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Abstract

We estimate the value of intangible capital around the world through the valuation approach

of a neoclassical model of investment with two heterogeneous types of capital inputs: physical

capital and intangible capital. Using data on public listed �rms across 77 countries, we infer

the importance of intangible capital for the �rm's market value in each country. We �nd that

intangible capital accounts for over half of �rms' market value globally, with signi�cant cross-

country heterogeneity. To understand the drivers of intangible capital accumulation we explore

the variation in the economic and legal environment across countries. We �nd that economic

development, intellectual property protection, and �nancial market factors�especially the cost

of �nancing�signi�cantly in�uence the cross-country variation in the value of intangible capital.

Key Words: Valuation, Neoclassical Investment, Structural Estimation, Intangible Capital

JEL Classi�cation: D21, D22, E22, E24, G12, G32

*Corresponding author: Frederico Belo, INSEAD, Boulevard de Constance 77300, Fontainebleau, France;
telephone: +33 1 60 72 45 24. E-mail: frederico.belo@insead.edu.

�Shanghai Jiaotong University, yuli@saif.sjtu.edu.cn.
�University of Minnesota, CEPR and NBER, jsalomao@umn.edu.
�INSEAD,maria-ana.vitorino@insead.edu.

0



1 Introduction

How much does intangible capital contribute to a �rm's market value? And what are the economic

drivers of intangible capital accumulation? To address these questions, we use cross-country

variation in the economic and legal environment and a neoclassical model of investment with two

inputs�physical capital (e.g., plants and machinery) and intangible capital (e.g., brand name, stock

of knowledge). To quantify the relative importance of intangible capital for �rm value across the

world, we estimate the model using data from a large set of publicly traded �rms in 77 countries

spanning the period from 2000 to 2020. We �nd that, while there is substantial cross-country

heterogeneity, intangible capital is consistently a crucial determinant of �rm value, accounting for

over 50% of a �rm's market value in the past decade. In addition, the importance of intangible capital

in each country is closely linked to country characteristics. We show that economic development,

intellectual property protection, and �nancial market factors�especially the cost of �nancing�

signi�cantly in�uence the cross-country variation in the value of intangible capital. Taken together,

our �ndings show that intangible capital is a key driver of �rm value, and its accumulation is

strongly in�uenced by a country's economic and institutional environment.

We use a generalized neoclassical model of investment to decompose the market value of a �rm

between physical and intangible capital. In the model, changing the quantity of the capital inputs

is costly, which we capture through standard adjustment cost functions. The market value of the

�rm is contingent on the shadow price and the quantity of each installed input. These shadow

prices capture the replacement cost of the input and can be easily estimated from investment data

once we specify an adjustment costs function. If both the operating pro�t and the adjustment costs

functions exhibit homogeneity of degree one, the market value of each input is the product of the

input's shadow price and the corresponding stock variable. Consequently, the total market value of

the �rm becomes the sum of the market values of all inputs. This additive characteristic facilitates

a straightforward computation of each input's contribution to the �rm's overall value.

We estimate the model using data from a large cross section of publicly traded �rms around

the world. To measure the �rm-level stocks of each capital input, we use accounting information

data of listed companies from the Compustat (North America and Global) database. For physical

capital, the data is readily available from the �rm's balance sheet. For intangible capital, we follow
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Eisfeldt and Papanikolaou (2013) and Peters and Taylor (2017), to construct �rm-level measures

of intangible stock using accounting data related to Selling, General and Administrative (SG&A)

expenses, in each country. Corrado, Hulten, and Sichel (2009) use the capitalized expense in R&D,

software, advertising, employee training to measure the aggregate amount of intangible capital in

United States. For measuring the intangible capital at the �rm-level, Lev and Radhakrishnan (2005)

document SG&A serves as a comprehensive measure of investment expense of intangible capital,

encompassing multiple facets. It re�ects the value of skilled labor force (capturing training costs),

knowledge capital (often including R&D expenditures), brand capital (accounting for advertising

expenses), and other operational expenses. We employ the perpetual inventory method to aggregate

these expenditures, enabling us to derive the capital stocks for intangible capital.

To estimate the model we minimize the di�erence between observed and model-generated

valuation ratios, speci�cally the market value of equity plus net debt-to-book value of capital stocks.

We estimate adjustment cost parameters for both physical and intangible capital at the individual

country and regional levels. For large equity markets, we estimate country speci�c adjustment cost

parameters. These are 17 countries including all major economies in the world. For other countries,

we adopt a strategy of pooling these nations into the geographic areas based on United Nations

statistics criteria, and estimate region-speci�c adjustment parameters. In total, our analysis covers

77 countries, whose the listed companies represent 34% of world GDP and 11% of global value

added. Due to data availability most of our analysis focus on the last 15 years, the start date varies

per country, mostly starting in the mid 2000 and ends in 2020. Leveraging the estimated adjustment

cost parameters, we apply our model to decompose the value of �rms into physical and intangible

capital for each of these countries.

Our main empirical �ndings can be summarized as follows. First, we show that neoclassical

model of investment with two heterogenous capital inputs aligns well with the data across diverse

economies. In major markets where country-speci�c parameters are estimated, the model e�ectively

accounts for both time-series and cross-sectional variations in valuation ratios across portfolios. In

the worldwide, the cross-country time-series R2 stands at 55%, while the cross-sectional R2 reaches

88%. The model exhibits robust explanatory power, across sub-samples of continents. In Asia, the

time-series R2 is 56% and a cross-sectional R2 of 88%. In Europe, the time-series R2 is 41% and a
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cross-sectional R2 of 83%. In Americas, the time-series R2 is 70% and a cross-sectional R2 of 94%.

Including intangible capital and allowing for heterogeneity in the capital inputs, the neoclassical

model successfully explains the variation of �rm valuation across the world.

Second, we �nd that the estimated adjustment cost of intangible capital varies across countries

and that this heterogeneity is important for capturing �rm value. Examining larger equity markets,

the physical capital adjustment cost parameter varies from 0.42 for Japan to 7.08 for the USA.

Across the countries and regions, the average parameter is 3.68 and a standard deviation of 1.86.

For Germany, the UK, and India, the estimated parameters hover around this average, registering

values of 4.64, 5.42, and 4.41, respectively. In contrast, the intangible capital adjustment cost

parameter displays greater variability, ranging from 2.63 for Japan to 32.67 for China. The cross-

country average stands at 11.60, with a standard deviation of 6.22. The USA, UK, and Canada

align closely with this average, featuring estimated values of 16.84, 9.14, and 12.07, respectively.

Third, our �ndings show that intangible capital signi�cantly contributes to the market value

of �rms across all countries. Utilizing the estimated parameters of geography-speci�c and capital-

speci�c adjustment costs, we calculate the market share of intangible capital for each �rm and each

time point. In the country-speci�c estimation, the cross country average value of intangible capital

represents 54.92% of the �rm's market value. Importantly, there exists substantial heterogeneity in

the market share of intangible capital, ranging from 70.26% in China to 35.60% in South Korea.

Apart from China, the top �ve countries with the highest intangible market shares include the USA

(67.38%), the UK (64.37%), France (64.93%), and Hong Kong (59.31%).

Finally, for all countries that the model directly estimates the speci�c coe�cient, the cost of

adjusting intangible capital is higher than the cost of adjusting physical capital. In the worldwide,

the adjustment cost of intangible capital is twice as large as that of physical capital, where the

market share of intangible capital 54.92% surpasses book value 31.45%. Collectively, these �ndings

underscore the pivotal role of intangible capital as a key input in the production and value creation

for �rms worldwide.

Our results highlight the signi�cance of geographical variation in adjustment costs for

understanding di�erences in market value among �rms and their inputs across countries. To

investigate the key country characteristics that drive these cross-country di�erences we investigate
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six dimensions of country-level characteristics that may in�uence adjustment costs: (1) Protection

of Intellectual Property Rights, (2) Employment Contract Protection, (3) Ease of Contract

Enforcement, (4) Cost of Financing, (5) Protection of Investor Rights, and (6) Economic

Development. We model adjustment costs as a function of these characteristics and re-estimate

the neoclassical investment model using this speci�cation. This approach allows us to leverage the

heterogeneity of smaller economies within regions, as well as time series variations in �rm value

and investment rates, to accurately identify the signi�cance of country characteristics. Our �ndings

indicate that the model in which adjustment costs depend on country characteristics �ts the data

well for all regions except Africa, closely aligning with the parameters in benchmark model.

The extended model translates the cross-country di�erence in status of institutional

infrastructure and �nancial market development into the amount of capital valuation directly

impacted. The marginal compensation value for the under-development of institutional

infrastructure and �nancial market is estimated. Our analysis shows that economic development

and �nancial market factors, particularly the protection of intellectual property rights and the cost

of �nancing, play signi�cant roles in the cross-country variation of intangible capital value, while

similar factors a�ect physical capital but to a lesser extent. The variation in intellectual property

rights protection contributes to 0.14 standard deviation in value of intangible capital. The variation

in cost of �nancing contributes to 0.34 standard deviation in intangible capital, while it is 0.13 for

the value of physical capital. Overall, these results emphasize the critical interplay between country

characteristics and the valuation of both physical and intangible capital across di�erent economic

contexts.

Related Literature. Our research is closely aligned with the extensive literature on valuation and

production-based asset pricing, with a speci�c focus on the role of intangible capital. (Hall, 2001)

discusses the valuation of securities is overly high compared to the price of installed capital in

late 1990s. The omitted intangible capital provides a candidate explanation. (Belo et al., 2022)

provides a decomposition of the value of North American �rms, considering physical capital, labor,

and two types of intangibles�brand capital and knowledge capital. (Crouzet and Eberly, 2021)

explains the quantitative tension between physical-capital investment rate and the �rm valuation,

using the adjustment cost estimates from (Belo et al., 2022) to decompose the long-run evolution
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of �rm valuation. (Peters and Taylor, 2017) incorporate organization capital for the total book

capital, adjust the measure for the Tobin's Q, and to explain the total �rm investment. (Eisfeldt

and Papanikolaou, 2013) show that �rms with more organization capital are riskier than �rms with

less organization capital. (Eisfeldt, Kim, and Papanikolaou, 2020) and (Gulen et al., 2022) include

intangible capital for Value factor. Adjusted measure of �rm valuation ratio improves the asset

pricing factor models. (Hansen, Heaton, and Li, 2012) study the risk characteristics of intangible

capital. In international macro-�nance, research on the cross-section of equity valuation is emerging.

To our knowledge, our paper is the �rst attempt for quantifying market value of intangible capital

in global economy. We �nd that adjustment cost of intangible capital is larger than that of physical

capital in most countries. Furthermore, our cross-country analysis allows us to study the importance

of country's fundamental characteristics in driving the importance of each input in the �rm's market

value.

Our research adds to the extensive literature on cross-country di�erence of valuation (�rm

average Q) and investment. What determines the �rm value in a country? La Porta et al.

(2002) investigate the ownership of the large listed �rms in di�erent countries, document that block

shareholder impedes the corporate governance and erodes corporate value. The higher �rm valuation

is the result of the higher cash-�ow growth bene�ting from the investor protection. McLean, Zhang,

and Zhao (2012) extend the investment-Q regression, document the investment is more sensitive to

�rm value, in countries with better investor protection. Aforementioned research only considers the

homogeneous capital, but intangible capital is crucial for modern corporation. Acharya, Baghai,

and Subramanian (2014) speci�cally focus on the e�ect of employee protection over �rm innovation

productivity. Patent application and economic importance measured by citation increases after a

state in the U.S. adopted the Wrongful Discharge Laws. Calcagnini, Ferrando, and Giombini (2014)

document �rm valuation tends to be lower in economies with stronger protection of employment

contract.

High �rm value is often interpreted as high growth of capital and the corresponding dividend

growth. Our research clari�es the sophisticated interplay between �rm valuation and investment.

Conditional on the same future path of pro�tability and revenue growth, the �rm value also relies

on the exact dynamic of capital adjustment cost. This can hardly be delineated by the textbook

5



dividend-growth model where the economic uncertainty is ignored, while the general Neo-Classical

dynamic investment model derives the robust prediction over the �rm value. Despite the rich

literature in describing how the �rm pro�t can be a�ected by the legislation system in protecting

patents, little is known for the di�culty in implementing the investment, which is quanti�ed by the

intangible capital adjustment cost in this paper. High investment rates re�ect the expectation of

high cash �ow growth or the low discount rate, while the sensitivity of �rm value to investment

rate elicits the adjustment cost, conveys the shadow price of capital. We utilize the model of

adjustment cost function that are determined by the institutional development in multiple aspects,

to disentangle the joint e�ects over capital value from the institution of intellectual property right,

employee contract protection, the shareholder right, the e�cacy of contract enforcement, the fairness

of �nancial market, and the economic development.

Our results highlight the signi�cance of country-speci�c characteristics, such as patent

protection, and bank pro�tability, in assessing the value of various inputs. Using a dynamic general

equilibrium model, Antill et al. (2023) quantify the extent how plainti� rights in the litigation

in�uences innovation. Strengthening protection to incumbent patent increases the monopoly rent

and the �rm value, but discourage the innovation of new entrant. Similarly, Crouzet et al. (2022a)

argue that stronger property rights can hinder growth by limiting access to intangible capital. Our

empirical examination indicates that countries with stronger patent protections experience lower

adjustment costs for intangible capital, which, when keeping investment levels constant, leads to

a reduced value of that capital. In Petersen and Rajan (1994); Hauswald and Marquez (2006),

cost of funding depends on the information rent and the power of bank in loan market negotiation.

We �nd that bank's pro�tability, re�ecting the �rm's cost of �nancing, signi�cantly increases the

cost of investing in intangible capital. La Porta, Lopez-de Silanes, and Shleifer (1999); La Porta

et al. (2002) raise the concern whether corporation value is eroded due to the under-development

of �nancial market and weak shareholder protection. We show that the neoclassical model of

investment with two capital inputs explains the �rm valuation well. This indicates the manager's

valuation is aligned to the market valuation in most countries, with the exception of China and

Japan. Our estimation con�rms that the �rm value is largely contributed by the intangible capital.

Status of country in intellectual property protection and cost of �nancing explain cross-country
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variation in �rm value, while the e�ect from shareholder rights is less pronounced.

Our work also talks to the recent literature of modern corporate sector in international �nance.

(Karabarbounis and Neiman, 2014) document the declining labor share of income in national

accounting data, both in the United States and globally. (Chen, Karabarbounis, and Neiman, 2017)

investigated the increasing corporate saving in the private corporate sector. (Falato et al., 2022)

provide an explanation for the simultaneous shift toward the intangible capital and the corporate

saving. (Altomonte et al., 2021) claim that the frictions in intangible investments can lead to the

dispersion of markup at �rm-level. Our work investigates the role of capital market environment in

the valuation of intangible capital, by quantifying the di�culty of intangible capital investment for

countries. High valuation of intangible capital can be the result of its high shadow price.

The remainder of the paper is structured as follows: Section 2 presents the model, while Section

3 introduces the functional forms and outlines the estimation procedure. Section 4 details the data

used. Section 5 discusses the contribution of intangible capital to �rm value and the cross-country

di�erence in cost of investing intangible capital. Section 6 examines the heterogeneity of economic

and institutional environment in countries, models the cost parameters as a function of country

fundamentals. Section 7 addresses various robustness checks, and �nally, Section 8 concludes the

paper. Additional results and robustness analyses can be found in the Appendix.

2 The Model of the Firm

We consider a neoclassical model of the �rm as in (Belo et al., 2022)(we use the consistent notation

with Belo et al. (2022) whenever possible) with several quasi-�xed inputs. Time is discrete and the

horizon is in�nite. Firms choose costlessly adjustable inputs (e.g., materials, energy) each period,

while taking their prices as given, to maximize operating pro�ts (revenues minus the expenditures

on these inputs). Because we treat intangible capital as quasi-�xed inputs, investments in intangible

capital is excluded from our de�nition of operating pro�ts. Then, taking these operating pro�ts as

given, �rms optimally choose the physical and intangible capital investments, and debt to maximize

their market value of equity.

To save on notation, we denote a �rm's i set of capital as Kit (variables in bold represent a
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vector). This set includes the physical capital stock (KP
it ) and the intangible capital stock (KI

it).

Similarly, we denote a �rm's i set of investments in the inputs at time t, as Iit. This set includes

the investment in physical capital (IPit ) and the investment in intangible capital (IIit).

The law of motion of the �rm's capital inputs is given by:

KP
it+1 = IPit + (1− δPit )K

P
it (1)

KI
it+1 = IIit + (1− δIit)K

I
it (2)

where δPit and δIit are the exogenous depreciation rates of physical and intangible capital, respectively.

2.1 Technology

The operating pro�t function for �rm i at time t is Πit ≡ Π(Kit, Xit), in whichXit denotes a vector

of exogenous aggregate and �rm-speci�c shocks. Firms incur adjustment costs when investing. The

adjustment costs function is denoted Cit ≡ C(Iit,Kit). This function is increasing and convex in

investment, and decreasing in the capital stocks. For physical and intangible capital inputs these

costs include, for example, planning and installation costs, and costs related with production being

temporarily interrupted. We assume that the �rm's operating pro�t function and adjustment costs

function are both homogeneous of degree one and we specify the functional forms in the empirical

section below.

2.2 Taxable Pro�ts and Firm's Payouts

Firms can issue debt to �nance their operations.1 At the beginning of time t, �rm i issues an

amount of debt, denoted Bit+1, which must be repaid at the beginning of time t + 1. rBit denotes

the gross corporate bond return on Bit.

We can write taxable corporate pro�ts, denoted TCP , as operating pro�ts minus intangible

capital investments (which are expensed), physical capital depreciation, adjustment costs, and

1We include debt in the model to better �t the data, but for parsimonious reasons we keep the �nancing side of
the �rm as simple as possible.
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interest expense:

TCPit = Πit − IIit − δPitK
P
it − Cit.

Thus, adjustment costs are expensed, consistent with treating them as foregone operating pro�ts.

Let τit be the corporate tax rate. The �rm' payout, denoted D, is then given by:2

Dit ≡ (1− τt)[Πit − Cit − IIit]− IPit +Bit+1 − rBitBit + τtδ
P
itK

P
it + τt(r

B
it − 1)Bit, (3)

in which τtδ
P
itK

P
it is the depreciation tax shield, and τt(r

B
it − 1)Bit is the interest tax shield.

2.3 Equity Value

Firm i takes the stochastic discount factor, denoted Mt+△t, from period t to △t as given when

maximizing its cum-dividend market value of equity:

Vit ≡ max
{Iit+△t,Kit+△t+1,Bit+△t+1}∞△t=0

Et

 ∞∑
△t=0

Mt+△tDit+△t

 , (4)

subject to a transversality condition given by limT→∞Et[Mt+TBit+T+1] = 0, and the laws of motion

for the capital inputs given by equations (1).

Let Pit ≡ Vit −Dit be the ex-dividend equity value. In the online appendix we show that, given

the homogeneity of degree one of the operating pro�t and adjustment costs functions, the �rm's

value maximization implies that:

Pit +Bit+1 = qPitK
P
it+1 + qIitK

I
it+1, (5)

in which

qPit ≡ 1 + (1− τt)∂Cit/∂I
P
it (6)

qIit ≡ (1− τt)
[
1 + ∂Cit/∂I

I
it

]
(7)

2Note that physical capital investment and intangible capital investments are treated di�erently given the di�erent
accounting rules. Investment in physical capital is spread out over time and expensed as depreciation, while the
intangible capital costs are mostly treated as expenses at the time that they occur.
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and ∂Cit/∂x denotes the �rst derivative of the adjustment costs function with respect to variable x,

qPit , and qIit measure the shadow prices of physical capital and intangible capital, respectively (the

Lagrange multipliers of equations (1) to (2)). The valuation equation (5) is simply an extension of

(Hayashi, 1982)'s result to a multi-factor inputs setting. Note that there is subtle di�erence between

the shadow price of the two inputs, which comes from the di�erent tax treatment of the inputs.

According to equation (5) the �rm's market value is given by the sum of the value of the �rm's

installed capital inputs. This additive feature allows us to compute the fraction of �rm value that is

attributed to each input (henceforth referred simply as �input-shares�) in a straightforward manner

as follows:

µP
it =

qPitK
P
it+1

qPitK
P
it+1 + qIitK

I
it+1

(8)

µI
it =

qIitK
I
it+1

qPitK
P
it+1 + qIitK

I
it+1

(9)

The fundamental goal of the empirical analysis is to characterize these input-shares, including

their variation across countries and over time.

3 Estimation Methodology

In this section we specify the functional forms and describe the estimation procedure. In subsection

3.1 we discuss the functional forms used to model adjustment costs which de�ne the speci�cation

of �rm equity value. In subsection 3.2 we describe the estimation procedure used that focuses on

using portfolios to minimize the idiosyncratic noise in the data, and the de�nition of country and

regions that we use to estimate the model.

3.1 Functional Forms

The valuation equation (5) only requires the speci�cation of the adjustment costs function, not of

the operating pro�t function. We consider the following quadratic adjustment costs function:

Cit =
θP,c(i)

2

(
IPit
KP

it

)2

KP
it +

θI,c(i)

2

(
IIit
KI

it

)2

KI
it, (10)
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in which θP,c(i), θI,c(i) > 0 are the parameters that control the magnitude of the adjustment costs of

each input. The subscript c(i) is the country (or region as we describe below) of �rm's i headquarters.

Accordingly, in the baseline of the model, we let the adjustment cost parameters to vary across

countries to capture the cross-country di�erences in the market environment for physical capital

and intangible capital investment. These variation might arise due to di�erences in the judicial

system, culture, regulation of �nancial sector, among other.3 We then examine the determinants of

this variation in detail in section 6 below.

This functional form implies that the shadow prices of the capital inputs can be inferred from

�rm-level data on investment, capital stocks, and taxes, and are given by:

qPit ≡ 1 + (1− τt,c(i))θP,c(i)

(
IPit
KP

it

)
(11)

qIit ≡ (1− τt,c(i))

[
1 + θI,c(i)

(
IIit
KI

it

)]
(12)

We adopt a simple quadratic adjustment cost speci�cation for parsimonious reasons and to avoid

parameter proliferation. There are several implicit assumptions in our simple speci�cation, such as

using gross �ows, smooth, convex and symmetric adjustment costs. See (Belo et al., 2022) for a

discussion of these assumptions.

Denote the �rm's total (e�ective) dollar amount of capital inputs (physical capital stock and

intangible capital stock) as Ait = KI
it +KP

it . Accordingly, we write a �rm's valuation ratio (V Rit

3Capital adjustment cost captures the �exibility in implementing the investment plan. The resource reallocation,
internal coordination within the corporation is costly, but not directly reported in the �rm cash�ow statement.For
example, in a country where the business secret is easily leaked to competing �rms, �rm is unwilling to invest, in
the fear or being copied by the cohort �rms. When there is new demand for the vehicle-design or cost optimization
in assembly, despite the future pro�t �ow is lucrative from the investment action, the concern of being copied by
competitors, the expectation of coping competitors in the later round, would push the producers simultaneously
postpone or taper the e�ort in launching the new design/investment. Though one doesn't see the direct payment
to installing the new design, the manager and the in-house engineers all spent quite a lot of time in monitoring the
industry and contemplating the decision of allocating the investment budget.
The development of �nancial market has the similarly important role for capital adjustment cost. Take the example

of an electricity vehicle producer. Kicking o� the new product line of algorithm-supported auto-driving system requires
large initial signup payment to newly recruited engineers and scientist who are expert in this new �eld. When the �rm
doesn't have enough liquidity at hand, the expansion decision into the auto-driving system might be postponed, due
to the long time required by approving the new loan or raising the new fund from the shareholder. On the contrary, a
new assembly line of electricity battery is more tangible, the �rm can use �nancial-lease to obtain the timely funding.
These are typical examples for how the cost of �nancing a�ects the adjustment cost of capital investment, and how
it asymmetrically a�ects the implementation cost of intangible capital and physical capital.
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≡ (Pit +Bit+1) /Ait+1) as:

V Rit = qPit
KP

it+1

Ait+1
+ qIit

KI
it+1

Ait+1
. (13)

3.2 Estimation Procedure

We estimate the model separately in each country (or region, as explained below). Hence, to save

notation, in this section we omit the country/region subscript in the model parameters.

The valuation equation (5) links �rm value to the value of its capital inputs. The left-hand side

(LHS) of equation (13) can be directly measured in the data from equity price and debt data (and

measures of the capital stocks, which we discuss below). The right hand side (RHS) of equation

(13) is the predicted valuation ratio from the model, which we will denote as V̂ Rit, and depends on

�rm-level real variables and model parameters.

Equation (13) establishes an exact relationship between a �rm's observed valuation ratio and

its model-implied valuation ratio at each time-period. However, due to the noise in �rm-level data

and the sensitivity of their moments to entry and exit and missing observations, using equation (13)

and �rm-level data to directly estimate the model parameters is challenging. Therefore, we follow

the same methodology as (Belo et al., 2022) and estimate portfolio-level moments. The portfolio

estimation methodology targets the cross-sectional mean at the portfolio level and aligning the

realized time series of portfolio-level valuation ratios with the model's predictions, provide robust

estimates.

We proceed as follows. In theory, at each point in time, any cross-sectional moment of the

observed �rm-level valuation ratios in the LHS of equation (13) should be equal to any corresponding

cross-sectional moment of the model-implied �rm-level valuation ratios in the RHS of equation (13).

Accordingly, in each country, for each portfolio j and for each year t, we compute the cross-sectional

mean observed and model-implied valuation ratios (V Rjt and V̂ Rjt, respectively) of the �rms in

the portfolio as follows:

V Rjt =
∑
i

V Rit

Njt
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V̂ Rjt (Θ) =
∑
i

V̂ Rit

Njt
, i ∈ portfolio j,

where Θ represents the vector of structural parameters in a given country, Θ = [θP , θI ], and Njt is

the number of �rms in portfolio j at time t. We target cross-sectional mean valuation ratios because

these moments capture the economic behavior of a typical (average) �rm in the economy, which is

what the theoretical model is designed to study.

We then proceed under the standard assumption that the portfolio-level valuation ratio moments

are observed with error by the econometrician:

V Rjt = V̂ Rjt (Θ) + εjt, (14)

where ε captures measurement error in the portfolio-level moments.4 Based on equation (14), in

each country, we then estimate the model parameters by minimizing the squared distance between

the portfolio-level observed and model-implied valuation ratio moments at each point in time:

Θ̂ = argmin
Θ

1

TN

T∑
t=1

N∑
j=1

(
V Rjt − V̂ Rjt (Θ)

)2

, (15)

where T is the number of years in the sample, and N is the number of portfolios. An

attractive feature of our estimation approach is that it corresponds to a simple linear ordinary

least squares (OLS) estimation of (modi�ed) portfolio-level average valuation ratios on portfolio-

level averages of �rm-characteristics. To show this, de�ne the following variables, V R
M
jt =

1
Njt

∑
i∈j

(Pjt+Bjt+1−KP
jt+1−(1−τt)KI

jt+1)
Ajt+1

as the modi�ed (M) valuation ratio, and IPAjt = 1
Njt

∑
i∈j

(1 −

τt)
IPit
KP

it

KP
it+1

Ait+1
, and IKAjt =

1
Njt

∑
i∈j

(1− τt)
IIit
KK

it

KI
it+1

Ait+1
. We can then write equation (14) as:

V R
M
jt = θP IPAjt + θIIKAjt + εjt (16)

which establishes a linear relation between the portfolio-level modi�ed valuation ratio and portfolio-

level characteristics. Thus, our objective function in (15) corresponds to a simple linear OLS

4Mismeasured components of the valuation ratio such as the market value of debt and the capital inputs can be
better observed by �rms than by econometrician. Furthermore, the intrinsic value of equity can temporarily diverge
from the market value of equity.
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regression of equation (16).

3.3 Geographic Areas and Portfolio Sorts

As noted above, the estimation is performed at the portfolio-level and separately for each country

or region.

Geographic Areas. To link a �rm to a country, we use the �rm's headquarter.5 Ideally, we would

like to estimate the model separately for all the countries in the sample. This approach is not

possible, however, as the number of �rms and observations is too small in some countries. In these

cases, we combine multiple countries from a similar geographic area into a region.

Speci�cally, we de�ne large equity markets as those country having data for at least 200 �rms

in the time-series average during the sample period, and medium equity market as the country with

at least 100 �rm. We estimate the model for the economies with large-size equity market, and the

rest of area in each continent separately.

In the continent of Asia, countries (or territories) China, Hong Kong, India, Indonesia, Japan,

Malaysia, Singapore, South Korea, Taiwan, Thailand have large-size equity markets, under this

criterion. In the remaining area of Asia, Israel, Pakistan, Turkey, Vietnam have the medium-size

equity markets. Small-size countries are: Southern Asia (Bangladesh, Sri Lanka), South-Eastern

Asia (Philippines), Western Asia (United Arab Emirates, Bahrain, Cyprus, Jordan, Kuwait, Oman,

Palestine, Qatar, Saudi Arabia).

In the continent of Europe, France, Germany, Poland, United Kingdom, are economies with

the large number of listed companies. In the remaining area of Europe, Greece, Italy, Sweden,

Switzerland have the medium-size equity market. Small-size countries are: Southern Europe (Spain,

Croatia, Malta, Serbia, Slovenia), Eastern Europe (Bulgaria, Hungary, Romania, Russia, Ukraine),

Northern Europe (Denmark, Estonia, Finland, Ireland, Iceland, Lithuania, Latvia, Norway),

Western Europe (Austria, Belgium, Luxembourg, Netherlands, Portugal).

In the continent of Americas, Canada, United States of America are large economies. In the

remaining area of Americas, Brazil has the medium-size equity market. Small-size countries are:

Latin America and the Caribbean (Argentina, Chile, Colombia, Cayman Island, Jamaica, Mexico,

5For robustness check, we also consider de�ning the location of �rm as its residing country of incorporation. The
result are similar.
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Peru).

We estimate the adjustment cost parameters for each country and remaining regions separately.

This procedure avoids double-accounting of observations. In Oceania, we don't have valid

observations of listed �rms locating in this continent after the large economy Australia is selected

out. In Africa, South Africa is has the largest equity market and falls under the medium-sized equity

market category in our global classi�cation. Other small-size countries in Africa include Northern

Africa ountries (Morocco and Tunisia) and Sub-Saharan African countries (Cote D'ivoire, Kenya,

Mauritius, Nigeria).

In summary, we use a simple classi�cation of four regions: Rest of Asia, Rest of Europe, Latin

America, and Africa. The Oceania sample for estimation includes only one large economy, Australia.

Hence, our analysis covers 77 countries across �ve continents. We estimate the parameters speci�c

to 21 di�erent geographic areas: 17 countries with large equity markets, and four regions� Rest of

Asia, Rest of Europe, Latin America, and Africa.6

Portfolio sorts. For each one of 21 geographic areas, we form two sets of portfolios sorted on the

following variables:
(

IPit
KP

it

)(
KP

it+1

Ait+1

)
,
(

IIit
KI

it

)(
KI

it+1

Ait+1

)
. Sorting on these variables generates a large

dispersion in the explanatory variables which helps for the identi�cation of the model parameters.

(In the online appendix, we show that the model results are across di�erent sorting variables.) We

then follow Fama and French (1993) in constructing the portfolios. Speci�cally, we sort all �rms in

each year t into ten portfolios based on the deciles of the sorting variable of each �rm for the �scal

year ending in t − 1. The portfolios are re-balanced at the end of each year. This procedure gives

a total of 20 portfolios in each country or region.

4 Data

In this section, we provide a general description of the data. Additional details about the data

sources and the harmonization of measures are available in the Section F of the appendix.

6Distribution of the 21 geographic areas in the �ve continents are: Asia (China, Hong Kong, India, Indonesia,
Israel, Japan, Malaysia, Singapore, South Korea, Taiwan, Thailand, Rest of Asia), Europe (France, Germany, Poland,
United Kingdom, Rest of Europe), Americas (Canada, United States of America, Latin America), Oceania and Africa.
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We construct �rm-level measures of market value, input investment, and stock using the �nancial

reports of publicly traded �rms in each country. For �rms in the United States and Canada, we

collect annual balance sheet information from Compustat North America Annual Fundamentals and

stock price data from the Compustat-CRSP linked dataset. For �rms in other countries, we gather

annual information from Compustat Global Annual Fundamentals and stock prices from Compustat

Global Security Daily.

We set the currency as the U.S. dollar for all countries. The frequency is annual and varies

by country. We de�ate the variables using the country-speci�c consumer price index.7 We set

the starting-year as the year when the country has su�cient �rm-year observations. For major

economies, the data spans 2000-2020 (see Table 1 for individual country samples). The online

appendix (Table C.1) reports the starting year for each country or region. The sub-samples of

countries in Asia start around 2000, while those for main countries in Europe and Africa start

around 2006.8. The full records for listed companies in North America date back further; however,

for estimation to be comparable to other countries worldwide, we use the sample for Canada and

the United States starting from 2000. The end-year is 2020 for all countries and regions.

4.1 Capital stocks and other variables

4.1.1 Physical Capital

The initial physical capital stock, KP
it , is given by net property, plant, and equipment (data item

PPENT). The capital depreciation rate, δPit , is calculated as the amount of depreciation (data item

DP) divided by the beginning of the period capital stock.9 We then construct a measure of the

�rm's capital stock at current prices. Speci�cally, we construct an investment-price adjusted capital

7Hyper-in�ation in local currency and volatile change in nominal exchange rate generate the measurement error.
Under this circumstance, �rm operation might switch to using U.S. dollar or other currencies, hence the true prices
of �rm investment are not accurately observed. To ensure the measure of �rm-level capital is consistent, we restrict
the ceiling of in�ation rate as 25% per year, in computing the investment rate and capital stock. Countries Egypt
and Zimbabwe are not included in our sample for estimation, because they had extreme hyperin�ation in our sample
period.

8Gauging the amount of intangible capital requires detailed income statement information that conforms to the
international �nancial statement reporting standard. The sub-sample of listed companies in di�erent countries doesn't
start in the same years. This is partly constrained by the adoption of common accounting standard around the year
2005.

9Negative depreciation of capital is not well-de�ned. If the depreciation rate is greater than 1, we impute the rate
as 1.
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stock that accounts for changes in the real cost of physical capital investment by repricing last

period's capital stock using today's price of investment (PP
t ) as KP

t+1 = KP
t (1 − δt)

PP
t+1

PP
t

+ It+1.

Following (Belo et al., 2022) we infer physical capital investment from the law of motion of capital

using this equation (adjusted for in�ation). This procedure ensures that the investment and capital

stock are consistent with the law of motion for physical capital in the model.

4.1.2 Intangible Capital

Following Eisfeldt and Papanikolaou (2013) we construct a measure of intangible capital based on

Selling, General, and Administrative (SG&A) expense data (Compustat data item XSGA).10 We

calculate the installed amount of capital using the perpetual inventory method as follows:

KI
j,t+1 = IIj,t+1 + (1− δI) ·KI

j,t ·
P I
t+1

P I
t

. (17)

where P I
t is approximated as the CPI of home country in local currency 11.

We set investment expenditure equal to 30% of SG&A expense following (Eisfeldt and

Papanikolaou, 2013) and (Peters and Taylor, 2017).12 The depreciation rate, δI , is calibrated

as 20%. We set the initial amount of capital as

KI
j,0 =

IIj,0

gIInd(j) + δI − πI
Ind(j) · (1− δI)

. (18)

10In the US and Canada, �rms report the detailed expenditure of R&D and advertising, estimation could
di�erentiate heterogeneous capital inputs such as knowledge and brand, (see (Belo et al., 2022)). Firms in other
countries don't universally report these details. The quantity of investment in intangible capital cannot be inferred
from the historical records related to goodwill and other intangible assets in balance sheet. These are valuation-
based measures. When comparing the valuation of �rms across countries, the SG&A expense is the most comparable
measure for the investment expenditure in intangible capital.

11Here, the depreciation rate of intangible capital is calibrated as the constant value. So the sub-script of
depreciation rate is negliected in equation 17.

12The fraction of �rms disclosing detailed expense of R&D and advertising, is not comparable across countries. For
listed companies residing outside of North America, a small subsample discloses the R&D expense. In alternative
calibration, we compute the amount of intangible capital following the procedure in (Peters and Taylor, 2017). The
full R&D expense is acknowledged as the investment expenditure. For the �rms with knowledge capital that can
be directly measured, the total amount of intangible capital is slightly larger than the benchmark measure. The
model estimation has smaller cost coe�cient for intangible capital. The conclusion for the importance of intangible
capital, and cross-country variation are similar. Estimating for intangible capital investment expenditure of detailed
categories would be a separated research investigation.
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in which IIj,0 is the �rm's investment in intangible capital in the �rst year in the sample, and πI
Ind(j)

is the average price growth rate, in the industry, in each country. We let gIInd(j) be industry-speci�c

and set it equal to the average growth rate of the SG&A expense in that industry. We consider

the �rst 2-digits of NAICS industry code to classify the industry in each country. Once we have

the initial amount of capital, we derive the new amount of capital in equation (17), using the

depreciation rate, SG&A expenses, and investment price index. The investment rate on intangible

capital is then given by the ratio of the current period investment and the amount of intangible

capital at the beginning of the period IIt /K
I
t .

4.1.3 Additional Variables

We measure the debt value Bit, as the book value of net total debt, following (Belo et al., 2022).

We calculate net debt as long-term debt (Compustat data item DLTT) plus short-term debt (data

item DLC), minus cash (data item CHE). When these values are missing, we set the measure to

zero. The market value of equity, Pit, is the closing price per share (data item PRCCF) multiplied

by the number of common shares outstanding (data item CSHO). The market value is based on the

year-end price during the �rm's �scal year. All nominal values in local currency are converted into

nominal USD using the annual-average exchange rate.

We measure the tax rate, τt, as the corporate income tax rate from the Tax Foundation,

available for each country. If corporate income tax rate information is unavailable, we use data

from Compustat Global-Economic Indicators. Stock variables with subscript t (t+ 1 for debt) are

measured and recorded at the end of year t, while �ow variables with subscript t are measured over

the course of year t and recorded at the end of year t+ 1.

4.2 Summary Statistics

Our sample of 77 countries is representative of the total production across the world. In the online

appendix (Table C.1), we show that our sample includes 12,869 �rms, with sales representing

36.77% of world GDP per year during the sample period. In Asia, the 10 large equity markets and

16 countries in the Rest of Asia, include 7,501 �rms, with sales representing 38.62% of GDP in these

countries. For these large countries, per capita GDP in 2020 ranges from $1,849 in India to $56,423
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in Singapore.

In Europe, the 4 main equity markets and the 27 countries in the Rest of Europe include an

average of 2,801 �rms, with sales representing 34.04% of GDP in these countries. In Canada, the

United States, and 8 countries in Latin America, the sample includes an average of 2,699 �rms, with

sales representing 39.09% of GDP in these countries. In Australia, listed companies in the sample

have sales equal to 18.20% of GDP. For the 9 countries in Africa, the sales of the listed companies

in the sample represent around 12.08% of the GDP in these countries.

Table 1 reports key summary statistics of the observed valuation ratios and their model-implied

components according to equation (13), for the major equity markets and regions. The median

valuation ratio across all major markets is 1.44, but there is substantial heterogeneity across

countries. While China has the highest average valuation ratio, at 2.94, Japan has the lowest,

at 0.84. Regarding the average size of scaled intangible capital, it accounts for 38% of total book

capital on average across major economies. This proportion is lowest in China, at 20%, and highest

in France, at 67%. For regions, the �gures are similar, with the average valuation ratio across all

regions at 1.38 and the average intangible capital share at 36%.

According to equations (11) and (12), the investment rates determine the shadow prices of the

labor and capital inputs. Together with relative magnitude of each capital stock, these variables

determine the relative importance of each input for �rm value. Columns (3) and (4) in Table 1 show

that investment in intangible capital is, on average, higher than investment in physical capital across

all countries. The global median investment rate in intangible capital is 24%, with a maximum of

32% in China and a minimum of 19% in India. The global median investment rate in physical

capital is 16%, with a maximum of 24% in the USA and a minimum of 3% in India. In terms of

relative magnitudes of the capital stocks, column (5) shows that intangible capital is about 38%

of total (physical plus intangible) capital across the globe. Again, this average exhibits substantial

variation across countries, with a maximum of 67% in France and a minimum of 20 in Canada.

Column (6) of the table reports the cross-correlations of investment rates. As expected, the

investment rates are all positively correlated, ranging from 18% to 42% across major equity markets.

These correlations are signi�cantly less than one, suggesting that the investment rates for di�erent

types of capital inputs exhibit distinct variations in the data. Distinguishing the shadow prices
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could help explain the observed variation in market value.

5 Estimation Results

This section presents the main empirical �ndings. Subsection 5.1 reports the parameter estimates

and the baseline model's overall �t. Subsection 5.2 discusses the model-implied breakdown of �rm

value, decomposing market value into physical and intangible capital. This analysis underscores

the signi�cance of intangible capital in capturing a �rm's market. Subsection 5.3 examines the

heterogeneity in the market share of intangible capital, distinguishing between quantity and price

variations. The analysis highlights the importance of country-speci�c adjustment costs in explaining

cross-country di�erences in �rm value.

5.1 Parameter Estimates and Model Fit

In Table 2, columns (2-3) and (8-9) present the estimates of adjustment cost parameters for the

model applied to larger equity markets and regions. All estimates are positive and statistically

signi�cant. The intangible capital adjustment cost parameter (θI) is consistently higher than the

adjustment cost parameter for physical capital (θP ), but there is considerable heterogeneity across

countries in the estimate magnitude of each parameter. The summary statistic for the �world� region

shows that the cross-country average adjustment cost coe�cient for physical capital is 3.68, while

the average adjustment cost coe�cient of intangible capital is 11.60.13 In addition, the dispersion in

the estimated adjustment cost coe�cient of intangible capital θI is more pronounced than that for

physical capital. The standard deviation of estimates across countries for physical capital is 1.86,

ranging from 0.42 for Japan to 7.08 for USA.14 In contrast, the cross-country standard deviation

for intangible capital estimates is 6.22.

13The cross-country average outcome is calculated including the regions, where there are multiple countries within.
As previously mentioned, we assume identical adjustment cost function for countries with the small-size equity
market in the same region, considering they have the similar cultural background and legislation origin. This ensures
the su�cient sample size to accurately identify the model. Hereafter, the name of terminology of statistics don't
di�erentiate between the countries and the regions of the remaining area in each continent.

14As explained in previous section of estimation methodology, within the Latin America, we assume the identical
adjustment cost function for the medium-size country Brazil, and other small-size countries. The calculation of
standard deviation describes the variation across the 17 large-size countries and the 4 regions where the constituent
countries are assumed to be of identical parameters within each region. We explore the more granular estimates in
the extended estimation of country-characteristic model.
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Notably, θI estimates are relatively low for European countries such as France (7.91), Germany

(10.02), and the U.K. (9.14), but high in North American countries such as United States (16.84)

and Canada (12.07). The pattern is less clear in Asia, where estimates of the intangible capital

adjustment cost parameter are low for Japan (2.63), South Korea (4.24), Hong Kong (7.11), and

Singapore (7.61), but high for China (32.67), India (19.43), and Taiwan (15.70). In contrast,

European countries such as France and Germany show only small di�erences in the estimated

adjustment cost coe�cient of intangible capital. The dispersion of the estimated adjustment cost

coe�cient of intangible capital is much larger in Asia, re�ecting the varying levels of economic

development and, consequently, the di�erent market environments in which �rms operate.

To assess the economic signi�cance of the adjustment cost estimates and evaluate whether the

model matches the data with economically reasonable parameter values, we use the functional form

speci�cation in equation (10) and the parameter estimates to calculate the realized adjustment costs

of each input (denoted as CP and CI). These values are computed as a fraction of a �rm's total

annual sales as follows:

CPit

Yit
=

θP,c(i)

2

(
IPit
KP

it

)2
KP

it

Yit
(19)

CIit
Yit

=

θI,c(i)
2

(
IIit
KI

it

)2
KI

it

Yit
. (20)

Table 4, columns (2) and (3), report the average realized adjustment costs of each input,

computed as the time-series average of cross-sectional medians of the ratios in equations (19) and

(20). China stands out as having the highest adjustment cost of intangible capital, at 18.40% of

annual sales, followed by 13.01% in the US. For physical capital, the US and European countries

top the list.

Table 4 reports the numbers for all �rms in our sample (the World). In each year, we calculate

the median cost among all �rms. In the most recent �ve years of our sample, the average intangible

capital adjustment cost is 5.42% of sales. This cost is higher than the adjustment costs for physical

capital, which is about 1.17% of sales. The aggregate cost, expresses as a percentage of the aggregate

sales, shows a similar distribution across types of capital and the countries. The fact that the median
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statistic is higher than the aggregate ratio, re�ects that adjustment cost for capital investment

matter more for small- to medium-sized �rms in each country.

The model with both physical and intangible capital �ts the data well when we evaluate model-

�tness using the cross-sectional and the time-series �tness measures. In Table 3, the summary panel

shows that the cross-sectional R2 is high, at 88% across all portfolios worldwide, even though the

model estimation does not explicitly target this moment. The average time-series R2 is 55%.

In terms of average valuation ratio errors, the model scaled mean absolute error (m.a.e./VR) is

22% on average. Since the subset of portfolios in each country independently identify the adjustment

cost coe�cients speci�c to that country, we also report the �tness statistics for individual large

countries and regions in Table 2. There is less variation within the country compared to the

worldwide. However, the model perform well in most countries, including Indonesia, India, South

Korea and United Kingdom. The good model-�t implies that the generalized neoclassical model

with intangible and physical capital describes the valuation of �rms well across a wide variety of

countries.15

Overall, the estimation results show that adjustment costs of inputs vary across countries and

regions, particularly for intangible capital. The results in Table 2 highlight the importance of

quantifying heterogeneous market environments using country-speci�c adjustment cost parameters.

5.2 The Value of Intangible and Physical Capital

The parameter estimates allow us to compute the model-implied shadow prices of each input and

evaluate the contribution of each input to �rm value (input shares) based on each input's market

value. Speci�cally, using the estimates reported in Table 2, we compute the model-implied scaled

15There is no simple linear relationship between the �rm valuation, the investment rate of physical capital, and
that of intangible capital. Especially, the bi-variate distribution of the �rm valuation and the intensity of intangible
capital, is not the simple monotonic relationship.
Table C.17 examines the portfolios where �rms are grouped using the lagged period investment rate of physical

capital, the investment rate of intangible capital, and the intensity of intangible capital in total amount of capitals.
We derive the �rms valuation ratio using the parameter estimates in Table 2, then the portfolio-level valuation ratio
is calculated for these portfolios of alternative �rm characteristic variables. Each �rm characteristic variable has 10
decile portfolios. In total, there are 21× 30 portfolios cross countries and regions. In these alternative portfolios that
are not directly used for model estimation, the measurement error is su�ciently diversi�ed, one can also con�rm the
model-implied �rm valuation is close to the true data observations, as illustrated in Figure D.1. Table C.17 formally
reports the �tness of model for these portfolios. In each set of portfolios in those 21 countries and regions, the �tness
of the model is high, with comparable statistics value to Table 2. The model with the country-speci�c cost and two
capital inputs explain the �rm valuation successfully.
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value of each capital input, the values of qPit
KP

it+1

Ait+1
and qIit

KI
it+1

Ait+1
, for each �rm in each year. We then

substitute these values into equations (8) and (9) to compute the shares of each capital input.16 To

characterize the data in a comprehensive yet parsimonious manner, we summarize the properties of

the �rm-level input shares in the economy. We compute the median of the intangible share in each

year and each country, then calculate the mean across years for each country.

In Table 4, Columns (2) and (8) show the estimated importance of intangible capital for each

country and region within each continent. Given the �rm-level decomposition of capital, we can

calculate the worldwide median market share of intangible capital, which is about 54.9. This

indicates that the contribution of intangible capital to a �rm's market value across the globe is

higher than the contribution of physical capital.

Overall, this analysis shows that intangible capital is an important determinant of �rms' market

values across the world. In Table C.5 in the online appendix, we report the parameter estimates and

model �tness for the counterfactual model, where the �rm uses only physical capital for the capital

inputs in production. This counterfactual model assumes zero contribution from intangible capital

to �rm value. To provide a meaningful comparison of the model �t in terms of R2, we employ

the same set of �rms used in the baseline model estimation. Comparing the model �tness of the

physical capital-only model, which exhibits mostly negative R2 values, o�ers another perspective

on the importance of intangible capital in �rm value.

When an input is costly to adjust, the installed values of the inputs become valuable to the �rm

because accumulated capital inputs help avoid adjustment costs in the future. If adjustment costs

are zero, the shadow prices of the inputs in equations (11) and (12) are simply one (for physical

capital) and (1− τt) (for intangible capital). As a result, the value of each capital input is equal to

its book-value (adjusted for the tax rate). Columns (5) and (11) list the book share of intangible

capital, µI , in the counterfactual estimation of the contribution of intangible capital to �rm value

assuming zero adjustment costs. Compared to the 54.92% average cross-country market share, the

cross-country average book share is 31.45% for the major equity markets. China stands out with a

24.24% book share of intangible capital versus a 70.26% market share.

The observed high market value of intangible capital can be attributed to two distinct channels.

16Note that, by construction, the input shares sum to 100%. For brevity, we report the share of intangible capital
in �rm valuation.
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The �rst is the quantity channel, where a high book share corresponds to a high market share. This

pattern is evident in the United Kingdom, United States and developed European countries. The

second channel is the price channel, where a high market share is observed when implied shadow

price is high due to the costly investment in intangible capital. This is particularly true for East

Asia. Notably, China exhibits the highest intangible investment cost ,θI , in the entire sample. These

�ndings highlight the interplay between the quantity and price channels in explaining the market

value of intangible capital across di�erent economies.

In summary, the �ndings presented in this section underscore the importance of the intangible

capital input in modern corporations that heavily rely on a high-skill labor force and new technology.

5.3 Heterogeneity of Intangible Capital Value Around the World

The contribution of intangible capital to �rm value (µI) exhibits substantial dispersion. In Table

4, across the 17 countries and 4 regions where the heterogeneous adjustment cost parameters are

directly estimated, the standard deviation is 9.15%. While China sits at the top of the intangible

market share, with about 70.26% of the market valuation coming from it, South Korea is at the

bottom with 35.60%. Large economies such as the USA and the UK also have above-average

intangible capital market shares, at 67.38% and 64.37%, respectively.

Figure 1 provides a visual description of the share of intangible capital across all the countries in

our sample. The darkness of the color indicates the share of intangible capital, with darker shades

representing higher shares. Countries in the Northern and Western Europe exhibit particularly high

intangible market shares, while countries in East Asia show relatively lower shares. Within Asia,

the median intangible market share in China is 70.26%, notably higher than Japan's 48.15%. There

is signi�cant heterogeneity among individual countries in the contribution of intangible capital to

�rm value, with a standard deviation of 13.76% across the 77 countries. Detailed statistics are

provided in Table C.4.

The quantity channel and the price channel jointly determine the level of �rm value and,

correspondingly, the composition of capital in �rm value. In countries where the cost coe�cient of

intangible capital is larger than the worldwide average, intangible capital becomes more important

for �rm valuation, and vice versa. When adjustment costs vary across countries, the importance of
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intangible capital in �rm value changes accordingly.

If the adjustment cost function is homogeneous across all countries, the shadow price of the

capital inputs in each country would lead to biased estimation outcomes. Table C.6 reports the

point estimates for the model with a homogeneous cost function. The cost parameter for physical

capital is 3.69, while that for intangible capital is 10.68. Although these cost coe�cients have

signi�cantly positive point estimates, this model provides a poor description of the geographical

variation in �rm value.

In Table 4, columns (6) and (12) present the counterfactual estimation of the contribution of

intangible capital to �rm value, assuming identical adjustment cost parameters across all countries.

Under this assumption, the contribution of intangible capital to �rm value ,µ̂I , for China is 46.86%

on average during 2016�2020, compared to the true estimate of 70.26%. A similar underestimation

occurs in India. Conversely, assuming global homogeneous capital adjustment costs results in an

overestimation for countries like South Korea, where the counterfactual estimate of µ̂I is 46, while

the true estimate is 35.60%. France exhibits a similar overestimation scenario.

These �ndings align with the parameters reported in Table 2, which show that adjustment cost

parameters for intangible capital in China and India are much higher than the global homogeneous

cost, whereas those for South Korea and France are below the global average. In countries such as

Thailand and Germany, where the adjustment costs for physical and intangible capital are close to

the global average, the counterfactual estimate of µ̂I closely matches the true estimate of intangible

capital's contribution.

Overall, the estimation results show that the composition of capital in valuation varies across

countries. This geographical variation is jointly determined by the quantity of capital and the

heterogeneity of capital adjustment costs.

6 Economic Drivers of Intangible Capital Investment

The �ndings from the previous section highlight the importance of geographical variation in

adjustment costs in explaining cross-country di�erences in �rms' market values and their inputs. In

this section, we explore the key factors driving these di�erences in adjustment costs and input market

values. To do so, we re-estimate the model using an adjustment cost function that incorporates
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country-speci�c characteristics likely to a�ect �rms' ability to invest, and analyze the importance

of these characteristics for �rm valuation.

We adjust the estimation procedure in the baseline model as follows. Each country's

characteristics are represented by the vector Xc, and these characteristics a�ect the adjustment

cost coe�cients θP (Xc) and θI(Xc). The vector of country-level characteristics
−→
X c includes various

aspects of the market environment and is collected at the national level. The functional forms for

the adjustment costs are speci�ed in subsection 3.1.Therefore, for a �rm i residing in country c(i),

the �rm valuation ratio is de�ned as follows:

ˆV Rit =
[
1 + θP (Xc(i)) · (1− τc(i),t)

(
IPit
KP

it

)]
KP

it+1

Ait+1

+(1− τc(i),t)
[
1 + θI(Xc(i)) ·

(
IIit
KI

it

)]
KI

it+1

Ait+1

. (21)

Once we specify the functional form of the adjustment cost parameters, the model is estimated

using the portfolio-level method outlined in subsection 3.2. While one could theoretically analyze

the drivers of cross-country heterogeneity in adjustment costs by regressing the estimates reported

in subsection 5.1 �21 pairs of adjustment cost parameters� on various country characteristics, this

approach may lead to weak identi�cation when evaluating the importance of country characteristics.

Our strategy, however, enables us to leverage the heterogeneity of smaller economies within regions

as well as the time-series variation in �rm value and investment rates to properly identify the

importance of country characteristics.

Next, we provide a brief overview of the data used to quantify these country characteristics.

6.1 Country Characteristics Data

Building on previous studies (discussed below), we evaluate six dimensions of country-level

characteristics that may impact the adjustment costs of inputs: (1) Protection of Intellectual

Property Rights; (2) Employment Contract Protection; (3) Ease of Contract Enforcement; (4)

Cost of Financing; (5) Protection of Investor Rights; and (6) Economic Development. Here, we

discuss the potential impact of each characteristic on adjustment costs and explain how the data is

constructed.

Protection of Intellectual Property Rights. The legal system for intellectual property rights,
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for example, the strength of protection, the cost of litigation procedure, a�ects the industry

competition for products and services that involves patents and trademarks. The operating expense

in the activities that secure the exclusive access and license of intellectual property rights is not

directly reported or observed in the booked expense.17 To measure intellectual property protection

across countries, we utilize the variable �trade secrets and industrial patents� from Institutional

Pro�les Database (Variable B6020). This variable evaluates the legal frameworks, institutional

support, and e�ectiveness of policies designed to safeguard intellectual property rights18.

Employment Contract Protection. Flexible adjustment of capital usage in �rm operation

invokes expenses related to change of labor input, the cost related to recruiting and terminating

existing employment contract a�ect the di�culty of capital investment.19 For employee

contract protection, we utilize two variables from Institutional Pro�les Database: the �share

of permanent contracts across all types of employment contracts� and �employment contract

protection with respect to redundancies (i.e., collective dismissal).� The �rst variable indicates

the prevalence of inde�nite tenure contracts in the labor market. The second variable assesses the

strength of regulations governing the justi�cation and process for terminating multiple employees

simultaneously.20

17Rempel (2021) documented the distortion in arbitration and judicial decision in litigation events related to patent
and intellectual property, a�ects the �rm markup and innovation intensity. Incumbent �rms spend e�orts in deterring
the entry of competing �rms. Antill et al. (2023) quantify the e�ect to social welfare from the style of legal system
in the decision of patent litigation. The patent litigation system in an economy, determines how an incumbent
�rms can deter the entry of new �rm with similar patents. A patent litigation system favoring the existing patent
holder encourages more investment in innovation. In Crouzet et al. (2022b), the ease of imitation determines the
cross-section distribution of �rm size, �rm value, and the factor share. In pursuit of simple analysis, this theoretical
model in their paper doesn't explicitly delineate the cost function of investing intangible capital. The extent of how
a patent or trademark generates the exclusive pro�t form a �rm, in partly captured by the parameter δ of intangible
capital retention in operating pro�t function. All quantitative prediction over institution environment of intellectual
property rights is from the pro�tability channel. This model of non-rivalry intangible capital has no direct prediction
toward how the industrial counterfeiting correlates to the adjustment cost function of intangible capital.

18It is reported as a discrete score in range of {0, 1, 2, 3, 4}, with higher scores indicating stronger legal
protections. Institutional Pro�les Database reports additional variables related to intellectual property protection,
such as industrial counterfeiting, intangible goods, and an index. These variables show a high correlation with
the variable we selected, leading us to omit them from our analysis. Similarly, the World Intellectual Property
Organization provides an index that is also highly correlated with our chosen variable.

19Acharya, Baghai, and Subramanian (2014) speci�cally focus on the e�ect over �rm innovation productivity, the
number of patent granted and citation outcome. Patent application and economic importance measured by citation
increases after a state adopted the Wrongful Discharge Laws. The e�ect over the knowledge capital investment is
unclear. Calcagnini, Ferrando, and Giombini (2014) studied cross-country di�erences in market valuations of listed
companies. Firm valuation tends to be lower in economies with stronger protection of employment contract (higher
levels of Employment Legislation Law).

20These are Variable D6020 and Variable D6022, reported as a discrete score in range of {0, 1, 2, 3, 4}. The
higher scores re�ecting stronger protections for workers facing redundancy. Institutional Pro�les Database reports
additional variables that capture employment protection, such as individual dismissal, worker mobility, and contract
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Ease of Contract Enforcement. The e�cacy of intellectual property rights protection and

employment contract protection depends on the cost of contract enforcement. To di�erentiate the

attitude and culture background from the physical cost of implementation. Speci�cally, we measure

the direct cost: the number of litigation procedures, the time required for completion, and the

monetary expenses relative to the value of the litigation target. The measures of cost of contract

enforcement are from Doing Business database from the World Bank 21.

Cost of Financing. Our benchmark estimation assumes the separable quadratic adjustment cost

function. In a more sophisticated dynamic �rm model with �nancial friction, the high investment

invokes the debt issuance or equity issuance to �nance the expansion of capital. Investment is costly

if associated �nancing cost is high.22 In certain countries, the �nancing cost for �rms is high. Banks

earn high pro�ts due to market power. We assess the cost of �nancing through three variables: bank

pro�t, bank concentration, and bank competition. Bank pro�t is derived from the World Financial

Development database, calculated as total income divided by operating costs. Market share data

for the three largest banks in each country, which re�ects bank concentration, is also from this

database. The "Bank Competition Index" is from Institutional Pro�les Database.23

Protection of Investor Rights. Whether the directors of the board have the e�cient

communication, whether the shareholders can actively get involved in monitoring the operation,

would a�ect the implementation cost of projects with uncertainty, eg. fewer procedures and internal

meetings to get approval.24 Multiple aspects are considered: (a) information disclosure, how much

protection. However, these variables are highly correlated with the variables we are analyzing, leading us to omit
them from our study.

21This survey uses a questionnaire developed from Djankov et al. (2003) to evaluate the ease of contract enforcement
in each country. The questionnaire outlines a standard business lawsuit and asks experts to estimate the steps and
costs involved.

22(Chari, Kehoe, and McGrattan, 2007) provide detailed explanation over the equivalence of investment adjustment
cost function and shadow price of capitals under other generalized models. Borrowing constraint combined with the
idiosyncratic risk can lead to under-investment. For example, in Angeletos (2007); Wang, Wang, and Yang (2012),
entrepreneurs of private �rms has no equity issuance opportunity, low collateral rate restricts the borrowing capacity
among �rms of high investment. Listed companies with high cost of equity issuance and high volatility in operating
pro�t, have the similar outcome.

23This is Variable C7000, reported as a discrete score in range of {0, 1, 2, 3, 4}, where higher scores indicate a
more competitive banking environment.

24La Porta et al. (2002) investigate the ownership of the top largest �rms in di�erent countries, document fact that
block shareholder impedes the corporate governance and erodes corporate value. They argue that better investor
protection can improve the revenue from operation. The higher �rm valuation is the result of the higher cash-
�ow growth bene�ting from the investor protection. McLean, Zhang, and Zhao (2012) extend the investment-Q
regression for investigating the role of geographical variation in investor protection to �rm valuation and growth.
They documented the investment is more sensitive to �rm value, in countries with better investor protection measured
using the self-dealing index. However, the empirical approach in McLean, Zhang, and Zhao (2012) only suits for the
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information can be collected from the large shareholder, and his activity that involves the con�ict

of interests; (b) director liability, whether the minor shareholder can sue the director, and to what

extent the director would be requested as the punishment for the misconduct; (c) how easy it is

for the minor shareholder to launch the lawsuit for suing the large shareholder and board directors.

Our measure of investor protection is from Doing Business survey25.

Economic Development. Finally, we use GDP per capita and population data from the UN

statistics database as proxies for economic development.26

Table C.7 in the online appendix provides a summary of the likely impact of these country-

characteristics on the adjustment costs of intangible capital versus physical capital. As noted

above, intangible capital adjustment costs should be sensitive to institutional quality, human capital,

and �nancial market development, re�ecting its reliance on innovation, risk, and skilled labor.

Physical capital adjustment costs should be in�uenced by basic infrastructure, regulatory e�ciency,

and access to �nancing, as these directly a�ect the acquisition and installation of tangible assets.

While both bene�t from economic development and strong institutions, intangible capital requires

advanced ecosystems, while physical capital relies on foundational structures.

We collected country characteristics for 73 out of the 77 countries analyzed.27 Table C.9 in the

appendix provides an overview of the country characteristics analyzed.

In Columns (7) to (10) of Table C.9, we present the correlation of each characteristic with

the adjustment cost parameters discussed in subsection 5.1. As expected, strong protection of

intellectual property rights is associated with lower adjustment costs, particularly for intangible

capital. Conversely, a higher number of procedures and longer litigation times correlate with higher

adjustment costs, while greater investor protection is linked to lower costs.

However, as noted earlier in this section, the limited number of observations for adjustment costs

restricts our ability to jointly test the impact of these variables using this method. Furthermore,

situation of homogeneous capital, but not for the situation where intangible capital is heterogeneous from the physical
capital.

25This questionnaire is based on the related published economic research article Djankov et al. (2008). In the
survey, a business case related to misconduct of large shareholder is described, the evolution of minor shareholder
suit for this scenario of business misconduct in a country is assessed. The data is presented in the form of a score
ranging from 0 to 10, with higher scores indicating stronger protections.

26The national account statistics for the territory of Taiwan is from the PennWorld Table, imputed to be comparable
with other countries in UN statistics.

27The Institutional Pro�les Database does not include data for Cayman Islands, Palestine, or Zambia. Romania is
not included in the Doing Business survey of United Nations.
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correlations may be misleading as they could re�ect relationships with other variables. In the

next subsection, we outline how we specify the dependence of adjustment cost parameters on these

variables and employ the strategy described at the beginning of this section to jointly assess the

signi�cance of country characteristics.

6.2 Adjustment Cost Parameter Speci�cation

We de�ne the adjustment cost parameters as

θI(X) = θI,g + γI ·Xc

θP (X) = θP,g + γP ·Xc

(22)

where the set Xc = (X1,X2) includes the variables from the six categories of country characteristics

outlined in the previous section {Xz}fz=a, and X2 = IntanN is a �xed e�ect that re�ects the

intensity of intangible capital usage in a given country.

We interpret the slope parameters γ as the incremental cost coe�cient that attributed to the

status of a country in institutional environment and economic development. Additionally, we express

each country-speci�c characteristic as the deviation from the global average:
1

Nc

∑
cX1,c = 0 . This

formulation allows us to interpret the intercept parameters θI,g and θP,g as the global adjustment

costs for intangible and physical capital, respectively. In other words, these parameters indicate

the value of adjustment costs when all country characteristics are set to their global averages and

the country belongs to the low intensity group. We categorize countries based on their average

book share of intangible capital (KI/A), dividing them into four groups, which can be viewed as

group �xed e�ects. The average costs are captured by the parameters {γI2,n}4n=1 speci�c to the

group of intangible capital usage.28 This speci�cation helps obtain the estimation outcome that is

statistically robust to non-linear e�ects from those economic characteristic variables X1. We require∑4
n=1 γ

I
2,n = 0 to ensure the no over-identi�cation for parameters (θI,g, {γI2,n}4n=1), and symmetric

requirement for the physical capital.29 For country characteristic variables reported multiple times

28The accumulation of intangible capital is endogenously determined in the history. Table C.10 describes countries
by their time-series average status in intensity of intangible capital usage. Countries in top quartile of intangible
capital usage often have high protection of intellectual property rights, employment contract, low cost of �nancing.

29In estimation, the lowest intensity group is set as the basis group, latent parameters (θI,0 = θI,g − γI
2,n=1, {γI

2,q −
γI
2,n=1}4n=2) are directly estimated and then with the linear transformation. For physical capital, we require∑4
n=1 γ

P
2,n = 0, and the identi�cation of parameters (θP,g, {γP

2,n}4n=1) is similar.
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throughout our sample, we use their time series averages from 2016 to 2020.

The functional forms outlined in equation (22) enter linearly in the value ratio of equation (21),

allowing us to estimate the set of parameters θ and γ using the portfolio-level estimation method

outlined in subsection 3.2. Importantly, this method ensures that countries with a large number of

�rms do not skew the parameter estimates, as each country or each region of the remaining area

within continents is represented by an equal number of observations�speci�cally, the number of

portfolios.

6.3 Estimation Results

Here we present the results from the estimation of the model using the adjustment cost parameter

speci�cation from equation 22. The results for the baseline speci�cation, which incorporates all

the characteristics, are reported in columns (1) and (2) of Table 5. In Table C.9 where the one-

by-one correlation of each country characteristic with the adjustment costs estimated in subsection

5.1 is presented, we note that the sign of the correlation may also re�ect the relationship of that

characteristic with other variables. By employing joint estimation to assess the sensitivity of the

adjustment cost parameters to all characteristics simultaneously, we can better isolate the individual

e�ects of each characteristic.

First, note that the intercepts (θI,g and θP,g), which capture the average global values of each

adjustment cost, are signi�cantly higher for intangible capital than for physical capital (11.79

compared to 4.05). This �nding aligns with the baseline country-level results. Additionally,

countries with stronger protection for trade secrets and industrial patents experience lower costs

for investing in intangible capital. Stronger employee protections�measured by an increase in

provisions for collective dismissal�reduce adjustment costs for intangible capital, while the e�ect

of increased usage of tenure contracts on adjustment costs exhibits a large standard error. Costly

contract enforcement leads to higher adjustment costs for intangible capital, and higher pro�ts

in the banking sector are associated with increased adjustment costs for intangible capital. The

relationship between investor protection and adjustment costs for intangible capital remains unclear.

Finally, greater information disclosure tends to increase the pressure on managers responsible for

investment decisions. Finally, wealthier countries, as indicated by higher GDP per capita, exhibit
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signi�cantly higher adjustment costs. This may re�ect the impact of a more expensive labor force.

Product innovations in larger countries exhibit scale e�ects, making competition deterrence more

challenging. Consequently, larger countries face higher costs for investing in intangible capital.

Countries in the top quartile of intangible capital usage (IntanN = 4) share similarities such

as strong protection of intellectual property rights, robust employment contracts, and low �nancing

costs. However, it is di�cult to draw de�nitive economic conclusions because these characteristic

variables are also correlated. Our measure of intangible capital heavily relies on skilled labor. One

possible explanation is that these countries likely have a labor force predominantly composed of

highly skilled workers, which correlates with higher adjustment costs for intangible capital.

Overall, we �nd that the characteristics model �ts the data well, with an R2 of 0.86 for the cross-

section and 0.53 for the time series. These values are comparable to the baseline country-speci�c

models. Figure 3 compares the parameter estimates and �t of sub-sample relative to the benchmark

model from subsection 5.1. Notably, the characteristics model performs well in most countries and

regions except for African countries. We conclude that country fundamentals e�ectively capture the

dynamics of market values for �rms across di�erent countries.

Next, we assess which characteristics are most critical for capturing the dynamics of a �rm's

market value. To do this, we systematically exclude one type of characteristic at a time and

compare the resulting estimates. The �ndings are summarized in Table C.12. Given the strong

correlations among these characteristics�particularly regarding protection and enforcement�it is

not surprising that excluding intellectual property protection yields similar �t results, as the other

variables compensate for its absence. The most signi�cant change in the point estimates of the

remaining variables occurs when we exclude characteristics related to �nancial markets, speci�cally

for intangible capital.30

We apply the country characteristics model to evaluate the importance of each component in

determining the value of inputs contributing to a �rm's market value. The �rm valuation ratio

(average Q) combines physical and intangible capital as de�ned in equation 13. The market value

30A simple way to calculate the impact on adjustment costs from the country characteristic variable: a standard
deviation change in this characteristic increases intangible adjustment costs by 51% of the global value (0.35 * 17.21).
To gauge the impact on �rm value, we still need the information of capital investment.

32



of each input can be decomposed into three components,

qI ·KI

KP+KI = (1− τc,t)
KI

KP+KI + (1− τc,t)θI,g

(
II

KI

)
KI

KP+KI + (1− τc,t) ·γI ·Xc ·
(

II

KI

)
KI

KP+KI

qP ·KP

KP+KI = KP

KP+KI + (1− τc,t)θP,g

(
IP
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)
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)
KP

KP+KI
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(23)

with book value ((1 − τc,t)
KI

KP+KI ) or KP

KP+KI ), global value (1 − τc,t)θi,g

(
Ii

Ki

)
Ki

KP+KI and a

characteristic speci�c value (1− τc,t) ·γi ·Xc ·
(

Ii

Ki

)
Ki

KP+KI where i = I or P . The last component

capture the drivers of the heterogeneity in the value of each input that depends on the country

characteristics modeled. Given the observed equilibrium outcome, ex-post we cannot tell whether

the realized investment rate is discouraged by the anticipated high adjustment cost in the future,

or the high discount rate from the risk premium. However, taking the observed investment rates

and �rm valuation, one can use equation 23 to gauge the direct e�ect over �rm valuation from

under-developed institutional infrastructure and �nancial market.31 Formally, the price of capital

in a country c is determined as

qI = (1− τc) · [1 + qIg + qI
X ·Xc]

qP = 1 + (1− τc) · [qPg + qP
X ·Xc]

(24)

Given the observed �rm investment rates, the common valuation assuming global average cost is

determined as

qIg = θI,g · iI , qPg = θP,g · iP (25)

The marginal compensation value qz for country characteristic variable Xz,c is determined by the

incremental cost coe�cient γz,

qIz = γIz · iI , qPz = γPz · iP (26)

The valuation of intangible capital contributed by country-speci�c characteristic of institutional

environment and economic development is,

31This decomposition estimation is conservative. It would be meaningful to further quantify the indirect e�ect
through discouraging or distorting the investment rate. But this investigation requires fully parameterizing the
�rm operating pro�t process (how it is a�ected by the product market competition and aggregate shocks), and the
stochastic discount factor co-moving with the aggregate shocks.
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qIzK
I

KP +KI
·Xz,c = γIz · iI · KI

KP +KI
·Xz,c (27)

for characteristic variable Xz,c, and symmetrically { qPz KP

KP+KI · Xz,c}z for the physical capital.

De�nition equation 27 uses the incremental cost coe�cients γIof intangible capital and γP of

physical capital. In combination with the composition of capitals and observed investment rates, it

translates cross-country di�erences in institutional infrastructure and �nancial market development

into the resulting impact on capital valuation. This is achieved by applying a correction weight that

re�ects these di�erences.

Figure 4 quanti�es the contribution of each characteristic to the value of intangible capital (top

panel) and physical capital (bottom panel) across countries and regions. If a country's value for

a speci�c characteristic is above (or below) the global average, the sign of the impact matches (or

is opposite to) the sign of the coe�cient γ. For a country characteristic variable that delineates

a speci�c aspect of institutional environment or the development of market infrastructure, a large

magnitude for the incremental cost coe�cient, combined with substantial cross-country variation,

indicates that the characteristic is economically important for explaining the geographical variation

in capital value.

Table 6 reports the formal estimation of the compensation value attributed to the country

characteristic variable for the large countries and regions. After obtaining the �rm-level estimates,

we calculate the aggregate value of capital for each country and region. To provide context, the

average value ratio across all countries and regions is 1.83, while the average market value of

intangible capital, qIKI

KP+KI , is 0.69. There is substantial variation in �rm valuation at the country

level, with a standard deviation of 0.43 across 17 countries and 4 regions. As previously mentioned,

intangible capital is crucial for total �rm value. We observe considerable cross-country heterogeneity

in the value of intangible capital, with a standard deviation of 0.42. A signi�cant portion of this

variation is in�uenced by economic development, the protection of intellectual property rights, and

the cost of �nancing. Each component of value, qIz ·KI

KP+KI ·Xc,z, has the following standard deviations:

0.08 for economic development, 0.14 for the protection of intellectual property rights, and 0.34 for

the cost of �nancing.32

32This model of heterogeneous adjustment cost contingent on country-speci�c economic characteristics provides
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This �nding aligns with economic intuition, as economic development�measured by GDP per

capita and population�a�ects labor costs. Developed countries tend to have a more expensive

labor force, resulting in higher adjustment costs and valuations for intangible capital. Countries

with an e�cient legal system and stronger protection of trade secrets and patents can help mitigate

the adjustment costs for intangible capital. Additionally, since intangible capital is riskier and more

challenging to collateralize, the �nancial sector's ability to �nance these investments is crucial.

A more robust �nancial sector can lead to lower adjustment costs for intangible capital, thereby

increasing its value.

Turning to the value of physical capital, we observe that the protection of intellectual property

rights has a negligible e�ect on the heterogeneity of physical capital value, while economic

development and �nancing play a prominent role. However, the cross-country dispersion associated

with these characteristics is smaller compared to that of intangible capital. The standard deviations

are 0.13 for both economic development and �nancing. The greater variation in the value of

intangible capital associated with �nancing costs suggests that the di�culties in �nancing these

assets have a signi�cant e�ect on their valuation.

7 Robustness

7.1 Domestic Firms

Multinational �rms operate in multiple markets. The investment in physical capital and speci�cally

the intangible capital, such as the reputation among customers, the human capital attached to the

employees, product innovation of high uncertainty might be more a�ected by the country where the

branch locates. The dynamic model of heterogeneous capital investment decision can be extended

for the valuation of multinational �rms. Other than the home-country physical capital and the

intangible capital, the capitals in foreign countries constitute the �rm value. Domestic investment

reasonable estimates of adjustment cost coe�cient for most countries, especially the large and medium-size countries.
Table C.13 and Figure D.2 also compare the contribution of each characteristic to the value of capitals for Italy,
Sweden, Switzerland, Brazil, South Africa and other medium-size countries. Across large and medium-size countries,

and other small countries in each sub-region, the geographical variation in
qIzK

I

KP+KI ·Xz,c from economic development,
intellectual property rights, and cost of �nancing are similarly large. Sweden, Switzerland, other countries in Northern
Europe and Western Europe bene�t from the stronger protection of intellectual property rights, the cost of investing
intangible capital is relatively smaller compared to Italy, Greece and other countries in Southern Europe.
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and oversea investment, simultaneous determine the total �rm value. Though �rms often disclose the

geographical distribution of operating sale, employees, disclosure of capital investment and operating

expense is not common. This paper didn't explicitly estimate heterogeneous capitals operated in

di�erent countries. As the simpli�ed examination, Table C.19 excludes the multinationals from the

sample, estimates the model using the domestic �rms. We de�ne the domestic �rms as �rms whose

headquarter is identical with the incorporation. Firms residing in Hong Kong are often incorporated

in China or Europe. Given the smaller sample of completely local �rms, we didn't construct the

portfolios for those �rms residing and incorporating in Hong Kong.

For �rms residing in China and incorporating in China, the new parameter estimate of the

intangible capital adjustment cost coe�cient is 40.93, larger than the outcome of baseline estimation

of 32.67. The point estimate for the physical capital adjustment cost coe�cient has smaller value

1.14, but with large standard error. The model is more successful in the sub-sample of domestic

�rms in China, than the sample with both the multinational �rms and the domestic �rms. Cross-

section R2 is 0.42 in Table C.19, larger than the counter-part statistics in the baseline estimation.

Figure 4 shows the high valuation of intangible capital in China is partly determined by the high

cost of �nancing compared to other countries. There is anecdotal evidence for the limited access

to bank loan in China, especially for the small-medium �rms and non-State owned Enterprises.

Intuitively, oversea listing uses the equity �nancing to replace the costly �nancing in the domestic

banking sector. This provides a candidate explanation for why the multinational �rms residing in

China have relatively lower cost in investing intangible capital, compared to domestic �rms

7.2 Investment and Q

Section 5 documented substantial variation in the country-speci�c cost coe�cient of intangible

capital. In this subsection, we use the alternative method of �rm-level equation to estimate the

model. This estimation approach is more familiar for the literature, for example Peters and

Taylor (2017) discussed when the total �rm asset and investment include the knowledge capital

and organization capital, �rm valuation ratio (total Q, or often named as average Q) can better

explains the total investment in the �rm-level. We use this estimation to con�rm the geographical

heterogeneity in capital adjustment cost function.
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Estimation minimizes the squared distance between the �rm-level observed and model-implied

valuation ratio moments at each point in time.33 This resembles the equivalent OLS regression per

sub-sample of country or region,

V Rit −
KP

it+1

KP
it+1+KI

it+1
− (1− τc,t)

KI
it+1

KP
it+1+KI

it+1

= θP,c · (1− τc,t)
(

IPit
KP

it

)
KP

it+1

KP
it+1+KI

it+1
+ θI,c · (1− τc,t)

(
IIit
KI

it

)
KI

it+1

KP
it+1+KI

it+1

(28)

When the investment rate in intangible capital and that of physical capital have imperfect

correlation, or the θI,c ̸= θP,c, total investment rate
IPit+IIit

KP
it+1+KI

it+1
is not in exact linear relationship

to the total Q of Vit

KP
it+1+KI

it+1
. Intuitively, when cost coe�cient of intangible capital is much larger

than the physical capital, θI,c > θP,c, the simple total investment rate resembles the equation right-

hand-side component
θP,c·IPit+θI,c·IIit
KP

it+1+KI
it+1

= θI,c ·
θP,c
θI,c

·IPit+IIit

KP
it+1+KI

it+1
with additional measurement error, provides

rough explanation for the total Q.

Table C.20 estimates the true model of heterogeneous capitals, using the �rm-level approach,

reports the parameters in identical format to Table 2. The �rm-level estimation has similar point

estimate for country-speci�c cost coe�cient of intangible capital θI , but smaller point estimate for

the cost coe�cients of physical capital θP . An intuitive explanation is the attenuation bias. The

variation of observed investment of physical capital contains noise irrelevant of the model. The

estimator assigns the small θP to reduce the equation error. On the contrary, point estimate of

θI in the �rm-level estimation resembles that of the baseline estimation, as shown by Figure D.3,

especially in countries such as Indonesia, India, Germany, the U.K. and the U.S.. The variation

of investment rate and amount of intangible capital is crucial for explaining the variation of �rm

valuation ratio. As such, the model estimated using the �rm-level method has �tness comparable

to baseline estimation of portfolio-level approach, with slight deviation.

Next, we perform the estimation of country-characteristic model using the �rm-level moment.

The advantage of �rm-level approach is that it does not require us to take a stand regarding a

particular sorting variable to create the portfolios. McLean, Zhang, and Zhao (2012); Calcagnini,

Ferrando, and Giombini (2014) use the investment-Q regression with additional correction as
IPit
KP

it
=

33The estimator is Θ̂ = argminΘ
1∑NF

i=1 Ti

∑NF
i=1

∑Ti
t=1

(
V Rit − V̂ Rit (Θ)

)2

, where the number of �rms is NF and

the number of years in the sample for each �rm is Ti
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a+bx ·Xc · Vit

KP
it+1

+bq · Vit

KP
it+1

+bo ·Xc+ϵ to investigate the cross-country di�erence of investment rates

and �rm value, where the economic development or the protection of employee right is the selected

Xc of country-characteristic variable. The estimation of Table C.14 includes the intangible capital

that is crucial for �rm value.34 Further, the estimation considers high-dimensional characteristic

variables Xc to underscore the joint e�ects from development of institutional infrastructure, the

�nancial market and income status in a country. Table C.14 reports the parameter estimates for

(θP,g, θI,g) and (γP ,γI). The incremental cost coe�cient of the protection of intellectual property

right γI1a for intangible capital, and the cost of �nancing γI1d are qualitatively similar to the baseline

estimation using portfolio-level moments. As previously discussed, the disadvantage in �rm-level

approach is that the estimation is more sensitive to measurement error and the �rm-level data is

very noisy. Hence, the estimates are likely to be subject to an attenuation bias. The incremental

cost coe�cient for the protection of employee right are of large standard error. Estimated model is

less accurate than the baseline estimation as we observe the worse �tness.

In summary, �rm-level method has biased estimate for the cost coe�cient of physical capital.

The parameters from this counter-factual estimation shows that accuracy in cost coe�cient of

intangible capital is important for a model to provide reasonable explanation for the �rm valuation.

The country-level characteristics are fundamental in accounting for the heterogeneity in adjustment

costs and �rm market value.

7.3 Sector-Heterogeneity within Country

We also estimate the model allowing for sector-speci�c heterogeneity in each country. In the online

appendix, we show that the resulting increase in both the time-series and cross-sectional R2 values

is, in general, very small. This result indicates that cross-country heterogeneity in adjustment costs

is important for the model �t, but, perhaps surprisingly, sector heterogeneity plays only a minor

role.

34After converting to the denominator of physical capital, equation 13 combining equation 23 resembles

Vit

KP
it+1

= 1 + (1− τc,t)θP,g

(
IPit
KP

it

)
+ (1− τc,t) ·γP ·Xc ·

(
IPit
KP

it

)
+(1− τc,t)

KI
it+1

KP
it+1

+ (1− τc,t)θI,g
(

IIit
KI

it

)
KI

it+1

KP
it+1

+ (1− τc,t) ·γI ·Xc ·
(

IIit
KI

it

)
KI

it+1

KP
it+1

. (29)
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8 Conclusion

We incorporate intangible capital into the neoclassical model of investment and estimate its

contribution of each input for explaining �rm market values across 77 countries between 2000 and

2020. For the major markets, where we estimate country speci�c parameters, the model performs

well in explaining both the time-series and the cross-sectional variation of the valuation ratios across

portfolios in the worldwide, with time-series R2 of 55% and a cross-sectional R2 of 88%.

We �nd that the importance of the intangible capital for �rm value varies across countries

and is substantial, ranging from 35.60% to 70.26% . We show that �nancial markets assign

large and positive values to the installed stocks of the capital inputs because they are costly to

adjust, thus �rm valuation contains the compensation for the cost of adjusting the inputs. The

adjustment cost of intangible capital is higher than that of physical capital. When quantifying the

market environment for accumulating intangible capital for each country, we observe dispersed point

estimates of adjustment cost parameters.

To understand the drivers of intangible and physical capital adjustment costs, we utilize a

model of heterogeneous adjustment cost of capital investment that is contingent on country-

speci�c characteristics likely to a�ect �rms' ability to invest, and analyze the importance of

these characteristics for �rm valuation. We �nd that economic development, intellectual property

protection and �nancial market factors�especially the cost of �nancing�signi�cantly in�uence the

cross-country variation in the value of intangible capital. While similar factors also impact physical

capital, their e�ect is comparatively less pronounced.
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Table 1: Descriptive Statistics

This table reports the median of �rm-level selected characteristics across all �rms in the each country (or territory).
The same statistics are calculated for the remaining area of each continent. The same statistics for the whole continent
is reported below countries within the continent. The same statistics for the full sample of all the countries (World)
are reported in the �nal rows. Statistics of individual countries in the region are reported in the Appendix Table C.3.
Data is winsorized with [2%,98%] by country (or territory). Columns (1) and (7) reports the country and territory,
the region, for each continent of Asia, Europe, Americas, Australia and Africa. Firm valuation is Q. Installed
physical capital is KPwith investment �ow equal to IP . Installed intangible capital is KIwith investment �ow equal
to II . The median is calculated in each year, the time-series average statistics are reported in the sub-sample of each
geographic area (country, territory and region within the continent, or the continent). In Column (6), the correlation

ρ( IP

KP , II

KI ) is calculated using all the observations in the sub-sample.

Country/Region Q
KI+KP

IP

KP
II

KI
KI

KI+KP ρ( IP

KP , II

KI )

(1) (2) (3) (4) (5) (6)

China 2.87 0.15 0.32 0.24 0.35
Hong Kong 1.38 0.17 0.28 0.41 0.18
Indonesia 1.32 0.08 0.21 0.26 0.28
India 1.46 0.03 0.19 0.33 0.36
Japan 0.84 0.13 0.22 0.46 0.42
Malaysia 1.24 0.08 0.24 0.26 0.20
Singapore 1.21 0.16 0.28 0.38 0.23
South Korea 1.02 0.11 0.25 0.26 0.31
Thailand 1.54 0.14 0.24 0.28 0.21
Taiwan 1.70 0.13 0.24 0.28 0.28
Rest of Asia 1.51 0.08 0.22 0.27 0.24

Asia 1.37 0.12 0.24 0.32 0.28

France 1.35 0.23 0.24 0.67 0.25
Germany 1.43 0.21 0.24 0.58 0.26
Poland 1.15 0.11 0.25 0.38 0.37
UK 1.50 0.21 0.25 0.60 0.28
Rest of Europe 1.41 0.17 0.24 0.46 0.28

Europe 1.40 0.18 0.24 0.52 0.28

Canada 1.56 0.19 0.28 0.20 0.38
USA 2.05 0.24 0.26 0.62 0.34
Latin America 1.07 0.08 0.20 0.33 0.31

America 1.82 0.21 0.25 0.54 0.35

Australia 1.57 0.22 0.31 0.37 0.27

Africa 1.47 0.08 0.20 0.41 0.26

World 1.46 0.15 0.24 0.38 0.31
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Table 5: Parameter Estimates of Country-Characteristic Model
This table reports the parameter estimates for the model speci�cation of country-speci�c state-contingent adjustment
cost function. Global Cost Coe�cients θg and Incremental Cost Coe�cient γ for each dimension of country
characteristic variables are reported. In Panel (C), XS − R2 is the cross-sectional R2 for the 21 × 20 portfolios
in the globe, TS − R2 is the time-series R2, and m.a.e./V R is the mean absolute valuation error scaled by the
absolute value of the ratio. P-value of t-stat are indicated using * for p<0.10, ** for p<0.05, *** for p<0.010.

Point Estimate

Panel (A) Global Cost Coe�cient

θP,g θIg
4.05 ∗∗∗ 11.79 ∗∗∗

s.e. ( 0.32) ( 0.64)
Panel (B) Incremental Cost Coe�cients

γP
x γI

x
(a) Intellectual Property (X1a)

Secrets and Patents -0.39 -3.29 ∗∗

s.e. ( 0.42) ( 0.77)
(b) Employment Contract Protection (X1b)

Tenure Contract -0.40 -0.59
s.e. ( 0.28) ( 0.44)
Collective Dismissal -0.33 ∗ 0.05
s.e. ( 0.20) ( 0.35)
(c) Contract Enforcement (X1c)

Procedures -0.01 0.47 ∗∗∗

s.e. ( 0.04) ( 0.08)
Litigation Fee (%) 0.02 -0.01
s.e. ( 0.02) ( 0.03)
Litigation Years (log) 0.64 ∗ -2.27 ∗∗

s.e. ( 0.36) ( 0.64)
(d) Financial Market (X1d)

Bank Pro�t 1.76 ∗ 17.21 ∗∗∗

s.e. ( 0.87) ( 1.53)
Concentration (%) -0.08 ∗∗ 0.01
s.e. ( 0.03) ( 0.05)
Competition 0.95 ∗∗ 1.41 ∗

s.e. ( 0.32) ( 0.68)
(e) Investor Protection (X1e)

Information Disclosure -0.11 -0.74 ∗∗

s.e. ( 0.17) ( 0.30)
Director Liability -0.33 ∗∗ -0.33 ∗

s.e. ( 0.08) ( 0.15)
Shareholder Suits 0.35 ∗ 1.27 ∗∗

s.e. ( 0.18) ( 0.25)
(f) Economic Development (X1f )

GDP per capita 0.74 ∗ 1.75 ∗∗

s.e. ( 0.32) ( 0.62)
Population -0.49 ∗∗ 0.87 ∗

s.e. ( 0.20) ( 0.44)
Intensity of Intangible Capital (X2)

1(IntanN = 1) 1.03 ∗∗ 1.82 ∗

s.e. ( 0.43) ( 0.89)
1(IntanN = 2) -1.02 ∗ -3.57 ∗∗

s.e. ( 0.46) ( 0.80)
1(IntanN = 3) -1.90 ∗∗ -5.48 ∗∗∗

s.e. ( 0.35) ( 0.53)
1(IntanN = 4) 1.89 ∗∗ 7.22 ∗∗∗

s.e. ( 0.45) ( 0.70)
Panel (C) Statistics

XS-R2 0.86
TS-R2 0.53
m.a.e./V R 0.23
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Figure 2: Estimates of Cost Coe�cients in Country Characteristics Model
This �gure compares the parameter estimates in the baseline model of country-speci�c adjustment cost and the
parameter estimates in the alternative model of country characteristics. The sub�gure in �rst row reports the
parameters for intangible capital. The bar of yellow color describes the estimation outcome for the baseline model.
For each of the 17 countries, 4 regions, the quadratic cost coe�cient in the adjustment cost function is estimated.
The bar of purple color describes the model-implied quadrature cost coe�cient using the characteristic model. For
each of the 73 countries, the quadratic cost coe�cient in the adjustment cost function is a function over the status
of intellectual property protection, labor market protection, cost of contract enforcement, cost of �nancing, status of
investor protection, and economic development. For the 56 countries in the 4 regions (Rest of Asia, Rest of Europe,
Latin America, Africa), the average outcome of model-implied quadrature cost coe�cient are plotted. The sub�gure
in the second row reports the parameters for the physical capital. The bar of dark red color, the light red color
describes the estimation outcomes of the two speci�cations respectively, for countries and the remaining area in Asia.
The dark and light green colors are for countries and the remaining area in Europe. The blue colors are for Americas.
The yellow colors are for Australia (Oceania). The gray colors are for Africa.
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Figure 3: Fitness of Country Characteristics Model
This �gure compares the �tness of model of country-speci�c adjustment cost function, and the alternative model of
country characteristics. Estimation outcome of model of country-speci�c adjustment cost function is from the Baseline
estimation. The country-characteristics model is estimated using the portfolio-level moment of the subsample of 17
countries and 56 countries in the 4 regions of remaining area. Country characteristic variables are the respect to the
trade secrets and industry patents, extent of using tenure contract, protection of collective dismissal, cost of contract
enforcement, cost of �nancing, status of investor protection, and economic development. The sub�gure in �rst row
reports the cross-section R2. The bar of yellow color describes the estimation outcome of the country-speci�c model.
The bar of purple color describes the estimation outcome of the country-characteristics model. The data label of
numbers denote the cross-section R2 of the country-characteristics model. The sub�gure in second row reports the
time-series R2. The bar of blue color describes the estimation outcome of the country-speci�c model. The bar of
green color describes the estimation outcome of the country-characteristics model. The data label of numbers denotes
the time-series R2 of the country-characteristics model. Within each geographic area (of 17 countries, Rest of Asia,
Rest of Europe, Latin America, Africa), �rms are grouped into 20 portfolios. Model-implied valuation is calculated
for each model, then the statistics of �tness are calculated using the portfolio-level moments. The construction of
portfolios, calculation of statistics are identical with Table 2 in the draft. The bar of dark red color, the light red
color describes the estimation outcomes of the two speci�cations respectively, for countries and the remaining area
in Asia. The dark and light green colors are for countries and the remaining area in Europe. The blue colors are for
Americas. The yellow colors are for Australia (Oceania). The gray colors are for Africa.
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Composition of Characteristic-Specific Value of Capitals
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Figure 4: Composition of Characteristic-Speci�c Value
This �gure reports the model-implied characteristic-speci�c valuation for the model of country-speci�c state-
contingent adjustment cost function. The valuation of intangible capital from country-characteristic variables is
reported in the �rst row. For each aspect z of country-characteristic variables, the cost compensation in value of

intangible capital is calculated as {γI
z ·Xc,z · iI ·KI

KP+KI }z. The component iI ·KI

KP+KI = 1
T

∑
t

∑
i iIitK

I
it+1∑

i KI
it+1+KP

it+1
is calculated

as the aggregate statistic for each geographic area (of 17 countries, 4 regions of Rest of Asia, Rest of Europe, Latin
America, Africa) and each year during 2016-2020. The similar statistic is reported for physical capital in the second
row.
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C.1 Descriptive Statistics and Estimation Outcome for Countries
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C.2 Estimation of Counterfactual Models

C.2.1 Single-Capital Model

C.2.2 Homogeneous-Cost Model
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Table C.14: Parameter Estimates of Country-Characteristic Model using Firm-level Method
This table reports the parameter estimates for the estimation speci�cation of �rm-level method, for the model of
country-speci�c state-contingent adjustment cost function. Global Cost Coe�cients and Incremental Cost Coe�cient
for each dimension of country characteristic variables are reported. Standard error and statistics of �tness are
calculated in the same de�nition of Table 2, using the same portfolios. In Panel (C), XS −R2 is the cross-sectional
R2 for the 21×20 portfolios in the globe, TS−R2 is the time-series R2, and m.a.e./V R is the mean absolute valuation
error scaled by the absolute value of the ratio. P-value of t-stat are indicated using * for p<0.10, ** for p<0.05, ***
for p<0.010.

Point Estimate

Panel (A) Global Cost Coe�cient

θP,g θIg
1.33 ∗∗ 14.07 ∗∗∗

s.e. ( 0.35) ( 0.64)
Panel (B) Incremental Cost Coe�cients

γP
x γI

x
(a) Intellectual Property (X1a)

Secrets and Patents -0.11 -2.38 ∗∗

s.e. ( 0.47) ( 0.81)
(b) Employment Contract Protection (X1b)

Tenure Contract -0.23 -0.45
s.e. ( 0.31) ( 0.45)
Collective Dismissal -0.10 -0.84 ∗

s.e. ( 0.21) ( 0.37)
(c) Contract Enforcement (X1c)

Procedures 0.02 0.17 ∗

s.e. ( 0.05) ( 0.08)
Litigation Fee (%) 0.00 0.00
s.e. ( 0.03) ( 0.04)
Litigation Years (log) -0.06 0.93
s.e. ( 0.39) ( 0.71)
(d) Financial Market (X1d)

Bank Pro�t 0.16 13.63 ∗∗∗

s.e. ( 0.96) ( 1.65)
Concentration (%) -0.00 -0.10 ∗

s.e. ( 0.03) ( 0.05)
Competition 0.13 1.83 ∗∗

s.e. ( 0.36) ( 0.71)
(e) Investor Protection (X1e)

Information Disclosure -0.06 -0.83 ∗∗

s.e. ( 0.18) ( 0.31)
Director Liability -0.07 -0.08
s.e. ( 0.09) ( 0.16)
Shareholder Suits 0.14 0.04
s.e. ( 0.19) ( 0.27)
(f) Economic Development (X1f )

GDP per capita 0.64 ∗ 2.47 ∗∗

s.e. ( 0.36) ( 0.62)
Population 0.42 ∗ 0.18
s.e. ( 0.22) ( 0.43)
Intensity of Intangible Capital (X2)

1(IntanN = 1) -0.11 2.68 ∗∗

s.e. ( 0.49) ( 0.92)
1(IntanN = 2) 0.20 -1.79 ∗

s.e. ( 0.54) ( 0.82)
1(IntanN = 3) -0.63 ∗ -4.42 ∗∗∗

s.e. ( 0.38) ( 0.59)
1(IntanN = 4) 0.55 3.53 ∗∗

s.e. ( 0.49) ( 0.73)
Panel (C) Statistics

XS-R2 0.77
TS-R2 0.48
m.a.e./V R 0.2478



C.4 Robustness of Baseline Estimation

C.4.1 Robustness Estimation of Country-Speci�c Adjustment Cost Function
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D Additional Figures
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Reference Line

Explanation of Firm Value

Figure D.1: Model-Implied Firm Value in Portfolios
This �gure reports the model-implied valuation and the �rm valuation. The model-implied valuation is the average

shadow price of capitals in each portfolio is V Rj = 1
Nj

∑
i

qPi KP
i +qIi K

I
i

KP
i +KI

i
. The �rm valuation is V Rj = 1

Nj

∑
i

P+B
KP

i +KI
i
.

Each geographic area (of 17 countries, Rest of Asia, Rest of Europe, Africa, Latin America) has 30 portfolios
sorted based on lagged �rm-level variables: book-share of intangible capital, investment rate in physical capital
and investment rate of intangible capital. The time-series average during period during 2006-2020 is reported in the
�gure. The red dots present the portfolios of countries, territories, the remaining area in Asia. The green dots present
the portfolios of countries, the remaining area in Europe. The blue dots are for the Americas. The yellow dots and
gray dots present the portfolios in Oceania (Australia) and Africa respectively.

92



Composition of Characteristic-Specific Value of Capitals

Value of Physical Capital
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Figure D.2: Composition of Characteristic-Speci�c Value
This �gure reports the model-implied characteristic-speci�c valuation for the model of country-speci�c state-
contingent adjustment cost function. The statistics for the 17 large-size countries, 10 medium-size countries, other
small-size countries in the remaining area of 8 UN-sub-regions are reported. The valuation of intangible capital
from country-characteristic variables are reported in the �rst row. For each aspect z of country-characteristic

variables, the cost compensation in value of intangible capital is calculated as {γI
z ·Xc,z · iI ·KI

KP+KI }z. The component
iI ·KI

KP+KI = 1
T

∑
t

∑
i iIitK

I
it+1∑

i KI
it+1+KP

it+1
is calculated as the aggregate statistic for each geographic area (of 27 countries, 8

sub-regions) and each year during 2016-2020. The similar statistic is reported for physical capital in the second row.

93



Figure D.3: Estimates of Cost Coe�cients in Firm-level Estimation
This �gure compares the parameter estimates in the baseline estimation method of portfolio-level moment, and the
parameter estimates in the alternative speci�cation of �rm-level moment. The top �gure reports the parameters for
intangible capital. The bar of yellow color describes the estimation outcome using the portfolio-level moment. The
bar of purple color describes the estimation outcome using the �rm-level moment. The bottom �gure reports the
parameters for the physical capital. The bar of blue color, the green color describes the estimation outcomes of the
two speci�cations respectively.
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Figure D.4: Fitness of Model in Firm-level Estimation
This �gure compares the �tness of model in the baseline speci�cation of portfolio-level estimation, and the model of
�rm-level estimation. The top �gure reports the cross-section R2. The bar of yellow color describes the estimation
outcome using the portfolio-level moment. The bar of purple color describes the estimation outcome using the �rm-
level moment. The data label of numbers denotes the cross-section R2 of �rm-level estimation. The bottom �gure
reports the time-series R2. The bar of blue color describes the estimation outcome using the portfolio-level moment.
The bar of green color describes the estimation outcome using the �rm-level moment. The data label of numbers
denotes the time-series R2 of �rm-level estimation. These statistics of �tness are calculated using the portfolio-level
moments. The construction of portfolios, calculation of statistics are identical with Table 2.
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E Math Appendix

This appendix section provides the proof for the valuation equation 5. The proof is direct extension

of (Hayashi, 1982) with consideration of multiple types of capital inputs and debt.

Theorem [Hayashi,1982]: Denote Pit ≡ Vit−Dit be the ex-dividend equity value. If pro�t function

Π(.) and cost function C(.) are Constant Return to Scale, �rm's value maximization implies that

Pit +Bit+1 = qPitK
P
it+1 + qIitK

I
it+1, (30)

in which

qPit = 1 + (1− τt) · ∂Cit

∂IPit
,

qIit = (1− τt) · (1 + ∂Cit

∂IIit
).

(31)

Proof:

The Bellman equation of �rm equity valuation is

V (Xit,K
P
it ,K

I
it) ≡ max

{Lit+△t,Iit+△t,Kit+△t+1,Bit+△t+1}∞△t=0

Dit + Et

[
Mt+1 · V (Xit+1,K

P
it+1,K

I
it+1)

]
,

(32)

s.t.
Dit ≡ (1− τt)[Πit − Cit − IIit] −IPit +Bit+1 − rBitBit

+τtδ
P
itK

P
it + τt(r

B
it − 1)Bit.

(33)

KP
it+1 = IPit + (1− δPit )K

P
it (34)

KI
it+1 = IIit + (1− δIit)K

I
it (35)

The Xit is vector of state variables of aggregate productivity and �rm productivity. Optimal

physical capital investment re�ects the marginal value of physical capital (KP
it+1):

1 + (1− τt)
∂Cit

∂IPit︸ ︷︷ ︸
qPit : Physical Capital Marginal q

= Et

[
Mt+1 ·

∂V

∂KP
(Xit+1,K

P
it+1,K

I
it+1)

]
(36)
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Optimal intangible capital investment re�ects the marginal value of intangible capital (KI
it+1):

(1− τt)

[
1 +

∂Cit

∂IIit

]
︸ ︷︷ ︸

qIit: Intangible Capital Marginal q

= Et

[
Mt+1 ·

∂V

∂KI
(Xit+1,K

P
it+1,K

I
it+1)

]
(37)

We assume the Modigliani-Miller environment, total �rm valuation is irrelevant of capital

structure. Equity value maximization implies the total �rm valuation maximization, rBitBit +

V (Xt,Kit) = V (Xt,Kit). If pro�t function Π(.) and cost function C(.) are Constant Return to

Scale w.r.t Kit = (KP
it ,K

I
it), �rm's value maximization implies that

V (Xt, a ·KP
it , a ·KI

it) = a · V (Xt,K
P
it ,K

I
it), (38)

Homogeneity of Degree One implies the equation below,

∂V

∂KP
(Xt, a ·KP

it , a ·KI
it) ·KP

it +
∂V

∂KI
(Xt, a ·KP

it , a ·KI
it) ·KI

it = a · V (Xt,K
P
it ,K

I
it), (39)

At a = 1, the total �rm valuation is quantity of capital(s) multiplied by the marginal valuation of

capital(s). In the Modigliani-Miller environment, total �rm valuation is irrelevant of debt. Marginal

value of physical capital for the equity valuation is identical with the �rst-order partial derivative

of total �rm valuation,

∂V

∂KP
V (Xt,Kit) =

∂V

∂KP
(Xt,Kit), (40)

The similar equation holds for the new amount of intangible capital. Previously, we denote

the qPit (Xt) = Et

[
Mt+1 · ∂V

∂KP (Xit+1,Kit+1)
]
, substituting the equation (40) yields qPit =

Et

[
Mt+1 · ∂V

∂KP (Xit+1,Kit+1)
]
, shadow price of physical capital is the expected marginal value

for total �rm valuation. Replacing the expected marginal value of capital, The expected total �rm

valuation is written as
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Et

[
Mt+1 · V (Xit+1,Kit+1)

]
= Et

[
Mt+1 · ( ∂V

∂KP (Xit+1,Kit+1) ·KP
it+1 +

∂V
∂KI (Xit+1,Kit+1) ·KI

it+1)
]

= qPit (Xt) ·KP
it+1 + qIit(Xt) ·KI

it+1

,

Recall the total �rm valuation is equity plus the debt, we arrive to the expected equity value

Et [Mt+1 · (V (Xit+1,Kit+1)] prior to dividend payout,

Et

[
Mt+1 · V (Xit+1,Kit+1)

]
= Et

[
Mt+1 · (V (Xit+1,Kit+1) + rBit+1Bi,t+1)

]
= Et [Mt+1 · (V (Xit+1,Kit+1)] + Et

[
Mt+1 · rBit+1Bi,t+1

] ,

The model considers the one-period debt. The new amount of debt equals the expected

repayment in next period, Bi,t+1 = Et

[
Mt+1 · rBit+1Bi,t+1

]
. Equity value of current period is the

payout and the expected equity value of next period, Vit = Dit + Et [Mt+1 · V (Xit+1,Kit+1)].

Combining these equations, we conclude, if pro�t function Π(.) and cost function C(.) are Constant

Return to Scale w.r.t Kit, �rm's value maximization implies that

Vit +Bit+1 = Dit + qPit (Xit) ·KP
it+1 + qIit(Xit) ·KI

it+1, (41)

Let Pit ≡ Vit −Dit be the ex-dividend equity value, the equation is further simpli�ed as

Pit +Bit+1 = qPit (Xit) ·KP
it+1 + qIit(Xit) ·KI

it+1, (42)

Q.E.D.
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F Data Appendix

F.1 Construction of Data

F.1.1 Summary of Data

1. Firm Fundamental

� Data Source: Compustat Global, Compustat North America

� Main data �elds: Capital Stock, Capital Expenditure, Depreciation

� Granularity: Firm

2. Stock Price

� Data Source: Compustat Global-Security Daily, Compustat-CRSP linked

� Main data �elds: Capital Stock, Capital Expenditure, Depreciation

� Granularity: Firm

3. De�ator

� Data Source: CPI in OECD statistic

� Main data �elds: Capital Price

� Granularity: Country

4. Tax Rate of Corporate Income

� Data Source: Tax Foundation, Compustat Global -Economic Indicators

� Main data �elds: Corporate Tax

� Granularity: Country
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F.1.2 Main Measure

Variable Measure Alternative Measure

Price, Physical Capital OECD CPI UN stat

Price, Intangible Capital OECD CPI UN stat

Quantity, Physical Capital Compustat, PPENT -

Quantity, Intangible Capital Compustat, XSGA -

Value of Equity Compustat-Security Daily Datastream

Value of Debt Compustat, Book Debt

Home Country Headquarter Incorporation

F.1.3 Harmonization

� Currency speci�cation

Home Country Currency

All USD

� Currency de�nition in each data source

Dataset Currency

Compustat-Fundamental Currency Reported

Compustat-Security Daily Currency Reported

� Currency Crosswalk

Dataset From To

Compustat Global-Exchange Rate Currency Reported USD

� Region Crosswalk

Dataset From To

UNSD-M49 standard ISO code Sub-region code

F.2 Detailed Construction of Variable

F.2.1 Firm-level Data

We use Compustat Global from Capital IQ to collect the accounting information of listed �rms

incorporated in United Kindom and Continental European countries. We use the information in
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the annual �nancial report.

De�nition of Country: We use the location of incorporation as the country of a �rm. For

robustness check, we also consider de�ning the location of �rm as the location of headquarter.

Sample Quality Control: we remove �rms in �nancial service industry (SIC:6000-6999),

utility industry (SIC: 4900-4999), and public service industry (SIC: 9000-9999). For �rms with

both international version of �nancial report (DATFMT as HIST) and domestic version of �nancial

report (DATFMT as Standard) in the same �scal year, we use the international-version of �nancial

report. For �rms with restatement of �nancial reports, we use the most recent version of �nancial

report.

Industry Code: The primary industry code is NAICS 6-digit code. For �rm-year observations

without the historical industry information NAICSH, we impute it with the nearby industry

information, if none of these information is available, we use the current industry information

NAICS. We also consider the production input market linked by SIC 4-digit code. Similarly, we use

the historical industry information imputed with the nearby industry information.

Corporate Event: We check the �rm-year observations with major acquisition event, using

the footnote variables SALE_FN. For �rms with major merge and acquisition event, the SALE_FN is

�agged as AC. Based on this criteria, this situation is rare for the European countries, hence, we

didn't implement this �lter.

F.2.2 Currency Conversion

We conduct conversion of currency for all nominal variables. We use the sub-dataset Exchange

Rate provided by Compustat Global to convert the currency of �nancial reports into nominal USD

amount.

We use the 12-month (backward) moving-average exchange rate to convert the currency. For

example, if a �rm reports its income statement on Dec-31st-2010, we use the average month-end

exchange rate during Jan-2010 and Dec-2010.

We use the sub-dataset Security Daily provided by Compustat Global to calculate the market

value of outstanding common stock issued by the �rms. Each �rm in Compustat Global has the

unique identi�er GVKEY, a unique identi�er PRIROW for the primary issued common stock. Each
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common stock in Security Daily has a unique identi�er IIN and a unique �rm identi�er GVKEY. We

require the security IIN matched with the �rm PRIROW, and the identical �rm identi�er GVKEY.

We calculate the market value as the market-close price multiplied by the outstanding shares

V = PRCCF · CSHOC.

We use the month-end market value in the month of �nancial report date. We convert the market

value into the nominal USD amount, in the similar method with the �rm fundamental variables.

F.3 Classi�cation of Geographic Areas

The United Nations Statistics Division (UNSD) classi�es 5 large regions (17 sub-regions): Africa

(Northern Africa, Sub-Saharan Africa), Americas (Northern America, Latin America and the

Caribbean), Asia (Eastern Asia, Southern Asia, South-eastern Asia, Melanesia, Micronesia,

Polynesia, Central Asia, Western Asia),Oceania (Australia and New Zealand), Europe (Southern

Europe, Eastern Europe, Northern Europe, Western Europe). For ease of description, we refer the

5 large regions as the continents. We decide geographic areas in each continent following the

procedure below:

� We impose the basic quality requirement for the �rm-level observations, summarize the sample

by each country.

� When the number of �rm-level observation inside the country surpasses 9 observations, we

start to include the country in our sample.

� If the average number of �rm-level observations surpass 200 observations, we label the

country as an independent large economy. The remaining countries are then classi�ed as

the constituent country in the rest of the continent.

� Due to the extreme years of hyper-in�ation, the sample of Egypt and the sample Zimbabwe are

discontinued after the preliminary sample requirement of �rm investment rates. We remove

the two countries to ensure the stationary sample.

After implementing above procedure, we end up with 17 large countries and 4 regions.

The 17 large economies are Australia, Canada, China, Germany, France, UK, Hong Kong, India,

Indonesia, Japan, South Korea, Malaysia, Poland, Singapore, Thailand, Taiwan, USA.
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For the region as Oceania, we don't have valid observations of listed �rms locating. The large

economy such as Australia is considered separately. Subsample of New Zealand has small number

of �rms. Estimation doesn't have the su�cient observations.

After these steps, we arrive to the 4 regions: Rest of Asia, Rest of Europe, Latin America, and

Africa.

In summary, our world-wide sample contains 5 continents. Each continent contains the large

countries within and the region of remaining area. Each region contains the countries of medium

size and sub-regions of remaining area. De�nitions of these geographic areas are in hierarchical

relationships.

F.4 Sample Requirement

The sample requirement refers (Belo et al, 2022). Additional requirement for �rm-level observations

is included, to address the �rm-level noise in economies of small sample. We decide the quali�ed

�rm-year observations following the criteria and procedure below: In the 1st stage, we require

non-missing �rm variables and nominal amount of capital stock surpassing the minimal threshold.

� We require non-missing and positive sale Yi,t, previous-period sale Yi,t−1, 2-period lagged sale

Yi,t−2, similarly for physical capital KP
i,t and intangible capital KI

i,t.

� We require non-missing �rm valuation Qi,t (equity valuation plus net debt value), investment

rate in physical capital iPi,t, investment rate in intangible capital i
I
i,t, corporate income tax rate

τi,t.

� We require the physical capital greater than 1 million USD dollars, the intangible capital

greater than 1 million USD dollars, to avoid the extreme �rm-year observations among tiny

�rms.

In the 2nd stage, we exclude extreme �rm-year observations based on the distribution of �rm

variables within each country.

� We require the change of �rm sale
Yi,t−Yi,t−1

Yi,t−1
within the percentile (2%, 98%) with respect to

its country-year panel, to avoid the extreme �rm-year observations.

103



� We require the �rm size (physical capital and intangible capital together) within the percentile

(2%, 100%) with respect to its country-year panel, to avoid the high idiosyncratic noise among

tiny �rms. In particular, the �rm size is required to be within the (30%, 100%) with respect

to its country-year panel among Japan and South Korea. We check the coverage of aggregate

sale, physical capital and intangible capital, removal of tiny-small �rms generates small impact.

The �rm size is required to be within the (30%, 100%) with respect to its country-year panel

in China, and the same requirement for the amount of intangible capital. This avoids the tiny

�rms especially the �rms with tiny amount of intangible capital. The sample of China covers

the main fraction in its aggregate sale, physical capital and intangible capital.

� We require the ratio of �rm valuation
Qi,t

KP
i,t+KI

i,t
within the percentile (2%, 98%) with respect

to its country-year panel, to avoid the extreme observations of �rm valuation in the left-tail

and right-tail.

� We require �rm-year observations with non-zero intangible investment rate in the current year

and previous year. We remove abnormal �rm-year observation reporting zero XSGA-expense

in continuously recent two years (around 1%).

Aside from above general requirement of sample quality. We adopt country-speci�c requirement for

countries with small size of sample, in Latin America, Africa, Western Europe and Eastern Europe.

F.4.1 Data Cleaning Statistics
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