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Introduction

Now we again enlarge the set of metrics that we will explore to include
information about long portfolios. Specifically, we consider applying the
five portfolio metric functions developed previously

SN, Wh(F), Wo(F), W), w(f), (1.1)

to portfolio allocations f on the efficient long frontier. The natural
candidate for this role is the efficient long tangent allocation, fj, .

We will also finalize the set of metrics that will be used for Project One.
The metrics will be organized into six classes: Stability, Leverage,
Liquidity, Efficiency, Proximity and Sharpe. Each team has three of these
classes assigned to them. The goal is too explore whether any of the
assigned metrics is a good leading indicator of a potential systemic
downturn in the market.
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Introduction: Stability Metrics

The stability metrics are the only ones not derived from one of the five
portfolio metric functions (1.1). Rather, they derive from the Tobin
frontier parameter 1, > 0, which for a given risk-free rate yi is

determined by
_ 2
E =+ (M)

Umv

The associated tangency point and asymptote intersection metrics are

2
te Y .y
Wi = 75, wip = 4%
%
hi vf

Applying these to 14 = pi; and g = 14, gives the four stability metrics:

tg as tg as
wep w3, W s Wi (1.2)
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Portfolio Metrics: Leverage

The five portfolio metric functions (1.1) are built from five functions of
f € M: the leverage ratio A(f), the downside potential §(f), the return
mean p(f), the volatility o(f), and the Sharpe ratio p(f).

The leverage ratio is given by

AF) = 3(Ifli —1).
It was used to define the leverge metric function by

A(F)

A

fl=—""—. 2.3
<= 05 @3)
The leverage ratio and metric do not have an explicit dependence upon
the return history. They can gain statictical meaning by applying them to
allocations f that do depend on the return history.
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Portfolio Metrics: Leverage Metrics

The leverage metric function w™(f) given by (2.3) had been applied to
@ the minimum volatility allocation f_,
o the safe tangent allocation f,
@ the credit tangent allocation f,.

Because A(f) = 0 for every f € A, no knowledge is gained by applying it to
a long portfolio. In particular, it makes no sense to apply it to individual
assets. We are thereby left with three leverage metrics:

wI)I\IV = w/\(fmv) ’ wg\t = w)\(fst) ’ wé\t = w)\(fc ) . (24)

Remark. Markowitz frontier allocations lie on the line f = f_;(x) in M.
Hence, because A(f) is a convex function over M, we can bound A(f)

above by convex combinations of its value at f,, f and f,.
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Portfolio Metrics: Liquidity

The return mean, u(f) = m'f, and downside potential,
§(F) =max{ —r(d)'f:d=1,---,D},

were used to define the liquidity metric function by

5(6) + u(f)
S =] 1@ OO (25)
1 if 5(F) > 1.

The downside potential (and through it, the liquidity metric function) has
an explicit dependence on the return history. Moreover, this dependence
goes beyond the mean-variance statistics of m and V.
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Portfolio Metrics: Liquidity Metrics

The liquidity metric function w’(f) given by (2.5) can be applied to any
f € M. However, it is most useful when applied to leveraged portfolio
allocations that have the potential of not being solvent. It had been
applied to

@ the minimum volatility allocation f_,

@ the safe tangent allocation fg,

@ the credit tangent allocation f,.

Because long portfolios are not leveraged, we will not add to this list. This
leaves us with a total of three liquidity metrics:

wfnv = wé(fmv) ) Wgt = Wa(fst) ) Wgt = W6(fct) . (2.6)

Remark. Markowitz frontier allocations lie on the line f =f_.(x) in M.
Hence, because §(f) is a convex function over M, we can bound §(f)

above by convex combinations of its value at f, f; and f;.

C. David Levermore (UMD) Limited Portfolios with Risk-Free Assets March 15, 2022



Portfolio Metrics
00008000

Portfolio Metrics: Efficiency and Proximity

The volatility, o(f) = VfLVF, and return mean, u(f) = m'f, were used to
define the efficiency and proximity metric functions by

w“(f) — Hem (J(f)) B 'u(f)
Hemt (U(f)) — Himf (U(f)) ’

opy— |q e (1)
w(f)—Jl o2

(2.7)

The efficiency and proximity metric functions have explicit dependence
upon the return history through the Markowitz frontier parameters ..,
Oy and v, which determine p,, (), (o) and o ¢(1).
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Portfolio Metrics: Efficiency and Proximity Metrics

The efficiency and proximity metric functions, w#(f) and w?(f) given by
(2.7), had been applied to

@ the equity index fund egy,

o the total bond index fund ep;.
They were not applied to portfolios on the Markowitz frontier because

o wH(f) = w?(f) = 0 for all portfolios on the efficient frontier,

e w’(f) =1 and w?(f) = 0 for all portfolios on the inefficient frontier.
In particular, it made no sense to apply them to f_,, f, or f.,.

However, long portfolios generally do not lie on the Markowitz, so we add
the efficient long tangent allocation f_;; to the list. This gives three
efficiency metrics and three proximity metrics:

ng = w"(egr), W%I = w(ep), ngt = wh(fe)

(2.8)
wir = w’(egr), wpy = w’(epy) wae = w (Fae) -
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Portfolio Metrics: Sharpe Ratio

The volatility, o(f) = VfIVF, return mean, u(f) = m'f, and safe
investment rate p; were used to define the Shape ratio as

o ,U(f) — Mg
p(f) - O'(f) )

from which we defined the Sharpe metric function by

WP(F) =1 — max{O, p(f)} . (2.9)

S1
The Sharpe ratio and metric function have an explicit dependence upon
the return history and the risk-free rate 1. Recall that p(f)/1; is the
correlation of the portfolio with allocation f with any portfolio on the
efficient Tobin frontier for the rate p.
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Portfolio Metrics: Sharpe Metrics

The Sharpe metric function w”(f) can be applied to any f € M. It
vanishes only for f = f; when f; lies on the efficient Markowitz frontier.
Recall that f lies on the efficient Markowitz frontier if and only if
Hgi < Hpy- When pg > p o we have w”(f ) = 1. Hence, w”(f;) can take
just two values, 0 or 1. It is more informative for other portfolios. We had
applied it to

o the credit tangent allocation f,

o the equity index fund ep;.

We now add the efficient long tangent allocation f,, to this list. This gives
the three Sharpe metrics:

wgl = w’(eg), wﬁt = w’(fy), ngt = w(fyy) - (2.10)
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Summary of the Metric Classes

The six metric classes for Project One are comprised as follows.
o Stability Metrics:  w'®, W', w¥, w¥, given by (1.2).

si 9 cl si o cl
o Leverage Metrics: w),, wl, wl, given by (2.4).
o Liquidity Metrics: w? , wd, wd, given by (2.6).
o Efficiency Metrics:  wl;, wh;, wl,, given by (2.8).

o Proximity Metrics:  wg;, wg;, w3, given by (2.8).

o Sharpe Metrics:  wli;, wf, w),, given by (2.10).

Each team has been assigned a unique combination of three classes.
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