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Abstract The efficient allocation of scarce financial resources lies at the core of
financial management. Whenever humans are involved in the allocation process, it
would be reasonable to consider abilities, in order to assure efficiency. For the context
of coordinating investment decisions, the competitive hurdle rate (CHR) mechanism
(Baldenius et al. in Account Rev 82(4):837–867, 2007) is well established for allo-
cating resources. This mechanism is derived from an agency model, which, as is
the nature of agency models, assumes agents as being fully competent. We employ
the agentization approach (Guerrero and Axtell in Emergent results of artificial eco-
nomics, Lect Notes Econ Math, vol 652. Springer, Berlin, pp 139–150, 2011) and
transfer the logic behind the CHR mechanism into a simulation model, and account
for individual incapabilities by adding errors in forecasting the initial cash outlay, the
cash flow time series, and the departments’ ability to operate projects. We show that
increasing the number of project proposals, and decreasing the investment alternatives
diversity (in terms of their profitability only), significantly decreases the fault tolerance
of our CHR mechanism. For misforecasting cash outlays, this finding is independent
from the error’s dimension, while for larger errors in forecasting cash flows, and the
departmental ability, the impact of diversity reverses. On the basis of our results, we
provide decision support on how to increase the robustness of the CHR mechanism
with respect to errors.
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1 Introduction and research question

Capital budgeting is among the most important tasks of financial management (Ryan
and Ryan 2002). Among other reasons, this is because the level of efficiency of a
euro spent on investment critically affects the long-term health of a business organiza-
tion (Minton et al. 2002). Corporate capital budgeting is, at the same time, inherently
difficult to handle as it entails the need to forecast payoffs over multiple future peri-
ods (Rogerson 2008), making it prone to fault—and the methods for coordinating
investment decisions are by no means set in stone: earlier research reveals a distinct
preference for pay pack methods (Miller 1960; Schall et al. 1978). From the 1970s
onwards, methods that rely on the discounted cash flow paradigm, and methods that
are based on the concept of the internal rate of return have, however, progressively
gained attraction (Fremgen 1973; Brigham 1975; Ryan and Ryan 2002).

The majority of the coordination mechanisms employed follow a purely ‘central-
ized’ approach, and their core part is to identify an efficient intra-organizational allo-
cation of investment spending in the context of a single decision maker’s optimization
problem. For the case of multiple decision makers and distributed decision-making,
little is known on how business organizations may succeed in optimally balancing
interests on the departmental level and overall corporate interests, like, e.g., embodied
in shareholder wealth maximization (Young and O’Byrne 2002; Miller and O’Leary
2005). With respect to this trade-off, the work of Baldenius et al. (2007) is a remarkable
exception (which is why our research work is significantly influenced by their ideas).
These authors propose a (strongly incentive compatible) capital market-like mecha-
nism for efficiently coordinating corporate investment decisions in the case of limited
financial resources. In particular, Baldenius et al. (2007) elaborate on a mode of deter-
mining capital costs, and integrating these costs into a system of corporate performance
measurement. On the departmental level, the scarcity of the budget causes rivalry with
respect to project funding, where a coordinating unit determines all costs of capital
for the investment opportunities in consideration of the degree of intra-organizational
competition (cf. Leitner and Behrens 2013a). Based on these capital costs announced
to the departments, multiple decision makers independently decide whether they really
want to operate the proposed investment opportunities, where incentives are shaped in a
way that individual decisions go alongside a maximization of the shareholders’ wealth.

Baldenius et al. (2007) derive their so-called competitive hurdle rate (CHR) mech-
anism from an agency model, which incorporates restrictive assumptions about the
individuals involved and the information accessible to the individuals. Axtell (2007)
subsumes these assumptions as ‘the neoclassical sweetspot’: full rationality, perfect
homogeneity of the agents, and non-interactiveness. In addition, neoclassical mod-
els assume that agents are fully competent in doing whatever it is they have decided
to do (mostly to meet some predetermined objective) (Hendry 2002). Another set of
assumptions incorporated into neoclassical models postulates the availability of highly
specific information for the individual. Summing up, we can claim that it is plausible
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to infer that changes in any of these assumptions pertaining to the agents’ individ-
ual capabilities as well as to their access to information will both crucially affect
the efficiency of the derived budget allocation mechanisms and cause a significant
deviation from the commonly accepted (neoclassically oriented) literature. The latter
already discusses that agency models are sometimes inappropriate for an application
in the context of corporations, and, thus, most likely investigate research questions,
which have a relatively low relevance for organizational practice (Eisenhardt 1989;
Fisher 1989; Ghoshal and Moran 1996; Hendry 2002). While agency models are of
immense merit when focusing on problems of adverse selection and moral hazard
(i.e., the ‘principal’s problem’, cf. Ross 1973; Furubotn and Richter 2000; Laffont and
Martimort 2002), the problem of limited competence remains unconsidered. Hendry
(2002) takes note of this. He argues that such perfect competence does not exist in real
world settings, and bluntly describes agents as being ‘incompetent’. In other words,
even if agents undertake relatively simple tasks, they are prone to making errors due
to limitations in foresight, knowledge, and rational understanding. In addition, com-
munication issues due to differences in language, culture, and cognition lead to agents
slipping up (Martin 1993; Simon 1991; Hendry 2002).

Within the context of corporate decision-making, Christensen and Knudsen (2007)
discuss that, for future research, it is necessary to investigate the correlation between
individual ability, the economic context in which organizations act, and the corporate
decision-making structure. We take a first approach to come up to individual ability
by analyzing the robustness of an implementation of a mechanism that rests upon the
computation of the CHR augmented by the ‘incompetence’ of agents and the lim-
itations in the accessibility of information. Moreover, we analyze variations in the
extent of project heterogeneity with respect to the returns on investment, which can
be regarded as a very rough proxy for the corporation’s economic context. In addition,
we focus on the organizational rather than on the decision-making structure of a busi-
ness organization, i.e., we aim at exploring whether there is an impact of the level of
intra-organizational competition for scarce financial resources on the fault tolerance
of our CHR born mechanism.

To do so, we employ a so-called agentization approach1 (Guerrero and Axtell 2011)
and conceptually transfer the logic behind Baldenius et al. (2007)’s CHR mechanism,
which is derived from an agency model, into a simulation model (see Sect. 2). Please
notice that agency models and agentized simulation models are two distinct research
paradigms which hardly have anything in common. Agency models are concerned
with problems between parties of a contract (e.g., employer and employee) that arise
when there are conflicting objectives, information asymmetries, or when it is difficult
for the principal to observe the agent’s actions (Ross 1973; Eisenhardt 1989; Leitner
2013). Agentized models, such as the one presented here, do, however, not aim at

1 Agentization is the exercise of rendering neoclassical models into computational ones. In our case, it
allows us to get rid of a neoclassical core assumption: agents are no more homogeneous [corresponding to
the representative agent assumption, see, e.g., Kirman (1992)]. Moreover, we drop the assumption of agents
being fully informed, presume that agents are not fully capable to execute their plans, and perceive agents
to be able to interact (in spite of the fact that interaction is excluded between department managers, while
the coordinating unit of a business organization interacts with all of its departments).
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analyzing such contractual relationships, but investigate the impact of agents’ deci-
sions and actions on the micro-level, i.e., the departmental level, on the macro-level,
i.e., the overall outcome in terms of efficient project selection and implementation (cf.
also Ma and Nakamori 2005; Tesfatsion 2006). Since we are particularly interested in
the impact of distorted forecasts on the efficiency of the investment selection rules in
the case of distributed decision-making, we will model department managers as being
incapable of correctly forecasting (all) measures related to the investment alternatives
for which they apply for funding (like the initial cash outlay, the intertemporal distrib-
ution of cash flows, and their abilities or efficiencies of operating an investment alter-
native). With respect to the availability of information, Baldenius et al. (2007) assume
that some main measures related to investment alternatives are common knowledge.
Since accumulating knowledge about project measures is usually costly and gained
through expert knowledge and sophisticated forecasting, here we reject this ‘common
knowledge assumption’. Rather, we endow the decision makers involved with lim-
ited information bases, i.e., with ‘private knowledge’, but compensate by introducing
additional communication channels between the coordinating unit and the department
managers.

Utilizing our model to investigate several scenarios (which are described in
Sect. 3), Sect. 4 will show that a higher degree of organizational sophistication,
reflected by a higher number of serious project proposals, makes the CHR born mech-
anism presented here more vulnerable with respect to the occurrence of forecasting
errors. Moreover, we will learn that whenever project alternatives hardly differ with
respect to their returns on investment parameters, forecasting errors also severely
challenge robustness. On the contrary, we find that—as far as forecasts in cash flow
series, initial capital outlays, and the departments’ abilities of carrying out projects are
considered—a higher degree of ‘investment heterogeneity’ (where, for a real world
organization’s management, this degree could be subject to choice in the short-run)
allows for admission to the realm of increased fault tolerance. For errors in forecasting
cash flow time series, and the departmental ability of operating projects, this finding
reverses, as the dimension of the according error increases.

2 The simulation model

Let a business organization consist of n ≥ 2 departments and a coordinating unit.
Departments are in charge of setting up and carrying out investment projects, where all
n departments viz. department managers are endowed with decision-making authority
with respect to whether or not to implement investment opportunities. As we assume
that acquiring financial resources from outside the organization is not feasible for them,
department managers have to rely on funding from within the corporation, where the
business organization aims at allocating scarce financial resources such that its share-
holders’ wealth is maximized (Young and O’Byrne 2002; Meier et al. 2001). If a
department manager decides to operate an investment opportunity,2 it is funded by the

2 Note that we do not refer to all investment opportunities within a cooperation, but only to those that
compete for the same pot of funding.
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Fig. 1 Coordinating investment decisions: course of actions and information exchanged

corporation but, at the same time, it is charged for the provision of the initial cash out-
lay based on a CHR born rule. In our model, we do not establish any communication
between departments, and assume that the investment opportunities implemented do
not cause any spillover effects.

We implement the ‘CHR mechanism’ in the following way (cf. also Fig. 1):3 We
model decision makers on the departmental level or for short departments, as referring
to risk-neutral ‘agents’, and the ‘principal’ as referring to a coordinating unit which
is in charge of coordinative tasks, and the allocation of the scarce financial budget.
At time period t = 0, each department i (i = 1, . . . , n) proposes to the coordinating
unit exactly one investment alternative of durableness T , to be implemented in the
following period, t = 1. Note that, for the rest of the paper, the index i indicates both a
department and the project intended to be carried out by that department. After receiv-
ing all project proposals, the coordinating unit computes all project-specific costs of
capital and individually communicates this information to the respective proposing
department. Whenever a department decides to put its project proposal into action, in
every time period t (t = 1, . . . , T ), it will be charged according to the project-specific
capital cost announced. Then, each department will have to decide on the basis of
expected future utility whether or not to operate the proposed project. In this regard,
like Baldenius et al. (2007), without loss of generality, we impute that due to a scarcity
of financial resources the corporation can provide funding for at most one project. We
account for this by defining a binary variable Ii ∈ {0, 1} that indicates whether the
project proposed by department i is put into action (Ii = 1) or not (Ii = 0). Then,
considering the restriction that at most one project can be funded, a feasible corporate
investment strategy fulfills

n∑

i=1

Ii ≤ 1. (1)

3 The simulation model was implemented using Visual Basic for Applications.
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Consequently, all project-specific capital costs have to be computed in a way so that
the autonomously deciding departments are provided with appropriate incentives to
put into action only the most profitable project proposal (cf. Eq. 1), i.e., the project
yielding the maximum gain in net present value (NPV). This sequence of events and
the associated exchanges of information between departments and the coordinating
unit are summarized in Fig. 1.

Without loss of generality, at t = 0, we normalize all status quo cash flows to
zero. The departments’ initial selection of project proposals is modeled ‘by drawing n
investment projects out of n randomly generated investment landscapes’ (see e.g., Leit-
ner and Wall 2011a, b). Let the drawn investment alternatives be characterized by the
following three main parameters (where the true values of these parameters are not
known with certainty by any of the departments before a realization of the correspond-
ing project): (1) an initial cash outlay, κi , which is drawn from the uniformly distributed
interval K = [κ, κ] ⊂ R

+, and (2) a parameter ηi , which covers project i’s return on
investment as a fraction of the initial cash outlay, κi . For all departments, the parameters
ηi are drawn from the uniformly distributed interval H = [η, η] ⊂ R

+∪{0}. Finally,
let projects be characterized by (3) an intertemporal distribution of cash flows, where
project i’s cash flow share for time period t is denoted by γi t . Notice that

∑T
t=1 γi t = 1.

The cash flow shares are generated according to the rule

γi t = cit∑T
τ=1 ciτ

, (2)

where the proportions cit are randomly drawn from the unit interval. We assume the
lower and the upper bounds of the intervals K and H to be ex ante fixed (e.g., by
the coordinating unit). Thereby, the departmental freedom of action is limited. This
assumption captures managerial control in real world situations. Widening the intervals
favors projects that are potentially more heterogeneous with respect to initial cash
outlay and return on investment. Also randomly generating the intertemporal cash flow
distributions implies a considerable degree of heterogeneity among project proposals.

In addition, we assume that the departments are non-homogeneous with respect
to their abilities of operating investment projects. To model this, let each department
i be characterized by an ability parameter, ρi , which is drawn from the uniformly
distributed interval P = [ρ, ρ] ⊆ [0, 1], and which is not known with accuracy by
department i before realization of the project proposed by it. Given the projects’ and
the departments’ characteristics, in time period t , the operative cash flow of the project
carried out by department i results in χi t · ρi , where

χi t := κi · ηi · γi t . (3)

Let project i’s intertemporal distribution of cash flows be then represented by the
T -dimensional row vector

xi = [χi1 χi2 . . . χiT ] . (4)

Contrary to Baldenius et al. (2007), we assume information about xi not to be com-
monly available, but make it department i’s very private task to accumulate information
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Fig. 2 Model structure

about xi , which is gained through forecasting only. Notice that this is a result of non
establishing communication among departments.

In line with Baldenius et al. (2007), we model department i’s ability of operating
project proposals, ρi , as unknown by all departments other than i . As indicated by
the dashed boxes in Fig. 2, this leads to disjointed departmental information spaces.
The coordinating unit’s information space, which is indicated by the dashed circle,
is filled with the projects’ forecasted measures reported by the departments. Figure 2
indicates the existing communication channels by solid arrows, where information is
exchanged as illustrated by Fig. 1.

In contrast to Baldenius et al. (2007), we reject the departments’ perfect foresight
assumption with respect to the main measures related to their intended investment
projects. Rather, we model departments to make forecasting errors and declare that
these non-systematical errors occur due to ‘the principal’s other problems’, as elabo-
rated by Hendry (2002). We assume all errors to be normally distributed with mean
zero and variance σ 2, and model them as adjoined to the undistorted values of the
projects’ measures.4 Regarding the sequence of the departmental actions, the fore-
casting procedure is captured by Fig. 1, step S1. We denote the forecasts of the three
measures associated with projects as follows: (1) the distorted forecast of project i’s
initial cash outlay is represented by

4 In order to avoid negative forecasts, we limit the error terms to ±3σ .
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κ̂i := κi (1 + εiκ), (5)

with εiκ ∈ N (0, σ 2
κ ). Correspondingly, (2) department i’s error in forecasting the

achievable cash flow for period t is included in

χ̂i t := χi t (1 + εi tχ ), (6)

with εi tχ ∈ N (0, σ 2
χ ). We denote project i’s forecast of future cash flow streams by

the T -dimensional row vector x̂i = [
χ̂i1 . . . χ̂iT

]
(cf. also Eq. 4). Finally, (3) the

erroneous forecast of department i’s ability of operating project proposals results in

ρ̂i := ρi (1 + εiρ), (7)

with εiρ ∈ N (0, σ 2
ρ ).5

When all project measures are forecasted according to Eqs. 5–7, they are next
reported to the coordinating unit (cf. Fig. 1, step E1).6 The coordinating unit, then, cal-
culates project specific capital costs and announces them to the departments (cf. Fig. 1,
steps S2 and E2). As the coordinating unit’s information space is restricted to the values
estimated and reported by the departments (cf. the dashed circle in Fig. 2), the project
specific capital costs are computed on the basis of the departments’ distorted forecasts.

For the calculation of project-specific capital costs (cf. Fig. 1, step S2), the coordi-
nating unit starts with calculating all projects’ NPVs. Let the discount factors, which
are needed to come up with the NPVs, be defined by the T -dimensional column vector

r(r)=
⎡

⎢⎣
(1 + r)−1

...

(1 + r)−T

⎤

⎥⎦ , (8)

where r stands for the cost of capital. Then, project i’s NPV results in

Λi (r, ρi ) := PVi (r(r) , xi , ρi )−κi = r(r) ◦ xi · ρi −κi . (9)

Recall that the coordinating unit’s information is restricted to values reported by the
departments (cf. Fig. 2). Let, then, Eq. 9 be augmented by the corporation’s cost of cap-
ital rc ≥ 0 and the project i’s NPV computed on the basis of the departments’ estimates
(cf. Eqs. 5–7) by Λ̂i

(
rc, ρ̂i

) := PVi
(
r(rc) , x̂i , ρ̂i

)− κ̂i . This implies that the NPVs for

the proposed projects 1, . . . , n are given by Λ̂1
(
rc, ρ̂1

)
, . . . , Λ̂n

(
rc, ρ̂n

)
, respectively.

5 Please notice that the introduced types of errors are independent of each other. I.e., to build up a simulator,
we first generate the investment alternatives with all their associated measures upon realization. Then,
second, the agents have to forecast these (unknown) measures whereby the forecasts are always based on
the error-free case. Thus, errors are independent so that, for example, an erroneous forecast of the initial
cash outlay (cf. Eq. 5) does not affect the basis for forecasting the cash flow time series, χi t , in Eq. 6.
6 Note that agency problems are excluded in the approach presented here. Thus, any deliberate misreporting
from the departmental side can be ignored. Agents are ‘incompetent’ but not dishonest.
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Next, for each project proposal a critical NPV, Λ̂∗
i , is computed. This critical level

of the NPV corresponds to the highest NPV of all projects other than i . Let the critical
NPV be formalized by

Λ̂∗
i := max

{
Λ̂1

(
rc, ρ̂1

)
, . . . , Λ̂i−1

(
rc, ρ̂i−1

)
, Λ̂i+1

(
rc, ρ̂i+1

)
, . . . , Λ̂n

(
rc, ρ̂n

)}
.

(10)

Λ̂∗
i is computed utilizing the organization’s cost of capital, rc. Next, for each depart-

ment i the coordinating unit calculates a critical level of the ability parameter for which
Λ̂∗

i constitutes the basis, i.e.,

ρ̂∗
i := ρ̂∗

i (rc) = ρ̂i · Λ̂∗
i

Λ̂i
(
rc, ρ̂i

) . (11)

The expression ρ̂∗
i , as defined in Eq. 11, constitutes the lowest level of ability, for

which department i would operate project i at least as profitable as all other n−1
projects. Moreover, ρ̂∗

i constitutes the basis for determining the hurdle rates, i.e., the
project-specific costs of capital. We denote these hurdle rates, which are computed by
exponential interpolation, by r∗

1 , . . . , r∗
i , . . . , r∗

n . The project-specific costs of capital
are implicitly defined by

Λ̂i
(
r∗

i , ρ̂∗
i

) = 0. (12)

Next, the coordinating unit announces the hurdle rates, r∗
i , to the submitting depart-

ments, which have to decide whether or not they put into action their proposed invest-
ment project (cf. Fig. 1, steps E2 and S3). In particular, they decide to implement the
project if the corresponding NPV is positive, which yields the following decision-
making rule:

Ii =
{

1, if Λ̂i (r∗
i , ρ̂i ) > 0,

0, otherwise.
(13)

Whenever a department decides to operate the proposed project (i.e., Ii = 1), it is
charged according to the relative benefit depreciation schedule (cf. Rogerson 1997),
using the hurdle rate, r∗

i , as a discount factor. Then, department i’s capital charge rate
in time period t can be computed by

κi · χ̂i t

r
(
r∗

i

) ◦ x̂i
. (14)

In every time period t , departments get rewarded a variable compensation, which
is computed as a function of residual income, i.e., as f (υi t), where department i’s
residual income in period t is given by operative cash flow, χi t ·ρi (cf. Eq. 3) minus
the capital charge rates (cf. Eq. 14), i.e.,

υi t =
(

χi t ·ρi − κi · χ̂i t

r
(
r∗

i

) ◦ x̂i

)
· Ii . (15)
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Let, then, department i’s future variable compensation components be denoted by the
T -dimensional row vector

vi = [ f (υi1) . . . f (υiT )] . (16)

We assume departments to aim at maximizing their individual utilities, which are set
up as functions of the variable compensation component based on residual income,
and refer to department i’s utility function as

Ui (r(rc) ◦ vi ), (17)

where, for simplicity, we assume departments to discount their future variable compen-
sation components at the corporation’s cost of capital, rc. Rule 13 implies that putting
into action the proposed project is attractive only for one department. The CHR born
mechanism aims at maximizing the corporations utility, which we denote by

Uc(Λi (rc, ρi ) − r(rc) ◦ vi ), (18)

subject to Eq. 1. Notice, however, that the investment budget allocation mechanism is
based on data forecasted by the departments, which are potentially erroneous, and not
on the data observed upon realization. Thus, the project eventually realized will not
necessarily maximize Eq. 18, which is caused by the departments’ ‘incompetence’ in
forecasting investment indicators (cf. Eqs. 5–7), and the limitation in the corporation’s
information space (cf. Fig. 2).

3 On the simulation setup and measuring robustness

To investigate our research question and diagnose indications for fault tolerance of
the allocation procedure presented in Sect. 2, we will simulate variations in model
parameters sketching the following four attributes: (1) the agents’ incompetence in
forecasting, (2) the level of project heterogeneity, (3) the investment alternatives’ use-
ful life span, and (4) the level of organizational sophistication.

The set of forecasting distortions to be studied is implemented according to Eqs. 5–
7, where the agents’ ‘incompetence’ is modeled by adjoining normally distributed
errors with mean 0 and variance σ 2 to the true values. In order to investigate different
levels of the agents’ incapability in forecasting, we run simulations for σ = 0.05 up to
σ = 0.3, where we increase σ in steps of 0.05. We define the (2) level of project het-
erogeneity to correspond to the length of the interval H = [η, η], i.e., as the diversity in
the projects’ return on investment parameters. In order to express and measure project
heterogeneity, we introduce H := η − η.7 As H increases, also the level of ‘project
heterogeneity’ increases, and vice versa. In particular, we regard H to be a proxy for
the corporation’s economic context from the supply-side perspective on investments,
i.e., a higher H indicates a more diverse structure of offers for investment alternatives.

7 Notice that changes H = [η, η] affect each and every project.
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A high level of heterogeneity, here, might be caused by intense competition on the
supply-side market. A low H , on the contrary, represents a rather narrow supply-side
market for investment projects. Very customized investments and very specialized
suppliers might be the case for this scenario. We run simulations for the parameter
H = 0.5 to 2.5 by fixing η at 1.5 and altering η from 2.0 to 4.0 in steps of 0.5. For (3)
the assets’ useful life, T , we take account of the term structure and simulate scenarios
for T = 3, 5, and 7. Finally, for (4) the level of organizational sophistication we
simulate variations in the number of departments, and thus, in the number of proposed
project alternatives. In particular, we investigate our research question for n = 2, 4,

and 6.
All other model parameters are kept constant throughout the simulation experi-

ments: the corporation’s cost of capital, rc, is fixed at 0.1, and project i’s initial cash
outlay (for i = 1, . . . , n) is drawn from U [100,000, 110,000]. Moreover, department
i’s ability to operate project i is drawn from U [0.8, 0.85]. Thus, for all three types
of forecasting error (cf. Eqs. 5–7), we investigate 6 × 5 × 3 × 3 scenarios, each by
performing 80,000 simulation runs (which last from t = 1 till t = T ). Thus, we run
3 × 270 × 80,000 simulations in total.

In order to evaluate the robustness of the CHR born mechanism presented here,
we report two measures: the probability for carrying out suboptimal projects, and
the average foregone NPV when doing so. Let the project with the highest NPV be,
therefore, indicated by i∗ := {i |maxi (Λ (rc, ρi ))}, and the project finally realized by
i (∗) := {i |Λ̂i

(
r∗

i , ρ̂i
)}. Then, we denote the probability for carrying out suboptimal

projects by

P̃ := P

[
i (∗) 
= i∗

]
. (19)

Above, we have already mentioned that we perform S = 80,000 simulations per sce-
nario. For all of these we store the NPVs, Λs

i∗ (rc, ρi∗), and the NPVs of the projects
finally carried out, Λs

i (∗)

(
rc, ρi (∗)

)
, where the superscript s (s = 1, . . . , S) indicates the

simulation run. Then, for each of the 270 scenarios (which cover all possible combi-
nations of the parameters σ , H , T , and n), the average foregone NPVs are calculated
according to

Λ̃ := 1

S

S∑

s=1

Λs
i (∗)

(
rc, ρi (∗)

) − Λs
i∗
(
rc, ρi∗

)
. (20)

Equations 19 and 20 give valuable information about the fault (in)tolerance of a
CHR born way of investment coordination. We regard this as important (additional)
knowledge to accompany what we know about Baldenius et al. (2007)’s mechanism,
which is claimed to be ‘the only satisfactory capital budgeting mechanism that achieves
both strong incentive compatibility and efficient project selection’ (Baldenius et al.
2007 p. 839), since decision makers are held accountable for announcements of future
investment plans.
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4 Results and discussion

We find that, in the case of misforecasting any of the project-related measures, rather
homogeneous investment landscapes imply a high probability of carrying out subop-
timal projects (see “Appendix”, Tables 1, 2, 3, 4, 5, 6, 7, 8, 9)—and, if the degree
of misforecasting is relatively small, this has an immediate impact on the average
foregone NPV. In other words, if projects hardly differ with respect to their return
on investment parameters (which is interpreted as a low level of heterogeneity, H ),
picking a suboptimal project directly translates into loosing a substantial amount of
potential shareholder wealth. As shown by Tables 1, 2, and 3 and Tables 7, 8, and 9 for
future cash flows and departmental abilities of operating a project, respectively, for a
high degree of misforecasting the result from above is reversed: the expected forgone
NPV declines with projects becoming more and more alike (i.e., H declines). For
large values of σ , this inverse relationship between Λ̃ and P̃ (cf. Eqs. 19 and 20,
respectively) comes from the fact that the degree of fault (in)tolerance is driven by
two potentially antagonistic forces: on the one hand, an increased heterogeneity of the
investment landscape reduces the likelihood of implementing a suboptimal project,
since this implies that NPVs are very dissimilar. On the other hand, an increase in the
standard deviation of forecasting errors makes it more likely that projects are ranked
in a suboptimal order, with respect to maximizing shareholder wealth. Note that this
pattern is observed for forecasting errors in cash flows and departmental abilities inde-
pendently from T . What does, however, change with T is the location of the ‘point
of inflexion’, abbreviated as P , which can be defined as the level of σ for which the
direct relationship between Λ̃ and P̃ turns into an indirect one.

Tables 7, 8, and 9 tell us that the position of the P is quite robust for increasing
T , as far as misforecasts in departmental abilities are concerned. If we observe, how-
ever, misforecasts of the cash flow time series (cf. Tables 1, 2, and 3), an increased
durableness of the projects shifts P into the direction of higher σ -values. This directly
translates into the conclusion that higher H -values are to be preferred over a lower
H , as long as the σ -value is lower than the location of the ‘point of inflexion’, P (cf.
also the pattern in Fig. 3). The same observation is made, if the number of departments
and, thus, project proposals, n, decreases. A higher degree of organizational sophisti-
cation, thus, turns out to make the CHR born mechanism more vulnerable with respect
to forecasting errors. This results in higher foregone NPVs, and a higher probability of
putting suboptimal investments into action. A final interesting observation concerning
anticipated cash flows is that P̃ increases with σ , but the magnitude of the change,
ΔP̃ , declines with σ : Table 1 shows, for example, that by incrementing σ from 0.05
to 0.1 for H = 0.5, P̃ increases from 0.11 to 0.199 by 0.089 percent points, while by
increasing σ from 0.1 to 0.15, P̃ increases from 0.199 to 0.264 by 0.065 percent points.
For larger H -values, the probability for operating a suboptimal project becomes sig-
nificantly smaller. For H = 2.5 the following can be observed: incrementing σ from
0.05 to 0.1 leads to P̃ increases from 0.039 to 0.074 by 0.035 percent points, while
by increasing σ from 0.1 to 0.15, P̃ similarly increases 0.033 percent points. This
allows us to infer that the rates of changes become more homogenous with increasing
H . As far as the elasticity, %ΔP̃/%Δσ , is concerned, we find that the relative rate
of change is constant, even though the slope of the elasticity function decreases with
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Fig. 3 Forecasting error cash flow series (T = 3, n = 6)

increasing H . Altogether, this stresses the result that for errors in forecasting cash
flow time series which are below P , our implementation of the CHR mechanism is
most robust for larger degrees of heterogeneity, H , and a lower number of project
proposals, n. This finding is also supported by the expected values of foregone cash
flows, i.e., Λ̃ · P̃ . Utilizing the expected foregone NPVs shows comparable patterns
to Λ̃, with the only difference that P shifts into the direction of larger σ -values. The
pattern which can be observed for Λ̃ in Tables 1, 2, and 3 is also depicted in Fig. 3.

The effects, which can be observed for errors in forecasting the departments’ ability
to operate projects (cf. Tables 7, 8, 9), are quite similar to the effects of misforecasted
cash flows (cf. Tables 1, 2, 3). This is traceable since both errors directly affect the
projects’ NPVs. One substantial distinction is that significantly higher values for fore-
gone shareholder wealth can be observed for the former type of error. However, as
for errors in forecasting cash flow time series, the probability to operate a suboptimal
investment project decreases with an increasing number of serious project proposals,
n, while the corresponding average foregone NPV increases (cf. Tables 7, 8, 9). Thus,
a higher level of organizational granularity again leads to our CHR born mechanism
being more robust, with respect to P̃ . In addition, we can observe that the probabil-
ities, P̃ , are relatively robust against changes in T , which is not the case for errors
in forecasting cash flow time series [where P̃ slightly decreases with T ]. Thus, for
errors in forecasting the departmental ability, T increases the robustness of our CHR
mechanism. For errors in forecasting cash flow time series, no correlation between the
asset’s useful life, T , and our coordination mechanism’s robustness can be substan-
tiated on the basis of our results. With respect to the ‘point of inflexion’, P , we can
observe the trend that a larger number of project proposals, n, leads to P occurring
for smaller values of σ . The results in Tables 7, 8, and 9 allow us to deduce that the
elasticity function, %ΔP̃/%Δσ , is similar to a linear function, where, as in the case of
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forecasting errors in cash flow time series, the function’s slope decreases with increas-
ing heterogeneity, H . Thus, also for errors in forecasting the departmental ability, we
can conclude that our CHR born mechanism is most robust for larger levels of het-
erogeneity, H . This result reverses as σ surpasses P (cf. the pattern in Fig. 4). With
respect to the probability to make errors, P̃ , we find that a higher number of n leads
to our mechanism being more robust. Notice, this finding is only significant for lower
H -values. If we compute the expected value of foregone NPVs (i.e., Λ̃ · P̃), we get
clear evidence that our mechanism is most robust for larger H - and lower n-values.

For errors in forecasting the initial cash outlay, which is needed to launch a project,
results are different (cf. Tables 4, 5, 6). We can observe that the magnitude of foregone
NPV is lower than Λ̃ is for errors in forecasting the departmental ability to operate
projects (cf. Tables 7, 8, 9), but higher than the foregone NPV in the case of errors
in forecasting cash flow time series (cf. Tables 1, 2, 3). The probability to choose a
suboptimal project, P̃ , is on a similar level as for the case of misforecasting cash flows,
and below the probability in the case of misforecasting abilities. The results given in
Tables 4, 5, and 6 unambiguously indicate that an increase in the level of heterogeneity,
H , leads to the foregone NPVs decreasing (the corresponding pattern is also displayed
in Fig. 5), while an increase in the number of departments, or, in other words, serious
project proposals, n, causes the foregone NPVs to increase. With respect to P̃ , we
observe that the probability to operate suboptimal projects is relatively constant for
the investigated T . Moreover, we can observe the trend that P̃ decreases with increases
in n. The extent of increases in P̃ for increases in σ , decreases with n, i.e., the function
ΔP̃/Δσ is shaped as a convex function, while the elasticity function, %ΔP̃/%Δσ ,
comes close to being a linear function. As for the prior types of errors, an increase in
the level of heterogeneity, H , significantly decreases the elasticity function’s slope.
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Fig. 5 Forecasting error initial cash outlay (T = 3, n = 6)

To put our results in a nutshell: projects that are very much alike in terms of their
returns on investment do not easily tolerate faults. For misforecasts of the initial cash
outlay this is independent from the level of σ , while for errors in forecasting cash
flow time series and departmental ability of carrying out projects, this finding holds
for small σ only. For the two latter types of errors, in the case of larger errors (i.e.,
σ > P), decreasing the level of heterogeneity, however, increases the mechanism’s
fault-tolerance. Moreover, for increases in the number of departments, n, we find that
the average foregone NPV increases. For errors in forecasting the initial cash outlay
and the departmental ability, a higher number of project proposals leads to a decrease
in the probability of making errors, while for errors in estimating cash flow time series
the opposite can be observed.

This implies important policy advice, since project heterogeneity (with respect to
the projects’ estimated returns on investment) is subject to choice in the short-run,
and selected by the business organizations’s coordinating unit before the procedure
starts.8 In business organizations, heterogeneity can, for example, be narrowed down
by increasing the minimum payoff an investment project has to achieve which would
lead to the proposed investment projects being more alike (and probably to less projects
being proposed). Note that, if more details are known about the degree of departmental
incapability to forecast measures related to projects, contour plots Figs. 3, 4, and 5 can
be used to support decision-making. Here, for each level of σ , a business corporation
can read off which levels of heterogeneity to choose, in order to minimize the undesired

8 Please notice that Figs. 3, 4, and 5 plot the observed contours for T = 3 and n = 6. Very similar
patterns can be observed for all investigated characterizations of the assets’ useful life, T , and the number
of departments, n.
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effect of errors. However, the information gained from the policy chart needs to be
used with caution. E.g., under certain circumstances a low level of heterogeneity, H ,
indeed decreases an error’s unwanted effect on the corporation’s shareholder wealth,
but one has to keep in mind that it is bought at the price of a reduced future develop-
ment potential for the organization (Leitner and Behrens 2013a, 2014). Regarding the
prioritization of error avoidance: it is plausible to assume that individuals will tend to
pay particular attention to avoiding false estimations of the initial cash outlay, as they
constitute financial resources, which have to be actually spent (Kahneman and Tver-
sky 1979). On the contrary, errors in forecasting cash flow series and the departmental
ability represent foregone profits. Our results do, thus, suggest that misforcasting the
ability to operate projects is the key to reduce losses in shareholder value.

5 Concluding remarks and future work

This paper presents the implementation of the CHR mechanism (cf. Baldenius et al.
2007) into a computational model. The robustness of the CHR born budget allocation
mechanism within our computational model critically hinges on how much projects,
competing for the same pot of funding, are allowed to vary with respect to their returns
on investment, but also on the number of project proposals submitted to the coordi-
nating unit. Within the context of our model, in particular if the number of feasible
project proposals is small, a higher degree of ‘project diversity’ dampens down the
negative effects of misforecasting measures associated with investment projects. If
the number of proposals increases, ‘project heterogeneity’ still is to be preferred over
‘project homogeneity’,9 while the prevented loss in SHV decreases. Moreover, we
find that this result reverses if the standard deviations associated with the managers’
forecasting errors surpass some critical levels. Counterintuitively, in this case a higher
probability of funding a suboptimal project proposal goes hand in hand with a smaller
loss in SHV. I.e., above the critical level of misforecasting the expected loss in SHV is
always smaller for ‘homogenous’ than for ‘heterogenous’ projects. Thus, within the
context of our model this indicates that projects being more alike (with respect to their
returns on investment) should be preferred over project being diverse, if the extent of
misforecasting is perceived to be substantial. The result that aspiring ‘homogeneity’
pays off in terms of averting losses in SHV is quite remarkable since the probability
of supporting a suboptimal project always increases if projects become more similar.

Noteworthy, we find that within the context of our computational budget allocation
framework a lacking competence of forecasting the ability to operate projects has, by
far, the strongest negative impact on SHV followed by misforecasts in the cash flow
time series and misestimated initial cash outlays. It is important news that, within our
simulation model, the key to avoid losses in SHV is being accurate when forecasting
the departmental ability of operating projects, and not, as it might be expected, the

9 Recall that project homogeneity only indicates that projects are similar in their returns on investment,
ceteris paribus. Thus, if projects are more homogenous this does not imply that the money necessary to
launch a project, the cash flow time series, and the departmental ability to operate a project are becoming
more similar.
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precision in predicting money necessary to launch a project. Thus, we have provided
advice to crank up robustness.

At the same time our results might be extended in the following ways. So far, we
have assumed communication channels among departments to be non-existent. Future
research should render our model variant into an agent-based model. The agent-based
model should consider intraorganizational communication at the departmental level
in a fully mashed network manner (Leitner and Behrens 2013b). Some exchange on
local information could alter the quality of forecasts in a positive way, seen from the
corporation’s point of view (cf. also the work done by Stark and Behrens 2010). More-
over, in our model, some variables are assumed to be uniformly distributed. Future
research may investigate whether our results also hold for other distributions. Usually,
errors do not necessarily occur one at a time. Thus, the effect of combining errors is
another avenue for further research (for the effect of combinations of systematic and
nonsystematic errors see, e.g., Behrens et al. (2014) and Leitner (2012), respectively).
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Appendix

See Tables 1, 2, 3, 4, 5, 6, 7, 8, and 9.
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