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1 Introduction

At the individual level, the type of skills is an important determinant of employment

opportunities across production plants and industries. For example, the services skills

of managers and manual skills of cleaners are used almost everywhere. In contrast, the

surgery skills of doctors and manual skills of craft workers are in demand in a small

number of industries. At the aggregate level, the composition of such general and specific

skills in a country can matter for the propagation of shocks and business cycles.

In this paper, we utilize a novel horizontal differentiation of skill types in order to

analyze the impact of human capital portfolio composition on aggregate economic per-

formance. We define two distinct types of human capital: "general" and "specific." As

general human capital, we define a set of skills that enable individuals to perform generic

tasks that are required for production in a wide range of industries. In contrast, specific

human capital is defined as a set of skills that enable one to perform highly specialized

tasks in a few industries.

We use harmonized individual level EU Labour Force Survey (ELFS) to identify spe-

cific and general human capital types and to analyze their employment and education

fields and levels.1 The empirical exercise yields remarkably stable assignment of occu-

pations into specific and general human capital types. For example, according to the

assignment, occupations such as Market-oriented Skilled Agricultural and Fishery Work-

ers and Extraction and Building Trades Workers correspond to specific human capital

in almost all countries and years in our sample. In turn, occupations such as General

Managers and Sales and Services Elementary Occupations correspond to general human

capital in almost all countries and years.

The share of the individuals employed in specific human capital occupations varies

between and within countries. Moreover, it has declined over time almost everywhere.

Both between and within industry shifts have contributed to this negative trend. Approx-

imately 64 percent of variation in the share of specific human capital is because the share

of almost all industries, which use specific human capital more intensively, has declined

over time. The remaining variation stems from more intensive use of general human cap-

ital in almost all industries. Industries which use specific human capital very intensively

are, for example, Agriculture, Hunting, and Fishing; Education; and Construction. In

turn, industries which do not use it intensively are Financial Intermediation; Transport,

Storage, and Communication; and Hotels and Restaurants. The ranking of industries

according to their intensity of use of specific human capital is remarkably stable across

countries and years.

Regarding the education of these human capital types, the graduates of education

1Jerbashian et al. (2015) use a similar assignment and offer a more limited empirical analysis for the
Czech Republic.
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fields such as Teacher Training and Education Science; Health and Welfare; and Agri-

culture and Veterinary are usually employed in specific human capital occupations. The

graduates of education fields such as Social Sciences, Business, and Law; Services; and

Science, Mathematics, and Computing usually have general human capital occupations.

The level of education (skills) is very similar across the specific and general human capital

types, which agrees with our horizontal differentiation of skills.

We build a stylized multi-sector model to illustrate how this horizontal differentiation

of human capital types can matter for aggregate economic performance and to analyze

the distortions which can arise if there are unanticipated shocks. We assume that general

human capital is required for production in two sectors and is mobile across these sectors

to capture the inherent flexibility of general human capital in the model. We call these

sectors h and l and their outputs Yh and Yl. Specific human capital is required for

production in sector h only. The outputs of these sectors are aggregated into consumption

goods with a CES function. Sectors h and l are subject to i.i.d. shocks which happen

in between hiring and compensating inputs. Our analysis focuses on the effect of human

capital portfolio composition on prorogation of these shocks to final output fluctuations

and on the effects of the variances of these shocks (uncertainty) on the demand for and

supply of human capital types.

The elasticity of substitution between Yh and Yl turns to be important for our analysis.

For brevity, we summarize our results for the case when Yh and Yl are gross complements.

We consider two countries which have different endowments of specific and general

human capital types, but have the same expected output. In the country which has

higher amount of specific human capital, the volatility of shocks in sector h (l) has a

lower (higher) contribution to the volatility of final output. Therefore, the volatility of

final output in this country is higher if, for example, there are no shocks in sector h.

Further, we turn off one of the sectoral shocks and consider a planner which has

an option to marginally increase either the amount of general human capital or specific

human capital at no cost/at the same cost. If the planner increases the amount of general

human capital then the volatility of final output does not necessarily increase less than if it

increases the amount of specific human capital. To make the trade-offs more comparable,

we impose a condition that the marginal changes in either of human capital types should

also deliver equal marginal changes in expected final output. In such a case, if the planner

increases the amount of general human capital then the volatility of final output increases

more (less) than increasing the amount of specific human capital if there are no shocks to

sector l (h). Clearly, if the planner has a concave objective function then it would prefer

investing in specific human capital if there are no shocks to sector l. In this respect, it

would under-invest in specific human capital if it does not anticipate shocks to sector h.

Finally, we close the model in a trivial manner and assume that the economy is

populated by one-period lived identical households. The representative household has
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concave utility from consumption of final goods. At the beginning of the period the

household needs to decide how much specific and general human capital to acquire. The

costs of acquiring both types skills are in terms of final goods.

The household makes its choices given the relative expected wage rates of human

capital types. In the production side, the relative expected wage rate of general human

capital declines with the volatility of shocks in sector l when Yh and Yl are gross com-

plements. Moreover, the share of general human capital allocation to sector h increases

with the volatility of shocks in sector l. Therefore, the equilibrium amount of general

human capital declines and the allocation of general human capital to sector h increases

with the volatility of shocks in sector l. If the shocks in sector l cannot be anticipated,

the household will over-invest in general human capital, under-invest in specific human

capital, and allocate less than optimal amount of general human capital to sector h.

There are several important assumptions in our analysis. We assume that occupa-

tions represent skills. A growing number of studies argue whether occupation, industry,

firm, and the task content of the job determine skills (e.g., Helwege, 1992; Neal, 1995;

Kambourov and Manovskii, 2009a,b; Longhi and Brynin, 2010; Ritter, 2014; Cortes and

Gallipoli, 2015). These studies seem to have settled on that occupations are a major

determinant of skills. We also assume that general human capital can be relatively eas-

ily transferred across industries. Given the data we have, we don’t attempt to test this

assumption for our particular assignment in this paper.

From the perspective of these studies, specific human capital can be called industry-

specific human capital. One of the major differences of this paper from these studies is

that we define the relative transferability of skills across industries using concentration

measures instead of changes in earnings or switches across industries. In this sense, the

identification of human capital specificity in this paper is based on the differences of

industries in terms of technological demands for skills.

Our paper is also related to studies which horizontally differentiate among types of

skills and examine the role of such differences for economic outcomes (e.g., Hanushek

et al., 2011; Acemoglu and Autor, 2011; Jerbashian et al., 2015). It broadly relates

to studies that examine the intra- and inter-temporal trade-offs between different types

of human capital in environments with uncertainty, introduction of new technologies, or

trade. Such mechanisms are analyzed in Goos et al. (2014), Hummels et al. (2014), Autor

and Dorn (2013), Krueger and Kumar (2004a,b), and Gould et al. (2001), among others.

We contribute to all these groups of studies by introducing a novel way for horizontally

differentiating among types of skills and analyzing the effect of human capital portfolio

composition in terms of these skills on propagation of sectoral shocks. We also contribute

by identifying skills for which industry and occupational specificity can be rather hard

to distinguish.

Gervais et al. (2008) is one of the closest studies to ours in terms of the theoretical
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analysis. Gervais et al. (2008) considers an economy where firms hire firm-specific and

general human capital as in Becker (1962). Firms are subject to idiosyncratic productivity

shocks and receive signals about next period values of the shocks. Firm-specific human

capital is more productive but cannot be hired/fired after the shocks. General human

capital can be hired and fired. Gervais et al. (2008) show that output is higher in

economies with higher precision of signal because the amount of specific human capital

is higher. However, output declines more in these economies after an unexpected decline

in the precision of the signal. The latter effect arises because unexpected decline of

the precision in their framework does not alter human capital portfolio composition and

implies a higher misallocation of resources in these economies. Contrary to Gervais et al.

(2008), we do not assume that specific human capital is necessarily more productive

than general human capital. Moreover, we focus on distortions which arise if shocks are

unanticipated and on assessing propagation of sectoral shocks in a stylized economy where

factor inputs are not mobile after shocks. In additional results section, we also consider

an economy where general human capital can be reallocated after the shocks and analyze

the dependence of the elasticity of final output with respect to sectoral shocks on human

capital portfolio composition. The results that we derive are similar to our results for the

variance of final output.

A number of studies examine the determinants of aggregate volatility (e.g., see Ace-

moglu and Zilibotti, 1997; Acemoglu et al., 2012; Carvalho and Gabaix, 2013; Koren and

Tenreyro, 2013). These studies have highlighted the importance of, for example, financial,

sectoral, and product variety diversification. In turn, the accumulated evidence suggests

that - overlooking the period of the global economic downturn - output volatility in many

countries has declined in recent years (see, for example, Stock and Watson, 2005, and the

references therein). The theoretical inference of this paper illustrates the importance of

human capital portfolio composition and mobility of factor inputs for aggregate volatil-

ity.2 According to our theoretical inference, the secular decline in the share of specific

human capital can be one of the factors contributing to the documented trends in output

volatility.

The paper is organized as follows. Section 2 discusses the composition of specific and

general human capital. Section 3 presents the model and its results. Section 4 concludes.

2 Specific and General Human Capital

We treat each occupation as a set of skills which enable the performance of tasks that

are necessary as a part of the production process. In this respect, occupations define the

labor services input in the production in each industry. To the extent that industries

2As it will become apparent in the model section, our results are not specific to human capital portfolio
composition. They apply to the portfolio of mobile assets/factors in general.
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differ in their technological needs in terms of the types of labor services, their demand

for occupations would also be different. We classify an occupation as "specific human

capital" if it is used in a limited set of industries, i.e., its employment share exhibits a

high degree of concentration across industries. Accordingly, we classify an occupation as

"general human capital" if it is used in the production of a wide variety of products, i.e.,

its employment share has a high degree of dispersion.

Ideally, we would need data on industries’ technological demand for occupations to

identify the degree of an occupation’s "industry specificity." In the data, however, we

commonly observe the demand and supply together. Given that our classification is

based on relative concentrations of occupations across industries, actually it is sufficient

to have that industries’ demands for different occupations and the supplies of these skills

to any particular industry are not disproportionately affected by frictions and distortions

in the economy, if any. Hereafter, we assume that this is the case.

We employ data from the harmonized individual level ELFS (yearly files of 2014 re-

lease) to identify specific and general human capital types and summarize how they are

used and produced in our sample of European countries. We retrieve from this database

information on the number of people in labor force in each country and year, their occupa-

tion in the main job (2-digit ISCO-88), the industry in which they are employed (1-digit

NACE Rev. 1), and their education level and field of education (1-digit ISCED-97).

Table 5 offers our sample of countries and years.

Using these data we compute the number of individuals employed in each occupation-

industry cell for each country and year. From this matrix, we derive the distributions of

within-occupation employment share across industries, within-industry employment share

across occupations, and total employment shares by occupation.3 Table 1 reports the

results from an ANOVA exercise for within-occupation employment share. The variation

of within-occupation employment share is mostly driven by industry and occupation dif-

ferences, while time and country differences are much less important. Table 2 reports

within-occupation employment share for each occupation and industry, where we take

averages over countries and years. Figure 1 illustrates the trends in the share of em-

ployment in each occupation, where we take country-level and year- and country-level

averages (see also Table 22 in Data Appendix).

For each country and year, we use the distribution of within-occupation employment

shares to calculate five concentration statistics: coefficient of variation (CV), and Herfind-

ahl (HI), Gini, Theil, and generalized entropy (GE) indices. According to simple ANOVA

exercises, these concentration measures vary significantly across occupations but are re-

markably stable across countries and years. Moreover, rank correlations among these

concentration measures are almost perfect (see Tables 16-21 in Data Appendix).

We average each of these concentration measures over countries and years. For each

3Our results robust to using weekly hours worked instead of individuals employed.
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of the averages, we create a dummy variable which equals 1 for higher than median values

of the averaged concentration measures. An occupation is classified as specific human

capital if the average of these five dummy variables is greater than 0.5 and as general

otherwise. This ranking of the different occupations is offered in Table 3 together with

the values of averaged concentration measures.

For example, our classification suggests that occupations such as Market-oriented

Skilled Agricultural and Fishery Workers and Extraction and Building Trades Workers

correspond to specific human capital. In turn, occupations such as General Managers and

Sales and Services Elementary Occupations correspond to general human capital. This

ranking is stable across countries and years, with very few exceptions, in line with ANOVA

exercises and rank correlations. To illustrate this, we perform a similar assignment within

countries using time averaged concentration measures and within years using country

averages. Table 4 reports the number of times that an occupation is assigned into specific

human capital type in the sample of countries and in the sample of years.4

We use this assignment to calculate the share of individuals employed in specific

human capital occupations out of total employment in each country and year in our

sample. We call this simply "the share of specific human capital" and present the results

in Figure 2. Country-level basic statistics for the share of specific human capital are

offered in Table 5 (see Table 23 for correlations).

The share of specific human capital displays considerable time and country variation

(see also Table 24 in Data Appendix for an ANOVA exercise). It has a negative trend

in almost all countries.5 We average it over the countries and offer the results in Figure

3. On average, the share of specific human capital has declined in the countries in our

sample by approximately 5 percentage points during the period of 1992–2010.6 In the

sample period, Southern European and former transition countries tend to be the most

abundant of specific human capital. The UK and the Netherlands are at the other end

of the spectrum.

We compute the share of specific human capital in industries to assess its use. Table

6 offers the share of specific human capital in each industry, where we take country and

time averages. For example, specific human capital is very intensively used in industries

4We also perform a similar assignment for each country and year. In line with the results in Table 4,
this assignment has very little variation across countries and years. It is also highly correlated with our
original assignment (ρ = 0.913).

5The ELFS database is based on stratified sampling. We use the available sample weights in all our
calculations. However, these weights might not be very precise for the level of disaggregation we are
interested in. This and sample imperfections can be responsible for some of the variation and spikes
in the share of specific human capital in Figure 2. In Appendix - Treatment of Spikes in the Shares of
Human Capital, we alleviate concerns with spikes and sample imperfections using polynomials to predict
occupation shares in each industry-country pair.

6Kambourov and Manovskii (2008) find that industry mobility of workers has increased over time in the
US. If the share of specific human capital displays similar negative trend in the US, then that negative
trend could be a potential explanation for the higher industry mobility.
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Agriculture, Hunting, and Fishing (1-digit NACE A-B) and Construction. It is not

used intensively in industries Transport, Storage, and Communication, and Financial

Intermediation. Figure 4 plots the share of specific human capital in each industry,

where we take country and country-year averages. Tables 7 and 8 present time-averaged

share of specific human capital in each country and industry and country-averaged share

in each year and industry. The ranking of industries according to their use of specific

human capital appears to be quite stable over time and across countries, which is further

confirmed with country-level rank correlations as reported in Table 25 in Data Appendix.

The country-level trends in the share of specific human capital can be decomposed

into changes in the employment shares of industries (between-industry) and industry-

level changes in the shares of specific human capital (within-industry). Let ωsc,t and ωsc,i,t

be the shares of specific human capital in country c at time t and in industry i in country

c at time t. In turn, let ωc,i,t be the share of employment in industry i in country c at

time t. We have that

∆ωsc,t =
∑
i

ω̄sc,i∆ωc,i,t +
∑
i

ω̄c,i∆ω
s
c,i,t, (1)

where we use ∆ to denote first difference operator and bar to denote the average over

two consecutive periods.

We perform this decomposition for each country in the sample and average the changes

in the share of specific human capital and its between- and within-industry components

across countries and years. The average yearly change in the share of specific human

capital is equal to −0.0035. In turn, the between- and within-industry components are

equal to −0.0024 and −0.0012, correspondingly. This means that on average the share

of industries which use specific human capital more intensively has declined over time

(69 percent of variation) and industries have started using general human capital more

intensively (31 percent of variation).7

These between- and within-industry components have non-trivial variation in sample

countries. Table 9 offers the basics statistics of results from this decomposition for each

country in the sample (see Table 26 Data Appendix for decomposition for each sample

year). For example, the mean of within-industry component is not uniformly negative

across countries. It is positive and relatively large for France, which indicates that indus-

tries in France have increased their specific human capital intensity over time.

Further, we retrieve from the ELFS database information on the workers’ fields of

studies for the highest degree (1-digit ISCED-97) and their levels of education. The levels

of education are classified into three groups: pre-primary to lower-secondary (low-level;

ISCED-97 0-2), secondary to post-secondary and non-tertiary (medium-level; ISCED-

7About half of the between-industry component is attributable to the decline of Agriculture, Hunting,
and Fishing industry. Within-industry component is quite similar across industries.
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97 3-4), and tertiary (high-level; ISCED-97 5-6). These data are used to identify how

the workers’ background in terms of education field maps onto occupations in the labor

market and the education levels of specific and general human capital types.

We calculate the number of workers in each occupation-education field cell and the

within-education field share of workers across different occupations. This share varies a

lot with occupations and shows very little variation over time and countries according

to Table 10 (see also Table 30 in Data Appendix). We sum this share across specific

human capital occupations and across general human capital occupations and average

these sums across countries and years. Table 11 offers for each education field the share

of workers who have specific human capital occupation and their highest education degree

in that field out of total number of employed individuals who have their highest degrees

in that field. More than 70 percent of the graduates of education field Teacher Training

and Education Science are employed in specific human capital occupations. Meanwhile,

less than 20 percent of the graduates of education field Social Sciences, Business, and

Law are employed in specific human capital occupations.8 These disparities in the shares

suggest that the differences of skills between general and specific human capital types are

not solely associated with differences in occupations. They can be also associated with

formal education and, especially, with the fields of education.

We list the levels of education/skills for all occupations in Table 12. This table offers

the share of workers in each "level of education"-occupation cell out of total number of

workers in each occupation, which we have averaged over countries and years.9 Table

13 offers basic statistics for the levels of skills across specific and general human capital

occupations. The distribution of skill-levels across the two types of human capital is

such that no human capital type is singled out as exclusively low- or highly skilled. As

an illustration, 75 percent of workers who have specific human capital have completed

the pre-primary to lower-secondary education, while 25 percent are graduates of tertiary

education. These percentages are almost exactly the same for the workers with general

human capital.10

The ELFS database also provides us with information about individuals’ professional

status at the job in terms of being self-employed, employee, and family worker, if they have

8Tables 27, 28, and 29 in Data Appendix offer the share of workers in each education field for sample
countries and sample years and the share of workers in each education-occupation cell out of total number
in education fields, averaged across countries and time.

9Tables 31 and 32 in Data Appendix offer for each country and for each year the shares of employed
individuals in each level of highest attained education out of total number of employed individuals which
we have averaged across years and countries correspondingly.

10For the majority of sample countries we can use 3-digit disaggregation of occupations. We prefer 2-digit
disaggregation since it allows us to focus on sets of skills which are neither very broad nor narrow so
that they can be used in many industries and have relatively high scope of difference. We perform a
similar assignment for 1-digit and 3-digit occupations and report the results in Tables 33 and 35 in Data
Appendix. Similarly to 2-digit occupations, we observe negative trends. We also observe uniform levels
of education for 3-digit occupations (see Figures 6 and 7 and Tables 33–36 in Data Appendix).
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second jobs, and their age group and gender. For each of category of these variables, we

compute the share of workers in specific human capital occupations out of total number

of workers in specific human capital occupations. We do the same for general human

capital occupations. Table 14 provides the basic statistics for these shares and tests the

differences in means. The differences tend to be very small but statistically significant.

For example, the share of self-employed is slightly higher and the share of employees is

slightly lower among individuals who have specific human capital than among individuals

who have general human capital. Moreover, the share of individuals who have more than

1 jobs and the share of females are slightly lower among individuals who have specific

human capital than among individuals who have general human capital. We also compute

the share of specific human capital within age groups and offer the results in Figure 5.

The share of specific human capital has declined in all age groups. The largest reductions

in the share of specific human capital can be observed among workers of age groups 17 to

22, 52 to 57, and 57 to 62. These groups are most likely to be comprised of individuals

entering and exiting the labor market.11

Finally, we run simple OLS regressions where the dependent variables is the logarithm

of real GDP per-capita and the main explanatory variable is the share of specific human

capital. The data for GDP per capita we obtain from the WDI database. The results are

presented in Table 15. The share of specific human capital and GDP per capita appear

to be strongly negatively correlated.12

The Model

In this section, we offer a simplistic model where we write the production side so that

to capture the inherent flexibility of general human capital and the inflexibility of spe-

cific human capital. There are two intermediate goods sectors: h and l. These sectors

produce homogenous h-goods Yh and l-goods Yl. The producers of the h-goods have a

nested-CES production function. Their inputs are specific and general types of human

capital Hs and Hg, and K, which we call physical capital. In turn, the producers of

l-goods have a single input of general human capital.13 The final goods producers have

a CES production function. Their inputs are Yh and Yl and they produce homogenous

goods Y . Perfect competition prevails in all markets, and all producers maximize their

11The negative trend for age groups in between 22 and 52 is not very pronounced and it can be because of
occupational change/mobility. Similarly, occupational change can be one of the reasons for the decline
in the share of specific human capital between age groups 17 to 22 and 22 to 27.

12By definition and identification our classification of human capital types is different than the abstract,
manual, and routine skills classification used by Acemoglu and Autor (2011) and Autor and Dorn (2013).
Nevertheless, we check if the trends observed for the share of specific human capital repeat for the shares
of employment in occupations requiring abstract, manual, and routine skills in Appendix - Abstract,
Manual, and Routine Skills.

13According to Table 6, sector h can be thought to be comprised of 1-digit NACE Rev. 1 industries A-B,
C, D, E, F, G, L, M, N, and Q and sector l of the reminder.
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instantaneous profits. For the time being, we keep all factor inputs in a fixed supply.

The production function of the representative final goods producer is

Y = λ

[
γ1Y

ε1−1
ε1

h + (1− γ1)Y
ε1−1
ε1

l

] ε1
ε1−1

, (2)

where ε1 > 0 is the elasticity of substitution between h- and l-goods, γ1 ∈ (0, 1), and λ

is a random variable with log-normal distribution lnN (µz, σ
2
z). We set the price of final

goods as the numeraire and denote the prices of the h- and l-goods by pYh and pYl . From

the usual profit maximization problem it follows that the (inverse) demand functions for

h- and l-goods are given by

pYh = ωYYh
Y

Yh
, (3)

pYl =
(
1− ωYYh

) Y
Yl
, (4)

where ωYYh is the share of Yh compensation:

ωYYh =
γ1Y

ε1−1
ε1

h

γ1Y
ε1−1
ε1

h + (1− γ1)Y
ε1−1
ε1

l

. (5)

The production function of the representative h-goods producer is

Yh = λh

[
γ2 (ughHg)

ε2−1
ε2 + (1− γ2)Y

ε2−1
ε2

m

] ε2
ε2−1

, (6)

where

Ym =

[
γ3K

ε3−1
ε3 + (1− γ3)H

ε3−1
ε3

s

] ε3
ε3−1

, (7)

ugh is the share of general human capital in h-sector, and γ2, γ3 ∈ (0, 1). In this nested-

CES production function, ε2 > 0 is the elasticity of substitution between Ym and general

human capital. It characterizes the elasticity of substitution between physical capital

and general human capital and the elasticity of substitution between specific and general

human capital. For brevity, we will say that ε2 is the elasticity of substitution between the

pairs K and Hg and Hs and Hg. In turn, ε3 > 0 is the elasticity of substitution between

physical capital and specific human capital. The shocks to h-goods production are given

by λh, which has a log-normal distribution lnN
(
µzh , σ

2
zh

)
.

We denote the wage rates of specific and general types of human capital by ws and

wg and the return on K by r. The h-goods producer’s (inverse) demand functions for
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physical capital and specific and general human capital are given by

r = ωYhYmω
Ym
K

pYhYh
K

, (8)

ws = ωYhYm
(
1− ωYmK

) pYhYh
Hs

, (9)

wg =
(

1− ωYhYm
) pYhYh
ughHg

, (10)

where ωYhYm and ωYmK are shares and are given by:

ωYhYm =
(1− γ2)Y

ε2−1
ε2

m

γ2 (ughHg)
ε2−1
ε2 + (1− γ2)Y

ε2−1
ε2

m

, (11)

ωYmK =
γ3K

ε3−1
ε3

γ3K
ε3−1
ε3 + (1− γ3)H

ε3−1
ε3

s

. (12)

The representative l-goods producer has the following production technology

Yl = λl (u
g
lHg)

γ4 , (13)

where ugl is the share of general human capital in l-sector and γ4 ∈ (0, 1). The shocks to

l-goods production are given by λl, which has a log-normal distribution lnN
(
µzl , σ

2
zl

)
.

The usual profit maximization problem implies that l-goods producer’s (inverse) de-

mand function for general human capital is given by

wg = γ4
pYlYl
uglHg

. (14)

Any profits are distributed to the households, which are discussed at the end of the

section. Firms hire inputs before observing the values of the shocks. They compensate

inputs after the realization of the shocks.

In equilibrium, the shares of general human capital across the sectors sum to one

1 = ugh + ugl . (15)

Moreover, the expected wage rates of general human capital should be equal across h-

and l-sectors. Therefore, from (3), (4), (10), and (14) it follows that

E

[
pYlYl
ughHg

[
γ4
ugh
ugl
−
(

1− ωYhYm
) γ1

1− γ1

(
Yh
Yl

) ε1−1
ε1

]]
= 0.

13



This equation can be rewritten in the following way

γ4
ugh
ugl

=
(

1− ωYhYm
) E

[
γ1

1−γ1

(
Yh
Yl

) ε1−1
ε1 λl

[
γ1

1−γ1

(
Yh
Yl

) ε1−1
ε1 + 1

] 1
ε1−1

]

E

[
λl

[
γ1

1−γ1

(
Yh
Yl

) ε1−1
ε1 + 1

] 1
ε1−1

] . (16)

To keep things simple, we assume that the last term in this equation is equal to

E

[
γ1

1− γ1

(
Yh
Yl

) ε1−1
ε1

]
.14

Further, we use (6) and (13) to rewrite this equation as

(ugh)
1− ε2−1

ε2 (1− ugh)
ε1−1
ε1

γ4−1
= E

[(
λh
λl

) ε1−1
ε1

]
γ2

γ4

γ1

1− γ1

(Hg)
ε2−1
ε2
− ε1−1

ε1
γ4 (17)

×
[
γ2 (ughHg)

ε2−1
ε2 + (1− γ2)Y

ε2−1
ε2

m

] ε2
ε2−1

ε1−1
ε1
−1

.

The expression in (17) characterizes the equilibrium share of general human capital in

sector h (ugh). The following proposition describes the behavior of ugh in response to

changes in K, Hs, and Hg.

Proposition 1. 1. The share of general human capital in sector h (ugh) declines with

K and Hs when ε2 > ε1 and increases with them when ε1 > ε2.

2. It increases with Hg when ε2 > ε1 > 1 or ε2 > ε1 and γ4 = 1 and declines with it

when 1 > ε1 > ε2 or ε1 > ε2 and γ4 = 1.

Proof. See Proofs Appendix.

For example, when ε2 > ε1, h- and l-goods are less substitutable than the pairs K and

Hg and Hs and Hg in the production of h-goods. The share of general human capital in

sector h (ugh) declines with K and Hs because of this.

In (17) shocks λh and λl enter into the expected value operator with an exponent of

(ε1 − 1) /ε1. This implies the following proposition.

Proposition 2. 1. The share of general human capital in h-sector declines with µzh
and increases with µzl when h- and l-goods are gross complements (1 > ε1). More-

over, it increases with σ2
zl

.

14Adimitedly, this is not a trivial assumption. We relax this assumption and use numerical methods to
check our results.
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2. The share of general human capital in h-sector increases with µzh and declines with

µzl when h- and l-goods are gross substitutes (ε1 > 1). Moreover, it increases with

σ2
zh

.

Proof. See Proofs Appendix.

The substitutability between Yh and Yl is decisive for these results because shocks λh and

λl are Hicks-neutral in Yh and Yl. For example, ugh declines with µzh when Yh and Yl are

gross complements because, ceteris paribus, higher µzh implies higher µYh .

The ex ante relative inverse demand (E [wg] /E [ws]) for general human capital can be

derived using (9), (10), and (11). We denote it by w̃g, and it is given by

w̃g =
γ2

1− γ2

1

1− ωYmK

(
1

ughHg

) 1
ε2

(
1

Ym

) ε2−1
ε2

Hs. (18)

This expression implies that the previous proposition also applies to the relative (inverse)

demand for general human capital.

Corollary 1. 1. The relative (inverse) demand for general human capital increases

with µzh and declines with µzl when 1 > ε1. Moreover, it declines with σ2
zl

.

2. The relative (inverse) demand for general human capital declines with µzh and in-

creases with µzl when ε1 > 1. Moreover, it declines with σ2
zh

.

The relative (inverse) demand for general human capital also depends on the amounts

of factor inputs in the following way:

Proposition 3. The relative (inverse) demand for general human capital increases with

K when ε3 > 1 ≥ ε2 > ε1 and declines with K when ε1 > ε2 ≥ 1 > ε3. It declines with

Hg and increases with Hs.

Proof. See Proofs Appendix.

The elasticity of substitution between Hg and K in the production of h-goods is

governed by ε2. The elasticity of substitution between Hs and K is ε3. This proposition

states that when h- and l-goods and general human capital and physical capital are gross

complements (1 ≥ ε2 > ε1) and physical capital and specific human capital are gross

substitutes (ε3 > 1) then the relative demand for general human capital increases with

K. In turn, the relative demand for general human capital declines with K when h- and

l-goods and general human capital and physical capital are gross substitutes (ε1 > ε2 ≥ 1)

and physical capital and specific human are gross complements (1 > ε3).

In this framework, the composition of human capital portfolio matters for the contri-

bution of the volatility of sectoral shocks to the volatility of final output.
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Proposition 4. Consider two countries where the endowments of Hs and Hg are different

but the level of expected output is the same.

1. In the country where Hs is higher the variance of λh has a lower contribution to the

variance of final output when 1 > ε1. It has a higher contribution when ε1 > 1.

2. In the country where Hs is higher the variance of λl has a higher contribution to

the variance of final output when 1 > ε1. It has lower a contribution when ε1 > 1.

Proof. See Proofs Appendix.

This result holds because Hs is not flexible across h- and l-sectors and increasing Hs

increases Yh/λh. Therefore, (Yh/λh)
ε−1
ε declines with Hs when 1 > ε1 and increases with

it when ε1 > 1. To keep the expected level of output constant then (Yl/λl)
ε−1
ε has to

increase when 1 > ε1 and it has to decline when ε1 > 1. These two quantities multiply

the volatilities of λh and λl, respectively, as they stand in front of these shocks in Y .

For example, this result implies that in the country where Hs is higher the volatility

of final output is higher if either 1 > ε1 and σ2
zl
> σ2

zh
= σ2

z = 0 or ε1 > 1 and

σ2
zh
> σ2

zl
= σ2

z = 0. It is lower if either 1 > ε1 and σ2
zh
> σ2

zl
= σ2

z = 0 or ε1 > 1 and

σ2
zl
> σ2

zh
= σ2

z = 0. This result also implies the following corollary.

Corollary 2. Consider two countries where Hs and Hg are different but the level of

expected output is the same. Suppose that σ2
z = 0, ε1 > 1 and σ2

zh
> σ2

zl
(i.e., the

coefficient of variation of λh is higher than the coefficient of variation of λl). Further,

suppose that the share of Yh is higher than or equal to the share of Yl:

ωYYh ≥ 0.5.

In such a case, the volatility of final output is higher in the country where Hs is higher.

The volatility of final output is also higher in that country in case when σ2
z = 0, 1 > ε1,

σ2
zl
> σ2

zh
, and 0.5 ≥ ωYYh.

According to Table 6, mostly services industries are very intensive in general human

capital (e.g., 1-digit NACE industries H, I, J, and K) and in this sense these industries

could represent Yl. Their output (and employment) share is usually lower than 0.5 and

they tend to be less volatile than the other industries (e.g., see Koren and Tenreyro,

2007). This proposition then implies that, if ε1 > 1, the secular decline in the share

of specific human capital, as observed in our sample countries, can explain the negative

trend in output volatility documented by, for example, Stock and Watson (2005).15

15We present an attempt to estimate ε1 in Appendix - Elasticity of Substitution. We obtain both lower
and higher than 1 values for ε1. Lower than 1 estimated values deliver slightly superior results in terms
of the Root Square Mean Error.

16



Further, we consider a planner (e.g., household, policy-maker) who has an option to

marginally increase either Hg or Hs at no cost (or at the same cost). We establish the

following results for the cases when σ2
z = 0 and either σ2

zh
> σ2

zl
= 0 or σ2

zl
> σ2

zh
= 0.

Proposition 5. Suppose the planner has an option to marginally increase either Hg or

Hs by the same amount. In such a case, increasing Hg does not necessarily increase the

volatility of final output less than so does increasing Hs, and

∂σ2
Y

∂Hg

/
∂σ2

Y

∂Hs

< 1

depends on the values of model parameters.

Proof. See Proofs Appendix.

Proposition 6. Suppose the planner has an option to increase either Hg or Hs by

amounts that deliver the same marginal increase in expected final output,

∂µY
∂Hg

=
∂µY
∂Hs

. (19)

1. When σ2
zh
> σ2

zl
= 0 and 1 > ε1 (ε1 > 1) the volatility of the final output increases

more (less) with Hg than with Hs.

2. When σ2
zl
> σ2

zh
= 0 and 1 > ε1 (ε1 > 1) the volatility of the final output increases

less (more) with Hg than with Hs.

Proof. See Proofs Appendix.

Suppose that the objective function of the planner (e.g., the utility function of the

households) is increasing and concave in final output. In such a case, the planner would

like to insure against the sectoral shocks. The results in this proposition imply that

under condition (19) when σ2
zl
> σ2

zh
= 0 and 1 > ε1 the planner would prefer investing

in Hg. It would over-invest in Hs if it does not anticipate the shocks and treats λl as a

deterministic variable at its mean value. Clearly, it would overinvest in Hs also in case

when σ2
zh
> σ2

zl
= 0 and ε1 > 1 if it does not anticipate the shocks and treats λl as a

deterministic variable at its mean value.

We close the model and endogenize the supply of human capital types in a trivial

manner. The economy is populated by a mass one of one period lived and identical

households. The households own all assets and have strictly increasing, concave, and

twice continuously differentiable utility from consumption (C) of final goods. At the

beginning of the period they are endowed with K amount of physical capital and no

human capital. They need to decide how much specific and general human capital to

acquire. The costs of acquiring both types skills (S) are in terms of final goods. The

17



production happens after the households supply physical capital and both types of human

capital.

The representative household then solves the following problem

max
C,Ss,Sg

E [u (C)]

s.t.

C + Ss + Sg = rK + wsHs + wgHg,

Hs = λHSs,

Hg = λHSg,

where Ss and Sg are the expenses for acquiring the corresponding skills and λH > 0 is an

exogenous productivity level.

Clearly, it is optimal to supply all K, and the household chooses the amounts of Hs

and Hg so that

E [ws] = E [wg] = λH , (20)

w̃g = 1.

The allocations of general human capital and the levels of output and human capital

types can be solved from (17), (15), (2), (6), (13), (7), (5), (11), (12), (9), (10), and (20).

The supply of human capital fixes the ratio of expected wages. Therefore, for example,

Hg/Hs declines and ugh increases with σ2
λl

when 1 > ε1 according to (18), (20), Proposition

2 and Corollary 1. The household then will over-invest in general human capital, Hg, if it

does not anticipate the shocks to λl and treats λl as constant at its mean it. Moreover, it

will allocate more than optimal amount of general human capital to l-goods production.

We observe that the share of specific human capital has declined over time in almost

all countries in the sample. The model offered above can match this observation in a

straightforward manner. Suppose that physical capital (K) grows over time. Further,

h- and l-goods and general human capital and physical capital are gross complements

(1 ≥ ε2 > ε1) while physical capital and specific human capital are gross substitutes

(ε3 > 1). In such a case, the relative demand for general human capital grows over

time. Therefore, the households will acquire increasingly more general skills relative to

specific skills, and the share of specific human capital will decline. Clearly, changes in the

means of λh and λl can also drive this pattern. For example, over time the households

will acquire increasingly more general skills relative to specific skills if 1 > ε1 and µλh
grows relative to µλl .

16 In this reduced form model, the changes in K and µλh/µλl can

16We assume that the production of Yl does not require K. Given the way we model K, the mean value
of λl can be thought to represent the amount of physical capital in the production of Yl.
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be thought to represent, for example, changes in the production of h-goods, because of

factor accumulation or biased technical change and obsolescence, and changes of industrial

composition in terms of sectors h and l (Appendix A.1 shows that increasing K increases

Yh/Yl).
17

Supply side factors can also be responsible for the negative trend in the share of specific

human capital. In this model, Hg/Hs will increase if the productivity of schooling general

human capital grows over time relative to the productivity of schooling specific human

capital. According to Table 11 more than 70% of the graduates from the education

field of Science, Mathematics, and Computing attain general human capital. It could be

then reasonable to expect that the relative productivity in schooling of general human

capital has increased if technical change implied by the introduction of ICT increases the

efficiency in the education process in this education field, relative to other fields.18

According to our data, the share of specific human capital has declined over time

within and between industries. Our model can match this observation too. In the model,

the share of general human capital can be decomposed as

Hg

Hg +Hs

=
uglHg

uglHg

uglHg

Hg +Hs

+
ughHg

ughHg +Hs

ughHg +Hs

Hg +Hs

≡ ωgl ωl + ωghωh.

In this expression ωgl and ωgh are the shares of general human capital in l- and h-sector and

ωl and ωh are the shares of industries in terms of employment out of total employment.

The data suggests that ωgh and ωl have grown. By construction this implies that ωh has

declined. Moreover, by construction ωgl is equal to 1 and does not vary.

Proposition 7. For brevity, we define the following function

I (x, y) =

{
x

y

if x > 0,

otherwise.

In order for ωgh and ωl to grow with K it is sufficient to have ε1 higher than

I

(
(1− γ2)

[
1 + ωYYh (1− γ2)

]
− 1

(1− γ2)
[
1 + ωYYh (1− γ2)

] , 0

)
17As discussed above, changes in variances of sectoral shocks can also affect the relative demand for general

human capital and drive this pattern.
18We take no stance on which of these channels is more likely to be behind the trend in Figure 3. We also

do not take a firm stance on parameter values, although we present estimation results for ε1 and γ1 in
Appendix - Elasticity of Substitution.
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and lower than

I

 Hs

Hg+Hs

1
1−ugh

+ (1− γ2)
[

ugh
1−ugh

− Hs

Hg+Hs
(1− γ2)ωYYh

]
(1− γ2)

[
ugh

1−ugh
− Hs

Hg+Hs
(1− γ2)ωYYh

] ,+∞

 .

Proof. See Proofs Appendix.

It is easy to check that the interval for ε1 where ωgh and ωl grow with K includes both

lower than 1 and greater than 1 values of ε1.

Additional Results

We further consider a version of the model where firms hire inputs after observing the

values of shocks and ε2 = γ4 = 1 keeping the reminder of the model intact. The following

propositions are true for such an economy.

Proposition 8. 1. The elasticity of final output Y with respect to λh (λl) increases

less (more) with a marginal (percentage) increase in Hs than with a marginal (per-

centage) increase in Hg if 1 > ε1.

2. The elasticity of final output Y with respect to λh (λl) increases more (less) with a

marginal (percentage) increase in Hs than with a marginal (percentage) increase in

Hg if ε1 > 1.

Proof. See Proofs Appendix.

Proposition 9. Consider two countries where Hs and Hg are different but the level of

(expected) output is the same.

1. In the country where Hs is higher the elasticity of final output with respect to λh

(λl) is lower (higher) if 1 > ε1.

2. In the country where Hs is higher the elasticity of final output with respect to λh

(λl) is higher (lower) if ε1 > 1.

Proof. See Proofs Appendix.

Proposition 10. The elasticity of ws with respect to λh (λl) is higher (lower) than the

elasticity of wg with respect to λh (λl) if and only if 1 > ε1.

Proof. See Proofs Appendix.
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3 Conclusions

In this paper, we consider industry-specificity as a distinct source of human capital het-

erogeneity that is defined irrespective of the skill-level accumulated through education.

Accordingly, we define specific and general human capital types treating occupations as

types of skills. Specific human capital is the set of skills/occupations whose use is spread

in a limited set of industries. In turn, general human capital is the set of skills which are

used in a wide range of industries.

We use harmonized individual level EU Labour Force Survey to identify these human

capital types and analyze their employment and education. Our empirical exercise yields

remarkably persistent assignment of occupations into specific and general human capital

types. We find that the share of employment in specific human capital occupations varies

significantly across countries and has declined over time almost everywhere.

This negative trend is attributable to both within and between industry shifts. Indus-

tries have started using general human capital more intensively and the share of industries

which use specific human capital more intensively has declined. Importantly, the ranking

of industries according to their intensity of use of specific human capital is also remarkably

stable.

The fields of education of general and specific human capital types are quite different

and this difference is very persistent over time and across countries. This suggests that

in addition to the occupational skill differences these human capital types are different in

terms of the formal education. We also find that education levels of specific and general

types of human capital are very uniform, which agrees with our horizontal differentiation.

Finally, in a multi-sector model we assess the effect of human capital portfolio compo-

sition on the propagation of sectoral shocks and the effect of uncertainty on the composi-

tion. In the model, we split industries into two sectors, h and l, according to the intensity

of use of specific human capital. General human capital is required for production in both

sectors. Specific human capital is required for production in sector h only. The outputs

of these sectors, Yh and Yl, are aggregated into consumption goods with a CES function.

Suppose Yh and Yl are gross complements. Among countries where expected output

is the same, in the country where the amount of specific human capital is higher the

volatility of shocks to sector h (l) has lower (higher) contribution to the volatility of final

output. Therefore, the volatility of final output in this country is lower if, for example,

there are no shocks to l.

Further, we turn off shocks either to sector h or l and consider a planner who has

an option to marginally increase either the amount of general human capital or specific

human capital at no cost (or the same cost) and at the same benefit in terms of expected

final output. We show that increasing the amount of general human capital increases the

volatility of final output more (less) than increasing the amount of specific human capital
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if there are no shocks to sector l (h). Clearly, if the planner has a concave objective

function then it would prefer investing in specific human capital if there are no shocks to

sector l. It would under-invest in general human capital if it does not anticipate shocks

to sector h. The opposites of these results hold when Yh and Yl are gross substitutes.

Our theoretical framework can be also used to gain an insight into what can drive

the decline in the share of specific human capital. Such a negative trend can stem from

biased technical change in the production of Yh and Yl goods and/or in schooling of

human capital types. It can also stem from factor accumulation.
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Tables

Table 1: ANOVA for Within-Occupation Share Across Industries

Source Partial SS df MS F P-stat

Model 517.522 86 6.018 219.470 0.000

Occupation 50.379 25 2.015 73.490 0.000
Industry 427.082 15 28.472 1038.390 0.000
Country 13.210 28 0.472 17.210 0.000
Year 1.083 18 0.060 2.190 0.003

Residual 3742.937 136507 0.027

Total 4260.460 136593 0.031

Note: This table reports the results from an ANOVA exercise for the share of workers in each occupation-industry cell out
of total employment in each occupation in all industries. The variation in the data is at occupation-industry-country-year
level, and we perform the ANOVA exercise along each of these dimensions. Number of Obs. = 136594; Adj. R-squared =
0.121.
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Table 4: Specific Human Capital Identified Separately for Each Country and Year

Count in Count in
2-digit ISCO-88: Occupation Name Countries Years

11: Legislators and Senior Officials 26 19
22: Life Science and Health Professionals 29 19
23: Teaching Professionals 29 19
32: Life Science and Health Associate Professionals 28 19
33: Teaching Associate Professionals 29 18
51: Personal and Protective Services Workers 2 0
52: Models, Salespersons, and Demonstrators 29 19
61: Market-oriented Skilled Agricultural and Fishery Workers 29 19
71: Extraction and Building Trades Workers 28 16
72: Metal, Machinery, and Related Trades Workers 2 0
73: Precision, Handicraft, Printing and Related Trades Workers 29 19
74: Other Craft and Related Trades Workers 27 19
81: Stationary-plant and Related Operators 28 19
82: Machine Operators and Assemblers 29 19
83: Drivers and Mobile-plant Operators 1 0
92: Agricultural, Fishery, and Related Laborers 28 19

Note: In this table, we offer the results from an exercise where we use our methodology to identify specific and general
human capital types separately for each country and for each year. The second column offers the number of times that an
occupation is assigned into specific human capital type in 29 sample countries. The third column offers the number of times
that an occupation is assigned into specific human capital type in 19 sample years. For the second column, we average
the concentration measures over years in each country and define a dummy variable for each of the averaged concentration
measure which equals 1 for the values of the concentration measure which are higher than its median. Finally, we average
these dummy variables over the concentration measures and call an occupation specific human capital if this average is
greater than 0.5, and general otherwise. ISCO 11 occupation is classified as general human capital in Switzerland, Italy,
and the UK. ISCO 32 is classified as general human capital in Spain. ISCO 51 is classified as specific human capital in
Denmark and Sweden. ISCO 71 is classified as general human capital in Germany. ISCO 72 is classified as specific human
capital in Germany and Spain. ISCO 74 is classified as general human capital in Luxembourg and Sweden. ISCO 81 is
classified as general human capital in Denmark. ISCO 83 is classified as specific human capital in the UK. Our data do not
contain ISCO 92 for France. For the third column, we repeat the exercise taking averages over years instead of countries.
ISCO 33 is classified as specific human capital every year except 1992. ISCO 71 is classified as general human capital in
1997, 2001, and 2002. See Table 3 for the original assignment of occupations into specific and general human capital types.
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Table 5: Sample Countries and Years, and Basic Statistics for the Share of Specific Human
Capital

Sample Period Obs. Mean SD Min Max
Country

Austria 1995–2010 16 0.343 0.036 0.294 0.379
Belgium 1993–2010 18 0.316 0.017 0.288 0.343
Bulgaria 2000–2010 11 0.378 0.013 0.352 0.392
Croatia 2002–2010 9 0.413 0.014 0.399 0.437
Cyprus 1999–2010 12 0.323 0.018 0.283 0.350
Czech Republic 1997–2010 14 0.354 0.013 0.335 0.376
Denmark 1992–2010 19 0.313 0.010 0.294 0.329
Estonia 1997–2010 14 0.343 0.012 0.319 0.365
Finland 1997–2010 14 0.322 0.027 0.290 0.365
France 1992–2010 19 0.315 0.020 0.281 0.364
Germany 1992–2010 19 0.310 0.015 0.286 0.330
Greece 1992–2010 19 0.442 0.039 0.389 0.511
Hungary 1996–2010 15 0.375 0.032 0.268 0.398
Iceland 1995–2010 16 0.405 0.022 0.372 0.443
Ireland 1992–2010 19 0.352 0.081 0.289 0.488
Italy 1992–2010 19 0.387 0.049 0.316 0.447
Latvia 1998–2010 13 0.350 0.040 0.274 0.389
Lithuania 1998–2010 13 0.396 0.036 0.354 0.455
Luxembourg 1992–2010 19 0.280 0.079 0.214 0.586
Netherlands 1992–2010 19 0.268 0.016 0.242 0.296
Norway 1996–2010 15 0.341 0.008 0.324 0.354
Poland 2000–2010 11 0.453 0.012 0.436 0.472
Portugal 1992–2010 19 0.389 0.041 0.340 0.460
Slovakia 1998–2010 13 0.376 0.011 0.363 0.400
Slovenia 1996–2010 15 0.425 0.030 0.373 0.471
Spain 1992–2010 19 0.358 0.026 0.308 0.399
Sweden 1997–2010 14 0.327 0.010 0.313 0.345
Switzerland 1996–2010 15 0.350 0.010 0.328 0.361
UK 1992–2010 19 0.270 0.013 0.254 0.291

Note: This table offers our sample of countries and years, and basic statistics for the share of workers in specific human
capital occupations out of total employment (the share of specific human capital) in each country in the sample. See Table
3 for the assignment of occupations into specific and general human capital types.
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Table 6: The Share of Specific Human Capital in Industries

Share
1-digit NACE: Industry Name

A-B: Agriculture, Hunting, and Fishing 0.795
C: Mining and Quarrying 0.327
D: Manufacturing 0.418
E: Electricity, Gas and Water Supply 0.193
F: Construction 0.569
G: Wholesale and Retail Trade; Repair of Goods 0.389
H: Hotels and Restaurants 0.053
I: Transport, Storage, and Communication 0.027
J: Financial Intermediation 0.013
K: Real Estate, Renting, and Business Activities 0.073
L: Public Administration; Social Security 0.132
M: Education 0.689
N: Health and Social Work 0.492
O: Other Community and Personal Service Activities 0.116
P: Households with Employed Persons 0.119
Q: Extra-territorial Organizations and Bodies 0.170

Note: This table offers the share of workers in specific human capital occupations out of total employment in industries
(1-digit NACE). The data are averaged across countries and years. See Table 3 for the assignment of occupations into
specific and general human capital types.
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Table 10: ANOVA for the Within-Education Field Share Across Occupations

Source Partial SS df MS F P-stat

Model 192.222 294 0.654 403.920 0.000

Occupation 36.100 25 1.444 892.080 0.000
Occupation x Education Field 155.391 225 0.691 426.660 0.000
Education Field 0.000 9 0.000 0.000 1.000
Country 0.004 28 0.000 0.090 1.000
Year 0.000 7 0.000 0.000 1.000

Residual 88.164 54466 0.002

Total 280.387 54760 0.005

Note: This table reports the results from an ANOVA exercise for the share of workers in each highest-degree education
field-occupation cell out of total number of workers who have their highest degree in that education field. The variation
in the data are at occupation-education field-country-year level, and we perform the ANOVA exercise along each of these
dimensions and the interaction of education fields and occupations. The data for education fields are available for the
period of 2003–2010. Number of obs = 54761; Adj. R-squared = 0.684. See Table 3 for the list of occupations and Table
11 for education fields.

Table 11: The Share of Specific Human Capital in Education Fields

Share of Specific
Human Capital

1-digit ISCED-97: Education Field Name

0: General Programs 0.262
1: Teacher Training and Education Science 0.716
2: Humanities, Languages, and Arts 0.351
3: Social Sciences, Business, and Law 0.165
4: Science, Mathematics, and Computing 0.266
5: Engineering, Manufacturing, and Construction 0.314
6: Agriculture and Veterinary 0.545
7: Health and Welfare 0.668
8: Services 0.210
9: Unknown 0.297

Note: This table offers for each education field (1-digit ISCED-97) the country-year averaged share of workers who have
specific human capital occupation and their highest degree in that education field out of total number of workers who have
their highest degrees in that field. The data for education fields are available for the period of 2003–2010. See Table 3 for
the assignment of occupations into specific and general human capital types.
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Table 12: Skill-Levels Across Occupations

Skill-level (ISCED-97 0-2; 3-4; 5-6)
Low-skilled Medium-skilled Highly-skilled

Occupation (ISCO-88)

11 0.098 0.339 0.570
12 0.092 0.356 0.548
13 0.237 0.495 0.262
21 0.016 0.147 0.843
22 0.007 0.076 0.923
23 0.010 0.102 0.884
24 0.029 0.198 0.768
31 0.093 0.566 0.337
32 0.070 0.470 0.455
33 0.087 0.473 0.446
34 0.107 0.552 0.337
41 0.181 0.646 0.169
42 0.203 0.637 0.156
51 0.299 0.605 0.090
52 0.299 0.607 0.089
61 0.493 0.434 0.067
71 0.373 0.579 0.044
72 0.283 0.649 0.064
73 0.281 0.626 0.097
74 0.378 0.565 0.052
81 0.397 0.541 0.063
82 0.439 0.508 0.046
83 0.434 0.527 0.032
91 0.536 0.411 0.045
92 0.604 0.365 0.052
93 0.536 0.422 0.036

Note: This table offers for each occupation the share of workers in each level of highest attained education out of total
number of workers in that occupation, which we have averaged over countries and years. There are three levels of highest
attained education: pre-primary to lower-secondary (low-skilled; ISCED-97 0-2), secondary to post-secondary non-tertiary
(medium-skilled; ISCED-97 3-4), and tertiary (highly-skilled; ISCED-97 5-6). See Table 3 for the list of occupations.
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Figure 3: The Average Employment Share of Specific Human Capital in Sample Countries

.3
2

.3
4

.3
6

.3
8

.4

1992 2001 2010

Note: This figure offers country-averaged value of the share of specific human capital. Employment weighted average value
displays similar negative trend and percentage change over time. We pull countries c and years t and run a regression of
the following form: Share of Specific Human Capitalc,t = α + βt + ηc,t. The coefficient in front of time trend t is highly
significant and negative. See Table 3 for the assignment of occupations into specific and general human capital types.
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Figure 5: The Share of Specific Human Capital in Age Groups
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Note: This figure offers country-averaged value of the share of specific human capital in each age group. See Table 3 for
the assignment of occupations into specific and general human capital types.
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Appendix Further Results

Appendix - Treatment of Spikes in the Shares of Human Capital

There are spikes/jumps in the shares of employment in occupations which lead to spikes
in the data for the share of specific human capital. These spikes can be noticed in Figures
1, 2, and 4. They can be because of sample imperfections and because sample weights
might not be very precise for the level of disaggregation we are interested in.

We alleviate the potential influence of such spikes on our analysis we fit 3rd degree
polynomials on employment shares of occupations within each industry-country pair using
year level variation. In each country, we drop those occupation-industry pairs for which
we have less than 3 (year) observations. We also drop year 1992 and 1996 for Hungary.
This exercise gives smoothed (trends in) employment shares in each industry-country
pair. These smoothed shares are then used to compute concentration measures and to
assign 2-digit ISCO-88 occupations into specific and general human capital types. For
each country, year, and occupation, we compute 5 concentration measures (CV, GE, Gini,
HI, Theil) for the distribution of smoothed within-occupation share across industries. We
average the values of concentration measures across countries and years. The country-
and year-averaged values of the concentration measures are offered in columns 2-6 of
this table. We define dummy variables for each of the concentration measures which are
equal to 1 for the values of the concentration measures that are higher than or equal to
their medians. We take the average of these dummy variables and define Specific dummy
variable which is equal to 1 if the average is greater than 0.5, and to 0 otherwise.

Table 37 offers the results from the assignment, which is exactly the same as our main
assignment in Table 3. Figures 8 and 9 offer country-level and country averaged shares
of specific human capital.

Similarly to our main analysis, the concentration measures have very low variation
across countries and years. Moreover, if we perform the assignment using smoothed
shares in each country and year then that assignment is highly correlated with the one
in 37 (ρ = 0.764).

We also perform between and within industry decomposition for the smoothed share
of specific human capital using (1). Between industry variation explains 76 percent of
the variation in the data. The remainder is attributable to the within industry variation.
These results are very close to the results offered in the main text. Tables 38 and 39 offer
between and within industry decompositions for each sample country and year.

Appendix - Abstract, Manual, and Routine Skills

By definition and identification our classification of human capital types is different than
the abstract, manual, and routine skills classification used by Acemoglu and Autor (2011)
and Autor and Dorn (2013). Nevertheless, we check if the trends observed for the share
of specific human capital repeat for the shares of employment in occupations requiring
abstract, manual, and routine skills. We match our 2-digit ISCO-88 occupations with 5
groups of occupations in Table 2 of Autor and Dorn (2013) and assign occupations into
abstract, manual, and routine types. Table 42 in Data Appendix presents the assign-
ment.19 According to it, 11 occupations require abstract skills, 8 require manual skills,

19This assignment can be noisy because of differences in occupation coding and matching between ISCO-88
and 5 groups of occupations in Table 2 of Autor and Dorn (2013).
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and 7 require routine skills. Out of the first set 5 are specific human capital occupations.
Out of each of the second and third sets 4 are specific human capital occupations. This
uniformity should not be very surprising. In our classification, skill levels are quite uni-
form according to Table 13. In contrast, according to Figure 2 of Autor and Dorn (2013),
skill levels correlate negatively with the order: abstract, routine, and manual skills.20

We compute employment shares in occupations requiring abstract, manual, and rou-
tine skills for each country and year. Table 43 in Data Appendix offers the basic statistics
for these shares. Table 44 in Data Appendix offers correlations among these shares and
the share of specific human capital. Further, we take the averages of these shares across
sample countries and illustrate their behavior over time, together with the share of spe-
cific human capital, in Figure 10 of Data Appendix. The share of specific human capital
is firmly positively correlated with the share of employment in occupations requiring
routine skills and negatively correlated with the share of employment in occupations re-
quiring abstract skills. It is also positively correlated with the share of employment in
occupations requiring manual skills. We obtain very similar correlations if we exclude
occupations requiring either routine or manual skills from occupations corresponding to
specific human capital.

In the spirit of Acemoglu and Autor (2011) and Autor and Dorn (2013), Goos et al.
(2014) perform an assignment of 2-digit ISCO-88 occupations into high-paying, middling,
and low-paying, which map well to abstract, routine, and manual occupations (see Table
1 in Goos et al., 2014). Table 45 in Data Appendix presents the correspondence between
this assignment and specific and general human capital occupations. Some of the specific
and general human capital occupations are not matched with high-paying, middling,
and low-paying occupations because Goos et al. (2014) drop these occupations from the
analysis. Out of matched 8 specific human capital occupations, 2 are high-paying, 5 are
middling, and 1 is low-paying.

We compute the shares in high-paying, middling, and low-paying occupations out of
total employment for each country and year. Table 46 in Data Appendix offers the basic
statistics for these shares.21 Table 47 in Data Appendix offers correlations among these
shares and the share of specific human capital. Further, we take the averages of these
shares across sample countries and illustrate their behavior over time, together with the
share of specific human capital, in Figure 11 of Data Appendix. The share of specific
human capital is firmly positively correlated with the share of employment in middling
occupations and negatively correlated with the share of employment in high-paying and
middling occupations.

Appendix - Elasticity of Substitution

The value of the elasticity of substitution between h- and l-goods ε1 is important for our
results. In this section, we present an attempt to estimate ε1.

Following current practice (e.g., see Herrendorf et al., 2015), we use equations (2),
(3), and (4) to estimate ε1. In these equations, Yl is the real output in sectors which are
(very) intensive in general human capital input and Yh is the real output in the remaining
sectors. Variable λ is productivity level, and ph and pl are the relative prices of Yh and
Yl. We assume that lnλ (t) is a smooth function of time so that it can be represented by

20Autor and Dorn (2013) use wage data to measure skill levels.
21Similarly to Goos et al. (2014), we drop 1-digit NACE industries A-B, C, L, M, and Q.
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a polynomial of the following form

g (t) = δ1t+ δ2t
2 + δ3t

3,

where {δi} are real numbers.
We normalize output Y and price levels dividing them to their geometric averages.

Further, we take the logarithms of these equations and take the first differences of price
equations so that we get

ln

(
Y

Ȳ

)
=

ε1

ε1 − 1
ln

[
ωYYh

(
Yh
Ȳh

) ε1−1
ε1

+
(
1− ωYYh

)(Yl
Ȳl

) ε1−1
ε1

]
+ g̃ (t) , (21)

∆ ln

(
Y/Ȳ

Yh/Ȳh

)
= ε1∆ ln

(
ph
p̄h

)
+ (1− ε1) ∆g̃ (t) , (22)

∆ ln

(
Y/Ȳ

Yl/Ȳl

)
= ε1∆ ln

(
pl
p̄l

)
+ (1− ε1) ∆g̃ (t) , (23)

where we use bars to denote geometric averages and

g̃ (t) = g (t)− 1

T

T∑
t=1

g̃ (t) ,

ωYYh = γ1

(
exp (g̃ (t)) Ȳh

Ȳ

) ε1−1
ε1

,

(
1− ωYYh

)
= (1− γ1)

(
exp (g̃ (t)) Ȳl

Ȳ

) ε1−1
ε1

.

We use data from the EU KLEMS database and estimate this system of equations
jointly for each sample country. The identification of parameters is based on within
country variation. In this database, there are no data for Iceland, Norway, and Switzer-
land. There are data for Australia, Korea, Japan, and the US, however. We carry our
estimations also for these countries.

We use the total industrial real output for Y and real output in h- and l-sectors for
Yh and Yl. In line with Table 6, h-sectors are NACE industries A-B, C, D, E, F, G, L, M,
and N, and l-sectors are industries H, I, J-K, O, and P.22 The data for prices and nominal
output in the EU KLEMS database are at 1-digit level of aggregation. We use (current)
nominal value-added weights to aggregate prices and obtain prices in h- and l-sectors:

ph =
∑
i∈h

(
piYi∑
i∈h piYi

)
pi,

pl =
∑
i∈l

(
piYi∑
i∈l piYi

)
pi.

The base year for prices is 1995 in the EU KLEMS database. For each country, we
transform price series so that the base year is the first year in the sample. 23

22As an auxiliary exercise, we obtain from the EU KLEMS database average hourly wage rates in h- and
l-sectors for each country and year. We find that the wage rates tend to be very similar across these
industries in sample countries. This serves as a further confirmation that our classification of human
capital types is rather horizontal.

23Clearly, Y = Yh + Yl in the first/base year. Therefore, the first sample year is dropped in estimations.
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For each country, the values of ωYYh and
(
1− ωYYh

)
are obtained using the geometric

averages of compensation shares of h- and l-sectors:

ωYYh =

(
phYh
Y

)
,

(
1− ωYYh

)
=

(
plYl
Y

)
.

After obtaining the estimate of ε1 and g (t) we use equation

γ1 =

(
phYh
Y

)
exp

(
1
T

T∑
t=1

g (t)

)
Ȳh

Ȳ


− ε1−1

ε1

(24)

to obtain the estimate of γ1.
The estimations of equations (21)-(23) are carried using non-linear seemingly unre-

lated regressions routine in STATA. Tables 48 and 49 summarize our estimation results.
The results depend on the initial value of the elasticity that we specify. Usually, the
non-linear estimator converges to a point less than one for ε1 when we specify initial
value that is less than 1. It converges to a point greater than 1 otherwise. The less than
1 values of ε1 are preferable in terms of the Root Square Mean Error.

Appendix - Employment Shares in Industries and Specific Hu-
man Capital

In the main text we offer between and within industry decomposition of the trends in the
share of specific human capital. As a complementary exercise, we check the explanatory
power of employment in industries which use specific human capital the most.

For each country and year, we compute employment shares in industries where the
share of specific human capital is higher than the 50th, 70th, and 90th percentiles of its
industry-level distribution in the country and year. Table 40 offers correlations of the
employment shares in these industries with the share of specific human capital. Table 41
offers the results from regressions where the dependent variable is the share of specific
human capital and explanatory variables are the employment shares in these industries.
The employment shares in these industries appear to be important explanatory variables
and account for approximately 70 percent of the variation in the share of specific human
capital. A similar inference holds if we smooth the series of the share of specific human
capital using third degree polynomial approximation.
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Data Appendix

Data Appendix - Tables

Table 16: ANOVA for the Coefficient of Variation (CV)

Source Partial SS df MS F P-stat

Model 9183.221 71 129.341 1011.860 0.000

Occupation 9036.305 25 361.452 2827.700 0.000
Country 134.210 28 4.793 37.500 0.000
Year 9.765 18 0.543 4.240 0.000

Residual 1499.263 11729 0.128

Total 10682.484 11800 0.905

Note: This table reports the results from an ANOVA exercise for the Coefficient of Variation (CV). The variation in the
data are at occupation-country-year level, and we perform the ANOVA exercise along each of these dimensions. Number
of Obs. = 11801; Adj. R-squared = 0.859.

Table 17: ANOVA for Generalized Entropy Index (GE)

Source Partial SS df MS F P-stat

Model 46033.661 71 648.361 791.990 0.000

Occupation 45108.672 25 1804.347 2204.060 0.000
Country 858.189 28 30.650 37.440 0.000
Year 61.641 18 3.424 4.180 0.000

Residual 9601.894 11729 0.819

Total 55635.555 11800 4.715

Note: This table reports the results from an ANOVA exercise for the Generalized Entropy Index (with parameter 2; GE).
The variation in the data are at occupation-country-year level, and we perform the ANOVA exercise along each of these
dimensions. Number of Obs. = 11801; Adj. R-squared = 0.826.
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Table 18: ANOVA for the Gini Index

Source Partial SS df MS F P-stat

Model 177.780 71 2.504 1146.640 0.000

Occupation 174.207 25 6.968 3191.010 0.000
Country 3.246 28 0.116 53.080 0.000
Year 0.162 18 0.009 4.110 0.000

Residual 25.613 11729 0.002

Total 203.393 11800 0.017

Note: This table reports the results from an ANOVA exercise for the Gini Index. The variation in the data are at
occupation-country-year level, and we perform the ANOVA exercise along each of these dimensions. Number of Obs. =
11801; Adj. R-squared = 0.873.

Table 19: ANOVA for the Herfindahl Index (HI)

Source Partial SS df MS F P-stat

Model 734.778 71 10.349 789.010 0.000

Occupation 720.155 25 28.806 2196.200 0.000
Country 13.391 28 0.478 36.460 0.000
Year 1.274 18 0.071 5.400 0.000

Residual 153.842 11729 0.013

Total 888.620 11800 0.075

Note: This table reports the results from an ANOVA exercise for the Herfindahl Index (HI). The variation in the data are
at occupation-country-year level, and we perform the ANOVA exercise along each of these dimensions. Number of Obs. =
11801; Adj. R-squared = 0.826.

Table 20: ANOVA for the Theil Index

Source Partial SS df MS F P-stat

Model 4687.007 71 66.014 986.790 0.000

Occupation 4595.087 25 183.803 2747.520 0.000
Country 84.047 28 3.002 44.870 0.000
Year 6.391 18 0.355 5.310 0.000

Residual 784.647 11729 0.067

Total 5471.654 11800 0.464

Note: This table reports results from an ANOVA exercise for the Theil Index. The variation in the data are at occupation-
country-year level, and we perform the ANOVA exercise along each of these dimensions. Number of Obs. = 11801; Adj.
R-squared = 0.856.
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Table 21: Rank Correlations Among Concentration Measures

Variable 1 2 3 4

1 Coefficient of Variation (CV)
2 Generalized Entropy Index (GE) 1.000
3 Gini Index 0.987 0.987
4 Herfindahl Index (HI) 0.999 0.999 0.987
5 Theil Index 0.994 0.994 0.998 0.994

Note: This table offers pairwise rank correlations among the concentration measures computed for the within-occupation
employment shares distribution. The measures are coefficient of variation (CV), Generalized Entropy (with parameter 2;
GE) index, Gini index, Theil index, and Herfindahl index (HI). The variation in the data are at occupation-country-year
level. Number of Obs. = 11802; All correlations are significant at 1% level.
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Table 24: ANOVA for the Share of Specific Human Capital

Source Partial SS df MS F P-stat

Model 1.225 46 0.027 39.630 0.000

Country 1.117 28 0.040 59.420 0.000
Year 0.208 18 0.012 17.210 0.000

Residual 0.275 409 0.001

Total 1.499 455 0.003

Note: This table reports the results from an ANOVA exercise for the share of specific human capital. The variation in the
data are at country-year level, and we perform the ANOVA exercise along each of these dimensions. Number of Obs. =
456; Adj. R-squared = 0.796. See Table 3 for the assignment of occupations into specific and general human capital types.
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Table 27: The Share of Workers in Education Fields and Countries

Education Field (ISCED-97)
0 1 2 3 4 5 6 7 8 9

Country

Austria 0.062 0.043 0.034 0.249 0.017 0.366 0.055 0.063 0.108 0.003
Belgium 0.072 0.069 0.057 0.227 0.071 0.289 0.019 0.120 0.061 0.015
Bulgaria 0.187 0.051 0.022 0.129 0.014 0.445 0.036 0.047 0.040 0.053
Croatia 0.150 0.037 0.018 0.212 0.026 0.339 0.029 0.051 0.137
Cyprus 0.063 0.054 0.117 0.371 0.063 0.212 0.006 0.043 0.079 0.007
Czech Republic 0.040 0.037 0.024 0.177 0.021 0.510 0.052 0.052 0.087 0.000
Denmark 0.021 0.047 0.061 0.304 0.044 0.274 0.040 0.155 0.054 0.000
Estonia 0.251 0.048 0.032 0.150 0.025 0.311 0.042 0.044 0.097 0.001
Finland 0.104 0.028 0.043 0.187 0.027 0.317 0.050 0.133 0.111 0.000
France 0.008 0.010 0.075 0.317 0.071 0.315 0.051 0.094 0.050 0.009
Germany 0.037 0.057 0.038 0.272 0.029 0.364 0.031 0.097 0.076 0.000
Greece 0.400 0.023 0.053 0.154 0.045 0.183 0.016 0.070 0.054 0.002
Hungary 0.101 0.093 0.017 0.198 0.022 0.427 0.037 0.059 0.072 0.000
Iceland 0.154 0.088 0.059 0.164 0.037 0.290 0.025 0.087 0.096 0.004
Ireland 0.481 0.037 0.041 0.182 0.070 0.124 0.024 0.074 0.049 0.003
Italy 0.047 0.047 0.072 0.303 0.070 0.250 0.025 0.052 0.047 0.087
Latvia 0.304 0.052 0.040 0.137 0.024 0.291 0.045 0.049 0.059 0.001
Lithuania 0.186 0.056 0.030 0.153 0.033 0.331 0.053 0.060 0.097 0.002
Luxembourg 0.086 0.061 0.079 0.304 0.071 0.178 0.017 0.069 0.114 0.023
Netherlands 0.071 0.077 0.045 0.288 0.037 0.210 0.039 0.138 0.084 0.011
Norway 0.148 0.105 0.117 0.209 0.061 0.133 0.033 0.102 0.038 0.054
Poland 0.084 0.041 0.027 0.182 0.048 0.389 0.079 0.048 0.101 0.003
Portugal 0.062 0.080 0.188 0.263 0.160 0.124 0.014 0.069 0.037 0.129
Slovakia 0.045 0.042 0.015 0.163 0.020 0.516 0.062 0.048 0.088 0.001
Slovenia 0.050 0.050 0.023 0.265 0.016 0.397 0.036 0.056 0.107 0.001
Spain 0.255 0.056 0.050 0.236 0.062 0.188 0.016 0.089 0.036 0.012
Sweden 0.103 0.085 0.044 0.197 0.028 0.280 0.026 0.145 0.069 0.023
Switzerland 0.105 0.049 0.040 0.251 0.033 0.309 0.053 0.086 0.075
UK 0.004 0.038 0.060 0.148 0.062 0.133 0.010 0.076 0.037 0.432

Note: This table offers for each education field (1-digit ISCED-97) the yearly average share of workers who have their
highest degree in that education field out of total employment. There are no observations for Croatia and Switzerland
for education field 9. The data for education fields contains a few missing observations because some respondents do not
report their highest level of education. The data for education fields are available for the period of 2003–2010. See Table
11 for the names of education fields.
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Table 28: The Share of Workers in Education Fields and Years

Education Field (ISCED-97)
0 1 2 3 4 5 6 7 8 9

Year

2003 0.127 0.050 0.049 0.220 0.039 0.309 0.038 0.074 0.074 0.098
2004 0.125 0.055 0.054 0.219 0.047 0.281 0.035 0.079 0.070 0.052
2005 0.110 0.053 0.053 0.217 0.047 0.296 0.035 0.077 0.080 0.042
2006 0.139 0.052 0.055 0.215 0.046 0.287 0.035 0.075 0.073 0.033
2007 0.139 0.052 0.054 0.225 0.047 0.304 0.036 0.076 0.075 0.029
2008 0.125 0.051 0.053 0.222 0.046 0.296 0.035 0.076 0.075 0.028
2009 0.123 0.058 0.052 0.228 0.042 0.291 0.035 0.084 0.074 0.026
2010 0.126 0.059 0.051 0.228 0.041 0.287 0.034 0.087 0.074 0.027

Note: This table offers for each education field (1-digit ISCED-97) country-averaged share of workers who have their highest
degree in that education field out of total employment. The data for education fields contains a few missing observations
because some respondents do not report their highest level of education. See Table 11 for the names of education fields.

Table 29: Within-Education Field Share Across Occupations

Education Field (ISCED-97)
0 1 2 3 4 5 6 7 8 9

Occupations (ISCO-88)

11 0.005 0.006 0.007 0.009 0.007 0.004 0.006 0.002 0.010 0.004
12 0.041 0.047 0.054 0.094 0.078 0.054 0.045 0.026 0.038 0.050
13 0.047 0.020 0.036 0.044 0.032 0.041 0.066 0.015 0.045 0.050
21 0.017 0.010 0.017 0.016 0.228 0.103 0.013 0.004 0.009 0.030
22 0.003 0.004 0.002 0.002 0.043 0.002 0.081 0.294 0.002 0.009
23 0.014 0.544 0.180 0.019 0.114 0.012 0.016 0.018 0.017 0.038
24 0.035 0.045 0.189 0.182 0.062 0.017 0.022 0.038 0.020 0.058
31 0.036 0.008 0.037 0.016 0.095 0.091 0.025 0.015 0.038 0.041
32 0.017 0.008 0.006 0.006 0.019 0.004 0.037 0.304 0.009 0.018
33 0.016 0.123 0.016 0.004 0.006 0.003 0.003 0.019 0.008 0.015
34 0.131 0.047 0.124 0.197 0.078 0.045 0.052 0.046 0.081 0.091
41 0.141 0.030 0.074 0.160 0.065 0.038 0.040 0.026 0.070 0.085
42 0.036 0.008 0.018 0.034 0.014 0.006 0.008 0.007 0.032 0.019
51 0.112 0.037 0.046 0.046 0.035 0.038 0.043 0.123 0.296 0.099
52 0.077 0.018 0.043 0.082 0.031 0.030 0.038 0.017 0.057 0.045
61 0.023 0.005 0.012 0.010 0.008 0.021 0.275 0.005 0.025 0.017
71 0.039 0.005 0.014 0.007 0.009 0.130 0.028 0.002 0.025 0.047
72 0.027 0.003 0.014 0.006 0.013 0.140 0.022 0.002 0.024 0.046
73 0.006 0.001 0.036 0.002 0.003 0.007 0.002 0.005 0.003 0.014
74 0.017 0.003 0.010 0.006 0.006 0.034 0.013 0.002 0.019 0.021
81 0.008 0.001 0.004 0.003 0.006 0.018 0.010 0.001 0.008 0.013
82 0.030 0.004 0.021 0.014 0.014 0.044 0.025 0.005 0.024 0.035
83 0.038 0.004 0.012 0.010 0.010 0.063 0.060 0.003 0.071 0.045
91 0.054 0.015 0.021 0.023 0.016 0.028 0.033 0.016 0.049 0.078
92 0.005 0.001 0.001 0.001 0.001 0.004 0.017 0.001 0.004 0.004
93 0.027 0.004 0.008 0.009 0.008 0.025 0.023 0.003 0.019 0.028

Note: This table offers for each education field (1-digit ISCED-97) the country-year average share of workers in each
occupation (2-digit ISCO-88) who have their highest degree in that field, out of total number of workers who have their
highest degree in that field. The data for education fields contains a few missing observations because some respondents
do not report their highest level of education. See Table 3 for the list of occupations and Table 11 for education fields.
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Table 30: ANOVA for the Within-Education Field Share Across Human Capital Types

Source Partial SS df MS F P-stat

Model 209.159 54 3.873 458.970 0.000

Specific Human Capital 60.044 1 60.044 7114.940 0.000
Specific Human Capital x Education Field 151.269 9 16.808 1991.630 0.000
Education Field 0.062 9 0.007 0.810 0.604
Country 0.023 28 0.001 0.100 1.000
Year 0.000 7 0.000 0.010 1.000

Residual 35.132 4163 0.008

Total 244.291 4217 0.058

Note: This table reports the results from an ANOVA exercise for the share of workers in each highest-degree education
field-human capital type cell out of total number of workers who have their highest degree in that education field. The
variation in the data are at human capital type-education field-country-year level, and we perform the ANOVA exercise
along each of these dimensions and the interaction of education fields and human capital types. Specific Human Capital is
a dummy variable which is equal to 1 for specific human capital and 0 for general human capital. The data for education
fields are available for the period of 2003–2010. Number of obs = 4218; Adj. R-squared = 0.854. See Table 3 for the list
of occupations and Table 11 for education fields.
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Table 31: Skill-Levels Across Countries

Skill-level (ISCED-97 0-2; 3-4; 5-6)
Low-skilled Medium-skilled Highly-skilled

Country

Austria 0.189 0.645 0.166
Belgium 0.275 0.382 0.343
Bulgaria 0.157 0.586 0.256
Croatia 0.190 0.616 0.194
Cyprus 0.290 0.391 0.320
Czech Republic 0.066 0.789 0.145
Denmark 0.196 0.511 0.293
Estonia 0.102 0.554 0.343
Finland 0.196 0.464 0.341
France 0.282 0.455 0.263
Germany 0.148 0.576 0.277
Greece 0.452 0.361 0.187
Hungary 0.152 0.656 0.192
Iceland 0.417 0.328 0.255
Ireland 0.319 0.376 0.305
Italy 0.479 0.403 0.117
Latvia 0.127 0.640 0.232
Lithuania 0.078 0.562 0.360
Luxembourg 0.355 0.392 0.253
Netherlands 0.255 0.450 0.295
Norway 0.141 0.524 0.335
Poland 0.102 0.705 0.193
Portugal 0.749 0.134 0.116
Slovakia 0.055 0.796 0.149
Slovenia 0.186 0.620 0.193
Spain 0.532 0.195 0.273
Sweden 0.175 0.526 0.299
Switzerland 0.174 0.548 0.278
UK 0.296 0.400 0.305

Note: This table offers for each country the share of workers in each level of highest attained education out of total
employment, which we have averaged over years. There are three levels of highest attained education: pre-primary to
lower-secondary (low-skilled; ISCED-97 0-2), secondary to post-secondary non-tertiary (medium-skilled; ISCED-97 3-4),
and tertiary (highly-skilled; ISCED-97 5-6).
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Table 32: Skill-Levels Across Years

Skill-level (ISCED-97 0-2; 3-4; 5-6)
Low-skilled Medium-skilled Highly-skilled

Year

1992 0.512 0.324 0.164
1993 0.458 0.344 0.199
1994 0.443 0.349 0.208
1995 0.422 0.380 0.198
1996 0.362 0.425 0.213
1997 0.323 0.449 0.228
1998 0.272 0.508 0.220
1999 0.274 0.490 0.235
2000 0.266 0.493 0.242
2001 0.256 0.508 0.236
2002 0.246 0.516 0.238
2003 0.240 0.515 0.245
2004 0.229 0.511 0.260
2005 0.220 0.513 0.268
2006 0.219 0.510 0.271
2007 0.217 0.507 0.276
2008 0.212 0.504 0.284
2009 0.203 0.501 0.296
2010 0.196 0.500 0.304

Note: This table offers for each year the share of workers in each level of highest attained education out of total employment,
which we have averaged across countries. There are three levels of highest attained education: pre-primary to lower-
secondary (low-skilled; ISCED-97 0-2), secondary to post-secondary non-tertiary (medium-skilled; ISCED-97 3-4), and
tertiary (highly-skilled; ISCED-97 5-6).

Table 33: Concentrations of 1-digit ISCO-88 Occupations

CV GE Gini HI Theil Concentrated
1-digit ISCO-88: Occupation Name
Occupations

1: Legislators, Senior Officials and Managers 1.229 0.744 0.564 0.163 0.597 0
2: Professionals 1.440 0.983 0.641 0.193 0.771 0
3: Technicians and Associate Professionals 1.066 0.535 0.538 0.137 0.525 0
4: Clerks 1.025 0.494 0.526 0.132 0.500 0
5: Service Workers and Shop and 1.723 1.408 0.705 0.247 0.980 1

Market Sales Workers
6: Skilled Agricultural and Fishery Workers 3.460 5.677 0.888 0.787 2.220 1
7: Craft and related Trades Workers 2.033 1.933 0.766 0.313 1.233 1
8: Plant and Machine Operators and Assemblers 2.061 2.019 0.755 0.324 1.200 1
9: Elementary Occupations 0.956 0.443 0.485 0.125 0.434 0

Note: This table offers the assignment of 1-digit ISCO-88 occupations into "Concentrated" and "Not Concentrated" groups.
For each country, year, and occupation, we compute 5 concentration measures (CV, GE, Gini, HI, Theil) for the distribution
of within-occupation share across industries. We average the values of concentration measures across countries and years.
The country- and year-averaged values of the concentration measures are offered in columns 2-6 of this table. Clearly,
the values of concentration measures on average are lower than the values of concentration measures for 2-digit ISCO-88
offered in Table 3. We define dummy variables for each of the concentration measures which are equal to 1 for the values
of the concentration measures that are higher than their medians. We take the average of these dummy variables and
define Concentrated dummy variable which is equal to 1 if the average is greater than 0.5, and to 0 otherwise. Column 7
offers the value of this dummy variable for each occupation. We call an occupation Concentrated if Concentrated dummy
variable is equal to 1, Not Concentrated otherwise. Similarly to 2-digit occupations, concentration measures for 1-digit
occupations vary a lot across occupations and much less across countries and years and have very high rank correlations.
We perform a similar assignment into the Concentrated group for each country and year. This assignment has almost no
year and country variation and is highly correlated with the assignment offered in this table (ρ = 0.896).
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Table 35: Concentrations of 3-digit ISCO-88 Occupations

CV GE Gini HI Theil Concentrated Specific
3-digit ISCO-88 2-digit ISCO-88
Occupations

111 3.067 4.705 0.850 0.663 1.961 1 11 1
114 3.216 4.932 0.898 0.701 2.184 1 11 1
119 3.229 4.887 0.881 0.673 1.997 1 11 1
121 1.331 0.861 0.616 0.172 0.717 0 12 0
122 1.246 0.765 0.582 0.160 0.641 0 12 0
123 1.392 0.973 0.629 0.186 0.766 0 12 0
131 1.736 1.490 0.699 0.251 0.991 0 13 0
211 2.133 2.182 0.789 0.337 1.349 0 21 0
212 1.653 1.284 0.711 0.236 0.988 0 21 0
213 1.957 1.867 0.736 0.299 1.135 0 21 0
214 1.801 1.562 0.727 0.260 1.065 0 21 0
221 1.808 1.599 0.743 0.266 1.154 0 22 1
222 3.215 4.871 0.890 0.678 2.059 1 22 1
223 3.768 6.665 0.926 0.907 2.537 1 22 1
231 3.620 6.206 0.917 0.849 2.427 1 23 1
232 3.853 6.971 0.927 0.943 2.605 1 23 1
233 3.826 6.885 0.930 0.933 2.609 1 23 1
234 3.105 4.559 0.900 0.640 2.129 1 23 1
235 2.847 4.008 0.842 0.569 1.790 1 23 1
241 1.623 1.294 0.667 0.226 0.881 0 24 0
242 2.652 3.416 0.846 0.492 1.722 0 24 0
243 2.860 3.990 0.876 0.590 1.969 1 24 0
244 1.700 1.508 0.691 0.253 1.000 0 24 0
245 2.410 2.772 0.831 0.413 1.572 0 24 0
246 2.554 3.053 0.865 0.469 1.772 0 24 0
247 2.989 4.371 0.848 0.614 1.857 1 24 0
311 1.584 1.199 0.677 0.215 0.885 0 31 0
312 1.622 1.279 0.684 0.224 0.930 0 31 0
313 1.882 1.731 0.766 0.283 1.259 0 31 0
314 3.117 4.672 0.887 0.659 2.071 1 31 0
315 2.100 2.188 0.750 0.341 1.238 0 31 0
321 1.992 1.936 0.761 0.309 1.243 0 32 1
322 2.769 3.665 0.854 0.525 1.756 1 32 1
323 3.791 6.747 0.925 0.915 2.542 1 32 1
331 3.632 6.261 0.920 0.850 2.459 1 33 1
332 3.334 5.325 0.906 0.740 2.271 1 33 1
333 3.171 4.822 0.897 0.674 2.139 1 33 1
334 2.640 3.432 0.830 0.496 1.666 0 33 1
341 1.850 1.655 0.745 0.272 1.135 0 34 0
342 1.831 1.609 0.729 0.266 1.074 0 34 0
343 1.266 0.817 0.586 0.166 0.649 0 34 0
344 2.884 3.999 0.850 0.567 1.783 1 34 0
345 3.775 6.681 0.927 0.923 2.562 1 34 0
346 2.756 3.761 0.844 0.533 1.750 1 34 0
347 2.083 2.106 0.786 0.330 1.330 0 34 0
411 1.144 0.634 0.563 0.143 0.585 0 41 0
412 1.606 1.477 0.643 0.248 0.886 0 41 0
413 1.836 1.598 0.744 0.265 1.131 0 41 0
414 2.719 3.658 0.830 0.530 1.697 0 41 0

63



Table 35 – (Continued)

CV GE Gini HI Theil Concentrated Specific
3-digit ISCO-88 2-digit ISCO-88
Occupations

419 1.190 0.681 0.567 0.148 0.592 0 41 0
421 2.195 2.374 0.792 0.362 1.385 0 42 0
422 1.424 1.012 0.642 0.191 0.814 0 42 0
512 2.820 3.847 0.831 0.548 1.690 1 51 0
513 3.015 4.361 0.877 0.614 1.954 1 51 0
514 3.409 5.508 0.897 0.756 2.200 1 51 0
516 2.602 3.336 0.817 0.483 1.595 0 51 0
521 3.728 6.507 0.918 0.890 2.445 1 52 1
522 3.477 5.706 0.899 0.783 2.227 1 52 1
523 3.687 6.350 0.925 0.913 2.498 1 52 1
611 3.047 4.564 0.862 0.638 1.936 1 61 1
612 3.651 6.318 0.917 0.862 2.445 1 61 1
613 3.880 7.066 0.929 0.957 2.641 1 61 1
614 3.588 6.058 0.915 0.837 2.385 1 61 1
615 3.726 6.516 0.927 0.907 2.539 1 61 1
711 2.343 2.563 0.826 0.408 1.511 0 71 1
712 3.212 4.880 0.879 0.679 2.018 1 71 1
713 2.826 3.855 0.833 0.549 1.704 1 71 1
714 2.718 3.559 0.848 0.512 1.721 0 71 1
721 2.673 3.402 0.850 0.493 1.710 0 72 0
722 3.261 5.088 0.876 0.704 2.054 1 72 0
723 2.135 2.185 0.784 0.338 1.326 0 72 0
724 1.662 1.325 0.710 0.230 0.990 0 72 0
731 2.778 3.743 0.857 0.533 1.812 1 73 1
732 3.509 5.840 0.913 0.797 2.347 1 73 1
733 3.037 4.454 0.879 0.627 2.015 1 73 1
734 3.335 5.277 0.899 0.728 2.185 1 73 1
741 2.975 4.230 0.887 0.598 2.033 1 74 1
742 3.219 4.982 0.887 0.692 2.095 1 74 1
743 3.187 4.939 0.886 0.687 2.094 1 74 1
744 3.689 6.405 0.926 0.863 2.491 1 74 1
811 3.137 4.741 0.893 0.671 2.130 1 81 1
812 3.843 6.932 0.929 0.936 2.605 1 81 1
813 3.931 7.243 0.935 0.971 2.698 1 81 1
814 3.549 5.978 0.914 0.821 2.386 1 81 1
815 3.482 5.769 0.903 0.790 2.288 1 81 1
816 1.959 1.931 0.753 0.308 1.228 0 81 1
817 3.842 6.926 0.929 0.931 2.593 1 81 1
821 3.624 6.196 0.912 0.843 2.385 1 82 1
822 3.712 6.506 0.924 0.888 2.519 1 82 1
823 3.662 6.350 0.923 0.864 2.502 1 82 1
824 3.340 5.356 0.905 0.749 2.272 1 82 1
825 3.471 5.682 0.906 0.782 2.262 1 82 1
826 3.180 4.963 0.887 0.690 2.129 1 82 1
827 3.483 5.793 0.908 0.795 2.324 1 82 1
828 3.386 5.484 0.895 0.754 2.204 1 82 1
829 2.936 4.117 0.851 0.581 1.804 1 82 1
831 3.321 5.313 0.887 0.730 2.154 1 83 0
832 2.287 2.533 0.765 0.383 1.289 0 83 0
833 1.885 1.714 0.755 0.279 1.168 0 83 0
911 2.906 4.340 0.862 0.606 1.963 1 91 0
912 1.489 1.035 0.640 0.205 0.754 0 91 0
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Table 35 – (Continued)

CV GE Gini HI Theil Concentrated Specific
3-digit ISCO-88 2-digit ISCO-88
Occupations

913 1.342 0.891 0.616 0.175 0.719 0 91 0
914 1.608 1.302 0.666 0.227 0.897 0 91 0
915 1.413 1.022 0.620 0.192 0.759 0 91 0
916 1.720 1.581 0.679 0.265 0.991 0 91 0
921 3.352 5.375 0.889 0.742 2.161 1 92 1
931 2.974 4.307 0.854 0.606 1.864 1 93 0
932 2.796 3.824 0.838 0.546 1.739 1 93 0
933 1.918 1.757 0.766 0.286 1.229 0 93 0

Note: This table offers the assignment of 3-digit ISCO-88 occupations into "Concentrated" and "Not Concentrated" groups.
The assignment is performed in the following manner. For each country and year, we drop occupations which comprise 1
percent of observations in the sample of employed individuals and occupations which have less than 10 percent employment
in the corresponding 2-digit code. We also drop occupation which are coded only at 1- and 2-digit levels. Further, for
each country, year, and occupation, we compute 5 concentration measures (CV, GE, Gini, HI, Theil) for the distribution
of within-occupation share across industries. We average the values of concentration measures across countries and years.
The country- and year-averaged values of the concentration measures are offered in columns 2-6 of this table. Clearly,
the values of concentration measures on average are higher than the values of concentration measures for 2-digit ISCO-88
offered in Table 3. We define dummy variables for each of the concentration measures which are equal to 1 for the values
of the concentration measures that are higher than their medians. We take the average of these dummy variables and
define Concentrated dummy variable which is equal to 1 if the average is greater than 0.5, and to 0 otherwise. Column 7
offers the value of this dummy variable for each occupation. We call an occupation Concentrated if Concentrated dummy
variable is equal to 1, Not Concentrated otherwise. In columns 8 and 9 we offer the corresponding 2-digit ISCO-88 codes
and their assignment into specific and general human capital types from Table 3. These assignments are highly correlated
(ρ = 0.639). Similarly to 2-digit occupations, concentration measures for 3-digit occupations vary a lot across occupations
and much less across countries and years and have very high rank correlations. We perform a similar assignment into
Concentrated group for each country and year. This assignment has almost no year and country variation and is highly
correlated with the assignment offered in this table (ρ = 0.744). Bulgaria, Poland, and Slovenia are excluded from the
sample of countries because we do not have 3-digit ISCO-88 for them.
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Table 40: Correlations Among the Share of Specific Human Capital and Employment Shares in
Industries with high Share of Specific Human Capital Employment

1 2 3

1 The Share of Specific Human Capital
2 Employment Share in P50 Industries 0.6882
3 Employment Share in P70 Industries 0.3967 0.3156
4 Employment Share in P90 Industries 0.7938 0.5899 0.4451

Note: This table offers pairwise correlations among the share of specific human capital and employment shares in industries
where the employment share of specific human capital is higher than its 50th, 70th, and 90th percentile in industries (within
years and countries). Employment Share in P[] Industries is the share of employment in industries where the employment
share of specific human capital is higher than its []th percentile. All correlations are significant at 10% level.

Table 41: Regression Results for the Share of Specific Human Capital and Employment Shares
in Industries with high Share of Specific Human Capital Employment

(1) (2) (3) (4)

Employment Share in P50 Industries 0.351*** 0.621*** 0.334*** 0.621***
(0.060) (0.134) (0.060) (0.139)

Employment Share in P70 Industries 0.022 -0.087 0.023 -0.06
(0.060) (0.142) (0.061) (0.169)

Employment Share in P90 Industries 0.807*** 0.538*** 0.813*** 0.471**
(0.094) (0.156) (0.095) (0.223)

Country Fixed Effects N Y N Y
Year Fixed Effects N N Y Y

Obs. 443 443 443 443
R2 0.707 0.893 0.710 0.896

Note: In regressions reported in this table, the dependent variable is the share of specific human capital. Employment
Share in P[] Industries is the share of employment in industries where the employment share of specific human capital is
higher than its []th percentile. The variation in the data is at country-year level. Regressions are estimated using the OLS
method. Robust standard errors are in parentheses. *** indicates significance at the 1% level, ** at the 5% level, and * at
the 10% level.
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Table 42: Assignment of Occupations (ISCO-88) into Groups Requiring Abstract, Manual, and
Routine Skills

Abstract (A); Specific (1);
Manual (M); General (0)
Routine (R)

Occupations (ISCO-88)

11 A 1
12 A 0
13 A 0
21 A 0
22 A 1
23 A 1
24 A 0
31 A 0
32 A 1
33 A 1
34 A 0
41 R 0
42 R 0
51 M 0
52 M 1
61 M 1
71 M 1
72 M 0
73 R 1
74 R 1
81 R 1
82 R 1
83 M 0
91 R 0
92 M 1
93 M 0

Note: This table offers the assignment of 2-digit ISCO-88 occupations into abstract (A), manual (M), and routine (R)
types. This assignment is performed using the 5 groups of occupations in Table 2 of Autor and Dorn (2013). The third
column identifies specific and general human capital occupations. See Table 3 for the definitions of occupations.

Table 43: Basic Statistics for the Share of Employment in Abstract, Manual, and Routine
Occupations

Obs. Mean SD Min Max

Share of Abstract Occupations 457 0.361 0.058 0.198 0.519
Share of Manual Occupations 457 0.241 0.040 0.129 0.340
Share of Routine Occupations 457 0.378 0.058 0.218 0.538
Share of Specific Human Capital 457 0.353 0.058 0.222 0.581

Note: This table offers the basic statistics for the shares of employment in occupations requiring abstract, manual, and
routine skills out of total employment. It also offers basic statistics for the share of specific human capital. The variation
in the data is at country-year level. See Table 42 for the assignment of occupations into abstract, manual, and routine
occupations and into specific and general human capital types.
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Table 44: Correlations Among the Shares of Employment in Abstract, Manual, and Routine
Occupations and the Share of Specific Human Capital

Within and Between Years Between Years
1 2 3 1 2 3

1 Share of Abstract Occupations
2 Share of Manual Occupations -0.457* -0.946*
3 Share of Routine Occupations -0.696* -0.137* -0.638* 0.683*
4 Share of Specific Human Capital -0.651* 0.014 0.789* -0.912* 0.921* 0.863*

Note: This table offers pairwise correlations among the shares of employment in occupations requiring abstract, manual,
and routine skills and the share of specific human capital. In the first panel, variation in the data is at country-year level,
and the number of observations is 457. In the second panel, we take country averages. The variation in the data is at year
level, and the number of observations is 19. * indicates significance at the 1% level. See Table 42 for the assignment of
occupations into abstract, manual, and routine occupations and into specific and general human capital types.

Table 45: Assignment of Occupations (ISCO-88) into High-paying, Middling, and Low-paying

High-paying (H); Specific (1);
Middling (M); General (0)

Low-paying (L)
Occupations (ISCO-88)

11 1
12 H 0
13 H 0
21 H 0
22 H 1
23 1
24 H 0
31 H 0
32 H 1
33 1
34 H 0
41 M 0
42 M 0
51 L 0
52 L 1
61 1
71 M 1
72 M 0
73 M 1
74 M 1
81 M 1
82 M 1
83 M 0
91 L 0
92 1
93 L 0

Note: This table offers the correspondence between High-paying (H), Middling (M), and Low-paying (L) 2-digit ISCO-
88 occupations and specific and general human capital occupations. The assignment of occupations into High-paying,
Middling, and Low-paying is based on Table 1 of Goos et al. (2014). Some of the cells of column 2 are left blanc because
Goos et al. (2014) drop these occupations. The third column identifies specific and general human capital occupations. See
Table 3 for the definitions of occupations.
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Table 46: Basic Statistics for the Share of Employment in High-paying, Middling, and Low-
paying Occupations

Obs. Mean SD Min Max

Share of High-paying Occupations 457 0.255 0.046 0.113 0.353
Share of Middling Occupations 457 0.195 0.034 0.133 0.291
Share of Low-paying Occupations 457 0.311 0.045 0.198 0.408

Note: This table offers the basic statistics for the share of High-paying, Middling, and Low-paying occupations in total
employment. See Table 43 for the basic statistics of the share of specific human capital. The variation is at country-year
level. See Table 45 for the assignment of occupations into High-paying, Middling, and Low-paying.

Table 47: Correlations Among the Shares of Employment in High-paying, Middling, and Low-
paying Occupations and the Share of Specific Human Capital

Within and Between Years Between Years
1 2 3 1 2 3

1 Share of High-paying Occupations
2 Share of Middling Occupations -0.1014 0.8876*
3 Share of Low-paying Occupations -0.4985* -0.2675* -0.8605* -0.8787*
4 Share of Specific Human Capital -0.6604* -0.1745* 0.3595* -0.8999* -0.8642* 0.9580*

Note: This table offers pairwise correlations among the shares of High-paying, Middling, and Low-paying occupations out
of total employment and the share of specific human capital. In the first panel, variation in the data is at country-year level,
and the number of observations is 457. In the second panel, we take country averages. The variation in the data is at year
level, and the number of observations is 19. * indicates significance at the 1% level. See Table 45 for the correspondence
between High-paying, Middling, and Low-paying occupations and specific and general human capital occupations.
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Data Appendix - Figures

Figure 6: The Average Employment Share of Concentrated 1-digit ISCO-88 Occupations in
Sample Countries
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Note: This figure offers country-averaged value of the share of Concentrated 1-digit ISCO-88 occupations. See Table 33
for the assignment of occupations into Concentrated and Not Concentrated groups. The coefficient in front of time trend
t is highly significant and negative in regressions of a form Share of Concentrated 1-digit Occupationsc,t = α+ βt+ ηc,t.
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Figure 7: The Average Employment Share of Concentrated 3-digit ISCO-88 Occupations in
Sample Countries
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Note: This figure offers country-averaged value of the share of Concentrated 3-digit ISCO-88 occupations. See Table 35
for the assignment of occupations into Concentrated and Not Concentrated groups. The coefficient in front of time trend
t is highly significant and negative in regressions of a form Share of Concentrated 3-digit Occupationsc,t = α + βt + ηc,t.
Bulgaria, Poland, and Slovenia are excluded from the sample of countries because we do not have 3-digit ISCO-88 for them.
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Figure 9: The Average Smoothed Employment Share of Specific Human Capital in Sample
Countries
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Note: This figure offers country-averaged value of the smoothed share of specific human capital. See Table 37 for the
assignment of occupations into specific and general human capital types using smoothed shares. The coefficient in front
of time trend t is highly significant and negative in regressions of a form Smoothed Share of Specific Human Capitalc,t =
α+ βt+ ηc,t.
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Figure 10: The Average Employment Shares in Abstract, Manual, and Routine Occupations in
Sample Countries
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Note: This figure offers the shares of employment in occupations requiring abstract, manual, and routine skills averaged
over the sample countries. It also offers the share of specific human capital averaged over the sample countries. See Table
42 for the assignment of occupations into abstract-, manual-, and routine-skills occupations and into specific and general
human capital types.
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Figure 11: The Average Employment Shares in High-paying, Middling, and Low-paying Occu-
pations in Sample Countries
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Note: This figure offers the shares of employment in High-paying, Middling, and Low-paying occupations averaged over
the sample countries. It also offers the share of specific human capital averaged over the sample countries. See Table 45
for the assignment of occupations into High-paying, Middling, and Low-paying groups and into specific and general human
capital types.
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Proofs Appendix

Proof of Proposition 1: We use F1 () to denote

F1 (ugh, Hg, Ym) = (ugh)
1− ε2−1

ε2 (1− ugh)
ε1−1
ε1

γ4−1 − E

[(
λYh
λYl

) ε1−1
ε1

]
γ2

γ4

γ1

1− γ1

× (Hg)
ε2−1
ε2
− ε1−1

ε1
γ4

[
γ2 (ughHg)

ε2−1
ε2 + (1− γ2)Y

ε2−1
ε2

m

] ε2
ε2−1

ε1−1
ε1
−1

.

According to (17) we have that F1 (ugh, Hg, Ym) ≡ 0, and the partial derivatives of
F1 (ugh, Hg, Ym) are given by

∂F1 (ugh, Hg, Ym)

∂ugh
=

1

ugh
(ugh)

1− ε2−1
ε2 (1− ugh)

ε1−1
ε1

γ4−1

×
[
1− ε1 − 1

ε1

+

(
ε1 − 1

ε1

− ε2 − 1

ε2

)
ωYhYm +

(
1− ε1 − 1

ε1

γ4

)
ugh

1− ugh

]
,

∂F1 (ugh, Hg, Ym)

∂Hg

= − 1

Hg

(ugh)
1− ε2−1

ε2 (1− ugh)
ε1−1
ε1

γ4−1

×
[
−
(
ε1 − 1

ε1

− ε2 − 1

ε2

)
ωYhYm +

ε1 − 1

ε1

(1− γ4)

]
,

∂F1 (ugh, Hg, Ym)

∂Ym
= − 1

Ym
(ugh)

1− ε2−1
ε2 (1− ugh)

ε1−1
ε1

γ4−1

(
ε1 − 1

ε1

− ε2 − 1

ε2

)
ωYhYm .

Therefore, using the Implicit Function theorem we have that

∂ugh
∂Hg

=
ugh
Hg

−
(
ε1−1
ε1
− ε2−1

ε2

)
ωYhYm + ε1−1

ε1
(1− γ4)

1− ε1−1
ε1

+
(
ε1−1
ε1
− ε2−1

ε2

)
ωYhYm +

(
1− ε1−1

ε1
γ4

)
ugh

1−ugh

,

∂ugh
∂Ym

=
ugh
Ym

(
ε1−1
ε1
− ε2−1

ε2

)
ωYhYm

1− ε1−1
ε1

+
(
ε1−1
ε1
− ε2−1

ε2

)
ωYhYm +

(
1− ε1−1

ε1
γ4

)
ugh

1−ugh

.

Multiplying the denominators and numerators of these expressions by ε1ε2 gives

∂ugh
∂Hg

=
ugh
Hg

− (ε1 − ε2)ωYhYm + ε2 (ε1 − 1) (1− γ4)

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

, (25)

∂ugh
∂Ym

=
ugh
Ym

(ε1 − ε2)ωYhYm

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

, (26)

∂ugh
∂Hs

=
(
1− ωYmK

) Ym
Hs

∂ugh
∂Ym

. (27)

The denominator in (25) and (26) is positive. This can be easily checked noticing that the
denominator increases with ε1 and is positive for the limiting value ε1 = 0. Therefore, ugh
increases (declines) with Ym if ε1 > ε2 (ε2 > ε1). This implies that ugh increases (declines)
with K and Hs if ε1 > ε2 (ε2 > ε1) since Ym increases with these inputs. In turn, ugh
increases (declines) with Hg if the numerator in (25) is positive (negative). It is sufficient
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to have ε2 > ε1 > 1 in order the numerator to be positive and 1 > ε1 > ε2 in order it
to be negative. Moreover, if γ4 = 1 then the numerator is positive (negative) if ε2 > ε1

(ε1 > ε2).
The ratio Yh/Yl increases with K. To show this we note that Ym increases with K

and evaluate the sign of the following partial derivative.

∂

∂Ym

Yh
Yl

=
Yl

∂Yh
∂Ym
− Yh ∂Yl

∂Ym

(Yl)
2 .

The sign of the numerator in this expression is the same as the sign of(
1− ωYhYm

) 1

ugh

∂ugh
∂Ym

+ ωYhYm
1

Ym
+ γ4

ugh
1− ugh

1

ugh

∂ugh
∂Ym

.

We denote
d = ε1 (1− ugh) + ε2 [ε1 − (ε1 − 1) γ4]ugh + (ε1 − ε2) γ4u

g
h.

Using the expression for ∂ugh/∂Ym it can be shown that d has the same sign as the partial
derivative of Yh/Yl with respect to Ym. It can be easily shown that d increases with ε1

and is equal to zero when ε1 = 0. Therefore, Yh/Yl increases with K.
In Appendix - Numerical Exercises we confirm these results with numerical exercises

where we use (16) instead of (17).

Proof of Proposition 2: For brevity, we use Λ and F2 () to denote

Λ = E
[
(λYh/λYl)

ε1−1
ε1

]
= exp

(
ε1 − 1

ε1

(µzh − µzl) +
1

2

(
ε1 − 1

ε1

)2 (
σ2
zh

+ σ2
zl

))
,

and

F2 (ugh,Λ) = (ugh)
1− ε2−1

ε2 (1− ugh)
ε1−1
ε1

γ4−1 − γ2

γ4

γ1

1− γ1

(Hg)
ε2−1
ε2
− ε1−1

ε1
γ4

×
[
γ2 (ughHg)

ε2−1
ε2 + (1− γ2)Y

ε2−1
ε2

m

] ε2
ε2−1

ε1−1
ε1
−1

Λ.

The partial derivatives of F2 (ugh,Λ) are given by

∂F2 (ugh,Λ)

∂ugh
=

∂

∂ugh
F1 (ugh, Hg, Ym) ,

∂F2 (ugh,Λ)

∂Λ
= − (ugh)

1− ε2−1
ε2 (1− ugh)

ε1−1
ε1

γ4−1 1

Λ
.

Therefore,
∂ugh
∂Λ

=
ugh
Λ

ε1ε2

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

. (28)

This implies that ugh increases with Λ. Therefore, ugh increases with µzh and declines with
µzl when h- and l-goods are gross substitutes (ε1 > 1). It declines with µzh and increases
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with µzl when h- and l-goods are gross complements (1 > ε1). Clearly, it also increases
with σzh when ε1 > 1 and with σzl when 1 > ε1.

In Appendix - Numerical Exercises we confirm these results with numerical exercises
where we use (16) instead of (17). However, according to our numerical results ugh does
not increase with σzl when ε1 > 1 and with σzh when 1 > ε1 if we use (16) instead of
(17).

Proof of Proposition 3: Consider the derivative of the relative (inverse) demand for
general human capital (18) with respect to K. It is given by

∂w̃g
∂K

=
γ2

1− γ2

(
1

ughHg

) 1
ε2

(
1

Ym

) ε2−1
ε2

Hs
∂

∂K

1

1− ωYmK

+
γ2

1− γ2

1

1− ωYmK

(
1

Ym

) ε2−1
ε2

Hs
∂

∂K

(
1

ughHg

) 1
ε2

+
γ2

1− γ2

1

1− ωYmK

(
1

ughHg

) 1
ε2

Hs
∂

∂K

(
1

Ym

) ε2−1
ε2

,

where

∂

∂K

1

1− ωYmK
=
ε3 − 1

ε3

ωYmK
1− ωYmK

1

K
,

∂

∂K

(
1

ughHg

) 1
ε2

= − 1

ε2

(
1

ughHg

) 1
ε2 1

ugh
ωYmK

Ym
K

∂ugh
∂Ym

,

∂

∂K

(
1

Ym

) ε2−1
ε2

= −ε2 − 1

ε2

(
1

Ym

) ε2−1
ε2 1

Ym
ωYmK

Ym
K
.

Therefore,

∂w̃g
∂K

= w̃gω
Ym
K

1

K

[
ε3 − 1

ε3

− 1

ε2

1

ugh
Ym

∂ugh
∂Ym

− ε2 − 1

ε2

]
(29)

= w̃gω
Ym
K

1

K

{
ε3 − 1

ε3

− ε2 − 1

ε2

− 1

ε2

(ε1 − ε2)ωYhYm

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

 .

A sufficient condition to have ∂w̃g/∂K > 0 then is

ε3 > 1 ≥ ε2 > ε1.

A sufficient condition to have ∂w̃g/∂K < 0 is

ε1 > ε2 ≥ 1 > ε3.

Clearly, when ε2 = 1, ∂w̃g/∂K > 0 if and only if ε3 > 1 > ε1.
The derivative of the demand function with respect to Hg is given by

∂w̃g
∂Hg

=
γ2

1− γ2

1

1− ωYmK

(
1

Ym

) ε2−1
ε2

Hs
∂

∂Hg

(
1

ughHg

) 1
ε2

, (30)
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where

∂

∂Hg

(
1

ughHg

) 1
ε2

= − 1

ε2

(
1

ughHg

) 1
ε2 1

Hg

×

ε2 + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh
+ ε2 (ε1 − 1) (1− γ4)

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

 .

Clearly,

∂

∂Hg

(
1

ughHg

) 1
ε2

< 0,

which implies that
∂w̃g
∂Hg

< 0.

The derivative of the demand function with respect to Hs is given by

∂w̃g
∂Hs

= w̃g
1

Hs

+
γ2

1− γ2

(
1

ughHg

) 1
ε2

(
1

Ym

) ε2−1
ε2

Hs
∂

∂Hs

1

1− ωYmK

+
γ2

1− γ2

1

1− ωYmK

(
1

Ym

) ε2−1
ε2

Hs
∂

∂Hs

(
1

ughHg

) 1
ε2

+
γ2

1− γ2

1

1− ωYmK

(
1

ughHg

) 1
ε2

Hs
∂

∂Hs

(
1

Ym

) ε2−1
ε2

,

where

∂

∂Hs

1

1− ωYmK
= −ε3 − 1

ε3

ωYmK
1− ωYmK

1

Hs

,

∂

∂Hs

(
1

ughHg

) 1
ε2

= − 1

ε2

(
1

ughHg

) 1
ε2 1

ugh

(
1− ωYmK

) Ym
Hs

∂ugh
∂Ym

,

∂

∂Hs

(
1

Ym

) ε2−1
ε2

= −ε2 − 1

ε2

(
1

Ym

) ε2−1
ε2 1

Ym

(
1− ωYmK

) Ym
Hs

.

Therefore,

∂w̃g
∂Hs

= w̃g
1

Hs

[
1− ε3 − 1

ε3

ωYmK −
1

ε2

(
1− ωYmK

) Ym
ugh

∂ugh
∂Ym

− ε2 − 1

ε2

(
1− ωYmK

)]
(31)

= w̃g
1

Hs

{
1− ε3 − 1

ε3

ωYmK −
ε2 − 1

ε2

(
1− ωYmK

)
− 1

ε2

(
1− ωYmK

)
×

(ε1 − ε2)ωYhYm (1− ugh)
ε2 (1− ugh) + (ε1 − ε2)ωYhYm (1− ugh) + ε2 [ε1 − (ε1 − 1) γ4]ugh

}
.

This expression declines as the term (ε3 − 1) /ε3 increases. Clearly, (ε3 − 1) /ε3 increases
with ε3 and tends to 1 as ε3 tends to +∞. Therefore,

∂w̃g
∂Hs

>
∂w̃g
∂Hs

∣∣∣∣
ε3=+∞

.
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We take the maximum of ε3 to obtain

∂w̃g
∂Hs

∣∣∣∣
ε3=+∞

= w̃g
1

Hs

(
1− ωYmK

)
× 1

(1− ugh)
1 + (ε1 − 1) (1− γ4)ugh

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

.

This is positive, which means that
∂w̃g
∂Hs

> 0.

In Appendix - Numerical Exercises we confirm these results with numerical exercises
where we use (16) instead of (17).

Proof of Proposition 4: We use µx and σ2
x to denote the mean and variance of a

variable x. Since the shocks {λ} are log-normal their means, variances, and coefficients
of variation are given by

µλ = exp

(
µz +

1

2
σ2
z

)
,

σ2
λ =

(
exp

(
σ2
z

)
− 1
)
µ2
z,

σλ
µλ

=
(
exp

(
σ2
z

)
− 1
) 1

2 .

To prove the proposition we rewrite (2) in the following manner

Y
ε1−1
ε1 = γ1

(
Yh
λh

) ε1−1
ε1

λ
ε1−1
ε1

Y λ
ε1−1
ε1

h + (1− γ1)

(
Yl
λl

) ε1−1
ε1

λ
ε1−1
ε1

Y λ
ε1−1
ε1

l .

This implies that the variance of Y
ε1−1
ε1 is given by

V
[
Y

ε1−1
ε1

]
=

[
γ1

(
Yh
λh

) ε1−1
ε1

]2

×

(
E
[
λ

ε1−1
ε1

h

]2

V

[
λ

ε1−1
ε1

Y

]
+ V

[
λ

ε1−1
ε1

h

]
E
[
λ

ε1−1
ε1

Y

]2

+ V

[
λ

ε1−1
ε1

h

]
V

[
λ

ε1−1
ε1

Y

])

+

[
(1− γ1)

(
Yl
λl

) ε1−1
ε1

]2

×

(
E
[
λ

ε1−1
ε1

l

]2

V

[
λ

ε1−1
ε1

Y

]
+ V

[
λ

ε1−1
ε1

l

]
E
[
λ

ε1−1
ε1

Y

]2

+ V

[
λ

ε1−1
ε1

l

]
V

[
λ

ε1−1
ε1

Y

])

+ 2

[
γ1

(
Yh
λh

) ε1−1
ε1

][
(1− γ1)

(
Yl
λl

) ε1−1
ε1

]
E
[
λ

ε1−1
ε1

h

]
E
[
λ

ε1−1
ε1

l

]
V

[
λ

ε1−1
ε1

Y

]
.

Further, we use the Delta Method to obtain the variance of f (x) = x
ε1−1
ε1 . It is given

by

V
[
x

ε1−1
ε1

]
=

[(
ε1 − 1

ε1

)
E [x]

−1
ε1

]2

V [x] .
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Therefore, the variance of final output can be rewritten as

V [Y ] =
[
E [Y ]

1
ε1

]2
[
γ1

(
Yh
λh

) ε1−1
ε1

]2(
E
[
λ

ε1−1
ε1

Y

]2

+ V

[
λ

ε1−1
ε1

Y

])[
E [λh]

−1
ε1

]2

V [λh]

+
[
E [Y ]

1
ε1

]2
[

(1− γ1)

(
Yl
λl

) ε1−1
ε1

]2(
E
[
λ

ε1−1
ε1

Y

]2

+ V

[
λ

ε1−1
ε1

Y

])[
E [λl]

−1
ε1

]2

V [λl]

+
[
E [Y ]

1
ε1

]2
[[
γ1

(
Yh
λh

) ε1−1
ε1

]
E
[
λ

ε1−1
ε1

h

]
+

[
(1− γ1)

(
Yl
λl

) ε1−1
ε1

]
E
[
λ

ε1−1
ε1

l

]]2

×
[
E [λY ]

−1
ε1

]2

V [λY ] .

We use Ψ1 and Ψ2 to denote

Ψ1 =
[
E [Y ]

1
ε1

]2
(
E
[
λ

ε1−1
ε1

Y

]2

+ V

[
λ

ε1−1
ε1

Y

])
,

Ψ2 =

[
E [Y ]

E [λY ]

] 2
ε1

[[
γ1

(
Yh
λh

) ε1−1
ε1

]
E
[
λ

ε1−1
ε1

h

]
+

[
(1− γ1)

(
Yl
λl

) ε1−1
ε1

]
E
[
λ

ε1−1
ε1

l

]]2

V [λY ]

=

[
E [Y ]

E [λY ]

] 2
ε1

[
γ1E

[
Y

ε1−1
ε1

h

]
+ (1− γ1)E

[
Y

ε1−1
ε1

l

]]2

V [λY ] .

Finally, we rewrite the variance of final output as

σ2
Y = Ψ1

{[
γ1µ

ε1−1
ε1

Yh

]2(
σλh
µλh

)2

+

[
(1− γ1)µ

ε1−1
ε1

Yl

]2(
σλl
µλl

)2
}

+ Ψ2. (32)

In order to prove the proposition we consider how µYh and µYl change under the variation
in Hg or Hs which keeps µY constant. It is clear that µYh and µYl move in opposite
directions under such a variation.

The derivatives of µYh and µYl with respect to Hg and Hs are given by

dµYh
dHg

= µYh

(
1− ωYhYm

)( 1

ugh

∂ugh
∂Hg

+
1

Hg

)
, (33)

dµYh
dHs

= µYh

[(
1− ωYhYm

) 1

ugh

∂ugh
∂Hs

+ ωYhYm
(
1− ωYmK

) 1

Hs

]
, (34)

and

dµYl
dHg

= µYlγ4

(
1

Hg

− 1

1− ugl
∂ugh
∂Hg

)
, (35)

dµYl
dHs

= −µYlγ4
1

1− ugl
∂ugh
∂Hs

. (36)

The following two remarks follow from these derivatives without imposing the condi-
tion that expected output stays constant. The derivatives with respect to Hg imply that
µYl and µYh increase with Hg unless the corner case ε2 = 0 holds. When ε2 = 0, µYl
increases with Hg but µYh does not depend on it because Hs and Hg are complements.
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Therefore, in case when ε2 = 0 and 1 > ε1 (ε1 > 1) the contribution of σ2
zl

(or σ2
λl

) to σ2
Y

relative to the contribution of σ2
zh

(or σ2
λh

) declines (increases) with Hg. The derivatives
with respect to Hs imply that µYh increases with Hs but µYl declines with it when, for
example, ε1 > ε2. Therefore, in case when ε1 > ε2 and 1 > ε1 (ε1 > 1) the contribution
of σ2

zl
(or σ2

λl
) to σ2

Y relative to the contribution of σ2
zh

(or σ2
λh

) increases (declines) with
Hs.

The partial derivatives of µY with respect to µYh and µYl are given by

∂µY
∂µYh

=
µY
µYh

ω̂YYh , (37)

∂µY
∂µYl

=
µY
µYl

(
1− ω̂YYh

)
, (38)

where we use ω̂YYh to denote

ω̂YYh =
E
[
ωYYhY

]
E [Y ]

. (39)

In order the expected output to stay constant, we have to have that

∂µY
∂Hg

dHg +
∂µY
∂Hs

dHs = 0. (40)

Using the above expressions this condition can be rewritten as

0 =

{[
ω̂YYh

(
1− ωYhYm

)
− γ4

(
1− ω̂YYh

) ugl
1− ugl

]
Hg

ugh

∂ugh
∂Hg

+
[
γ4

(
1− ω̂YYh

)
+ ω̂YYh

(
1− ωYhYm

)]} 1

Hg

dHg

+

{[
ω̂YYh

(
1− ωYhYm

)
−
(
1− ω̂YYh

)
γ4

ugh
1− ugl

]
Hs

ugh

∂ugh
∂Hs

+ω̂YYhω
Yh
Ym

(
1− ωYmK

)} 1

Hs

dHs.

Further, we plug for ∂ugh/∂Hg and ∂ugh/∂Ym from (25) and (26) to obtain

1

Hg

dHg = − 1

Hs

dHs (41)

×
ωYhYm

(
1− ωYmK

) {
ω̂YYhε1 +

[
ω̂YYhε1 (ε2 − 1) (1− γ4)− (ε1 − ε2) γ4

]
ugh
}

ω̂YYh

(
1− ωYhYm

)
ε2ε1 (1− γ4) + γ4

(
1− ω̂YYh

)
ωYhYmε1 + γ4

(
1− ωYhYm

)
ε2

.

Given that all production functions are increasing in factor inputs we need to have that

ω̂YYhε1 +
[
ω̂YYhε1 (ε2 − 1) (1− γ4)− (ε1 − ε2) γ4

]
ugh > 0, (42)

so that dHg and dHs have different signs.
The total variation of the mean of Yh is given by

1

µYh
dµYh =

(
1− ωYhYm

) 1

ugh
dugh +

(
1− ωYhYm

) 1

Hg

dHg + ωYhYm
(
1− ωYmK

) 1

Hs

dHs. (43)
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Clearly, according to (40) this is positive (negative) if the total variation of µYl ,

1

µYl
dµYl = γ4

(
1

Hg

dHg −
1

1− ugl
dugh

)
, (44)

is negative (positive).
Using (25)-(27), (41), (44) and the total variation of ugh,

dugh =
∂ugh
∂Hg

dHg +
∂ugh
∂Hs

dHs,

it can be shown that

1

γ4

1

µYl
dµYl

1
1
Hs
dHs

= − 1

1− ugl

ε2 + (ε1 − ε2)ωYhYm

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

×
ωYhYm

(
1− ωYmK

) {
ω̂YYhε1 +

[
ω̂YYhε1 (ε2 − 1) (1− γ4)− (ε1 − ε2) γ4

]
ugh
}

ω̂YYh

(
1− ωYhYm

)
ε2ε1 (1− γ4) + γ4

(
1− ω̂YYh

)
ωYhYmε1 + γ4ε2

(
1− ωYhYm

)
− ugh

1− ugl

(
1− ωYmK

)
ωYhYm (ε1 − ε2)

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

.

The sign of this expression is equivalent to the sign of the following sum

−
{
ε1ω

Yh
Ym

(1− ugh) + ε2

[
1 + ugh (ε1 − 1) (1− γ4)− ωYhYm (1− ugh)

]}
.

It turns out that the interior of the curly brackets is exactly the denominator in (25).
Therefore,

dµYl
dHs

< 0,

and higher Hs reduces µYl and increases µYh . This implies that when 1 > ε1 (ε1 > 1)
higherHs reduces (increases) the contribution of σ2

zh
(or σ2

λh
) to σ2

Y and increases (reduces)
the contribution of σ2

zl
(or σ2

λl
) to σ2

Y .24

Consider two countries which produce the same expected output but have different
amounts of Hs and Hg. This result means that if 1 > ε1 (ε1 > 1) in the country where
Hs is higher the volatility of final output because of shocks to h-sector is lower (higher).
In turn, the volatility of final output because of shocks to l-sector is higher (lower).

This result also implies that in the country where Hs is higher the volatility of final
output is higher, for example, if either 1 > ε1 and σ2

λl
> σ2

λh
= σ2

λ = 0 or ε1 > 1 and
σ2
λh
> σ2

λl
= σ2

λ = 0. It is lower, for example, if either 1 > ε1 and σ2
λh
> σ2

λl
= σ2

λ = 0 or
ε1 > 1 and σ2

λl
> σ2

λh
= σ2

λ = 0.25

24This result does not hold in the corner case when ε1 = 0. In that case, dµYl
/dHs = 0.

25These corner cases can be generalized, and the following is also true. In the country where Hs is higher
the volatility of final output is higher, for example, if either 1 > ε1 and σ2

λl
>> σ2

λh
and σ2

λl
>> σ2

λ or

ε1 > 1 and σ2
λh

>> σ2
λl

and σ2
λh

>> σ2
λ. It is lower, for example, if either 1 > ε1 and σ2

λh
>> σ2

λl
and

σ2
λh
>> σ2

λ or ε1 > 1 and σ2
λl
>> σ2

λh
and σ2

λl
>> σ2

λ.
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In these exercises we consider variations of Hg and Hs which keep E [Y ] constant.

According to the expression for Ψ2, the condition that σ2
λ = 0 can be dropped if E

[
Y

ε1−1
ε1

]
also stays constant or changes very marginally.

In Appendix - Numerical Exercises we confirm these results with numerical exer-
cises where we use (16) instead of (17). Moreover, our numerical exercises suggest that

E
[
Y

ε1−1
ε1

]
changes very little with the variations of Hg and Hs which keep E [Y ] constant.

Proof of Corollary 2: To prove the corollary, we denote

ω̃YYh =
γ1µ

ε1−1
ε1

Yh

γ1µ
ε1−1
ε1

Yh
+ (1− γ1)µ

ε1−1
ε1

Yl

. (45)

For a real number x inequalities ωYYh > x and ωYYh < x imply ω̃YYh > x and ω̃YYh < x,
respectively. The multiplier of the coefficient of variation of λh is higher than the the
multiplier of the coefficient of variation of λl if ω̃YYh > 1/2. Moreover, ω̃YYh increases with

γ1µ
ε1−1
ε1

Yh
and declines with (1− γ1)µ

ε1−1
ε1

Yl
.

Suppose now that σ2
λ = 0 and let ε1 > 1 and

σ2
zh
> σ2

zl
, (46)

i.e., σλh/µλh > σλl/µλl . Further, suppose that the share of expected Yh is higher than or
equal to the share of expected Yl:

ω̃YYh ≥
1

2
. (47)

In such a case, the volatility of final output is higher in the country where Hs higher.
The volatility of final output is also higher in case when 1 > ε1 and the inverses of (46)
and (47) hold.

If

(1− γ1)µ
ε1−1
ε1

Yl
≥ γ1µ

ε1−1
ε1

Yh
,

and 1 > ε1 and σλl > σλh (equivalently σzl > σzh) then, again, the volatility of final
output is higher in the country where Hs higher.

In these exercises we consider variations of Hg and Hs which keep E [Y ] constant.

According to the expression for Ψ2, the condition that σ2
λ = 0 can be dropped if E

[
Y

ε1−1
ε1

]
also stays constant or changes very marginally.

In Appendix - Numerical Exercises we confirm these results with numerical exer-
cises where we use (16) instead of (17). Moreover, our numerical exercises suggest that

E
[
Y

ε1−1
ε1

]
changes very little with the variations of Hg and Hs which keep E [Y ] constant.

Proof of Propositions 5: First, we consider the case when σ2
zh
> σ2

zl
= σ2

zY
= 0 so

that σ2
λh
> σ2

λl
= σ2

λY
= 0. The standard deviation of final output in this case is given by

σY = E
[
λ

ε1−1
ε1

Y

]
γ1
σλh
µλh

µ
1
ε1
Y µ

ε1−1
ε1

Yh
.
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Therefore, its partial derivatives with respect to Hs and Hg are given by

∂σY
∂Hg

= σY

[(
1− ω̂YYh

) 1

ε1

1

µYl

(
∂µYl
∂Hg

− µYl
µYh

∂µYh
∂Hg

)
+

1

µYh

∂µYh
∂Hg

]
,

∂σY
∂Hs

= σY

[(
1− ω̂YYh

) 1

ε1

1

µYl

(
∂µYl
∂Hs

− µYl
µYh

∂µYh
∂Hs

)
+

1

µYh

∂µYh
∂Hs

]
.

The ratio of the partial derivatives is given by

∂σY
∂Hg

∂σY
∂Hs

=

(
1− ω̂YYh

)
1
ε1

1
µYl

(
µYh

∂µYl
∂Hg
− µYl

∂µYh
∂Hg

)
+

∂µYh
∂Hg(

1− ω̂YYh
)

1
ε1

1
µYl

(
µYh

∂µYl
∂Hs
− µYl

∂µYh
∂Hs

)
+

∂µYh
∂Hs

, (48)

Using (33)-(36), this ratio can be rewritten as

∂σY
∂Hg

∂σY
∂Hs

=

{(
1− ω̂YYh

) [
γ4

(
1

Hg

− 1

1− ugh
∂ugh
∂Hg

)
−
(

1− ωYhYm
)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)]
+ε1

(
1− ωYhYm

)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)}
×
(
−
(
1− ω̂YYh

){
γ4

1

1− ugh
∂ugh
∂Hs

+

[
ωYhYm

(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

]}
+ε1

[
ωYhYm

(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

])−1

,

where

1

Hg

+
1

ugh

∂ugh
∂Hg

=
1

Hg

ε2 [(ε1 − 1) (1− γ4) + 1]

1− ugh
(49)

× 1

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

,

1

Hg

− 1

1− ugh
∂ugh
∂Hg

=
1

Hg

1

1− ugh
(50)

×
ε2 + (ε1 − ε2)ωYhYm

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

,

ωYhYm
(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

(51)

=
1

Hs

(
1− ωYmK

)
ωYhYm

ε1 + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

,

γ4

(
1

Hg

− 1

1− ugh
∂ugh
∂Hg

)
−
(

1− ωYhYm
)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)
(52)

=
1

Hg

1

1− ugh

[
ε2 + (ε1 − ε2)ωYhYm

]
γ4 −

(
1− ωYhYm

)
ε2 [(ε1 − 1) (1− γ4) + 1]

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

.
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Plugging these expressions back into the ratio of the partial derivatives of standard de-
viations gives the following expression.

∂σY
∂Hg

∂σY
∂Hs

=
Hs

Hg

1(
1− ωYmK

)
ωYhYm
×((

1− ω̂YYh
){

γ4

[
ε2 + (ε1 − ε2)ωYhYm

]
−
(

1− ωYhYm
)
ε2 [(ε1 − 1) (1− γ4) + 1]

}
+ε1

(
1− ωYhYm

)
ε2 [(ε1 − 1) (1− γ4) + 1]

)
×
(
−
(
1− ω̂YYh

)
{ε1 (1− ugh) + γ4 (ε1 − ε2)ugh + ε2 [ε1 − (ε1 − 1) γ4]ugh}

+ε1 {ε1 (1− ugh) + ε2 [ε1 − (ε1 − 1) γ4]ugh})
−1 .

Let for example ε1 = ε2 = γ4 = 1. In such a case, the ratio of the partial derivatives is
given by

∂σY
∂Hg

∂σY
∂Hs

=
Hs

Hg

1

1− ωYmK

1− γ1 (1− γ2)

γ1 (1− γ2)
.

This can be greater or lower than 1 depending on parameter values, which implies that, in

general, ∂σY
∂Hg

/∂σY
∂Hs

[as well as the ratio of elasticities
(
∂σY
∂Hg

Hg

)
/
(
∂σY
∂Hs

Hs

)
] can be greater

or lower than 1.
In case when σ2

zl
> σ2

zh
= σ2

zY
= 0 (so that σ2

λl
> σ2

λh
= σ2

λY
= 0), the standard

deviation of final output is given by

σY = E
[
λ

ε1−1
ε1

Y

]
(1− γ1)

σλl
µλl

µ
1
ε1
Y µ

ε1−1
ε1

Yl
.

Therefore, the partial derivatives of the standard deviation of final output are given by

∂σY
∂Hg

= σY

[
1

ε1

ω̂YYh
1

µYh

(
∂µYh
∂Hg

− µYh
µYl

∂µYl
∂Hg

)
+

1

µYl

∂µYl
∂Hg

]
,

∂σY
∂Hs

= σY

[
1

ε1

ω̂YYh
1

µYh

(
∂µYh
∂Hs

− µYh
µYl

∂µYl
∂Hs

)
+

1

µYl

∂µYl
∂Hs

]
.

The ratio of the partial derivatives is given by

∂σY
∂Hg

∂σY
∂Hs

=

1
ε1
ω̂YYh

1
µYh

(
µYl

∂µYh
∂Hg
− µYh

∂µYl
∂Hg

)
+

∂µYl
∂Hg

1
ε1
ω̂YYh

1
µYh

(
µYl

∂µYh
∂Hs
− µYh

∂µYl
∂Hs

)
+

∂µYl
∂Hs

, (53)

where the partial derivatives of µYh and µYl are given by (33)-(36). This implies that the
above ratio can be rewritten as

∂σY
∂Hg

∂σY
∂Hs

=
ω̂YYh

1
ε1

(
1− ωYhYm

)(
1
ugh

∂ugh
∂Hg

+ 1
Hg

)
+
(

1− ω̂YYh
1
ε1

)
γ4

(
1
Hg
− 1

1−ugl
∂ugh
∂Hg

)
ω̂YYh

1
ε1

[(
1− ωYhYm

)
1
ugh

∂ugh
∂Hs

+ ωYhYm
(
1− ωYmK

)
1
Hs

]
−
(

1− ω̂YYh
1
ε1

)
γ4

1
1−ugl

∂ugh
∂Hs

,

where the expressions in brackets are given by (49)-(51). Therefore, ratio of the partial
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derivatives can be further rewritten as
∂σY
∂Hg

∂σY
∂Hs

=
Hs

Hg

1(
1− ωYmK

)
ωYhYm

{
ω̂YYh

1

ε1

(
1− ωYhYm

)
ε2 [(ε1 − 1) (1− γ4) + 1]

+

(
1− ω̂YYh

1

ε1

)
γ4

[
ε2 + (ε1 − ε2)ωYhYm

]}
×
(
ω̂YYh

1

ε1

{ε1 (1− ugh) + ε2 [ε1 − (ε1 − 1) γ4]ugh}

−
(

1− ω̂YYh
1

ε1

)
γ4 (ε1 − ε2)ugh

)−1

.

Let for example ε1 = ε2 = γ4 = 1. In such a case, the above expression reduces, again, to
∂σY
∂Hg

∂σY
∂Hs

=
Hs

Hg

1

1− ωYmK

1− γ1 (1− γ2)

γ1 (1− γ2)
.

This [as well as the ratio of elasticities
(
∂σY
∂Hg

Hg

)
/
(
∂σY
∂Hs

Hs

)
] can be greater or lower than

1 depending on parameter values.
In case when σz = σλ = 0, the variance of final output is given by

σ2
Y =

[
E
[
λ

ε1−1
ε1

Y

]
µ

1
ε1
Y γ1µ

ε1−1
ε1

Yh

σλh
µλh

]2

+

[
E
[
λ

ε1−1
ε1

Y

]
µ

1
ε1
Y (1− γ1)µ

ε1−1
ε1

Yl

σλl
µλl

]2

.

We denote

x1 = E
[
λ

ε1−1
ε1

Y

]
µ

1
ε1
Y γ1µ

ε1−1
ε1

Yh

σλh
µλh

,

x2 = E
[
λ

ε1−1
ε1

Y

]
µ

1
ε1
Y (1− γ1)µ

ε1−1
ε1

Yl

σλl
µλl

.

According to the previous results, the partial derivatives of x1 and x2 and σ2
Y are given

by

∂x1

∂Hg

= x1

[(
1− ω̂YYh

) 1

ε1

1

µYl

(
∂µYl
∂Hg

− µYl
µYh

∂µYh
∂Hg

)
+

1

µYh

∂µYh
∂Hg

]
,

∂x1

∂Hs

= x1

[(
1− ω̂YYh

) 1

ε1

1

µYl

(
∂µYl
∂Hs

− µYl
µYh

∂µYh
∂Hs

)
+

1

µYh

∂µYh
∂Hs

]
,

∂x2

∂Hg

= x2

[
ω̂YYh

1

ε1

1

µYh

(
∂µYh
∂Hg

− µYh
µYl

∂µYl
∂Hg

)
+

1

µYl

∂µYl
∂Hg

]
,

∂x2

∂Hs

= x2

[
ω̂YYh

1

ε1

1

µYh

(
∂µYh
∂Hs

− µYh
µYl

∂µYl
∂Hs

)
+

1

µYl

∂µYl
∂Hs

]
.

and

∂σ2
Y

∂Hg

= 2x2
1

[(
1− ω̂YYh

) 1

ε1

1

µYl

(
∂µYl
∂Hg

− µYl
µYh

∂µYh
∂Hg

)
+

1

µYh

∂µYh
∂Hg

]
+ 2x2

2

[
ω̂YYh

1

ε1

1

µYh

(
∂µYh
∂Hg

− µYh
µYl

∂µYl
∂Hg

)
+

1

µYl

∂µYl
∂Hg

]
,

∂σ2
Y

∂Hs

= 2x2
1

[(
1− ω̂YYh

) 1

ε1

1

µYl

(
∂µYl
∂Hs

− µYl
µYh

∂µYh
∂Hs

)
+

1

µYh

∂µYh
∂Hs

]
+ 2x2

2

[
ω̂YYh

1

ε1

1

µYh

(
∂µYh
∂Hs

− µYh
µYl

∂µYl
∂Hs

)
+

1

µYl

∂µYl
∂Hs

]
.
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The ratio of the partial derivatives then is given by

∂σ2
Y

∂Hg

∂σ2
Y

∂Hs

=

{(
1− ω̂YYh

) 1

ε1

(
1

µYl

∂µYl
∂Hg

− 1

µYh

∂µYh
∂Hg

)
+

1

µYh

∂µYh
∂Hg

+

(
x2

x1

)2 [
ω̂YYh

1

ε1

(
1

µYh

∂µYh
∂Hg

− 1

µYl

∂µYl
∂Hg

)
+

1

µYl

∂µYl
∂Hg

]}

×
{(

1− ω̂YYh
) 1

ε1

(
1

µYl

∂µYl
∂Hs

− 1

µYh

∂µYh
∂Hs

)
+

1

µYh

∂µYh
∂Hs

+

(
x2

x1

)2 [
ω̂YYh

1

ε1

(
1

µYh

∂µYh
∂Hs

− 1

µYl

∂µYl
∂Hs

)
+

1

µYl

∂µYl
∂Hs

]}−1

,

where (
x2

x1

)2

=

[
1− γ1

γ1

(
µYl
µYh

) ε1−1
ε1 µλh

µλl

σλl
σλh

]2

.

Let for example ε1 = ε2 = γ4 = 1. In such a case, the above expression reduces, again, to

∂σY
∂Hg

∂σY
∂Hs

=
Hs

Hg

1

1− ωYmK

1− γ1 (1− γ2)

γ1 (1− γ2)
.

This [as well as the ratio of elasticities
(
∂σY
∂Hg

Hg

)
/
(
∂σY
∂Hs

Hs

)
] can be greater or lower than

1 depending on parameter values. In general, the magnitude of
∂σ2

Y

∂Hg
/
∂σ2

Y

∂Hs
depends on

parameter values since so does the magnitude of this ratio when either of σλh and σλl is
zero (i.e., either of σzh and σzl is zero).

In Appendix - Numerical Exercises we confirm the results from Proposition 5 with
numerical exercises where we use (16) instead of (17).

Proof of Propositions 6: In case the marginal products of Hs and Hg are equal then
the following condition needs to hold

1

µY

∂µY
∂Hs

=
1

µY

∂µY
∂Hg

, (54)

where

1

µY

∂µY
∂Hg

= ω̂YYh

(
1− ωYhYm

)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)
+
(
1− ω̂YYh

)
γ4

(
1

Hg

− 1

1− ugh
∂ugh
∂Hg

)
,

1

µY

∂µY
∂Hs

= ω̂YYh

[
ωYhYm

(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

]
−
(
1− ω̂YYh

)
γ4

1

1− ugh
∂ugh
∂Hs

.
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These partial derivatives can be rewritten as

1

µY

∂µY
∂Hg

=
(
1− ω̂YYh

) [
γ4

(
1

Hg

− 1

1− ugh
∂ugh
∂Hg

)
−
(

1− ωYhYm
)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)]
(55)

+
(

1− ωYhYm
)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)
,

1

µY

∂µY
∂Hs

= −
(
1− ω̂YYh

){
γ4

1

1− ugh
∂ugh
∂Hs

(56)

+

[
ωYhYm

(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

]}
+

[
ωYhYm

(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

]
.

In case when σ2
zh
> σ2

zl
= σ2

z = 0 (i.e., σ2
λh

> σ2
λl

= σ2
λ = 0), the ratio of partial

derivatives of standard deviations is given by (48),

∂σY
∂Hg

∂σY
∂Hs

=

(
1− ω̂YYh

)
1
ε1

1
µYl

(
µYh

∂µYl
∂Hg
− µYl

∂µYh
∂Hg

)
+

∂µYh
∂Hg(

1− ω̂YYh
)

1
ε1

1
µYl

(
µYh

∂µYl
∂Hs
− µYl

∂µYh
∂Hs

)
+

∂µYh
∂Hs

,

where the partial derivatives of µYh and µYl are given by (33)-(36). It has been shown
previously that

∂σY
∂Hg

∂σY
∂Hs

=

{(
1− ω̂YYh

) [
γ4

(
1

Hg

− 1

1− ugh
∂ugh
∂Hg

)
−
(

1− ωYhYm
)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)]
+ε1

(
1− ωYhYm

)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)}
×
(
−
(
1− ω̂YYh

){
γ4

1

1− ugh
∂ugh
∂Hs

+

[
ωYhYm

(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

]}
+ε1

[
ωYhYm

(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

])−1

.

Therefore, according to (54) if ε1 = 1 the partial derivatives of the volatilities are equal,
∂σY
∂Hg

= ∂σY
∂Hs

.

The ratio of the partial derivatives has the following form

X =
x1 + αx2

x3 + αx4

,

where we have replaced ε1 with α. The derivative of this ratio with respect to α is

∂X

∂α
=
x2x3 − x1x4

(x3 + αx4)2 .

We denote
d = x2x3 − x1x4.
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For the ratio of the partial derivatives of the volatility, d is given by

d = −
(

1− ωYhYm
)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)(
1− ω̂YYh

)
×
{
γ4

1

1− ugh
∂ugh
∂Hs

+

[
ωYhYm

(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

]}
−
(
1− ω̂YYh

) [
γ4

(
1

Hg

− 1

1− ugh
∂ugh
∂Hg

)
−
(

1− ωYhYm
)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)]
×
[
ωYhYm

(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

]
.

If d is negative then for ε1 > 1 we have that 1 >
∂σ2

Y

∂Hg
/
∂σ2

Y

∂Hs
and for 1 > ε1 we have that

∂σ2
Y

∂Hg
/
∂σ2

Y

∂Hs
> 1.

We denote

d̃ =

(
1

Hg

− 1

1− ugh
∂ugh
∂Hg

)[
ωYhYm

(
1− ωYmK

) 1

Hs

+
(

1− ωYhYm
) 1

ugh

∂ugh
∂Hs

]
+

1

1− ugh

(
1− ωYhYm

)( 1

Hg

+
1

ugh

∂ugh
∂Hg

)
∂ugh
∂Hs

.

It is clear that d < 0 when d̃ > 0. To check the sign of d̃ we plug the partial derivatives
of ugh into d̃ and multiply d̃ by HsHg and divide it to

(
1− ωYmK

)
, ωYhYm , and

1

1− ugh
1{

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

}2

to obtain the following expression

d̂ =
[
ε2 + (ε1 − ε2)ωYhYm

]{
ε1 + ε2 [ε1 − (ε1 − 1) γ4]

ugh
1− ugh

}
+

ugh
1− ugh

(ε1 − ε2)
(

1− ωYhYm
)

[ε2 + ε2 (ε1 − 1) (1− γ4)] .

The right-hand side of this expression apparently has the same sign as d̃. Moreover,
clearly it is positive since it is equal to

ε1

[
ε1ω

Yh
Ym

+ ε2

(
1− ωYhYm

)]
+

ugh
1− ugh

ε1ε2 [1 + (ε1 − 1) (1− γ4)] > 0.

Therefore, if ε1 > 1 the ratio ∂σY
∂Hg

/∂σY
∂Hs

is less than one and if 1 > ε1 the ratio ∂σY
∂Hg

/∂σY
∂Hs

is

greater than one.
In case when σ2

zl
> σ2

zh
= σ2

z = 0 (i.e., σ2
λl
> σ2

λh
= σ2

λ = 0), the ratio of partial
derivatives of standard deviations is given by (53),

∂σY
∂Hg

∂σY
∂Hs

=

1
ε1
ω̂YYh

1
µYh

(
µYl

∂µYh
∂Hg
− µYh

∂µYl
∂Hg

)
+

∂µYl
∂Hg

1
ε1
ω̂YYh

1
µYh

(
µYl

∂µYh
∂Hs
− µYh

∂µYl
∂Hs

)
+

∂µYl
∂Hs

,
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where the partial derivatives of µYh and µYl are given by (33)-(36). It can be shown that

∂σY
∂Hg

∂σY
∂Hs

=

{
−ω̂YYh

[
γ4

(
1

Hg

− 1

1− ugl
∂ugh
∂Hg

)
−
(

1− ωYhYm
)( 1

ugh

∂ugh
∂Hg

+
1

Hg

)]
+ε1γ4

(
1

Hg

− 1

1− ugl
∂ugh
∂Hg

)}
×
{
ω̂YYh

[(
1− ωYhYm

) 1

ugh

∂ugh
∂Hs

+ ωYhYm
(
1− ωYmK

) 1

Hs

+ γ4
1

1− ugl
∂ugh
∂Hs

]
+ε1

(
−γ4

1

1− ugl
∂ugh
∂Hs

)}−1

.

Clearly, according to (54), the partial derivatives of the volatilities are equal, ∂σY
∂Hg

= ∂σY
∂Hs

,

if ε1 = 1.
Similar to the previous case, we compute d for the ratio of partial derivatives of

volatilities:

d = γ4

(
1

Hg

− 1

1− ugl
∂ugh
∂Hg

)
× ω̂YYh

[(
1− ωYhYm

) 1

ugh

∂ugh
∂Hs

+ ωYhYm
(
1− ωYmK

) 1

Hs

+ γ4
1

1− ugl
∂ugh
∂Hs

]
+ ω̂YYh

[(
1− ωYhYm

)( 1

ugh

∂ugh
∂Hg

+
1

Hg

)
− γ4

(
1

Hg

− 1

1− ugl
∂ugh
∂Hg

)]
× γ4

1

1− ugl
∂ugh
∂Hs

.

It can be shown that

1

γ4ω̂YYh
d =

1

Hg

(
1− ωYhYm

) 1

1− ugl
1

ugh

∂ugh
∂Hs

+ ωYhYm
(
1− ωYmK

) 1

Hs

(
1

Hg

− 1

1− ugl
∂ugh
∂Hg

)
.

We use the expressions for the derivatives of ugh to get

d =
γ4ε1

1
HgHs

ω̂Y
Yh
ω
Yh
Ym(1−ωYm

K )
1−ugl

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

,

which implies that d > 0. Therefore, when ε1 > 1 the ratio ∂σY
∂Hg

/∂σY
∂Hs

is greater than 1

and if 1 > ε1 the ratio ∂σY
∂Hg

/∂σY
∂Hs

is less than 1.

In Appendix - Numerical Exercises we confirm the results from Proposition 6 with
numerical exercises where we use (16) instead of (17).

Proof of Proposition 7: We ignore that λ, λh, and λl are stochastic and drop expec-
tation operators everywhere. The total changes of ωgh and ωh are given by

1

ωgh (1− ωgh)
dωgh =

1

Hg

dHg −
1

Hs

dHs +
1

ugh
dugh,

1

ωl
dωl =

Hs

Hg +Hs

(
1

Hg

dHg −
1

Hs

dHs

)
− 1

1− ugh
dugh.
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Given that supply fixes the ratio of wages the total variation of wages should satisfy:

0 =
∂ wg

ws

∂K
dK +

(
∂ugh
∂λYl

dλYl +
∂ugh
∂λYh

dλYh

)
∂ wg

ws

∂ugh
+
∂ wg

ws

∂Hg

dHg +
∂ wg

ws

∂Hs

dHs. (57)

The partial derivatives of relative wages are given by (29), (30), and (31).
From the demand and supply of specific human capital it also follows that

λH = ωYhYm
(
1− ωYmK

) ωYYhλY
[
γ1Y

ε1−1
ε1

h + (1− γ1)Y
ε1−1
ε1

l

] ε1
ε1−1

Hs

.

Therefore,

0 = λH
1

ωYhYm
dωYhYm − λH

1

1− ωYmK
dωYmK + λH

1

ωYYh
dωYYh − λH

1

Hs

dHs

+ λHω
Y
Yh

1

Yh
dYh + λH

(
1− ωYYh

) 1

Yl
dYl.

From (44) and (43) it follows that this expression can be rewritten in the following
manner:

0 = λH
1

ωYhYm
dωYhYm − λH

1

1− ωYmK
dωYmK + λH

1

ωYYh
dωYYh − λH

1

Hs

dHs (58)

+ λHω
Y
Yh

[(
1− ωYhYm

) 1

ugh
dugh +

(
1− ωYhYm

) 1

Hg

dHg + ωYhYm
(
1− ωYmK

) 1

Hs

dHs

+ωYhYmω
Ym
K

1

K
dK

]
+ λH

(
1− ωYYh

)
γ4

(
− 1

1− ugh
dugh +

1

Hg

dHg

)
.

Since only K changes, we.use (26), (5), (11), and (12) to evaluate the partial deriva-
tives of the shares:

∂ωYYh
∂K

=
ε1 − 1

ε1

ωYYh
(
1− ωYYh

) [
ωYhYmω

Ym
K

1

K
+

(
1− ωYhYm + γ4

ugh
1− ugh

)
1

ugh

∂ugh
∂K

]
,

∂ωYhYm
∂K

=
ε2 − 1

ε2

ωYhYm

(
1− ωYhYm

)(
ωYmK

1

K
− 1

ugh

∂ugh
∂K

)
,

∂ωYmK
∂K

=
ε3 − 1

ε3

ωYmK
(
1− ωYmK

) 1

K
.

The expression for the total variation in the demand for specific human capital (58) can
be rewritten as:

0 =
K

ωYhYm

∂ωYhYm
∂K

− ωYmK
1− ωYmK

K

ωYmK

∂ωYmK
∂K

+
K

ωYYh

∂ωYYh
∂K

− K

Hs

dHs

dK

+ ωYYh

[(
1− ωYhYm

) K
ugh

∂ugh
∂K

+
(

1− ωYhYm
) K

Hg

dHg

dK
+ ωYhYm

(
1− ωYmK

) K
Hs

dHs

dK

]
+ ωYhYmω

Ym
K ωYYh +

(
1− ωYYh

)
γ4

(
− ugh

1− ugh
K

ugh

∂ugh
∂K

+
K

Hg

dHg

dK

)
.
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The sum of the first three terms is given by

X3 =

[
ε2 − 1

ε2

(
1− ωYhYm

)
− ε3 − 1

ε3

+
ε1 − 1

ε1

(
1− ωYYh

)
ωYhYm

]
ωYmK

+

[
ε1 − 1

ε1

(
1− ωYYh

)(
1− ωYhYm + γ4

ugh
1− ugh

)
− ε2 − 1

ε2

(
1− ωYhYm

)] K
ugh

∂ugh
∂K

.

This implies that when ε2 = γ4 = 1 and ε3 = +∞ the total variation can be rewritten as:

0 =

[
ε1 − 1

ε1

(
1− ωYYh

)
ωYhYm + ωYYhω

Yh
Ym
− 1

]
ωYmK +

K

ugh

∂ugh
∂K

×
[
ε1 − 1

ε1

(
1− ωYYh

)(
1− ωYhYm +

ugh
1− ugh

)
+ ωYYh

(
1− ωYhYm

)
−
(
1− ωYYh

) ugh
1− ugh

]
−
[
1− ωYYhω

Yh
Ym

(
1− ωYmK

)] K
Hs

dHs

dK
+
(

1− ωYYhω
Yh
Ym

) K

Hg

dHg

dK
.

On the other hand, from (18) and (20) it follows that the total variation of wages is
zero. This, together with (29), (30), (31), and (57) implies that when ε2 = γ4 = 1 and
ε3 = +∞ the following holds:

0 = ωYmK −
K

Hg

dHg

dK
+
(
1− ωYmK

) K
Hs

dHs

dK
.

We solve for the percentage change of Hs using this expression and the one above:

K

Hs

dHs

dK
= (ε1 − 1)ωYhYm

1− ωYYhω
Yh
Ym

(ε1 − 1)ωYhYm + 1
1−ugh

.

Therefore,

K

Hg

dHg

dK
− K

Hs

dHs

dK
= ωYmK

1
1−ugh

+ (ε1 − 1)ωYhYmω
Y
Yh
ωYhYm

(ε1 − 1)ωYhYm + 1
1−ugh

,

K

Hg

dHg

dK
− K

Hs

dHs

dK
+
K

ugh

dugh
dK

= ωYmK

1
1−ugh

+ (ε1 − 1)ωYhYmω
Y
Yh
ωYhYm + (ε1 − 1)ωYhYm

(ε1 − 1)ωYhYm + 1
1−ugh

.

In terms of changes in the shares then we have that

K

ωgh (1− ωgh)
∂ωgh
∂K

=
K

Hg

dHg

dK
− K

Hs

dHs

dK
+
K

ugh

∂ugh
∂K

=
ωYmK

{
1

1−ugh
+ (ε1 − 1) (1− γ2)

[
1 + ωYYh (1− γ2)

]}
(ε1 − 1) (1− γ2) + 1

1−ugh

,

and

K

ωl

∂ωl
∂K

=
ωYmK

{
Hs

Hg+Hs

[
1

1−ugh
+ (ε1 − 1) (1− γ2) (1− γ2)ωYYh

]
− ugh

1−ugh
(ε1 − 1) (1− γ2)

}
(ε1 − 1) (1− γ2) + 1

1−ugh

,
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where we have replaced ωYhYm by (1− γ2) . Clearly, ∂ωgh/∂K is positive at least for

ε1 >
(1− γ2)

[
1 + ωYYh (1− γ2)

]
− 1

(1− γ2)
[
1 + ωYYh (1− γ2)

] .

In turn, if
Hs

Hg +Hs

(1− γ2)ωYYh −
ugh

1− ugh
> 0,

then in order for both ∂ωgh/∂K and ∂ωl/∂K to be positive it is sufficient to have

ε1 >
(1− γ2)

[
1 + ωYYh (1− γ2)

]
− 1

(1− γ2)
[
1 + ωYYh (1− γ2)

] .

However, if
Hs

Hg +Hs

(1− γ2)ωYYh −
ugh

1− ugh
< 0,

then in order for ∂ωl/∂K to be positive it is sufficient to have

Hs

Hg+Hs

1
1−ugh

+ (1− γ2)
[

ugh
1−ugh

− Hs

Hg+Hs
(1− γ2)ωYYh

]
(1− γ2)

[
ugh

1−ugh
− Hs

Hg+Hs
(1− γ2)ωYYh

] > ε1.

When
Hs

Hg +Hs

(1− γ2)ωYYh −
ugh

1− ugh
< 0,

these limits have the following relationship

Hs

Hg+Hs

1
1−ugh

+ (1− γ2)
[

ugh
1−ugh

− Hs

Hg+Hs
(1− γ2)ωYYh

]
(1− γ2)

[
ugh

1−ugh
− Hs

Hg+Hs
(1− γ2)ωYYh

] > 1 >
(1− γ2)

[
1 + ωYYh (1− γ2)

]
− 1

(1− γ2)
[
1 + ωYYh (1− γ2)

] .

We define function I (., .) as

I (x, y) =

{
x
y

if x > 0,
otherwise.

In general, in order for ∂ωgh/∂K and ∂ωl/∂K to be positive it is sufficient to have ε1

higher than

I

(
(1− γ2)

[
1 + ωYYh (1− γ2)

]
− 1

(1− γ2)
[
1 + ωYYh (1− γ2)

] , 0

)
and lower than

I

 Hs

Hg+Hs

1
1−ugh

+ (1− γ2)
[

ugh
1−ugh

− Hs

Hg+Hs
(1− γ2)ωYYh

]
(1− γ2)

[
ugh

1−ugh
− Hs

Hg+Hs
(1− γ2)ωYYh

] ,+∞

 .

Clearly, this interval includes both lower than 1 and greater than 1 values of ε1.
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Proof of Proposition 8: The partial derivatives of Y with respect to sectoral shocks
are given by

∂Y

∂λh
=
∂Y

∂Yh

[
∂Yh
∂λh

+
∂Yh
∂ugh

∂ugh
∂λh

]
− ∂Y

∂Yl

∂Yl
∂ugl

∂ugh
∂λh

,

∂Y

∂λl
=
∂Y

∂Yh

∂Yh
∂ugh

∂ugh
∂λl

+
∂Y

∂Yl

[
∂Yl
∂λl
− ∂Yl
∂ugl

∂ugh
∂λl

]
.

We use (3), (4), (6), (13), (10), (14), and (28) to derive the elasticities of final output
with respect to sectoral shocks. The elasticities are given by

λh
Y

∂Y

∂λh
=
ε1ω

Yh
Ym
ωYYh + ωYYh

(
1− ωYhYm

)
ε1ε2 + ε2

[
ε1ω

Y
Yh
− (ε1 − 1) γ4

] ugh
1−ugh

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

,

λl
Y

∂Y

∂λl
= 1− λh

Y

∂Y

∂λh
.

Both these elasticities should be greater than zero, which implies that they are bounded
between 0 and 1. Therefore, in equilibrium the following two restrictions should hold

ε1ω
Yh
Ym
ωYYh + ωYYh

(
1− ωYhYm

)
ε1ε2 + ε2

[
ε1ω

Y
Yh
− (ε1 − 1) γ4

] ugh
1− ugh

> 0, (59)

ε1ω
Yh
Ym
ωYYh + ωYYh

(
1− ωYhYm

)
ε1ε2 − ε2ε1

(
1− ωYYh

) ugh
1− ugh

< ε2 + (ε1 − ε2)ωYhYm . (60)

In order to evaluate the partial derivatives of the elasticities with respect to stocks of
human capital types I consider the partial derivatives of shares.using (5) and (11). The
partial derivatives of shares are given by

∂ωYYh
∂Hs

=
∂ωYYh
∂Yh

[
∂Yh
∂Ym

∂Ym
∂Hs

+
∂Yh
∂ugh

∂ugh
∂Hs

]
−
∂ωYYh
∂Yl

∂Yl
∂ugl

∂ugh
∂Hs

,

∂ωYYh
∂Hg

=
∂ωYYh
∂Yh

[
∂Yh
∂Hg

+
∂Yh
∂ugh

∂ugh
∂Hg

]
+
∂ωYYh
∂Yl

[
∂Yl
∂Hg

− ∂Yl
∂ugl

∂ugh
∂Hg

]
,

and

∂ωYhYm
∂Hs

=
∂ωYhYm
∂Ym

∂Ym
∂Hs

+
∂ωYhYm
∂ugh

∂ugh
∂Hs

,

∂ωYhYm
∂Hg

=
∂ωYhYm
∂Hg

+
∂ωYhYm
∂ugh

∂ugh
∂Hg

.

Clearly, according to the formulas of the shares and production functions it is the case
that

∂ωYYh
∂Yh

=
ε1 − 1

ε1

1

Yh
ωYYh

(
1− ωYYh

)
,

∂ωYYh
∂Yl

= −ε1 − 1

ε1

1

Yl
ωYYh

(
1− ωYYh

)
,
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and

∂ωYhYm
∂Ym

=
ε2 − 1

ε2

1

Ym
ωYhYm

(
1− ωYhYm

)
,

∂ωYhYm
∂ugh

= −ε2 − 1

ε2

1

ugh
ωYhYm

(
1− ωYhYm

)
,

∂ωYhYm
∂Hg

= −ε2 − 1

ε2

1

Hg

ωYhYm

(
1− ωYhYm

)
.

In turn, the partial derivatives of ugh are given by (25) and (27). Therefore, the partial
derivatives of the shares are given by

∂ωYYh
∂Hs

=
ε1 − 1

ε1

ωYYh
Hs

(
1− ωYYh

){
ωYhYm

(
1− ωYmK

)
+

[(
1− ωYhYm

)
+ γ4

ugh
1− ugh

]
Hs

ugh

∂ugh
∂Hs

}
,

∂ωYYh
∂Hg

=
ε1 − 1

ε1

ωYYh
Hg

(
1− ωYYh

){(
1− ωYhYm − γ4

)
+

[(
1− ωYhYm

)
+ γ4

ugh
1− ugh

]
Hg

ugh

∂ugh
∂Hg

}
,

and

∂ωYhYm
∂Hs

=
ε2 − 1

ε2

(
1− ωYhYm

) ωYhYm
Hs

[(
1− ωYmK

)
− Hs

ugh

∂ugh
∂Hs

]
,

∂ωYhYm
∂Hg

= −ε2 − 1

ε2

(
1− ωYhYm

) ωYhYm
Hg

[
1 +

Hg

ugh

∂ugh
∂Hg

]
.

Plugging the values of ∂ugh/∂Hg and ∂ugh/∂Hs gives

∂ωYYh
∂Hs

=
ωYYh
Hs

(
1− ωYYh

) (
1− ωYmK

)
ωYhYm (61)

×
(ε1 − 1)

{
1 + [ε2 (1− γ4) + γ4]

ugh
1−ugh

}
ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]

ugh
1−ugh

,

∂ωYYh
∂Hg

=
ε1 − 1

ε1

(
1− ωYYh

) ωYYh
Hg

(62)

×


(

1− ωYhYm
)

[ε2 + ε2 (ε1 − 1) (1− γ4)]−
[
ε2 + (ε1 − ε2)ωYhYm

]
γ4

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

1

1− ugh

 ,

and

∂ωYhYm
∂Hs

=
ε2 − 1

ε2

(
1− ωYhYm

) ωYhYm
Hs

(
1− ωYmK

)
(63)

× ε2 + ε2 (ε1 − 1) (1− γ4)ugh

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

1

1− ugh
,

∂ωYhYm
∂Hg

= −ε2 − 1

ε2

(
1− ωYhYm

) ωYhYm
Hg

(64)

× ε2 + ε2 (ε1 − 1) (1− γ4)

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

1

1− ugh
.
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Let i be either s or g. This implies that the partial derivative of
λYh
Y

∂Y
∂λYh

with respect to

Hi is given by

∂

∂Hi

(
λYh
Y

∂Y

∂λYh

)
=

∂

∂Hi

ε1ω
Yh
Ym
ωYYh + ωYYh

(
1− ωYhYm

)
ε1ε2 + ε2

[
ε1ω

Y
Yh
− (ε1 − 1) γ4

] ugh
1−ugh

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

.

The numerator of this expression is given by

X1,Hi
=

[
ε1ω

Yh
Ym

+ ε1ε2

(
1− ωYhYm

)
+ ε2ε1

ugh
1− ugh

]
×
{
ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]

ugh
1− ugh

}
∂

∂Hi

ωYYh

+ ε1ω
Y
Yh

(1− ε2)

{
ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]

ugh
1− ugh

}
∂

∂Hi

ωYhYm

− (ε1 − ε2)

{
ε1ω

Yh
Ym
ωYYh + ωYYh

(
1− ωYhYm

)
ε1ε2 + ε2

[
ε1ω

Y
Yh
− (ε1 − 1) γ4

] ugh
1− ugh

}
∂

∂Hi

ωYhYm

+
{[
ε1ω

Y
Yh
− (ε1 − 1) γ4

] [
ε2 + (ε1 − ε2)ωYhYm

]
− ε1ω

Y
Yh

[ε1 − (ε1 − 1) γ4]
[
ωYhYm +

(
1− ωYhYm

)
ε2

]}
ε2

∂

∂Hi

ugh
1− ugh

.

After some algebra, the numerator can be expressed as

HiX1,Hi
=

[
ε1ω

Yh
Ym

+ ε1ε2

(
1− ωYhYm

)
+ ε2ε1

ugh
1− ugh

]
×
{
ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]

ugh
1− ugh

}
Hi

∂

∂Hi

ωYYh

− ε2 (ε1 − 1)
(
ε1ω

Y
Yh

[1− ugh (1− γ4)] +
{
ε2

[
ε1ω

Y
Yh

(1− γ4) + γ4

]
− ε1γ4

}
ugh
)

× 1

1− ugh
Hi

∂

∂Hi

ωYhYm

− (ε1 − 1)
{[
ε1ω

Y
Yh

(1− γ4) + γ4

] (
1− ωYhYm

)
ε2 + ε1ω

Yh
Ym
γ4

(
1− ωYYh

)}
ε2Hi

∂

∂Hi

ugh
1− ugh

.

Clearly, when ε2 = γ4 = 1 the numerator can be rewritten as

HiX1,Hi
= ε1

1

1− ugh

[
(ε1 − 1)ωYhYm +

1

1− ugh

]
Hi

∂ωYYh
∂Hi

− (ε1 − 1)
[
1− ωYhYm + ε1ω

Yh
Ym

(
1− ωYYh

)] 1

1− ugh
1

1− ugh
Hi
∂ugh
∂Hi

,
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which means that

HgX1,Hg = − (ε1 − 1)

ωYhYm
1

(1−ugh)
2

(ε1 − 1)ωYhYm + 1
1−ugh

(65)

×
{
ε1

[
(ε1 − 1)ωYhYm +

1

1− ugh

]
ωYYh

(
1− ωYYh

)
− (ε1 − 1)

[
1− ωYhYm + ε1ω

Yh
Ym

(
1− ωYYh

)]
ugh

}
,

HsX1,Hs = (ε1 − 1)

(
1− ωYmK

)
ωYhYm

1

(1−ugh)
2

(ε1 − 1)ωYhYm + 1
1−ugh

(66)

×
{
ε1

[
(ε1 − 1)ωYhYm +

1

1− ugh

]
ωYYh

(
1− ωYYh

)
− (ε1 − 1)

[
1− ωYhYm + ε1ω

Yh
Ym

(
1− ωYYh

)]
ugh

}
.

The difference between the elasticities ∆λh = HsX1,Hs −HgX1,Hg is given by

∆λh = (ε1 − 1)
1

(1− ugh)
2

 (
2− ωYmK

)
ωYhYm

1 + (ε1 − 1)ωYhYm +
ugh

1−ugh


×
{
ε1

[
(ε1 − 1)ωYhYm +

1

1− ugh

]
ωYYh

(
1− ωYYh

)
− (ε1 − 1)

[
1− ωYhYm + ε1ω

Yh
Ym

(
1− ωYYh

)]
ugh

}
.

A similar exercise for elasticities with respect to λl gives ∆λl = −∆λh . If 1 > ε1 then
∆λh is negative and ∆λl is positive. Therefore, the elasticity of final output with respect
to shocks λh (λl) increases less (more) with a marginal (percentage) increase in Hs than
with a marginal (percentage) increase in Hg if 1 > ε1.

To analyze the case when ε1 > 1, we denote by d the following expression

d = ε1

[
(ε1 − 1)ωYhYm +

1

1− ugh

]
ωYYh

(
1− ωYYh

)
(67)

− (ε1 − 1)
[(

1− ωYhYm
)

+ ε1ω
Yh
Ym

(
1− ωYYh

)]
ugh

and make use of the following function

F3 (ugh) = ugh (1− ugh)
−1 − γ2γ1

1− γ1

(
Yh
Yl

) ε1−1
ε1

.

The equilibrium value of ugh solves F3 (ugh) = 0 when ε2 = γ4 = 1. At the equilibrium
value of ugh, it is the case that

∂F3 (ugh)

∂ugh
=

1

1− ugh

[
1 +

ugh
1− ugh

− ε1 − 1

ε1

(
γ2 +

ugh
1− ugh

)]
> 0.

In turn, F3 is a smooth function and F3

(
ωYYh
)
> 0. Therefore,

ωYYh > ugh

104



and

d > ε1

[
(ε1 − 1)ωYhYm +

1

1− ugh

]
ugh
(
1− ωYYh

)
− (ε1 − 1)

[(
1− ωYhYm

)
+ ε1ω

Yh
Ym

(
1− ωYYh

)]
ugh

=

[
1− ωYYh
1− ugh

− ε1 − 1

ε1

(
1− ωYhYm

)]
ε1u

g
h.

From (60) and the expression above it follows that

ugh >
(ε1 − 1)

(
1− ωYhYm

)
− ε1

(
1− ωYYh

)
(ε1 − 1)

(
1− ωYhYm

)
and

d >

[
1− ωYYh
1− ugh

− ε1 − 1

ε1

(
1− ωYhYm

)]
ε1u

g
h > 0.

This implies that ∆λh is positive and ∆λl is negative for ε1 > 1. It also implies that,
the elasticity of final output with respect to shocks λh (λl) increases more (less) with a
marginal (percentage) increase in Hs than with a marginal (percentage) increase in Hg.

It is also possible to derive inference for the levels of change of the elasticity of final
output, for example, when ε2 = 0. In such a case, when 1 > ε1 (ε1 > 1) the elasticity
of final output with respect to λh declines (increases) with Hs and increases (declines)
with Hg. The elasticity of final output with respect to λl increases (declines) with Hs

and declines (increases) with Hg.

Proof of Proposition 9: The total change of the elasticities is given by

d

(
λYi
Y

∂Y

∂λYi

)
=

∂

∂Hs

(
λYi
Y

∂Y

∂λYi

)
dHs +

∂

∂Hg

(
λYi
Y

∂Y

∂λYi

)
dHg. (68)

We consider variation in Hs and Hg such that (expected) final output stays constant.
This variation satisfies (41), where ω̂YYh = ωYYh . We again set ε2 = γ4 = 1. The total
variation of elasticities (68) for λh is a ratio where the numerator is given by

Xλh =

{
ε1

1

1− ugh

[
1 + (ε1 − 1)ωYhYm +

ugh
1− ugh

]
∂ωYYh
∂Hg

− (ε1 − 1)
[(

1− ωYhYm
)

+ ε1ω
Yh
Ym

(
1− ωYYh

)] ∂

∂Hg

ugh
1− ugh

}
dHg

+

{
ε1

1

1− ugh

[
1 + (ε1 − 1)ωYhYm +

ugh
1− ugh

]
∂ωYYh
∂Hs

− (ε1 − 1)
[(

1− ωYhYm
)

+ ε1ω
Yh
Ym

(
1− ωYYh

)] ∂

∂Hs

ugh
1− ugh

}
dHs,
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and the denominator is positive. For λl we have that Xλl = −Xλh . Using ε2 = γ4 = 1
and (41), where ω̂YYh = ωYYh , and (65) together with (66), Xλh can be rewritten as

Xλh

1

dHs

Hs

Hg

= (ε1 − 1)
ωYhYm

(
1− ωYmK

)
(1− ugh)

2
[
(ε1 − 1)ωYhYm + 1

1−ugh

]
×

1 +

[
ωYYhε1 − (ε1 − 1)ugh

]
ωYhYm(

1− ωYhYm
)

+ ε1ω
Yh
Ym

(
1− ωYYh

)


×
{
ε1

[
(ε1 − 1)ωYhYm +

1

1− ugh

]
ωYYh

(
1− ωYYh

)
− (ε1 − 1)

[(
1− ωYhYm

)
+ ε1ω

Yh
Ym

(
1− ωYYh

)]
ugh

}
.

According to the restriction (59) it is sufficient to look at the sign of the term in the
second curly brackets. This term is identical to d in (67), which is positive for any value
of ε1. Therefore, the elasticity of final output with respect to shocks λh (λl) is lower
(higher) in the country where Hs is higher if 1 > ε1. If ε1 > 1 or ε1 = +∞ then the
elasticity of final output with respect to shocks λh (λl) is higher (lower) in the country
where Hs is higher.

Proof of Proposition 10: The wage rates of specific and general human capital are
given by (9) and (10). Let i be either h or l. The difference between elasticities of wage
rates with respect to shocks {λi} are given by the following equation

λi

(
∂

∂λi
lnws −

∂

∂λi
lnwg

)
= λi

[
∂

∂λi
lnωYhYm +

∂

∂λi
ln
(
1− ωYmK

)
− ∂

∂λi
lnugh −

∂

∂λi
ln
(

1− ωYhYm
)]

.

In this equation

∂

∂λi
ln
(
1− ωYmK

)
= 0,

∂

∂λi
lnωYhYm = −ε2 − 1

ε2

(
1− ωYhYm

) 1

ugh

∂ugh
∂λi

,

∂

∂λi
ln
(

1− ωYhYm
)

=
ε2 − 1

ε2

ωYhYm
1

ugh

∂ugh
∂λi

,

and

∂

∂λh
lnugh =

ε1 − 1

ε1

1

λh

ε1ε2

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

,

∂

∂λl
lnugh = −ε1 − 1

ε1

1

λl

ε1ε2

ε2 + (ε1 − ε2)ωYhYm + ε2 [ε1 − (ε1 − 1) γ4]
ugh

1−ugh

.

Therefore,

λi

(
∂

∂λi
lnws −

∂

∂λi
lnwg

)
= −

(
ε2 − 1

ε2

+ 1

)
λi
ugh

∂ugh
∂λi

.
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This implies that the sign of the difference between elasticities of wage rates for λh is
the opposite of the sign for λl. Moreover, the elasticity of ws with respect to λh (λl) is
greater (lower) than the elasticity of wg with respect to λh (λl) either when 1 > ε1 and
ε2 > 1/2 or when ε1 > 1 and 1/2 > ε2. The elasticity of ws with respect to λh (λl) is
lower (greater) than the elasticity of wg with respect to λh (λl) either when 1 > ε1 and
1/2 > ε2 or when ε1 > 1 and ε2 > 1/2. If ε2 = 1 then the elasticity of ws with respect to
λh (λl) is greater (lower) than the elasticity of wg with respect to λh (λl) when 1 > ε1.
The elasticity of ws with respect to λh (λl) is lower (greater) than the elasticity of wg
with respect to λh (λl) when ε1 > 1.
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Appendix - Numerical Exercises

We set γ2 = γ3 = 0.5, γ4 = 1 and ε2 = 1.01 in all numerical exercises in order to limit
the space of parameter values. We use 3 values for γ1: 0.453, 0.611, and 0.768. These
values are the averages of γ1 from Tables 48 and 49 when 1 > ε1, 1 > ε1 or ε1 > 1, and
ε1 > 1. We use numerical integration routines for log-normally distributed variables to
solve for the share of general human capital in h-sector from (16). The number of nodes
in numerical integration is set to 7. In all numerical exercises, we divide the intervals
of parameter values into 5 equidistant points and form a multidimensional grid using all
possible values. For propositions 4 and 6, we set ε3 = 0.9.

For Propositions 1 and 2 we use the following intervals for parameter values:

Hg, Ym ∈ (0.1, 10); ε1 ∈ (0.4, 1.4)
µzh , µzl ∈ (0.1, 3); σzh , σzl ∈ (0.1, 1)

We compute the value of ugh and check how it changes with model parameters. Our
numerical results imply that (17), which is our approximation of (16), delivers correct
results for Hg, Ym, µzh , and µzl . It delivers correct results for σzh when ε1 > 1. It also
delivers correct results for σzl when 1 > ε1 with a limited number of discrepancies (around
5 percent of the evaluations).

For Proposition 3, we normalize everything by Hs which we set to equal to 1. This is
possible only when γ4 = 1. Given that λh and λl are log-normal, their mean and variance
increase with µzh and µzl . To limit the space of parameter values, we set σzh = σzl = 0.5.
For the reminder of the parameters we use the following intervals:

Hg,K ∈ (0.1, 10); ε1, ε3 ∈ (0.4, 1.4)
µzh , µzl ∈ (0.1, 4)

Further, we compute ugh and E [wg] /E [ws] using (16) and (18). We check how the
latter changes with Hg and K. Our numerical results imply that (17), which is our
approximation of (16), delivers correct results.

For Propositions 4 and 6, we normalize everything by K setting it to be equal to 1.
Similar to the previous exercise, we also set σzh = σzl = 0.5. For the reminder of the
parameters, we use the following intervals:

Hg, Hs ∈ (0.1, 10); ε1 ∈ (0.4, 1.4)
µzh , µzl ∈ (0.1, 4)

For Proposition 4, we compute ugh using (16) and compute the values of Yh/λh and
Yl/λl. Further, we compute the required change of Hg for a given change Hs that keeps
expected output constant. The change in Hs is set to 0.01 in percentage terms. After
computing the required change in Hg, we recompute the values of ugh, Yh/λh and Yl/λl
for the new values of Hs and Hg. We check that Yh/λh increases and Yl/λl declines as
Hs increases and Hg declines. For 1 > ε1 (ε1 > 1) higher values of Yi/λi imply lower
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(higher) coefficient in front of λi in Y for i = l, h. Moreover, we check that E
[
Y

ε1−1
ε1

]
changes very little with the variations of Hg and Hs which keep E [Y ] constant.

For Proposition 6, we compute ugh using (16) and the expected value of Y for (1 + d)Hs,
where we set d = 0.01. We also compute ugh and the value of Hg which keeps the ex-
pected value of Y constant for Hs. We check that Yh/λh increases more with Hs and
Yl/λl increases more with Hg.
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