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Abstract
Corporate valuation often relies on the assumption of a constant and homogenous 
growth rate. However, large firms frequently (re)balance their activities by diverting 
cash flows from some business units to fund investments in other units. We develop 
a value driver model of terminal value for a firm with two units. The model relaxes 
common assumptions and allows for cross-unit differences in the return on invested 
capital. We consider intra-unit and cross-unit investments and show their implica-
tions for firm value and the long-term development of key accounting variables. Our 
results help characterize business unit strategies that can be reconciled with popular 
firm strategies such as the constant payout and constant growth strategies. We find 
that popular valuation methods that assume both constant payout ratios and con-
stant growth rates (e.g., Gordon and Shapiro, Manage Sci 3:102–110, 1956) consti-
tute a restrictive special case of our model and should only be applied to firms with 
homogenous business units. We use a simulation analysis to compare our results 
with alternative valuation models and to illustrate the economic relevance of our 
findings. The simulation shows that an accurate depiction of business unit strategy is 
particularly useful if firms plan large-scale cross-unit investments into business units 
with high returns and if the cost of capital is low.
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1 Introduction

Value-based management aims to identify strategies that maximize  shareholder 
value (Rappaport 1997; Ittner and Larcker 2001; Young and O’Byrne 2001). Stra-
tegic decisions typically affect firm profitability over the long term. Therefore, 
valuation models should account for cash flows over a long time horizon and ide-
ally be based on a going-concern premise. The literature provides various terminal 
value models that determine the value of cash flows in such a going-concern sce-
nario. Many approaches are based on the value driver model by Gordon and Shapiro 
(1956) and develop valuation formulas under the premise that a firm’s free cash flow 
grows at a constant nominal rate.1

Yet, this assumption is inapt to describe firms with multiple business units where 
strategies define the product-market mix and specify the development of the portfo-
lio of business units. In multi-business organizations, the valuation outcome should 
reflect information on the positioning and rentability of a firm’s strategic business 
units. Strategy formulation typically involves the (re)balancing of firms’ activities, 
which requires diverting cash flows from some business units to fund investments 
in other units (Solomons 1965; Kontes 2010). Such cross-unit investments generally 
imply that cash flows at the business unit and firm level do not increase at a con-
stant growth rate even if business units yield constant (but heterogeneous) returns.2 
Hence, existing valuation models typically fail to depict the accurate development of 
the firm’s accounting measures and the corresponding value implications.

This study i) analyzes how cross-unit investments in a multi-business organiza-
tion affect the long-term development of a firm’s accounting variables and ii) identi-
fies the corresponding value effects. We extend the value driver model of Gordon 
and Shapiro (1956) by considering a firm with two potentially heterogeneous busi-
ness units that plans cross-unit investments in all future periods. We derive and 
interpret valuation formulas for this setting. Moreover, we use a simulation analysis 
to compare our model with alternative valuation approaches. Although there might 
be other interdependencies between business units, we focus on the consideration 
of cross-unit investments. The (re)allocation of capital among business units plays 
an important role in the strategy formulation of multi-business organizations (Solo-
mons 1965; Kontes 2010).3

This study relates to existing analytical literature on corporate valuation in multi-
business organizations. Similar to our approach, Koller et  al. (2015) and Meitner 
(2013) develop terminal value models for firms with two investment opportunities, 
which may be interpreted as business units. These models represent special cases of 

1 The literature has developed extensions of this model aiming for a more general depiction. For exam-
ple, cash flows follow a long-term adjustment process based on the convergence of returns or growth 
rates (O’Brien 2003; Elton et al. 2014). For an overview and critical discussion see Elton et al. (2014), 
Palepu et al. (2019), and Schwetzler (2019).
2 This problem is closely related to the aggregation of relative performance indicators such as return on 
investment which has been discussed extensively in the accounting literature (Jacobson 1987).
3 Aside from cross-unit investments, there may be other types of interdependencies that we do not con-
sider such as the joint use of non-financial resources or product market interactions (Solomons 1965).
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our analysis and serve as benchmark cases when evaluating the economic relevance 
of our results. Koller et al. (2015) require that firm growth is established by a sin-
gle business unit while the nominal value of the capital invested in the other unit is 
held constant. This is restrictive not only because other (positive or negative) growth 
rates could be part of a firm’s strategy, but also because in the presence of inflation a 
constant invested capital in real terms requires positive net investments.4 Therefore, 
the model does not offer sufficient degrees of freedom to depict realistic strategies.5 
Meitner (2013) studies potential valuation errors that might occur in accounting-
based valuation approaches. The analysis presumes that free cash flows at the firm 
level grow at a constant nominal rate, although business units exhibit heterogeneous 
return on invested capital (ROIC). These assumptions imply a specific investment 
strategy of a firm: Cross-unit investments are chosen to balance the differences in 
both business units. In practice, firms have access to a richer set of investment strat-
egies, which do not necessarily imply constant growth of the aggregate free cash 
flow. Such strategies cannot be depicted by Meitner (2013).

We consider a generalized valuation framework of a firm with two business units 
that potentially differ in their invested capital and ROIC. In each business unit, a 
constant share of the financial surplus is invested within the same unit (intra-unit 
investments). Moreover, a constant share of the surplus of one business unit is 
diverted and invested within the other unit (cross-unit investments). In contrast to 
previous literature, we allow for arbitrary intra-unit and cross-unit investment rates. 
We develop a free cash flow calculus to determine firm value and interpret the valu-
ation formula. The literature on value-based management emphasizes the role of 
residual income in implementing value-enhancing strategies (Reichelstein 1997; 
Young and O’Byrne 2001). Therefore, we reformulate our free cash flow valuation 
formula as a residual income approach. We further illustrate how investors may use 
firms’ segment reporting to estimate the input parameters of our valuation model. 
As large firms frequently pursue financial targets, such as constant payout ratios and 
constant growth rates of the free cash flow at the firm level, we study under which 
conditions constant payout and constant growth strategies can be reconciled with our 
model assumptions. The analysis is complemented by a simulation study to compare 
our valuation model with the valuation models proposed by Gordon and Shapiro 
(1956), Koller et al. (2015), and Meitner (2013), and to illustrate under which condi-
tions our results especially help improve valuation precision.

Our analysis contributes to the literature on corporate valuation in various ways. 
First, we extend models of terminal value allowing for more general investment 
strategies. Existing models only consider long-term growth in some business units 
(Daves et al. 2004; Koller et al. 2015) or assume that all units grow at a constant 

4 The literature has controversially discussed the role of real growth and inflation in terminal value 
determination; see Bradley and Jarrell (2008) and Friedl and Schwetzler (2011).
5 In a similar model setup, Daves et  al. (2004) assume an exogenously given growth rate of the total 
invested capital that is unrelated to business unit profitability. This assumption lacks theoretical foun-
dations. It is unclear whether it can be aligned with established model premises: Models of corporate 
investment typically assume that firms’ financial surpluses correspond to those of a sequence of structur-
ally identical investment projects (Friedl and Schwetzler 2011; Penman 2013).
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rate (Meitner 2013). By contrast, we determine growth rates based on a general-
ized value driver model with arbitrary investment rates. We further consider that 
firms hold invested capital in all of their business units. Previous literature assumes 
that firms have invested capital in only one unit before they start to fund additional 
investments in the steady-state period (Meitner 2013; Koller et al. 2015). Thus, we 
propose a unified valuation framework for firms with multiple business units that 
offers additional degrees of freedom.

Second, our analysis may assist in understanding the effects of a firm’s business 
unit strategy on the expected development of its financials. We show how intra- and 
cross-unit investment rates, as well as business unit rentability, affect forecasts of 
accounting measures such as invested capital, free cash flow, and residual income. 
Moreover, we study the long-term growth of these accounting measures, the long-
term ROIC, and the long-term payout ratio. This is important as many firms pursue 
target payout or growth rates, for instance as a signal to investors (Stone 1972; Brav 
et al. 2005; Graham et al. 2005). We identify premises that ensure constant payout 
ratios or constant nominal growth of the free cash flow. Our results could help in 
formulating business unit strategies that are compatible with financial targets at the 
firm level. For instance, we show under which conditions the free cash flow grows at 
a constant rate although there may be considerable differences in the characteristics 
and the long-term development of single business units.

Third, our analysis may be useful not only for management with regard to the 
evaluation of strategic alternatives, but also for financial analysts and investors 
who can use our results for fundamental analysis and investment decisions. They 
typically do not have access to strategic information. Yet, our findings offer guid-
ance on how to estimate value drivers based on disclosures about firms’ business 
units, which are typically part of mandatory financial reports. For instance, IFRS 
8 requires public firms to disclose management information on the size and profit-
ability of their business segments. We illustrate how such information may be used 
to learn about a firm’s investment strategy, to identify shifts in its business activities, 
and to assess implications for firm value. Furthermore, we use a simulation analy-
sis to illustrate the benefits of our model. We compare valuation outcomes with the 
benchmark models of Koller et al. (2015) and Meitner (2013) and with the popu-
lar value driver model. We show that our model improves valuation precision by 
3.4%–6.4%. As the practical application of more elaborate valuation models may be 
accompanied by considerable costs, we use sensitivity analysis to show under which 
conditions a more accurate valuation is particularly desirable. We find considerable 
valuation errors if firms plan large-scale cross-unit investments into business units 
with high returns and if the cost of capital is low. These factors crucially affect the 
value of the cross-unit investments, which is incorrectly depicted in the benchmark 
models.

Fourth, our results are related to empirical work on value creation in diversified 
firms. Empirical studies document a diversification discount, signifying that val-
ues of multi-business firms tend to be lower than the stand-alone values of their 
segments (Berger and Ofek 1995). While there may be benefits of diversification, 
such as a reduced tax burden or a higher debt capacity, the literature finds that they 
are typically outweighed by detrimental effects such as aggravated agency conflicts 
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(Hoechle et al. 2012) and subsidizations of underperforming business units (Rajan 
et al. 2000). Our model explicitly considers cross-unit investments between business 
units that differ in their profitability. Our findings may help in identifying cross-unit 
investments and quantifying value gains (and potential losses) of cross-subsidiza-
tion. Therefore, our results could be useful in establishing transparency with regard 
to the financial consequences of firm diversification.

2  A valuation model with two business units and heterogeneous 
ROIC

2.1  Model setup

We consider a firm with two business units, referred to as units A and B.6 As typical 
in the theoretical literature, the valuation is based on a given investment and financ-
ing strategy.7 The strategy formulation relates to the business unit level. To depict 
the long-term consequences of managers’ strategy choices, we assume a going con-
cern. Both business units generate financial surpluses in all future points in time 
( t = 1, 2, ... ). We assume that the firm’s lifetime is divided into two forecast peri-
ods (Arzac 2008; Titman and Martin 2011). In the explicit forecast period, financial 
surpluses are predicted using detailed forecasting models that consider contractual 
relationships and the expected market development. In the steady-state period, both 
units have arrived in a steady state such that cash flow forecasts follow a simple pat-
tern. In the following analysis, we focus on the determination of the terminal value, 
that is, the value of the cash flows in the steady-state period (Titman and Martin 
2011).8 For notational convenience, we define t = 0 as the beginning of the steady-
state period. Moreover, let E[ĨC

A

t
] and E[ĨC

B

t
] denote the expected invested capital in 

business units A and B at time t.9 The invested capital at time t = 0 results from the 
planning process in the explicit forecast period.

We assume that the firm strategy implies forecasts of business unit profitability. 
The units possibly differ in their specific ROIC, that is, the ratio of the expected 
net operating profit less adjusted taxes (NOPLAT) and the invested capital at the 

6 Following previous literature, we do not consider a division into more than two business units (Meit-
ner 2013; Koller et  al. 2015). This simple case is sufficient to illustrate our results, which can easily 
be extended to a firm with more business units. Note that we do not discuss the optimal trade-offs in 
establishing multiple business units. Such results are clearly beyond our analysis, which focuses on the 
precision of valuation models. We do not discuss the benefits of more precise information for managers 
and investors.
7 In line with other literature on corporate valuation, we do not study optimal strategy choice. Yet, our 
results may be used to illustrate the effects of alternative investment strategies. An analysis of optimal 
strategies requires a more comprehensive model, for instance considering costs of financial distress.
8 Given the detailed information, determining the value in the explicit forecast period is less challenging 
from a theoretical perspective.
9 The tilde ( ⋅̃ ) denotes variables that are random at the time of valuation. An overview of mathematical 
symbols used in our study is provided in Appendix A.
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beginning of the respective period. We assume constant ROIC for both units in the 
steady-state period:

where  denotes the NOPLAT of unit i ∈ {A,B} at time t ≥ 1 . Profit-
ability may differ across business units. For instance, unit A represents the firm’s 
previous field of business and unit B an investment opportunity that is important 
in the future. In this case, it is likely that unit A is characterized by a higher ROIC 
because it can build on existing relationships to its suppliers and customers (Daves 
et al. 2004; Koller et al. 2015). We do not impose any assumptions on the relative 
magnitude of ROICA and ROICB to allow for more general firm strategies.10

In line with existing terminal value models, we assume that firm strategy trans-
lates into constant net investment rates (Koller et  al. 2015).11 The strategy speci-
fies intra-unit net investments, as well as cross-unit investments at the business unit 
level. The intra-unit investment rates nA , nB ∈ [0, 1] define net investments as the 
share of the NOPLAT of units A and B that is reinvested within the same business 
unit. In addition, a constant share nAB of business unit A’s NOPLAT after intra-unit 
investments is used to fund additional investments in unit B.12 We refer to nAB as the 
cross-unit investment rate. Given the NOPLATs at time t ≥ 1 , the business units’ 
expected net investments are given by:

n
AB

= nAB ⋅ (1 − nA) represents the effective cross-unit investment rate related to the 
NOPLAT of unit A. The net investment rates shape the development of the invested 
capital over time:

The firm’s expected free cash flow equals its NOPLAT after net investments:13 

(1)

(2)

(3)

(4)E[ĨC
i

t
] = E[ĨC

i

t−1
] + E[ÑI

i

t
].

13 We add the superscripts A or B to indicate that a variable relates to this unit. The variables at the firm 
level are used without superscript, that is, E[x̃t] = E[x̃A

t
] + E[x̃B

t
] for x ∈ {IC,NI,NOPLAT ,FCF}.

10 Although it seems convenient to assume that firms reallocate resources from units with low rentability 
to more profitable units, empirical studies document that the opposite might be true (Rajan et al. 2000).
11 Note that business unit rentability and the investment strategy are not mutually independent. Intui-
tively, capital rationing motivates business unit managers to invest into the most profitable projects and 
increases the expected return on investment. We do not discuss the relation of the investment rates and 
returns but assume that the input data of the valuation has been chosen in a consistent way.
12 We focus on one-directional cross-unit investments from unit A to unit B. An extension of our model 
to mutual cross-unit investments can easily be achieved, but is economically questionable.
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Finally, we assume active debt management with a constant leverage ratio and make 
the simplifying assumption that the same weighted average cost of capital k applies 
to the cash flows of both business units.14 Moreover, we assume that investments 
in both units are not value-destroying; that is, k ≤ min{ROICA,ROICB} . Otherwise, 
investments should be omitted.

In practice, the business units of a firm may be subject to different types of inter-
dependencies. We focus on cross-unit investments, where cash flows earned in one 
unit are used to fund investments in other units. Such practices play a major role in 
the process of strategy formulation. Budgets are reallocated over the long term to 
optimize the product portfolio (e.g., to shift capital toward more profitable products) 
and account for changes in the firm’s environment (Solomons 1965; Kontes 2010). 
Defining constant cross-unit investment rates captures the idea of long-term capital 
reallocations and naturally extends existing terminal value models, which typically 
assume constant net investment rates at the firm or business unit level.

In addition to cross-unit investments, there might be other types of interdepend-
encies: For instance, business units potentially face cost-sided or demand-sided 
interdependencies (e.g., the joint use of non-financial resources or complemen-
tarities in demand in related product markets). Such interdependencies should be 
considered in the forecast of rentability. Furthermore, firms’ investment in multiple 
business units may be a measure to diversify their operational and financial risk. If 
the business units are exposed to common risk factors, adjustments to the business 
portfolio would affect firm risk and debt capacity (Lewellen 1971). Thus, cross-unit 
investments may have an additional effect on the firm value by increasing debt tax 
shields and changing the firm’s cost of capital. We assume a constant cost of capi-
tal and neglect such financing considerations, leaving potential extensions for future 
research. We also neglect potential tax benefits of diversification that may be related 
to shifts in financial outcomes of a firm’s business units (Majd and Myers 1987). 
Instead, we focus on changes in the firm’s operational performance and their impli-
cations for firm value.

2.2  Benchmark analysis

To illustrate the features of our model, we compare it with existing valuation 
approaches. First, assume that the business units are independent ( nAB = 0 ). Thus, 
the terminal value can be determined by applying the value driver model of Gordon 
and Shapiro (1956) at the business unit or firm level.15

(5)

14 See Miles and Ezzell (1980) and Harris and Pringle (1985). For estimating divisional cost of capital 
see Fuller and Kerr (1981). We assume uniform cost of capital k to avoid additional complexity.
15 The benchmark models are presented as discounted cash flow calculus. In Appendix B, we provide 
the corresponding valuation formulas in a residual income approach.
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Benchmark (Gordon and Shapiro 1956) Independent business units, nAB = 0

(a) A firm’s terminal value is the sum of the business unit values E[ṼA
0
] and 

E[ṼB
0
] according to the value driver model with the nominal growth rates 

gi = ni ⋅ ROICi : 

(b) With homogenous units (ROIC = ROICA = ROICB , n = nA = nB ), the value 
driver model can be applied at the firm level, with the uniform growth rate 
g = n ⋅ ROIC : 

Without cross-unit investments, the stand-alone values of the business units can 
be determined using the value driver model. The expected free cash flow of unit 
i ∈ {A,B} at t = 1 is obtained by applying the payout ratio 1 − ni to the NOPLAT, 

. It is easy to see that this free cash flow grows at 
the constant nominal rate of gi = ni ⋅ ROICi . Thus, the stand-alone value of unit i is 
the value of a perpetuity with constant growth gi and cost of capital k (Gordon and 
Shapiro 1956).16 A firm’s terminal value is the sum of the stand-alone values, as 
illustrated in benchmark case (a). If we further assume that the firm plans identical 
net investment rates in both units and that there are no differences in the ROIC, the 
value driver model can even be applied to firm-level data as shown in benchmark 
case (b).

Arguably, the usefulness of these formulas in valuing a portfolio of business units 
is limited. Firms distinguish business units due to differences in the underlying eco-
nomic conditions. Therefore, it is unlikely that these units are equally profitable. 
Moreover, it seems artificial to assume that firms formulate business unit strategies 
without considering cross-unit investments. Technological development and changes 
in firms’ competitive environment require firms to balance their business portfolio 
and to shift resources from some business units to others.

Meitner (2013) and Koller et  al. (2015) consider cross-unit investments under 
restrictive assumptions. The valuation formulas are presented as benchmark models 
(c) and (d).

16 We implicitly assume that the cost of capital exceeds both units’ growth rates (i.e., k > gi ), which is 
not a major limitation given realistic parameter ranges.
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Benchmark Alternative models of terminal value with two business units 

(c) Koller et al. (2015): If a firm does not invest in unit B before t = 1, the nominal 
capital of unit A is held constant, and the cross-unit investment rate equals the 
net investment rate of unit B, E[ĨC

B

0
] = nA = 0 , nAB = nB, the terminal value is 

given by 

(d) Meitner (2013): With no initial capital in business unit B, that is, E[ĨC
B

0
] = 0, and 

a cross-unit investment rate nAB = (gB − gA)∕(ROICB − gA), the terminal value is 

Koller et  al. (2015) assume that the nominal value of unit A’s invested capital 
is held constant. Moreover, the cross-unit investment rate is assumed to be identi-
cal to the intra-unit investment rate of unit B. As this unit is initially not endowed 
with invested capital, the firm value is the sum of two components: The first compo-
nent reflects the stand-alone value of unit A in the absence of cross-unit investments. 
This unit generates a perpetuity of , which is discounted at the firm’s 
cost of capital k. The second component represents the net value contribution of the 
cross-unit investments. This component depends on the cross-unit investment rate 
nAB = nB and on the growth rate gB of unit B. Intuitively, any growth in business unit 
A should affect both the stand-alone value of unit A and the net contribution of the 
cross-unit investments. We confirm this intuition in our generalized model.

For given returns and intra-unit investment rates, Meitner (2013) assumes cross-
unit investments that ensure a constant growth rate of the firm’s free cash flow. Given 
the assumptions of benchmark case (d), the firm’s aggregate free cash flow at t = 1 is

and grows at the constant rate gB.17 The terminal value corresponds to the value of 
a perpetuity with growth rate gB and cost of capital k. The simple valuation formula 
in case (d) comes at a cost: The model implicitly imposes restrictive assumptions 
regarding the balancing of the units’ budgets and rules out a variety of business unit 
strategies. Our valuation approach offers additional degrees of freedom and is there-
fore useful in depicting firms’ terminal value with higher precision.18

(6)

17 Meitner (2013) implicitly assumes that investments within unit B grow at a higher rate than invest-
ments in unit A, that is, gB ≥ gA . Otherwise, the cross-unit investment rate is negative and cannot be 
interpreted in a meaningful way. We study benchmark model (d) in Sect. 3.4 in more detail.
18 Meitner (2013) uses his model to illustrate potential benefits of cash flow- compared with accounting-
based valuation models. Our results hint at limitations of the value driver model in depicting intra-firm het-
erogeneity. Yet, we do not focus on the comparison of cash flow- and accounting-based valuation models.
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3  Model analysis

3.1  Long‑term development of accounting measures and firm value

First, we use the definitions in the previous section to develop inductively closed-
form solutions for the business units’ accounting measures. Lemma 1 illustrates how 
the value drivers of both units jointly affect the accounting measures if we consider 
cross-unit investments.19

Lemma 1 Development of the business units’ accounting measures 

(a) The invested capital, NOPLAT, and net investments of business unit A are given 
by 

(b) The invested capital, NOPLAT, and net investments of business unit B are 

All investments in business unit A are funded from its NOPLAT according to 
the net investment rate nA and yield a return of ROICA . Consequently, the invested 
capital, NOPLAT, and net investments of this unit grow at the nominal rate gA . 
By contrast, the expected accounting measures of unit B depend on both growth 
rates gA and gB , which is an intuitive result. Periodically, a constant share nAB of 
the NOPLAT in business unit A is invested into unit B. The rate gA determines 
the growth of this NOPLAT and therefore, the magnitude of the cross-unit invest-
ments. Once the firm has diverted the budget from business unit A into unit B, all 
subsequent investments yield ROICB and are characterized by the growth rate gB . 
Lemma 1 (b) shows that the invested capital, NOPLAT, and net investments in unit 
B do not grow at a constant rate.

To understand the long-term development of a firm, we analyze the growth rates 
of invested capital, net investments, NOPLAT, and free cash flow at the firm level:

19 All proofs are provided in Appendix C. A more detailed technical appendix is available upon request.
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We further study the firm’s aggregate return ROICt and total payout ratio qt at time t:

Proposition 1 shows the effects of the planning premises on the long-term develop-
ment of these measures. Based on Lemma 1 , we determine the growth rates, ROIC, 
and payout ratio according to equations (7, 8) and study their limit values.

Proposition 1 The long-term development of the growth rates, ROIC, and payout 
ratio 

(a) The growth rates of the firm’s invested capital, net investments, NOPLAT, and 
free cash flow gradually converge toward the maximum of the business units’ 
growth rates: 

(b) The limits of the firm’s ROIC and payout ratio are given by, 

 with weights �ROIC =
gA − gB

gA − gB + n
AB

⋅ ROICA
 and �q =

gA − gB

gA − gB + n
AB

⋅ ROICB
.

The growth rates of the accounting measures converge to the maximum of gA and 
gB . Thus, we find that long-term forecasts of growth rates should not be interpreted 
as the average growth of a firm’s business units, but reflect the business that yields 
the maximum growth. This unit has a dominant effect on firm financials in the long-
run. Interestingly, this result is independent of the cross-unit investment rate nAB . 
Even if the investments in unit B are primarily funded by cross-unit investments, 
the long-term growth of the firm’s aggregate free cash flow solely depends on the 
growth established within both units.

The development of the firm’s ROIC depends on the relative magnitude of both 
growth rates. For gB ≥ gA , the total ROIC converges to the return in business unit B. 
By contrast, the limit of the total ROIC is a weighted average of the returns ROICA 
and ROICB of both units for gB < gA . This result reflects the fact that the growth rate 
gB exclusively influences financial surpluses of unit B, while the growth rate gA has 
an impact on both units. For high values of gA , both units continue to be important 
for the firm, and the long-term ROIC depends on the specific investment rates. A 

(7)gx
t
=

E[x̃t] − E[x̃t−1]

E[x̃t−1]
with x ∈ {IC,NI,NOPLAT ,FCF}.

(8)

lim
t→∞

gx
t
= max{gA, gB} for x ∈ {IC,NI,NOPLAT ,FCF}.

ROIC∞ = lim
t→∞

ROICt =

{
ROICB if gB ≥ gA

𝜆ROIC ⋅ ROICA + (1 − 𝜆ROIC) ⋅ ROICB if gB < gA
,

q∞ = lim
t→∞

qt =

{
1 − nB if gB ≥ gA

𝜆q ⋅ (1 − nA) ⋅ (1 − nAB) + (1 − 𝜆q) ⋅ (1 − nB) if gB < gA
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similar result is obtained with regard to the firm’s total payout ratio qt . It approaches 
the payout ratio 1 − nB of unit B if this unit’s growth rate exceeds the growth in unit 
A. For gB < gA , the long-term payout ratio is a weighted average of the effective 
payout ratios (1 − nAB) ⋅ (1 − nA) and 1 − nB of both units.20

In Corollary 1, we focus on the case wherein business unit A is characterized by 
a higher growth rate than unit B. We study how the value drivers affect the weights 
�ROIC and �q of unit A’s ROIC and the payout ratio in the determination of ROIC∞ 
and q∞.

Corollary 1 Assume gB < gA . The weights �ROIC and �q related to unit A’s return and 
payout ratio increase in the net investment rate and return of this unit and decrease 
in the net investment rate and return of unit B and in the cross-unit investment rate.

Business unit A is more important for the long-term development of the firm 
if this unit yields a higher return and if a larger part of its NOPLAT is reinvested 
within unit A. By contrast, the firm’s long-term ROIC and payout ratio are rather 
aligned with unit B if this business unit is characterized by a high ROIC and high 
net investment rate. If the firm chooses a higher cross-unit investment rate, this 
implies additional investments into unit B. Thus, the total ROIC and the payout ratio 
approach ROICB and 1 − nB.

Our model provides a deeper understanding of the development of accounting 
measures in a steady-state period. Although our assumptions do not adhere to the 
common idea of constant and uniform growth of all relevant metrics, we provide 
a closed-form valuation formula that offers a tractable way to determine terminal 
value in a free cash flow calculus. The process of firm valuation can be divided into 
three steps. First, we determine the stand-alone values E[ṼA

0
] and E[ṼB

0
] of both units 

according to benchmark model (a). Second, we identify the net contribution E[ṼAB
0
] 

of cross-unit investments to firm value. Cross-unit investments reduce the free cash 
flow in early periods, but increase the cash flow in later periods. E[ṼAB

0
] represents 

the present value of these changes. The firm’s terminal value is determined in a third 
step by adding up the three components. Proposition  2 shows the free cash flow 
calculus.

��x

�ROICA
,
��x

�nA
≥ 0,

��x

�ROICB
,
��x

�nB
,

��x

�nAB
≤ 0 for x ∈ {ROIC, q}.

20 Benchmark models (c) and (d) assume that gB ≥ gA . Therefore, the long-term development of the firm 
is completely aligned with that of unit B. Proposition 1 highlights cases where the limiting values of the 
total ROIC and payout ratio reflect the value drivers of both units. This is the case if the firm shifts budg-
ets from units with high growth rates to units with lower growth rates.
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Proposition 2 The terminal value E[Ṽ0] is the sum of the stand-alone values of 
both units, E[ṼA

0
] and E[ṼB

0
] , and the net contribution of the cross-unit investments 

E[ṼAB
0
]:

If we neglect cross-unit investments, the business units would become independ-
ent of each other. The value E[Ṽ i

0
] of unit i ∈ {A,B} can be determined according to 

the value driver model with growth rate gi and cost of capital k. Cross-unit invest-
ments change free cash flows to the shareholders and debtors in two ways. First, in 
each period, only a share 1 − nAB of business unit A’s surplus is distributed, which 
reduces the firm’s free cash flow. Second, the retained amount is used to fund 
investments in unit B and results in incremental free cash flow in all future peri-
ods. The net value contribution E[ṼAB

0
] aggregates the value-reducing effect from 

higher retention of the surpluses in unit A and the value-enhancing effect due to the 
increasing future free cash flow generated in unit B.

Note that the net value contribution of cross-unit investments E[ṼAB
0
] depends on 

the growth rates of both business units. If the growth rate gA of unit A increases, this 
implies higher periodic NOPLAT in this unit and higher subsidies to unit B. Each 
investment in unit B is followed by an infinite sequence of reinvestments accord-
ing to the net investment rate nB and thus, yields financial surpluses that grow at the 
nominal rate gB.

Corollary 2 The value of cross-unit investments E[ṼAB
0
] is increasing in both busi-

ness units’ ROICs and net investment rates, but decreasing in the firm’s cost of 
capital:

We assume that the rentability of business unit B exceeds the cost of capital. 
Thus, cross-unit investments into unit B always generate a positive value E[ṼAB

0
] : It 

is beneficial to retain and invest cash flows into unit B rather than distribute them. 
Therefore, it is not surprising that a higher rentability ROICB and net investment rate 
nB increase E[ṼAB

0
] . Moreover, a higher cross-unit investment rate nAB and a higher 

return ROICA in unit A increase the magnitude of the value-enhancing cross-unit 
investments and the component E[ṼAB

0
] . The effect of the net investment rate in unit 

A is less obvious. Increasing nA reduces the share nAB of the NOPLAT of unit A that 
is invested into unit B. At the same time, the additional net investments in unit A 
raise future surpluses of this unit and allow for higher cross-unit investments in all 
subsequent periods. Corollary 2 shows that the latter effect is dominant. Not surpris-
ingly, a higher cost of capital reduces the benefits of cross-unit investments.

The benchmark models mainly differ in the value contribution of the cross-
unit investments E[ṼAB

0
] . The application of the value driver model at the busi-

ness unit level according to the benchmark model (a) neglects this component 

𝜕E[ṼAB
0
]

𝜕ROICA
,
𝜕E[ṼAB

0
]

𝜕ROICB
,
𝜕E[ṼAB

0
]

𝜕nA
,
𝜕E[ṼAB

0
]

𝜕nB
,
𝜕E[ṼAB

0
]

𝜕nAB
≥ 0 and

𝜕E[ṼAB
0
]

𝜕k
≤ 0.
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completely. Benchmark model (b) presumes a constant net investment rate at the 
firm level and does not reflect the dynamic development of the investments in 
both business units. Models (c) and (d) impose assumptions on the level of the 
cross-unit investment rate, either equalizing nAB with the net investment rate of 
unit B (Koller et al. 2015) or assuming that the firm’s free cash flow grows at a 
constant rate (Meitner 2013). Moreover, model (c) does not consider the nominal 
growth within unit A and the complementary effect of both units’ growth rates on 
E[ṼAB

0
] . Ignoring the growth within unit A may lead to severe forecasting errors. 

Proposition 1 shows that the accurate depiction of the relative magnitude of gA 
and gB crucially affects the forecasts of accounting measures.

3.2  Business unit strategy and residual income measures

An obvious application of our results concerns value-based management. Firms 
may translate alternative business unit strategies into value drivers and assess 
their implications for the development of accounting measures and firm value. 
The literature on value-based management emphasizes the role of adequate per-
formance metrics in strategy implementation and particularly highlights poten-
tial benefits of residual income: This measure is closely related to value crea-
tion and can help prevent myopic behavior of a firm’s management (Reichelstein 
1997; Young and O’Byrne 2001). Furthermore, empirical work shows that valu-
ation methods based on residual income are frequently used in corporate practice 
(Plenborg 2002; Damodaran 2005; Imam et al. 2008). Therefore, we highlight the 
link between business unit strategy and residual income valuation.

Residual income accounts for the fact that revenues should cover operat-
ing expenses as well as the firm’s capital cost. Thus, the residual income of unit 
i ∈ {A,B} at time t is

According to the conservation property of residual income, the terminal value of 
a firm equals the sum of the initially invested capital and the market value added 
(MVA):

The MVA E[M̃VA0] can be interpreted as the value contribution of investments in 
the steady-state period. In Corollary 3, we illustrate the development of the busi-
ness units’ residual income and state a valuation formula based on a residual income 
approach.

(9)

(10)E[Ṽ0] = E[�IC0] + E[�MVA0] with E[�MVA0] =

∞∑

t=1

E[�RIt]

(1 + k)t
.
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Corollary 3 Development of residual income and firm value 

(a) The residual incomes of business units A and B at time t are given by 

(b) The terminal value is the sum of the initially invested capital, the stand-alone 
MVAs of the units E[M̃VA

i

0
] , i ∈ {A,B} , and the MVA of the cross-unit invest-

ments E[M̃VA
AB

0
] : 

 with E[M̃VA
i

0
] =

ROICi − k

k − gi
⋅ E[ĨC

i

0
], 

E[M̃VA
AB

0
] =

n
AB
⋅ROICA

⋅(ROICB−k)

(k−gA)⋅(k−gB)
⋅ E[ĨC

A

0
].

Unit A does not receive any cross-unit investments, and the unit’s residual 
income grows at the rate gA . However, the residual income of unit B is affected by 
the growth established by both units and does not increase at a constant rate. The 
residual income of unit i ∈ {A,B} is proportional to the excess return ROICi − k that 
is attainable in this unit.

The formula in Corollary  3 (b) has a similar structure as the discounted cash flow 
calculus in Proposition  2. If we neglect cross-unit investments, both NOPLAT and 
invested capital of unit i ∈ {A,B} grow at the rate gi . Thus, the residual income grows 
at the same rate, and we obtain E[M̃VA

i

0
] . The cross-unit investments at time t are 

given by nAB ⋅ ROICA
⋅ E[ĨC

A

t−1
] , which implies an incremental residual income of 

n
AB

⋅ ROICA
⋅ E[ĨC

A

0
] ⋅ (ROICB − k) at time t + 1 . This residual income grows at the rate 

gB . If we consider the growth gA of unit A’s NOPLAT, we obtain E[M̃VA
AB

0
] according to 

Corollary 3. The terminal value is the sum of the initially invested capital and the MVAs.

3.3  Learning value drivers from business unit data

The results of the previous sections may be useful for a firm’s management to assess 
business unit strategies with cross-unit investments. External parties, such as investors or 
financial analysts, typically do not have access to firms’ strategic plans and cannot directly 
apply our findings. Yet, our results offer guidance with regard to estimating a firm’s value 
drivers if external parties have basic financial information on the firm’s business units.

For instance, the IASB requires public companies to disclose such information in 
their segment reporting. According to IFRS 8, affected firms are supposed to report 
information on total assets, profit, interest expense, depreciation, and income tax 

E[Ṽ0] = E[�IC0] + E[�MVA
A

0
] + E[�MVA

B

0
] + E[�MVA

AB

0
]
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expense for sufficiently large operating segments. Identification of the relevant seg-
ments and the presented accounting numbers must be consistent with internal man-
agement information. Firms are allowed to aggregate segments only if they share 
similar economic characteristics. Arguably, external parties do not make significant 
mistakes if they interpret these segments as the firm’s strategic business units and 
use segment data to infer information about business unit strategy.21

To illustrate a simple estimation that is consistent with our model framework, 
assume that there is financial information on a firm with two business units, 
i ∈ {A,B} , for three years, t ∈ {0, 1, 2} . If we assume that the three years represent 
the beginning of the steady-state period and that the realized accounting variables 
are close to their expected values (i.e., xi

t
= E[x̃i

t
] for x ∈ {NOPLAT , IC} ), it is suf-

ficient to know the units’ invested capital and NOPLAT. Based on this information, 
the net investments are given by NIi

t
= ICi

t
− ICi

t−1
 . The units’ returns can be esti-

mated using the formulas in Lemma 1:

Given these returns, we can use the data to infer the net investment rate of unit A,

the net investment rate nB , and the cross-unit investment rate nAB related to the 
NOPLAT as follows:

These estimates may be used to forecast the business units’ accounting measures 
(Lemma  1 and Proposition  1) or to determine the firm’s terminal value (Proposi-
tion  2). Note that this approach may lead to considerable estimation errors if the 
accounting variables are very volatile and realized values deviate from the expected 
values. In this case, it may be inevitable to consider data for more than three periods.

(11)ROICA =
NOPLATA

1

ICA
0

, ROICB =
NOPLATB

1

ICB
0

.

(12)nA =
NIA

1

NOPLATA
1

,

(13)

nB =
NOPLATA

1
⋅ NIB

2
− NOPLATA

2
⋅ NIB

1

NOPLATA
1
⋅ NOPLATB

2
− NOPLATA

2
⋅ NOPLATB

1

,

n
AB

=
NOPLATB

1
⋅ NIB

2
− NOPLATB

2
⋅ NIB

1

NOPLATA
2
⋅ NOPLATB

1
− NOPLATA

1
⋅ NOPLATB

2

.

21 Empirical work shows that investors and analysts use segment reports and that the precision of their 
forecasts depends on segment reporting standards; see Baldwin (1984), Berger and Hann (2003), and 
Kang et al. (2017). Moreover, managers are aware of the external use of segment information and strate-
gically bias reports, see Wang et al. (2011), You (2014), and Haight (2019).
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3.4  Analysis of special cases

Empirical research on financial strategy choices shows that firms frequently pursue 
strategies that reduce the volatility of accounting variables over time. For instance, 
the survey by Graham et al. (2005) indicates that firms pursue a smooth develop-
ment of accounting earnings because “smooth earnings make it easier for analysts 
and investors to predict future earnings”, and such dynamics are associated with less 
risk.22 In line with this observation, Stone (1972) argues that firms engage in cash 
management to smooth cash flows. Brav et al. (2005) find evidence regarding firms’ 
endeavors to smooth dividends and highlight the prevalence of target payout ratios. 
We conclude that strategy formulation typically relies on the target levels of value 
drivers, such as growth rates and payout ratios.

Due to their high practical relevance, we analyze the conditions for a constant 
payout or constant growth strategy within our model setting. Specifically, we assume 
that firms try to maintain either a time-invariant payout ratio or constant growth of 
free cash flow ( qt = q or gFCF

t
= gFCF for t ≥ 1 ), for instance, as a signal to potential 

investors. Both objectives are consistent with the assumptions of the value driver 
model according to benchmark case (b). A constant net investment rate n at the firm 
level implies a constant payout ratio q = 1 − n and (for a given ROIC) a constant 
growth rate gFCF = n ⋅ ROIC . The previous analysis documents that strategy formu-
lation at the business unit level does not necessarily yield such results, even if intra- 
and cross-unit investment rates are constant.

Proposition 3 shows under which conditions our model can be aligned with the objec-
tives of a constant payout ratio or constant growth of the aggregate free cash flow.23

Proposition 3 Special cases of the terminal value model 

(a) A constant payout strategy requires that nA ≤ nB and that the (effective) payout 
ratios related to the NOPLAT of business units A and B are identical: 

(b) For gB ≥ gA , achieving constant growth of a firm’s free cash flow requires that 

The proposition shows that constant payout and constant growth strategies rep-
resent special cases of our model. The conditions in parts (a) and (b) ensure that 

q = (1 − nAB) ⋅ (1 − nA) = 1 − nB ⇔ nAB =
nB − nA

1 − nA
.

(1 − nAB) ⋅

(

1 −
gA

ROICB

)

= 1 − nB ⇔ nAB =
gB − gA

ROICB − gA
.

22 Interestingly, most of the CFOs who participate in this survey admit that they would forgo value maxi-
mization to smooth earnings (Graham et al. 2005).
23 We study a payout ratio that relates to the firm’s NOPLAT and therefore, defines both shareholders’ 
and debtholders’ claims against the firm.
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the payout ratio according to (8) and the growth rate of the free cash flow accord-
ing to (7) are time invariant. Both conditions have a very intuitive interpretation. 
A constant payout strategy can be achieved if both units effectively apply the  
same payout ratio.24 In this case, the limit of the total ROIC according to Propo-
sition 1 (b) can be simplified as follows

Furthermore, the valuation formula can be restated in the following way:

The special case in Proposition 3 (b) is useful for understanding valuation models 
that assume constant growth of the free cash flow. These models do not necessarily 
assume economic homogeneity of a firm’s business units; instead, constant growth 
of the free cash flow may be the result of a complex disaggregate budgeting process 
with multiple business units that potentially grow at different rates. Our analysis 
highlights the assumptions that nevertheless yield constant growth of the firm’s free 
cash flow.25 The firm’s free cash flow grows at the rate

It is important to note that a constant growth strategy neither implies constant 
growth rates of total NOPLAT, net investments, and invested capital nor is accom-
panied by a constant ROIC at the firm level. Thus, the development of the firm’s 
accounting measures cannot be depicted by the value driver model. The valuation 
formula can be simplified to

The simplicity of (17) comes at the cost of the cross-unit investment rate having to 
meet the condition in Proposition 3 (b). If a firm’s strategy violates this condition, 
the formula may cause significant errors. For a constant growth strategy, the firm’s 
long-term ROIC and payout ratio approximate the ROIC and payout ratio of unit B:

(14)ROIC∞ =

{
ROICB if gB ≥ gA

ROICA
⋅

nA

nB
if gB < gA

.

(15)

(16)gFCF = (1 − nAB) ⋅ nA ⋅ ROICA + nAB ⋅ ROICB = gB.

(17)

(18)ROIC∞ = ROICB, q∞ = 1 − nB.

24 For nA > nB , a constant payout strategy according to Proposition 3 (a) implies a negative cross-unit 
investment rate, which is questionable from an economic viewpoint.
25 To exclude the economically unreasonable result of negative cross-unit investment rates, we require 
that gB ≥ gA . Note that this restriction implies ROICB > gA.
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Corollary 4 studies the applicability of the value driver model in our setting with 
two business units.

Corollary 4 The special cases of constant payout and constant growth strat-
egy coincide if both business units exhibit identical ROIC, that is, for 
ROIC = ROICA = ROICB . In this case, the terminal value can be determined using 
the value driver model:

Corollary  4 highlights the role of intra-firm heterogeneity in our valuation 
approach. The application of the value driver model according to benchmark case 
(b) requires constant payout ratios and constant growth of the firm’s free cash 
flows. To obtain this result, the two special cases must coincide. However, this 
cannot occur unless the units generate identical ROIC. For all other cases, firm 
value must be determined with the valuation formula presented in Section 3.1.

4  Simulation analysis

4.1  Premises

To illustrate the economic relevance of our model, we use a simulation analysis and 
compare our results with those of the benchmark models introduced in Section 2.2. We 
consider a population of 100,000 firms with a given business unit strategy according to 
our model setup.

The benchmark models cannot correctly depict the firms’ strategy formulation. 
Their results are subject to valuation errors. In the following, we briefly describe the 
application of the benchmark models to the data. Benchmark model (a) applies the 
value driver model to each unit. The model does not offer any degree of freedom to 
consider the cross-unit investment rate. Therefore, we neglect the cross-unit invest-
ments and determine the firm value E[Ṽa

0
] as the sum of the stand-alone values E[ṼA

0
] 

and E[ṼB
0
].

Benchmark model (b) relies on the assumptions of a constant ROIC and net invest-
ment rate at the firm level. Given our model of business unit strategies, these assump-
tions are not satisfied. Thus, the application of model (b) requires a heuristic to deter-
mine the value drivers. We estimate the parameters given the first period’s accounting 
information:

It is evident from the previous analysis that these numbers do not correspond to the 
firm’s actual ROIC and net investment rate in any period t ≥ 2 . We use the value 
drivers in (19) to determine the terminal value E[Ṽb

0
].

(19)
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Benchmark model (c) does not consider the nominal growth in business unit A. 
Therefore, we neglect any positive intra-unit investment rate nA . Furthermore, the 
cross-unit investment rate must be fixed at the level of the intra-unit investment rate of 
unit B, nAB = nB . Moreover, the benchmark model does not consider the initial capital 
in unit B. While the latter assumption clearly limits the model’s applicability, it is not 
related to the depiction of cross-unit investments and can easily be relaxed. To ensure 
comparability of the simulation results, we extend the model for the invested capital in 
unit B. The terminal value is given by E[Ṽc�

0
] = E[Ṽc

0
] + E[ṼB

0
] , where the stand-alone 

value E[ṼB
0
] reflects the contribution of the initial capital in unit B.

According to benchmark model (d), the information on the cross-unit investment 
rate nAB is neglected. Instead, cross-unit investments are chosen to ensure a con-
stant growth strategy. Following the above-mentioned argument, we also extend the 
model for initial capital in unit B, E[Ṽc�

0
] = E[Ṽc

0
] + E[ṼB

0
] . This guarantees compa-

rability of the simulation results and a fair assessment of the benchmark model.

4.2  Simulation results

First, we illustrate the results on our generalized valuation model. Table 1 provides 
an analysis of the terminal value, the long-term ROIC, and long-term payout ratio.

The population of firms has an average terminal value of 36,805.19 with a stand-
ard deviation of 7,981.73.26 The sensitivity analysis reveals the most influential value 
drivers. Not surprisingly, the cost of capital k has a large (negative) impact on termi-
nal value. The sensitivity of the terminal value to the cross-unit investment rate nAB is 
2.7% and exceeds the sensitivity to the intra-unit investment rates, which is negligible 
in our numerical example. The consideration of cross-unit investments affects the rela-
tive importance of the units’ value drivers. Part of the cash flow earned in unit A is not 
distributed, but is invested into unit B and has an additional effect on value creation. 
Thus, the initial capital, ROIC, and intra-unit investment rate of unit A have larger 
impact on terminal value than the respective value drivers of unit B.

We further study which factors affect a firm’s long-term ROIC and long-term 
payout ratio as defined in Proposition 1. Clearly, both units’ ROICs affect the long-
term ROIC. As suggested by the theoretical analysis, the ROIC of unit B is particu-
larly important with a sensitivity of 98.7% . This unit receives subsidies from unit A, 
supporting its long-term growth and stressing its relevance for the long-term devel-
opment of the firm. The variation of the long-term payout ratio is mainly explained 
by the intra-unit investment rates ( −45.8% and −48.4% for units A and B, respec-
tively). The long-term payout ratio is the weighted average of the effective payout 
ratios (1 − nA) ⋅ (1 − nAB) and 1 − nB of the business units. Interestingly, the impact 
of the cross-unit investment rate is negligible. Increasing levels of nAB reduce the 
effective payout ratio of unit A but simultaneously reduce the weight �q assigned 
to this value; that is, the payout ratio of unit B becomes more important for the 

26 The growth rates in our sample lie within the range [0.45%;2%] . Our assumptions reflect realistic 
ranges for the ROICs and growth rates of the business units (Koller et al. 2015).
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long-term development of the firm. Furthermore, the ROICs of both units affect q∞ . 
They change the relative size of the units and thereby, the weight �q.

Second, we compare our model results with the benchmark models. For each 
model x ∈ {a, b, c�, d�} and each observation, we study the sign of the valuation 
error, as well as the absolute and relative valuation errors

Table 2 documents the frequency of undervaluations, as well as the arithmetic mean, 
maximum, and standard deviation of the valuation errors. Moreover, we provide a 
sensitivity analysis of the relative valuation errors. Recall that model (d) requires 
that the growth rate of unit B exceeds the growth rate of unit A ( gB ≥ gA ) to avoid 
the economically questionable case of negative cross-unit investments. Therefore, 
we impose different numerical assumptions to allow for an unbiased comparison.27

The simulation results show that all benchmark models cause considerable mean 
valuation errors in the range of 1,401.89–2,540.41, which represents a mean devia-
tion of 3.4–6.4% of the terminal values. The valuation outcome of model (a) is gen-
erally too low, all other models cause under- or overvaluations. The models show 
noteworthy differences in the maximum valuation error. While models (a), (c), and 
(d) are accompanied by maximum errors of 22.0% to 25.8% , model (b) causes severe 
errors of up to 56.9%.

The sensitivity analysis identifies two parameters that have similar effects on the 
relative valuation error in all benchmark models. First, the cross-unit investment rate 
has a substantial impact. This is not surprising as all models consider the cross-unit 
investments incorrectly. Model (a) completely neglects such investments. In model 
(b), investments are incorrectly considered by a constant net investment rate at the 
firm level. Models (c) and (d) either equalize the cross-unit investment rate with the 
intra-unit investment rate of unit B or use cross-unit investments to ensure a con-
stant growth strategy. Second, the firm’s cost of capital reduces the relative error 
px = ax∕E[Ṽ0] in all models. While the cost of capital reduces both the absolute 
error ax and the value E[Ṽ0] , its effect on the numerator is stronger. The absolute 
error mainly relates to the value contribution of the cross-unit investments, which is 
particularly sensitive to the cost of capital.

The remaining sensitivities can be explained by the specific model features. 
Model (a) completely neglects the cross-unit investments. We assume that such 
investments yield a return that exceeds the firm’s cost of capital. Thus, the bench-
mark model generally implies undervaluation. On average, the valuation error is 
6.3% , with a maximum error of 25.2% and a standard deviation of 4.4% . The valua-
tion error is sensitive to the cross-unit investment rate nAB ( 73.0% ) and to the ROIC 
of unit B ( 10.7% ), which crucially determines the contribution of the cross-unit 
investments.

(20)sx = sign(E[Ṽ0] − E[Ṽx
0
]), ax = |

|E[Ṽ
x
0
] − E[Ṽ0]

|
|, and px =

ax

E[Ṽ0]
.

27 This limits the comparability of the simulation results across the different models. Yet, the insights 
from the simulation analysis do not change if we apply all models to the same data set.
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Benchmark model (b) is based on the assumption of a constant ROIC and net 
investment rate at the firm level, which we estimate from the numbers in the first 
period. Proposition  1 shows that the actual ROIC and net investment rate might 
increase or decrease over time, depending on the relative size of the units’ ROICs. 
Thus, model (b) leads to under- and overvaluations. We identify undervaluation 
in 29.0% of all observations. The mean valuation error of 3.4% is comparably low. 
Yet, the standard deviation is higher than in the other models, and the maximum 
error amounts to 56.9% , which is more than twice the error in any other benchmark 
model. This result is intuitive. Model (b) presumes time-invariant value drivers 
and is insensitive to intertemporal shifts in the size of the units. All other models 
separately forecast both units’ accounting measures and are at least partially able 
to depict their long-term development. The error of benchmark model (b) is par-
ticularly sensitive to the ROICs of both units ( 15.5% and −3.5% in units A and B, 
respectively): According to Proposition 1, ROICA and ROICB determine the long-
term ROIC and have a crucial influence on the misspecification in (19).28

Table 1  Overview of the model results and sensitivity analysis

The results are based on 100,000 data points. The input parameters are drawn independently from 
uniform distributions, E[ĨC

A

0
] ∼ U[15,000;25,000], E[ĨC

B

0
] ∼ U[0;5,000], nA , nB ∼ U[3%;10%] , 

nAB ∼ U[0%;30%] , k ∼ U[10%;14%] , and ROICA , ROICB ∼ U[15%;20%] . The firm value E[Ṽ0] , long-
term ROIC ROIC∞ = lim

t→∞
ROICt , and long-term payout ratio q∞ = lim

t→∞
qt are determined according to 

Propositions 1 and 2. The sensitivities are determined as normalized Spearman rank correlation coeffi-
cients of the input parameters and dependent variables

Firm value Long-term ROIC Long-term
E[Ṽ0] ROIC∞ payout ratio q∞

Descriptive statistics
      Arithmetic mean 36,805.19 17.5% 92.3%

      Empirical standard deviation 7,981.73 1.4% 1.7%

Sensitivity analysis
      Cross-unit investment rate nAB 2.7% 0.0% 0.0%

      Cost of capital k −35.2% 0.0% 0.0%

      ROIC of unit A ROICA 14.0% 1.2% −2.9%

      ROIC of unit B ROICB 1.4% 98.7% 2.9%

      Net-investment rate of unit A nA 0.2% 0.0% −45.8%

      Net-investment rate of unit B nB 0.0% 0.0% −48.4%

      Invested capital of unit A E[ĨC
A

0
] 38.5% 0.0% 0.0%

      Invested capital of unit B E[ĨC
B

0
] 8.0% 0.0% 0.0%

28 This argument is substantiated by the simulation results. We compare the ROIC according to (19) 
with the long-term ROIC and measure the relative misspecification error (ROIC − ROIC∞)∕ROIC∞ . 
This error has a small mean of 0.2% but a high standard deviation of 9.5% . The variation in the misspeci-
fication error can be largely explained by the ROICs of the units A and B with sensitivities of 50.0% and 
−49.9%.
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Benchmark model (c) causes the highest mean valuation error of 6.4% . This 
model is characterized by two misspecifications. First, it does not consider any 
growth in unit A. This generally causes undervaluation. The corresponding error 
is most severe if the ROIC and intra-unit investment rate of unit A are high, as 
both parameters jointly determine the growth rate gA = nA ⋅ ROICA . Second, the 
cross-unit investment rate is equalized with the intra-unit investment rate of unit 
B. This further aggravates the undervaluation if the actual cross-unit investment 
rate is higher than this intra-unit investment rate, nAB > nB . By contrast, the model 
tends to overstate the terminal value if the net investment rate exceeds the cross-
unit investment rate. In our numerical setting, most observations satisfy the condi-
tion nAB > nB . Therefore, the majority of valuation outcomes are too low ( 96.9% ). 
The error is aggravated for increasing nAB and decreasing nB (with corresponding 

Table 2  Comparison with the benchmark models

The results are based on 100,000 data points generated from uniform parameter distributions, 
E[ĨC

A

0
] ∼ U[15,000;25,000], E[ĨC

B

0
] ∼ U[0;5,000], nAB ∼ U[0%;30%] , k ∼ U[10%;14%] , ROICA , 

ROICB ∼ U[15%;20%] . In the comparison with (a), (b), and (c), we assume nA , nB ∼ U[3%;10%] . The 
comparison with (d) is based on a separate simulation, assuming nA ∼ U[3%;5%] , nB ∼ U[8%;10%] . The 
frequency of undervaluations is determined as the percentage of observations with a lower benchmark 
firm value, that is, sx = 1 . The sensitivity measures are determined as normalized Spearman rank correla-
tion coefficients of the input parameters and dependent variables

Benchmark model Gordon and Shapiro Koller et al. (c) Meitner (d)

(a) (b)

Sign of the valuation error sx = sign(E[Ṽ0] − E[Ṽx
0
])

      Frequency of undervaluations 100.0% 29.0% 96.9% 82.7%

Absolute valuation error ax = |
|
|
E[Ṽx

0
] − E[Ṽ0]

|
|
|

      Arithmetic mean 2,482.06 1,401.89 2,540.41 1,830.83
      Maximum realization 17,738.54 34,910.43 18,006.16 15,226.01
      Empirical standard deviation 2,083.59 2,164.63 2,093.52 1,735.15

Relative valuation error px = |
|
|
E[Ṽx

0
] − E[Ṽ0]

|
|
|
∕E[Ṽ0]

      Arithmetic mean 6.3% 3.4% 6.4% 4.7%

      Maximum realization 25.2% 56.9% 25.8% 22.0%

      Empirical standard deviation 4.4% 4.6% 4.3% 3.8%

Sensitivity analysis of the relative valuation error
      Cross-unit investment rate nAB 73.0% 73.6% 69.9% 80.1%

      Cost of capital k −15.6% −3.7% −16.7% −11.9%

      ROIC of unit A ROICA 0.0% 15.5% 3.1% 0.1%

      ROIC of unit B ROICB 10.7% −3.5% 2.8% 7.2%

      Net-investment rate of unit A nA 0.0% 0.1% 4.5% 0.2%

      Net-investment rate of unit B nB 0.2% 0.0% −2.4% −0.1%

      Invested capital of unit A E[ĨC
A

0
] 0.0% 0.1% 0.0% 0.0%

      Invested capital of unit B E[ĨC
B

0
] −0.5% −1.3% −0.6% −0.5%
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sensitivities of 69.9% and −2.4% ). Such variations aggravate the misspecification for 
the majority of our observations.

The valuation outcome of benchmark model (d) is based on a fictitious cross-unit 
investment rate (gB − gA)∕(ROICB − gA) that ensures constant growth of the free 
cash flow. If the cross-unit investment rate nAB exceeds this threshold, the bench-
mark model implies undervaluations. For our numerical example, this is the case for 
82.7% of the population. This error is aggravated if the cross-unit investments in unit 
B are important, that is, if this unit yields a high return. Therefore, ROICB has con-
siderable impact on the error with a sensitivity of 7.2% . The mean relative valuation 
error of model (d) is 4.7%.

Altogether, the simulation analysis shows that our model is particularly useful 
in improving valuation precision if firms plan considerable cross-unit investments. 
Thus, the simulation analysis confirms the high relevance of a correct representa-
tion of value-creating cross-unit investments as an essential aspect of business unit 
strategy (Solomons 1965; Kontes 2010). Moreover, the benefits of our valuation 
approach are high if firms exhibit low cost of capital and if subsidized business units 
yield a high return. In the latter case, the value contribution of cross-unit invest-
ments should be estimated more precisely.

5  Implications for corporate valuation theory and practice

In this study, we develop a terminal value model that is based on a firm’s strategy 
formulation at the business unit level. We consider a setting with heterogeneous 
business units and show the implications of (intra- and cross-unit) investments for 
i) the long-term development of the firm’s accounting measures and ii) the terminal 
value of the firm. The framework with two business units generalizes existing work 
and can easily be extended to more than two business units. We further characterize 
strategy choices that cause constant payout ratios and constant growth of the free 
cash flow. Our results contribute to the valuation literature in several ways.

Our model extends the valuation approaches of Koller et al. (2015) and Meitner 
(2013), who impose additional assumptions on a firm’s cross-unit investments. Such 
investments are essential if firms try to manage the long-term development of their 
business portfolio (Solomons 1965; Kontes 2010). Valuation approaches should 
offer sufficient degrees of freedom to depict firms’ plans to (re-)allocate budg-
ets among business units. We develop discounted cash flow and a residual income 
approaches that allow for arbitrary cross-unit investment rates and show how busi-
ness unit strategies translate into firm value.

Moreover, our model framework allows us to study how value drivers affect 
expectations about a firm’s future accounting measures. We delineate expected 
invested capital, free cash flow, and residual income as a function of the investment 
strategy and business unit rentability. We also illustrate the long-term development 
of the total ROIC and payout ratio. Management can use these results to review the 
plausibility of their planning assumptions. Managers frequently pursue long-term 
targets on the aggregate level such as target payout ratios or growth rates. Our results 
can be used to reconcile such long-term targets with the strategy formulation at the 
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business unit level. In addition, we study under which conditions a business unit 
strategy implies constant payout ratios and constant growth of the aggregate free 
cash flow – strategies that have high practical relevance and are frequently consid-
ered in alternative valuation models. A special case that is characterized by both 
constant payout ratios and constant growth of the free cash flow can only occur if the 
firm’s business units exhibit identical ROIC. Therefore, the application of the value 
driver model by Gordon and Shapiro (1956) is limited to settings with homogenous 
business units. This finding is remarkable given the prominent role of the value 
driver model in valuation practice. Our results challenge the assumption of uniform 
value drivers in analyzing and valuing firms that operate in multiple business areas.

We highlight the usefulness of our results for external parties such as financial 
analysts and investors who do not have access to strategy information. Given finan-
cial disclosures about a firm’s operating segments, external parties learn about a 
firm’s investment strategy and future business model (Kang et al. 2017). Our results 
offer a simple way to estimate the relevant value drivers and to use them in funda-
mental analysis and firm valuation. Hence, our results are useful not only for the 
management’s endeavors to identify and substantiate value-increasing strategies, 
but also for deciphering firm disclosures on the long-term development of a firm’s 
accounting measures. We further use a simulation study to illustrate that such efforts 
may be worthwhile. If we assume that firm strategy can be depicted by our valuation 
model, alternative valuation formulas yield significant errors. The relative precision 
of our model is particularly high in cases of considerable cross-unit investment rates 
and high rentability of the business units that are subsidized. Under these conditions, 
the valuation formulas identified in this paper may be particularly useful although 
they are associated with slightly higher complexity.

Finally, our results on the relations of forecasts at the firm and business unit level 
relate to empirical work on value creation. We provide insights on the interplay of 
value drivers, accounting measures, and firm value, which may be useful for work 
on the interrelation of accounting characteristics and value (Penman et  al. 2018). 
Other empirical studies identify a diversification discount that is partly related to 
firms’ cross-subsidization of under-performing business units (Rajan et  al. 2000). 
Our study helps in estimating the value gains and losses associated with cross-unit 
investments and may therefore be useful in establishing transparency with regard to 
the financial consequences of firm diversification.

Our results are subject to several limitations. First, we do not consider differences in 
the business units’ cost of capital. This is arguably a legitimate simplification in various 
practical settings. Yet, there are firms that operate in multiple markets and face substan-
tial differences in operational risk. Firms may also define specific financing strategies for 
their business units to address different liquidity requirements and tax treatments. The 
additional consideration of heterogeneous operational and financial risks could therefore 
be a useful extension of our model. Moreover, our valuation model relies on forecasts 
of the ROIC and investment rates. Such value driver models have shortcomings in valu-
ing firms in technology and knowledge-based industries that heavily rely on intangible 
assets. Our model requires estimates of invested capital and ROIC not only at the firm 
level but also at the business unit level and is therefore prone to estimation errors. Addi-
tional refinements and alternative value drivers may be helpful in mitigating these errors. 
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Finally, we focus on cross-unit investments in multi-business organizations. Aside from 
cross-unit investments, there may be other types of interdependencies such as the joint 
use of non-financial resources or product market interactions. All in all, our analysis pro-
vides a sound theoretical basis for further research on the valuation of diversified firms.
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Appendix A: overview of mathematical symbols

ax Absolute valuation error of model x ∈ {a, b, c�, d�}

E[F̃CF
i

t
] , E[F̃CFt]

Free cash flow of unit i ∈ {A,B} (the firm) at time t ≥ 1

gi Growth rate within unit i ∈ {A,B} ; gi = ni ⋅ ROICi

gx
t

Growth rate of x ∈ {IC,NI,NOPLAT ,FCF} in period t ≥ 1

E[ĨC
i

t
] , E[ĨCt]

Invested capital of unit i ∈ {A,B} (the firm) at time t ≥ 0

k Weighted average cost of capital
�ROIC , �q Weights in the limit of the total ROIC and payout ratio

E[M̃VA
i

0
] , E[M̃VA0] , E[M̃VA

AB

0
] Stand-alone MVA of unit i ∈ {A,B} (the firm/ the cross-unit invest-

ments)
ni Intra-unit investment rate of unit i ∈ {A,B}

n
AB , nAB Cross-unit investment rate related to the NOPLAT (after intra-unit 

investments) of unit A

E[ÑI
i

t
] , E[ÑIt] Net investments of unit i ∈ {A,B} (the firm) at time t ≥ 1

NOPLAT of unit i ∈ {A,B} (the firm) at time t ≥ 1

px Relative valuation error of model x ∈ {a, b, c�, d�}

qt , q∞ (Long-term) payout ratio of the firm at time t ≥ 1

E[R̃I
i

t
] , E[R̃It]

Residual income of unit i ∈ {A,B} (the firm) at time t ≥ 1

ROICi , ROICt , ROIC∞ (Long-term) return on invested capital of unit i ∈ {A,B} (the firm at 
time t ≥ 1)

sx Sign of the valuation error with model x ∈ {a, b, c�, d�}

E[Ṽ i
0
] , E[Ṽ0] , E[ṼAB

0
] Stand-alone value of unit i ∈ {A,B} (the firm/ cross-unit investments)

E[Ṽx
0
] Terminal value with model x ∈ {a, b, c, c�, d, d�}

E[Ṽ
cp

0
] , E[Ṽcg

0
] Terminal value with a constant payout (growth) strategy

http://creativecommons.org/licenses/by/4.0/
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Appendix B: benchmark models based on residual income

Benchmark model (a)
E[Ṽa

0
] = E[�IC0] +

ROICA−k

k−gA
⋅ E[�IC

A

0
]

�������������������

=E[�MVA
A

0
]

+
ROICB−k

k−gB
⋅ E[�IC

B

0
]

�������������������

=E[�MVA
B

0
]

Benchmark model (b) E[Ṽb
0
] = E[�IC0] +

ROIC−k

k−g
⋅ E[�IC0]

�����������������

=E[�MVA0]

Benchmark model (c)
E[Ṽc

0
] = E[�IC

A

0
] +

ROICA−k

k
⋅ E[�IC

A

0
]

�������������������

=E[�MVA
A

0
]

+
(ROICB−k)⋅nB ⋅ROICA

k⋅(k−gB)
⋅ E[�IC

A

0
]

�����������������������������������

=E[�MVA
AB

0
]

Benchmark model (d)
E[Ṽd

0
] = E[�IC

A

0
] +

ROICA−k

k−gA
⋅ E[�IC

A

0
]

�������������������

=E[�MVA
A

0
]

+

gB−gA

ROICB−gA
⋅(ROICB−k)⋅(1−nA)⋅ROICA

(k−gA)⋅(k−gB)
⋅ E[�IC

A

0
]

�����������������������������������������������������

=E[�MVA
AB

0
]

Appendix C: proofs

Proof of Lemma 1

Unit A is characterized by a constant return ROICA and net investment rate nA . 
Therefore, the expected invested capital, NOPLAT, and the net investments in 
this unit uniformly grow at the constant nominal rate gA.

To determine the expected accounting measures in unit B, we must con-
sider the effects of the cross-unit investments. At time t, a share nAB of unit 
A’s NOPLAT after intra-unit investments is diverted to unit B. This implies an 
expected increase in unit B’s invested capital by

In unit B, these cross-unit investments yield a return of ROICB and are subject to 
periodic reinvestments according to the rate nB . They increase unit B’s NOPLAT 
in all subsequent periods. The NOPLAT generated in unit B grows at the rate gB . 
Thus, the cross-unit investments at time t cause the following incremental NOPLAT 
at time s > t:

To determine the total NOPLAT of unit B at time t, we consider the NOPLAT gen-
erated by the initial capital E[ĨC

B

0
] , as well as the NOPLAT from all previous cross-

unit investments according to (22):

(21)

(22)
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The net investments at time t are the sum of the intra-unit and cross-unit investments:

Finally, the invested capital of unit B at time t is the sum of the initial capital and all 
subsequent net investments:

Proof of Proposition 1

Based on the results of Lemma 1, we obtain the following solutions for the expected 
NOPLAT, net investments, invested capital, and free cash flow at the firm level:

(23)

(24)

(25)

(26)

(27)
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These results can be used to determine the growth rates (7) and the firm’s ROIC and 
payout ratio (8) and to identify the limits according to Proposition 1.

Proof of Corollaries 1 and 2

Corollaries  1 and  2 are obtained by straightforward derivatives of the respective 
variables.

Proof of Proposition 2

The stand-alone values of the units are determined according to benchmark case (a). 
To determine the net value contribution of the cross-unit investments, consider their 
effects on the free cash flow. The cross-unit investments at time t reduce the free 
cash flow by the retained amount (21) but generate an incremental NOPLAT accord-
ing to (22). A share 1 − nB of this NOPLAT is distributed to shareholders and debt-
ors. Thus, the cross-unit investments at time t imply the following value E[ṼAB,(t)

t ] of 
future cash flow increases:

The net contribution E[ṼAB
0
] of the cross-unit investments combines the value-reduc-

ing effect (21) and the value-enhancing effect (30):

(28)

E[ĨCt] =E[ĨC
A

0
] + E[ĨC

B

0
] +

t∑

s=1

E[ÑIs]

=E[ĨC
A

0
] + E[ĨC

B

0
] +

nA ⋅ gB − (nA + n
AB
) ⋅ gA

(gB − gA) ⋅ gA
⋅ ROICA

⋅ E[ĨC
A

0
] ⋅ ((1 + gA)t − 1)

+

(
n
AB

⋅ ROICA

gB − gA
⋅ E[ĨC

A

0
] + E[ĨC

B

0
]

)

⋅ ((1 + gB)t − 1),

(29)

(30)
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Proof of Corollary 3

The results in a) are obtained from Lemma 1 using definition (9). If we consider a 
hypothetical setting without cross-unit investments, the expected residual income of 
unit i ∈ {A,B} at time t = 1 is

The residual income grows at the constant rate gi . This immediately implies the 
expression E[M̃VA

i

0
] for the stand-alone MVA of unit i. The component E[M̃VA

AB

0
] 

measures the adjustment of the residual incomes attributable to the cross-unit invest-
ments and can be determined following the procedure in the proof of Proposition 2.

Proof of Proposition 3

The total ROIC at time t can be determined from the NOPLAT (26) and the invested 
capital (28). This expression is time-invariant if

Analogously, we find that the growth rate of the free cash flow (29) is constant if

Proof of Corollary 4

With homogenous rentability ROIC = ROICA = ROICB , the conditions for a con-
stant payout and constant growth strategy according to Proposition 3 coincide:

The simplified formula in Corollary 4 is obtained by substituting this result into the 
general valuation formula in Proposition 2.

(31)

(32)

(33)(1 − nAB) ⋅ (1 − nA) = 1 − nB.

(34)(1 − nAB) ⋅

(

1 −
gA

ROICB

)

= 1 − nB.

(35)nAB =
nB − nA

1 − nA
=

gB − gA

ROIC − gA
.
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