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AUTHORS• In a global economy driven by an unprecedented 
combination of forces, sophisticated investors need 
improved tools to cope with inflation and growth surprises.

• With inflation lingering around levels that have never been 
seen in the past four decades, the right tail risk of surprises 
is still very relevant. At the same time, various GDP tracking 
tools indicated below-trend or negative levels.

• As of November 2022, the latest median forecast of Survey 
of Professional Forecasters expected 1-year-ahead inflation 
to be 3.5% and growth to be 0.8%. 

• Investors have generally either not incorporated inflation 
hedging into their portfolios or have taken a single-asset 
approach for their hedge (typically TIPS or real estate). New 
research by Morgan Stanley Investment Management offers 
a portfolio construction framework that fully optimizes 
inflation hedging and incorporates investor preferences 
and expectations. Our approach explicitly factors in the 
assumptions that investors may very well consider implicitly 
and uses a variety of assets vs. a single asset.

• This paper offers an improved method for optimizing 
portfolios in a range of inflationary and growth scenarios, 
and then suggests appropriate allocations for a range of 
institutions: 

• First, we characterize how assets perform under different 
market environments, across inflation and growth surprises, 
based on their sensitivity to those surprises, also taking 
into account the reliability of those characteristics. This 
framework is included in a more traditional optimization 
model that incorporates the risk/return profile of each 
asset class, as well as investor risk preference.

• Second, we outline portfolios that may be suitable 
for pension plans, life insurers, and endowments and 
foundations for a range of target tracking errors.

Please see important disclaimers at the end of this piece

Managing Inflation Risk through 
Improved Portfolio Optimization

Specialists in designing and managing custom 
multi-asset, multi-manager investment 
solutions that span from broadly diversified 
to focused portfolios. The team’s expertise lies 
in partnering with institutional and high net 
worth investors to understand their unique 
needs and crafting solutions to help them 
achieve their overall investment objectives.
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Broad Findings
Our broad findings show that asset 
classes can be categorized by their 
typical responses to inflation and growth 
surprises: 1) ones that are mainly driven 
by growth surprises, like public and 
private equities; 2) ones that are driven 
by inflation, such as commodities; and 
3) ones that are driven by both inflation 
and growth.

Because assets span this spectrum, how 
one hedges inflation, and the funding 
source, depend on the intersection of 
both types of surprises. 

The paper suggests a number of perhaps 
non-obvious implications for asset 
allocators including: 

• As a baseline scenario, (e.g., when 
growth surprises are modest), 
equity allocations should not vary 
significantly with inflation. Related, 
reducing the fixed income allocation 
is a dominant funding source for more 
inflation-oriented portfolios. 

• When stagflation prevails, TIPS will 
likely be a more attractive hedge, 
while in an overheating environment, 
commodities will be more attractive. 

• Similarly, the role equity plays also 
varies highly—when stagflation 
prevails, reducing the equity allocation 
will be a dominant source for funding 
hedging assets, but in an overheating 
environment, only modest equity 
reductions are called for.

• Finally, within equities, high inflation 
has historically made private equity 
even more attractive relative to public 
equity. This can also remain true going 
forward due to the concentration of 
private equity in secular growth areas 
such as technology, and healthcare 
which may increase prices easily.

For the past two years, inflation growth 
has repeatedly surprised to the upside. 
This is shown on the right side of 
Display 1, along with highly volatile 
growth surprises, both to the upside 
and downside. This trend is boosting 

expectations for higher inflation and 
weaker growth (Display 2), while 
Display 3 illustrates the toll this took on 
both equity and fixed-income markets in 
the first half of 2022.

DISPLAY 1
Inflation and growth surprises have surged recently…
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DISPLAY 2
… boosting expectations for higher inflation and lower growth. 
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The largest inflationary surge in four 
decades stems from a significant 
imbalance in supply and demand, as the 
global economy has been buffeted by an 
unprecedented combination of factors. A 
global health crisis, followed by massive 
monetary and fiscal stimulus, and the 
war in Ukraine have led to huge shifts 
in consumer demand and sustained 
disruptions to global supply chains.

CPI subcomponents suggested that 
inflation pressures were broad based 
and inclusive of stickier categories 
(e.g. rent and owners-equivalent-rent). 
Slower growth was shown by PMI 
indexes maintaining a downward trend, 
economic surprise indexes that remained 
in negative territory, and various GDP 
tracking tools indicating below-trend or 
negative levels. 

The U.S. Federal Reserve responded 
aggressively in 2022, hiking rates rapidly 
to bring the target fed funds rate back 
to neutral. After the Fed’s July meeting, 
Chair Jerome Powell held out the hope 
that “at some point it will be appropriate 
to slow down.”

The inflation hedging challenge 
In this uniquely challenging 
environment, investors are moving 
quickly to devise strategies for hedging 
inflation exposure.

However, most inflation hedging 
strategies pursued by investors typically 
involve no more than adding allocations 
to TIPS, commodities and real estate. 
Some go a little further by overweighting 
assets expected to be the most sensitive 
to inflation. We believe that such 
strategies fall short because they lack a 

comprehensive approach that is suitable 
for the objectives and constraints of 
sophisticated investors and do not 
account for economic growth scenarios. 

Thus, we believe that investors would 
be well served with an approach that 
fully integrates inflation hedging, 
and incorporates investor preferences 
and expectations. New research by 
Morgan Stanley Investment Management 
refines the classic portfolio construction 
framework with that goal in mind. This 

paper outlines our approach (see callout), 
which examines the value of inflation 
hedges based on criteria that include:

• Sensitivity and stability with regard 
to inflation surprises in a range of 
different magnitudes.

• Performance in periods of positive or 
negative growth surprises. 

• How the portfolio is likely to conform 
to investor preference for risk tolerance 
and return expectations. 

DISPLAY 3
Inflation and growth trends weighed on equity and bond markets in 2022
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A PORTFOLIO FRAMEWORK ATTUNED TO INFLATION RISK
Our framework starts with the investor’s benchmark portfolio, which we assume implies 
original return expectations. Our factor model, combined with inflation and growth 
surprises, forecasts how returns may differ from the original expectations. We combine the 
confidence level of the forecasts with the two sets of return expectations, with help from 
the classic Black-Litterman approach. The final return output is fed into a mean-variance 
optimization to generate the optimal portfolio. Please see appendix for further details. 
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Asset sensitivity to inflation 
and growth
One of the fundamental concepts in 
our analysis involves how different 
asset sectors respond to both inflation 
and growth surprises. We define 
inflation surprises as the difference 
between realized inflation and inflation 
expectations, and similarly for growth 
surprises. We believe asset prices should 
reflect aggregate inflation and growth 
expectations, but surprises will drive 
returns that vary from what the market 
had predicted. 

For example, Display 4 shows that 
commodities, with a beta of over 6 to 
inflation surprises, are the most highly 
sensitive to that risk. Many commodities 
are important inputs to production, and 
all else being equal, their rising prices 
will eventually be passed through to 
consumer goods. In addition, their prices 
are very sensitive to supply/demand 
balance, typically rising when demand 
exceeds supply, either due to surging 
demand or supply disruptions. 

In contrast, public equity has a negative 
beta to inflation surprises, but the largest 
positive beta to growth surprises. The 
relationship between equity and inflation 
is less clear, as inflation can increase both 
the future earnings and discount rate at 
the same time. Earnings growth depends 
on two factors: the company’s exposure 
to rising input costs, and whether it is in 
a position to pass those price increases 
through to customers. 

Display 4 also shows the sensitivity 
of typical portfolios of life insurers, 
endowments and foundations, and 

1 We fixed the confidence level (tau) in the Black-Litterman model to reflect to the impact of different surprise magnitudes. Across scenarios, tracking 
error can be as high as 3.6%.

DISPLAY 4
Most institutional portfolios have modest or negative betas to 
inflation surprises
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pension funds. All of those portfolios 
have either negative or modest positive 
beta. This suggests that some rebalancing 
to adjust for an inflationary environment 
would be desirable for all three. 

Examining asset shifts
The model provides guidance for how 
portfolio weights to various asset classes 
should change as a function of growth 
and inflation surprises. This provides 
insights to the role of each asset class in 
various regimes. Displays 5-7 shows the 
magnitude of asset shifts in optimally 

hedged portfolios, under different 
scenarios of inflation and growth, with 
surprises that range from -4% to 4%. The 
color coding, from red to yellow to green, 
illustrates the progression from reducing 
allocations to increasing them. 

To illustrate the principle and streamline 
this presentation, these displays just 
represent allocation shifts within typical 
pension fund portfolios with a maximum 
4% tracking error;1 life insurers and 
endowment and foundation (E&F) will 
be included later.
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Display 5 shows that equities (including 
both public and private) are mainly 
driven by growth surprises, regardless 
of inflation. For example, assuming a 
growth surprise of 0%, the variation of 
expected allocation shift to equities is 
small, while fixed income varies widely 
with very large shifts as a funding source 
for inflation hedges. Commodities 
again are very sensitive to changes. 
Assuming a high inflation surprise of 
4%, recommended allocation shifts range 
from 9%, when growth is negative 4%, to 
14% when growth is positive 4%. 

TIPS and real estate make another 
interesting contrast. Display 6 reveals an 
important, and counterintuitive, aspect 
of TIPS in an optimal portfolio—as 
growth surprises transition from negative 
to positive, the allocation to TIPS 
gets smaller. That is because TIPS are 
negatively impacted by real yields which, 
on average, are positively correlated with 
growth and tend to rise when monetary 
policy turns more hawkish. In contrast, 
commodities and real estate provide more 
“bang for the buck” as inflation hedges 
in a strong growth economy. As Display 6 
shows, in contrast, real estate progresses 
from a poor inflation hedge to a good 
one as growth surprises go from negative 
to positive, when inflation surprise 
is moderate.

Our analysis also found that TIPS 
weightings do not increase linearly to the 
inflation surprise upper bound of 4%. 
Rather, the TIPS weighting increases when 
inflation surprise magnitude is moderate 
and then decreases when inflation 
surprises further increase. The precise 
“peak” for the TIPS allocation depends on 
growth surprise magnitude and investor 
confidence level in the model’s return 
forecasts—for higher confidence levels, the 
transition away from TIPS to commodities 
and real estate would start sooner. This is 
because investors are likely to allow more 
concentration in commodities and real 
estate when they are more confident about 
the model’s return forecasts, which expects 
outperformance in those two asset sectors.

DISPLAY 5
Equities are driven mainly by growth surprises, commodities by inflation 
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0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
-1% -3% -2% -2% -2% -2% -2% -2% -2% -2%
-2% -6% -5% -4% -4% -4% -4% -4% -4% -4%
-3% -9% -8% -7% -6% -6% -6% -6% -6% -6%
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Sources: Morgan Stanley Investment Management, Bloomberg, Cambridge Associates, NCREIF, Haver, 
Survey of Professional forecasters. Please see appendix for details about actual index data and calculation.

DISPLAY 6
TIPS are favored when growth surprises are negative —real estate, the opposite
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Sources: Morgan Stanley Investment Management, Bloomberg, Cambridge Associates, NCREIF, Haver, 
Survey of Professional forecasters. Please see appendix for details about actual index data and calculation.
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DISPLAY 7
Fixed income is the main underweight as inflation grows
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Sources: Morgan Stanley Investment Management, Bloomberg, Cambridge Associates, NCREIF, Haver, 
Survey of Professional forecasters. Please see appendix for details about actual index data and calculation.

The final pair comprises fixed income and 
hedge funds (Display 7). Fixed income is 
the main underweight in high-inflation 
scenarios, and it requires changes in much 
larger dollar amounts versus the other 
asset classes. This is not surprising, as 
fixed income generally is hurt the worst by 
inflation. Coupons and principal payments 
are fixed, providing no offsets when yields 
rise along with inflation. Hedge funds 
might be considered the “plug” position 
in the portfolio. With its moderate beta to 
both inflation and growth surprises, the 
hedge fund allocation serves as a diversifier 
driven by the shifts in other asset classes in 
the portfolio. 

Portfolio implications
Display 8 shows how these concepts apply 
in a typical pension plans portfolio in 
three inflation scenarios: high inflation/
high growth, high inflation/low growth, 
and high inflation growth in the 90th 
percentile. The high and low scenarios are 
defined as whether the inflation or growth 
surprises are positive or negative. We 
add two new dimensions to the analysis: 
A range of tracking errors that reflect 
risk preference, and the corresponding 
expected changes to the portfolio’s betas 
to inflation and growth surprises. 

Both of the first two tables in Display 8 
are high inflation scenarios, but one is 
low growth and the other, high growth. 
Their differences and commonalities 
further illustrate how hedging assets are 
best positioned in optimal portfolios. 

In the high inflation and high growth 
scenarios, commodities and real estate 
allocations are increased. As the portfolio’s 
desired tracking error is increased, 
commodities gain larger positions to boost 
growth potential. The equities allocation 
is also increased. This is not surprising, as 
higher equity exposure is preferred when 
experiencing positive growth surprises. 
Private equity is favored against its public 
counterpart, as it has slightly better 
inflation hedging characteristics. The 
allocation is largely funded by nominal 
fixed income and hedge funds. 

In the high-inflation and low-growth 
scenarios, commodities and real estate 
allocations are increased, as in the prior 
scenario. Similarly, nominal fixed income 
and hedge fund positions are reduced 
as tracking error increases. The equities 
position is also reduced.

The biggest difference between the 
high- and low-growth scenarios is the 
positioning of TIPS. As noted above, 
TIPS are negatively correlated to real 
yields. When growth surprises are high, 
TIPS only merit a small allocation, across 
all tracking error preferences, in favor 
of hedging assets with larger betas to 
growth. In contrast, with a stagflation 
economy—high inflation, low growth—
TIPS play a larger role, which grows as 
tracking error increases. 

The last table in looks at a special 
case scenario of very high inflation 
surprises, when inflation exceeds the 

90th percentile. It is comparable to high 
inflation/high growth scenario, but 
allocations to real estate and commodities 
are even greater. 

The goal of these allocations is to manage 
inflation exposure, within the investor’s 
risk profile, and that is achieved by 
increasing the portfolio’s beta to inflation, 
as shown in the last line of the three 
displays. For the high inflation/high 
growth scenario, the base case inflation 
surprise beta is 0.21. That increases 
gradually from 0.39 to 1.55, as tracking 
error preferences increase. 

For the stagflation scenario base case 
inflation surprise beta is the same 
0.21. That increases from 0.45 to 2.07, 
corresponding to larger tracking errors. 
The inflation betas grow the most in 
the inflation-90th percentile scenario, 
ranging from 0.45 to 2.01. 
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DISPLAY 8
Optimal portfolios shift under different inflation and growth scenarios. 

High inflation/high growth
ASSET CLASS TRACKING ERROR 0.0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0%

CHANGE IN ALLOCATION

US Equity 0.7% 1.4% 2.1% 2.8% 2.9% 2.5% 1.7% -2.5%

US Fixed Income -4.6% -9.2% -14.0% -18.9% -21.0% -21.0% -21.0% -21.0%

TIPS -0.4% -0.7% -0.9% -1.0% -1.0% -1.0% -1.0% -1.0%

Hedge Fund 1.3% 2.7% 4.1% 5.5% 2.8% -2.5% -7.0% -7.0%

Private Equity 0.5% 0.9% 1.3% 1.7% 3.8% 6.9% 10.0% 14.5%

Real Estate 1.1% 2.1% 3.2% 4.3% 4.9% 5.1% 5.2% 3.1%

Commodity 1.4% 2.8% 4.2% 5.6% 7.7% 10.0% 12.2% 13.9%

infl beta 0.21 0.39 0.57 0.75 0.94 1.11 1.27 1.42 1.55

gdp beta 2.33 2.45 2.58 2.70 2.82 2.90 2.95 2.98 2.95

High inflation/low growth
ASSET CLASS TRACKING ERROR 0.0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0%

CHANGE IN ALLOCATION

US Equity -1.8% -3.7% -5.5% -7.4% -9.3% -11.3% -13.6% -16.1%

US Fixed Income -3.4% -6.8% -10.2% -13.8% -17.4% -20.9% -21.0% -21.0%

TIPS 2.5% 5.0% 7.7% 10.5% 13.4% 16.3% 16.4% 16.0%

Hedge Fund -0.7% -1.3% -2.0% -2.7% -3.4% -4.1% -6.0% -7.0%

Private Equity 0.0% -0.1% -0.1% -0.1% -0.1% 0.0% 0.4% 0.7%

Real Estate 0.9% 1.7% 2.6% 3.4% 4.2% 4.9% 5.8% 6.7%

Commodity 2.6% 5.1% 7.6% 10.1% 12.6% 15.1% 18.0% 20.8%

infl beta 0.21 0.45 0.70 0.94 1.19 1.44 1.69 1.88 2.07

gdp beta 2.33 2.31 2.28 2.26 2.23 2.20 2.17 2.13 2.09

Inflation > 90%ile
ASSET CLASS TRACKING ERROR 0.0% 0.5% 1.0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0%

CHANGE IN ALLOCATION

US Equity -0.3% -0.7% -1.1% -1.5% -2.2% -3.4% -5.0% -7.7%

US Fixed Income -4.9% -9.8% -14.7% -19.5% -21.0% -21.0% -21.0% -21.0%

TIPS 0.9% 1.7% 2.5% 3.4% 1.3% -1.0% -1.0% -1.0%

Hedge Fund 0.7% 1.3% 2.0% 2.6% 2.1% 0.1% -4.2% -7.0%

Private Equity 0.3% 0.6% 0.9% 1.2% 1.9% 3.1% 5.1% 7.3%

Real Estate 1.2% 2.4% 3.6% 4.8% 6.2% 7.4% 8.1% 8.3%

Commodity 2.2% 4.5% 6.7% 9.0% 11.7% 14.8% 18.0% 21.1%

infl beta 0.21 0.45 0.70 0.94 1.19 1.39 1.58 1.80 2.01

gdp beta 2.33 2.41 2.49 2.57 2.65 2.71 2.76 2.76 2.73

Sources: Morgan Stanley Investment Management, Bloomberg, Cambridge Associates, NCREIF, Haver, Survey of Professional forecasters. Please see 
appendix for details about actual index data and calculation.
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Endowment and foundations and 
life insurers
We believe our approach is robust enough 
to accommodate a range of investor 
objectives and constraints, and here we 
offer additional examples that include 
E&F and life insurers, in addition to 
pension plans portfolios (Display 9). 
To keep the examples comparable, we 
assume the same confidence level in the 
forecasted return due to inflation and 
growth surprises.

Life insurers are inherently less vulnerable 
to inflation, because the bulk of their 
liabilities are fixed in nominal terms. This 
is evident in their base 90% allocation 
to fixed income, which barely changes, 

regardless of the different growth and 
inflation scenarios. 

E&F base portfolios are characterized 
by large positions in alternatives. In the 
case where the fixed income allocation 
is depleted, alternatives can provide 
another source to fund inflation hedges. 
On the other hand, pension funds have 
large positions in fixed income—21% 
in the base case—which gives them 
a lot of flexibility in reallocating to 
inflation hedges.

As with the pension plans example in 
Display 8, the “inflation beta” line near 
the bottom of Display 9 shows how the 
betas of the optimized portfolios are 

improved over the base case. But Display 
8 only illustrated how betas increase as 
inflation grows. Display 9 further shows 
how inflation betas are successfully 
reduced below the base portfolios in low-
inflation scenarios. 

Tools for coping with surprise 
challenges
The combination of forces driving 
the global economy today has little 
precedent. We believe that our approach 
to optimizing portfolios is worth 
considering by institutional investors, 
as they seek a new level of sophisticated 
hedging tools for the surprises that 
growth and inflation may have in store.

DISPLAY 9
Portfolios can be optimized for pension plans, life insurers and E&Fs.

Pension Plans

ASSET CLASS BASE CASE
HIGH INFLATION 

HIGH GROWTH
HIGH INFLATION 

LOW GROWTH
LOW INFLATION 

HIGH GROWTH
LOW INFLATION 

LOW GROWTH
INFLATION > 

90%ILE

US Equity 49.0% 51.1% 47.1% 51.3% 47.0% 47.8%

US Fixed Income 21.0% 7.3% 17.4% 19.9% 35.9% 4.6%

TIPS 1.0% 0.1% 3.6% 0.0% 2.2% 3.8%

Hedge Fund 7.0% 11.0% 6.3% 8.7% 2.8% 9.2%

Private Equity 9.0% 10.3% 9.0% 9.2% 7.6% 10.0%

Real Estate 8.0% 11.1% 8.9% 7.7% 4.5% 12.0%

Commodity 5.0% 9.1% 7.7% 3.2% 0.2% 12.6%

Tracking Error 0.0% 1.5% 0.5% 0.5% 1.6% 1.7%

CHANGE IN ALLOCATION

US Equity 2.1% -1.9% 2.3% -2.0% -1.2%

US Fixed Income -13.7% -3.6% -1.1% 14.9% -16.4%

TIPS -0.9% 2.6% -1.0% 1.2% 2.8%

Hedge Fund 4.0% -0.7% 1.7% -4.2% 2.2%

Private Equity 1.3% 0.0% 0.2% -1.4% 1.0%

Real Estate 3.1% 0.9% -0.3% -3.5% 4.0%

Commodity 4.1% 2.7% -1.8% -4.8% 7.6%

infl beta 0.21 0.74 0.47 0.11 -0.39 1.03

gdp beta 2.33 2.69 2.30 2.42 1.93 2.60
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Endowment and Foundations

ASSET CLASS BASE CASE
HIGH INFLATION 

HIGH GROWTH
HIGH INFLATION 

LOW GROWTH
LOW INFLATION 

HIGH GROWTH
LOW INFLATION 

LOW GROWTH
INFLATION > 

90%ILE

US Equity 29.5% 30.7% 27.3% 32.0% 27.2% 28.9%

US Fixed Income 9.8% 0.0% 5.9% 8.0% 26.9% 0.4%

TIPS 0.5% 0.0% 3.4% 0.0% 1.2% 2.1%

Hedge Fund 18.6% 17.3% 17.8% 20.5% 13.6% 19.9%

Private Equity 30.8% 34.1% 30.8% 31.0% 29.2% 31.4%

Real Estate 5.8% 8.1% 6.8% 5.4% 1.9% 8.1%

Commodity 5.0% 9.7% 8.0% 3.0% 0.0% 9.3%

Tracking Error 0.0% 1.4% 0.6% 0.5% 1.8% 1.0%

CHANGE IN ALLOCATION

US Equity 1.2% -2.2% 2.5% -2.3% -0.6%

US Fixed Income -9.8% -3.9% -1.8% 17.1% -9.4%

TIPS -0.5% 2.9% -0.5% 0.7% 1.6%

Hedge Fund -1.3% -0.8% 1.9% -5.0% 1.3%

Private Equity 3.3% 0.0% 0.2% -1.6% 0.6%

Real Estate 2.3% 1.0% -0.4% -3.9% 2.3%

Commodity 4.7% 3.0% -2.0% -5.0% 4.3%

infl beta 0.75 1.25 1.04 0.65 0.10 1.22

gdp beta 2.41 2.70 2.38 2.51 1.97 2.56

Life Insurance

ASSET CLASS BASE CASE
HIGH INFLATION 

HIGH GROWTH
HIGH INFLATION 

LOW GROWTH
LOW INFLATION 

HIGH GROWTH
LOW INFLATION 

LOW GROWTH
INFLATION > 

90%ILE

US Equity 2.3% 2.5% 2.1% 2.5% 2.1% 2.2%

US Fixed Income 90.8% 89.6% 90.4% 90.8% 91.8% 90.0%

TIPS 1.0% 0.9% 1.3% 0.8% 1.2% 1.1%

Hedge Fund 0.0% 0.4% 0.0% 0.1% 0.0% 0.1%

Private Equity 4.0% 4.1% 4.0% 4.0% 3.8% 4.0%

Real Estate 0.6% 0.9% 0.7% 0.6% 0.3% 0.8%

Commodity 1.3% 1.7% 1.5% 1.2% 0.8% 1.6%

Tracking Error 0.0% 0.1% 0.0% 0.0% 0.1% 0.1%

CHANGE IN ALLOCATION

US Equity 0.2% -0.2% 0.2% -0.2% -0.1%

US Fixed Income -1.2% -0.4% 0.0% 1.0% -0.8%

TIPS -0.1% 0.3% -0.2% 0.2% 0.1%

Hedge Fund 0.4% 0.0% 0.1% 0.0% 0.1%

Private Equity 0.1% 0.0% 0.0% -0.2% 0.0%

Real Estate 0.3% 0.1% 0.0% -0.3% 0.2%

Commodity 0.4% 0.2% -0.1% -0.5% 0.3%

infl beta -1.11 -1.06 -1.08 -1.12 -1.16 -1.07

gdp beta -0.25 -0.22 -0.25 -0.24 -0.28 -0.24

Source: Morgan Stanley Investment Management, 2021 NACUBO-TIAA Study of Endowments, Society of Actuaries, Federal Reserve Bank of Chicago.
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Appendix 
Following are metrics and parameters used in our research. 

MEASURING ASSET SENSITIVITY AND STABILITY: We measure 
inflation sensitivity as the beta in a regression model (see below) 
and the adjusted R square from the regression indicates the 
stability of the model.

asset return= α + β1 × inflation surprises + β2 ×  
GDP growth surprises + ε

As mentioned earlier, inflation and growth surprises are defined 
as the difference between realized numbers and expectation. 
Both asset returns and surprises are measured over a year 
horizon. We use quarterly frequency data and adjust standard 
error for serial correlation due to overlapping observation 
windows. Private asset data is unsmoothed to mitigate the 
impact from lagging marks. Lastly, we winsorized asset return 
data to reduce the impact of extreme values.

DEFINING INFLATION SCENARIOS: We take the average of 
historical inflation and growth surprises in five different 
scenarios: high or low inflation/growth surprises and extreme 
high inflation. The high and low scenarios are defined as 
whether the inflation or growth surprises are positive or 
negative. And then we use historical average for each scenarios 
as our inputs. We also vary the magnitude of inflation/growth 
surprises from -4% to positive 4% in hypothetical scenarios.

PORTFOLIO CONSTRUCTION: We utilize the traditional Black-
Litterman model to combine regression results and investor 
asset return/risk expectations, implied by the investor’s original 
portfolio allocation. 

We derive the original return assumptions (implied return, Π) 
from the base case portfolio. 

Π = λΣw + θ∙I

Where, 

• Σ is the n×n covariance matrix

• w is the portfolio weights

• I is n×1 vector, n is the number of asset classes, each entry of 
the vector is 1

• λ,θ are the Lagrange multipliers which can be calibrated with 
the condition:

– Equity has a Sharpe ratio of 0.3

– Equity risk premium (public equity over public fixed 
income) is 4%.

Then, we can estimate conditional return based on inflation and 
growth scenarios

Q = α + β1 × x1 + β2 × x2

Where, 

• α is the implied return, equals Π, derived from the above

• x1 and x2 are the inflation and growth surprises

Derive the ex-post return based on Black Litterman model

E(R) = [(τΣ)-1 + Ω-1]-1 [(τΣ)-1 Π +Ω-1 Q]

Where:

Ω = diag(diag(Σ) × (1-R2
adj))

τ is the parameter that describes investor’s confidence in the 
factor model. If τ is small, more emphasis will be put on the 
original return vector and vice versa. It can be determined based 
on the preferred tracking error target.

Lastly, the new return vector E(R) is used as the input for mean 
variance optimization to derive the optimal portfolio allocation. 

(max)(w’ E(R) - 1 λw’Σw), such that I’w=1 
w        2  

—
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Risk Considerations
The views and opinions and/or analysis expressed are those of the author or the investment team as of the date of preparation of this 
material and are subject to change at any time without notice due to market or economic conditions and may not necessarily come 
to pass. Furthermore, the views will not be updated or otherwise revised to reflect information that subsequently becomes available 
or circumstances existing, or changes occurring, after the date of publication. The views expressed do not reflect the opinions of all 
investment personnel at Morgan Stanley Investment Management (MSIM) and its subsidiaries and affiliates (collectively “the Firm”), 
and may not be reflected in all the strategies and products that the Firm offers.

Forecasts and/or estimates provided herein are subject to change and may not actually come to pass. Information regarding expected 
market returns and market outlooks is based on the research, analysis and opinions of the authors or the investment team. These 
conclusions are speculative in nature, may not come to pass and are not intended to predict the future performance of any specific 
strategy or product the Firm offers. Future results may differ significantly depending on factors such as changes in securities or 
financial markets or general economic conditions.

This material has been prepared on the basis of publicly available information, internally developed data and other third-party sources 
believed to be reliable. However, no assurances are provided regarding the reliability of such information and the Firm has not sought 
to independently verify information taken from public and third-party sources.

This material is a general communication, which is not impartial and all information provided has been prepared solely for 
informational and educational purposes and does not constitute an offer or a recommendation to buy or sell any particular security 
or to adopt any specific investment strategy. The information herein has not been based on a consideration of any individual investor 
circumstances and is not investment advice, nor should it be construed in any way as tax, accounting, legal or regulatory advice. To 
that end, investors should seek independent legal and financial advice, including advice as to tax consequences, before making any 
investment decision.

Morgan Stanley Investment Management Inc., and its affiliates and their respective directors, officers, employees, members, general and 
limited partners, sponsors, trustees, managers, agents, advisors, representatives, heirs, successors, and executors shall have no liability 
whatsoever in connection with any such information’s actual or purported accuracy, completeness, fairness, reliability or suitability.

Charts and graphs provided herein are for illustrative purposes only. Past performance is no guarantee of future results.

Certain information contained herein constitutes forward-looking statements, which can be identified by the use of forward-looking 
terminology such as “may,” “will,” “should,” “expect,” “anticipate,” “project,” “estimate,” “intend,” “continue” or “believe” or the negatives 
thereof or other variations thereon or other comparable terminology. Due to various risks and uncertainties, actual events or results 
may differ materially from those reflected or contemplated in such forward-looking statements. No representation or warranty is 
made as to future performance or such forward-looking statements.

The indexes are unmanaged and do not include any expenses, fees or sales charges. It is not possible to invest directly in an index. Any index 
referred to herein is the intellectual property (including registered trademarks) of the applicable licensor. Any product based on an index is 
in no way sponsored, endorsed, sold or promoted by the applicable licensor and it shall not have any liability with respect thereto.

The Firm has not authorised financial intermediaries to use and to distribute this material, unless such use and distribution is made 
in accordance with applicable law and regulation. Additionally, financial intermediaries are required to satisfy themselves that the 
information in this material is appropriate for any person to whom they provide this material in view of that person’s circumstances and 
purpose. The Firm shall not be liable for, and accepts no liability for, the use or misuse of this material by any such financial intermediary.

This material may be translated into other languages. Where such a translation is made this English version remains definitive. If there are 
any discrepancies between the English version and any version of this material in another language, the English version shall prevail.

The whole or any part of this material may not be directly or indirectly reproduced, copied, modified, used to create a derivative 
work, performed, displayed, published, posted, licensed, framed, distributed or transmitted or any of its contents disclosed to third 
parties without the Firm’s express written consent. This material may not be linked to unless such hyperlink is for personal and non-
commercial use. All information contained herein is proprietary and is protected under copyright and other applicable law.
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DEFINITIONS
Bloomberg US Aggregate: an index comprised of approximately 6,000 
publicly traded bonds including United States government, mortgage-backed, 
corporate and Yankee bonds with an average maturity of approximately 10 years.

DISTRIBUTION
This communication is only intended for and will only be distributed to 
persons resident in jurisdictions where such distribution or availability 
would not be contrary to local laws or regulations.
United Kingdom: Morgan Stanley Investment Management Limited is 
authorised and regulated by the Financial Conduct Authority. Registered 
in England. Registered No. 1981121. Registered Office: 25 Cabot Square, 
Canary Wharf, London E14 4QA, authorised and regulated by the Financial 
Conduct Authority. Dubai: Morgan Stanley Investment Management Limited 
(Representative Office, Unit Precinct 3-7th Floor-Unit 701 and 702, Level 7, Gate 
Precinct Building 3, Dubai International Financial Centre, Dubai, 506501, United 
Arab Emirates. Telephone: +97 (0)14 709 7158). Germany: Morgan Stanley 
Investment Management Limited Niederlassung Deutschland Junghofstrasse 
13-15 60311 Frankfurt Deutschland (Gattung: Zweigniederlassung (FDI) gem. § 
53b KWG). Ireland: Morgan Stanley Investment Management (Ireland) Limited. 
Registered Office: The Observatory, 7-11 Sir John Rogerson’s, Quay, Dublin 
2, Ireland. Registered in Ireland under company number 616662. Authorised 
and regulated by Central Bank of Ireland. Italy: Morgan Stanley Investment 
Management Limited, Milan Branch (Sede Secondaria di Milano) is a branch 
of Morgan Stanley Investment Management Limited, a company registered in 
the U.K., authorised and regulated by the Financial Conduct Authority (FCA), 
and whose registered office is at 25 Cabot Square, Canary Wharf, London, E14 
4QA. Morgan Stanley Investment Management Limited Milan Branch (Sede 
Secondaria di Milano) with seat in Palazzo Serbelloni Corso Venezia, 16 20121 
Milano, Italy, is registered in Italy with company number and VAT number 
08829360968. The Netherlands: Morgan Stanley Investment Management, 
Rembrandt Tower, 11th Floor Amstelplein 1 1096HA, Netherlands. Telephone: 
31 2-0462-1300. Morgan Stanley Investment Management is a branch 
office of Morgan Stanley Investment Management Limited. Morgan Stanley 
Investment Management Limited is authorised and regulated by the Financial 
Conduct Authority in the United Kingdom. Switzerland: Morgan Stanley & 
Co. International plc, London, Zurich BranchI Authorised and regulated by the 
Eidgenössische Finanzmarktaufsicht (“FINMA”). Registered with the Register 
of Commerce Zurich CHE-115.415.770. Registered Office: Beethovenstrasse 
33, 8002 Zurich, Switzerland, Telephone +41 (0) 44 588 1000. Facsimile 
Fax: +41(0)44 588 1074.
Japan: For professional investors, this document is circulated or distributed for 
informational purposes only. For those who are not professional investors, this 
document is provided in relation to Morgan Stanley Investment Management 
(Japan) Co., Ltd. (“MSIMJ”)’s business with respect to discretionary investment 
management agreements (“IMA”) and investment advisory agreements 
(“IAA”). This is not for the purpose of a recommendation or solicitation of 
transactions or offers any particular financial instruments. Under an IMA, 
with respect to management of assets of a client, the client prescribes 
basic management policies in advance and commissions MSIMJ to make all 
investment decisions based on an analysis of the value, etc. of the securities, 
and MSIMJ accepts such commission. The client shall delegate to MSIMJ the 
authorities necessary for making investment. MSIMJ exercises the delegated 
authorities based on investment decisions of MSIMJ, and the client shall 
not make individual instructions. All investment profits and losses belong 
to the clients; principal is not guaranteed. Please consider the investment 
objectives and nature of risks before investing. As an investment advisory fee 
for an IAA or an IMA, the amount of assets subject to the contract multiplied 
by a certain rate (the upper limit is 2.16% per annum (including tax)) shall 
be incurred in proportion to the contract period. For some strategies, a 
contingency fee may be incurred in addition to the fee mentioned above.
Indirect charges also may be incurred, such as brokerage commissions for 
incorporated securities. Since these charges and expenses are different 
depending on a contract and other factors, MSIMJ cannot present the 
rates, upper limits, etc. in advance. All clients should read the Documents 
Provided Prior to the Conclusion of a Contract carefully before executing an 
agreement. This document is disseminated in Japan by MSIMJ, Registered No. 
410 (Director of Kanto Local Finance Bureau (Financial Instruments Firms)), 
Membership: the Japan Securities Dealers Association, The Investment 
Trusts Association, Japan, the Japan Investment Advisers Association and 
the Type II Financial Instruments Firms Association.

U.S.
A separately managed account may not be suitable for all investors. Separate 
accounts managed according to the Strategy include a number of securities 
and will not necessarily track the performance of any index. Please consider 
the investment objectives, risks and fees of the Strategy carefully before 
investing. A minimum asset level is required. For important information 
about the investment manager, please refer to Form ADV Part 2.
Hong Kong: This document has been issued by Morgan Stanley Asia Limited 
for use in Hong Kong and shall only be made available to “professional 
investors” as defined under the Securities and Futures Ordinance of Hong 
Kong (Cap 571). The contents of this document have not been reviewed 
nor approved by any regulatory authority including the Securities and 
Futures Commission in Hong Kong. Accordingly, save where an exemption 
is available under the relevant law, this document shall not be issued, 
circulated, distributed, directed at, or made available to, the public in Hong 
Kong. Singapore: This document should not be considered to be the subject 
of an invitation for subscription or purchase, whether directly or indirectly, 
to the public or any member of the public in Singapore other than (i) to 
an institutional investor under section 304 of the Securities and Futures 
Act, Chapter 289 of Singapore (“SFA”), (ii) to a “relevant person” (which 
includes an accredited investor) pursuant to section 305 of the SFA, and 
such distribution is in accordance with the conditions specified in section 
305 of the SFA; or (iii) otherwise pursuant to, and in accordance with the 
conditions of, any other applicable provision of the SFA. This material has 
not been reviewed by the Monetary Authority of Singapore. Australia: 
This publication is disseminated in Australia by Morgan Stanley Investment 
Management (Australia) Pty Limited ACN: 122040037, AFSL No. 314182, 
which accept responsibility for its contents. This publication, and any access 
to it, is intended only for “wholesale clients” within the meaning of the 
Australian Corporations Act.

IMPORTANT INFORMATION
EMEA: This marketing communication has been issued by Morgan Stanley 
Investment Management Ireland Limited (“MSIM Ireland”). Authorised and 
regulated by the Financial Conduct Authority. Registered in England No. 
1981121. Registered Office: 25 Cabot Square, Canary Wharf, London E14 4QA.
There is no guarantee that any investment strategy will work under all 
market conditions, and each investor should evaluate their ability to invest 
for the long-term, especially during periods of downturn in the market. 
Prior to investing, investors should carefully review the strategy’s/product’s 
relevant offering document. There are important differences in how the 
strategy is carried out in each of the investment vehicles.
A separately managed account may not be suitable for all investors.
Separate accounts managed according to the Strategy include a number 
of securities and will not necessarily track the performance of any index. 
Please consider the investment objectives, risks and fees of the Strategy 
carefully before investing.
The views and opinions are those of the author or the investment team 
as of the date of preparation of this material and are subject to change at 
any time due to market or economic conditions and may not necessarily 
come to pass. Furthermore, the views will not be updated or otherwise 
revised to reflect information that subsequently becomes available or 
circumstances existing, or changes occurring, after the date of publication. 
The views expressed do not reflect the opinions of all investment teams 
at Morgan Stanley Investment Management (MSIM) or the views of the 
firm as a whole, and may not be reflected in all the strategies and products 
that the Firm offers.
Forecasts and/or estimates provided herein are subject to change and may 
not actually come to pass. Information regarding expected market returns 
and market outlooks is based on the research, analysis and opinions of the 
authors. These conclusions are speculative in nature, may not come to pass 
and are not intended to predict the future performance of any specific 
Morgan Stanley Investment Management product.
Certain information herein is based on data obtained from third party sources 
believed to be reliable. However, we have not verified this information, and 
we make no representations whatsoever as to its accuracy or completeness.
This communication is not a product of Morgan Stanley’s Research 
Department and should not be regarded as a research recommendation. 
The information contained herein has not been prepared in accordance with 
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legal requirements designed to promote the independence of investment 
research and is not subject to any prohibition on dealing ahead of the 
dissemination of investment research.
This material is a general communication, which is not impartial and has been 
prepared solely for informational and educational purposes and does not 
constitute an offer or a recommendation to buy or sell any particular security 
or to adopt any specific investment strategy. All investments involve risks, 
including the possible loss of principal. The information herein has not been 
based on a consideration of any individual investor circumstances and is not 
investment advice, nor should it be construed in any way as tax, accounting, 
legal or regulatory advice. To that end, investors should seek independent 
legal and financial advice, including advice as to tax consequences, before 
making any investment decision.
Any index referred to herein is the intellectual property (including registered 
trademarks) of the applicable licensor. Any product based on an index is in 
no way sponsored, endorsed, sold or promoted by the applicable licensor 
and it shall not have any liability with respect thereto.
MSIM Ireland has not authorised financial intermediaries to use and to 
distribute this document, unless such use and distribution is made in 

accordance with applicable law and regulation. Additionally, financial 
intermediaries are required to satisfy themselves that the information in this 
document is suitable for any person to whom they provide this document 
in view of that person’s circumstances and purpose. MSIM Ireland shall not 
be liable for, and accepts no liability for, the use or misuse of this document 
by any such financial intermediary.
This document may be translated into other languages. Where such a 
translation is made this English version remains definitive. If there are any 
discrepancies between the English version and any version of this document 
in another language, the English version shall prevail.
The whole or any part of this work may not be reproduced, copied or 
transmitted or any of its contents disclosed to third parties without MSIM 
Ireland’s express written consent.
Morgan Stanley Investment Management is the asset management division 
of Morgan Stanley.
All information contained herein is proprietary and is protected under 
copyright law.
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