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Abstract

This paper documents that senior plant managers in
less-developed countries spend more time dealing with gov-
ernment rules and regulations than their counterparts in
richer countries. These facts are interpreted through the lens
of a span-of-control growth model, in which top managers
run heterogeneous production plants, employing middle
managers as well as production workers. The model implies
that increasing the time burden on top management leads
to equilibrium changes in wages, occupational sorting, the
size distribution of production plants and ultimately, to a
reduction in aggregate output. These consequences hold

even when the time burden is symmetric across all plants.
Quantitative results show that increasing the burden on
managers’ time from the levels observed in Denmark to the
higher levels observed in poorer countries have substantial
consequences. Imposing the average time spent on regula-
tions in Argentina reduces aggregate output by about 1/3
and mean plant size by more than 5 employees. Results
contribute to rationalizing differences in plant size and
output across countries via a channel hitherto unexplored
in the literature.
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1 Introduction

It has long been argued that the business environment in less-developed countries involves
more rules, regulations and red tape than in richer ones, hindering the development of
private businesses as in developed economies and ultimately contributing to lower living
standards. One aspect of excessive or inefficient rules and regulations that can be partic-
ularly detrimental is when they divert time from productive activities. Simple examples
abound. In Denmark, for instance, it takes on average one hundred and thirty two hours
to pay taxes per year, four days to register business property, and sixty four days to
deal with a building permit. In Mexico, the corresponding figures are strikingly higher:
two hundred and eighty eight hours, sixty five days and ninety nine days, respectively.!
Similar examples can be documented for economies at similar levels of development.

In this paper, we focus with high resolution on the diversion of time from productive
activities of managers caused by rules and regulations. For ease of exposition, we refer
to this phenomenon as the time burden on managers, or simply as the time tax. We
first extensively document the incidence of this implicit tax across countries. We then
interpret the data via the lens of a growth model, in which the span of control of managers
is distorted by a time tax, and quantify its consequences.

Our empirical analysis leverages data from the World Bank Enterprise Survey, where
a common set of questions are asked to representative samples of establishments in dif-
ferent countries. In this data, we focus on the time tax on senior or top management,
defined as the fraction of their time devoted to deal with rules and regulations. In this
data, the average time tax of rich countries like Denmark, the Netherlands and Sweden
averages about 6-7%, while for Tiirkiye, Mexico and Argentina can be three times as
large, at around 15-20%. Using this data, we document that senior management in richer
countries systematically devote less time to deal with government rules and regulations
than their counterparts in less developed countries. We find that this relationship holds
after controlling for a host of plant characteristics, holds in manufacturing and services,
and holds after controlling for two-digit industry characteristics. Our estimates imply
that a 20% decline in GDP per working-age adult is associated with a decline in the net

fraction of time available to managers (one minus the time tax) of about 1.7 percentage

1Source: Doing Business Report, 2016. See also Loayza et al. (2010) and Djankov et al. (2002).



points. We also find that larger establishments tend to be more exposed to a time tax
than smaller ones. Nonetheless, we find that the differences in the burden between small
and large establishments vary by country, and are on average small.

What would be the implications of changes in a time tax? Consider the standard
Lucas (1978) span-of-control model with only labor an input. In this setup, introducing a
time tax that is uniform across all plants, is akin to a reduction in aggregate productivity.
An increase in the time tax would just lead to a reduction in aggregate output, with no
effects on the size distribution of plants in equilibrium. Yet, it is natural to surmise that
the effects of a higher time tax would be more nuanced. For instance, note that the data
refers to time taxes on top managers, suggesting that the analysis should consider more
than one layer of managers, and hence, permit that not all managers be directly affected
by a time tax. If so, indirect effects across heterogenous production units are likely to
emerge, that would affect output and plant size.

To explore the quantitative consequences of the time tax across countries, we de-
velop a growth model in which top managers run production units employing capital, raw
(production) labor and managerial services from middle managers. In the model, a repre-
sentative household accumulates capital and optimally allocates heterogeneous household
members to different occupations: top management, middle management or production
work. Production requires completing a continuum of imperfectly substitutable tasks.
Each task requires production labor and capital. The total number of production tasks
is bounded by the ability of a top manager, who can hire the services of middle managers
to complement his/her ability and thus, enhance his/her span of control.

In equilibrium, more able top managers run larger production units and work with
more employees (workers and middle managers). In this context, we introduce a time tax
that reduces the endowment of productive time of top managers. As a result of the pres-
ence of a time tax, top managers reduce their demand for labor and managerial services,
leading to changes in prices and a change in the equilibrium assignment of individuals
to different occupations. This results in more top managers, fewer production workers,
with an undetermined effect on middle managers. Therefore, the introduction of time tax,
even if it is fully proportional to all plants, results in a lower average plant size. Output

declines due to the lower available time of top managers, the changes in the occupational



assignment, as well as the changes in capital formation across steady states.

Findings We parameterize the model environment in order to match observations
of the Danish economy (one of the richest in our sample), which is characterized by a
low time tax on average and around the predicted regression line connecting output per
working-age adult and the time endowment of managers (net of the time tax). Our
economy reproduces properties of the size distribution of production plants (services and
manufacturing), including the concentration of production at the top, in conjunction with
the average number of managers per plant. We also force the model to be consistent with
observations on time taxes at large plants (plants with 100+ workers) via the specification
of a two-parameter function determining the time tax at the plant level; one parameter
governs the ’level” of the tax and another how it varies with respect to the ability of the
top manager — a ’curvature’ parameter. We then conduct several experiments where we
vary the model parameter governing the level of the time tax, how the time tax varies with
plant size and the effects associated with varying the structure of the time tax according
to data.

Our findings show that changes in the parameter governing the level of taxes can
lead to large effects on output and size statistics. Increasing the level parameter from
the benchmark (Danish) level of 5% to a level of 15% (i.e. to levels observed in middle-
income economies such as Argentina, Tiirkiye or Mexico), leads to a large long-run drop
in output in excess of one third. It also determines a reduction in average plant size, from
the benchmark level of about 13.1 employees to about 8, with a resulting increase in the
average tax across all plants from about 6.4% to 15.8%. These effects are concomitant
with a drastic reallocation of production, away from larger plants. Our findings show
that the employment share at large plants (more than 100 employees) drops about 18
percentage points from the benchmark case.

We then apply our model to make inferences about individual countries. First, we
calibrate the level parameter of the time-tax function of different countries to reproduce
the average level of the time tax in selected countries. For the average level of the time tax
in Argentina in 2006, we find that our model implies a reduction in output of about 32.8%,

relative to the benchmark case. Meanwhile, for Tiirkiye in 2013 the predicted reduction



in output is larger — 40.6%. The corresponding effects on mean size are a reduction in
mean size to about 8 and 7 employees for Argentina and Tiirkiye, respectively.

We also ask what the implied gains in output for each country would be if the structure
of the time tax in Denmark is imposed. Our results imply large output gains. For
Argentina, our results imply a gain of about 51%, while for Tiirkiye — an initially more
distorted economy — the implied gain in output is larger, about 79%. From these exercises,
we conclude that observed variation in the average time burden on top managers can go a
long way in generating sizeable effects on aggregate output and size statistics in line with
observations. Furthermore, a reduction of the time tax to levels in line with rich countries
can be a key force in closing the associated output gaps, without relying on large shares

of reproducible factors.

Related Literature Our paper is connected to several, interconnected strands of
literature. First, it is directly connected to the span-of-control model first developed in
Poschke (2018). Tamkog (2023) extends this model to allow for the coexistence of top and
middle managers, and uses it to quantify the amplification of size-dependent distortions
with a production structure with a varying number of managers. It also naturally connects
with papers that follow the seminal work of Garicano (2000) and Garicano & Rossi-
Hansberg (2006). Examples include Caliendo & Rossi-Hansberg (2012), Caicedo et al.
(2019), Gumpert et al. (2022), Santamarfa (2022), Mariscal (2018) and Lopez & Torres
(2020), among others.

Our work is related to a growing body of work that emphasizes the role of managers
and the constraints that they face in economic development, and the resulting implications
for the size of production plants and productivity. Our emphasis of the time tax on top
managers in data connects our paper with the empirical literature on managerial practices
and performance; see Bloom & Van Reenen (2007), Bloom & Van Reenen (2010), Bloom
et al. (2013), Bloom et al. (2019) and others. Bloom et al. (2019) in particular quantifies
the role of planning for Brexit on the time allocation of top managers in the UK. Recent
examples of papers that emphasize the role of managers in economic development and
quantify the importance of features of the environment include Akcigit et al. (2021), Alder
(2016), Chen et al. (2023), Esfahani (2022), Guner et al. (2018), Hjort et al. (2022) and



Grobovsek (2020) among others.

Finally, our paper is related to work that connects differences in plant size across
as the result of misallocation induced by size-dependent distortions. Bento & Restuccia
(2021) and Bento & Restuccia (2017) document plan-size differences across countries, and
relate these differences to distortions that are size dependent. Garcia-Santana & Pijoan-
Mas (2014), Guner et al. (2008), Gourio & Roys (2014) and others show how particular
policies can lead to size differences and lower output. Unlike these papers, we show how
variation in time taxes in line with data, even when time taxes are not size dependent,
can lead to output and size differences that are substantial. Hence, we contribute by
providing a new, quantitatively relevant rationale to the observed differences in plant size

across countries.

2 The Time Tax Across Countries

Our primary data source is the World Bank Enterprise Surveys (WBES). This is an estab-
lishment level survey over a representative sample of an economy’s non-agricultural and
non-financial private sector. From establishment characteristics to government relations,
a wide range of topics is covered through face-to-face interviews with business owners
and top managers. It follows stratified sampling methodology along sectors of activity,
establishment size and location with a common questionnaire for all countries. Formal
establishments with at least 5 full-time permanent workers are included in all WBES.?
We also use other data on aggregate variables, such as real GDP per working-age adult
(PPP) and employment numbers that are from World Development Indicators (WDI).?
We subsequently use plant-size distribution data from economic censuses for some coun-
tries.

The key question we focus in the WBES dataset asks the following: “In a typical week
over the last year, what percentage of total senior management’s time was spent on dealing

with requirements imposed by government requlations?” In this question, senior manage-

2Raw establishment level data is publicly available at www.enterprisesurveys.org

3The employment data for Antigua and Barbuda and St. Kitts and Nevis are not available. Therefore,
we assume the employment and population ratio in these countries is 0.53 which is the average employment
to population ratio in our sample.


www.enterprisesurveys.org

ment refers to managers, directors, and officers above direct supervisors of production or
sales workers. We interpret the answer to this question as the time tax on managerial
activities since it refers to time spent dealing on red tape and bureaucracy that would
otherwise spent on business matters according to WBES questionnaire manual.*

Our selection criteria is that a country is included in the analysis if it ever had a GDP
working-age adult (ages 15-64) above $25,000 in PPP terms (2017) dollars during the
years in which the survey was conducted. Using GDP per working-age adult allows to
adjust for the non-trivial differences in demographics of the countries considered. As a
result, there are 42 countries in our sample, which mostly consists of middle income and
high-income countries. Although there are multiple rounds of WBES in most countries
in our sample, we treat them as repeated cross-section data. Hence, a country appears
more than once in our data if it satisfies the selection criteria. After we drop observations
with missing values or "Don’t Know” for the answer to the question of interest, the total
value of annual sales and the number of permanent full-time workers, we have 42,751
establishments in our final sample. Table A.1 provides the list of countries and survey
years.

Figure 1 illustrates the main motivating fact of the paper: senior managers in richer
countries tend to spend less time on dealing with government regulations. The vertical
axis shows the mean of the logarithm of one minus the average time tax in a country at a
survey year and the horizontal axis is the log of GDP per working age adult in a country
at a survey year. The solid line represents the simple weighted regression line where the
total employment is used to weight observations. The regression coefficient is positive and
significant at 1% level and the correlation between the variables is 0.32. We interpret the
variable of one minus the time tax as net time available for senior management after time
devoted to deal with government regulations. The figure reveals some striking features of
the data when richer countries are compared with their poorer counterparts. For example,
establishments in Denmark report an average time tax of about 6.4%, while in Argentina
in 2017 the tax on average is reported to be more than 3 times as large (21.6%). Similar
figures hold for other countries around the same levels of development, such as Russia,

Tirkiye and Mexico. The estimated relationship implies that going from an output per

4The questionnaire manual prepared by WBES team is available online at WBES webpage.


https://www.enterprisesurveys.org/content/dam/enterprisesurveys/documents/methodology/ES_QuestionnaireManual_2019.pdf

working- age adult level of $80,000 to $40,000 is associated with an approximate decline

in the time available to top managers of about 6.2 percentage points.

Figure 1: Relationship between the Time Tax and RGDP per Working Age Pop.
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Notes: This figure shows the relationship between the log of 1 minus the time tax and RGDP
per working age adult. Each dot represents a country at a survey year. The solid line is the
simple weighted regression line where dependent variable is the log of one minus the time tax
and the independent variable is the RGDP per working-age adult. The countries are weighted
according to their employment sizes. Sources: WBES and WDI.

2.1 General Characterization

We now attempt a more general empirical characterization of the relationship between the
(net) time available to managers and the level of development. We estimate the following

relationship:

log(1 —tict) =a+ FlogGDP.;+ F(i,c,t) + SFE; + w4 (1)

where 1 — ¢, ., stands for 1 minus the time tax at establishment 7 in country c at year
t. GDP,.; stands for the log of RGDP per working-adult in country c at year t, SF'E;
is a dummy variable associated to the two digit ISIC 3.1 sector, and F'(i,c,t) stands
for a set of establishment level characteristics for establishment ¢ in country c¢ at year ¢.

We control for the experience of the top manager (years), the number of permanent-full



time workers, the age of the establishment (years), whether the establishment is a part of
larger firm (multi-establishment dummy), the percentage owned by foreign nationals, the
percentage of sales coming from exports, the gender of the top manager and whether the
establishment has a bank loan or a line of credit. All OLS regressions use Huber-White
robust standard errors and the standard errors are clustered at the country, survey year,
region, sector and size level. Moreover, survey weights are adjusted such that sum of
weights in a country at a survey year represents the total employment.

Table 1 presents our baseline estimation. The coefficients in the first nine columns are
obtained via OLS regressions whereas the last column shows the marginal effects from a
TOBIT regression. Our pooled regression results strongly confirm the view that level of
development is negatively associated with the time tax. Note that our specification allows
us to interpret the coefficient of interest [ as the elasticity between the net time available
to managers with respect to level of development (GDP per working age adult). The OLS
estimates of the regression coefficient are of around 0.085, implying that halving GDP
per working-age adult is associated with a decline in the net time available to managers
of about 5.9 percentage points — 0.059 ~ —0.085 x log(1/2).

The regression analysis also reveals more findings. The senior managers of bigger es-
tablishments spend more time dealing with government regulations compared to the senior
managers at small establishments, as the third row in Table 1 shows. This relationship
is, however, small in magnitude; we investigate the issue in more detail below. Likewise,
the time tax for older establishments is higher when compared to that for younger es-
tablishments. Interestingly, as the share of foreign nationals increase in the ownership of
the establishment, senior management spend less time dealing with government regula-
tions. In the appendix, we show that the positive and significant relationship between
the net time available to top managers and the level of development persist even if we
estimate the regressions in manufacturing and services sectors separately — see Table B.2
and B.3. These results show that the relationship between the incidence of the time tax
is stronger in the manufacturing sector, even when controlling for two-digit sectors within

manufacturing or services.



Plant Size and the Incidence of the Time Tax We now investigate in detail the
relationship between the incidence of the time tax and establishment size. Our findings
discussed above showed a relative small size-dependency in the time tax across estab-
lishment across countries in the sample; i.e. managers in larger establishments are more
exposed to time taxes than those in smaller establishments. We first illustrate this in
detail in two representative middle income countries in the data, Argentina and Tiirkiye,

compared to a prototypical rich country (Denmark) with a low incidence of the time tax.
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Note: These figures present the level of the net time available to top managers across percentiles
of the establishment size distribution. The left panel compares Argentina with Denmark, whereas
the right panel compares Tiirkiye with Denmark.

As illustrated in Figure (2), the net time available to top managers in Argentina is
essentially a mirror image of the Denmark’s case, but at a much lower level. A difference
of about ten percentage points emerges between Argentina and Denmark at all size levels.
Managers in large establishments in Denmark are a bit more heavily taxed than at smaller
establishments, and the same pattern holds for Argentina. The case of Tiirkiye in Figure
(3) is somewhat different. While large differences on average exist in relation to Denmark,
top managers at larger establishments in Tiirkiye are more heavily taxed than those at the
bottom relative to Denmark. Thus, we would expect a stronger relationship between the
net time available to top managers and size in Tiirkiye relative to Denmark or Argentina.
All this suggests that the size effects uncovered earlier are due to within-country effects
rather than across-country effects.

To examine the relationship between the net time available to top managers and size
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in a more systematic way, we estimate a version of equation (2) for each country/year in

our sample:

where n; stands for the size of establishment 7 in each country/year.

20
I

®MNE

®PAN

.05
|

®ROU
oMYS  @EST

@ MNE . w( oLTU
W iU e HUN o

OBEL

; AU ?\%K

10

density

LT ®IRL

a \%\{K OTTA
iy ST g vmpao

Size Coefficient
0

®BLR

-.05
|

T T T
50000 100000 150000
RGDP per working age pop. (log-scale) °1

Average Size Coefficient ‘ Size coefficient

Figure 4: Size Coeft. and Development Figure 5: Size Coeft. Density

Note: These figures present properties of the coefficient B; associated to plant size. The left
panel shows how it varies with the level of development, whereas the right panel illustrates its
empirical density.

How does the coefficient B; vary with the level of development? Figure (4) shows
that the country-specific coefficient is on average the same across levels of output per
working-age adult. Regressing the coefficient B; against GDP per working-age adult
implies a statistically significant coefficient of about zero. In fact, the average value of
By is marginally negative, but quite close to zero. The right panel shows the empirical
density associated to all estimated coefficients. It shows a distribution that is effectively

centered around zero. The mean value is about —0.0042 and the median is about 0.0051.

Robustness In order to check the robustness of our results, we perform additional
estimations that are presented in the Appendix C. First, we restrict our sample to only the
latest round of surveys whenever multiple rounds are available. By doing so, we deal with
the multiple representation of poorer countries and year effects in the baseline sample.
Second, we repeat all estimations with country-sector fixed effects in the baseline sample,

and without any fixed effects both in the baseline sample and in the restricted sample. All
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of the robustness estimations strongly show that the managers in richer countries spend
a fewer fraction of their time on dealing with government regulations. In particular, the
estimates with country fixed effects show a much stronger relationship between the time

tax and development.

3 Model Economy

We present below a growth model with an endogenous degree of span of control to capture
key margins for the problem at hand. The model follows closely Tamkog (2023), which
in turn extends the span-of control setup in Poschke (2018) to allow for a production
structure with top and middle managers.

Our model has three key important features. First, it has production layers within a
production plant, and thus, distinguishes between top (‘senior’) managers, regular man-
agers and workers. This feature is added in order to make sense of the nature of questions
asked in the data. Second, the model leads to a size distribution of plants in equilibrium,
which we later match to actual plant-size distribution data. Finally, the model has a
non-trivial role for a time tax on top managerial time. The model implies that even a
time burden that is symmetric across all managers has implications for the size of plants

and aggregate output in equilibrium.

3.1 Environment

There is a single household with measure one of household members. Each household
member is endowed with a unit of time and managerial ability, z € [0, z], with cdf, G(2)
and density g(z). Differences in managerial ability are the only source of heterogeneity in
the model. The household discounts the future at a rate of § € (0, 1) and has preferences

over streams of a single consumption good, {C}}5°, that are valued according to

> B'log(Ch) (3)

The household assigns its members to three occupations. Each household member

supplies one unit of time inelastically and becomes either a production worker, a middle
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manager or a top manager according to his/her ability level. Production workers earn a
wage W regardless of their ability, whereas a middle manager with ability z,, earns P, 2,,,

where P, is the price of efficiency units in middle management.

Technology Top managers operate production plants where the single final good of
the economy is produced. The final good is produced using the output from differentiated
tasks (activities) indexed by j. For each activity, top managers rent capital, k;, from the
household and hire production workers, n;. The number of activities that a top manager
can run is bounded by her ability level, z, and the amount of middle managers hired, z,,.

Let M(z, z,,) be the number of activities that a top manager with ability z can perform
with z,, efficiency units of middle managers. The number of activities that a top manager
can perform increases with the abilities of the top manager and the middle managers;
i.e. M is strictly increasing in each of its arguments. We assume that M is continuous
and twice differentiable, and that the ability of a top manager and middle managers are
complementary, i.e. ma/[;(—g;:“ > 0. Finally, we focus on a case where M is convex in
the ability of the top manager and M (0, z,,,) > 0. These assumptions fully pin down the

occupational assignment of the household members, as we illustrate below.

The final output of a plant that performs M (z, z,,) activities is given by

M (z,2m) a1
=1 [ e g
0
where v € (0,1) stands for a span-of-control parameter in the spirit of Lucas (1978), and
o > 1 is the elasticity of substitution between the output of different activities (interme-
diate goods). « € (0,1) is the importance of capital in the production of intermediate

goods. Capital depreciates at the rate 6 € [0, 1].

A Plant’s Problem Each period, a top manager with ability z chooses the number
of workers and the amount of capital for each activity as well as efficiency units of middle

management in order to maximize:
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M(z,2m) ﬁ K M(z,2m) M(z,zm)
o—1
m(z) = max / (nj“k:]l*a) 7 dj — / Wn;dj — / RE;dj — Pz,
{n;j,k;}tj,zm / / J

(5)
where R denotes the rental rate of capital services. Top managers can increase their
span-of-control by hiring more middle manager services. Because of the complementary
in abilities of top managers and middle management, more able top managers hire more
middle management services and spend more on them than top managers of lower ability.

In the Appendix, we present the first-order conditions for this problem.

The Household’s Problem The representative household owns the capital stock
that it rents to production plants. At any date ¢, the household selects consumption and
next period’s capital as well the occupation of their household members. The latter is
done by choosing two thresholds 27, and z3,, taking prices R;, W; and P, as given. It

follows that the flow of income accruing to the household is

* *

Z1,t 2ot 00
](zit,z;t;Rt,Wt,Pmt) = /WdG(z)—l— /pmytsz(z)—|—/7r(z)dG(z)+Rth. (6)
0 th Z;,t

Thus, at any date, the household’s budget constraint is

Cy+ Koy = I(27 4, 2545 B, Wi, Pot) + (1 — 0) Ky (7)

Formally, the problem of the household is to maximize (3), subject to (7) and Ky > 0,
by selecting sequences {Cy, Kii1, 27 4, 25 4 }o°-

The solution to the household problem involves a standard Euler equation character-
izing the choice of consumption and capital, as well as the first-order conditions charac-
terizing the occupational choices. We present these choices in detail in the Appendix.
In Figure (6) we illustrate the assignment of household members to different occupa-

tions. Household members with abilities greater than 23, become top managers and run

14



plants whereas the household members whose abilities are lower than z7, become work-
ers. The remaining household members with abilities between 27, and 23, work as middle
managers. Workers earn W regardless of their managerial ability level whereas middle
managers earn according to a linear function of their ability, P, 2. The rents (profits) of
those who become top managers are also increasing in their ability and convex under the
assumption of convexity of function M in the ability of the top manager.

The first threshold, 27, exists and is unique because the earnings of production workers
are constant at W, and the middle managers’ income increases proportionally with their
ability. The profits of top managers and the earnings of the middle managers can intersect
at most twice due to the assumptions on the function M. Aslong as W is higher than the
first intersection of the profit and the middle managers’ earning functions, 23, is uniquely
determined and greater than z],. Henceforth, the two thresholds fully define the sets that

span all occupational choices.

Figure 6: Occupational Choice

Earnings

' '
4 ' 1
' '

Production . Middle Managers \ Top Xlanagers
Workers

P,z

Zi‘ Z; Ability

Note: This figure illustrates the occupational choices for household members; production work-
ers, middle managers and top managers.

3.2 A Time Tax

We introduce a time taz in the economy as a tax 7(z) on the time endowment of top

managers. Thus, 1 — 7(z) is the available time for a top manager of ability z. Altogether,
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this implies that the function M that bounds the number of activities that can be carried

out inside the plant is now corrected by the presence of the time tax:

M(z,zm) — M(z(1—7(2)), 2m) (8)

We note that since the ability of the top manager determines the size of the plant’s
operations, this formulation is a simple yet flexible one that permits to accommodate time
taxes that are potentially size dependent. A case in which all top managers are hit by the

same time tax is simply 7(z) = 7 for all z.

3.3 Competitive Equilibrium

In competitive equilibrium, the representative household and top managers make optimal
decisions and markets clear. Market clearing in the market for production workers and

middle managers requires

/ N gz = Gz, = [ lgzra: 9)

/Z (o) = / T (2)g(2)dz (10)

2t 5
where 7n(z) stands for the equilibrium demand for production labor by a top manager
with ability z, Z,,(z) stands for the middle-manager services demanded by top manager
with ability z, while a "hat’ over a variable denotes its equilibrium value. Market clearing

for capital services requires:

K, = /Z k(z)g(z)dz (11)

5
where l%(z) is the capital demanded by top manager with ability z. The solution of the

household problem dictates indifference conditions for occupation assignments. It implies

two indifference conditions that hold in equilibrium:

A

Wy = Byt and P25, = m(25,). (12)
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That is, the marginal middle manager at equilibrium prices is indifferent with the
production work option at W,, and the marginal top manager is indifferent with regard
to his/her compensation as a middle manager.

In equilibrium, aggregate output at t, Y, is given by

M (2(1=7(2),2m(2)) o1

- [ [ ko) a) | e

.
2ot 0

Altogether, equilibrium in the goods market implies the familiar condition in a one-

sector growth model:

ét+Kt+1 :YA;+(1—(§)K} (13)

We can then define a competitive equilibrium. Given a time tax rule, 7(z), a com-
petitive equilibrium are sequences {C’t, Kir, Wy, Pm,t, R, 24 %5445 such that (i) Given
{Wy, Py, R}, the sequences {ét,fgt+1,2f7t,2§7t}8° solve the household problem; (ii)
Given {Wt,Pmi,Rt}S", factor demands solve the problem of each top manager at all
t; (iii) Markets clear for all ¢; i.e. conditions 11, 10 and 9 hold for all ¢.

In the appendix, we show simple but important properties of competitive equilibria

that we summarize in the proposition below.

Proposition 1 (Equilibrium Properties). In any competitive equilibrium,
1. The capital to labor ratio is the same for all activities and for all plants;
2. The capital to output ratio is the same for all plants;

3. Further, in a steady state, the aggregate capital to output ratio is equal to

K 11—«

N — 14
Y 71 /=146 (14)

The first two conditions follow from simple algebra implied by the optimization prob-
lem of plants and the corresponding first-order conditions. We note that these conditions

hold for all plants, regardless of the ability of the top manager and the structure of a time

tax.
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The last condition follows from the fact that in steady state, allocations and prices are
constant, as well as the thresholds 27 and z;. The Euler equation for the intertemporal
choice of capital and consumption dictates the steady-state value of the rental price of

capital,

. 1
R=-—-1+4
p

Since the capital to output ratio is the same for all plants, it is also the aggregate
capital to output ratio. This ratio depends only on the rental price of capital, which in
steady state equals the value above.

Two simple, yet important comments are in order. First, just four parameters pindown
the capital-output ratio in steady state; o, 8, v and 6. Note also that as the span of control
parameter v approaches 1, the capital to output ratio becomes the same as the one in the
standard one-sector growth model, under a Cobb Douglas technology with capital share
1 —oa.

Second, all steady states induced by different configurations of a time tax will share
the same rental price of capital (same interest rate), the same capital to output ratio
and the same aggregate share of payments to capital. Thus, changes in the time tax
are equivalent to changes in Total Factor Productivity (TFP) in the standard one-sector
growth model with a Cobb-Douglas technology. In such model, as is well known, the

steady-state capital to output ratio is invariant to changes in TFP.

Model Statistics It is worth defining model statistics related to the size of produc-
tion plants that can be used later on to map our model to data. Note first that total
paid employees in the economy, production workers plus middle managers, amount to the

fraction of agents who are not top managers. Thus,

Total Employees = G(23) (15)

Since there is one top manager per plant, it immediately follows that mean plant size,

total employees per plant, is given by
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G(%)
1-G(%)

Mean Size =

(16)

Economy wide, how many managers per plant are there? Since there are G(2]) pro-
duction workers, there are 1 — G(2]) middle managers and top managers. Hence, total

managers per plant is given by

1—-G(z
Managers per Plant = 1_—GE21*; (17)
Meanwhile, middle managers per plant are given by
Middle Managers per Plant = G(%) = G(3) (18)

1-G(%)

4 Parameter Values

We now discuss the choice of parameter values for our economy, under the assumption that
the model period is one year. We focus on stationary equilibria, and aim at reproducing
aggregate and plant-size properties of a rich economy in our data, in line with observations
of time taxes on top managers. We map our economy to Denmark, one of the richest
economies in our sample, with observations on the time tax around the valued predicted
by the estimated relationship presented in Figure (1).

We start by specifying the function mapping the ability of a top manager to time
taxes. We use the average time tax function, popularized by Benabou (2002), and used
in the development context recently by Guner et al. (2018) and others. Specifically, the

distortion for a manager of ability z, 1 — 7(2), obeys

l—7(2)=(1—m)z ™ (19)

In this formulation, 7, controls the ‘level’ of the time tax, and 7 the curvature of the
time tax with respect to the manager’s productivity. Note that if 7 = 0, all managers
face the same tax and their effective time endowment becomes 1 — 7. If, however, 7, > 0,
top managers with higher abilities face higher time taxes. In other words, since higher

ability managers run larger operations, 7 changes the size dependency of the time tax.
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We select 7y and 71, in conjunction with other parameters, to reproduce for Denmark’s

average time tax, and the time tax on large plants (more than 100 employees).

Endowments and Technology We assume that the distribution of abilities is log

normal: In(z) ~ N(0,02). In terms of the function M, we assume it takes the form

M(z, z) = MM Rz 2) = (1 —7(2) 2 (1 + ¢22) (20)

where M > 1 is a level parameter, ¢ > 0 governs the efficiency of middle management,
and 0 € (0,1) determines the degree of diminishing returns of middle management. When
¢ = 0, top managers do not demand any middle managerial services, so there are only
production workers and top managers in equilibrium. This particular functional form im-
plies that larger plants have more managers but the share of managers among all workers
is smaller in larger plants compared to smaller plants. Tamkog (2023) discusses this obser-
vation in detail. Put differently, the number of workers per manager increases with plant
size. Since the elasticity of M with respect to the ability of the top manager increases
with the middle management efficiency units, top managers with higher ability can and
choose to perform more activities with extra units of middle management compared to

top managers with lower ability.

Calibration We first exogenously set to usual estimates the discount factor 3, the
depreciation rate of capital, §, and the aggregate share of capital, (1 — )y , to 0.95,
0.055 and 0.33 respectively. Note that the importance of capital in the production of
differentiated inputs, «, is determined after the span-of-control parameter v is set using
(1 — a)y = 0.33. We set the value of the elasticity of substitution between activities
(intermediate goods), o, to 6.6, in line with the middle (robust) estimates of Broda &
Weinstein (2006), Table IV.

We then proceed to calibrate the standard deviation of log ability o2, the span-of-
control parameter v, and the parameters M, ¢ and 6 to reproduce jointly five observations
for the Danish economy in 2016. We target the mean plant size (13.1 employees), the
number of managers per plant (1.3), the fraction of plants at the bottom 1-9 employees

and 10-19 employees (86.4% and 6.6%), and the employment share at (large) plants with
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more than 100 employees (61.7%).

To compute plant-size statistics, we focus on 2016 data and consider all plants with
at least 1 worker in all sectors while calculating the moments of plant size distribution.
We use general enterprise statistics from Statistics Denmark to calculate the mean size
and plant-size statistics. We use auxiliary data from ILO and Eurostat to compute the
number of managers per plant.

Tables 2 and 3 show the resulting parameter values and performance of the model
respectively. Figures 7 and 8 show the performance of the model in terms of the fraction

of plants and employment shares at different bins of the plant-size distribution.

‘ I o model < 4 ‘ I o model

) ]
o o . l
1-9

1-9 10-19 20-49 50-99 100+ 10-19 20-49 50-99 100+

Figure 7: Fraction of Plants Figure 8: Employment Shares

Note: These figures present properties of the plant size distribution in terms of model and in
the Danish data. The left panel shows fractions of plants at different bins of the plant-size
distribution, whereas the right panel displays the corresponding shares of total employment.

A few comments are in order. First, our choices imply an aggregate capital to output
ratio of around 3.1 in steady state, in line with standard estimates. Second, as it is
well known, employment is highly concentrated in large production plants. Plants with
more that 100 workers constitute about 1% of the total number of plants, but they
account for a disproportionate share of employment — about 61.7%. Our parsimonious
model — via the complementary role of middle managers — can generate the high levels
of employment concentration at the top. We note that our model matches well the
distribution of employment by size in data, beyond targeted values, as Figures 7, 8 and

Table 3 show. All this occurs with a standard log-normal distribution of managerial
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ability. Finally, our benchmark parameterization successfully matches the properties of
the time tax in Denmark, with a low average value and with a higher incidence for top
managers at large plants. Our choices result in values for the level parameter 7, of 0.054,
and a size-dependency parameter of 0.015. These parameters determine the observed time
taxes for Denmark; of 6.4% on average and a time tax for plants with 1004+ workers of

about 7.1%.

Implications We now contrast the implications of our model with data that we have
not targeted. First, we check the implications of our parameterization for inequality, and
contrast the implied value of earnings dispersion among managers in the model against
data. We use Danish data from EU-SILC, and focus on full time, paid managers for the
year 2016 (the same year of our plant-size data). We define the earnings of (all) managers
to be cash plus noncash income from the main job, and drop observations of those who
report less than 30 hours of work per week. The data implies a variance of log managers’
income of about 0.83. Our calibrated model lines very well against this observation, and
implies a variance of log-income of all managers of 0.83 as well.

We also check a theoretical prediction of the model against data. Our model implies
that the elasticity of output (value added) with respect to employment is 1. This is implied
by our analysis in the appendix. We use the data from the World Bank Enterprise Survey
for Denmark in 2019, and construct a notion of value added at the plant level (sales minus
purchases of intermediate inputs), and estimate a corresponding elasticity from this data.

Again, our model is in line with data, as the elasticity is estimated (significantly) at 1.01.

5 Findings

In this section, we present and discuss the central quantitative results of the paper. We
first explore the implied responses of our model economy to variations in the level of the
time tax, and then evaluate the implications for specific countries. We then quantify the

importance of changes in the size dependency of the time taxes.
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5.1 Changes in the Time Tax: Levels

We now evaluate the consequences associated to changing the level of the time tax across
steady states. In Table 4 we present the consequences of varying the ‘level’ of time tax
(7o) on a host of variables. Note that the benchmark economy (Denmark) is characterized
by a relatively low value of 75 (0.054), which in conjunction with the calibrated value of
71 (0.015), implies an average time tax of 6.4%. As 7 increases, the time tax increases on
all managers and output declines. Quantitatively, the decline is substantial; a rise from
the benchmark level of 7y to a value of 0.15 implies a decline in output of nearly one third
(33.5%) with a resulting average time tax of about 16.6%. This high value is well within
the empirical range for middle income countries, as we showed in section 2 and discuss in
more detail below.

The increase in 7y leads to an equilibrium reallocation of output and employment
from larger to smaller plants, with a resulting reduction in mean size of more than four
employees on average as 7y reaches 0.15. The share of employment at large plants drops
from the baseline value to 45.8% (about eighteen percentage points), with a concomitant
increase in the share of employment accounted for by small plants, as Table 4 illustrates.

Why do these equilibrium effects take place? As the time tax increases, the number
of feasible activities within a given plant becomes lower and thus, output and managerial
rents drop at fixed prices in conjunction with a reduction in the demand for labor and
capital services. But, given the properties of the function M, which features increasing
returns to top managerial ability, the drop in the demand of inputs is disproportionately
larger in larger plants (run by more able top managers). This leads to equilibrium changes
in occupational choices and thus, the size of production plants in equilibrium. Figure 9
illustrates these effects. The figure illustrates that the reduction in managerial rents takes
place alongside an equilibrium reduction in the wage rate for production workers and the
price of middle management efficiency units. This results in a decline in the equilibrium
thresholds 27 and 25, which determines a reduction in the number of production workers,
an increase in the number of top managers, and ambiguous effects on the number of
middle managers. Altogether, this implies the reduction in mean size that the findings in
Table 4 show.

The large effects on output driven by changes in the time tax are also connected to
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Figure 9: Equilibrium Effects of Changes in the Time Tax.
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Notes: This figure illustrates the effects of an increase in the time tax on occupational choices.

the changes in capital formation across steady states, with no effects on capital-output
ratios as we elaborated earlier. Across steady states, the rental rate of capital is constant
as 7o changes. Hence, as the demand for capital services drops upon an increase in the
time tax, the aggregate stock of capital decreases in the new steady state as the rate of

return has to be constant across steady-state equilibria.

Number and Quality of Managers Our results also show, via composition effects,
a decline in the quality of management for both top managers and for middle managers
across steady states. Table 4 shows a corresponding decline in the number of managers per
plant. We find that the number of managers per plant decline from the benchmark value
of 1.3 to 1.1 as the level of the time tax increases from the benchmark value to 7o = 0.15.
Here, we note that while the total number of managers (top and middle) increases, the
number of plants increases as well.

The relatively small movements in the number of managers per plant masks the sub-
stantial changes in the organization of production induced by the increase in the level of

the time tax. In the benchmark economy, the bulk of managers are concentrated at large
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plants. While plants with 50-99 employees have only 2.5 managers on average, plants
with more than 100 employees have 21.9 managers on average as Table 4 shows. This
drastically changes with increases in the level of the time tax. At 79 = 0.15, the number
of managers at large plants (100+) becomes 14.4 — a drop of more than 7 managers on
average — while number of managers at plants with 50-99 employees changes only to 2.3.
These findings underlie the substantial changes in output that we find across steady states
as the level of time taxes increases.’

Overall, it is worth relating our results to properties of standard span-of-control mod-
els. In a standard model along the lines of Lucas (1978), changes in the level of the time
tax are akin to a change in aggregate productivity, common to all plants. Hence, under
a Cobb-Douglas technology, these changes simply result in a drop in aggregate output,
with no effects on occupational choices and plant size. In contrast, the mechanism in our
environment implies effects beyond standard ones on output. It determines a reduction in

plant size and a reallocation of employment and output towards smaller plants, providing

an alternative rationale for differences in plant size across countries.

Country-specific Effects In Figure 10 we associate observed levels of the average
time tax, with changes in output and mean size driven by changes in 75. To construct
the figure, we vary 7y from its benchmark value to reproduce exactly the value of average
time taxes in the data. We show the implied values of output and mean size in steady
state alongside the average time tax. For illustrative purposes, we consider four countries;
Italy, Argentina and Tiirkiye, keeping the benchmark case of Denmark in the figure. Note
that for Denmark, by construction, we match the mean size observed in the data.

The figure highlights the substantial effects predicted by the model when the time tax
varies. A shift from time-tax levels observed in Denmark to Italy implies a fall in output
of more than 10%, and a corresponding reduction of about 1/3 for the case of Argentina.
For output, the model naturally falls short of accounting for the actual differences in
output per working-age adult. Note that relative to Denmark in 2019, corresponding

actual values are 73.8%, 34.5% and 37.3%, for Italy, Argentina and Tiirkiye, respectively.

5To calculate these figures, we first calculate the mean efficiency level of a middle manager in each
economy (i.e. under different levels of 7p). With this information, we infer the number of middle managers
at different size bins.
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The model goes a long way in generating size differences in line with data. Mean plant

size in data (model) amounts to 10.9 (10.8), 4.1 (8.0) and 4.0 (7.0) employees, for Italy,

Argentina and Tirkiye, respectively.

Figure 10: Equilibrium Effects of Changes in the Time Tax.
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Notes: This figure illustrates the effects on aggregate output and mean size for Italy, Argentina
and Tirkiye, driven by changes in 79 that generate the observed levels of time-tax average
taxation. The years considered for different countries are 2006, 2019 and 2013, for Argentina,
Italy and Tirkiye, respectively.

Implications for Measured TFP Our analysis has implications for inferences
on Total Factor Productivity (TFP) as a source of cross-country income differences, and
indicates that a substantial role of time taxes in measured differences. To see this, consider
a naive observer who has data on our economy under different levels of the time tax. Under
traditional assumptions, the observer postulates a Cobb-Douglas aggregate technology,
with capital share a and without any adjustment for labor efficiency units.

With these assumptions, one can write output per person as

y = TFPTayTa, (21)

where v is the capital to output ratio. In our economy, this ratio is invariant to changes
in the time tax across steady states. Thus, the equation above can be used to infer TFP

differences. In our case, the capital share takes the standard value of 0.33. This implies
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that if observed output per person is lower by 33.5% as in Table 4 (from the benchmark
to 7o = 0.15), TFP is lower by about 23.9%. As we argued above, shifts in levels of
time taxes of this magnitude are consistent with observations of middle-income countries
like Argentina, Tirkiye and others. Thus, from the lens of our model, we conclude that
differences in time taxes can be an important source of differences in measured TFP across

countries.

5.2 Changes in the Time Tax: Size Dependency

We now entertain the effects across steady states associated with changes in the curvature
parameter 7y, that governs the size dependency of the time tax. Note that increasing 7
tilts the function 7(.) counterclockwise, increasing the time tax for top managers running
large plants while (potentially) reducing it at smaller plants.

Our results are summarized in Table 5, where we present results ranging from 7 = 0
to 71 = 0.06, covering a range of empirically plausible values as we discuss below. Note
that increasing 71 from the benchmark value to a 71 = 0.06, increases the mean time tax
from 6.4% to about 9.0%, while increasing the tax for large plants from the benchmark
value of 7.1% by more than 5 percentage points. An increase in 7y increases the time tax
more heavily for those top managers running larger plants, who reduce their demand for
labor and capital services. This determines, in equilibrium, a reduction in mean plant
size, an increase (reduction) in the employment share of smaller (larger) plants, and a
change in the organization of plants at the top as previously. Output declines, due to the
reduction of output at top plants alongside a reallocation towards smaller plants, and the
concomitant reduction of aggregate capital across steady states.

Quantitatively, the effects of changes in 77 across steady states can be substantial.
Increasing size dependency from its benchmark value to 7 = 0.04, implies an increase in
the average time tax of one and a half percentage point, but it leads to decline of output
of 12.7%, to a reduction in mean size of about 3.2 employees alongside a sharp reduction
in the employment share of large plants of more than nine percentage points. The average
number of managers at large plants drops by more than five, from the benchmark value
of 21.9 to about 17.5.

Altogether, these findings indicate that the effects of changes in the level of size de-
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