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Abstract

High inflation continues to be a worry for investors, most especially how it could lead to portfolio
losses. The following paper examines different asset classes’ performance during times of high,
rising, falling, unexpected, and expected inflation. Historical data is analyzed to identify investment

themes that offer protection from both high and unexpected levels of price escalation.
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Part I: Scenario Analysis and Trends

Due to the economic stimulus programs enacted during 2008 and 2009, many investors are concerned about high
inflation and how it could negatively impact their portfolios. As shown below in Figure 1, high inflation - which for
this analysis we define as annual inflation above 6% - comprises approximately 17% of historical data." However,
with a long term average of 3.75% and muted inflation over the last decade, the detrimental effects of inflation to
client portfolios have not been at the forefront of investors’ minds. Only in the last two years has it resurfaced as

a looming threat to investment performance.

Figure 1: Distribution of Historical Annual Inflation
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Despite these emerging fears of inflation, it does not seem to be a credible threat in the near term. Demand-pull
inflation (inflation due to an increase in aggregate demand that outpaces supply and thus drives up wages) seems
unlikely in the near- to medium-term due to slack in the economy, as shown in Figure 2. While capacity utilization
is increasing, it still hovers near historic lows, indicating output can continue to increase without a corresponding
decrease in unemployment. This creates little pressure on employers to increase wages. Additionally, while many
monetarists are concerned about the increase in the size of the monetary base, historically, changes in the monetary

base have not been highly correlated? to changes in the Consumer Price Index (“CPI"”)® as shown in Figure 3.

"Monthly data going back to 1947; CPI changes are measured monthly.
2Correlation of the two data series is near 0 for both matched and lagged time periods.

3For this analysis, we use headline seasonally adjusted CPI
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Figure 2:
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However, there is a plausible medium- to long-term inflationary scenario if the U.S. experiences an extended

period of deficits and low growth:

e At some point in the future, the flight to quality ends and interest rates appreciably rise.

* The budget problem has not been solved, through either increased GDP growth and higher tax
receipts, changes in government spending, or a combination of the two.

e Investors selling treasuries seek non-dollar denominated assets, interest rates on U.S. debt rise, and

inflation increases as demand for the U.S. dollar weakens.

While other plausible scenarios exist, including an economic recovery, a “new normal” of low growth and low
asset market returns, or outright deflation, this paper will examine the effects of inflation on portfolio returns.
More specifically, we are interested in the following scenarios: high inflation, rising inflation, falling inflation,
unexpected inflation, and expected inflation. Quantitative analysis for each scenario is developed to identify

relevant investment themes.
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As a first step in the analysis, we develop baseline data to use as the benchmark relative to different inflation
scenarios. We chose indices with the longest history of returns, so as to capture as many iterations of inflation as

possible. In the analysis, we focus on the following asset classes, represented by the appropriate indices:

e U.S. equities — S&P 500

e Nominal bonds* — BarCap Government/Credit and BarCap Intermediate Government/Credit. Two
bond indices are used to examine if a difference in duration has a significant impact on performance.

e Non-U.S. equities - MSCI EAFE

e TIPS -BarCap TIPS

e Commodities — Goldman Sachs Commodity Index (“GSCI")

e Real Estate® — National Council of Real Estate Investment Fiduciaries (“NCREIF")

Bonds and equities constitute the primary asset classes of the analysis, as they typically buoy most institutional
portfolios. TIPS, commodities, and real estate are also included because of their perceived ability to protect
portfolios from inflation’s detrimental effects. Other alternative asset classes, such as hedge funds and private
equity, are not included because rigorous return data for these alternative asset classes is not available to capture

the high inflationary periods during the 1970s and 80s.

The table below establishes the baseline performance for each asset class, on both a nominal and real (inflation
adjusted) basis.® We utilize data from the inception point of each index’ , in an effort to capture as many periods
of inflation (as well as market cycles) possible. As mentioned previously, the headline seasonally adjusted CPI is
used as the measure of inflation throughout this analysis. Overall, the baseline trends are not surprising: equities
and commodities exhibit higher returns than bonds, and the average inflation over the life of each index is between
3.7% and 4.5% (inflation since the first issuance of TIPS is notably lower due to the relatively short history and low
inflation since 1997).

Table 1: Baseline

# of periods Start Date Avg Inflation Avg Return Real Return
U.S. Stocks 750 1/1/1948 3.74 12.23 8.49
Nominal Bonds 450 1/1/1973 4.53 8.30 3.77
Intermediate Nominal Bonds 450 1/1/1973 4.53 8.05 3.53
Non-U.S. Stocks 486 1/1/1970 4.52 11.58 7.07
TIPS 160 3/1/1997 2.42 7.04 4.62
Commodities 486 1/1/1970 4.52 11.83 7.31
Real Estate 130 3/1/1978 4.03 8.87 4.85

*The Barcap Government/Credit and Intermediate Government/Credit were used over the Barcap Aggregate due
to longer performance histories; however, the results of the analysis would be similar using the Barcap Aggregate.

SNCREIF numbers are presented quarterly, all other indices are monthly

®As a reminder, real return is equal to nominal return minus the level of inflation.

’Returns used in this study are through July, 2010.
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After establishing the baseline data, we stress test each index to see how it performed during periods of high

inflation. The results are shown in the table below.

Table 2: Stress Test (Inflation > 6.0%)

_ # of periods Frequency Avg Inflation ~ Avg Return Real Return
U.S. Stocks 129 17.20% 9.06 6.65 -2.41
Nominal Bonds 103 22.89% 9.40 6.86 -2.51
Intermediate Nominal Bonds 103 22.89% 9.40 8.09 -1.31
Non-U.S. Stocks 108 22.22% 9.25 4.52 -4.73
TIPS 0 0.00% - - --
Commodities 108 22.22% 9.25 14.54 5.30
Real Estate 20 15.38% 9.92 14.97 5.05

Based on the table, the trends are obvious: on a real return basis, every traditional asset class loses money, with non-
U.S. equities declining the most. In contrast, commodities and real estate earn both high nominal and real returns.
As the BarCap TIPS index only extends back to 1997, there is no data for TIPS returns when inflation is greater than
6%; however, as TIPS are linked to CPI they would presumably earn a positive real return. Notably, average inflation
is over 9% for each index, and it has occurred close to 20% of the time for each index - thus periods of high inflation
have occurred fairly frequently in the past, which may seem somewhat surprising given the relatively low inflation we

have faced in the last ten years.

Bond duration seems to make a difference when it comes to inflation’s impact on a portfolio: the longer duration
BarCap Government/Credit index lost almost twice as much as its shorter duration counterpart Intermediate index
(-2.5% vs. -1.3%). Intuitively, these results are not surprising: higher than expected interest rates will always lead to
declines in bond value as bond prices are inversely related to interest rates. The higher interest rates that impact
bond returns also affect equity returns, since the higher interest rates equate to higher discount rates of future divi-
dends, thereby decreasing the present value of dividends (and hence the price of equities). One could also argue that
dividends should increase as prices are increasing, but many companies do not have the pricing power to pass these
costs along to consumers. The lower the amount of inflation companies pass on to consumers, the lower returns will

be for equity investors.

Commodities and real estate were the only asset classes to earn positive returns during periods of exceptionally high
inflation. As real assets, their value persists during times of expected and unexpected inflation. The commodity
numbers are confounded by the fact that an external commodities price shock occurred in conjunction with a period
of high inflation; however, other data points provide more concrete evidence of commodities’ performance during

periods of high inflation.
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While it is useful to know how each asset class performs during times of high inflation (poorly, except for com-
modities and real estate), the level of inflation rarely stays flat. Therefore, it is critical to examine asset class perfor-
mance when inflation is rising or falling. Many would argue that because inflation has been so low, inflation is more
likely to increase than decrease. If we experience persistent inflation for a period of time, the next trend would
then likely be falling inflation. So the question is clear: what impact does directional (rising or falling) inflation
have on asset performance? The following two tables summarize the trends of rising (Table 3) and falling (Table 4)
inflation. For purposes of the analysis, we define rising inflation as any month in which inflation is higher than the

previous month; the definition of falling inflation is analogous.

Table 3: Inflation Rising

# of periods Frequency Avg Inflation Avg Return  Real Return

U.S. Stocks 326 43.47% 3.73 7.34 3.61

Nominal Bonds 202 44.89% 4.60 3.91 -0.69
Intermediate Nominal Bonds 202 44.89% 4.60 5.18 0.58
Non-U.S. Stocks 208 42.80% 4.58 9.97 5.38
TIPS 73 45.63% 2.41 7.21 4.80
Commodities 208 42.80% 4.58 28.15 23.57
Real Estate 60 46.15% 4.32 10.87 6.55

Table 4: Inflation Falling

_ # of periods Frequency Avg Inflation Avg Return Real Return
U.S. Stocks 424 56.53% 3.75 16.12 12.37
Nominal Bonds 248 55.11% 4.47 12.00 7.52
Intermediate Nominal Bonds 248 55.11% 4.47 10.44 5.97
Non-U.S. Stocks 278 57.20% 4.48 12.81 8.33
TIPS 87 54.38% 243 6.89 4.46
Commodities 278 57.20% 4.48 0.93 -3.55
Real Estate 70 53.85% 3.49 7.18 3.68

In times of rising inflation, performance is mixed. Equities still offer a positive real rate of return, with U.S. equities
returning 3.6% and non-U.S. returning 5.4%. Bonds are slowed by the rising interest rates that accompany rising inflation
— thus performance is challenged, though the shorter duration Intermediate Government/Credit index outperforms
its longer duration counterpart by about 1.3%. Predictably, TIPS outperform nominal bonds. Commodities perform
exceptionally well because they were either the driver of inflation (rising commodity prices led to higher prices across
the economy), or the beneficiary of inflation, as investors sought protection in real assets from rising prices. Real
estate tends to perform well as inflation rises, especially as increases in inflation are expected. Property owners have

the ability to pass on increases in inflation in the form of charging higher rent.

I
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When inflation is falling, the traditional asset classes (stocks and bonds, including TIPS) offer compelling returns,
while commodities suffer losses. U.S. and non-U.S. equities exhibit return histories north of 8%, while shorter
duration bonds underperform. This is not surprising — shorter duration means less sensitivity to changing interest
rates, so when rates are rising (bad for bonds) with inflation, shorter duration bonds will outperform their longer
duration counterparts, but underperform when rates are falling. Interestingly, the difference between returns for
TIPS in environments of rising inflation and falling inflation does not appear to be significant. This is because while
the TIPS principal and coupon is adjusted for CP, it is adjusted on a trailing basis. Real estate suffers as inflation
falls (though real returns are still positive), likely because periods of falling inflation tend to coincide with economic

weakness, and demand for real estate is relatively low when the economy falters.

What do we conclude from this first iteration of analysis? With the exception of commodities and real estate, high
inflation is bad for all asset classes, as shown in Table 2. Tables 3 and 4 illustrate the differing impacts of rising or
falling inflation. If an investor has a high degree of conviction on the direction of inflation, the data suggests that
non-U.S. equities, commodities, and real estate could add additional value in times of rising inflation, and moving
towards shorter duration bonds offers some incremental protection to a portfolio. However, if there is a belief that
inflation is expected to fall, longer duration bonds offer a greater return than short duration, though all traditional

asset classes (stocks and bonds) appear to add value.

Another way to examine the effects of inflation on a portfolio is to look at what happens to asset returns during
periods of unexpected inflation. In order to do this, we look at asset returns in periods where inflation was greater
than expected, and compare those returns to periods where inflation was at or below expectations. Using the
Fisher equation, we see that an investor’s required nominal interest rate is equal to the real interest rate, plus

expected inflation:
Nominal Interest Rate = Real Interest Rate + Expected Inflation

Given this equation, any period in which actual inflation is higher than expected inflation is a period with unexpected
inflation. Unfortunately, it is impossible to know the ex ante values of real interest rates and expected inflation.
Based on nominal interest rates and actual changes in CPI, we can calculate the actual real interest rate ex post. In
order to determine whether actual inflation is higher than expected inflation, we need to know in advance either the
real interest rate or the value of expected inflation. A simple way around this limitation is to look at periods during
which actual inflation was higher than the nominal interest rate. While it may be difficult to pin an exact number on
the real interest rate, we can be reasonably confident that it is higher than zero. For example, the one-year Treasury
rate in November 2003 was 1.34%, while the actual inflation from November 1, 2003 to October 31, 2004 (one
year) was 3.62%. While we cannot know what inflation rate investors demanding 1.34% interest for one year were
projecting, we can safely assume that they did not plan ex ante to earn a negative real return. Therefore, we assume
periods experiencing higher inflation rates than nominal interest rates are periods of unexpected inflation. Figure 4

shows this relationship using one year Treasury rates.
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Figure 4: 1 Year Interest Rates vs. 1 Year Inflation
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To see how unexpected inflation might impact a portfolio, we compare asset class returns during periods of

unexpected inflation to all other time periods. The tables below show the results of this analysis.

Table 5: Baseline®

_ # of periods Start Date Avg Inflation Avg Return Real Return
U.S. Stocks 676 4/1/1953 3.82 11.51 7.69
Nominal Bonds 439 1/1/1973 4.48 8.24 3.77
Intermediate Nominal Bonds 439 1/1/1973 4.48 8.01 3.53
Non-U.S. Stocks 475 1/1/1970 4.49 11.61 7.12
TIPS 149 3/1/1997 2.45 6.66 4.21
Commodities 475 1/1/1970 4.49 12.16 7.67
Real Estate 126 3/1/1978 4.1 9.21 5.10

Table 6: Unexpected Inflation

_ # of periods Frequency Avg Inflation Avg Return Real Return
U.S. Stocks 155 22.93% 6.57 6.63 0.06
Nominal Bonds 126 28.70% 6.95 4.88 -2.07
Intermediate Nominal Bonds 126 28.70% 6.95 5.18 -1.76
Non-U.S. Stocks 136 28.63% 6.93 14.37 7.43
TIPS 55 36.91% 2.98 9.72 6.74
Commodities 136 28.63% 6.93 28.74 21.81
Real Estate 27 21.43% 6.06 8.62 2.56

8All dates and # of months will be different from the first set of tables as the time series for interest rates begins in April 1953. Because
numbers for CP| are lagged one year to determine real returns, all time series end in July, 2009.
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Table 7: Expected Inflation

_ # of periods Frequency Avg Inflation Avg Return Real Return
U.S. Stocks 521 77.07% 3.01 13.00 10.00
Nominal Bonds 313 71.30% 3.48 9.63 6.14
Intermediate Nominal Bonds 313 71.30% 3.48 9.17 5.69
Non-U.S. Stocks 339 71.37% 3.50 10.52 7.01
TIPS 94 63.09% 2.12 4.90 2.78
Commodities 339 71.37% 3.50 6.07 2.57
Real Estate 99 78.57% 3.32 9.37 6.05

From these results, it is clear that extreme events of unexpected inflation can negatively impact portfolios.
Unsurprisingly, bonds perform poorly, failing to outpace inflation and earning negative real returns. Additionally,
equities appear to perform relatively poorly both in nominal and real return terms. Should the United States
experience a bout of unexpected inflation similar to the 1970s, realized returns in stocks and bonds would likely
be low. Historically, the real return of non-U.S. stocks was unaffected by periods of unexpected inflation. Logically
it makes sense that the returns of non-U.S. equities should be unrelated to domestic CPI as each country has a
different domestic inflation rate. The obvious exception would be commodities exporting countries; such nations
might experience increased equity returns as inflation increases the prices of commodities. Commodities posted
higher nominal returns in times of unexpected inflation, as well as positive real returns. Again, this may be due to
increases in commodity prices driving inflation by increasing input costs, or investors shifting from financial assets
to real assets to protect purchasing power in times of high inflation. TIPS performed well in times of unexpected
inflation, as the principal is inflation adjusted. Real estate performed relatively poorly in periods of unexpected
inflation, though it still earned positive real returns. It is difficult for property owners to pass increases in inflation
onto tenants if it is unexpected. Additionally, real estate is governed more by overall supply and demand than

by inflationary pressure.

What do these results mean for portfolios? The main lessons are that unless the level of inflation is above a
critical level (6% in our analysis), the absolute level is not as important, since inflation in the 2 - 4% range is
representative of healthy economic growth. Rather, the primary concerns are whether inflation is rising or falling
and whether it is expected or unexpected. Rising or unexpected inflation lowers bond returns in both nominal
and real terms. Unexpected inflation also seems to be harmful to U.S. equity returns. Conversely, falling inflation
benefits bondholders, even if the absolute level of inflation is high. Commodities appear to move in the opposite
direction of traditional asset classes: returns are attractive when inflation is rising or unexpected, but suffer when
inflation falls. TIPS offer positive returns under all scenarios, though we caution that because of their short history,
the results are not as rigorous as the other asset classes. Real estate appears to be the most (proven) consistent
performer across different inflationary environments, offering positive real returns for each setting in the analysis.

The following table summarizes the average real return for each asset class for each of the scenarios discussed.

[ ]
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Table 8: Real Returns in Different Inflationary Environments

Baseline High Rising Falling Unexpected Expected
U.S. Stocks 8.49 -2.41 3.61 12.37 0.06 10.00
Nominal Bonds 3.77 -2.51 -0.69 7.52 -2.07 6.14
Intermediate Nominal Bonds 3.53 -1.31 0.58 5.97 -1.76 5.69
Non-U.S. Stocks 7.07 -4.73 5.38 8.33 7.43 7.01
TIPS 4.62 -- 4.80 4.46 6.74 2.78
Commodities 7.31 5.30 23.57 -3.55 21.81 2.57
Real Estate 4.85 5.05 6.55 3.68 2.56 6.05

Conclusion

Based on data above, the results of the analysis are evident. Investors concerned about unexpected inflation should
consider shifting some fixed income assets from nominal bonds to inflation linked bonds, as nominal bonds are
especially hurt during rising inflation, which is the more likely longer term trend. If the opportunity cost of lower
expected returns in normal times is less of a concern, investors could additionally consider shifting longer duration
nominal bonds to a shorter duration. In addition to offering compelling risk adjusted returns, real estate seems
to maintain its value reasonably well in inflationary periods. For return seeking assets, investors concerned about
unexpected inflation should consider shifting some U.S. equity exposure to non-U.S. equity and commodity exposure.
However, a word of caution on commodities is appropriate: despite their superior return performances during times
of rising and unexpected inflation, our analysis shows great dispersion of returns across the different inflationary
scenarios. In addition to the high volatility shown in this analysis, commodities are an extremely technical asset class
in which to invest, so it is critical that potential investors understand the appropriate channels to access the asset
class, as well as the underlying risk and return factors. Although the data appears compelling, caution is highly

recommended before making an allocation to the asset class.

Ultimately, investors are advised to make prudent portfolio decisions regarding inflation, as if nothing else, this paper
has demonstrated that predicting inflation is next to impossible. As always, portfolio decision makers should consider
the factors unique to their fund, most especially return goals, risk tolerance, and liquidity needs before making

dramatic allocation shifts in response to inflation expectations.

[ ]
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Part Il : Proposed Stress Test

To this point, all of the analysis has been based on historical data. Of course, there are no rules to inflation, especially
unexpected inflation. As shown by Figure 4, investors have not been able anticipate surges in inflation. Unexpected
inflation is, after all, unexpected. As a testament to this, we develop an additional stress test of unexpected inflation,
one that has not been captured by historical data. We choose a stress test scenario of low expected inflation and
high actual inflation: 1.5% expected inflation and 7.5% actual inflation, or 6.0% unexpected inflation. Such an inflation
shock is both more severe than any historical outcome for which we have data, and representative of a true “stress
test”. Since historical data does not offer this data to us, we resort to estimation based on what we know about
properties and distributions of asset class returns in normal times, and what we know about how these returns change
in times of high and rising inflation as discussed in this paper. A quantitative summary of these results appears in
Table 9. A visual representation of historic real returns is show in Figure 5, and a visual representation of potential
returns in our stress test scenario is shown in Figure 6. Details of the stress test and how we adjusted the returns can

be found in the appendix.

Table 9 : Summary of Estimated Nominal Return Probabilities for 6% unexpected inflation

B - o o o
U.S. Stocks -25.36% -8.68% 2.91% 14.51% 31.19%
Nominal Bonds -11.95% -5.15% -0.43% 4.30% 11.09%
Intermediate Nominal Bonds -8.04% -2.79% 0.87% 4.52% 9.77%
Non-U.S. Stocks -28.27% -5.84% 9.76% 25.35% 47.79%
TIPS -3.95% 4.67% 10.67% 16.67% 25.29%
Commodities -9.57% 16.39% 34.43% 52.48% 78.43%
Real Estate -6.98% 1.05% 6.64% 12.22% 20.25%

The overall trends highlighted in Table 9 are consistent with the previous results we developed: stocks and commodities
offer the greatest return potential, but also stand to lose the most. In short, they continue to be the most volatile
asset classes in inflationary environments. On the other hand, real estate, TIPS, and bonds offer more consistent
returns in times of high unexpected inflation, with intermediate bonds providing more protection on the downside,
but offering less upside than their longer duration counterparts. As further proof of how the return distributions shift
in times of high unexpected inflation, Figure 5 charts a visual representation of historic real returns (based on actual
data), and Figure 6 illustrates a distribution of potential returns in our stress test scenario. Black bars illustrate positive

returns while red bars illustrate negative returns; all returns are nominal.

]
4

MarquetteAssociates Stress Testing Portfolios for Inflation May 2011

10



e
~

Figure 5 : Distribution Baseline Returns
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Figure 6 : Distribution of Returns under Stress Test Scenario
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Conclusion

Figures 5 and 6 graphically illustrate the empirical results of Table 9: commodities and equities offer the higher upside
while bonds have the lowest level of volatility in inflationary environments. In particular, note the wide dispersion of
returns for equities and commodities, a tribute to their inherent volatility (commodities in particular). If nothing else,
figures 5 and 6 reinforce the notion that performance of any asset class is unpredictable in both normal and inflationary
environments. Ultimately, the trends revealed in Part | of this paper are further confirmed: shorter duration bonds
offer lower risk during times of high unexpected inflation, while commodities and non-U.S. equities offer the highest
upside.

Of course, there is no way to “prove” the results of our stress test, as historical data does not exist to support our
method. It should be noted that this is simply our attempt to show what could happen to asset class returns in a time
of unexpected high inflation. What's most important for investors to understand is that different asset classes will
behave differently in “stressful” inflationary environments, and those with historically high dispersion are more likely

to be the most volatile.
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Appendix

To estimate confidence intervals for asset class returns in our inflation stress test of 6% unexpected inflation, we
make a few simplifying assumptions. First, we assume a normal distribution of asset class returns. While it is well
documented that the distributions of asset class returns are not normal, because we are only concerned with a
90% confidence interval and not with extreme values this is less of a concern for our analysis. Second, we assume
that during periods of extreme inflation the distribution of asset class returns remains relatively normal. There is
some evidence this may not be the case, particularly for commodities and TIPS, however, as mentioned above,

our analysis is concerned with a broad confidence interval and not specific predictions, so this is less of a concern.

Once our assumptions are established, we start with an initial historic distribution of returns. In order to normalize
asset class returns across periods , we calculate historic 1-year real returns and standard deviations. We then add
in the assumed 1.5% expected inflation to the mean return (equivalent to the 50th percentile return since we are
assuming a normal distribution), and then use the standard deviation (of nominal returns) for each asset class and

the corresponding z-score to develop our distribution. The results of these distributions are shown in Table 10.

Table 10: Historic Return Distributions

] 5th 25th 50th 75th 95th
U.S. Stocks -18.04% -1.35% 10.24% 21.84% 38.52%
Nominal Bonds -6.13% 0.66% 5.38% 10.11% 16.90%
Intermediate Nominal Bonds -3.76% 1.49% 5.14% 8.79% 14.04%
Non-U.S. Stocks -28.27% -5.84% 9.76% 25.35% 47.79%
TIPS -2.85% 2.40% 6.05% 9.70% 14.96%
Commodities -31.57% -7.19% 9.76% 26.71% 51.09%
Real Estate -6.98% 1.05% 6.64% 12.22% 20.25%

Next, we adjust the means of the historic return distributions by averaging the change in return during times of
unexpected inflation and times of rising inflation. Table 11 shows these values for periods of unexpected inflation;
Table 12 shows these values for periods of rising inflation. Once the first adjustment is formulated, the mean of
each distribution is shifted by this calculated value. We choose an adjustment value of 0% for international equities
to be conservative, as the average difference in returns from the baseline is not high and there is no fundamental
reason for international equities to be broadly affected by domestic inflation. We also choose an adjustment of 0%
for real estate as real estate tends to outperform as inflation is rising, but underperform as inflation is unexpected,
which leads to an ambiguous direction for any projected adjustment. Figure 7 shows an illustration of the adjust-

ment process using nominal bonds as an example.
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Figure 7 : Example Adjustment
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Table 11: Adjustments for Rising Inflation

_ Baseline Return Difference
U.S. Stocks 12.23% 7.34% -4.89%
Nominal Bonds 8.30% 3.91% -4.39%
Intermediate Nominal Bonds 8.05% 5.18% -2.87%
Non-U.S. Stocks 11.58% 9.97% -1.61%
TIPS 7.07% 7.21% 0.17%
Commodities 11.83% 28.15% 16.32%
Real Estate 8.87% 10.87% 2.00%

Table 12: Adjustments for Unexpected Inflation

_ Baseline Return Difference
U.S. Stocks 11.51% 6.63% -4.88%
Nominal Bonds 8.24% 4.88% -3.36%
Intermediate Nominal Bonds 8.01% 5.18% -2.83%
Non-U.S. Stocks 11.61% 14.37% 2.76%
TIPS 6.66% 9.72% 3.06%
Commodities 12.16% 28.74% 16.58%
Real Estate 9.21% 8.62% -0.59%

Next, we formulate an additional adjustment to these returns because our stress test scenario involves higher unex-
pected and rising inflation than actually experienced. During periods of unexpected inflation, assuming a 0% one
year risk free real return, unexpected inflation averaged 1.20% to 1.60% for each asset class. However, historically,

investors have earned an average of approximately 1.70% in real terms for a one-year risk free investment.
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Using the Fisher equation, this increases the range of unexpected inflation experienced to 2.90% - 3.30% for each

asset class. The results are shown in Table 13.

Table 13: Average Historic Unexpected Inflation

_ CPI - Nominal Return  Avg. Real Return Avg. Unexpected Inflation
U.S. Stocks 1.47% 1.70% 3.17%
Nominal Bonds 1.55% 1.70% 3.25%
Intermediate Nominal Bonds 1.55% 1.70% 3.25%
Non-U.S. Stocks 1.60% 1.70% 3.30%
TIPS 1.20% 1.70% 2.90%
Commodities 1.60% 1.70% 3.30%
Real Estate 1.67% 1.70% 3.37%

Historically, the average unexpected inflation is approximately 3% for each asset class whereas our stress test sce-
nario uses a 6% unexpected inflation rate. Assuming a linear relationship between increasing inflation and increas-
ing or decreasing asset class returns, we should approximately double our initial adjustment to expected returns.
To formulate our additional adjustment, we also examine the average amount inflation rose in periods of rising
inflation, and compare this to our stress test. Table 14 shows the annualized increase in CPI (based on monthly

changes in CPI) assuming CPI continued to increase at a constant rate for the entire year.

Table 14: Average Increase in CPI

_ Annual Increase
U.S. Stocks 4.11%
Nominal Bonds 3.96%
Intermediate Nominal Bonds 3.96%
Non-U.S. Stocks 3.95%
TIPS 4.37%
Commodities 3.95%
Real Estate 2.40%

The annual increase in inflation for each asset class is approximately 4.0%. As our stress test assumes an increase in
inflation of 6%, this implies that our additional adjustment to returns should be an increase of 50%. While the num-
bers from Table 13 imply the additional adjustment should be 100% and Table 14 implies 50%, to be conservative
we use an additional adjustment of 50%. Thus, our final adjustment to the mean of the return distributions is com-
prised of the initial adjustment calculated based on the results contained in Table 11 and 12, and then increased
by 50% based on the results contained in Tables 13 and 14. We do alter the adjustment to the distribution of TIPS
returns based on subjective factors, as there is no return history for TIPS during a period of extreme inflation. For
the additional adjustment, we choose to increase returns by 3%. While this may seem high, in an environment of

6% unexpected inflation this could be a conservative estimate.
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Finally, we examine the standard deviation of returns during periods of rising or unexpected inflation to see if it is
larger during these times than during our baseline case. For most asset classes, during periods of high or rising
inflation, standard deviation was about the same or somewhat lower. However, for TIPS and commodities, the two
asset classes fundamentally linked to inflation, the standard deviation was somewhat higher. While in the case of
TIPS this can partially be explained by liquidity concerns at the end of 2008, we still adjust the standard deviation
upward, effectively widening our confidence interval. A visual representation of the adjusted distribution is show in

Figure 8. A summary of baseline return distributions, adjustments to mean and standard deviation, and final return

distributions is contained in Table 15.

Figure 8 : Example Adjustment
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Table 15: Adjustment Factors for 6% Unexpected Inflation Scenario

Mean
Additional
Baseline Baseline Adjustment Final Standard
Mean Final Mean
Return StDev Based on Deviation
Adjustment
Historic Data
U.S. Stocks 10.24% 17.19% -4.90% -2.40% 2.91% 17.19%
Nominal Bonds 5.38% 7.00% -3.90% -1.90% -0.43% 7.00%
Intermediate Nominal Bonds 5.14% 5.41% -2.90% -1.40% 0.87% 5.41%
Non-U.S. Stocks 9.76% 23.12% 0.00% 0.00% 9.76% 23.12%
TIPS 6.05% 5.41% 1.60% 3.00% 10.67% 8.89%
Commodities 9.76% 25.13%% 16.50% 8.20% 34.43% 26.75%
Real Estate 6.64% 8.28% 0.00% 0.00% 6.64% 8.28%

While these estimates are quantitatively determined, they are certainly not definitive. As this paper has shown,
it is extremely difficult to predict future events with any degree of certainty, especially when empirical data does
not exist. However, these estimated expected returns should be able assist in making asset allocation decisions to

protect against inflation, by giving a reasonable confidence interval of returns in a high inflation scenario.

I
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