APPLIED FINAN



What is Monte Carlo simulatione
Why use ite
What factors affect Monte Carlo simulation?

How does it work?

an Monte Carlo simulation help

MONTE CARLO SIMULATION



Analytical tool for modeling future uncertainty

First used in scientific computing when
developing the hydrogen bomb

WHAT IS MONTE CARLO
SIMULATION?
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— 50-Year Annualized Returns: 10.9%

/.

Using the average returns for analyses may be risky since there arg only two
years when the annual returns are at the 50-year average of 10.9%.



$400 000

= Actual Average Annual
0 000 = AVerage Returns
Using average returns,
savings lasted the
entire 40-year period




Simulation factors:
Universe of asset classes

Expected refurns for asset classes (net of
expenses)

Standard deviations for asset classes

een asset classes

WHAT FACTORS AFFECT MONTE
CARLO SIMULATION<¢



Simulates the future of an “investment strategy”

Step 1: Create thousands of hypothetical market
1arios using the same underlying assumptions

cach investment

HOW DOES MONTE CARLO
SIMULATION WORK?



HOW DOES MONTE CARLO
SIMULATION WORK?
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30-Year Retirement Likelihood of Success of Each Strategy

Initial Stock/Bond?2 Mix
Withdrawal

Amount?! 80/20 60/40 40/60 20/80
4% 79% 80% 80% 74%




MEDIAN PURCHASING POWER

iter Retirement




4 90%
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Example:
Initial retirement assets $1,000,000
Initial withdrawal = 4% (increased by 3% annually) $40,000

Retirement period 30 years

$1,941,810
$1,480,630
$970,905




30-Year Retirement Median Purchasing Power at End of Retirement

Initial Stock/Bond?2 Mix
Withdrawal

Amount?! 100/0 80/20 60/40 40/60 20/80
4% 93% 80%

Use table to understand impact of asset allocation and withdrawal amounj4
on median purchasing power at end of retirement
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30-Year Retirement

Initial
Likelihood of Success Withdrawal Median Purchasing Power
Stock/Bond?! Mix Amount Stock/Bond?! Mix

(increased by

100/0 | 80/20 60/40 40/60 20/80 S3*amua  100/0 | 80/20 60/40 40/60 20/80

7% | 79% 4% | 93% | 80%

5%

Median purchasing power data distinguish between two portfolios with
similar success rates




Understanding Monte Carlo simulation
e it

REVIEW: MONTE CARLO
ANALYSIS




Retirement strategy and actionable recommendations
(best use of Monte Carlo):

How should | allocate my assetse
How much should | save?

How much retirement income can | withdraw with a
reasonable expectation of success'?

Discussions of retirement outcomes (use with caution):

What's a reasonable expectation for how long my
etirement investments will laste

ikelihood of my assets lasting until the end of

o .
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QUESTIONS MONTE CARLO
HELPS ANSWER



Monte Carlo results are reasonable estimates of likely outcomes—they do not represent forecasts, and they are definitely
not certain and are not guaranteed.

Investment decisions should never be based solely on Monte Carlo simulations, since no Monte Carlo model can cover all
the risks a client needs to consider (e.g., behavioral risk, inflation or health care risk, risk of living longer than 30 years, etc.)

Monte Carlo calculations are best used to develop a refirement strategy in terms of actionable recommendations that
are under the investor’s confrol (e.g., asset allocation, contribution/withdrawal amounts, etc.). These recommended
ategies tend to be less sensitive to specific assumptions than estimates of the absolute level of retirement outcomes

needs to be appropriate for his or her investment time horizon and
't with the potential short-term volatility of the portfolio).

e during any
e model.




Monte Carlo Simulation
Monte Carlo simulations model future uncertainty. In contrast to tools generating average outcomes, Monte Carlo analyses produce outcome ranges
based on probability, thus incorporating future uncertainty.

Material Assumptions Include:

Underlying long-term expected annual returns for the asset classes are not based on historical returns. Rather, they represent assumptions that
take into account, among other things, historical returns. They also represent our estimates for reinvested dividends and capital gains.

These assumptions, as well as an assumed degree of fluctuation of returns around these long-term rates, are used to generate random monthly
returns for each asset class over specified time periods.

mon’rhly returns are then used to generate 10,000 scenarios, representing a spectrum of possible return outcomes for the modeled asset
results are directly based on these scenarios.

N model ’rhct generates a wide range of possible return scenarios for these
ns for 1he model will accurately estimate asset class return rates
ximations, and users should allow a margin of error and




Modeling Assumptions:

The primary asset classes used for this analysis are stocks, bonds, and short-term bonds. An effectively diversified portfolio theoretically involves all
investable asset classes including stocks, bonds, real estate, foreign investments, commodities, precious mefals, currencies, and others. Since it is
unlikely that investors will own all of these assets, we selected the ones we believed to be the most appropriate for long-term investors.

T. Rowe Price has analyzed a variety of retirement savings strategies using computer simulations to determine the likelihood of “success” (having
at least $1 remaining in the portfolio at the end of the retirement period) of each strategy, shown as a percentage in each grid. The initial
withdrawal amount is the percentage of the initial value of the investments withdrawn in the first year where the entire amount is withdrawn on
the first day of the year; in each subsequent year, the amount withdrawn is adjusted fo reflect a 3% annual rate of inflation. The simulation
success rates are based on simulating 10,000 possible future market scenarios and various retirement income strategies.

Results of the analysis are driven primarily by the assumed long-term, compound rates of return of each asset class in the scenarios.
O orrespondm%; %%s;mphons, all presented in excess of 3% inflation, are as follows: for stocks, 4.90%; for bonds, 2.23%; and for
OoNaG . 0.

1 expense ratio are subtracted from the return assumption as follows: for stocks, 0.70%; for bonds,
enses represent what we believe to be a reasonable approximation of investing in these asset
pooled investment product.

netical in nature, do not reflect actual
an be no assurance that the
h results




