Invesco Vision Case Study 4: Robust optimization
Addressing estimation error in portfolio construction

A common criticism of unconstrained mean-variance optimization is that it can result in
undiversified portfolios or portfolios with large asset concentrations. This behavior is a direct result
of mean-variance optimization (MVO) being sensitive to small changes in input parameters. Return
forecasts are especially problematic as they are the most influential drivers while also being most
likely to be erroneous. To overcome issues with estimation error, practitioners will frequently
impose constraints on assets which are believed to be most problematic. While this can produce
more diversified portfolios, it can also lead to the application of arbitrary limits on portfolio weights
that result in portfolios that aren't necessarily optimal. To achieve more diversified MVO portfolios,
we can use the Robust Mean-Variance approach introduced earlier in this paper. In this example,
we consider an efficient frontier comprised of a small set of fixed income and equity indices and
we compare unconstrained MVO portfolios in Figure C4a with their robust counterparts in Figure
C4b. Specifically, we compare efficient portfolios with an expected return equal to that of an
included existing portfolio. In both cases, we find that the same return can be achieved at lower
levels of risk.

The first, and most notable, point is that the allocations produced through robust mean-variance
optimization are far more diversified across assets than those produced by MVO. This is the direct
result of robust optimization's explicit incorporation of uncertainty in return expectations. The return
uncertainties reduce the dominance of returns in the overall optimization problem. Consequently,
while mean-variance optimization allocates virtually all equity exposures to emerging markets equities
(EM), robust mean-variance optimization diversifies equity allocations to also include US and
developed market equities while still preserving its preference for EM. A similar pattern can be seen in
the fixed income investments where corporates are added as part of the allocation at lower risk levels.
It also interesting to note how the equal return portfolios produced by each approach differ. Examining
the factor analyses for both examples, we see a move from equity factor exposure to more credit and
rates. In the robust approach, this is achieved through a more diverse set of underlying assets.

The second point to note is that the efficient frontier is lower and shorter than its mean-variance
counterpart. As we seek to diversify away from more concentrated MVO allocations, the resulting
portfolios appear sub-optimal given that they include allocations to assets with less desirable
characteristics in the MVO sense. However, these portfolios are expected to provide improved
out-of-sample performance relative to the theoretically optimal MVO portfolios. Finally, we remark
that the length of the robust mean-variance efficient frontier is less than the standard mean-
variance efficient frontier. This is also to be expected as the diversification inherent to robust
mean-variance optimization limits the ability of the optimal portfolio to invest in any single asset
class, as is necessary in this case, to reach the risk and return delivered by the highest risk MVO
portfolio which allocates 100% of assets to EM.

A final observation is that the minimum variance portfolios are identical under both optimization
frameworks. In both cases, the risk, the return and the underlying asset allocations are identical.
This should come as no surprise as the minimum variance portfolio is entirely based on risk and
correlations with no dependency on return estimates.
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Figure C4a: Unconstrained mean-variance optimization
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Figure C4b: Robust optimization
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Important information

This document has been prepared only for those persons to whom Invesco has provided it for informational purposes only.
This document is not an offering of a financial product and is not intended for and should not be distributed to retail clients
who are resident in jurisdiction where its distribution is not authorized or is unlawful. Circulation, disclosure, or
dissemination of all or any part of this document to any person without the consent of Invesco is prohibited.

This document may contain statements that are not purely historical in nature but are "forward-looking statements," which
are based on certain assumptions of future events. Forward-looking statements are based on information available on the
date hereof, and Invesco does not assume any duty to update any forward-looking statement. Actual events may differ
from those assumed. There can be no assurance that forward-looking statements, including any projected returns, will
materialize or that actual market conditions and/or performance results will not be materially different or worse than those
presented.

The information in this document has been prepared without taking into account any investor’s investment objectives,
financial situation or particular needs. Before acting on the information the investor should consider its appropriateness
having regard to their investment objectives, financial situation and needs.

You should note that this information:

B may contain references to amounts which are not in local currencies;

B may contain financial information which is not prepared in accordance with the laws or practices of your country of
residence;

B may not address risks associated with investment in foreign currency denominated investments; and

m does not address local tax issues.

All material presented is compiled from sources believed to be reliable and current, but accuracy cannot be guaranteed.
Investment involves risk. Please review all financial material carefully before investing. The opinions expressed are based
on current market conditions and are subject to change without notice. These opinions may differ from those of other
Invesco investment professionals.

The distribution and offering of this document in certain jurisdictions may be restricted by law. Persons into whose
possession this marketing material may come are required to inform themselves about and to comply with any relevant
restrictions. This does not constitute an offer or solicitation by anyone in any jurisdiction in which such an offer is not
authorised or to any person to whom it is unlawful to make such an offer or solicitation.





