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Abstract

The Mt. Lucas index provides a systematic approach for capturing a portion of the return of trend-following commodity traders.
We analyze the Mt. Lucas Index across different historical periods, evaluating its performance within a multi-period asset
allocation framework. Our results indicate that the index improves the overall return/risk characteristics of the multi-period asset
allocation model. We show that the total return consists of: 1) T-Bill returns on marginable assets, 2) static returns from trend-
following futures markets, and 3) rebalancing gains. The importance of the third element is emphasized.
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ABSTRACT

The Mt. Lucas index provides a systematic approach for capturing
a portion of the return of trend-following commodity traders. We
analyze the Mt. Lucas Index across different historicaiofs,
evaluating its performance within a multi-period asset allonati
framework. Our results indicate that the index improves the lbvera
return/risk characteristics of the multi-period asset ation
model. We show that the total return consists of: 1) T-Bilinns

on marginable assets, 2) static returns from trend-followingdat
markets, and 3) rebalancing gains. The importance of the third
element is emphasized.



Alternative investments (hedge funds, commodity pools, private equity, veapital c
timber, and real estate) are particularly valuable when thenretharacteristics are driven by
factors that are different than traditional equity and fixed-incimwestments. See, for example,
Schneeweis and Spurgin [1998], Fung and Hsieh [2001], and Edwards and Caglayan [2001].
These assets provide significant diversification benefits andtartraarnings potential.
However, there are several possible drawbacks — a wide dispersion of esitcoipredictability
of performance, a reduction in liquidity, and at times difficult to judge on anigdasis.
Schneeweis et al. [2002] discuss these issues. Recent stufliesdBeis and Martin [2001],
Georgiev [2001], Schneeweis and Spurgin [1998]) suggest that institutiwaators may
improve portfolio performance by employing alternative investments. Jehs&rf2002]
analyze commodity futures in the context of short-term tactical imezxgt Here, we analyze the
use of a systematic index of commaodities in a multi-period portfolio modabseiiior long-term
investors.

We first describe the properties of the Mt. Lucas Management (MLM) iadeits use
in multi-period portfolio models. Following that, we conduct an empirical studynfirithiat a
systematically managed portfolio of futures contracts can be a usefpboent of a long-term
investment strategy. We propose a modification to the index for long#eastors.

The MLM index was launched in 1989 as a passive benchmark for commodity futures
investors and managers. The index is easy to understand and describe: d¢ iaqlually
weighted investment in twenty-five liquid futures markets in sevdardiit sectors (four-percent
in each market). Exhibit 1 lists the twenty-five markets organimesector. Importantly, at the
end of each month, the index is rebalanced so that all the twenty-five congareeatjually
weighted.

Commodity trading advisors (CTAs) often employ leverage and takesgitions so
any tracking index should allow for these situations. The MLM index mayxaotlg be a

proxy for trend-following systems (Fung and Hsieh [2001]); nonetheless, ibgsrplsimple



trend-following strategy: If the 200-day moving average of closinggpiiEgreater than the

closing price of the nearby futures contract on the penultimate tradiraf tfze previous month

then the position is short, otherwise it is long.

Currencies Energy Financials Grains Metals Safts Mea
British Pound Heating Oil Treasury Bongs Corn Gold Coffee | Live Cattle
Canadian Dollar Unleaded Gas Five-Year nates Saoybea| Silver Sugar
Euro Crude Oill Ten-Year Notgs Soybean Meal Copper ottod
Swiss Franc Natural Gas Soybean Qlil
Japanese Yen Wheat
Australian Dollar

Exhibit 1: The twenty-five components of the MLM index amged by sector.
The index is rebalanced at the beginning of eaciogé¢o give a four percent allocation to every
component in the index. A simple trend-followinder determines whether the position is short oglon

This trend-following strategy has been studied previously. Waksman [280£§ #tat

this strategy might capture the return to holding “price volatility¢ommodity markets. In this

view, trend-following strategies behave like an options straddle, proaligg payoffs during

periods of high volatility. See also Fung and Hsieh [2001]. Jaeger et al. [BD0@htons that

help to explain the economic rationale behind the returns of a trend-follovdex, suggesting

that price fluctuations create supply and demand mismatches betweetuthEmgyers and

sellers of commadities futures contracts (usually producers and caissofineemmodities) and

that trend-following investors can benefit by these imbalances. Iretiég strend-following

investors provide insurance against volatility to commodity prod@seisonsumers via the

futures market.

Jensen et al. [2002] examine the MLM index in a tactical asset allocatbext, finding

that the MLM index historically has higher return when US monetary polignigactionary. In

contrast, equities generally have a higher return when monetary poliqyaissgonary. To

improve performance, they suggest tactically increasing or demgeslkication to futures

depending on the state of monetary policy. However, recent market events mappmt these

findings.
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In this paper, we show how these properties of trend-following commodity assstscla
can be usefully employed by long-term investors in a strategic fashiom withulti-period
portfolio model. We will show that the MLM index performs well during periods di hig

volatility, not only due to the trend-following rule, but also due to their rebadg strategies.

ASSET CLASSES

In this study, we analyze the MLM index and six traditional asset clésseghly data
from January 1979 to April 2002): 1) S&P 500, 2) Morgan Stanley Europe index, 3) tharMor
Stanley Far East index, 4) Frank Russell 2000, 5) Merrill Lynch T4Bikx, and 6) Merrill
Lynch 10+ yr T-Bond index. We plot the geometric means and the annualizedtiedaiilithe

monthly returns over the twenty-three-year period in Exhibit 2.

January 1979- April 2002
16% -
& S&P 500

14% - . &Frank Russell
c 12% - ¢ MLM Europe 2000
=]
D % ¢ T-Bond
& 10%
($)
— 0, -
s 8% ol M
g 6% | Far East
[0
(O] 4%

2% -

0% T T T T 1

0% 5% 10% 15% 20% 25%
Annualized Standard Deviation

Exhibit 2: Return characteristics of the seven asset classgslanuary 1979 to April 2002.
The MLM index is characterized by relatively higleaage geometric return and relatively low volstili

To conduct a more detailed analysis, we broke up the data into three sethierfgst
was January 1979-August 1991, when interest rates and inflation were lyerighahnd
economic growth was relatively slow. The second was from September 1991 to20a6;

which was generally characterized by lower rates, reduced inflatidngtogvth and strong



stock-market performance. The last period from April 2000 to April 2002diatively poor
stock-market performance, anemic economic growth and low rates. Plats@piriods are in
Appendix I. This analysis gives evidence of the use of the MLM as asifiger A similar time-
sectional breakdown could be done by choosing May 1989, the official launch daténdithe
as the first breakpoint; since the returns prior to that date are hipatii&chneeweis and

Spurgin [1996]).
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Exhibit 3: The returns of the Mt. Lucas sub-indices.
In general, the returns are volatile and can vagwyificantly depending on the period under obseovat
However, the MLM index itself is relatively stabl&his is due to active rebalancing of the comptsien
and the diversity of asset returns.

Exhibit 3 provides evidence that the individual commodity classes dignera
underperformed the MLM index by a wide margin. However, the overall performatiee o
MLM index gave a return of just over 12% and a volatility around 7%. Sub-setions also
vary considerably across the different time periods. However, the ML&& weds more stable,
its average return varying from about 16% during the 1980s to around 7% from Aprit 2000
April 2002. Plots of sector performance in different time periods are ie#gip 1.

Exhibit 4 decomposes the MLM return into three distinct components. The firs

component equals the return from the T-Bills that are held in the maxgporet. Historically, T-



Bills have been the largest component of the MLM return; the decline it le8rns and the
lower volatility of individual commodities have been largely resgmador the decline in MLM
returns over time. The second component equals the static return from tHeltevidg
strategy. This has ranged from 3.5% in the 1980s to 1.75% in the most recent pleeidllirdl
and critical component is the gains from the regular rebalancing bfltheindex. In the 1980s,
when volatility was higher, the gains from rebalancing were approXinge As volatility
decreased during the 1990s and early 2000s, this gain reduced to approximately 0.5%. An
economic explanation of these rebalancing gains is presented in aaly¢2002]. They claim
that the rebalancing gains will become even more obvious when mean reeéthion
components of the index is assumed, and that the mean reversion can battdygitimimed to
be present in interest rate movements and to some degree in commodity phisegives us
confidence that these gains will occur in the future. Therethes futures indices, such as the

Dow Jones-AlG Commodity Index, that have been constructed to benefitdbatancing gains.
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Exhibit 4: The return components of the MLM index.
The first component is from T-Bills that are heklraargin. The second block is from the trend-feitg
strategy and the last factor is the gains frormtleathly rebalancing. The rebalancing gains arehmuc
higher in periods of increased volatility. Beloach period, we report the volatility of the MLM iexin
that time-period.



Exhibit 5 shows the growth of four asset classes in the time period unisv.rélhe
S&P 500 has had the highest growth to date, although accompanied with lselatye
volatility. The MLM index’s growth is just below that of the S&P500, witthgoother path. T-
Bills display minimum volatility, whereas 10-Yr Bonds provide an intefiate path between

equity and cash.
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Exhibit 5: A comparison of the growth of the asset classeke study from Jan 1979 to April 2002.
The picture shows the how much $100 invested inaign1979 would be worth over time. The MLM
index has slightly lower average growth but voigtiis much less than the S&P 500.

Exhibit 6 tabulates the monthly correlations between the seven asssE<c] As
expected, the equity categories have large positive correlations whtlogeer. The MLM index
has slight positive correlation with T-Bills and T-Bonds, but istinetty uncorrelated with the
equity classes. This is desirable as it suggests the index is a gooieivaespart of a portfolio.
Exhibit 7 reports the correlations of the MLM components with the alssstes and amongst
each other. None of the sectors are much correlated with each other, or wihitizjeand bond

classes. Three of the seven sectors: metals, softs, and enengakiecorrelated with the



MLM index. This indicates the absence of a linear relationship betwedltkl index and the

traditional bond and equity classes suggesting useful portfolio benefits

Asset Class |T-Bills %‘g‘g MLM F. ZR(;JOsgeII g:;t T-BondEurope|
T-Bills 1.00

S&P 500 -0.02 1.00

MLM 0.31 -0.05 1.00

F. Russell 2000 |-0.07 0.78 -0.10 1.00

Far East 0.01 0.35 -0.01 0.29 1.00

T-Bond 0.23 0.27 0.06 0.13 0.06 1.00
Europe -0.04 0.61 -0.04 0.53 0.54 0.21 1.00

Exhibit 6: Correlations between the seven asset classes

Equities are generally correlated with each otlidre MLM has relatively low correlation with eqes
and is not highly correlated with any asset catgg@orrelations over 0.5 are in bold type.

éf;sest T-Bills ig‘g MLM F.ZR(;JOsOseII g:;t T-Bond Europe Currencies Energy Financials Grains Meats Metals Softs
Currencies| 0.13 -0.08 0.32 -0.10 0.02 0.06 -0.05 1.00
Energy -0.03 0.00 0.51 -0.01 -0.04 -0.08 0.03 -0.02 1.00
Financials | 0.03 -0.10 0.16 -0.09 -0.04 0.00 -0.11 0.08 -0.01 1.00
Grains 0.11 -0.02 0.56 -0.03 0.06 -0.05 0.00 0.07 0.01 0.04 1.00
Meats -0.06 0.05 -0.07 0.03 0.06 0.10 0.05 -0.08 -0.10 -0.05 -0.08 1.00
Metals 0.22 -0.07 0.44 -0.07 0.12 0.11 0.00 0.23 0.05 -0.15 0.02 -0.01 1.00
Softs 0.12 0.02 0.52 -0.06 -0.11 0.12 -0.04 -0.02 0.00 0.19 0.17 -0.07 0.09 1

Exhibit 7: Correlation coefficients for the MLM components.
The MLM index is weakly correlated with three of tomponents. The sector indices are generally
uncorrelated with each other and with the otheetadasses. Correlations over 0.5 are in bold.type

In Exhibit 8, we analyze the non-linear nature of the relationship between BP&08&

and the MLM index. We sort the S&P500 observations and place them into qbgile®nths

each). From the graph, we see that the MLM index has positive avetays ie all five states

of S&P500 performance. Its best performance occurs when the S&P500 has the worst

performance, suggesting that the MLM asset class can be a source vé pesitinsand

diversification.
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Exhibit 8: Relative performance of the MLM index in diffetestates of the world.
The S&P500 months are broken into five equallygigemups ranging from the best months (group 1) to
the worst (group 5). The average return of theeaps is plotted along with the average returrhef t
MLM index. The MLM index seems to perform indepently of the S&P500, but has its highest payoff
when the S&P500 does poorly.

Next, we evaluate the assets via the CAPM model (with market = S&P500). IntEXxhibi
as expected, most equity categories display a systematic risk-refationship with the S&P500,
as indicated by the clustering of these points around the market line. lastoard
significantly, the MLM index itself has a slightly negative beta,thatreturns are much higher
than expected, given this CAPM model. This indicates that the S&P500 may noh expédi of

the MLM index’s return, indicating its use a diversifier.
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Exhibit 9: Plots of asset return as a function of markét ris
The relationship is generally systematic for tlaaliional asset classes in equity and bonds. Wéh
commodity classes, there is little relationshipA®sn beta and return. The two MLM asset classas se
have low market risk and yet a relative high retashevaluated by the CAPM model.

THE MULTI-PERIOD PORTFOLIO MODEL

Single-period mean-variance (MV) analysis has gained widespread miypula
practitioners have successfully applied it to areas such as agsatiail, mutual fund
construction, and financial planning. In such models, decisions are typically an the
beginning of the planning horizon. For long-term investors, including pension plaresrsiti
endowments and individuals, this approach has several shortcomings. nMessers have
liabilities and goals that must be met at future dates and such telggaes are difficult to
address using a static single-period framework. Also, as we will see,igaridd portfolio

model can take advantage of volatility by rebalancing the asset mix intoriderease returns.
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Today t=0

Decisions occur at beginning of each period as part of
policy rule

| | | | | T (Horizon)

t=0

Exhibit 10: A representation of a multi-period model.
The planning horizon is divided into T periods andecision regarding the asset allocation is matiea
beginning of each period using a policy rule. ©@ar then use optimization to find a good solutmthie
problem.

Exhibit 10 illustrates how one might formulate a multi-period model. Weedize the
planning period t={1...T} and make decisions via a policy rule at the beginniegabf period.
One such rule is fixed-mix in which allocations are rebalanced in e&icld pe fixed target
proportions; the fixed-mix rule is optimal for many long-term investors (Samug¢l1969]).
Another possibility is to solve a sequence of single period MV models, onehadexzision
period. Policy rules should be tailored to suit the particular chaisiitteand goals of an
investor.

One needs to be careful in choosing a risk/reward performance criterionlteperiod
models. For example, volatility in asset returns can be harnessed over tiawest portfolio
performance, a feature studied by Mulvey et al. [2001]. By regularlyaratiag allocations
between volatile assets, one can obtain additional return over a naive bugidstrategy.
Exhibit 11 shows how the rebalancing inherent in the fixed-mix policy rule irapron the
single-period efficient frontier. Luenberger [2000] calls thiectf“volatility pumping” (herein,
rebalancing gains). The effect is most pronounced when funds are retidlatween assets that
have low correlation with each other, positive expected returns, and higtdiradivolatility. In
this context, popular measures such as the Sharpe ratio may be misleadulti-period

models, as they do not recognize rebalancing gains.

11



As a further advantage, the multi-period setting can address tiansawd impact costs
in a direct fashion. For example, investors may wish to consider the impagesfwhen selling
an asset. Unfortunately, it is difficult to analyze such issuesimgke period model. See, for

example, Mulvey and Simsek [2002].
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Exhibit 11: A comparison of single-period and multi-periofi@ént frontiers.
The multi-period model employs the fixed-mix poliayte in which allocations are rebalanced eachtguar
to a fixed target proportion. Regular rebalandeayls to a “buy low, sell high” strategy that otiere
leads to higher growth and lower volatility. (Figuedapted from Mulvey et al. [2003])

To illustrate the advantages of rebalancing a portfolio, we use hitaigafrom 1972
to 1997. The opportunity set consists of four asset classes, one of which is @dityrimdex
comparable to the MLM index: S&P 500 (large US companies), EAFE (fostigks from
Europe, Australia, and Far East), REIT (real estate investmers)fraisti GSCI (Goldman Sachs
commodity index).

The historical returns are plotted in risk/return space in Exhibingiicating compound
returns and risk via standard deviation of return over the 26-year p&vechow that the
return/risk characteristics of dynamically balanced portfoliosidat® any individual asset

category. In fact, this type of relationship is common over extended pedodsyfde variety of

12



markets and alternative time periods. Multi-asset portfolio pedoce will be even better when

individual asset categories possess greater volatility aneélatively uncorrelated with each

other.
The Rewards of Multiple-Asset-Class Investing (1972-1997)
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Exhibit 12: Reward/risk characteristics for several fixed-rsirategies.
Dynamically rebalanced portfolios dominate indivadlasset categories. (Figure adapted from Mulvely an
Simsek [2002])

EMPIRICAL STUDY

As mentioned earlier, we employ the fixed-mix policy rule to analyze thetefiéc
adding the MLM index into the opportunity set. Also, to observe the gains delealamcing
within the portfolio, we solve the problem under the buy-and-hold policy assumfiiichg
asset universe that involves the index. For simplicity, we ignoterfasuch as transaction costs
and taxes, though these can be included. See Mulvey and Simsek [2002] for aodisifussi
modeling transaction costs. We optimize the risk-adjusted geomedtria of the portfolio. For

the risk measure, we use the annualized standard deviation of monthly. r@tbisi\saptures the

13



volatility experienced by a long-term investor across the planning pertoel mathematical
representation of the model is in appendix Il. For purposes of this analysisevwsgtethe

MLM index by a factor of 1.3, a relatively conservative factor.

RESULTS

Exhibit 13 shows the efficient frontiers resulting from the optimizatiodeits described
above. The figure indicates that there is an advantage to be gained by inwetstingasic
MLM asset class for multi-period investors, regardless of the palley if the mix is rebalanced
within the portfolio even further gains are realized. The loweisteft frontier results from
excluding the MLM asset class entirely. Over this period, the highash iene can hope to gain
is about 15% with roughly 14% volatility. By including the MLM index under adfiréx
policy, one was able to get 15% returns with 8% volatility. Risk-toleransiokgcan also gain
greater absolute returns with considerably less risks. Of courssasimg the leverage factor in
the MLM index (to 2 or 3) will expand the efficient frontier upwards and thpgtion of the
MLM asset class in the portfolio will increase. Herein, a monthly rebmgrscheme is pursued.
Lower rebalancing frequencies (3 to 6 months) may lead to superior portfidbonpence, since
they are associated with negatively auto-correlated returns foetitefollowing components
(Rulle [2003)).

One of the most important problems regarding the evaluation of alterimateéstments
(hedge funds, in our case) is that they may not be readily rebalanced at @ttdperto
problems like survivorship bias and lockup periods. Krishnan and Nelken [@808fs how an
investor should be compensated and what illiquidity premium they shoulderedgen they
can't rebalance their investments. They develop a technique for calgula illiquidity haircut
for a hedge fund and claim that lower returns should be acceptable foliqnaténvestments
(for example, interest rate futures) and especially for ones thatlpn@balancing gains to a

portfolio.

14



Efficient Frontiers
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Exhibit 13: The efficient frontiers with and without the ML&&set class.
The lower efficient frontier is obtained when MLK! mot included. The middle one is achieved when th
index is included but portfolio rebalancing is atfowed. The upper frontier shows that one caneahi
similar returns with much lower risk by using thé_M index under the fixed-mix policy rule. The grtw
of points labeled A and B is compared in Exhibit 14

A time-series representation of values of portfolios A and B (labeledhiiE43) is
given in Exhibit 14. The graph shows what the value of $100 invested in 1980 in eadioportfo
would be today. We can see the final values for both portfolios is almasdnies but portfolio
A has a smoother growth path than portfolio B. Appendix lll lists the composition of the

respective efficient portfolios.
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Comparison of Portfolios Aand B
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Exhibit 14: The evolution of various portfolios over time.
The path for portfolio B is more volatile than thath for portfolio A, but the average growth rist¢he
same. See Exhibit 13 for the location of each tpainthe efficient frontier.

PROPOSED MODIFICATIONSTO MLM INDEX

Generally, margin accounts are held in T-Bills, so that the inveatos the T-Bill return
on the investment in addition to the return on the commaodity trading. For longatexstars,
there is risk involved in rolling over short-term T-Bill instruments beeahere is uncertainty in
the rate at which returns will be reinvested (Campbell and Vif2@2]. Thus, the ideal risk-
free asset for long-term investors would be an inflation-indexed lomgktend as this locks-in
real interest rates for the duration of the investment. In periods ahfation, a good
alternative is a long-term treasury bond.

Long-term bonds have an important advantage since interest rates tend tpefiaddis
when economic activity is bleak, and hence, traditional assets perform.pdbit causes a drop
in long-term bond yields leading to a rise in prices. We generate hiktetioas for this asset

by replacing T-Bills with T-Bonds in the MLM index.

16



We add this new asset class and rerun our optimization model to geteffibiemt frontier
shown in Exhibit 15. We see that there is an improvement at the top-end ofdiemtefifontier.
Risk-tolerant investors could have obtained around 18% return with roughly 13%tyolBty

comparison, the S&P 500 has 15% return and 15% volatility.

Efficient Frontiers

20.00% -

18.00% -

16.00% -

14.00% -

12.00% -

10.00% - —— with MLM Index

Annualized Geometric Return

without MLM Index

8.00% - .
—— With MLM (Bonds)

6.00% T T T T T T T 1
0.00% 2.00% 4.00% 6.00% 8.00% 10.00%  12.00%  14.00%  16.00%

Annualized Risk (Standard Deviation)

Exhibit 15: Adding MLM (Bonds) to the analysis.
The top end of the frontier expands showing in@dasvestment possibilities when one adds MLM
(Bonds) to the mix.

CONCLUSIONS

Our analysis provides further evidence that the MLM index is a usefidtmeat, since
the asset category has low correlation with the market and otheromatisisset classes, making
it a good diversifier, and generally gives a positive payoff when traditiseataperform badly.
These properties, when combined with its volatility make it useful inlt-period asset
allocation model. Investors may obtain superior performance when they d¢iyemdiblios to

include the MLM index with traditional asset categories such as&R&®). We highlighted the
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differences between single-period and multi-period asset allocationgnddedarticular, long-
term investors can harness volatility using multi-period models, and gdityotan be desirable
when it is employed properly. Commaodity futures investments are eashated and the
resulting volatility can improve portfolio performance. We also propegacing T-Bills held
in the margin account by T-Bonds, arguing that this enhances the indexts mol#i-period
asset allocation.

The fundamental concepts for the MLM index are regular rebalancingeanti tr
following. The argument that the trend-following strategies “buy” Wdlats more complicated
than simply following a market trend. Rebalancing gains play a signifiokninrenhancing the
long-term returns, especially during periods of high volatility. In thiangkgcombining trend-
following and rebalancing generates the superior performance of tinetéstset class. Further
research could evaluate other investment strategies as wilkeaglasses of alternative

investments to look for similar patterns.

ENDNOTES
Kaul was a MSE student in the ORFE Department at Princeton Unhhausing the

time of this writing.
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APPENDIX |

Geometric Return
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Risk-return plots of the seven asset classes over the time p#aimdsd79 — Aug. 1991, Sep.
1991 — Mar 2000, and Apr 2000 — Apr. 2002.
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APPENDIX |1

A mathematical program for a multi-period portfolio model using the fixedruate

T N % T 2
ol (R -E[R)
m)ﬁaxa {D 3 X @+ rivt)} 1/-@ a)\/th:1 -1 (1)
Subject To
N (2)
R = zxi @+r,)
Y% =1x 20 )

The objective function (1) rewards a higher return and penalizezigrisk. It weights the final
wealth after T periods by, and risk by(1-a). For risk, we use the standard deviation of monthly
returns, as it conveys the expected period-to-period volatility of tlestiment strategy being
evaluated. Equation (2) defines the portfolio return in each p&iody ignoring transaction
costs, we are able to eliminate the need for keeping track of allocagifume bnd after
rebalancing. Equation (3) simply states that the portfolio weights mdstmato one and that
short selling is not allowed. By solving this optimization problem for diffevalues ofr, we

trace out the efficient frontier.

22



APPENDIX |1

Efficient Portfolios obtained from optimization

Point | S&P 500 | 3 MONTH T- FRANK FAR EAST TREASURY EUROPE Risk Return
BILL RUSSELL EQUITY 10+ YEARS EQUITY
2000
1 0.00% 99.529 0.28% 0.00% 0.00% 0.1999 0.99% 7.47%
2 0.17% 99.069 0.39% 0.00% 0.00% 0.3794 1.00% 7.50%]
3 5.17% 92.089 0.12% 0.00% 1.12% 1.519% 1.38% 8.00%
4 9.66% 84.309 0.01% 0.00% 3.51% 2.5199 2.08% 8.50%]
5 14.119 76.439 0.00% 0.00% 5.95% 3.519q 2.88% 9.00%]
6| 18.619 68.459 0.00% 0.00% 8.42% 452% 3.729% 9.50%
71 23.179 60.369 0.00% 0.00% 10.949 5.549 4.59% 10.009
8| 27.799 52.169 0.00% 0.00% 13.499 6.579% 5.49% 10.509
9 32.479 43.849 0.00% 0.00% 16.089 7.6199 6.39% 11.009
10| 37.219 35.389 0.00% 0.00% 18.729 8.68% 7.32% 11.509
11 42.039 26.799 0.00% 0.00% 21.429 9.75% 8.26% 12.009
12| 46.939 18.069 0.00% 0.00% 24.189 10.83% 9.22% 12.509
13 51.929 9.16% 0.00% 0.00% 26.999 11.93% 10.20% 13.009
14 56.989 0.10% 0.00% 0.00% 29.889 13.04% 11.19% 13.509
15/ 70.029 0.00% 0.00% 0.00% 16.899 13.09% 12.38% 14.009
16| 84.809 0.00% 0.00% 0.00% 2.19% 13.01% 13.96% 14.509
17| 100.009 0.00% 0.00% 0.00% 0.00% 0.009% 14.70% 14.659
Table 1: Efficient portfolioswhen MLM isexcluded
Point | S&P 500 |3MONTHT-| FRANK FAR EAST TREASURY EUROPE MLM Risk Return
BILL RUSSELL EQUITY 10+ YEARS EQUITY INDEX
2000
1 0.00% 99.819 0.16% 0.02% 0.00% 0.0199 0.00% 0.99% 7.45%
2 0.06% 99.469 0.20% 0.00% 0.00% 0.0699 0.219% 1.00% 7.50%
3 0.76% 95.079 0.38% 0.00% 0.99% 0.1299 2.68% 1.24% 8.00%
4 1.56% 90.009 0.56% 0.00% 2.35% 0.209% 5.33% 1.66% 8.50%
5 2.51% 84.589 0.73% 0.00% 3.61% 0.2899 8.28% 2.15% 9.00%
6 3.64% 78.789 0.90% 0.00% 4.76% 0.3799 11.55% 2.66% 9.50%
7 4.98% 72.559 1.06% 0.00% 5.77% 0.4699 15.17% 3.18% 10.009
8 6.56% 65.879 1.23% 0.00% 6.64% 0.5599 19.15% 3.709% 10.509
9 8.40% 58.679 1.39% 0.00% 7.37% 0.63% 23.54% 4.22% 11.009
10 10.559 50.929 1.56% 0.00% 7.92% 0.699 28.36% 4.749% 11.509
11 13.059 42.559 1.73% 0.00% 8.29% 0.7299 33.66% 5.279% 12.009
12 15.949 33.529 1.90% 0.00% 8.47% 0.709% 39.48% 5.79% 12.509
13 19.279 23.759 2.08% 0.00% 8.43% 0.6299 45.85% 6.319% 13.009
14 23.109 13.179 2.27% 0.00% 8.16% 0.479% 52.83% 6.83% 13.509
15 27.499 1.71% 2.47% 0.00% 7.64% 0.2199 60.48% 7.35% 14.009
16| 69.819 0.00% 0.00% 0.00% 0.00% 0.009% 30.19% 10.11% 14.509
17| 100.009 0.00% 0.00% 0.00% 0.00% 0.009% 0.00% 14.70% 14.659

Table 2: Efficient portfolioswhen MLM index isincluded (under buy-and-hold policy)
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Point | S&P 500 |3 MONTH T- FRANK FAR EAST TREASURY EUROPE MLM Risk Return
BILL RUSSELL EQUITY 10+ YEARS EQUITY INDEX
2000
1 0.00% 99.529 0.28% 0.00% 0.00% 0.19% 0.00% 0.99% 7.47%
2 0.17% 99.069 0.39% 0.00% 0.00% 0.37% 0.00% 1.00% 7.50%
3 2.22% 92.249 0.36% 0.00% 0.00% 0.77% 4.41% 1.18% 8.00%
4 4.17% 85.309 0.35% 0.00% 0.19% 1.15% 8.84% 1.50% 8.50%
5 5.97% 78.069 0.39% 0.00% 0.94% 1.47% 13.17% 1.90% 9.00%
6 7.74% 70.819 0.46% 0.00% 1.67% 1.799% 17.52% 2.34% 9.50%
7 9.54% 63.559 0.51% 0.00% 2.42% 2.119% 21.87% 2.79% 10.009
8 11.349 56.299 0.56% 0.00% 3.15% 2.44% 26.23% 3.26% 10.509
9 13.129 49.019 0.61% 0.00% 3.89% 2.78% 30.59% 3.73% 11.009
10 14.919 41.729 0.68% 0.00% 4.65% 3.09% 34.94% 4.21% 11.509
11 16.729 34.439 0.72% 0.00% 5.40% 3.42% 39.31% 4.69% 12.009
12 18.499 27.139 0.78% 0.00% 6.13% 3.7694 43.71% 5.17% 12.509
13 20.309 19.809 0.84% 0.00% 6.92% 4.06% 48.07% 5.66% 13.009
14 22.119 12.479 0.89% 0.00% 7.68% 4.39% 52.46% 6.15% 13.509
15 23.919 5.14% 0.94% 0.00% 8.44% 4,71% 56.86% 6.64% 14.009
16| 27.619 0.00% 0.64% 0.00% 5.38% 4.83% 61.54% 7.14% 14.509
17 63.099 0.00% 0.43% 0.00% 0.00% 0.00%q 36.489% 9.53%} 14.929
Table 3: Efficient portfolioswhen MLM index isincluded (under fixed-mix policy)
Point | S&P 500 [ 3MONTH | FRANK | FAREAST | TREASURY | EUROPE [MLM INDEX|MLM INDEX| Risk Return
T-BILL | RUSSELL | EQUITY 10+ YEARS EQUITY (Bonds)
2000
1 0.009% 99.529 0.28% 0.00% 0.00% 0.19% 0.00% 0.00% 0.99% 7.47%
2 0.06%4 99.119 0.39% 0.00% 0.00% 0.33% 0.11% 0.00% 1.00% 7.50%
3 2.19% 93.209 0.18% 0.00% 0.00% 0.56% 1.76% 2.11% 1.16% 8.00%
4 4,189 86.98¢ 0.04% 0.00% 0.00% 0.81% 2.89% 5.09% 1.47% 8.50%
5 6.029% 80.529 0.00% 0.00% 0.40% 1.02% 3.98% 8.06%4 1.85% 9.00%
6 7.77% 73.939 0.00% 0.00% 0.99% 1.22% 5.04% 11.05% 2.27% 9.50%
7 9.52% 67.319 0.00% 0.00% 1.62% 1.42% 6.08% 14.05% 2.71% 10.009
8 11.29% 60.719 0.00% 0.00% 2.22% 1.61% 7.13% 17.05% 3.16% 10.509
9 13.05% 54.099 0.00% 0.00% 2.83% 1.80% 8.17% 20.06% 3.61% 11.009
10 14.76% 47.459 0.00% 0.00% 3.46% 2.03% 9.22% 23.07% 4.07% 11.509
11 16.52% 40.829 0.00% 0.00% 4.07% 2.23% 10.279 26.08% 4.54% 12.00¢
12 18.27% 34.199 0.00% 0.00% 4.69% 2.43% 11.339 29.09% 5.019% 12.500
13 20.03% 27.549 0.00% 0.00% 5.31% 2.63% 12.389 32.10% 5.48% 13.009
14 21.79% 20.89¢ 0.00% 0.00% 5.93% 2.83% 13.449 35.12% 5.95% 13.509
15 23.55% 14.249 0.00% 0.00% 6.54% 3.04% 14.499 38.15% 6.42% 14.009
16 25.329 7.56% 0.00% 0.00% 7.17% 3.24% 15.539 41.18% 6.90% 14.509
17 27.089 0.86% 0.00% 0.00% 7.83% 3.41% 16.599 44.22% 7.37% 15.009
18 30.509 0.00% 0.00% 0.00% 2.95% 2.65% 22.559 41.35% 7.89% 15.509
19 34.019 0.00% 0.00% 0.00% 0.00% 0.619%4 32.099 33.28% 8.52% 16.009
20 35.449 0.00% 0.00% 0.00% 0.00% 0.00%4 45.519 19.05% 9.35% 16.509
21 36.459 0.00% 0.00% 0.00% 0.00% 0.009%4 59.779 3.78% 10.40% 17.009
22 15.53¢ 0.00% 0.00% 0.00% 0.00% 0.00%4 84.479 0.00% 12.61% 17.509

Table 4: Efficient portfolio when both the MLM index and MLM (Bonds) areincluded
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