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Practical application: Case studies of Invesco Vision’s 
capabilities
In our white paper Invesco Vision: Portfolio management decision support system, we provided 
investors with the necessary detail about the approaches and methods incorporated into Invesco 
Vision. We also focused on providing a concise overview of the methods and techniques behind 
Invesco Vision’s capabilities in asset and liability modeling, portfolio construction, and portfolio 
analytics. In this document, we shift our focus to the practical application of those capabilities. Here, 
we present 15 case studies that provide examples of how Invesco Vision can be used to provide 
insights for better informed investment decision making.

Each of these cases represents a translation of financial theory and quantitative techniques into 
real-world solutions for real-world investors. We have intentionally provided simple examples that 
present a particular concept or approach to highlight how Invesco Vision facilitates the application 
of judgment to identify practical solutions. A key principle used in the development of the system 
was that relevant information about the risk and trade-offs should be readily available to the user 
regardless of where they are in the portfolio analysis process. For example, a user can conduct 
various factor analyses or conduct historical or hypothetical scenario analyses on individual assets, 
current portfolios, or any point on an efficient frontier while engaged in a portfolio construction 
exercise…all without being disruptive to the process. 

To provide a sense of how the system has been designed we have attempted to reproduce the 
output from the Invesco Vision interface as closely as possible in all of these cases. You will be 
presented with information about the cases just as it would be presented in the system. This should 
provide insight regarding the ease with which various types of information about portfolios can be 
collected to inform judgment. It should be noted that while these cases focus on presenting the 
outputs provided by the system, they all rely on inputs that have been shaped by Invesco Vision’s 
asset and liability modeling capabilities. Invesco focuses significant resources toward the continued 
development and maintenance of these capabilities as they are at the center of portfolio and risk 
management exercises. Something that may be easily overlooked in reviewing these cases is the 
extent to which Invesco Vision facilitates the process of turning raw data into useful information 
that can be used to inform investing decisions.
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Case 1: Absolute risk optimization
Creating an efficient frontier

Mean-variance optimization is one of the most common approaches used for portfolio construction. 
The objective of a mean-variance analysis is to produce a frontier of portfolios that are efficient in 
terms of portfolio mean and variance (or standard deviation). This is an absolute risk optimization 
exercise where the risk being optimized, is the total risk of the portfolio. Invesco Vision provides this 
functionality along with capabilities that allow investors to better understand the risk characteristics 
of each of the portfolio assets, as well as for any portfolio that might be part of the analysis, efficient 
or otherwise. In this example, we consider an efficient frontier comprised of a small number of fixed 
income and equity indices. A hypothetical existing portfolio is also included for comparison. 

Figure C1a presents the output of an unconstrained mean-variance analysis and is divided into four 
quadrants. The upper left quadrant presents the efficient frontier, individual portfolio assets, as well 
as any pre-specified portfolio (commonly an investor’s current portfolio) charted along some measure 
of return and risk. Detailed factor analyses are easily accessible for any point included on this chart. 
Furthermore, horizontal and vertical projection lines for both the portfolio and benchmark onto the 
mean-variance efficient frontier provide an easy assessment of possible improvements that could be 
made in terms of portfolio return and risk. 

The upper right part of Figure C1a presents a factor analysis section that provides a deep dive into 
factor risks associated with a selected investment. If a portfolio or benchmark has been included in 
the analysis, they are always shown for reference purposes and indicated by the pink (portfolio) and 
gray (benchmark) dots. The factor analysis section allows users to drill deeper and understand factor 
exposures and risks in more detail. For example, a user can quantify the isolated risk associated with 
the equity technology sector or the risk associated with corporate bonds. In addition, users can 
toggle between three different views: isolated risk, contribution to risk and exposures. Figure C1b 
provides examples of the latter two views. 

The bottom two quadrants of Figure C1a are also dynamic and allow for an array of possible 
analytics. In this specific example, we have chosen to show portfolio weights that are presented 
as a frontier composition in the bottom left quadrant. You will notice that the composition chart 
is aligned with the efficient frontier above. This allows for a quick assessment of how the asset 
allocation evolves from the lowest risk allocation on the left to the highest risk allocation on the 
right. Next, the chart in the bottom right quadrant presents the exact asset-weights associated with 
any point selected on the frontier. In this case, the user’s current portfolio is selected. Just like the 
factor analysis section we again can see the portfolio and benchmark for reference purposes. Users 
can also conduct historical and hypothetical scenario analyses, review asset correlations, as well as 
assess cash flows provided by selected portfolios. 

While we have presented a simple mean-variance analysis, it serves to highlight the capabilities 
provided by Invesco Vision that provide support for making better informed investment decisions. 
Users can evaluate asset and portfolio risks, compare detailed risk and return characteristics of 
candidate portfolios with current or benchmark portfolios, and run various analyses that provide 
for a much deeper understanding of the trade-offs presented by investments under consideration. 
These capabilities facilitate both the portfolio construction exercise as well the ultimate task of 
selecting a portfolio that is closely aligned with a user’s preferences.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C1a: Absolute risk optimization
Unconstrained mean-variance efficient frontier

Figure C1b: Absolute risk optimization
Portfolio factor analytics
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Case 2: Relative risk optimization
Creating a style-premia portfolio

While analyzing and understanding portfolios in an absolute risk context is a common starting point 
for any portfolio construction exercise, it is often the case that portfolios are evaluated relative to 
some predetermined benchmark. In these cases, we may be interested in creating portfolios where 
return and risk are considered relative to a reference investment. In this example, we assume we are 
trying to construct a portfolio with style equity ETFs that will closely track the S&P 500. The rationale 
for such a portfolio would be to outperform the S&P 500 by efficiently tilting toward various style 
premia while still tracking the index within acceptable tolerances. In this example, we consider the 
following equity style ETFs: quality, momentum, high dividend, low volatility, value and size.

In Figure C2b, we provide a first pass at this portfolio construction exercise where we use 
unconstrained mean-variance to identify our style premia portfolio. You will notice that we have 
changed the output so that it is presented in relative terms. The ability of decoupling the 
optimization exercise from how we choose to view the results can at times be important. 
For example, we may want to see how a frontier constructed in a relative context looks like from 
an absolute risk perspective. Here, we see the benchmark (the S&P 500) is placed at zero return 
and zero risk as would be expected, given that this is a relative optimization exercise. The relative 
efficient frontier lies above and to the right of the benchmark. This is driven by the higher return 
estimates for the underlying ETFs. In this instance, the lowest risk (minimum tracking error) 
portfolio has been selected to present relevant portfolio characteristics. While this portfolio may not 
have the highest return, it is the portfolio that would be expected to track the S&P better than any 
other portfolio. 

As is indicated in the weight analysis section, this portfolio is comprised of 32.4% quality, 33.0% 
momentum, 14.1% high dividend, 4.4% low volatility and 16.0% value. Small cap exposure was not 
included at all. In the factor analysis section, we have drilled into the equity style factors and have 
switched to the exposure view to better understand our relative style factor exposures. As would be 
expected, we see several positive loadings that could be the key drivers of any outperformance.

In some cases, we may have priors about the ETFs that have been included or we may want 
to manually constrain portfolio asset exposures. In Figure C2b we present a second pass at this 
exercise where we employ the scenario capability to overlay how the frontier would look if we 
impose the constraint that the portfolio must hold at least 10% of each of the ETFs considered. As 
one would expect, the frontier in this example is less efficient. By selecting the lowest risk portfolio 
on this constrained frontier, we observe in the weights section that the portfolio conforms to the 
constraints. In addition, the solution has slightly higher relative risk (and lower relative return) 
compared with the unconstrained solution.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C2a: Relative risk optimization – Style-premia portfolio
Unconstrained relative mean-variance efficient frontier 
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Figure C2b: Relative risk optimization – Style-premia portfolio
Constrained relative mean-variance efficient frontier (Requiring at least 10 percent in each constituent ETF)

Efficient frontier Factor analysis Exposure 
• Frontier • Scenario frontier  Benchmark

Weight (%)

W
ei

gh
t (

%
)

0 20 40 60 80 100
0

0 21 3 64 5
Total relative risk (%)

87 109

20

40

60

80

100

EWSC

RPV

SPLV

SPHD

SPMO

SPHQ

US Lg

Frontier weights Weights details

-0.05 0.00 0.05 0.10 0.15 0.20
-0.5

-0.3

-0.1

0.1

0.3

0.5

0.7

0.9

1.1

SPHQ SPMO

RPV

SPLV

SPHD

EWSC

Scenario minimum 
tracking error 
portfolio

Benchmark (S&P 500)

Value

Illiquidity

Carry

Small S ize

Momentum

Low Volatility

Quality

Relative Z-score

G
eo

m
et

ric
 re

tu
rn

 (
%

)

0 2 4
Total relative risk (%)

6 8 10

Practical application: Case studies of Invesco Visions's capabilities



6

Case 3: Relative risk optimization
Optimizing with a reference portfolio

A reference portfolio is a hypothetical simple diversified portfolio, implemented with passive, 
low-cost, liquid investments, designed to achieve specific investment goals. Reference portfolios are 
frequently used by pension plans as a baseline to measure investment performance and to manage 
risk in the pursuit of returns. The reason for the adoption of a reference portfolio framework is that 
it provides greater flexibility than bucketed benchmark approaches. In these situations, plans are 
faced with two options. First, they can construct an allocation and compare it directly to the 
reference portfolio in an absolute context. Alternatively, plans can develop portfolios using a relative 
optimization framework. The latter approach offers a few benefits when a plan seeks to avoid 
performance that deviates substantially from that of the reference portfolio. In this example, 
we assume the reference portfolio is comprised of 70% MSCI World Index and 30% Bloomberg 
Barclays Global Aggregate Index. We also assume that the asset owner has a broad array of assets 
at their disposal as they attempt to deliver higher returns than the reference portfolio. To simplify 
the exercise, we assume all assets, including the reference portfolio are currency hedged. 

Figure C3a shows the reference portfolio and a robust efficient frontier in an absolute risk context. 
Not surprisingly, based on our return assumptions, the efficient frontier indicates that we are able 
to produce a portfolio with either higher return for the same amount of risk as the reference 
portfolio or lower risk for the same amount of return as the reference portfolio. Selecting the 
higher return option, we notice that the actual portfolio, despite similar absolute risk levels, has 
meaningfully different factor exposures than the benchmark. This is a direct result of the optimizer 
finding allocations that have higher return with similar relative risk as it exploits various correlations.

In Figure C3b we consider the problem in relative terms. The reference portfolio now sits at the 
origin with no risk and no return. The figure also includes two frontiers. The dotted light-blue 
frontier is the frontier we created in the first figure but displayed on the relative axes. Interestingly, 
the relative risk (tracking error) of the portfolio we focused on in the top figure is close to 5%. This 
means that while the portfolio we chose may have similar risk as the reference portfolio, we should 
still be prepared for meaningful performance deviations. Plan sponsors may not be comfortable 
with such deviations, despite the higher expected returns.

To address the above challenge, we then go on to create a frontier that is efficient in relative risk 
terms which is indicated in solid blue. This frontier is more efficient than the absolute frontier with 
improvements becoming most prominent at lower relative risk levels. More specifically, we notice 
that we are now able to identify allocations that are expected to track the reference portfolio with 
less than 1% relative risk. By selecting the lowest risk allocation, we see that it is in fact comprised 
of an allocation that looks very similar to the underlying constituents of the reference portfolio (i.e., 
Treasuries, Corporates, MBS, US equities and EAFE equities). While this is encouraging, this point 
itself may not be of interest, as it also does not offer any excess return to the reference portfolio. 
However, as we move up the efficient frontier, we are able to identify solutions that are expected to 
outperform the reference portfolio while minimizing tracking error. For example, if we look directly 
to the left of the portfolio we evaluated in the context of absolute risk, indicated as the Optimal 
Absolute Risk Portfolio, we are able to identify a solution with the same return but with 1% lower 
tracking error.

It is important to note that this type of approach can be applied to other similar types of problems. 
For example, plan sponsors and corporate entities are often very sensitive to how they are 
positioned relative to their peers. In such cases, while they may not build their portfolio entirely 
around what their peers are doing, knowing how they are expected to perform relative to peers 
can provide meaningful insights and may also lead to a re-evaluation of some of their outlier bets.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C3a: Absolute risk optimization – Reference portfolio
Robust optimization without considering reference portfolio
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Figure C3b: Relative risk optimization – Reference portfolio
Comparison with frontier optimized relative to reference portfolio
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Case 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.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C4a: Unconstrained mean-variance optimization
Highlighting frontier portfolio with the same risk as the current portfolio 
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Figure C4b: Robust optimization
Highlighting frontier portfolio with the same risk as the current portfolio

Efficient frontier Factor analysis Isolated Risk 

 Benchmark  Portfolio

2

4

6

8

10

0 5 10 15 20 25 0 2 4 6 8 10

Frontier
(Mean-Variance)

Equal return
portfolio

Weight (%)

Total risk(%) Isolated risk (%)

W
ei

gh
t 

(%
)

0 10 20 30 40 50 60

Em Mkt Eq

Dev xUS Eq

US LC Eq

High Yield

Corp Bond

Agg Bond

0

20

40

60

80

100

1050 15 20 25
Total risk(%)

Developed ex US equity

US large capBenchmark
Portfolio

High yield

Corporate bond
Aggregate bond

Emerging market equity

G
eo

m
et

ric
 r

et
ur

n 
(%

)

Total
Currency
Specific Risk
Hedge Fund
Private
Real Estate
Commodity
Equity
Credit
Inflation
Rates

Frontier weights Weights details

Practical application: Case studies of Invesco Visions's capabilities



10

Case 5: Liability-driven investing 
LDI solutions for US corporate defined benefit plans

The first step in any LDI exercise is to obtain a full and detailed understanding of liabilities. 
In particular, two basic components need to be well understood: 1) the projected cash flows and 2) 
the discount curve that is used to value them. Once we successfully model the liabilities, we can 
then use them as a benchmark and employ relative optimization to construct frontiers that will 
maximize return for any given level of funding ratio volatility. In this example, we will look at 
a hypothetical US corporate defined benefit plan.

Figure C5a shows the liability worksheet where we can create generic or highly customized liability 
profiles. In the upper panel we have the choice of creating a generic cash flow schedule using 
Russell’s Standard Cash Flow Generator as well as manually defining a customized set of payments. 
Once we have defined the cash flow schedule, we can then select a discount curve from a list of 
various standard options. In this example, we use the FTSE pension discount curve which is 
commonly used for these types of plans. Finally, one last aspect to consider is liability specific risk. 
This is most relevant when discount curves have a credit component. Credit migration in these 
curves leads to risk that cannot be hedged. For a typical liability that is discounted with a AA curve, 
we will empirically set this value to 2%.

With the necessary components in place, we are then able to model the liability stream. In the right 
portion of the upper panel, we can see all of the factor risks and exposures. For example, this 
liability has meaningful interest rate risk, some credit risk and some specific risk. Drill in capabilities 
allow for a more detailed decomposition of the risks into sub-components such as key rates. We can 
also toggle between isolated risks, contribution to risk and the factor exposures themselves. Having 
calculated all the factor exposures, we have effectively translated the liability into a benchmark just 
like any other third-party benchmark that may now be used as a reference point for further asset 
allocation modeling exercises. The lower panel of Figure C5a provides additional details that 
summarize the liability characteristics. For example, the present value of the liability stream is $235 
million with only $18 million coming from cash flows beyond 30 years. The yield of the liability is 
4.08% which serves as a quick return bogey. The implied spread of the liabilities over Treasuries is 
115 bps and the effective duration is 13.7 years, which is close to the highest duration we can get 
in the physical cash market (excluding Treasury STRIPS).

Having modeled the liabilities, we can go back to the analysis worksheet shown in Figure C5b, where 
we can begin to focus on asset allocation modeling. For this example, we decide to employ five asset 
blocks: Intermediate Corporates, Long Corporates, Intermediate Treasuries, Long Treasuries, 
Treasury STRIPS (15+ years) and the S&P 500. The fixed income blocks have been selected to allow 
us to introduce varying levels of duration and credit exposure, both of which are key ingredients of 
the liabilities. The S&P 500 acts as our growth asset. The frontier shown in the left portion of the 
upper panel indicates portfolios with the highest possible return for a given level of funding ratio 
volatility. In this instance, we have also chosen to focus on a relatively low risk point on the frontier 
that is comprised of Long Corporates, Treasuries, and some allocation to the S&P 500. Here, the 
S&P 500 is what drives the return higher than the liabilities while the fixed income components are 
reducing the funding ratio volatility by adding duration and credit exposure. In the upper right 
portion of the panel, we can also see the relative factor risks which are mostly skewed to equity and 
credit risk as we seek to outperform the liability. The lower panel of Figure C5b overlays the 
projected cash flows of the assets and the liabilities. As can be seen, there is a cash deficit in the 
short term and a cash surplus around the 25- to 30-year portion of the schedule. This is the direct 
result of seeking to minimize duration mismatches with only a fraction of the assets and investing the 
rest in equities. While appearing somewhat counterintuitive, this is the solution that best minimizes 
funding ratio volatility while seeking to exploit the benefits of growth assets. 

Practical application: Case studies of Invesco Visions's capabilities
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Type ≤ 30 year › 30 year Total
Nominal 411.7 83.6 495.4
PV 235.2 17.9 253.1

Figure C5b: Liability-driven investing – US corporate defined benefit plan
Liability relative efficient frontier

Construction Display Info

RunCovariance Reference Method Covariance Reference Lower section Currency Date

Long (8y) Relative Mean-variance Long (8y) Relative Cash flows USD 08-31-2018

Efficient frontier Factor analysis Isolated Risk 
 Benchmark

0 5 10 15 20 0 1 2 3 4 5

Selected portfolio 

Strips 15+ years

Corporate intermediate

Corporate long

Treasury intermediateTreasury long

US Large Cap

Benchmark

Total risk (%) Isolated risk (%)

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

Total
Currency
Specific Risk
Hedge Fund
Private
Real Estate
Commodity
Equity
Credit
Inflation
Rates

Frontier weights Weight details

• Assets - fixed • Assets - other • Benchmark

C
as

h 
flo

w
s

C
um

ul
at

iv
e 

ca
sh

 f
lo

w
s

50 yr 50 yr40 yr 40 yr30 yr 30 yr20 yr 20 yr10 yr 10 yr0 yr 0 yr

2
4
6
8

10
12
14

0

50

100

150

200
$ Mln $ Mln

Practical application: Case studies of Invesco Visions's capabilities



12

Case 6: Liability driven investing 
LDI solutions for UK defined benefit plans

Working with UK defined benefit plans has many similarities, as well as some differences, compared 
to US and other global oriented liability exercises. On the similarity side, we still need two key 
ingredients: 1) the projected cash flows and 2) the discount curves used to value them. Regarding 
the more unique characteristics, UK DB plans will also include inflation-linked cash flows in addition 
to the typical nominal cash flows as dictated by the UK pension system. To address this, we allow 
for both types of cash flows and also introduce the corresponding required real rate curves. 

Figure C6a shows the liability worksheet where we can enter both nominal and inflation linked cash 
flow streams. We then need to select the corresponding discount curves. In most situations this will 
be the nominal and real Gilt curves. In addition, and mostly for research purposes, we introduce a 
“multiplier” option that can be used to scale the relative magnitude of the two types of cash flows. 
For UK plans, the specific risk component is not relevant since the discount curves are based on 
sovereign yield curves that are not susceptible to the credit migration risks associated with the US 
corporate discount curves.

The right portion of the upper panel of Figure C6a summarizes all of the resulting factor risks. 
As can be seen, the liabilities have both nominal and real rate exposure with no credit exposure 
or specific risk associated with them. Drill in capabilities allow us to further analyze the liability 
exposures in terms of nominal and real key rate durations. In this example, the liabilities have more 
real rate risk than nominal rate risk. This is primarily driven by the longer duration of the real cash 
flows. The lower panel depicts the underlying cash flows including their future values and present 
values. Future values are further decomposed into those originating from the nominal cash flow and 
the real cash flows. Since the real cash flows are expected to grow with inflation, a “real cash flow 
expected inflation” component needs to also be added and is computed based on break-even rates. 
Finally, the analytics section of the lower panel summarizes the key liability characteristics. The 
analytics are presented separately for each type of cash flow. For example, the yield of the nominal 
cash flows is 1.65% while the real yield of the inflation-linked cash flows is -1.59%. Similarly, the 
duration of the nominal cash flows is 13.6 years while the duration of the inflation-linked cash flows 
is 17.2 years.

With the liabilities fully modeled, in Figure C6b we look at how we can create efficient portfolios 
relative to the liabilities themselves. In this example, we create a simple asset universe comprised 
of the Intermediate Gilt Index, the Long Gilt Index, the Inflation linked Gilt index and MSCI UK 
equities. Observing the underlying asset allocation along the frontier we notice that the lowest 
risk solution is comprised of a blend of Long Gilts, Intermediate Gilts and inflation linked Gilts. 
This should come as no surprise as the optimizer seeks to most closely match the liability exposures 
with the provided blocks. It is of interest to note is that the lowest risk solution has lower tracking 
error than what we saw in the US plan case. This is driven by the discount curve not including a 
spread exposure, making it easier to more closely match liabilities. Finally, as we move along the 
efficient frontier we gradually see the Intermediate Gilt block is phased out. This is a direct result 
of the optimizer opting for more duration in the Long Gilt block as the overall allocation to fixed 
income is moved into equity. It is important to note that in a more real-world situation, derivatives 
such as interest and inflation swaps could be used to further improve the depicted efficient frontier.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C6a: Liability-driven investing – UK defined benefit plan
Liability analytics 

Type ≤ 30 year › 30 year Total
Nominal 766.0 80.1 846.0
PV 789.2 91.6 880.8

Figure C6b: Liability-driven investing – UK defined benefit plan
Liability relative efficient frontier
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Case 7: Cash flow driven investing 
Creating cash flow matched portfolios 

In this example we examine how to create a buy-and-hold portfolio that can defease a pre-specified set 
of liabilities. We assume six cash flow payments that span 6 years. We also assume that the investible 
universe is comprised of the defined maturity (DM) corporate bond ETFs as well as some hypothetical, 
similarly structured Treasury blocks. Solving this problem requires the use of the cash flow optimizer.

In the upper panel of Figure C7a, we can see the efficient frontier in the context of this problem. 
By definition, the frontier is relative, while the axes demonstrate the key trade-offs: the portfolio 
relative cost versus the portfolio quality.*The first thing to notice is that the efficient frontier slopes 
downward, becoming cheaper as we reduce the overall rating. This is expected, as a lower quality 
portfolio will have a higher yield, being able to produce the desired cash flows at a lower cost. 
A second thing to notice is that the highest quality portfolio on the frontier has a cost that is 
marginally higher than the present value of the liabilities. This should also come as no surprise, as 
the cash flows generated by the investible blocks do not perfectly align with the liability cash flows. 
This leads to some drag as we re-invest any mismatches at the cash rate.

The lower panel of Figure C7a shows the composition of the frontier. All the way to the left with 
AAA quality is a portfolio comprised entirely of Treasuries. As one would expect, as we relax the 
rating constraint, moving to the right, the portfolio allocations gradually shift from all Treasuries 
to all maturity defined strategy. This allows the portfolio to become cheaper. Another thing to 
notice is the sequence by which blocks of various maturities are transitioned. The first Treasury 
blocks to be replaced by maturity defined corporates are the longest maturity ones. This is because 
the longest maturity blocks have the biggest impact on the overall cost of the portfolio.

In Figure C7b, we compare the asset cash flows to the required cash flows for the selected lowest 
rated portfolio. As expected, given the discrete nature of the investible blocks, the annual cash flows 
do not appear to be perfectly aligned. However, the cumulative cashflows, shown on the right of the 
figure, indicate that at no time was there a cash flow deficit. This is at the core of the optimization 
algorithm where we ensure that we never need to sell any assets to defease the liabilities.

Finally, for non-fixed income assets, any expected cash flows can also be included in the analysis 
and visualized in different colors. For example, if equities were included, their dividend yield would 
be part of the analysis. Furthermore, other more ambiguous income generating assets can also be 
added based on user specified income generation estimates.

* In this example, we discounted the cash flows using the Treasury curve to derive the portfolio relative cost.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C7a: Cash flow driven investing
Cost versus quality frontier
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Case 8: Portfolio construction with alternative assets 
Evaluating opportunities for improved risk-adjusted returns

In this case, we examine the impact of introducing alternative assets into a typical multi-asset 
portfolio. More specifically, we start by considering an efficient frontier comprised of a small set of 
fixed income and equity indices. We then consider a scenario where we allow for the inclusion of a 
handful of alternative asset classes, including Private Equity, Private Real Estate, Infrastructure, and 
Mezzanine Debt. This allows us to directly evaluate the impact of including alternatives. Also, given 
the complexities that are often involved with developing return, risk, and correlation estimates for 
illiquid asset classes, we have chosen to conduct the analysis using robust mean-variance 
optimization. This results in portfolio allocations that are more diversified and less susceptible to 
return estimate uncertainty. This also helps to avoid highly concentrated weights to alternatives that 
result as a function of their attractive risk to return characteristics. We have included a hypothetical 
portfolio that does not include alternative assets for comparison purposes. 

In Figure C8a, the first thing to note is that the scenario efficient frontier that includes the 
alternative asset classes sits above the frontier of only traditional assets. This is to be expected as 
several of the alternative assets have higher expected returns as well as low correlations with the 
traditional assets. Second, when we examine the factor analysis for the selected efficient portfolio 
on the scenario frontier, we see that it provides the same return as the current portfolio with much 
better diversification across the macro factors. In this allocation, there is a very meaningful 
reduction in the equity risk that is replaced by direct real estate, pure private equity, and credit 
factor exposures. Finally, it is interesting to note that the exposure to alternatives is actually higher 
than public equities across the entire frontier. This could be a concern for an investor that has 
significant liquidity requirements. In such a situation, we could impose a constraint on the maximum 
allowable allocation to alternatives.

In Figure C8b, we present the underlying correlations for the asset universe considered. As can be 
seen, the correlation of alternatives with the other growth-oriented assets is lower than the 
correlations of the original growth assets among themselves. This is a direct result of the illiquid and 
idiosyncratic nature of these assets. It is interesting to note, however, that during stressed periods, 
such as during the Global Financial Crisis, the correlation of alternative assets with traditional assets 
does tend to increase. While this suggests that the benefits of alternatives may be somewhat 
overstated during stressed financial periods, there are benefits to investing in assets that provide 
access to a broad and differentiated set of return sources.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C8a: Portfolio construction with alternative assets
Comparison of frontiers with alternative investments (scenario frontier) and without (frontier)

Figure C8b: Correlations of traditional and alternative assets
Comparison of alternative asset correlations on average and during the Global Financial Crisis
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Case 9: Portfolio evaluation 
Considering historical and hypothetical scenarios 

As we construct outcome-oriented solutions, it is important to understand how such solutions might 
perform in various market conditions. Two types of analyses are particularly useful for such 
exercises. First, we look at how a portfolio would have performed during specific historical periods 
such as the GFC, Brexit, and the tech crash. Second, we look at how a portfolio would perform 
under various hypothetical market shocks, such as a 15% decline in global equities or a 100bps 
interest rate rise. For the purposes of this example, we consider a hypothetical efficient portfolio as 
compared to an existing portfolio and benchmark.*

Figure C9a focuses on the historical scenario analysis. Historical analyses rely on a set of specific 
time periods and their associated factor returns. Here, the current portfolio factor exposures are 
multiplied by the factor returns during the specific historical period so as to estimate what the 
return would have been during the respective period. It is important to recognize that the resulting 
performance represents the portfolio’s performance given its current positioning and how it would 
have theoretically performed during such a historical period and not how it actually performed if it 
existed at the time. The figure demonstrates the selected portfolio’s expected performance with 
blue bars as well as the original portfolio and benchmark expected performance with pink and gray 
dots, respectively.

As can be seen in the figure, the selected efficient frontier portfolio seems to do better than the 
original portfolio and the benchmark under almost all historical scenarios. The outperformance 
should come as no surprise as the portfolio was specifically optimized to have a lower risk. 
However, it is interesting to take a closer look at two cases where the selected portfolio did not do 
as well – 2004 and 2006 EM crises. To help understand why, in these cases the optimized portfolio 
was diversified away from US equities into a more balanced allocation with increased EM exposure. 
With emerging markets being at the heart of these historical periods, it should be expected that the 
optimized portfolios did not do as well as the original portfolios.

Figure C9b goes on to focus on the hypothetical scenario analysis. Here we have the option of 
performing the analysis in an uncorrelated or correlated mode. The difference between the two 
approaches is that in the uncorrelated mode only the shocked factors influence the performance 
of the portfolio, while in the correlated case the specified factor shocks are propagated to the 
remaining unspecified factors through their factor covariance structure. In this example, we 
demonstrated the correlated mode. Similar to the historical scenarios the performance of the 
selected portfolio as well as the original portfolio and the benchmark are shown. In almost every 
case, the optimized portfolio seems to perform better than both the original portfolio and the 
benchmark, as we would hope to see.

A particularly useful feature of both types of scenario analysis, shown in the lower part of each 
figure, is the ability to decompose the projected returns into underlying factor components. This 
allows us to more accurately determine the driving forces behind the observed performance and 
use this information to adjust the portfolio as may be desired. A subtle but important point to make 
here is that the analytics used to estimate a current portfolio’s performance, either historically or in 
a hypothetical scenario, do not include second order pricing effects such as convexity or optionality.

* In this example, we use portfolio information from Case 4 where we compare the Equal Return Portfolio to an existing
portfolio and a benchmark.
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Figure C9a: Historical scenarios
Assuming uncorrelated sensitivities

Scenario (excluding non-linear re-pricing effects) Historical Uncorrelated
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Figure C9b: Hypothetical scenarios
Assuming correlated sensitivities

Scenario (excluding non-linear re-pricing effects) Hypothetical Correlated
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Case 10: Currency hedging 
Addressing currency risk

Invesco Vision has been designed to work with various base currencies and best represent the 
interests of clients across various economic regions. Whenever currencies are involved, two 
different issues need to be addressed. First, we need to be able to adjust return expectations to 
the relevant base currency, and second, we need to address any embedded currency risks. For the 
former, we rely on an interest rate risk parity model which implies that currencies will appreciate/
depreciate by the same amount as the respective sovereign interest rate differentials. For the latter 
we rely entirely on the risk model covariance matrix.

To demonstrate these ideas in practice, we start by constructing an example based entirely on 
USD-denominated asset blocks as shown in left portion of Figure C10a. Here we are viewing the 
assets from a USD perspective and there is no embedded currency risk. As can be seen, the 
efficient frontier begins at low risk levels, comprised almost entirely of the US Aggregate bonds and 
gradually adds other components such as equities and high yield to further increase the return.

We then move to the right portion of Figure C10a. Here we change the base currency to EUR. 
More specifically, we assume that a European based investor is looking at the same exact asset 
blocks as before and is using them to construct a EUR-based efficient frontier. There are several 
things to notice. First, the returns associated with all of the asset blocks and the efficient frontier 
itself are lower. This is a direct result of higher USD interest rates implying a future depreciation 
of the dollar vs the euro as dictated by the interest rate parity model. Second, all risk values are 
meaningfully higher. This is also to be expected as the portfolio now encompasses currency risk. 
Finally, the asset allocation structure along the efficient frontier is slightly different. This is due 
to the optimizer exploiting currency factor correlations to improve the risk-return trade-off.

Figure C10b proceeds with the same asset blocks, continuing to view the problem from a EUR-
based perspective. However, in this case we assume that all assets are currency hedged to the EUR. 
There are a few things to notice. First, the expected returns remain unchanged at the lower levels 
we observed in the previous unhedged example. This is dictated by the way currency hedging 
works. More specifically, the modeled cost of currency hedging is based on the very interest rate 
differentials we used to project how we expect exchange rates to evolve. So, while we get to the 
return adjustment through a different path, the resulting adjustments are identical. The second 
and most interesting feature of the efficient frontier is that the underlying asset allocation is now 
identical to the original USD based asset allocation. Putting the two observations together, we can 
conclude that the impact of switching to a different base currency, combined with full currency 
hedging,only results in a vertical shift of the efficient frontier. The extent of the shift is dictated 
by the interest rate differential between the two currencies.
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Figure C10a: Currency hedging
Unhedged USD- and EUR-based efficient frontiers 

Figure C10b: Currency hedging
Hedged EUR based efficient frontier
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Case 11: Portfolio analysis with regulatory considerations
Solvency II

Invesco Vision has been designed to address both economic risk focused challenges, as well as 
those presented by regulatory requirements. There is no better example for showcasing this 
capability than with an insurance entity. Here we examine a UK-based insurer that is subject to 
Solvency II. For reasons of simplicity, we do not include a liability in the exercise, even though this 
could readily be done. We assume the insurer is looking to invest in some basic asset classes such 
as sovereign bonds, corporate bonds, direct real estate, and equities.

In the top panel of Figure C11a, we showcase a Solvency II based efficient frontier for a set of 
selected benchmarks. We also include a hypothetical portfolio that is mostly comprised of Gilts and 
GBP corporate bonds with a small allocation to Sovereign EM, UK equities and UK property. As can 
be seen, the frontier looks very similar in shape and spirit to a typical economic efficient frontier, 
with the main difference being that risk is now measured in terms of solvency capital requirement 
(SCR) charges. To create the frontier, we employ the published Solvency II correlation matrices 
under both negative and positive interest rate shocks. In this case, since there is no liability 
benchmark, the positive interest rate shock will be used across the entire frontier as it leads to the 
highest SCR charges.

In the lower panel of Figure C11a, we showcase the Solvency II SCR decomposition for three of the 
indices. Here, the UK Corporate block has SCR charges which stem from both interest rate exposure 
and spread exposure. The interest rate exposure is computed based on re-pricing the index based 
on EIOPA prescribed shocks for the UK sovereign curve. The spread exposure is computed based 
on the underlying bond spread durations and ratings, as dictated by the governing bodies. The real 
estate block is only exposed to the private real estate charges of 25%. In this example, we have 
assumed an unlevered property holding so there is no increase in charges due to leverage. In the 
case of a typical direct real estate fund, this would unlikely be the case. Finally, we show the 
Sovereign EM block that is exposed to interest rate charges, spread charges and foreign exchange 
charges as the bonds are denominated in USD and the based currency in GBP.

In Figure C11b, we revert to the standard economic risk and return axes. Here we can see that, in this 
context, the corporate index is showing up with lower risk than the Gilt index as dictated by its lower 
duration and negative correlation between spreads and rates. The Sovereign EM block is also showing 
up with lower relative risk than what we saw in the SCR framework. This is driven by the lower implied 
risk due to currency exposure. Finally, it is interesting to note the difference between the economic 
efficient frontier and the Solvency II frontier when viewed through the economic risk lens. It is evident 
that the two frontiers are noticeably different. If we dig deeper into the accompanying allocations, 
we will notice that the SCR frontier generally avoids the available spread assets while the economic 
frontier seeks them, especially in the lower risk solutions. These types of trade-offs are typical for 
these kinds of problems and will ultimately come down to what is most important to the investor and 
the level of improvement beyond which only trivial changes are observed.

EIOPA = European Insurance and Occupational Pensions Authority
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Figure C11a: Efficient frontier - Solvency II
Solvency capital requirement efficient frontier 
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Case 12: Portfolio analysis with regulatory considerations 
US Risk-Based Capital (RBC) 
National Association of Insurance Commissioners (NAIC)

In this example, we are evaluating a portfolio within the context of economic risk as well as US 
Risk-Based Capital (RBC) charges. To better understand the extent of efficiency for the portfolio, 
we are also creating efficient frontiers within both frameworks.

Looking at the upper panel of Figure C12a, an RBC-efficient, low-risk portfolio would consist almost 
entirely of agency mortgage backed securities. However, this is a very concentrated portfolio; 
intuitively, a more diversified asset allocation should be the goal. Supplementing the analysis with 
an economic efficient frontier will tell us what a more diversified portfolio could look like.

The lower panel in Figure C12a shows the result of an optimization based on economic risk. Here 
we see a more diversified allocation with meaningful investments in high yield bonds, emerging 
market debt and private equity. However, these asset classes entail significantly higher RBC 
requirements, and insurers have limited capital budgets for their investment portfolios. Considering 
this, along with the first figure, it is clear that trade-offs must be made to balance both economic 
and RBC perspectives.

Figure C12b plots a representative insurance portfolio that is commonly seen in practice. Note this 
portfolio falls between the economic and RBC frontiers, highlighting the trade-offs mentioned above 
that are typically made in the real world. But can this portfolio’s efficiency be improved?

One important aspect of the RBC framework in the US is its punitive treatment of commingled fund 
investments. This is true even for high-quality bond funds. One could argue that a portfolio of 
investment grade bonds held via a mutual fund should be assigned the same capital charge as an 
identical portfolio held via a direct separate account, but absent a fund-level NAIC designation, the 
RBC framework assigns an equity capital charge to the bond mutual fund. This is one reason insurers 
strongly prefer direct separate account investments whenever possible. Figure C12b also shows the 
improvement in RBC efficiency when the initial portfolio’s bond fund investment is moved to a direct 
separate account implementation.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C12a: Portfolio construction with regulatory considerations – Risk-based capital (RBC)
Efficient frontiers based on RBC (top) and economic risk (bottom)
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Figure C12b: Hybrid RBC/economic risk portfolio
RBC impact of fund-based versus direct investment – Investment grade bond
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Case 13: Model portfolio analytics 
Evaluating target-date funds

The use of model portfolios within retail and defined contribution plans is becoming prevalent. 
The approach offers pre-packaged, single-fund solutions that are constructed to help investors 
achieve their investing objectives. These solutions are frequently structured in the form of target 
date portfolios, where allocations become increasingly aggressive as target dates extend further 
into the future. In this case, we examine a set of target date fund series from 2020 to 2060. We 
discuss some key pitfalls to be cognizant of as well as some relevant practical capabilities provided 
by Invesco Vision that allow for easy comparisons of the different solutions.

In Figure C13a we present the five hypothetical target date portfolios. The blue dots indicate how 
these portfolios look when measured using expected arithmetic returns while the purple dots show 
the results in terms of geometric (compound) returns. First, we examine the portfolios in arithmetic 
return terms and notice how the shorter-term portfolios have lower total risk and lower expected 
return than their longer-term portfolio counterparts. We also see how the expected returns of the 
portfolios are rising at a rather linear pace as we move from shorter to longer dated solutions. 
We then examine the portfolios in geometric terms. Here, we notice that while the longer-dated 
portfolios show increasing levels of risk, they offer only marginal benefits in terms of expected 
return. This is driven by the volatility drag that is expected from these more aggressive solutions. 
In this context, it is unclear whether the 2060 portfolio should ever be preferred over the 2050 
portfolio. The expected return pickup in geometric terms is a mere 19 bps while risk increased by 
over 120 bps.

In Figure C13b we present the underlying isolated factor risks, contributions to risk, along with fund 
asset class weights. As can be seen, the shorter dated portfolios have a heavy weight to credit and 
rates while the longer dated portfolios are increasingly reliant on equities. This can be seen in terms 
of both weights as well as in isolated risk. The contribution to risk makes this apparent shift even 
more transparent where equity drives more than 95% of the total portfolio risk for the 2060 
portfolio. While this is not necessarily a bad thing, especially for the very long dated solutions, this 
level of transparency can help provide valuable insights regarding how the portfolio is expected to 
behave.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C13a: Model Portfolios
Expected arithmetic and geometric returns
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Figure C13b: Portfolio characteristics
Portfolio weights, isolated risk, and contribution to risk
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Case 14: Return agnostic solutions 
Portfolio construction without expected returns

While it is common practice to create portfolios through some form of mean-variance optimization, 
there are several other approaches that can be employed. Most of the approaches are aimed at 
eliminating the dependence on expected returns, which are the hardest optimization inputs to 
forecast correctly. In this example, we construct five such portfolios: equal weight, equal volatility, 
equal risk contribution, max diversification and global mean variance. To keep the example simple 
while trying to get exposure to a diverse set of factor exposures, we use three assets: US Large Cap 
(S&P 500), US Long Treasuries (Bloomberg Barclays Long Treasury) and Commodities (Goldman 
Sachs Commodity Index). 

In Figure C14a, we chart the individual assets, the five return-agnostic portfolios, and the mean-
variance efficient frontier with total risk (standard deviation) on the x-axis and geometric mean on the 
y-axis. What is immediately evident is that, while many of the return agnostic portfolios are near the 
mean-variance efficient frontier, the only portfolio that truly resides on the frontier is the global 
minimum variance portfolio. This reminds us that we can always construct an efficient portfolio that 
has the minimum risk without requiring any views on expected returns. The lower portion of Figure 
C14b summarizes the asset weights, isolated risk and contribution to risk for each of these solutions. 

The simplest portfolio to create is the equal weight solution. In this case, the weights are simply 
derived by dividing 100% by the number of assets. An examination of the isolated risk and 
contribution to risk for this portfolio shows that even though the portfolio appears to be well 
diversified, commodities play an oversized role in the risk of the portfolio. This is a function of the 
amount of risk for each of the assets included. It should be noted that while the notion of this type 
of naïve diversification can be of interest, investors should evaluate the assets to be included 
carefully. Consider a three-asset equal weight portfolio where two assets are close substitutes, such 
as a S&P 500 ETF, a Russell 1000 ETF and a US Aggregate bond ETF. In such an instance, naïve 
diversification may actually lead to greater concentration and a higher exposure to risk than might 
be expected. 

The equal risk, or risk-parity portfolio as it is sometimes called, is also a straightforward solution 
with the weights being set to be inversely proportional to the asset volatility. In this case, we see 
how the commodities sector gets the lowest weights, followed by stocks, and then bonds.

We then move to the portfolios whose weights can no longer be algebraically derived. First, we look 
at the equal risk contribution portfolio. This solution differs slightly from the equal risk solution, as it 
also considers asset correlations. As can be seen, the isolated risks are no longer the same, with 
commodities having the least isolated risk.

Moving to the maximum diversification solution which has the objective of maximizing the 
diversification ratio. This ratio is defined as the weighted average of the volatilities divided by the 
portfolio volatility. Here we see how stocks and commodities both have lower isolated risk and 
contribution to risk than fixed income. 

Finally, we examine the global minimum variance portfolio. The objective here is to identify the 
portfolio with the lowest risk. This approach has recently received significant attention, specifically 
when looking at constructing portfolios within a specific asset class. The reason for the increased 
interest in this approach is that adacemic literature has put forward the idea that such a portfolio may 
not only exhibit lower risk, but it may also offer a premium. This may not necessarily be the case 
within a multi-asset context and in most cases. We treat this solution mostly as a reference point. 

All of these portfolios can be viewed as reasonable options to consider when there is low confidence 
in the ability to effectively forecast expected returns and should be part of an investor’s toolkit. 
They can also be useful as a reference for comparison for portfolios under consideration.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C14a: Return agnostic solutions with mean-variance efficient frontier
Return and risk comparison

Total risk (%)

US Treasury long

Global minimum variance

Equal risk contribution

US large cap
Equal weight

Equal risk

Maximum diversification

Commodities

G
eo

m
et

ric
 r

et
ur

n 
(%

)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
2

3

4

5

6

7

Figure C14b: Portfolio Characteristics
Portfolio weights, isolated risk, and contribution to risk

Equal weight Equal risk
Equal risk 
contribution

Maximum 
diversification

Global minimum 
variance

FI = US Treasury Long EQ = US Large Cap Equity C = Commodities

W
ei

gh
ts

 (
%)

0 20 40 60

C

EQ

FI

0 20 40 60

C

EQ

FI

0 20 40 60

C

EQ

FI

0 20 40 60

C

EQ

FI

0 20 40 60

C

EQ

FI

R = Rates EQ = Equity C = Commodities T = Total

Is
ol

at
ed

 r
is

k 
(%

)

0 2 4 6 8 10

T

C

EQ

R

0 2 4 6 8 10

T

C

EQ

R

0 2 4 6 8 10

T

C

EQ

R

0 2 4 6 8 10

T

C

EQ

R

0 2 4 6 8 10

T

C

EQ

R

R = Rates EQ = Equity C = Commodities T = Total

C
on

tr
ib

ut
io

n 
to

 r
is

k 
(%

)

0 20 40 60 80 100

T

C

EQ

R

0 20 40 60 80 100

T

C

EQ

R

0 20 40 60 80 100

T

C

EQ

R

0 20 40 60 80 100

T

C

EQ

R

0 20 40 60 80 100

T

C

EQ

R

Practical application: Case studies of Invesco Visions's capabilities



30

Case 15: Multi-period optimization 
Creating portfolios to meet multi-period goals

The goal planning module allows users to create multi-period solutions. Unlike other analyses that 
entail a constant asset allocation over time, the goal planning module allows for time varying 
allocations. This is particularly important in the presence of expected inflows or outflows. Once the 
user has identified the investible universe, they can then define their investment horizon, along with 
any expected cash inflows and outflows, and select their risk measure of interest. It is important to 
note that in these types of problems, the distribution of terminal wealth outcomes may be 
meaningfully different from that of a normal or lognormal distribution, which makes the choice of 
risk measure particularly important.

Figure C15 presents a specific example where we assume starting capital of $1,000,000 with annual 
inflows of $300,000 per year for 10 years followed by $300,000 per year outflows for 10 years. 
The objective in this example is to maximize the expected wealth at the end of 20 years subject to 
the specified cash flows for various levels of terminal wealth uncertainty. On the asset side, our 
investment opportunity set includes US large cap equites, non-US developed market equities, US 
aggregate bonds and cash.

The top panel of Figure C15 demonstrates the resulting frontier in terms of expected terminal 
wealth and the accompanying volatility in terminal wealth. As we would expect, higher terminal 
wealth values are associated with more risky outcomes. The second panel shows the composition 
of the frontier at inception. This is the allocation that would be pursued at the start of the exercise. 
The third panel goes on to depict the glidepath associated with the selected point on the efficient 
frontier. This glidepath depicts how the asset allocation should evolve over time to best achieve the 
desired outcome. 

As we examine the glidepath in more detail, there are several things to notice. First, at inception, 
the glidepath entails an allocation which is identical to the one shown in the second panel. 
The glidepath can effectively be thought of as a third dimension to the second panel. Second, 
and most importantly, we notice that the glidepath entails a period of de-risking prior to the cash 
outflows. This is very much in line with what we recommend as practitioners to an individual 
approaching retirement. The logic behind this gradual transition is that as we approach retirement 
and invested capital is increasing, risk needs to be reduced before outflows begin. The optimizer 
seeks to mitigate the impact of an instance where the retirement period begins with a significant 
market downturn. Something like this would prove very costly from a terminal wealth perspective. 
It is preferable to accept greater risk earlier in the investment horizon than at this critical point.

It is also important to notice that while the glidepath illustrates how the allocation is expected to 
evolve, the realized glidepath may evolve quite differently. Namely, the optimal asset allocations 
shown represent the average allocations to implement at any particular point in time. Optimal 
investment weights may follow another glidepath that is a function of actual portfolio value and 
market conditions through time. 

Finally, in the bottom panel of Figure C15, we show the expected wealth distributions through time. 
The distributions graphically represent the likelihood of the portfolio’s value as a function of time 
and provide intuition on the evolutionary nature of the investment problem.

Practical application: Case studies of Invesco Visions's capabilities
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Figure C15: Multi-period optimization
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About Invesco Investment Solutions
Invesco Investment Solutions is an experienced multi-asset team that seeks to deliver purposeful 
outcomes using Invesco’s global capabilities, scale and infrastructure. We partner with our clients to 
fully understand their goals and harness strategies across Invesco’s global spectrum of active, passive, 
factor and alternative investments that address their unique needs. From robust research and analysis 
to bespoke investment solutions, our team brings insight and innovation to each client’s portfolio 
construction process.
• We help support better investment outcomes by delivering insightful and thorough analytics.
• By putting analytics into practice, we develop investment approaches specific to each client’s

needs.
• We work as an extension of the client’s team to engage across functions and implement solutions.

Assisting clients in North America, Europe and Asia, Invesco Investment Solutions consists of over 
50 professionals, with 20+ average years of experience across the leadership team. The team 
benefits from Invesco’s on-the-ground presence in more than 20 countries worldwide, with over 150 
professionals to support investment selection and ongoing monitoring.

Contacts

Neil Blundell
Head of Global Client Solutions
+1 212 278 9174
neil.blundell@invesco.com

North America

Vincent de Martel, CFA
Senior Solutions Strategist
+1 650 316 6509
Vincent.deMartel@invesco.com

Chris Hamilton, CFA, CAIA
Senior Solutions Strategist
+1 713  214 1429
Christopher.Hamilton@invesco.com

EMEA

Mark Humphreys
Head of EMEA Client Solutions
+44 20 7543 3537
mark.humphreys@invesco.com

Alexandre Mincier
Head of Global Insurance Client Solutions
+33 (0) 1 56 62 43 06
Alexandre_Mincier@invesco.com

Charles Moussier
Head of EMEA Insurance Client Solutions
+33 (0) 1 56 62 43 05
Charles.Moussier@invesco.com

APAC

Shu Irikura
Head of Japan Client Solutions
+813 6447 3063
shu_irikura@tyo.invesco.com

Nixon Mak
Head of Hong Kong Pension & Solutions Strategist
+852 3128 6845
Nixon.Mak@invesco.com
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Investment risks
The value of investments and any income will fluctuate (this may partly be the result of exchange rate fluctuations) 
and investors may not get back the full amount invested. 

Diversification and asset allocation do not guarantee a profit or eliminate the risk of loss.
 Invesco Investment Solutions (IIS) develops Capital Market Assumptions (CMAs) that provide long-term estimates for the 
behavior of major asset classes globally. The team is dedicated to designing outcome-oriented, multi-asset portfolios that 
meet the specific goals of investors. The assumptions, which are based on 5- and 10-year investment time horizons, are 
intended to guide these strategic asset class allocations. For each selected asset class, IIS develop assumptions for estimated 
return, estimated standard deviation of return (volatility), and estimated correlation with other asset classes. Estimated 
returns are subject to uncertainty and error, and can be conditional on economic scenarios. In the event a particular scenario 
comes to pass, actual returns could be significantly higher or lower than these estimates.

This information is not intended as a recommendation to invest in a specific asset class or strategy, or as a promise of 
future performance. Refer to the IIS CMA methodology paper for more details.

Important information

All information is sourced from Invesco, unless otherwise stated. All data as of April 15, 2019 and is USD and hedged 
unless otherwise stated. 

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:

• may contain references to amounts which are not in local currencies;
• may contain financial information which is not prepared in accordance with the laws or practices of your country of

residence;
• may not address risks associated with investment in foreign currency denominated investments; and
• 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. 




