as without a proper set of factors the
results can become close to irrelevant. That is, if the model is constructed on
the basis of a too small or too “irrelevant” set of risk factors then it will most
likely create more confusion than clarity. And with this in mind, we cannot
stress enough the degree to which identification of factors is an art rather
than a science.
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Introduction

Motivation for the
underlying framework

The factor model used at SEB Investment Management is based on a series
of linear regressions of the portfolio holdings against a set of predefined
risk factors. It is important to note that the choice of model, simple linear
regression analysis, implies that we deviate from the current trend in factor
models: Using either Principal Components Analysis (PCA) or Singular Value
Decomposition (SVD) to identify implicit factors. As such we will motivate
our choice in the following.
Based on both the academic and applied literature it seems that the variance orthogonalising methods (PCA, SVD etc.) have gained in popularity
over the last couple of years. Whether this is due to the fancy wording of the
measures, the apparent brilliance of the mathematics, or that they are easier
to implement - but not to interpret - than the linear regression model is an
outstanding question. It is however a fact that a lot of research is being put
into these models.
That being said, we believe that what started as a good idea for the few is
now being misused by the many. For very short term focused investors with
vast amounts of data, and a loose requirement for interpretation, the variance orthogonalising methods are ideal. It reduces the need for in-depth
econometric analysis, economic reasoning, and it simplifies the calculations.
However, these are qualities which are only valuable for the few and not for
the many. None the less, the models are now starting to be implemented by
a growing set of investors. Some for which the economic interpretation of
the factors is, or let us say should be, the main purpose. As a consequence
hereof investors are spending hours trying to explain eigenvectors in the
futile hope of obtaining some useful insights which can be used in both
the communication with clients and in the investment process. Again, we
believe that one of the reasons why this is being done is that the traditional
linear regression model is actually more difficult to implement than the variance orthogonalising methods; something which we will describe later.
In light hereof, we stress that the purpose of our risk model is to identify the
risk exposure to a set of factors which each has a clear economic meaning.
We want to understand how much of our risk originates from an intuitive
factor in isolation, not how much risk is originating from the 5th eigenvector; which can be a mess of different things.
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As stated, the purpose of all factor based models is to attribute the portfolio
risk to a set of predefined factors. Since the risk drivers of a bond portfolio
are not the same as those of an equity portfolio, the set of factors should not
be fixed across portfolio types. Table 1 lists the factors which are used for
the multi asset portfolios at SEB Investment Management as of March 2015.

Table 1: Multi Asset Risk Factors as of March 2015
Factor

Class

Gold

Commodities

Oil

Commodities

Industrial Metals

Commodities

US High Yield Spread

Credits

US Investment Grade Spread

Credits

EU Investment Grade Spread

Credits

EMD Spread

Credits

EM vs DM Premium

Equities

US vs EU Premium

Equities

UK vs EU Premium

Equities

JP vs DM ex JP Premium

Equities

Sweden vs DM Premium

Equities

EU SmallCap Premium

Equities

Equities

Equities

US Low Volatility Premium

Equities

US Tech Premium

Equities

US High Dividend Premium

Equities

US Value Premium

Equities

EM FX

FX

USDSEK

FX

EURUSD

FX

USDJPY

FX

USDBGP

FX

German 10 Year Yield

Rates

US 10 Year Yield

Rates

Swedish 5 Year Yield

Rates

Swedish Money Market Yield

Rates

In spite of appearances, the list is deliberately kept short. Although additional factors could easily be introduced, it would in our view obscure the
conclusions, and given that the set of factors presented in Table 1 are already able to explain above ~97% of the risk in our multi asset portfolios
there is no pressing mathematical need to expand it. Yet again, we stress
that the model is flexible and is in no way fixed in either the risk factors
themselves or the number hereof.
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Factors

Idiosyncratic noise
and modeling

As stated in the motivation, the linear regression based risk model is more
difficult to implement than for example a PCA based model. The difference
between the two being the residual, in the following referred to as the idiosyncratic risk component that for all practical purposes will always have to
be included in the regression model.
In order to explain the idiosyncratic component in more detail we focus on
a univariate example. Say we have an active fund, the return of which is denoted as r. We seek to explain the variance of r as a function of the factors:
𝜎𝜎(𝑟𝑟)2 = 𝜎𝜎(𝛽𝛽𝛽𝛽 + 𝜖𝜖)2

Where X denotes the risk factors, β denotes the factor loadings, and ϵ denotes the idiosyncratic component.
If we disregarded the idiosyncratic component the equation would not hold.
In fact, the risk attributed to the active fund would always be underestimated. Therefore we need to include it, and take account of any potential
co-variation between the factors and the residuals; omitted variables. In
order to attribute the variance of the fund into the factors as well as the
idiosyncratic component we use the following recipe:
𝑒𝑒̂ = 𝑟𝑟 − 𝛽𝛽̂ 𝑋𝑋

We then expand the vector of factor loadings:
̂
𝛽𝛽̂𝑐𝑐 = �𝛽𝛽 �
1

Finally, we create a new set of “factors” which are the original factors and
the residuals:
𝑋𝑋𝑐𝑐 = [𝑋𝑋

𝑒𝑒̂ ]

Based hereon we can identify the risk of the fund as:
2

�𝑐𝑐 𝑋𝑋𝑐𝑐 �
𝜎𝜎(𝑟𝑟)2 = 𝜎𝜎�𝛽𝛽

As the mathematical reader will notice, expanding the equation above will
not yield a clean answer as to how much risk originates from each individual
factor. The reason being that for all practical purposes we have co-variation
between the factors (multicollinearity) which implies that we are not able to
disregard all the cross products of the factorization. An example: We would
not be able to say how much risk comes from equities in isolation as we
would not only have to look at the direct contribution hereof but also on the
risk which originates from equities co-variation with all the other factors. We
are therefore left with a very messy decomposition of the risk.
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In order to overcome this problem we use the results from the X-Sigma-Rho
approach; Menchero and Davis (2011). Using their results, we will not give
the proof in this paper so as not to tire the reader, we can write the standard
deviation of each fund as the following sum:
𝜎𝜎(𝑟𝑟) = � 𝛽𝛽𝑛𝑛 𝜎𝜎�𝑋𝑋𝐶𝐶,𝑛𝑛 �𝜌𝜌(𝑋𝑋𝐶𝐶,𝑛𝑛 , 𝑟𝑟)
𝑛𝑛

Where XC,ndenotes the n’th factor of the expanded factor set, and ρ(XC,n,r)
denotes the correlation between the n’th factor and the return of the fund.
Thereby we have obtained what we set out to achieve: Ascribing the risk of
the fund as a linear function of the factors in isolation.
The same approach is used in the more realistic multivariate setting. The
only difference is that the loading to each factor is calculated as the weighted
average of the individual factor loadings:
𝛽𝛽𝑝𝑝𝑝𝑝 ,𝑛𝑛 = � 𝛽𝛽𝑘𝑘,𝑛𝑛 𝑝𝑝𝑝𝑝𝑤𝑤𝑘𝑘
𝑘𝑘

Where pfwk denotes the portfolio weight to the k’th asset and βk,n denotes
the n’th factor loading to the k’th asset. In terms of the idiosyncratic factors
it should be mentioned that they grow proportionally with the number of assets. Using the same notation as above, the concatenated factor becomes:
𝑋𝑋𝑐𝑐 = [𝑋𝑋

𝑒𝑒̂1

𝑒𝑒̂2 ]

As hinted in the introduction this allows us to identify co-variation between
our managers’ alpha.
The reason why the linear regression model is more difficult to implement
than the PCA model is that the latter has no residual/idiosyncratic risk and
that the factors are orthogonal per construction. In other words, there is no
requirement to consider multicollinearity in the system. As such, the PCA
method does not have to use the X-Sigma-Rho approach and it does not
have to append residuals to capture idiosyncratic noise. However, the results are not as easy to interpret as that of the linear regression method. In
earnest, the eigenvectors are close to impossible to interpret in an economic context; especially the ones with a low corresponding variance.
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Distribution

The factor model of SEB Investment Management is based on the assumption that all logarithmic returns are normally distributed. This allows us to
use OLS for the estimation of the factor loadings, which naturally eases the
computational burden. All estimation is based on weekly returns.
It should be noted that one could in practice introduce any kind of distributional assumption. However the computational burden would rise since
estimation of the parameters would have to be done through some nonclosed form of Maximum Likelihood Estimation.

FX

In order to isolate the risk contribution from FX, we map all instruments in
the currency in which they are denominated. The aggregated currency exposure is then taken into account as a separate holding.
This is best illustrated by an example. Say we have a SEK based portfolio
consisting of the funds listed in Table 2.
Table 2: Sample portfolio
Fund
Equity fund #1
Bond fund #2

Currency
USD
SEK

Portfolio weight
50%
50%

Measured in SEK the risk of the equity fund naturally comes from both USD/
SEK and the equity factor. In order to segregate these two sources of risk we
map the equity fund in USD to our risk factors:
𝜎𝜎(𝑟𝑟𝑈𝑈𝑈𝑈𝑈𝑈 ) = � 𝛽𝛽𝑛𝑛 𝜎𝜎�𝑋𝑋𝐶𝐶,𝑛𝑛 �𝜌𝜌(𝑋𝑋𝐶𝐶,𝑛𝑛 , 𝑟𝑟𝑈𝑈𝑈𝑈𝑈𝑈 )
𝑛𝑛

Conversely we are not taking the return of the fund in SEK. Now, in order
to incorporate the risk that we do get from our implicit USD exposure we
append the currency exposure to the portfolio weights as shown in Table 3.
Table 3: Sample portfolio for risk calculation
Fund
Equity fund #1
Bond fund #2
USDSEK

Currency
USD
SEK
-

Portfolio weight
50%
50%
50%

As such we treat our USD exposure as a separate portfolio holding. This
small trick allows us to segregate our risk into our standard equity and rate
factors, as well as FX, without changing the aggregated risk estimate of the
portfolio.
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In the following we will comment on the main output of our risk attribution
report. We use the allocation of the SEB House View model portfolio as of
March 2015.
First off, Table 4 shows the risk contribution from the individual factors listed in Table 1. The first column names the risk factors, the second column
shows the individual contribution to the standard deviation, the third column shows the relative contribution to the standard deviation, the fourth
column shows the Value at Risk contribution in percentage, and finally the
fifth column shows the Value at Risk contribution measured in million SEK.
Table 4: Risk Attribution as of March 2015
Risk factor

VolCont. %

VolRel. %

VaR Contribution (95.0%)

VaR(95.0%) mio.

0.1

3.1

-0.1

-16.8

Gold

0.0

0.2

-0.0

-2.3

Oil

0.0

1.3

-0.0

-6.1

Metals

0.0

1.5

-0.1

-8.4

Commodities

Credit

0.4

16.8

-0.7

-87.1

US HY Spread

0.2

8.9

-0.4

-47.7

EU IG Spread

0.1

2.8

-0.1

-15.7

US IG Spread

0.1

2.4

-0.1

-9.6

EMD Spread

0.1

2.7

-0.1

-14.1

1.4

52.6

-2.0

-264.0

EM Premium

0.0

0.4

-0.0

-2.1

US vs EU Premium

0.0

1.6

-0.1

-8.6

UK vs EU Premium

-0.0

-0.1

0.0

0.4

JP vs GL Premium

0.0

1.8

-0.1

-13.1

SW vs GL Premium

-0.0

-0.7

0.0

2.9

SmallCap Premium (EU)

0.0

0.7

-0.1

-11.5
-266.2

Equities

Equities

1.5

55.2

-2.0

Low Vol Premium (US)

-0.1

-3.4

0.1

17.1

Tech Premium (US)

0.1

2.0

-0.1

-13.1

Dividend Premium (US)

-0.1

-5.2

0.3

33.7

Value Premium (GL)

0.0

0.4

-0.0

-3.6

0.5

17.6

-0.8

-104.2

FX
EM FX

-0.0

-0.0

-0.0

-0.9

USDSEK

0.4

16.2

-0.7

-93.7

EURUSD

0.1

3.2

-0.2

-22.2

USDJPY

-0.0

-1.1

0.1

7.0

USDGBP

-0.0

-0.6

0.0

5.7

-0.0

-1.7

0.1

15.2

Rates
DE 10Y Yield

0.0

0.2

-0.0

-1.0

US 10Y Yield

-0.1

-2.7

0.2

22.7

SW 5Y Yield

0.0

0.8

-0.0

-6.5

SW Money Market Yield

0.0

0.0

-0.0

-0.1

Idiosyncratic

0.3

11.6

-0.5

-65.1

Total

2.7

100.0

-4.0

-522.1

Looking at the second column, bottom row, we see that the portfolio has an
expected (yearly) standard deviation of 2.7%. The main risk contribution
comes from the equity factor. The US rates factor is a hedge in the portfolio
and deducts 0.1%-points from the portfolio standard deviation. The Value
at Risk (95%) is 4.0%, implying that with a probability of 95% the portfolio
should not fall by more than 4.0% in a year.
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An example

To illustrate the flexibility of our model, we now investigate the tail risk scenario in more detail. In order to do so, we first plot the return contribution
from the factors in the VaR scenario (column 4 of Table 4) in Figure 1.
Figure 1: Return contribution from factors in the VaR scenario
0

−1
−1.5
−2
−2.5
−3
−3.5

US HY Spread
EU IG Spread
US IG Spread
EMD Spread
Gold
Oil
Metals
DE 10Y Yield
US 10Y Yield
SW 5Y Yield
SW Money Market Yield
EM Premium
US vs EU Premium
UK vs EU Premium
JP vs GL Premium
SW vs GL Premium
SmallCap Premium (EU)
Equities
Low Vol Premium (US)
Tech Premium (US)
Dividend Premium (US)
Value Premium (GL)
EM FX
USDSEK
EURUSD
USDJPY
USDGBP
Idiosyncratic

−0.5

−4

Blue bars represents a positive return contribution and green bars represents a negative contribution. For example we see that the pure equity factor will be responsible for 2%-points of the negative portfolio return, while
on the other hand we should expect to earn on our low vol and dividend
premiums.
On the surface, this scenario looks bewildering. Shouldn’t we expect to gain
on our USD exposure in a risk-off scenario? This apparent paradox is caused
by the fact that in the VaR scenario equities are not dropping by some 20%
to 30% on a yearly basis! Instead the VaR scenario is defined by only a modest drop in equities: 11% but also a drop in the USD/SEK. In other words a
scenario in which the traditional USD diversification effect, for a SEK based
investor, does not work. To illustrate this line of thought Figure 2 plots the
equity factor against USD/SEK.
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Figure 2: Equity factor vs USD/SEK
50
40
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20

USDSEK

10
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Equities

20

40
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As can be seen the correlation between equities and USD/SEK is clearly negative. In other words, we should expect to see USD strength when we are
seeing equity weakness. However, our main risk scenario is not defined by
a sharp decline in equities. It is a scenario in which both the FX and equity
component works against us. To illustrate this, Figure 3 plots the same factors as in Figure 2, but now with red lines showing the returns of USD/SEK
and equities in the VaR scenario for the portfolio.
Figure 3: Equity factor vs USD/SEK with expected returns in VaR scenario
50
40
30
20

USDSEK

10
0
−10
−20
−30
−40
−50
−60

−40

−20

0
20
Equities

40

60

80
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As can be seen we are nowhere near the most extreme scenario for equities,
in which we would get a USD hedge effect. We are instead hovering around
somewhere in the southwest corner of the cloud. This is because it is very
unlikely that we would observe a portfolio return of -4.0% (the VaR scenario) in which equities are dropping and the USD is strengthening. To show
this, Figure 4 plots the probability of observing the VaR scenario against the
USD/SEK and the equity factor. As can clearly be seen this function peaks
with a decline in both equities and USDSEK.
Figure 4: Propabiliy of observing the VaR scenario as a function of equities
and USD/SEK

Density

0.1

0.05

0
40
20
0
−20
−40
USDSEK
−60

−50

−40

−30

−20

−10

0

10

20

Equity Factor

Put in other words, it is possible that the portfolio would yield a return of
-4% with equities dropping and USD/SEK rising. However it is more likely
that the -4% is generated by a scenario in which both factors are on the
decline.
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Return contribution, %
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Figure 6: Expected Idiosyncratic contribution from the funds in the VaR scenario
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As should come to no surprise we would expect to see the largest negative
return contributions from our equity managers. While there is no surprise
in this analysis, Figure 6 shows the expected alpha (idiosyncratic) returns
from our managers in the VaR scenario; with hedge funds excluded since
the idiosyncratic factor per definition should be high for those.
US 10 Year Treasury Notes June 2015
JPY
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Return contribution, %

As a final illustration of the flexibility of the factor based model, Figure 5
plots the expected return contributions from our funds in the VaR scenario.

Figure 5: Expected return contribution from the funds in the VaR scenario
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As can be visualized, we expect to see underperformance of close to all our
managers in the VaR scenario, with the only exception of our Emerging Market Debt Local Currency fund. It should be stressed that this is not traditional
manager alpha (pure performance of the fund against its real benchmark).
Instead the figure shows the idiosyncratic factor described previously. So
the results should be interpreted as we expect to lose performance from
all our funds due to some missing variables which are not explained by the
factors listed in Table 1.

Conclusion

This note presents the factor based risk model of SEB Investment Management. There are many different risk models available from different vendors
and which one is the best can be debatable. The benefit of using an in-house
risk model is that you have full control over all the assumptions which will
always be a part of a risk model, and it is easily tweaked for specific investment process requirements. PCA or SVD risk models have their origin from
a more mathematical perspective, and are harder to interpret intuitively. The
factor based risk model presented in this paper, has the advantage that it
allows us to compare our market views with risk factors that are observable
and replicable.

Note, we are not implying that this model is optimal for all purposes; one
should select the risk model based on one’s investment process. For our
needs and purposes this is the preferred model.
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