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Abstract

RAROC (Risk-Adjusted Return on Capital) is widely used in �nan-
cial �rms as a risk-adjusted pro�tability measure, but its adoption in non-
�nancial �rms remains limited. This paper reviews its shortcomings for
non-�nancial companies and, based on recent empirical �ndings on the sta-
tistical distribution of long-term corporate pro�ts, �nds a RAROC-based
capital allocation theorem that is applicable even with the restrictions faced
by non-�nancial �rms.
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Resumen

La metodología RAROC (Rentabilidad Ajustada por Riesgo sobre el Cap-
ital) ha alcanzado una amplia adopción entre las instituciones �nancieras.
Sin embargo, su adopción en empresas no �nancieras sigue siendo limitada.
Este trabajo examina las di�cultades que previenen la aplicación del RAROC
y basándose en recientes resultados empíricos sobre la distribución estadís-
tica de las utilidades corporativas encuentra que la toma de decisiones basada
en RAROC es implementable incluso en contextos donde las empresas no
pueden modelar directamente sus retornos ajustados por riesgo.

Palabras clave: Gestión de riesgos; NLN; Pérdida esperada; RAROC.

1. Introduction

Markowitz (1952) showed that valuing investments solely by expected returns
was insu�cient as it ignored risk. He proposed a portfolio selection model based on
expected return and volatility, establishing modern portfolio theory, which earned
him the 1990 Nobel Prize in Economics. This framing re�ects an external investor's
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view but overlooks internal managers making investment and operational decisions
outside tradable securities.

Guill (2016) describes how in the 1970s Bankers Trust developed RAROC
(Risk-Adjusted Return on Capital), extending the traditional ROC (Return on
Capital) by explicitly adjusting returns for risk. RAROC allowed Bankers Trust to
build an internal portfolio theory, allocating capital across divisions by optimizing
risk-adjusted returns, much as Markowitz did with securities.

The approach spread across �nance, notably at Bank of America (Zaik et al.,
1996), and later shaped the Basel regulations (Basel Committee on Banking Su-
pervision, 2010, 2021), which set empirical limits on banks' risk-taking.

Banks led this shift because unlike industrial or commercial �rms, whose main
risk is reduced revenues, banks assume risk precisely when selling products. Ag-
gressively pursuing sales thus means aggressively taking risk, potentially to the
point of collapse. While non-�nancial �rms face fundamentally di�erent opera-
tional risks, these too are quanti�able and their risk-adjusted pro�tability has been
framed as �Corporate RAROC� (Oliver Wyman, 2009). Although the bene�ts of
risk-adjusted decision-making have been well demonstrated in banks and �nan-
cial institutions, Corporate RAROC as a decision-making tool has seen limited
adoption in non-�nancial �rms. Multiple surveys of capital allocators (Graham &
Harvey, 2001; Siziba & Hall, 2021) show that traditional, non�risk-adjusted mea-
sures such as NPV and IRR (Koller et al., 2020) continue to be the standard when
preparing budgets in industry.

This paper addresses this gap by developing the formulation of RAROC from
�rst principles and providing a self-contained review of its core components and
theoretical foundations. It then brie�y analyzes RAROC's relevance and appli-
cation in contemporary �nancial contexts. The discussion subsequently turns to
the challenges of applying RAROC within non-�nancial �rms, chief among them
the di�culty of applying the RAROC-maximizing Euler allocation principle given
the complexity of modelling the joint distribution of an entire company and its
potential projects. To address this issue, the paper incorporates recent �ndings on
the general distribution of long-term pro�ts to establish a RAROC-based capital
allocation principle that requires only the modelling of individual projects and the
estimation of each project's correlation with the �rm, thereby making RAROC a
more tractable tool for non-�nancial �rms.

2. A Review of RAROC

The formula for RAROC developed by Bankers Trust (James, 1996) for a
department D is:

RAROC[D] =
risk-adjusted net income of D

economic capital assigned to D
. (1)

Throughout, D denotes both the department and the random variable repre-
senting its pro�t.
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At a bank, net income includes all interest, commissions, and other income,
minus the known operational costs of generating that income. This is essentially
an accounting exercise. To obtain the risk-adjusted net income, however, the bank
must also consider uncertain losses associated with the income. A typical example
is loan defaults. Since a bank cannot know precisely who, when, or how many
clients will default, such losses only appear in accounting once realized. What
matters, though, is not any particular loss but the average expected loss. Thus,
one can de�ne

risk-adjusted net income of D = E[D], (2)

the expected pro�t after both known costs and average (expected) losses are ac-
counted for.

Economic capital is the capital a bank must hold to remain solvent under
severely adverse scenarios. While expected losses are already included in risk-
adjusted net income, economic capital corresponds to unexpected losses.

A widely used measure for this is Value-at-Risk (VaR) (Holton, 2002), de�ned
as

VaRα[X] = inf{x ∈ R : FX(x) > 1− α}. (3)

Since X represents a pro�t variable, losses correspond to negative realizations in
the left tail of the distribution. VaR therefore captures left-tail risk at con�dence
level α. This parameter has historically been set to α = 0.99 (Basel Committee
on Banking Supervision, 1996) to capture the extreme values on the left-tail. In
practice, VaRα[X] represents the maximum loss one should expect not to exceed
with probability α. However, holding capital only against the least severe loss at
this threshold is unsatisfactory.

A more robust alternative is Expected Shortfall (ES) (Acerbi & Tasche, 2002),
alternatively known as Conditional Value at Risk (CVaR) (Rockafellar et al., 2002),
de�ned as

ESα[X] =
1

1− α

∫ 1

α

V aRγ [X]dγ, (4)

which computes the average loss in the left tail beyond α. This has become the
standard under Basel III with α = 0.975 (Basel Committee on Banking Supervi-
sion, 2023). This measure is not only more informative than VaR but also satis�es
the desirable properties of a coherent risk measure (Artzner et al., 2001). A �rm
may set

economic capital of D = −ESα[D] (5)

as it ensures solvency on average in such extreme cases. Of note is the necessary
negation of ESα[D]. As D represents pro�t, the extreme left-tail will capture
negative values. Economic capital is meant to be the positive capital needed to
withstand such negative pro�ts (losses) so economic capital can be set to the exact
negation of the Expected Shortfall.
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Substituting 2 and 5 into 1 yields the expression

RAROC[D] =
E[D]

−ESα[D]
. (6)

Given this framing, a manager is expected to evaluate the entire company,
represented by the variable C =

∑n
k=1 Dk, where each Dk denotes one of the com-

pany's departments. The manager can then adjust the exposure to any given Dk

with the objective of maximizing RAROC[C]. In general, this optimization prob-
lem can be approached through allocation principles, and in particular through the
Euler allocation principle, which provides an exact criterion to determine which
Dk should be reduced or divested and which ones are suitable to receive additional
capital.

Tasche (2007) shows that for expected shortfall the Euler allocation principle
is given by

E[Dk]

−E[Dk|C ≤ V aRα[C]]
> RAROC[C] =⇒ RAROC[C + ϵDk] > RAROC[C],

for some ϵ > 0.

Two challenges arise from this formulation.

First, the criterion requires modeling the Dk (and therefore C), in order to
evaluate the initial inequality. Financial institutions typically address this re-
quirement by relying on extensive historical data to construct detailed risk mod-
els. Non-�nancial �rms, however, may lack su�ciently rich historical datasets to
support such modeling e�orts. In such cases, an alternative approach is given in
Section 3.

Second, the allocation principle guarantees only that ϵDk, for some ϵ > 0,
improves RAROC. It does not ensure that the full project satis�es the criterion
and may require iterative application to obtain a de�nitive result. In practice
a manager may only be interested in knowing if the full project is admissible.
For example, consider a private infrastructure �rm evaluating renewable energy
projects for acquisition. If the Euler allocation principle indicates that acquiring a
solar farm improves RAROC only when scaled to half the project size, the signal
may be of limited practical relevance. Although partial participation or scaling
down the project may be feasible in some cases, such adjustments are not always
straightforward. It may therefore be desirable to establish a capital allocation
criterion that provides a direct accept�reject signal with no additional parameters
much like NPV and then let managers decide if they wish to try the criterion on
di�erent scales of the same project. This is explored in Section 4.

3. The Distribution of Pro�ts

To maximize RAROC it is necessary to have a model for C. A general sta-
tistical model for corporate pro�ts would aid in this task. However, annual pro�t
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�gures are subject to short-term distortions such as earnings management and
one-o� accounting items, making a precise distributional law di�cult to establish
(Wibbens, 2025). Wibbens addresses this by proposing Long-Term Pro�t (LTP)
as a more reliable measure of economic performance, de�ned as the present value of
economic pro�ts above the cost of capital accumulated over a certain time horizon:

LTP [X] =

T∑
t=0

δtEPt[X],

where EPt[X] (Koller et al., 2020) is the operating pro�t in year t minus tax and
the opportunity cost of capital. Using EP normalizes for tax and �nancing e�ects,
which are often discontinuous. Using the discounting factors δt to sum values over
T years smooth out other discretionary shocks.

Wibbens �nds that LTP across an economy follows a normal log-normal (NLN)
(Yang, 2008) distribution XeY , with X and Y normal random variables. Condi-
tioned on geography or sector, the distribution remains NLN but with di�erent
parameters. This is intuitive: eY represents �rm size, while X serves as a nor-
mally distributed rate of pro�t. As a result LTP has the desirable property of
being normally distributed if conditioned by �rm size.

A company can be modeled as a �general company� conditioned by factors
such as region and industry. It will be assumed that after conditioning, pro�ts
still follow an NLN distribution. Similarly, a division or project D can be treated
as a company embedded within another, with its LTP also assumed to follow an
NLN distribution. Then numerical approximation may be used to apply the Euler
allocation theorem directly.

To motivate an example, if a manager knows the expected size of the com-
pany and the project, both variables may be modeled as normal. For normally
distributed pro�t random variables, the expected shortfall admits a closed form
(McNeil et al., 2005):

ESα[X] = µX − cασX , (7)

where cα = θ(ϕ−1(α))
1−α is a constant determined by θ, the standard normal density

function, and ϕ, the standard normal quantile at level α. For example, at α = 0.99,
cα ≈ 2.665. Note that the sign convention here di�ers from di�erent but equivalent
formulations where X represents loss instead of pro�t.

If a manager can make these assumptions and �nd the parameters for C and
D then the application of the Euler allocation principle is straightforward.

Suppose that (C,D) ∼ N

((
µc

µd

)
,

(
σ2
c ρσcσd

ρσcσd σ2
d

))
representing the case

where D is a new project or division under consideration and as such C currently
has no contribution from D. ESα[X] for C and D are given by 7. What remains
to be derived is −E[D|C ≤ V aRα[C]]. This can be computed by applying the
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properties of the joint normal distribution.

E[D|C ≤ V aRα[C]] = E[E[[D|C]|C ≤ V aRα[C]]

= E[µd + ρ
σd

σc
(C − µc)|C ≤ V aRα[C]]

= µd + ρ
σd

σc
E[C − µc|C ≤ V aRα[C]]

= µd − ρσdcα.

Therefore the Euler allocation principle applicable is

µd

ρσdcα − µd
>

µc

cασc − µc
=⇒ RAROC[C + ϵD] > RAROC[C],

providing a straightforward principle if all parameters are known.

However, some limitations remain as the previous classical application of the
Euler allocation principle requires that either the manager �nd the right NLN
models for C and D or make the normal assumption and �nd the right normal
models for C and D. In either case, �nding the right model for C is expected
to be an exponentially more di�cult task than �nding the right model for D and
may be the bottleneck in adoption. Additionally, as discussed previously, the issue
of scaling D remains. The following section attempts to address these practical
issues.

4. Extending Euler-Like Capital Allocation to Non-

Financial Firms

It would be useful to have a simple allocation principle that guaranteed that
a non-fractional portion of D improves the RAROC of C. To motivate one such
principle some further simpli�cations are considered.

Again let (C,D) ∼ N

((
µc

µd

)
,

(
σ2
c ρσcσd

ρσcσd σ2
d

))
. A strength of the alloca-

tion principle is its mathematical generality. In practice, however, not every pair
(C,D) is of equal interest. The following economically motivated conditions nar-
row the scope to cases that are more likely to arise in a corporate setting and may
be of greater relevance to practitioners.

1. Positive economic capital (−ESα[C], −ESα[D], −ESα[C + D] > 0):
Managers will expect that no decision is risk-free so all of C, D and C +D
must be assigned a positive economic capital.

2. Positive means (µc, µd > 0): Managers performing this analysis may ex-
pect their company to have positive long term pro�ts, so µc > 0 is most
relevant. Such managers may also most often consider projects with a posi-
tive expectation of long term pro�ts so µd > 0 can be assumed. It is worth
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noting that this assumption can exclude insurance, hedging or similar in-
vestments that on average produce no positive income but rather protect
the company against extreme scenarios.

3. Variance dominance (σc >
σ2
d

2
): Managers may most often be making

decisions for companies that are signi�cantly larger as a whole than any
individual project or division under consideration. The most convenient way
of expressing this, as will be seen in the derivation of the theorem, is to
assume that the variance of C dominates that of D as presented. Consider
the example of a large manufacturer launching a single new product line.
The variance in the pro�ts of that single product will be nothing compared
to the variance in the pro�ts of the company as a whole. This condition is
admittedly the most exclusive as it may not apply to small companies or to
large companies pursuing equally large investments such as strategic mergers

or acquisitions of large rivals. Note that the inequality σc >
σ2
d

2 presents a
dimensional inconsistency so it must only be interpreted as a statement on
the magnitude of σc compared to that of σd.

Given these constraints, the following Euler-like principle is found.

Theorem 1. Let (C,D) ∼ N

((
µc

µd

)
,

(
σ2
c ρσcσd

ρσcσd σ2
d

))
where µc, µd > 0,

−ESα[C],−ESα[D],−ESα[C +D] > 0 and σc >
σ2
d

2 . Then

µd > κccαρσd + κccα =⇒ RAROC[C +D] > RAROC[C],

where κc =
RAROC[C]

1+RAROC[C] .

Proof . The following RAROC values are given:

RAROC[C] =
µc

cασc − µc
;RAROC[D] =

µd

cασd − µd
;

RAROC[C +D] =
µc + µd

cα
√
σ2
c + σ2

d + 2ρσcσd − µc − µd

.

It must be proven that

µc + µd

cα
√
σ2
c + σ2

d + 2ρσcσd − µc − µd

>
µc

cασc − µc
.

To simplify the algebra de�ne X = µd(cασc−µc)
cαµc

= µd

cαRAROC[C] . It can be seen

that this constant is positive. Then the inequality is equivalent to
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cασc + cαX > cα

√
σ2
c + σ2

d + 2ρσcσd − µd

σc +X +
µd

cα
>
√
σ2
c + σ2

d + 2ρσcσd

σ2
c + 2σc

µd

cα
+ 2σcX +

(
µd

cα

)2

+
2µdX

cα
+X2 > σ2

c + σ2
d + 2ρσcσd

2σc
µd

cα
− 2ρσcσd + 2σcX +X2 +

2µdX

cα
> σ2

d −
(
µd

cα

)2

2σc

(
µd

cα
− ρσd +X

)
+X2 +

2µdX

cα
> σ2

d −
(
µd

cα

)2

.

By the hypothesis of the theorem, 2σc > σ2
d andX2+ 2µdX

cα
> 0 so the inequality

will always be true if µd

cα
− ρσd +X > 1. This can be simpli�ed as:

µd +
µd

RAROC[C]
> cαρσd + cα

µd

(
1 +

1

RAROC[C]

)
> cαρσd + cα

µd > κccαρσd + κccα.

Note that the constants κc and cα are smaller than, or not much larger than, 1.
In practice, µd and σd will be denominated in the hundreds of thousands of dollars,
if not millions, so the term κccα is of little consequence for the inequality. For this
reason, the discussion will proceed with the simpli�ed inequality µd > κccαρσd.

The theorem has a dependence on RAROC[C] however with some further
assumptions it can be reduced. First, κc is an increasing function of RAROC[C]
and limRAROC[C]→∞ κc = 1 so µd > cαρσd can be derived as a criteria that
guarantees RAROC improvement. If this bar is too high then we can consider
that in practice, it will be very odd for RAROC to exceed 50% at which point
κc =

1
3 which gives the easier principle µd > cαρσd

3 .

5. Proposed Application

The criterion µd > cαρσd

3 succeeds in (i) providing a simple accept�reject rule,
(ii) applying to the project in its entirety, and (iii) relying primarily on modeling
the individual division D requiring only the estimation of its correlation to C.

To apply this result in practice the manager is expected to construct a prob-
abilistic model of D and estimate µd and σd while the choice of ρ may be done
empirically. As D is an individual project it will be assumed that the manager can
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achieve a very high certainty for these parameters but the industry-speci�c meth-
ods that might be used to achieve this are beyond the scope of this paper. Decision
error may therefore come from improperly specifying ρ or from non-normality.

5.1. Sensitivity to ρ

Table 1: Average maximum correlation ρ that allows for RAROC improvement, given
RAROC[D], RAROC[C], and α = 0.9. Rows correspond to RAROC[D] and
columns to RAROC[C]. Each label represents a 5% bin: e.g., �0%� includes
values in [0%, 5%), �5%� includes values in [5%, 10%), and so on. On average
50 scenarios per bin.

RAROC[D]\RAROC[C] 0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

0% 0.75 0.30 0.23 0.15 0.13 0.09 0.10 0.09 0.08 0.07 0.06

5% 0.99 0.72 0.64 0.39 0.37 0.28 0.28 0.22 0.21 0.19 0.18

10% 1.00 0.97 0.96 0.66 0.61 0.50 0.45 0.38 0.36 0.33 0.33

15% 1.00 1.00 1.00 0.88 0.85 0.66 0.55 0.52 0.48 0.46 0.42

20% 1.00 1.00 1.00 0.99 0.96 0.81 0.75 0.64 0.60 0.56 0.54

25% 1.00 1.00 1.00 1.00 1.00 0.94 0.88 0.77 0.72 0.62 0.63

30% 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.89 0.80 0.75 0.71

35% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.89 0.83 0.81

40% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.97 0.91 0.85

45% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.93

50% 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99

If a model of D is found and µd, σd are known, then after �xing α, the criterion
shows that higher correlation is detrimental to RAROC maximization. A manager
who has chosen ρ empirically may �rst compare it to the maximum ρ that would
still satisfy µd > κccαρσd, assuming all other parameters remain �xed, to obtain an
estimate of the available margin of error. However, the true condition for RAROC

improvement is 2σc

(
µd

cα
− ρσd +X

)
+X2 + 2µdX

cα
> σ2

d −
(

µd

cα

)2

, which may be

true even if the criterion fails. Regardless, the e�ect of ρ remains detrimental so
for any pair of C and D, a true maximum ρ that allows for RAROC improvement
exists and must be greater than or equal than the one implied by the criterion.

This true maximum ρ will depend on the true parameters for C which are
unknown. A simulation of thousands of di�erent C paired with di�erent choices of
D is summarized in Table 1, showing the average maximum ρ for each pair. For
example, if the RAROC of D is around 30% and RAROC[C] = 50%, then ρ must
be less than 0.71 to improve RAROC on average.

If the criterion is used within an organization, an additional parameter can be
adopted for error tolerance in ρ, and margin of error can be estimated from the
values in Table 1 or from a more focused simulation tailored to the company's
speci�c assumptions.
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5.2. Sensitivity to Non-Normality

The theorem can be tested for a non-normal C. Borrowing from Wibbens
(Wibbens, 2025) one can use the LTP model XeY for the consumer discretionary
industry with parameters µX = 0, µY = −1.3, σ = 2.3, and ρXY = 0.28. This
model for C has mean $2.47B and expected shortfall at α = 90% equal to $−5.68B
so RAROC[C] = 43% making it a perfect candidate.

The model that might be used for D is unknown but testing includes normally
and NLN distributed D with each test involving 1,000 variants satisfying the hy-
pothesis of Theorem 1 with a uniform spread of correlation to C from 0.5 to 0.9
which in practice might be the most relevant range. For each test the RAROC
Improvement Rate represents the percentage of the generated D that result in
RAROC[C +D] > RAROC[C]. Results are summarized in 2.

Table 2: Statistical evidence for the criterion when C is non-Normal.

Distribution for D Criterion Used RAROC Improvement Rate

Normal µd > cαρσd
3

94.5%

NLN µd > cαρσd
6

99.3 %

NLN µd >
ρ(µd−ES90%[D])

3
95.5%

For all choices, the theorem no longer holds in general but holds in most sim-
ulated scenarios. Of note is that in the variants of D that were tested all cases
where D fails to improve the RAROC of C are scenarios where ρ < 0.6. This may
indicate that the criterion completely breaks down for small ρ but that might not
be relevant as D may be expected to be highly correlated to C.

For the �rst NLN test it turns out that it is hard to �nd distributions that �t the
criterion. This happens because NLN distributions are expected to be right-skewed
so standard deviations can be large even if the expected shortfall is much smaller
than a similar normally distributed D. To test the criterion anyway, a smaller
κc is chosen and RAROC improves almost surely. However, rather than choosing
an arbitrary κc it might be more inspired to substitute cασd = µd − ESα[D] in
the original criterion. This �nal generalized criterion has a similar success rate as
the normal test. Interestingly, the results show that just like in the normal case,
failure is most common when ρ < 0.6.

6. Conclusion

This paper addressed the limited adoption of RAROC in non-�nancial �rms
by focusing on the technical di�culty of implementing the models required to
apply the Euler allocation criterion. Theorem 1 establishes a potential solution
by providing an Euler-like principle whose dependence on C is limited only to
ρ, the correlation between C and D, and which guarantees that adding D in its
entirety to C will improve the RAROC. This results in an application of RAROC
with much lower statistical requirements. By forecasting the LTP of a project D,
managers can obtain reasonable estimates of µd and σd and empirically assign a
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ρ based on how similar the project is to the company's current operations. The
theorem or its generalization can then be applied to assess whether the project is
expected to improve the company's overall risk pro�le, even if the distribution of
C remains unknown.

While this result has practical value, it represents only an initial step in de-
veloping Euler-like principles for non-�nancial �rms, and is applicable only where
its assumptions can be veri�ed. With further research on pro�tability metrics and
the statistical properties of the NLN distribution, it is likely that additional and
more general principles will be discovered.

It is also important to acknowledge that technical di�culty may not be the only
barrier to RAROC adoption in non-�nancial �rms. If the primary objective of a
�rm is shareholder value maximization, it is worth noting that RAROC maximiza-
tion is not in general equivalent to �rm value maximization (Froot & Stein, 1998).
The RAROC-based allocation principle developed in this paper should therefore
be understood as a tractable decision-support criterion rather than a surrogate for
value maximization, and examining the conditions under which the two align in
non-�nancial �rm settings is a natural direction for future work.[
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