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1 Introduction

Existing empirical evidence indicates that the legal institutions of an economy affect

long run economic growth. However, much less attention has been directed to un-

derstanding the specific avenues through which the nature of the legal system affects

economic outcomes. One exception is the debate on the merits of patent law for the

incentive to innovate. Whether other parts of the legal system affect the extent of in-

novation in an economy is less well understood, especially empirically. In this paper,

we focus on one specific but important aspect of legal institutions: what role does

the quality of contract enforcement play for the innovative intensity of a country?

The role of contract enforcement for innovation can be understood in the context

of a simple hold-up game with incomplete contracts, as studied in a large theoretical

literature (Hart and Moore 1988, Tirole 1999). A company wants to develop a novel

product by investing in R&D, but requires customized inputs from a supplier to

produce the final good. Given that the supplier’s input is essential, it can acquire a

large share of the resulting surplus, reducing the incentive to innovate. By contrast,

if the company can enforce contracts about the input’s price and the delivery written

before investment takes place, the surplus accrues to the innovator, inducing the

optimal investment size. As writing and enforcing contracts over not-yet developed

products might be particularly challenging, it seems to be sensible to assume that

companies undertake more research projects in countries with better legal systems.

Prima facie evidence from official statistics supports this view. For example Italy

and Germany have the same patent system and similar economic development. Yet,

companies in Germany invest much more in research than their counterparts in Italy:

only 0.67% of Italy’s GDP in 2010 is spent on corporate R&D, while the corresponding

number for Germany is 1.90% (Eurostat 2012). One reason for this remarkable

difference might be, that the enforcement of commercial contracts is more reliable in

Germany than in Italy. Indeed, Italy and Germany are not particular examples; they

rather illustrate a general pattern. As shown in Figure 1, there is a strong positive

correlation between several measures of contract enforcement and R&D intensity

within OECD countries.
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Figure 1: Descriptive evidence: R&D and measures for the rule of law

(a) Rule of Law Index (b) Enforcement of Contracts

(c) Risk of Repudiation (d) Risk of Expropriation

Note: This figure shows the relationship between R&D intensity in % and four measures of the
quality of the legal system across countries for the year 2005. The four measures are (a) the Rule of
Law Index of Kaufmann, Kraay, and Mastruzzi (2007), (b) Enforceability of Contracts from
Djankov, Porta, de Silanes, and Shleifer (2003), (c) Risk of Expropriation and (d) Risk of
Repudiation of Contracts from Porta, de Silanes, Shleifer, and Vishny (1998). For the description
of these measures, please refer to Table 5. In all figures, R&D intensity is on the vertical axis and
the different measures for the legal system are on the horizontal axis.
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This is, of course, not conclusive evidence for the influence of contract enforce-

ment on R&D investment: For example, countries with a better education system

might have both better lawyers and better scientists, resulting in better contract en-

forcement and more R&D. Indeed, any country characteristic could be an omitted

variable, causing the correlation between the quality of the legal system and inno-

vation intensity. To convincingly argue the importance of contracting institutions

for the observed cross-country pattern of innovativeness, it is therefore necessary to

examine variation within countries.

To this end, we exploit the fact that some industries depend more on the function-

ing of contracts with their suppliers than others. For example, a food producer can

buy grain from any company because grain is standardized and homogeneous. If one

supplier breaches its contract and fails to deliver for the agreed price, the food pro-

ducer can easily buy its inputs from another source for the market price. In contrast,

a car company might have only one or two suppliers available to acquire suitable

brakes because they are customized and require specific knowledge to produce. Thus

without contract enforcement, the car company has no other option than to bargain

with the supplier because no competitive market for the input exists, which opens the

possibility for exploitation and reduces the incentive to innovate. As a consequence,

companies in industries that cannot buy inputs in a competitive market, such as the

car industry, should be less willing to invest in R&D, if they cannot expect contracts

to be enforced.

The observation that companies in industries that are more dependent on con-

tracts react more strongly to differences in the quality of legal institutions provides us

with a hypothesis that we can test empirically. Put in econometric terms, we should

find a positive influence of the interaction term between the quality of legal institu-

tions and contract-dependency of R&D intensity after controlling for the quality of

the legal system and industry fixed effects. The idea of using the interaction term of

country variables with an exogenous industry variable was first employed in Rajan

and Zingales (1998) to analyze the effect of financial dependence on growth and it

has been used large number of studies since. As empirical measures, we use the share
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of inputs that companies in a particular industry can buy on an organized exchange

as an indicator of contract dependency and the “rule of law” index of Kaufmann,

Kraay, and Mastruzzi (2007) as a proxy for the quality of the legal system. Data on

R&D intensities for 21 industries in 22 countries over 11 years are from the OECD.

We find that an industry’s R&D intensity is indeed more sensitive to the qual-

ity of the legal system the more dependent the industry is on the enforcement of

contracts. To illustrate the quantitative importance of the effect, suppose that Italy

were to improve the quality of its judicial system to the level of Germany. Then

R&D investments in the highly contract-dependent car industry would increase by

23% percent or US$ 243 million while in the low contract-dependent industry pro-

ducing food products, R&D intensity would only increase by 5 percent, or about US$

5 million.1 This result is qualitatively robust for a wide variety of measures for rule of

law, other indicators for innovative activity, different subsamples, and data sources.

Yet, the incomplete contract literature also offers solutions for the underinvest-

ment problem, namely that companies in countries with weak legal institutions might

vertically integrate, thus substituting legal arbitration with hierarchies. If this ap-

proach were to work perfectly, we would find no effect. In practice, there are barriers

to mergers and acquisitions such as the distortions of incentives due to hierarchies,

making complete mergers often impractical.2 Nevertheless, we should be able to find

a stronger influence of rule of law in industries in which it is a priori harder to ver-

tically integrate. For example, it might be more difficult to completely integrate a

value chain if a wide variety of inputs are required compared with the case where

just a few inputs are necessary.3 Supporting this theoretical reasoning, we find in our

data that the influence of rule of law increases with the number of inputs an industry

requires.

A further concern is that the relationship might also work the other way around:

a favorable legal environment not only increases R&D but innovative companies also
1In 2005 the investment in R&D of the Italian car industry was US$ 1.05 billion (2.21% R&D

intensity) while the food industry invested US$ 100 million (0.08 % R&D intensity).
2For an overview over the literature please refer to Bresnahan and Levin (2012).
3Vertical integration reduces scale and thus increases average costs if its production is associated

with some fixed costs. With several inputs produced in-house, the cost position of the company
could become soon unfavorable (Nunn 2007).
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lobby for a good contracting environment. In this case, we would overestimate the

effect of the legal environment on innovation. To address this issue, we estimate

an instrumental variable (IV) regression with legal origin of the country as instru-

ment. Glaeser, Johnson, and Shleifer (2001) and Djankov, Porta, de Silanes, and

Shleifer (2003) suggest that common law countries are better at enforcing compli-

cated contracts compared with countries with civil law origin. Legal origin, which

was determined hundreds of years ago, might therefore cause variation in the rule of

law independent of any lobbying activity. The resulting mean estimate is positive and

statistically significant, underlining the importance of the contracting environment

for R&D. Surprisingly, the IV estimates are larger than the OLS estimates. This

might indicate that legal origin influences R&D through other channels than only

through the rule of law, and we calculate set estimates under this assumption.4 Al-

ternatively to this violation of the exclusion restriction interpretation, the IV might

simply help alleviate a measurement error problem in the rule of law variable that

downward-biases our estimates.

A large literature in economics documents the systematic relationship between a

country’s legal system and a large variety of other important factors related to growth.

For example, a favorable rule of law increases the size and liquidity of financial

markets and leads to more trade. The methodological closely related paper of Nunn

(2007) uses the interaction of contract-dependency with rule of law to study the effect

of the legal system on the comparative advantage of nations. He finds that countries

trade significantly more if they are able to enforce relationship specific contracts.5

We extend his method to study the effect of the contracting environment on the

determinants of innovation intensity across countries and thus offer a complementary

view on the determinants of the comparative advantage of nations. In a follow-up

study 6

A recent study in the finance literature also examines the connection of particular
4In a similar setting this problem was pointed out by Nunn (2007), which we discuss below.
5In a follow-up study Essaji and Fujiwara (2012) showed that this results holds not only for the

quantity but also for the quality of traded goods.
6Controlling for export share or an interaction of exports and rule of law does not change our

result.
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legal provisions and innovative activity. Acharya and Subramanian (2009) argues that

a more creditor-friendly bankruptcy code creates an environment which is tolerant to

failure. Such an environment promotes innovation by encouraging experimentation.

Acharya and Subramanian (2009) use the interaction between patent intensity of an

industry and creditor rights of a country to identify the effect of bankruptcy laws on

patents. Furthermore, Acharya, Baghai, and Subramanian (2013) show that strong

employment protection against unfair dismissal leads to more innovative efforts by

employees, because it limits the employer’s ability to hold up employees after an

innovation has been successful. Our paper offers a distinct causal mechanism by

investigating the effect of the contracting environment, which is quantitatively stable

and statistically significant after accounting for differences in creditor rights and

employment protection across countries.

Starting with Porta, de Silanes, Shleifer, and Vishny (1997, 1998), a large litera-

ture in economics and finance has documented the systematic relationship between

a country’s legal system and the development and liquidity of its financial markets.

This might confound our result, because better financial development lowers capital

costs and this might translate into larger incentive to invest in R&D. Indeed, Maskus,

Neumann, and Seidel (2012) use the interaction term of financial development at the

country level and external dependence in an industry to identify the positive im-

pact of more advanced capital markets on R&D. However even after controlling for

the same interaction term as Maskus, Neumann, and Seidel (2012) did, our effect

stays quantitatively the same, pointing again to the distinct causal mechanism of the

contracting environment.

More generally, this study adds to the literature on the effect of hold-up problems

on different kinds of investments. A large empirical literature tests and finds the

resulting underinvestment problems in a variety of industries such as trucking (Baker

and Hubbard 2003, Baker and Hubbard 2004), defense (Crocker and Reynolds 1993),

footwear (Woodruff 2002), and housing (Field 2005, Gebhardt 2013). However these

studies do mainly consider the investment in physical goods, for which an under-

investment problem might be less severe. By contrast, we consider investment in
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immaterial goods such as R&D, where contracts are particularly difficult to write

due to the inherent uncertainty about outcomes.

The rest of the paper is structured as follows: in section 2, we describe a theory

of imperfect contracting and R&D and explain the empirical strategy employed in

the subsequent analysis. Section 3 describes the dataset as well as the definition and

construction of our key variables. In section 4, we present the results of our baseline

specification, robustness checks, and IV regressions. Section 5 concludes.

2 Theoretical and Empirical Framework

In this section, we model the impact of imperfect contract enforcement on R&D

investment in a supplier-producer relationship. To focus on the effect of contract

enforcement problems, we abstract from a number of important features of the R&D

process such as uncertainty and spillovers.

Model Set-Up

Consider the following simple game between a representative risk-neutral supplier S

and a risk-neutral manufacturer M . The manufacturer can develop an innovative

product of value r by investing r units in R&D with costs c(r). The cost function

is strictly increasing, convex and differentiable and it satisfies the Inada conditions.

The manufacturer needs n inputs to build the product and each input contributes

equally to its value. This means leaving out one input reduces the value of the good

to n−1
n · r. The fraction (1 − α) of the required inputs can be bought on the market

for the price of zero, while the fraction α can only be bought from supplier S. The

supplier can produce all inputs at no cost. The inputs of the supplier are specific

in the sense that the only possible customer for the supplier is the manufacturer

and the only possible source of the input is the supplier. Prices are assumed to be

non-negative.

We consider the following game-structure:

1. The manufacturer offers the supplier a contract that implies that the supplier

delivers the inputs and receives price p.
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2. The supplier decides whether to accept or reject the contract.

3. After signing the contract, the manufacturer invests in R&D.

4. After investment, the manufacturer assembles the final product.

(a) With a probability of γ the contract is enforced and the manufacturer gets

all inputs for price p.

(b) With a probability of 1−γ, the contract is not enforced. If this is the case,

both parties engage in symmetric Nash bargaining over the price. The

outside option for the manufacturer is the value of the product without

the inputs of the supplier, (1−α) ·r, while the outside value of the supplier

is zero.

5. The transaction takes place and the producer manufactures and sells the final

good.

In our game, contract enforcement is imperfect, because the manufacturer can-

not be sure that the input is delivered for the specified price. One reason for such

incompleteness might be the failure of the courts to enforce delivery or procedu-

ral complexity, making contract enforcement unfeasible. Thus, we interpret γ as a

measure of the quality and predictability of contract enforcement.

Equilibrium

In the following, we characterize the sub-game perfect equilibrium by backward in-

duction. In the last step, the product is always produced and sold in the market. In

Step (4), there are two cases to consider, one in which the contract is upheld and one

in which the contract is invalid. Given the contract is enforced, the supplier gets the

specified price p and delivers the inputs. The manufacturer then makes a profit of

πupheld
m = r − c(r) − p.

By contrast, if the contract is not enforced, the manufacturer and the supplier engage

in symmetric Nash bargaining over the price and the outside option of the manufac-
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turer is the value of the product without the inputs, (1 − α) · r, while the outside

option of the supplier is zero.

As a result of this bargaining, the manufacturer and supplier agree to exchange

the inputs for

p̂ = α

2 · r

and the resulting profit for the manufacturer is

πinvalid
m = r − c(r) − p̂.

Anticipating this development, the manufacturer invests in Step (3) in R&D to

maximize the following profit function:

πm = γ · πupheld
m + (1 − γ) · πinvalid

m = γ · [r − c(r) − p] + (1 − γ) ·
[
r − c(r) − α

2 · r
]
.

The resulting optimal R&D investment is then characterized by

c′(r∗) = 1 − α

2 + γ · α2 (1)

Given that the marginal cost function c(r∗) is strictly increasing and convex,

∂r

∂α
= −

1
2(1 − γ)
c′′(r) < 0 (2)

from the implicit function theorem. Therefore, the optimal amount of R&D invest-

ment is higher if the fraction of inputs that have to be acquired from the supplier (α)

is lower. Furthermore, as
∂2r

∂γ∂α
= 1
c′′(r) > 0, (3)

better contract enforcement leads to more investment in R&D in particular in indus-

tries which depend on relationship-specific inputs.

In Step (2), the supplier decides to accept every contract with an expected profit

weakly larger than zero, i.e.

πs = γ · p+ (1 − γ) · α2 · r ≥ 0.
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This implies that in the first step, the manufacturer offers the supplier a price of zero,

p = 0.

Empirical Strategy

To arrive at an empirically testable equation, we assume that c′(·) can be approxi-

mated with a linear function of R&D intensity and we can thus rewrite Equation (1)

as:

r∗ict = ϕ0 + ϕ1 · αi + ϕ2 · γct · αi + ϕx · x+ ηc + ηi + ηt + ε. (4)

where i indicates the industry, c is the country and t is the year. x are control

variables influencing the marginal costs of R&D, η are fixed effects and ε is a mean

zero shock. As our dependent variable we use the R&D intensity instead of absolute

levels of R&D, because the marginal costs of an innovative activity might be smaller

for large companies, for example because R&D is financed predominantly internally

(Himmelberg and Petersen 1994). Put differently, investing US$ 100,000 in R&D is

easier if you have US$ 1 billion instead of US$ 100,000 in turnover.

According to our theoretical framework, companies in more contract dependent

industries invest less in R&D, (ϕ1 < 0), but this effect is weaker in countries with a

good rule of law (ϕ2 > 0). In our empirical setting, ϕ1 is not separately identified,

because contract dependency is perfectly collinear with industry fixed-effects.7 In

contrast we can estimate our main parameter of interest, ϕ2, from the combination

of the cross-industry variation in contract-dependency and the cross-country variation

in the quality of contract enforcement. This identification strategy was first proposed

by Rajan and Zingales (1998) and it has since been used in numerous studies (e.g.

Nunn 2007, Manova 2009, Pang and Wu 2009, Maskus, Neumann, and Seidel 2012).

The identification of parameter ϕ2 might fail because of reverse causality: com-

panies in contract dependent industries might have an incentive to lobby for the

improvement of the contracting environment — if it is important for R&D invest-

ment. Then, the direction of the estimated coefficient would be correct and the effect
7Leaving out industry fixed-effects is not sensible, because the marginal costs of R&D might differ

substantially from industry to industry. Nevertheless, we do so in the robustness checks and identify
the parameter with cross-sectional variation.
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of the contracting environment would be economically important (otherwise compa-

nies would not care to lobby), but we would overestimate the quantitative magnitude

of the coefficient. Second, omitted variables that are correlated with the interaction

of contract enforcement and contract-dependency might confound our results. For

example, suppose technological progress happens predominantly in countries with a

good contracting environment and in contract-dependent industries. Then, the inter-

action term would pick-up the effect of technological progress on R&D and we would

overestimate ϕ2.

To address the omitted variable problem and reverse causality, we use the legal

origin of a country as instrumental variable to isolate exogenous variation in the

quality contracting environment. A long literature starting with Porta, de Silanes,

Shleifer, and Vishny (1997) has argued that a legal system that has its origin in

common law is better than civil law for a wide variety of economic outcomes. For

example, Djankov, Porta, de Silanes, and Shleifer (2003) find that civil law countries

have more legal formalism, which results in a higher expected duration of judicial

proceedings, more corruption, and less fairness. With very few exceptions, legal origin

was determined long ago and therefore might be reasonably exogenous to reverse

causality. As a drawback, legal origin also explains variation in a broad set of other

economically important variables across countries and therefore might influence R&D

over channels other than the rule of law. This would render the exclusion restriction

invalid and thus bias the resulting estimates.8 We use the method of Conley, Hansen,

and Rossi (2012) to calculate the size of this bias under various assumptions.

3 Data

In order to test our predictions we need three ingredients: a measure of R&D intensity

across countries and industries, the contract dependency of these industries, and an

indicator of the quality of contract enforcement. We discuss in turn the measures of

our main specification and consider alternative measures in the robustness section.

Data on R&D intensity are taken from the OECD STAN database, which contains
8Please refer to Porta, de Silanes, and Shleifer (2008) for a discussion.
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data for 28 industries in 40 countries from 1987 to 2007 classified according to two-

digit ISIC Revision 3.1. Owing to many missing values we focus only on OECD

countries and the manufacturing sector, restricting the sample to 22 countries and

21 industries from 1995 to 2005.

We proxy for the quality of contract enforcement in a country with the “rule of

law index” developed by Kaufmann, Kraay, and Mastruzzi (2007), which is based on

governance indicators from the World Bank. This index comprises a number of vari-

ables measuring the perceptions of the predictability, competence and effectiveness of

the judicial system within a country. It has been widely used in the literature to mea-

sure the judicial quality of a country (e.g. Nunn 2007, Levchenko 2007, Berkowitz,

Moenius, and Pistor 2006). The index ranges from 0 to 10, with 0 indicating a bad

and 10 a good judicial system.9 Data are available for 1995 to 2005 for all countries

in the sample.10 Owing to yearly data availability, we prefer this measure over e.g.

the “enforceability of contracts” of Djankov, Porta, de Silanes, and Shleifer (2003),

because this measure is only available for 1995. In the results section, we show that

our results are robust to the use of other dependent and independent variables.

Following the method of Nunn (2007), we construct for each industry a “contract-

dependency” measure by calculating the percentage of input that cannot be bought or

sold on an organized exchange and therefore has to be sourced by contracts.11 To do

this, we use in a first step the 2002 United States Input-Output (I-O) Use Table from

the Bureau of Economic Analysis (BEA 2011).12 This table provides information on

the share of intermediate inputs used to produce a final good in 439 industries. In

a second step, we combine this information with data on whether these intermediate

inputs are reference-priced or sold through an organized exchange using data from

Rauch (1999).13 Combining these two data sources allows us to calculate the share

of each intermediate input used in the production that is neither reference-priced nor
9The original index ranges from -2.5 to 2.5. For convenience we transform the index to range

from 0 to 10.
10We use a non-parametric linear interpolation to impute missing values for the years 1997, 1999

and 2001. Given the high persistence of institutions this procedure should not affect our results.
11In Nunn (2007) this measure is called "contract-intensity".
12Rajan and Zingales (1998) provide the central argument for using U.S. data.
13Rauch (1999) classifies 1,190 goods into three different categories: sold on an organized exchange,

reference priced or neither.
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sold on an organized exchange. In a last step, we aggregate the final goods of the

United States I-O Use Table to the two-digit ISIC Rev. 3.1 level of the OECD data

on R&D investments. Table 2 lists the means of the constructed measure for each

industry.

We use several control variables that might be causal determinants of R&D in-

vestment and at the same time correlated with the variable of interest, the interaction

of contract enforcement and contract-dependency. We construct a country-industry-

specific measure for human and physical capital to proxy for differences in capital

accumulation. To do this, we multiply the per-industry factor intensity of Bartelsman

and Gray (1996) by the country-specific physical and human capital constructed by

Caselli (2005). As additional regressors we use an interaction term of patent inten-

sity and intellectual property protection from Park (2008) to eliminate patent law

as potential confounding factor. Furthermore, we control for country, industry, and

year dummies.

Following the literature, we also control for financial development, trade, bankruptcy

laws and laws about unfair dismissal. As a measure of financial development, we use

the interaction of private bond market capitalization and external financial depen-

dence and tangibility following Maskus, Neumann, and Seidel (2012). Trade is mea-

sured by the share of exports of each industry in every country. We interact a measure

for creditor rights from Djankov, McLiesh, and Shleifer (2007) with patent intensity

as described in Acharya and Subramanian (2009) to control for bankruptcy laws. Fur-

thermore, we account for the interaction of the strength of employment protection

from the OECD and contract intensity, because better protection against unfair dis-

missal might be conducive for innovation (Acharya, Baghai, and Subramanian 2013).

Tables 1 and 2 report summary statistics for industry and country characteristics

for 2005. Table 3 summarizes all the variables used in our main specification.
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Table 1: Country Characteristics

Rule of Law R&D Int. Human Cap. Physical Cap.
Austria 8.62 2.37 2.23 71628
Belgium 7.44 2.46 2.77 76452
Canada 8.26 2.74 3.01 82443
Czech Republic 6.74 0.58 . .
Denmark 8.78 3.17 3.00 70515
Finland 8.78 4.03 2.83 89196
France 7.74 2.60 2.20 84929
Germany 8.22 2.19 2.66 89368
Hungary 6.68 0.30 3.09 33857
Iceland 8.92 2.96 2.53 66643
Italy 7.26 0.96 2.15 82318
Japan 7.48 5.72 2.64 64181
Korea 6.92 1.14 2.52 24651
Netherlands 8.40 4.04 2.66 79069
New Zealand 8.60 0.20 3.37 78048
Norway 8.70 2.24 3.01 94831
Poland 5.94 0.21 2.63 33949
Portugal 7.30 0.42 1.67 29437
Slovak Republic 6.12 0.14 . .
Spain 7.14 1.03 2.00 61638
Sweden 8.46 4.15 2.83 72777
United Kingdom 8.04 3.14 2.68 50409

Notes: The table reports the values of the the rule of law index, the mean values of the R&D
intensities, and the mean values of physical and human capital across countries for 2005.

14



Table 2: Industry Characteristics

Contract Dep. R&D Int. Human Cap. Int. Physical Cap. Int.
Basic metals 0.25 0.44 0.31 1.22
Chemical products 0.26 4.78 0.54 0.67
Communication 0.91 6.85 0.65 1.44
Electrical machinery 0.58 1.98 0.56 0.81
Fabricated metal 0.43 0.41 0.38 0.81
Food prod 0.16 0.22 0.36 0.74
Leather products 0.55 0.43 0.36 0.94
Machinery 0.72 2.07 0.40 0.86
Medical instruments 0.69 5.75 0.70 0.49
Motor vehicles 0.70 1.90 0.27 0.85
Non-metallic products 0.35 0.51 0.30 0.98
Office machinery 0.79 9.75 0.75 0.80
Other transport 0.58 3.16 0.51 0.48
Paper products 0.50 0.37 0.34 1.16
Petroleum products 0.07 0.23 0.37 0.91
Plastics 0.29 1.03 0.32 0.99
Printing 0.74 0.19 0.37 0.79
Textiles 0.46 0.65 0.42 0.75
Tobacco products 0.20 0.22 0.36 0.18
Wearing apparel 0.28 0.26 0.41 0.65
Wood products 0.45 0.14 0.34 0.66

Note: This table reports the values of R&D intensity, the mean values of our contract intensity
measure, and the mean values of physical and human capital intensity across industries for 2005.

Table 3: Summary Statistics

mean sd min max p10 p90
R&D Intensity 1.87 3.80 0.00 72.55 0.03 5.44
Rule of Law 7.73 0.83 5.60 8.92 6.62 8.72
Human Capital 0.98 0.15 0.59 1.20 0.80 1.16
Physical Capital in Thsd. USD 0.01 0.00 0.01 0.01 0.01 0.01
Contract Dependence 0.49 0.22 0.07 0.91 0.20 0.79
Human Capital Int. 0.43 0.14 0.26 0.80 0.30 0.66
External Dependence -0.60 0.51 -1.98 0.40 -1.53 -0.21
Tangibility 0.45 0.13 0.21 0.69 0.27 0.59
Bond Market Capitalization 41.32 25.18 5.80 145.53 15.11 84.82
Unfair Dismissal 2.92 0.87 0.75 4.50 1.75 4.00
Creditor Rights 1.98 1.01 0.00 4.00 1.00 3.00
Observations 4168
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4 Results

Descriptive Evidence

According to our theoretical framework, the R&D investment of contract-dependent

industries is more sensitive to the quality of contract enforcement than in industries

that rely less on contracts to source inputs. Before turning to the estimation results,

we examine the raw data for evidence of such a mechanism. First, we split the sample

of countries at the median of the rule of law index and calculate the difference in

average R&D intensity for all industries for these two groups. Then, we order all

industries by their contract-dependence and plot the calculated differences in Panel

(a) of Figure 2. In Panel (b), we repeat this exercise for Germany (rule of law index

of 8.23) and Italy (rule of law of 7.22), two economically similar countries with the

same patent system. In line with our hypothesis, the difference in research intensity

increases with the contract intensity of the industry in both panels.

Estimation Results

Now turning to our regression results, Table 4 reports the results of estimating equa-

tion (4). The dependent variable in all specifications is R&D intensity, i.e. R&D

expenditure in an industry divided by production. The sample consists of 22 coun-

tries and 21 manufacturing industries for 1995 to 2005. Therefore, the maximum

number of possible observations is 5,082. However, because data on R&D and pro-

duction are unavailable for all country-industry-year combinations, the number of

observations drops to 4,168. In all specifications, we cluster the standard errors at

the country level.

In line with our theoretical predictions, a better contract environment has indeed

a strong positive effect on R&D investments. The estimated coefficient for the in-

teraction term between the rule of law index and contract dependency is positive

and significantly different from zero at conventional levels. In the second column,

we include factor endowment interactions for human and physical capital and export

shares.14 The estimated size and statistical significance of the coefficient is consistent
14Since data on factor endowments are not available for all country-year combinations, we use a
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Figure 2: Descriptive Evidence

(a) Contract Dependence and R&D: High vs. Low Rule of Law

(b) Contract Dependence and R&D: Germany vs. Italy

Note: In panel (a) we split the sample for 2005 at the median of the rule of law index of Kaufmann,
Kraay, and Mastruzzi (2007) and plot the difference in R&D intensities for these two groups for the
values of contract-intensities. Panel (b) shows the difference in R&D intensities of Germany and
Italy depending on the contract-intensity of the industry. According to our data, Germany has a
better rule of law than Italy. In all figures, the difference in R&D intensities is on the vertical axis
and the measure for the contract intensity of an industry is on the horizontal axis.
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with the estimate in the first column.

In the third column, we additionally account for other potential determinants of

R&D intensity unrelated to contract enforcement. Both more protection against un-

fair dismissal and more intellectual property rights protection increase R&D intensity,

while creditor rights have no distinguishable effect. Moreover, financial development

is important for R&D investment: A higher public bond market capitalization leads

to more R&D investment if fewer tangible assets are available (Maskus, Neumann,

and Seidel 2012). We do not find an effect of the interaction of external dependency

and public bond market capitalization on R&D investment.

Up to now, we have only considered the effect of the rule of law interaction term.

However, our theory also predicts, that contract dependency has a negative impact

on R&D investment (if we control for the interaction of rule of law and contract

dependency). Yet, in our preferred specification (3), we are unable to identify the

coefficient for contract dependency because it is perfectly collinear with industry fixed

effects. In the specification reported in column (4) we leave out industry fixed effects

and find that — in line with our theory — the estimated coefficient is negative and

statistically different from zero.

In our preferred specification in column (3) with all controls, a one standard

deviation increase in the judicial quality interaction term increases the dependent

variable by 0.85 standard deviations, while a similar increase in the human capital

interaction term increases the dependent variable by 0.32 standard deviations.15 If

we take these estimates literally, the effects of judicial quality on R&D investments

is large not only in relative but also in absolute terms: For example, if Italy (rule

of law: 7.26 in 2005) were to improve its judicial quality to the level of Germany

(rule of law 8.22), then the R&D intensity of Italy’s automobile industry (contract

intensity: 70%) would increase from 2.21% to 2.72%.16 As Germany’s automobile

dummy for missing values.
15The estimates for the interactions for human capital may seem relatively low compared with

the estimates for the interaction for judicial quality. However, they are of similar magnitude other
studies have found (Nunn 2007, Levchenko 2011, Manova 2009).

16This number is calculated by [(∆ Rule of Law x Contract Intensity) / Std. of Rule of Law x
Coefficient x Std. of log(R&D intensity)+1] x R&D Intensity Italy=[((8.22-7.26)*0.7)/1.78*0.85*0.72
+1]*2.21=2.72.
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Table 4: Determinants of R&D Intensity

(1) (2) (3) (4)
R&D Int. R&D Int. R&D Int. R&D Int.

Rule of Law x Contract Int. 0.93∗∗∗ 0.77∗∗ 0.85∗∗∗ 0.80∗∗∗
(0.28) (0.32) (0.26) (0.24)

Human Capital x Human Capital Int. 0.35∗∗∗ 0.32∗∗∗ 0.35∗∗∗
(0.11) (0.10) (0.07)

Capital x Capital Intensity 0.06∗∗ 0.03 -0.06∗
(0.03) (0.03) (0.03)

Export Share 0.03 0.02 0.04∗∗∗
(0.02) (0.02) (0.01)

Patent Int. x IPR 1.90∗∗∗ 0.07
(0.40) (0.08)

Patent Int. x Unfair Dismissal 0.19∗∗∗ 0.21∗∗∗
(0.06) (0.07)

Patent Int. x Creditor Rights 0.05 0.03
(0.06) (0.09)

Public Bond Cap. x Tangibility -0.07∗∗ -0.20∗∗
(0.03) (0.08)

Public Bond Cap. x External Dep. 0.04 0.23∗∗∗
(0.03) (0.05)

Contract Dependence -3.37∗∗∗
(1.07)

Industry fixed effects Yes Yes Yes No
Country fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
N 4168 4168 4168 4168

Note: This table reports the results of the OLS regressions of Equation 4. The dependent variable
is the natural logarithm of R&D intensity in a particular country and industry. Standardized beta
coefficients are reported, with standard errors clustered by country in brackets. *, ** and ***
indicate significance at the 10, 5 and 1 percent levels, respectively.
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industry has an R&D intensity of 4.34%, this estimate suggests that around 24% of

the gap in R&D intensity between the automobile industries of Italy and Germany is

driven by differences in the rule of law. By converting this number into dollar terms,

with the rule of law of Germany, the Italian Automobile Industry would increase its

R&D expenditure by $243 Million from $1.05 Billion to around $1.29 Billion.

In Figure 3, we show that the described effect is also present over a range of

plausible alternative dependent and independent variables. The different dependent

variables are all from the OECD STAN database with the exception of patent counts

which are from the OECD patent database. We describe the data-sources of the

independent variables in Table 5. In panel (a) of Figure 3 we plot the coefficient

of the rule-of-law-interaction for the different independent variables. All variables

related to research, such as the absolute value of R&D, R&D intensity measured

with value added, and patents, are positive and significant, while total investment

and the level of fixed capital are not. This is plausible because contracts only matter

if a hold-up is possible. Physical capital resulting from general investment activity is

traded in secondary markets making underinvestment less likely.

In panel (b), we use alternative measures for the rule of law to construct the

interaction term with contract dependency. As expected, measures that bear some

relation with contract enforcement have more influence on R&D intensities than mea-

sures which are more related to overall political stability. For example, the risk of

expropriation, law and order, and the enforceability of contracts have a strong influ-

ence on R&D investments. In contrast, political stability does not have explanatory

power for R&D intensity. The formalism index has a negative impact, indicating that

more complex and less clear regulation might be negative for research. This is plau-

sible because Djankov, Porta, de Silanes, and Shleifer (2003) show that formalism is

a predictor of weak contract enforcement.

Vertical Integration

Given that the rule of law is indeed important in vertical relationships, it is reasonable

to assume that firms in badly governed countries try to overcome this obstacle by
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Table 5: Alternative Measure of the Rule of Law

Source: Djankov et al. (2003)
Measure Description Range
Formalism in-
dex

The index measures substantive and procedural statu-
tory intervention in judicial cases in lower-level civil trial
courts. For example if there are professional judges, a
written argument is necessary, mandatory time limits or
a superior review of judgements.

0-7 (higher:
higher interven-
tion)

Legal system is...
...consistent “In resolving business disputes, do you believe your coun-

try’s court system to be consistent?”
1-6 (higher: more
consistency)

...fair and im-
partial

“In resolving business disputes, do you believe your coun-
try’s court system to be fair and impartial?”

1-6 (higher: more
impartial)

Enforceability
of contracts

The relative degree to which contractual agreements are
honored and complications presented by language and
mentality differences. Data are for 1995 and originally
collected from Business Environmental Risk Intelligence.

0-10 (higher:
higher enforce-
ability)

Law and Or-
der

Integrity of the legal system in 2000. This component
is based on the Political Risk Component 1 (Law and
Order) from the PRS Groups International Country Risk
Guide (various issues).

Rankings are
modified to a
ten-point scale.

Source La Porta et al. (1998)
Measure Description Range
Risk of expro-
priation

ICR’s assessment of the risk of “outright confiscation”
or “forced nationalization”. Average of the months of
April and October of the monthly index between 1982
and 1995.

0-10 (higher: less
risk)

Repudiation
of contracts
by govern-
ment

ICR’s assessment of the “risk of a modification in a con-
tract taking the form of a repudiation, postponement,
or scaling down” due to “budget cutbacks, indigeniza-
tion pressure, a change in government, or a change in
government economic and social priorities.” Average of
the months of April and October of the monthly index
between 1982 and 1995.

0-10 (higher: less
risk)

Other Sources
Measure Description Range
restrictions. 0-5 (higher: better protection)
Political Sta-
bility

The indicator “Political Stability and Absence of Vio-
lence Government” from Political Risk Services is an ag-
gregate indicator for Internal and External conflict and
Ethnic tension. The data is available from the World
Bank website.

0-10 (higher:
more stability)
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Figure 3: Point estimates and confidence intervals for different measures of the de-
pendent and independent variables

(a) Dependent Variable

(b) Independent Variable

Notes: This figure shows the coefficients from our preferred specification for the different dependent
and independent variables. The range plots indicate the 95% confidence interval derived from
standard errors clustered by country.
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forward or backward integration. In general this works against finding any effect. Yet,

this observation also delivers another prediction: the rule of law should be relatively

more important for R&D investments in industries in which it is harder to integrate.

To test this idea we split the sample at the median number of inputs (100) and repeat

our main regression on the two subsamples. The idea is, that if the production of an

input has some fixed costs then the total costs of production increase with the number

of inputs produced in-house (Nunn 2007). This makes full vertical integration less

likely in industries with more inputs.17

According to the estimates in Table 6, the rule of law is much more important in

industries with a lot of inputs compared to industries with fewer inputs. The esti-

mated coefficients for the industries with above median inputs, the “Many” sample,

are larger than they are in our main specification. By contrast, in industries with

fewer than the median number of inputs, there is no discernible effect for the rule

of law interaction term. In order to show that this pattern is not a feature of the

particular sample split, we sort all industries according to the number of inputs and

rerun the regression for subsamples of 10 industries each. We start with the 10 indus-

tries with the least inputs to arrive at our first estimate. Then we add the industry

with the next highest number of inputs, drop the industry with the lowest number of

inputs, and calculate the OLS coefficient. By repeating this procedure and plotting

the resulting coefficient, we arrive at Figure 4. In line with our hypothesis, there is

an upward trend in the effect of rule of law with the number of inputs, meaning that

good contract enforcement is more important in industries in which it is harder to

vertically integrate.

Endogeneity

As mentioned above, our estimation strategy might suffer from reverse causality or

omitted variable bias: For example, countries with contract-dependent industries

could be keener to improve their contracting environment. Another possibility is
17Unfortunately, unlike Acemoglu, Johnson, and Mitton (2009) we do not have a direct measure

of integration for vertical integration and therefore have to use an imperfect measure: the number
of inputs in an industry.

23



Table 6: Many Inputs

(1) (2) (3) (4) (5) (6)
Few Many Few Many Few Many

Rule of Law x Contract Int. 0.17 1.65∗∗∗ -0.01 1.30∗∗∗ -0.02 1.22∗∗∗

(0.15) (0.57) (0.13) (0.49) (0.13) (0.43)
Human Capital x Human Capital Int. 0.12∗∗∗ 0.39∗∗∗ 0.12∗∗∗ 0.38∗∗∗

(0.03) (0.13) (0.03) (0.12)
Capital x Capital Intensity 0.05∗ -0.11∗∗ 0.05∗ -0.11∗∗

(0.02) (0.05) (0.03) (0.05)
Export Share -0.04 0.02 -0.04 0.01

(0.03) (0.02) (0.03) (0.01)
Log income x TFP growth -0.96∗ 1.95∗ -0.96∗ 1.53

(0.50) (1.18) (0.57) (1.00)
Log income x value added 0.03 -0.01 0.03 -0.01

(0.04) (0.07) (0.02) (0.07)
Controls No No Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes Yes Yes
Country fixed effects Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes
Adj. R2 -0.02 0.03 0.79 0.70 0.01 0.15
N 2310 1858 1852 1624 1852 1624

Note: This table reports the results of OLS regressions of Equation 4. The dependent variable is
the natural logarithm of R&D intensity in a particular country and industry. We split the sample
by the median number of inputs, 100. The number of inputs is the minimum number of inputs
used within an industry to produce a final good. We place all countries with inputs below 100 in
the “Few” subsample while all countries with more inputs are in the “Many” subsample.
Standardized beta coefficients are reported, with standard errors clustered by country in brackets.
*, ** and *** indicate significance at the 10, 5, and 1 percent levels, respectively.
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Figure 4: Impact of the rule of law depending on the number of inputs

Notes: This figure displays the regression coefficients and 95% confidence invervals of the rule of
law interaction term on R&D intensity. To arrive at our estimation sample, we sort the industries
according to the minimum number of inputs used in the industry. Then, we select for the first data
point the 10 industries with the least number of inputs as the estimation sample. For each
following data point, we add one industry with the next highest number of inputs and drop the
industry with the lowest number of inputs in our sample. The horizontal axis displays the
minimum number of inputs within the estimation sample.
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that technical progress happens predominantly in contract-dependent industries in

countries with a good rule of law. In both cases, the rule of law interaction would

be positively correlated with the error term and we would overestimate the effect on

R&D.

A strategy to deal directly with this problem is using instrumental variables. In

the following, we use the interaction of legal origin with contract intensity as an in-

strument to isolate exogenous variation in the rule-of-law interaction (Nunn 2007).

The origin of the legal system shapes how contracts are enforced in practice till to-

day (Djankov, Porta, de Silanes, and Shleifer 2003). Furthermore, legal origin was

determined a long time before our sample period and therefore is plausibly exoge-

nous to all contemporaneous determinants of R&D. The results of the IV regressions

are presented in Table 7. The estimated coefficient of the interaction term in each

specification is positive and statistically significantly different from zero, underlining

the importance of contract enforcement for R&D investment.

Surprisingly, the size of the IV estimates exceeds in all specifications the OLS

estimates, contrary to our expectations. There are two plausible reasons for this:

First, the endogeneity problem might be weak and the rule of law is measured with

significant error. Then, the IV estimator alleviates the downward bias in our OLS

estimates by reducing the noise due to the measurement error and the increased

size of the mean estimate is correct (Ashenfelter and Krueger 1994). Second, as

discussed in Porta, de Silanes, and Shleifer (2008), legal origin might have an influence

R&D investments through other channels than the current rule of law, violating the

exclusion restriction. Then we overestimate with the IV the true effect.

In our main regression we already account for various causal channels of legal

origin at the country-industry level such as financial development, intellectual prop-

erty rights protection and labor laws. These additional control variables make the

violation of the exclusion restriction less likely. However, even if the exclusion re-

striction is invalid, we can still learn something about the size of the influence of

the rule-of-law-interaction from the IV estimates: With strong instruments, even a

reasonably large direct influence of the legal origin might have only a small influence
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on the precision of the IV estimator. To explore this trade-off we use the method

of Conley, Hansen, and Rossi (2012) to calculate set estimates for the instrumental

variable estimator along with confidence bands under various assumptions of how

much of the baseline influence of legal origin goes through the rule of law.18

To get an idea of how large the direct influence of legal origin might be in the

worst case, we estimate in column (5) of Table 7 the total effect of legal origin

on R&D intensity.19 British legal origin is associated, for example, with a 1.55

standard deviation higher log of R&D intensity compared with socialist legal origin,

our baseline category. This is the total direct influence of legal origin which goes

through either the legal system or other channels, such as regulation of entry or

financial institutions.

If this total influence is completely due to the legal system we are back at our IV

estimate. By contrast, if this effect is purely caused by other channels, the effect of

the legal system is zero in an IV estimation. In Figure 5, we calculate set estimates

and confidence intervals under various assumptions of how much of the total influence

of legal origin goes via the legal system and how much goes through other channels.

To do this, we first multiply the percentage indicated on the horizontal axis by the

baseline influence for each type of legal origin. Then, for all the possible values of

legal origin between zero and these values, we compute the union of mean estimates

and confidence bands. According to our estimates, the effect of rule of law is still

significantly different from zero at the 10% level if at least 50% of the total influence

of legal origin goes through differences in the legal system.

Robustness

Our results are only robust if they do not depend on a particular data sample. To

show that this is the case, we selectively delete countries, industries and years one

by one from our sample and rerun our analysis. In Figure 6 we plot the resulting

coefficients. In terms of countries, leaving out Hungary and Poland seems to have
18Conley, Hansen, and Rossi (2012) exemplify three methods, but for the sake of conciseness we

use the most conservative.
19We leave out the rule of law interaction to circumvent a “bad control” problem.
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Table 7: Instrumental Variable Results

(1) (2) (3) (4) (5)
OLS IV OLS IV OLS

Rule of Law x Contract Int. 0.93∗∗∗ 1.26∗∗∗ 0.85∗∗∗ 1.27∗∗∗
(0.28) (0.43) (0.26) (0.44)

Human Capital x Human Capital Int. 0.32∗∗∗ 0.29∗∗∗ 0.30∗∗∗
(0.10) (0.11) (0.09)

Capital x Capital Intensity 0.03 0.04 0.04
(0.03) (0.03) (0.03)

Export Share 0.02 0.02 0.02
(0.02) (0.02) (0.02)

Patent Int. x IPR 1.90∗∗∗ 1.93∗∗∗ 1.87∗∗∗
(0.40) (0.40) (0.40)

Patent Int. x Unfair Dismissal 0.19∗∗∗ 0.20∗∗∗ 0.15∗∗
(0.06) (0.07) (0.08)

Patent Int. x Creditor Rights 0.05 0.04 0.05
(0.06) (0.06) (0.06)

Public Bond Cap. x Tangibility -0.07∗∗ -0.07∗ -0.06∗
(0.03) (0.03) (0.03)

Public Bond Cap. x External Dep. 0.04 0.04 0.05
(0.03) (0.04) (0.04)

British leg. origin x Contract Dep. 1.55∗∗
(0.64)

French leg. origin x Contract Dep. 1.23∗∗∗
(0.35)

German leg. origin x Contract Dep. 1.54∗∗∗
(0.40)

Scand. leg. origin x Contract Dep. 1.43∗∗∗
(0.37)

F-test . 39.38 . 48.8 .
Sargan-test (p-value) . 0.15 . 0.24 .
Controls No No Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes Yes
Country fixed effects Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes
N 4168 4168 4168 4168 4168

Note: This table reports the results of OLS and Instrumental Variables (IV)
regressions of Equation 4. We use the legal origin of a country as instrument. The
dependent variable is the natural logarithm of R&D intensity in a particular
country and industry. Standardized beta coefficients are reported, with standard
errors clustered by country in brackets. *, ** and *** indicate significance at the
10, 5, and 1 percent levels, respectively.
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Figure 5: Confidence Intervals for Instrumental Variable Estimates

Notes: This figure presents set estimates of the 90% and 95% confidence intervals under the
assumption that the IV has a baseline influence on R&D. On the horizontal axis we vary the
percentage of how much of the direct influence of legal origin goes through the legal system. The
shaded area is the union of mean estimates under the assumption that the direct influence is
between zero and the value indicated on the horizontal axis. The dashed line indicates the
corresponding union of the 90% confidence interval, while the dotted line indicates the union of the
95% confidence intervals.
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the strongest impact and the estimated coefficient becomes smaller in size. In Table

8, we repeat our main regression first without Poland and Hungary and find the

expected smaller coefficient estimate. If we additionally leave out two countries with

a particular good rule of law, Finland and Iceland, the effect again increases. In terms

of industries, our results are as expected most sensitive to leaving out industries with

many inputs such as “Office machinery” and “Communication equipment” (Figure

6). If we again balance the sample by also excluding industries with particularly few

inputs such as “Printing” and “Chemicals”, the effect returns (Table 8). Deleting

any particular year does not seem to have any measurable impact.

Figure 6: Robustness Check: Leave-one-out estimation

(a) Country (b) Industry

(c) Year

Notes: This figure shows the relationship between R&D intensity and rule of law interaction term if
we delete a particular country, industry or year from our sample. On the horizontal axis the
country, industry or year left out is described. On the vertical axis, the size of the coefficient is
depicted.
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Table 8: Robustness: Countries and Industries

(1) (2) (3) (4)
R&D Int. R&D Int. R&D Int. R&D Int.

Rule of Law x Contract Int. 0.34∗∗∗ 0.48∗∗∗ 0.46∗∗ 0.96∗∗∗

(0.13) (0.11) (0.19) (0.26)
Human Capital x Human Capital Int. 0.47∗∗∗ 0.45∗∗∗ 0.28∗∗∗ 0.34∗∗∗

(0.06) (0.07) (0.09) (0.11)
Capital x Capital Intensity 0.04 0.04 0.04∗ 0.04

(0.03) (0.03) (0.02) (0.03)
excluding Poland Poland Office Mach. Office Mach.
excluding Hungary Hungary Comm. Comm.
excluding Finland Printing
excluding Iceland Chemicals
N 3706 3295 3726 3316

Note: This table reports the results of OLS regressions of Equation 4. The dependent variable is
the natural logarithm of R&D intensity in a particular country and industry. To arrive at our
estimation sample we exclude the countries and industries indicated in the last four rows. In all
regressions we control for all the control variables and fixed effects of our preferred specification.
Standardized beta coefficients are reported, with standard errors clustered by country in brackets.
*, ** and *** indicate significance at the 10, 5, and 1 percent levels, respectively.

5 Conclusion

In this article, we study the role of contract enforcement for investment in R&D in 23

OECD countries and 21 manufacturing industries for the period 1996 to 2005. After

successfully developing a new product, an innovative company might be open for

exploitation by its supplier if supply contracts cannot be readily enforced. This can

reduce the incentive to invest in R&D in the first place. In line with this idea, we find

in the data that a company is more sensitive to the quality of contract enforcement

in a country if it relies more on contracts to acquire inputs.

According to our estimates, improving the contracting environment in a country

has sizable economic effects on the R&D intensities of industries. These results are

robust over a wide range of plausible alternative dependent and independent vari-

ables. Apparently, companies also try to circumvent the described hold-up problem,

because the effects are larger in industries in which it is more difficult to vertically

integrate. To correct for potential reverse causality, we use legal origin as instrumen-

tal variables. As legal origin might be an imperfect instrument, we also calculate

set estimates under the assumption that legal origin has a direct influence on R&D
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intensity. Our estimates imply that this direct effect must be of a large magnitude

to overturn our main conclusions.

Given the prominent role of R&D investments as a key driver of economic growth,

policymakers around the world have strongly promoted R&D investments, by pro-

viding tax incentives, direct and indirect subsidies and infrastructural support. Our

results show that improving the contracting environment is also important for R&D

spending, especially in sectors that produce more complex goods. This study un-

derscores the importance of a good judicial system if R&D investments are a policy

concern. Policymakers may wish to remove impediments resulting from an inefficient

legal and judicial system to attract and promote higher R&D investments in order

to improve the innovative capacity of their economies.
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