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Abstract

The Marginal Sharpe Ratio (MSR) of an investment
strategy with respect to a total portfolio can be de-
fined as the derivative of the total portfolio Sharpe
ratio (SR) over the allocation weight. Defined in such
a way, MSR takes into account not only the contri-
bution of the new strategy to the portfolio expected
returns, but also the expected change of the portfo-
lio risk profile due to diversification. It is similar to
the well known concept of marginal risk. In this pa-
per we derive analytical expressions for MSR. This
leads to the very simple and intuitive formulas, such
as for example, MSR = σ

σp
SR − β · SRp. Here SR and

σ refer to the SR and the standard deviation of re-
turns for the individual strategy. SRp and σp refer to
the SR and the standard deviation of returns for the
base portfolio. β refers to the beta coefficient of the
linear regression of the strategy returns against the
total portfolio returns. The formula can be used for
quick, ”back-of-envelope” calculations for appraisals
of new investment opportunities taking into account
the risk/return profile of a base portfolio. The use
of the MSR formula is demonstrated with simple nu-
merical experiments.

∗Any opinions, findings, and conclusion or recommenda-
tions expressed in this material are those of the author and do
not necessarily reflect the view of the Abu Dhabi Investment
Authority.

1 Introduction

The Sharpe ratio (SR) [1] is one of the most popu-
lar measures for assessing performance of individual
investment strategies. Formally, it is defined as the
expected excess return per unit of risk, i.e., a ratio
between expected return and standard deviation of
returns.

SR =
µ− rf

σ
(1)

where µ is the expected return, rf is the risk free rate,
and σ is standard deviation of returns. In practice it
is often reported in annualized terms and under the
assumption of rf = 0.
When comparing two individual investment strate-

gies with equal expected risk, a rational investor
would prefer the strategy with higher expected re-
turn. Similarly, when comparing two investment op-
portunities with equal expected returns, a rational
investor would prefer the investment with lower ex-
pected risk.

The Sharpe ratio is just one of the metrics in the
family of performance ratio measures. There is no
perfect measure of performance, and SR has its lim-
itations [2, 3, 4, 5, 6]. However, it is a useful met-
ric and very popular one in the investment indus-
try [7]. There are alternative measures of risk that
can be used in the denominator which leads to alter-
native and popular performance ratio measures such
as: Sortino, Traynor, Recovery, Calmar and Sterling.
This document is focused on the Sharpe ratio only,
but the approach proposed in this paper can be ex-
tended to other choices of performance ratios.
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Consider now a very typical situation in the invest-
ment management industry where a portfolio man-
ager, running a big investment portfolio, is assessing
new investment opportunities [8, 9]. As an example,
this can be a Chief Investment Officer of a hedge fund
running a big portfolio of systematic trading strate-
gies. Suppose that she/he is now assessing several
new strategies. Which one, if any, should be added
to the existing portfolio? How to sort or prioritize
the investment opportunities? As a second example,
this can be a Portfolio Manager of a pension fund,
who is assessing a list of new asset managers and in-
vestment opportunities where the pension money can
be invested. What is the best way compare the in-
vestment opportunities at hand?

The performance of the individual investment op-
portunity i can be characterized with the individ-
ual Sharpe ratio SRi. Although this can be a use-
ful measure for an initial and quick assessment, it is
important to realize that the individual performance
measures are not sufficient. It is necessary also to as-
sess how would the expected performance of the to-
tal portfolio change after adding the new investment.
The new additions to the portfolio are expected to
change both the expected returns and the risk of the
total portfolio. Some investments might add little of
expected gain but could be very favorable if they sig-
nificantly decrease the risk of the total portfolio. It
might be even preferable to accept a strategy with
a negative individual SR, if it reduces the total risk
(denominator in 1) to such an extent that the total
portfolio SR is increased.

The importance of considering how a new invest-
ment might change a risk profile of a portfolio is well
known by investment professionals. To quantify con-
tributions of specific investments to the total port-
folio risk one can use Marginal Risk (MR) measure
(see Ref: [10, 11]). In this paper we present a measure
which considers contributions of specific investment
opportunities to the Sharpe Ratio of a total portfo-
lio. The proposed approach considers not only the
changes of the total risk profile as MR does, but also
considers the changes of expected return.

In order to assess new investment opportunities one
can consider the incremental change of SR, i.e., the

Incremental Sharpe Ratio (ISR):

∆SR = SRfinal − SRbase (2)

where SRbase is the Sharpe ratio of the base portfolio
and SRfinal is the Sharpe ratio of the final portfo-
lio. ∆SR can be easily calculated numerically, if we
know exactly the target allocation for the new in-
vestment, along with the expected returns and the
covariance matrix of the base portfolio and the new
investment. The article [12] provides deeper analy-
sis and analytical results which can be used in prac-
tice. Moreover, there are many software tools for
portfolio optimizations and portfolio analytics which
are available to investment practitioners. For a PM
it is a relatively simple and routine task to calcu-
late incremental changes of SR, and even to calculate
optimal weights for the new target portfolio taking
into account expected returns, risk and various other
trading constraints.

However, there are situations where the PM needs
to perform quick assessments using a limited informa-
tion on performance statistics of individual strategies
and without defined target allocations for the new
investments. Additionally, from a practical point of
view, it is optimal to divide the capital allocation
process into two distinct phases: (1) new strategy
assessment/approval and (2) portfolio optimization
([8]). In the first phase, the performance of the indi-
vidual strategy is assessed using variety of methods
(including SR) and the exact allocation to the new
investment is yet unknown.

There is a mathematical object closely related to
incremental SR change 2 which can help in this sit-
uation. It can be defined as the derivative of the
portfolio Sharpe ratio over the strategy weight and
we will call it a Marginal Sharpe Ratio (MSR).

MSR =
∂SR

∂wi
(3)

MSR measures how much would the Sharpe ratio of
the total portfolio change, if one increases the weight
wi of a strategy (asset) i by a small amount. It con-
siders not only the expected changes of the portfolio
returns, but also expected changes of the total port-
folio risk profile.
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In the section 2 of this paper we will show that
MSR can be derived analytically, leading to the very
simple and intuitive formulas, such as for example,
MSR = σ

σp
SR − β · SRp. Here SR and σ refer to the

SR and the standard deviation of returns for the in-
dividual strategy. SRp and σp refer to the SR and the
standard deviation of returns for the base portfolio.
β refers to the beta coefficient of the linear regression
of the strategy returns against the total portfolio re-
turns.

The analytical formula for MSR can be very use-
ful for quick, ”back-of-envelope” calculations for ap-
praisals of new investment opportunities assessed
with respect to a base portfolio. Due to its simplic-
ity the MSR can help in clear understanding what
are the main drivers for changes of the overall perfor-
mance in terms of the Sharpe Ratio measure. We will
demonstrate this with the simple numerical examples
in the section 3.

There are several articles discussing similar con-
cepts such as [13, 14, 15]. However, those papers are
defining the marginal Sharpe ratio in a different way
and thus give us answers to different questions.

2 Derivation of a formula for
Marginal Sharpe Ratio

Suppose that our investment universe consists of a
list [a1, a2, ..., aM ] of investment opportunities. An
investment opportunity could be any investment as-
set, a particular financial instrument (such as stock
or ETF for example), a systematic trading strategy,
another portfolio, etc. In the further text we will al-
ways refer to investment strategies, or strategies in
short.

A portfolio can be represented by a vector of dol-
lar allocations [v1, v2, ..., vM ], where vi = nipi are
”dollar” values invested into each strategy,, with pi
representing price/value of unit investment and ni

representing number of units invested. Alternatively,
the portfolio can be represented with a list of the
strategy weights [w1, w2, ..., wM ], where wi =

vi∑
i vi

.

The portfolio return on a day t is:

r
(p)
t =

∑
i

wi,t−1ri,t (4)

where ri,t is the return of strategy i at time t, and
wi,t−1 is a weight of the strategy i at the previous
day (t− 1).

The expected portfolio return is a function of the
strategy weights:

µp =
∑
i

wiµi (5)

where µi is expected return of a strategy i

µi = E[ri] (6)

The standard deviation of returns is one of the mea-
sures for the risk of the portfolio P, and it can be
expressed as:

σp(w1, ..., wM ) =

√∑
i,j

wiwjρi,jσiσj (7)

Note that both expected return and standard devi-
ation of portfolio returns are functions of allocation
weights.

The main question of this article is how to evaluate
an investment strategy, taking into account the base
portfolio P. What criteria should we use in order to
decide on which strategies are more or less attractive?

It is natural to consider a marginal improvement to
the total portfolio Sharpe ratio, due to the addition
of the new strategy i, as

MSRi =
∂SRp
∂wi

(8)

where SRp is the Sharpe ratio of the total portfolio.
This object that tells us how much would the Sharpe
ratio of the total portfolio change if we increase the
weight wi for a small amount. It takes into account
the returns of a strategy but also diversification ef-
fects! We are going to call it a Marginal Sharpe Ratio
(MSR).

The concept of MSR is similar to the well known
concept of marginal risk (MR) MRi =

∂σp

∂wi
. MR can
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be helpful in identifying main risk contributors and
providing more balanced portfolios from the risk per-
spective [10, 11]. See the Appendix 7 for a brief
overview of MR.
We should note that increasing leverage, by mul-

tiplying all weights with the same factor, does not
change the Sharpe ratio of the whole portfolio. We
can therefore say that SR is a homogeneous func-
tion of the weights, of the order 0. The theory of
homogeneous functions are briefly introduced in the
Appendix 6. Following this observation we can apply
the Euler theorem to SR which leads to:∑

i

wi
∂SRp
∂wi

= 0 (9)

As we can see, MSR appears naturally in the equation
10. Each term in the sum contains the MSR value
for each strategy, multiplied by the strategy weight,
and we can rewrite the equation 10 as:∑

wiMSRi = 0 (10)

Some strategies contribute positively to the portfolio
SR, some strategies contribute negatively, with the
total weighted sum of the individual MSR contribu-
tions equal to zero.
Let’s derive analytical expression for MSR. We

start with SR definition

SRp =
µp

σp
(11)

After combining the equations 11 and 8 we get the
expression for portfolio MSR

MSRi =
∂

∂wi

(
µp

σp

)
(12)

The derivative of the nominator is

∂

∂wi
µp = µi = σiSRi (13)

The derivative of the denominator is

∂

∂wi

(
1

σp

)
= − 1

σ2
p

∂

∂wi
σp (14)

It can easily be shown that

∂

∂wi
σp =

Cov(ri, rp)

σp
(15)

After importing the equations 13, 14 and 15 into
12 we get the final expression for MSR

MSRi =
σi

σp
SRi −

Cov(ri, rp)

σ2
p

SRp (16)

The MSR formula 16 can be expressed in several
alternative and intuitive ways. Instead of the covari-
ance we can use the beta of the strategy i with respect

to the base portfolio βi,p =
Cov(ri,rp)

σ2
p

. In this way we

get

MSRi =
σi

σp
SRi − βi,pSRp (17)

The first term is the SR of the individual strategy,
re-normalized by the ratio of the strategy’s and base
portfolio’s volatilities. Strategies with higher volatil-
ities, i.e., with increased leverage contribute more to
the overall portfolio’s SR. This needs to be adjusted
for diversification effects by subtracting the product
of the strategy beta and the SR of the base portfo-
lio. Strategies with positive betas lead to decreased
MSR, whereas the strategies with negative betas lead
to increased MSR.

Using the correlation ρi,p =
Cov(ri,rp)

σpσi
we can get a

second alternative and simple expression:

MSRi =
σi

σp
(SRi − ρi,pSRp) (18)

The formula for MSR can also be expressed with
the use of Marginal Risk (see the Appendix 7))

MSRi =
µi − MRi

σp
µp

σp
(19)

It shows that MSR can be considered as a ratio of the
adjusted expected return and standard deviation of
returns. Expected return of the strategy i is adjusted
by its marginal risk contribution. The contribution
of the strategy i to the overall SR is positive when
µi >

MRi
σp

µp
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Imagine that the SRi > 0 and SRp > 0. If the
strategy i is positively correlated to the base portfo-
lio, the marginal Sharpe ratio of the strategy will be
lower than the individual SR, i.e.. If marginal risk
contribution is negative, i.e., if the addition of asset
i decreases the overall portfolio risk, the adjustment
is positive!

The formula also shows that even the strategy with
zero or negative expected return µi <= 0 can increase
the overall Sharpe ratio of the portfolio if it decreases
the risk of the overall portfolio. That can happen
when the marginal risk contribution is negative and
MRi <

µiσp

µp
(assuming µp > 0).

All expressions are quite simple and intuitive. All
of the shown formulas are presenting the same pic-
ture in different ways: MSR is a difference between
volatility adjusted SR of the individual strategy and
a risk diversification term.

Of course, MSR is closely related to ISR (Eq: 2).
It can be easily calculated numerically by increasing
the weight i for a small amount wi → wi + ∆wi,
and calculating resulting incremental change of the
portfolio SR

MSRi =
∆SR

∆wi
(20)

3 Numerical experiments

In this section we are going to demonstrate the ap-
plication of the marginal Sharpe ratio using synthetic
data with realistic parameters.

In the first example, suppose that Portfolio Man-
ager (PM) has a large investment V in the base port-
folio P. The expected Sharpe ratio is SRp = 1 and
the standard deviation of returns is σp = 0.1. Now
PM is considering investing additional and smaller
amounts v < V of cash into the three new strategies
i = 1, 2, 3. For each strategy we have the expected
SR, the standard deviation of returns and the correla-
tion between the strategy and a base portfolio P. For
the first strategy the estimates are SR1 = 2, σ1 = 0.1
and ρ1 = 0.7. For the second strategy: SR2 = 1.5,
σ2 = 0.1 and ρ2 = −0.2. And for the third strategy:
SR3 = 1.5, σ3 = 0.2 and ρ3 = −0.2. All figures are in
annualized terms.

Note that the best individual performance is ex-
pected from the first strategy which has the high-
est Sharpe ratio. Sharpe ratios for the second and
the third strategy are equal. The third strategy is a
”leveraged” version of the second, though. The risk
of the third strategy is twice as much as of the sec-
ond and the expected returns are two times higher.
Therefore, if one looks at the individual performances
only, the first strategy would be preferred over the
second and third. The investor could be indifferent
between the second and the third strategy, based on
the individual Sharpe ratios only.

However, when we look at the marginal Sharpe ra-
tios, the picture becomes very different. Using the
equation 18 and the available estimates, the marginal
Sharpe ratios can be easily calculated for all three
investment opportunities. For example, for the first
strategy we get MSR1 = 0.1

0.1 (2− 0.7 · 1) = 1.3. Ap-
plication of the formula 18 to all strategies leads to
the following results: MSR1 = 1.3, MSR2 = 1.7 and
MSR3 = 3.4. When we consider diversification effects
using MSR, the strategy 2 becomes preferable over
the strategy 1. The strategy 1 has the highest SR,
but is also positively correlated with the base portfo-
lio. On the other hand, the strategy 2 is negatively
correlated with the base portfolio, which helps in de-
creasing overall risk, leading consequently to higher
marginal increase of the total portfolio SR. The strat-
egy 3 is even more preferable than strategy 2, al-
though the individual Sharpe ratios are equal. Strat-
egy 3 is more leveraged and is expected to bring more
gains, with risks diversified inside the base portfolio.

In the second example, lets us suppose that the
PMs best estimates of future distribution of returns
are given by historical, sample estimates of means,
standard deviations and correlations. The Fig:1 is
showing time series of cumulative returns of 6 strate-
gies. The returns are generated using one-factor
model with Gaussian innovations.

What matters for the application of MSR are: the
strategy average returns, the standard deviations of
the returns and the Sharpe ratio of the individual
strategies which are shown in the table in Fig:2.

The Fig:3 shows the table with sample correlation
matrix.

Suppose that the PM has a large investment V into

5



Figure 1: Cumulative returns generated with one-
factor model with Gaussian innovations

Figure 2: Means and standard deviation of synthetic
strategies

Figure 3: Correlation matrix of synthetic strategies

Figure 4: Scatter plot of MSR vs SR, with base port-
folio represented by A0

the strategy A0. Now PM is considering investing
additional and smaller amounts v < V into some of
the new opportunities represented by strategies [A1,
A2, A3, A4 and A5]. SR for the base portfolio is
modest at SR0 = 0.72. Using individual Sharpe ratios
only, one could sort and prioritize the strategies in the
following way [A3, A4, A1, A2, A5].

Let’s see what MSR tells us about the investment
opportunities. Using the parameters from the tables
2 and 3 we calculated MSR for each investment, as-
suming that the base portfolio corresponds to the as-
set A0. The chart 4 shows the scatter plot of MSR
vs SR for all synthetic strategies.

We have plotted a 45-degree line representing the
points where MSR = SR. If the point is above the line,
that means that the strategy’s MSR is higher than
individual SR, which can be caused either by nega-
tive correlation to the base portfolio (diversification
effect), or by the volatility of the individual strat-
egy being higher than that of the base portfolio’s
(for example by increased leverage). On the other
hand, the points below the 45-degree line represent
the strategies which are either positively correlated
to the base portfolio, or having lower volatility from
the base portfolio.

Numerical results are presented in the table from
Fig:5. The table shows marginal Sharpe ratios in
the last column (MSR). It also shows marginal risks
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Figure 5: Numerical results: MSR vs SR, with base
portfolio represented by A0

(MR), along with the individual performance statis-
tics and correlations (corr) with the base portfolio

These results imply that prioritization should be
very different from the one implied by the individual
performances. Marginal Sharpe ratios imply that the
strategies should be sorted as [A5, A4, A1, A3, A2].
Although the individual Sharpe ratio of A5 is neg-
ative, due to the very negative correlation with the
base portfolio A0, marginal Sharpe ratio is highest!
Marginal risk (MR) for A5 is negative which means it
is decreasing the risk of the total portfolio. Therefore
the strategy A5 can be useful in hedging risk. The
strategy A4 looks better than A3 even if individual
SR of A3 is higher. This is because A4 is less corre-
lated to the base portfolio. Marginal Sharpe ratio of
A0 is zero, as SR does not change if we add more of
a same asset.

Note that MSR depends on the composition of the
base portfolio. In the previous example, we have sup-
posed that the base portfolio is A0. Let’s suppose
now that the base portfolio is equally weighted port-
folio of all assets [A0, A1, A2, A3, A4, A5]. Marginal
Sharpe ratios are now very different.

In this example the order of strategies by MSR
is similar to the order implied by individual SR val-
ues. The only change is that A0 now becomes slightly
more favorable than A1, although the individual SR
of A1 is higher. The strategies A2 and A5 are nega-
tive contributors, whereas the strategies [A3, A4, A0,
A1] are positive contributors to the total SR.

Figure 6: Numerical results: MSR vs SR, with base
portfolio represented by equally weighted sum of all
assets

4 Conclusion

In order to assess new investment opportunities one
needs to consider not only expected returns of new
investments but also how the inclusions of new in-
vestment change the overall risk profile of the base
portfolio. In this article we have shown the concept
of the Marginal Sharpe Ratio (MSR) which is de-
fined as the derivative of the portfolio Sharpe ratio
over the strategy weight. MSR concept is similar to
the well known concept of the marginal risk which is
often used in risk management applications. We have
shown the analytical derivation for MSR which leads
to the very simple and intuitive formulas which can
be used for quick calculations needed for appraisals of
new investment opportunities. The use of the MSR
formula is demonstrated with the simple numerical
experiments.
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6 Appendix: Homogeneous
functions and Euler Theo-
rem

Multidimensional function f : Rn → R is called ho-
mogeneous of a degree k if it satisfies the equation

f(ax) = akf(x) (21)

for all a > 0.
Euler theorem states that: If the function is con-

tinuously differentiable, a function is homogeneous of
a degree k if and only if

x∇f(x) = kf(x) (22)

where ∇f(x) =
∑

i
∂f
∂xi

is a gradient.
This leads to a nice rule for decomposition of ho-

mogeneous functions

kf(x) =
∑
i

xi
∂f

∂xi
(23)

This function provide a way to express a value of
a function as a sum of contributions coming from
different variables xi.
Note that risk σp is a homogeneous function of

weights, of the order 1. If we increase leverage for
a specific factor, risk will increase for the same fac-
tor. From this we conclude:

σp(x) =
∑
i

wi
∂σp

∂wi
(24)

Sharpe ratio is a homogeneous function of weights,
of the order 0. If we increase leverage, Sharpe ratio
does not change. From this we conclude:

0 =
∑
i

wi
∂SRp
∂wi

(25)

7 Appendix: Marginal Risk

The concept of the marginal risk (MR) is often used
in Risk Management applications [10]. MR can be
defined as:

MRi =
∂σp

∂wi
(26)

It measures how the risk of the portfolio is expected
to change if we increase the weight of asset i. It
takes into account diversification effects introduced
by asset i.

MR can help to identify main sources of the portfo-
lio risk. It can be used also for creating more balanced
portfolios from the risk perspective [11].

Note that the risk σp is a homogeneous function of
weights (Eq:7), of the order 1 (see Appendix 6). If
we increase the leverage for a specific factor, i.e., if
we multiply all weights by the same factor, the risk
will increase for the same factor. As shown in the
Appendix 7 we can apply the Euler theorem which
leads to:

σp(x) =
∑
i

wi
∂σp

∂wi
=

∑
i

wiMRi (27)

MR can be easily derived analytically which yields:

MRi =
1

σp

∑
j

wjρi,jσiσj =
Cov(ri, rp)

σp
(28)

This can be expressed in terms of the beta of the
strategy i with respect to the portfolio P

βi,p =
Cov(ri, rp)

σ2
p

(29)

which leads to
MRi = βi,pσp (30)

See the literature [10, 11] for further discussion on
applications for asset allocation purposes.
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