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Abstract

This paper studies the distributional consequences of the increasing importance of (big)
data in modern economies. I consider a simple theoretical model in which firms pro-
duce output using capital and labor. Firms can hire labor on the spot market, but
must choose their capital stock for a given period in advance and under uncertainty
regarding their future profitability. Access to data resolves this uncertainty, thereby
primarily increasing the aggregate demand for and the remuneration of capital. Fur-
thermore, the increased demand for capital crowds out labor demand by reducing the
price of the output goods, which reduces aggregate labor income. By an analogous
logic, the rising availability of data can also increase the skill premium, given that

firms can adjust their unskilled labor input more easily than their skilled labor input.
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1 Introduction

Modern economies increasingly revolve around (big) data, i.e., digitized information about
consumers and market conditions. The share of firms that apply data-driven decision mak-
ing is increasing rapidly (Galdon-Sanchez et al., 2022; Brynjolfsson et al., 2023) and the
economic value of data is enormous (Abis & Veldkamp, 2023; Statista, 2024). While access
to data serves many purposes, a central feature of data that distinguishes it from existing
technologies is that it enables firms to predict future outcomes. Utilized as an input of arti-
ficial intelligence (Al) processes, data allows firms to accurately predict key components of
their future profitability such as firm-level demand (Chong et al., 2016; Bajari et al., 2019;
Fildes et al., 2022), their operating costs (Ajit, 2016; Choudhury et al., 2021), and their
rivals’ strategic decisions (Rani et al., 2023). In fact, around 75% of US manufacturing firms
are utilizing data to implement such forms of predictive analytics (Brynjolfsson & McEIl-
heran, 2019). This distinguishing feature of data, together with its central role in modern
economies, necessitates a tailored approach to understand the societal impacts of data.

In this paper, I study the distributional consequences of these developments: How is
the economic value generated by data distributed among workers, capital owners, and en-
trepreneurs? The increasing importance of (big) data is a key technological trend in modern
economies, the relevance of which will only increase further over time as advancements in
AT unlock the full predictive power of data. Understanding how these developments impact
the well-being of all members of society is hence of first-order importance. The relevance of
this endeavour is reinforced by the strong upward trends in income inequality (OECD, 2011;
UNDP, 2019; World Bank, 2021) and the capital share (Rognlie, 2016; Burdin et al., 2022)
in OECD countries, which constitute important policy concerns (European Union, 2018).

I demonstrate that the increasing prevalence of data can be a powerful magnifier of
inequality. I consider a simple theoretical model with the key feature that it takes firms longer
to adjust their capital stock than their labor input, which is empirically well-established
(Nalewaik & Pinto, 2015; Meier, 2020; Oh & Yoon, 2020). In the absence of data, any firm
thus chooses its capital input for a given period under uncertainty regarding its profitability
in that period, while this uncertainty is resolved when the firm decides how many workers
to hire. By endowing firms with a forecast of their future profitability, access to data thus
primarily raises the aggregate capital demand, which translates into a higher capital share
and lower labor share. Moreover, the higher capital demand crowds out labor demand by
reducing the price of output goods, so total labor income may be reduced by the availability
of data. By similar arguments, the availability of data raises the skill premium because
skilled labor is less adjustable than unskilled labor (Autor et al., 2006; Ghaly et al., 2017).



Formally, I consider a stylized two-period model in which a unit mass of firms produce
output using capital and labor, which are inelastically supplied. Production only happens
in the second period and the firms are heterogeneous in their second-period profitability.
Crucially, capital accumulation is subject to a time-to-build friction, i.e. firms must choose
the amount of capital they utilize in the second period one period in advance. By contrast,
labor is hired on the spot market in the second period.

Access to data endows firms with a forecast of their future profitability when they choose
their capital inputs. I formalize this by considering two different economies: An economy
without data and an economy with data. In the economy without data, any firm is made
aware of its second-period profitability only at the beginning of that period, i.e. before
choosing its labor input, but after setting its capital demand. In the economy with data,
any firm knows the realization of its idiosyncratic profitability ex ante, i.e. before choosing
its capital input. Thus, firms in the economy with data condition their capital input choices
on their future profitability, which firms in the economy without data cannot do. I abstract
from competition between firms and assume that the underlying distribution of profitability
is the same in both economies.

I study how the aggregate labor and capital demands differ across the two economies,
which establishes how the prevalence of data affects aggregate labor (capital) income as well
as the labor (capital) share.! The impact of data is governed by two key features of the
economy, namely (1) the degree of substitutability between capital and labor in production
and (2) the price elasticity of the demand for the output goods produced by firms.

Consider a benchmark in which capital and labor are perfect substitutes and the demand
for the output goods is completely price inelastic. Then, the aggregate labor income is the
same in both economies, i.e. workers receive none of the economic value generated by data.
This holds by the following logic: If the input factors are perfectly substitutable and there are
no price effects, the labor demand of any firm only depends on its profitability. Because the
distribution of profitability is the same in the economy with and without data, the aggregate
labor demand (and hence, the wage) is unaffected by the availability of data.

By contrast, the aggregate demand for capital is higher in the economy with data. This
holds by the following logic: Firstly, any firm in the economy without data will demand the
same amount of capital as a firm in the economy with data whose next-period profitability
is equal to its expected value. Intuitively, this is because a firm without access to data can
do no better than to set its capital demand to match its expected profitability. Secondly,
the expected capital demand of a firm with data is higher than its capital demand at the

L Aggregate labor (capital) income is the product of the equilibrium wage rate (interest rate) and the
supply of labor (capital). The labor (capital) share is the ratio of labor (capital) income to total income.



expected profitability, since a firm’s optimal capital choice is convex in its profitability (given
that capital has diminishing returns in production). Thus, the aggregate demand for capital
is higher in the economy with data, which means that the labor (capital) share will be lower
(higher) in the economy with data.

The difference in the labor shares across the two economies becomes smaller, the more
complementary the two input factors are.? This is because superior access to data affects a
firm’s labor demand through its positive effect on the expected capital input. As the input
factors become more complementary, an increase in a firm’s capital demand will trigger a
larger increase in the firm’s labor demand. If capital and labor are strongly complementary,
the increase in the aggregate capital demand triggered by the availability of data is thus
accompanied by a substantial increase in the aggregate demand for labor (and thus, the
wage). Hence, the impact of data availability on the labor share is mitigated.

When the demand for output goods is price elastic, the availability of data reduces
total labor income through two further channels. First, any increase in the firms’ expected
capital demand triggered by access to data crowds out labor demand. This is because a firm
that utilizes more capital will produce more, which reduces the price of the firm’s output
good and, by implication, its incentives to hire workers. Secondly, the availability of data
enables firms to produce more efficiently, i.e. to require lower input amounts per unit of
output. Holding the level of aggregate output fixed, the availability of data thus reduces the
aggregate demand for both input factors. As the demand for output goods becomes more
price elastic, the increase in aggregate output triggered by the availability of data is reduced.
This implies that both the aggregate capital and labor demand may be lower in the economy
with data. If this is the case, both the labor share and the capital share are lower in the
economy with data and the value of data is captured by entrepreneurs.

Thereafter, I move beyond the analysis of capital/labor inequality and study how the
availability of data affects the skill premium, which is defined as the ratio of the wages
of skilled and unskilled workers. I set up a model in which a unit mass of firms with
heterogeneous profitabilities produce output in two periods using unskilled and skilled labor.
While unskilled labor can be freely chosen in both periods, a firm faces adjustment costs
for skilled labor in the second period — this is in line with the empirical evidence which
suggests that skilled labor is more difficult to adjust because of significant hiring and firing
costs (Autor et al., 2006; Ghaly et al., 2017). Thus, a firm’s second-period profitability
affects its optimal choice of skilled labor in the first period. As before, I consider an economy

without data and an economy with data.

2Hubmer (2023) documents that capital and labor are gross substitutes, which confirms the empirical
relevance of the channels I highlight.



The skill premium in the economy with data is higher if skilled and unskilled labor are
sufficiently substitutable. This is because adjustment costs only pertain to skilled labor,
which means that access to superior data primarily raises the demand for skilled labor. If a
firm’s demand for skilled labor is independent of its demand for unskilled labor (which is the
case when these inputs are perfectly substitutable), the relative wage of skilled workers is
thus higher if data is available. As unskilled and skilled labor become more complementary,
the strength of this effect becomes weaker, since any increase in the aggregate demand for

skilled labor is accompanied by an increase in the aggregate demand for unskilled labor.

Related Literature: To the best of my knowledge, this is the first paper which studies
how the availability of data (modelled as signals about firms’ future profitabilities) affects
the prevailing level of economic inequality.

My work is most closely related to the rapidly growing literature that studies how digiti-
zation shapes macroeconomic outcomes. Veldkamp & Chung (2019) provide an overview of
the role of data in the economy. Eeckhout & Veldkamp (2022) show that data can be a source
of market power because access to superior data reduces a firm’s risk, thereby incentivizing it
to reduce its marginal costs and attain scale. Farboodi & Veldkamp (2022) study growth in
the data economy, devoting explicit attention to the data accumulation process. Acemoglu
et al. (2022) show that data markets are not efficient in the presence of data externalities, i.e.
when an individual’s data reveals information about others. Bergemann & Bonatti (2022)
study how access to data grants platforms market power. Groh & Pfauti (2023) integrate
data into a simple macroeconomic model of business cycles and monetary policy.> None of
these papers study the effect of data on inequality as measured by the skill premium or the
capital /labor shares.

Within this literature, the papers that are most closely related to mine are Arvai &
Mann (2022), Bughin (2023), Babina et al. (2023), and Abis & Veldkamp (2023), given that
they study topics related to inequality. Arvai & Mann (2022) show that households with
greater income consume more digitally manufactured goods and that such goods feature
lower price inflation. Bughin (2023) studies how Al affects employment through automation
and by boosting innovation. Babina et al. (2023) empirically analyse the relationship between
AT adoption and the within-firm workforce composition.* The authors document that firms
which invest more into Al development also feature an increase in the share of skilled workers

they employ. Abis & Veldkamp (2023) study how data and labor combine to generate

3Glocker & Piribauer (2021) empirically document that increases in the amount of sales that are con-
ducted through digital retail reduce the real effects of monetary policy.
4Hubmer (2023) shows how technological progress and the evolution of preferences shape the labor share.



knowledge and establish that new developments in Al and big data reduce the labor share
of income in the production of knowledge.” In contrast to my work, these papers do not
consider the role of data as I define it, namely as signals that firms receive about their future
profitabilities.

Moreover, my paper relates to the research on the role of uncertainty for firm behaviour.
The seminal contribution of Bloom (2009) shows that increases of uncertainty reduce hiring
and investment. Kumar et al. (2023) provide causal evidence that increases in perceived
uncertainty lead firms to reduce their employment, capital stock, and sales. Recent contri-
butions (Fischer et al., 2021; Theophilopoulou, 2022; Belianska, 2023) empirically document
that increases in macroeconomic uncertainty go along with reductions in the skill premium.

The work on uncertainty differs from my paper because previous work in this field does
not consider data as I define it, namely as signals about future profitabilities. Increases
in macroeconomic uncertainty are always modelled as increases in the second moment of
the aggregate profitability (or productivity) distribution. Crucially, endowing firms with
access to data does not have the same effects as reducing macroeconomic uncertainty. For
example, endowing firms with access to data will reduce the aggregate demand for capital
and labor if the demand for the output goods is sufficiently price elastic, while the opposite
holds true for reductions of macroeconomic uncertainty. Moreover, recent evidence suggests
that reductions of uncertainty increase firm employment to a greater extent than the capital
stock (Kumar et al., 2023). By contrast, the availability of data induces an increase of the
aggregate capital demand, relative to the aggregate labor demand.

Finally, my work is related to the literature on rational inattention, which was pioneered
by Sims (2003). This is because my framework can be viewed as a model of rational inatten-
tion, in which access to data changes a firm’s cost of acquiring information about its future
profitability. However, there are substantial differences in focus and setup: Generally speak-
ing, papers in this literature establish how rational inattention can account for inertia in
macroeconomic outcomes, which is not the focus of my work. In terms of setup, my work is
most closely related to Charoenwong et al. (2022) and Gondhi (2023), who consider models
in which firms receive signals about their idiosyncratic profitability draws. I am not aware

of any paper which studies the relationship of rational inattention and inequality.

Outline: The rest of the paper proceeds as follows: In section 2, I present my theoreti-
cal model, which is analysed in section 3. In section 4, I present and solve the alternative

framework concerning the skill premium. I conclude in section 5.

SEden & Gaggl (2018) and Jaimovich et al. (2020) study how automation shapes macroeconomic out-
comes. Bessen et al. (2022) argue that automatisation will increase the quality of labor demanded by firms.



2 Framework

I consider a two-period model with time periods indexed by ¢ € {1,2}. A unit mass of
heterogeneous firms indexed i produce output (Ys;) in period 2 using capital (K,;) and

labor (N, ;) according to the following technology:
Yo = y(Kai, Nay), (1)

where y(Ks;, No;) is some twice continuously differentiable function that is increasing in
both arguments. The demand for firm i’s good is expressed by the function D(Q;|As;),
which gives the highest possible price at which the firm can sell @); units of its good:

D(Qi’AZi) = Ag; — nQ; (2)

The random variable A, ; reflects the idiosyncratic profitability of firm ¢. The parameter 7
captures the prevailing level of demand elasticity. When 1 = 0, demand is fully inelastic and
the price any firm sets will just be equal to its profitability A,;. I impose that Ay; ~ F|,
where F is a continuous distribution with support [A, A].

There is no production in period 1 and any firm pays an interest rate r per unit of capital
it uses and a wage w per unit of labor it employs. Thus, the total profits of any firm take

the following form:
A2,iy(K2,i7 N2,i) - 77(3/([(2,1‘7 NQ,i))2 —whNy; — 1Ky, (3)

Every firm chooses its capital stock K ; in period 1. By contrast, labor is hired on the
spot market, i.e. any firm chooses its labor input N,; in period 2. Capital and labor are
inelastically supplied, where K is the exogenous supply of capital and N the supply of labor.

Data enables firms to predict their future profitabilities. I formalize this by considering
two different economies, namely an economy without data and an economy with data. In the
economy with data, every firm knows its realization of A,; at the beginning of period 1. In
the economy without data, any firm is just made aware of its profitability realization at the
beginning of period 2. Thus, firms in the economy with data condition their capital input
choices on their future profitability, which firms in the economy without data cannot do.

The capital demand of firms in the economy with data is thus expressed by a function
K%(Ay;,p), where I define p = (w,r) as the vector of input prices. By contrast, the capital
demand of any firm in the economy without data is the same and expressed by K"(p). In

both economies, firms choose their labor inputs after observing their profitabilities. Thus,



the optimal labor input of firms in either economy takes the same form and is given by a
function N5 (As;, Ko, p), where Ky, is the amount of capital used by the firm.

Key objects of analysis will be the aggregate demands for capital and labor in the two
economies. | define the aggregate demand for capital and the aggregate demand for labor in

the economy with data as K%(p) and N%(p), respectively. These are given by:

A
K(p) :/A KAz, p)dF(Asz;) (4)

N(p) = / N} (As K%( g, p), p)dF (As) (5)

The aggregate demand for capital in the economy without data, which I refer to as
K™(p), is equal to the function K™¢(p) as defined previously. The aggregate demand for

labor in the economy without data is expressed by the function N™¥(p), where:

N(p) = / N3 (Ag,, K™(p), p)dF (Asy) (6)
A

The economy reaches an equilibrium if two conditions are satisfied: (1) Every firm i
choses its capital and labor inputs to maximize its expected profits and (2) the interest rate
r and the wage rate w clear the capital and labor markets, respectively.

As is standard, I define the aggregate labor income in an economy as the product of
the equilibrium wage and the labor supply. The aggregate capital income is defined as the
product of the equilibrium interest rate and the capital supply. The labor (capital) share is
defined as the ratio of labor (capital) income and total income, i.e. the expected revenue of
firms.

I refer to the model I have just outlined as the capital/labor framework. Throughout the

following analysis, I omit the firm-level index ¢ for expositional convenience.

3 Analysis

3.1 Price inelastic demand

In this section, I abstract from any price effects by assuming that the demand for the firm’s
output goods is perfectly price inelastic, i.e. that n = 0. This allows me to establish how the
effect of data on the welfare of different groups in the economy is shaped by the degree of

substitutability between capital and labor in production. The main message of this section



is the following: The labor share will be lower in the economy with data (and hence, data
exacerbates capital-labor inequality) if labor and capital are sufficiently substitutable.

I begin by providing analytical results for two benchmark production functions, namely
(1) a perfect substitutes production function y(Ks, No) = (K3)*¢ + (No)*N with ayx €
(0,1) and ax € (0,1) as well as (2) a Cobb-Douglas production function y(Ks, Ny) =
(K3)*% (N2)*N with ax + ay < 1. The two production functions differ in the degree to
which the input factors are complementary: In the first production function, the two inputs
are perfect substitutes. By contrast, the inputs are complementary under the Cobb-Douglas

technology. One can establish the following results:

Proposition 1 (Data & labor/capital shares: Input complementarity)
Consider the capital/labor framework and suppose that the demand for any firm’s good is

price inelastic (i.e. n=10):

o If y(Ky, No) = (K2)* + (N2)*N, aggregate labor income is identical in the economies
with and without data. Aggregate capital income and the capital share are higher in the

economy with data. The profit share is higher in the economy with data if ay > ak.

o [fy(Ky, No) = (K3)*<(No)*N, the labor, capital, and profit shares are identical in the

two different economies.

To understand these results, suppose firstly that y(Ks, No) = (K3)*% + (N3)*~. Because
the demand for the output good is price inelastic and the inputs are perfect substitutes, the
optimal labor demand of any firm is independent of the firm’s capital choice and pinned

down by the following first-order condition:
Asay (N3 (Ag,w))™ ™ —w =0 (7)

Both in the economy with and without data, any firm’s labor demand thus only depends
on its profitability A, and the wage rate. Since the underlying distribution of profitability
is the same in both economies, the aggregate labor demand function is unaffected by the
availability of data to firms. By implication, the equilibrium wage rate (and aggregate labor
income) is the same in the two economies.

By contrast, the aggregate capital demand will be strictly larger in the economy with
data (for any given interest rate). To see this, note that any firm in the economy without

data sets its capital stock to solve the following maximization problem:

max {E[Agy(K27 N3 (As,w)) — wN5(Az,w) — rK>] } (8)



Any firm in the economy with data knows its idiosyncratic profitability realization when
deciding its capital input. As a result, the firm chooses its capital stock to solve the following

maximization problem:
max {Agy(Kg, N3 (A, w)) — wN; (Ag, w) — rKg} 9)
2

The result that the aggregate capital demand is strictly higher in the economy with data
(for any given factor prices) then follows from two observations: First, the maximization
problem of any firm in the economy without data is identical to the maximization problem
of a firm in the economy with data whose second-period profitability is equal to its expected
value. Thus, the aggregate capital stock in the economy without data is equal to the optimal
capital stock of said firm in the economy with data, i.e. K"(p) = K%(E[A,],p). Secondly,
the optimal capital choice of firms in the economy with data is a convex function in the
firm’s profitability, because capital has diminishing returns in production. This means that
the aggregate capital demand in the economy with data, namely E[K?(A,,p)], is strictly
higher than K4(E[As], p), i.e. the aggregate capital demand in the economy without data.

Thus, the aggregate demand for capital is higher in the economy with data if capital
and labor are perfect substitutes. This implies that the equilibrium interest rate (and by
implication, aggregate capital income) will be higher in the economy with data. Because
labor income is identical in both economies and capital income increases disproportionately
when data is available to firms, the labor share will be lower in the economy with data and
the capital share will be higher in the economy with data. Finally, note that the profit share
is higher in the economy with data if and only if ay > ag. Intuitively, this is because the
ordering of these parameters governs how much of total revenue entrepreneurs have to pay
to capital owners. When aj is relatively small, entrepreneurs can appropriate a large share
of the revenue generated by the higher capital usage in the economy with data. Given that
estimates of ax are in the range [0.3,0.4] while estimates of ay are around 0.5, this suggests
that entrepreneurs also disproportionately benefit from data.

When the production technology takes the Cobb-Douglas form, the labor share is equal
to ay and the capital share is equal to ax in both economies. Because total output is higher
in the economy with data, aggregate labor income and capital income are thus raised by the
availability of data to firms.

Taken together, these results establish that the availability of data will exacerbate capital-
labor inequality (which can be proxied by the capital share) if capital and labor are suffi-
ciently substitutable. This is because the availability of data to firms primarily increases the

demand for capital by resolving the uncertainty firms face regarding their future profitabil-



ity, which only plays a role when firms set their capital inputs. Endowing firms with data
will only increase their labor demand if labor and capital are complements in production.
The associated increase of the aggregate labor demand implied by this second-order effect is
larger, the more complementary the two inputs are.

In the following, I provide some numerical results which underline this result further: As
during the previous analysis, I abstract from price effects (i.e. 7 is set to 0). By contrast, I

now consider generalized CES-type production functions that take the following form:
Y(Ks, Ny) = [ac(K2)" + an(N)"]" (10)

In the following, I plot the equilibrium capital and labor shares in the two different economies
for different combinations of ay, ak, and . T consider an example in which Ay ~ UJ0, 2]
and v = 0.5. A given graph corresponds to a fixed combination of ax € {0.2,0.4} and
ay = 0.45. The focus of this analysis is the degree of complementarity between inputs,
which is governed by ~. I consider v € (0.2,0.5), which I plot on the x-axis of each graph.
Higher values of v represent higher substitutability of the input factors. The equilibrium
wage rate in the economy with data (without data) is plotted in dark (light) blue. The
interest rate in the economy with data (without data) is plotted in dark (light) red.

Wage (ax = 0.2,ay = 0.45) Interest rate (ax = 0.2,ay = 0.45)
" ° - wh 5 S
0 2 . wnd,* 01 » - . . 7,,nd,*
0.1 | : 0.05
0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5
v g
Wage (ax =0.4,ay = 0.45) Interest rate (ax =0.4,ay = 0.45)
. . . wd,* - . * N Td’*
0.25 2 wnd,* * rrlnd7*
. 0.2 .
4 015
0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5
v v

Figure 1: Equilibrium factor prices & input substitutability

The previous insights are reinforced: As the substitutability between the input factors rises,

the difference in the ratio of interest rate and wage between the two economies increases.
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3.2 Price elastic demand

In this section, I consider how the availability of data to firms affects capital /labor inequality
by changing the prices of the output goods produced by firms. Formally, I now consider
general values of 7 > 0, while I had restricted attention to price-inelastic demand (n = 0) in
the previous section.

There are two main take-aways from this section: First, any increase in the aggregate
capital demand induced by the availability of data crowds out labor demand. This is because
a firm which employs more capital produces more, which leads to a reduced output price,
thereby reducing this firm’s incentives to hire labor. Secondly, the availability of data may
lead to a reduction in both the aggregate capital and labor demand. This is because the
availability of data allows firms to produce more efficiently, i.e. use less inputs to produce a
given amount of output. While access to data also entails a positive effect on the expected
output of firms (as outlined in the previous subsection), the magnitude of this effect is small
when demand is very price elastic. Then, the ability to produce more efficiently using data
will mean that both aggregate factor demands are reduced by the availability of data.

I begin by formalizing the first point for a simple example in which capital and labor are

perfect substitutes:

Proposition 2 (Crowding out of labor demand)
Suppose n > 0 and y(Ka, No) = (K5)%® + (No)*5. For any wage and interest rate, aggregate
labor demand is smaller in the economy with data and aggregate capital demand is larger in

the economy with data.

This implies that the equilibrium wage rate (and thus, total labor income) will be lower in the
economy with data, while the equilibrium interest rate (and total capital income) is larger
in the economy with data. This is visualized in the following example, in which I consider a
production technology y(Ks, No) = (K3)%5 + (N2)?? and impose that Ay ~ U[0, 2]. Different
values of n are plotted on the x-axis of the graph. The equilibrium wage and interest rate

in the economy with data (economy without data) for a given n are plotted in blue (red):

11
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Figure 2: Equilibrium factor prices & price elasticity

In the following, I now formalize the second aforementioned channel, namely that both
factor demands can be reduced by the availability of data because this enables firms to use
inputs more efficiently. In other words, total labor demand can be lower in the economy

with data even when the crowding-out effect is absent:

Proposition 3 (Production efficiency & data)
Suppose n > 0 and y(Ky, Na) = (K3)"?(Ny)%5. For any wage and interest rate, aggregate
labor and capital demand are smaller in the economy with data. Thus, the equilibrium wage

and interest rate are smaller in the economy with data, while total output is larger.

In a nutshell, the availability of data entails two opposing effects on the aggregate demand
for capital. First, the fact that firms’ capital demand in the economy with data is convex
in profitability (which holds true if capital has a diminishing marginal product) raises the
aggregate capital demand in the economy with data, relative to the economy without data.
This was the key channel discussed in the previous subsection and is the only relevant channel
when there are no price effects. Second, the availability of data enables firms to produce more
efficiently, i.e. to use less inputs to produce a given amount of output. This effect reduces
the aggregate demand for both inputs in the economy with data, relative to the economy
without data. If the demand for the output good is very price elastic, the first channel is
relatively weak, because the price reduction induced by an increase of output makes it less
attractive for firms to increase their capital and labor inputs. Then, the second channel will
dominate, i.e. the aggregate demand for both factors will be lower in the economy with data.

The relative strength of these two effects is not only determined by the price elasticity
of demand for the output goods (1), but also by the returns to scale in production. This

is formalized in proposition 3, where I have considered a production function with constant
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returns to scale. Under this specification, capital no longer has diminishing returns in pro-
duction (absent any price effects), which renders the first channel mute. In other words, the
strength of the first effect (which raises the aggregate demand for capital in the economy
with data, relative to the aggregate capital demand in the economy without data) is greater
when the production function exhibits smaller returns to scale, because this makes the firms’
capital demand in the economy with data more convex in profitability.

This intuition is underlined in the following numerical exercise, where I consider Cobb-
Douglas production functions y(K;, Ny) = (K1)*<(Ny)*V. I fix ay = 0.45 and consider two
different ax € {0.2,0.4}. Every graph corresponds to a given combination of ax and ay and
different levels of n are plotted on the x-axis of the respective graphs. The equilibrium wage
rate in the economy with data (without data) is plotted in dark (light) blue. The interest
rate in the economy with data (without data) is plotted in dark (light) red.

Wage (ax =02, ay = 0.45) Interest rate (ax = 0.2,ay = 0.45)
0.6+ R 0.6 =
i . wnd,* . Tnd’*
0.4 e 0.4
0.2 T o 027 * vy, | )
0 0.2 0.4 0 0.2 0.4
" n
Wage (ax =0.4,ay = 0.45) Interest rate (ox =0.4,ay = 0.45)
0.6 - . wh* 0.6 g
S wnd* - o pnds
0.4 . 0.4 _
., SO
0.2 ‘o 0.2 g,
0 0.2 0.4 0 0.2 0.4
n 7

Figure 3: Equilibrium factor prices — the role of o and 7

These graphs reinforce two ideas: Firstly, increases in the price elasticity of demand reduce
the wage and the interest rate in the economy with data, relative to the economy with data.
This is because the positive effect of data on the factor prices through the expansion of output
is mitigated as demand gets more price elastic. Secondly, as the production technology moves
closer towards constant returns to scale, the factor prices in the economy with data become
more likely to be lower than the factor prices in the economy without data (at a given price

elasticity of demand). This is because the expansion of output induced by the availability
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of data becomes weaker as the production technology moves closer to constant returns to

scale, given that capital becomes less convex in profitability.

4 Data and the skill premium

4.1 Model

[ consider a unit mass of heterogeneous firms (a firm-level index is omitted for ease of
exposition) that operate in two time periods t = {1,2}. In each period, any firm produces

output using skilled (H;) and unskilled labor (L;). A firm’s revenue takes the following form:
Y= y(Lt7 Ht)’ (11)

where y(L;, Hy) is some twice continuously differentiable function that is increasing in both
arguments and A; denotes the profitability of the firm in period ¢. In each period t € {1, 2},
any firm chooses how much unskilled labor (L;) and skilled labor (H;) it wishes to hire in
this period. Firms do not discount future profits.

The initial profitability of firms (A;) follows some arbitrary continuous distribution F

with support [4,, A;]. The second-period profitability of any firm (As) satisfies the following:
Ay =A1 + e, (12)

where €3 ~ G and G is some arbitrary continuous distribution with E[e;] = 0.

The wage received by skilled workers is denoted by wy and the wage received by unskilled
workers is denoted by wy. I assume, for simplicity, that both wages are constant over time.
This can be microfounded by assuming that workers can work in period 1 and 2 and that
their utility from leisure is linear, which implies that the wage of a given worker type will be
the same in both periods (in equilibrium). I assume that both types of labor are inelastically
supplied, where L denotes the exogenously given supply of unskilled labor and H denotes
the exogenously given supply of skilled labor.

The firm chooses its inputs while facing adjustment costs. Based on the empirical ev-
idence, I impose that the costs of adjusting skilled labor are higher, which I formalize as
follows: Unskilled labor can be freely adjusted in both periods, whereas skilled labor can
only be freely adjusted in period 1. A firm which employed H; units of skilled labor in period

1 will face the following total adjustment costs in period 2:

C(Hy, Hy) = k(| Hy — Hil), (13)
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where Hj is the amount of skilled labor used by this firm in period 2 and ¢(.) is an arbitrary
strictly increasing function. The parameter x, which I assume to be weakly positive, governs
the degree of adjustment costs faced by any firm.

Given this setup, the second-period profits of any firm are given by:
Iy = Asy(Le, Hy) — wi Ly — wyHe — k(| Hy — Hy) (14)
The first-period profits of any firm are:
I, = Awy(Ly, Hy) —wr Ly — wy Hy (15)

Data enables firms to predict their future productivities. As before, I formalize this by
considering two different economies, namely an economy without data and an economy with
data. In either economy, every firm learns its realization of A; at the beginning of period
1, i.e. before choosing L; and H;. In the economy with data, every firm further knows its
realization of Ay at the beginning of period 1, i.e. it knows its profitability in both periods
when making its labor input choices in the first period. In the economy without data, no
firm has access to this information and must (at the beginning of period 1) form expectations
about its future profitability based on its knowledge of A; and the distribution of e,.

Thus, the first-period skilled labor demand of any firm in the economy without data is
a function H?(A;;w) and depends on the wage levels w = (wg,wy) and the firm’s initial
profitability (A;). The first-period skilled labor demand of any firm in the economy with
data also conditions on A, and is given by a function H{(A;, Ay; w). The function describing
the optimal second-period skilled labor demand is the same in either economy and expressed
by the function Hj(Hy, Ay, w). In either period, firms choose their unskilled labor input to

maximize the following:
Ay (Hy, Ly) — wr Ly, (16)

the solution to which is described by a function L*(H,, A;; w).

Key objects of analysis will be the aggregate labor demands, which determine the skill
premium, namely the ratio wgy/wy. 1 define the aggregate skilled labor demands in the
economy without data in periods 1 and 2 as HP(w) and H54(w), respectively. These are

given by:

A () — / CHM(Ay w)dF(A)) (17)

A
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7 ) — /A 1 / CHE(HM (A w), Ay + 6 w)dG(e)dF(Ay) (18)

Analogously, the first-period and second-period aggregate skilled labor demands in the econ-

omy with data, which I define as H{(w) and Hg(w), are given by

% w) = /A " / CHI(AL Ay + 6 0)dG(OdF(A) (19)

Hi(w) = /A1 /E H(HY (A, AL + 6 w), Ay + ¢;w)dG(e)dF (A)) (20)
A Je

The aggregate unskilled labor demands in the economy without data can be defined analo-
gously — they are the expected value of a firm’s unskilled labor demand, which is given by
the function L*(H,, A;; w) in either economy. The distinction between the economies is that
H; = H{(-) is inserted when studying the economy with data and H, = H;"!(-) is inserted
when considering the economy without data.

The total aggregate labor demand (summed over both periods) for unskilled and skilled
labor is denoted by L7 = L] + L} and H’ = H] + HJ, respectively, where j € {d,nd}
captures the economy under consideration. I refer to the model I have just outlined as the

skilled /unskilled labor framework.

4.2 Analytical results

To fix ideas, suppose that the costs of adjusting the skilled labor supply in period 2 are
prohibitively high, i.e. kK — oco. This implies that any firm will always optimally choose its
second-period skilled labor input to be equal to the input level it chose in the first period,
i.e. that any firm only makes a meaningful choice regarding its skilled labor input in the
first period.

Once again, I consider two different simple production functions y(L, H;), namely (i)
the perfect substitutes production function y(L;, H;) = (L)L + (H)* with o € (0,1) and
ag € (0,1) and (ii) the Cobb-Douglas production function y(L;, Hy) = (L:)*:(Hy)*® with
ap +ag < 1.

Recall that firms face no adjustment costs pertaining to unskilled labor. Thus, firms
always choose the statically optimal value of unskilled labor, independent of whether they

are in the economy with or without data. This statically optimal input choice L*(Hy, Ay; w)
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satisfies the following first-order condition:

Oy(L*(-), H)
Ap————— —wp =0 21
T k (21)
I now characterize the optimal first-period labor input choices of firms in the economy
without data. Conditional on a fixed level of Ay, any firm in the economy without data faces
the same optimization problem when choosing its skilled labor input in the first period,

namely:

max {Alﬂfm —wyHy —wp L*(Hy, Ay w) + E, [AngH —wyHy —wp L*(Hy, Ay w)} }

(22)

Now consider the first-period decision problem of a firm with access to data, which

knows both its first-period profitability and second-period profitability. Conditional on its
productivities A; and A,, this firm’s optimization problem is given by:

Hi

max {Ale‘H —wyHy —wp L*(Hy, Aj;w) + [AQHfH —wyHy —wp L*(Hy, As; w)]} (23)

In the following, I establish how access to data shapes the demands for skilled and unskilled

labor, and how this depends on the degree of complementarity between the two input factors:

Proposition 4 (Data & the skill premium: Input complementarity)
Consider the skilled /unskilled labor framework. Suppose that k — oc.

o Ify(Ly, Hy) = (Hy)" + (Ly)?t, then H(w)/L4(w) > H™(w)/L™(w) holds for any w.

Thus, the equilibrium skill premium s strictly higher in the economy with data.

o Ify(L;, Hy) = (H,)™ (L), then HY(w)/LY(w) = H"(w)/L"(w) holds for any w.

Thus, the equilibrium skill premium is the same in the two economies.

The intuition behind this result is the following: Recall that a firm faces adjustment costs
pertaining to the amount of skilled labor it hires in period 2, while unskilled labor can
be freely adjusted. Because of this, increases in the level of uncertainty a firm faces will
disproportionately reduce its demand for skilled labor. Given that access to data resolves
the uncertainty a firm faces, the aggregate demand for skilled workers will be higher in the
economy with data than in the economy without data.

The extent to which this affects the ratio of labor demands depends on the degree of
complementarity /substitutability between the two input factors. If y(L;, H;) = H"" + Ly*,
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then unskilled and skilled labor are perfectly substitutable. This means that increases in
a firm’s demand for skilled labor will not affect its demand for unskilled labor. Under this
production function, the demand for unskilled labor will thus be the same in the economies
with and without data. Since the aggregate demand for skilled labor is higher in the economy
with data, the availability of data increases the skill premium.

When the production technology is Cobb-Douglas, data no longer impacts the skill pre-
mium. In a nutshell, this is because of the strong complementarity between inputs that exists
for this production technology. In the economy with data, aggregate demand for skilled la-
bor is still higher than in the economy without data. If skilled and unskilled labor demand
are complementary, however, the aggregate demand for unskilled labor is also higher in the
economy with data. For the given production technology, the increase in both aggregate

factor demands is proportional, so the skill premium in both economies will be the same.

4.3 Numerical analysis

In the following, I provide some numerical analysis which establishes that the previous in-
sights also hold true when considering non-prohibitive adjustment costs and general CES-

type production functions given by:

y(Ly, Hy) = [0.5L84° 4+ 0.5H#]7 (24)

where the parameter o governs the degree of complementarity between the inputs. Through-

out the numerical analysis, I consider linear adjustment costs, i.e. the function ¢(-) is:

ple) = (25)

As before, the optimal level of unskilled labor in any period ¢ € {1, 2}, which is given by the

function L*(H;, A;; w), must solve the following optimization problem:
H}_JaX [Aty(Lta H;) — wLLt} (26)
The second-period skilled labor input of any firm maximizes the following objective function:

HZ(HQ, H17 AQ,U}) = A2y(L§<HQ7 AQ, 'll}), HQ) — 'U}LL;(HQ, AQ, w) — 'U}HHQ — KZ’HQ — H1’
(27)

18



In the economy without data, a firm with initial profitability A; maximizes the following

objective function through choice Hi:

Hl’nd(Hl;Aljw) = Ayy(Li(Hy, Ayw), Hy) —wr LY (Hy, Ay w) — wg Hy+

/e I1%(Hy, Hy; Ay, w)dG(e) (28)

In the economy with data, a firm with productivities A; and A; maximizes the following

objective function through choice of Hj:
IV (Hy; Ay, Ag,w) = Avy(Li (5 w), Hy) —wiLi(-1;w) — wyHy + 11P(Hy; Hi, Ay) - (29)

In the following, I consider the following particular example: Any firm’s initial profitability
is non-stochastic and given by A; = 0.5. The second-period profitability shock follows
€o ~ U[—0.1,0.1]. Moreover, I set o, = 0.3, ay = 0.4, and fix the wage levels at wy = 0.02
and wy = 0.04. I plot the ratios H"(w)/L™(w) and H%(w)/L%w) for different values of

o € (0.4,1) (on the x-axis of each graph) and two different x € {1,100}, which are visualized
in separate graphs.

Ratio of agg. factor demands (K = 1) Ratio of agg. factor demands (K = 100)
0.72 0.72
* Data * Data
o7 * No data o7 * No data
0.7 ° 0.7 [ ]
L °
0.69 ° L] 0.69 °
° ) L
[ ]
0.68 0.68@
[ ] o) = ‘ [ ] e = ‘
0. 67" = 0.67 ' s
0.66 ; ! . . : . ‘ . : 0.66 , : : L L d L : !
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Figure 4: Factor demands with and without data

As o increases, skilled and unskilled labor become more substitutable. The graph under-
lines the previously documented intuition by demonstrating the following: When the inputs
are more substitutable, granting firms access to data leads to a greater increase in the relative

factor demand for skilled labor and by extension, to a larger rise in the skill premium.
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5 Conclusion

Modern economies increasingly revolve around (big) data, which fundamentally differs from
existing technologies because it enables firms to predict their future profitabilities. In this pa-
per, I have studied the distributional consequences of these technological developments: How
is the enormous economic value generated by data distributed amongst capital owners, work-
ers, and entrepreneurs? I consider a simple theoretical model in which firms produce output
using capital and labor. The key feature of the model is the empirically well-established fact
that it takes longer for firms to adjust their capital stock than their labor inputs. This means
that firms set their capital inputs under uncertainty regarding their future profitability, which
is resolved when firms decide how many workers to hire in a given period.

[ have demonstrated that the increasing availability of data can be a powerful magnifier of
inequality. This is because data endows firms with a forecast of their future profitability when
they choose their capital inputs. Thus, the availability of data primarily raises the aggregate
demand for and the remuneration of capital. Aggregate labor income only increases when
labor and capital are complements in production. When the demand for output goods is
price elastic, any increase in the aggregate demand for capital crowds out labor demand by
reducing the price of the output goods. Furthermore, the availability of data enables firms to
produce more efficiently (i.e. they require less inputs to produce a given amount of output).
Thus, the availability of data may reduce the aggregate demand for both factors when
consumer demand is sufficiently price elastic, in which case the economic value generated by

data is appropriated by entrepreneurs.
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A  Proofs

Proof of Proposition 1:
Part 1: Perfect substitutes production function.
Part la: Calculating aggregate labor demand and total labor income.

Given that the optimal labor choices are independent of the capital choices, any firm will

always set is labor demand equal to the statically optimal labor input, namely:

(30)

_1
aNA2 l—apn
w

V() =

Thus, aggregate labor demand is the same in both economies. This must be equal to N, so
the equilibrium wage w* must be the same in both economies. To calculate this, note that

the aggregate labor demand in either economy is given by:
Né(w) = N™(w) = (ay/w) T~ E[(Ay) o ] (31)

Defining N as the aggregate labor supply, the wage rate (in either economy) will solve:

w* = ay (M)l_w (32)

Total labor income is given by w*N, i.e. is given by the following in both economies:

ot ot e (U)o el )

Part 1b: Equilibrium interest rates and capital income shares.

Consider a firm in the economy without data. This firm maximizes the following profit

function through choice of its capital:

I"(K>) = E[A K3% — 1Ky (34)
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The first-order condition reads:
E[Ag)ak (K2)* 1 —r =0 (35)
Thus, the capital stock in the economy without data is:
_ 1 1
K™ = (ag/r)ox (E[Ay]) o (36)
By analogous arguments, the individual firm capital stock in the economy with data is:
d 1
K%(A) = (agAz/r)ox (37)

This means that the aggregate capital stock in the economy with data is given by:

K = (e /r) TR E[(Ay) 7o (38)

Note that the aggregate capital supply is given by K, which implies that the equilibrium

interest rate in the economy with data (which I denote by r%*) is given by:

(ak /r') TRE[(A) T ] = K = 1% = ag (W) T o

By analogous arguments, the interest rate in the economy without data is given by:

1

pd _ g (%) o (40)

Thus, capital income in the economy with and without data is given by:
_ 1 I—ax _
_[K’d = O[K(K)QK (]E[(AQ)lO‘K]) 3 IK’nd = O{K(K)aK [E(Ag)] (41)
Part 1c: Equilibrium profits and profit shares

We begin by considering the economy with data. In this economy, the profits any firm

makes in the production period are given by:

I4(Ay) = Ay (K4 (A9)) ™ + Ay (N*(A2)) ™ — w* N3 (Ay) — r™* K4 (A,)
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The aggregate profits (from capital) in the economy with data are given by:

ap 1

a5 (A

T’d7*

(1 — ) (R (E[(Aaw—ix})m (12)

The aggregate profits from capital in the economy without data are given by:

1

e = E Ag(aK/r”d’*)lt‘l‘ffK(]E[Aﬂ)lfi{’{} — ok (W) k-
(1 — ) () [E(Ay)] (43)
Because ﬁ > 1, we have:
Bl > [B()]) 7 — (Bla)™s])  >Ela]

Aggregate profits from labor are the same in both economies and given by:

@

N -«
Ag\ T-= _ —\a 1 N
i = 1rbnd = E[Ag(aN 2) N] —w'N = (1—ay)(N)™ (E[(Ag)l—w})
w
Part 1d: Capital, labor, and profit shares
The capital share in the economy with data is given by:
B 1 l—ak
() ([ 7] )
Kod — 1— 1— = ® ) (45)
_ 1 aK o 1 N 14+ ZKd
(e (Bl =]+ () (Bl
where I have defined
) l—an
()" (Efan =]
ZK’d - )1—011( (46)
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By similar arguments, the capital share in the economy without data is given by:

GHnd _ ag (K)**E[A,] __ %K (47)
B _an 1 l-ay 1_|_ZK,nd’
(RyeEfa) + () ([ =)
where I have defined
e " (Bl ) 4
Knd . — = 8
(K< B[4 )
Note that:
(E[(Ag)liK])l_aK > E[Ay)] = Z54 < zFnd (49)

From this, it follows that the capital share in the economy with data is strictly larger. The

labor share in the economy with data is given by:

en ()" (2fa0 )

an

Nd _ —
S - } T—ax o ) I—an 1 4 (1/2K4) (50)
(s (Bl =%]) o+ (9 (Efan =]
Moreover, the labor share in the economy without data is given by:
o 1 l—ay
A G ).
GNind _ _ aN (51)
- . L l—an 1+ (1/ZK’nd)
(Ryafa] + (9) (B[]
It follows that the labor share in the economy with data is smaller.
Now, we consider the profit share in total GDP. In the economy with data, this is:
a ) l—ag 7 ) l—apn
(- an) By ()] )+ (1= an) () (B[]
Smd = T (52)

(K)ox (Eﬁ [(Ay) ™or] ) o (V)™ (E[(Az)li]v})
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In general, the profit share in the economy with data can be written as:

1 - (1—0&K>+(1—04N)ZK’d
15 zra T (L — ey = 1+ ZKd (53)

By similar arguments, the profit share in the economy without data can be written as:

T T Ay

wond
S = (1 - axk) 1+ (1/ZKnd) 1+ ZKnd

1 + ZK,nd

The profit share in the economy with data is higher if and only if an > ag. This holds by
the following logic:

Sﬂ',d>Sﬂ',nd — (1_aK)+(1_aN)ZK’d > (1_aK>+(1_aN)ZK7nd

1+ ZKd 1+ Z&nd
<~
(1 —ag) (2 —Z8) > (1 —an) (25 - Z8) <= ay > ax (55)
N———
>0

Part 2: Cobb-Douglas production function
Part 2a: Preliminaries

Regardless of whether a firm had access to data in period 1 or not, it will maximize the

following objective function through choice of N5 in period 1:
HI(NQ; KQ, AQ) == AQ(KQ)QK(NQ)QN - U)NQ (56)
Thus, the optimal labor input in period 2 must satisfy the following:

_1
an A Ky K> e (57)

AQ(KQ)QK(QN)NQQNil —w=0 <= N;(AQ, KQ) = ( w

Part 2b: Aggregate factor inputs (and factor prices) in the economy with data

Now consider the initial period optimization problem of a firm in the economy with data.

Given its knowledge of As, this firm chooses its capital stock K5 to maximize the following:

%K) = AyK§S NSN — r Ky — wN, (58)
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Taking the first-order condition and plugging in the optimal labor input yields:

N
A K35\ T=en
AQC(K(K2>QK71 (M) v —r=20 (59)
w
The firm-level capital stock in the economy with data is hence given by:
1
_a a I—apg—an
K (Ay) = ((ax/r)' ™ (an /w) ™ As) (60)
Thus, the aggregate capital stock in the economy with data is given by:
1 1
_ T—ag—an ——
K= ((axe/r)= N (an/w)™) " T E[(A) ] (61)

I now compute the individual and aggregate labor inputs. For a given firm with fixed As,

the firm-level labor input (in the economy with data) is:

aNAQ(Kd(AQ))aK)liN _ {aNAQ

w

Ni(4e) = ( (e r) = (oo /)™ Ay) =

Thus, the aggregate labor demand in the economy with data is:

1
l—ag—an

N¢ = [(aK/r)aK (ozN/w)l_aK} E[(AQ)POLKIWN} (63)
Now, we plug these results into the market clearing conditions, which jointly pin down the

equilibrium wage and interest rate. The labor market clearing condition reads:

1
l—ag—an

N=N' e N [(QK/T)“K (ozN/w)l_aK] E[(Ay) 7]

l—ag—an

« —« I—o — 1 (1—ag) _ l-ag-a
W — (OZK) K (OZN)l K} K (T) 1,;; [E[(Ag) 1aKQN}] K (N) (1f<aK>N (64)
From the capital market clearing condition, we have:
T=ag =N T—ag—an
K:Kd — K: ((OzK/’I“)l_aN(CYN/w)aN)l K NE[(AQ) K N} (65)
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Taking the ratio of the two market clearing conditions yields:

1
T—ag—an

g |y BT -
7= . <« w=(K/N)(an/ag)r (66)

l—apg—ayn

ane/r) ™ (/) | B4

Plugging this into the market clearing condition for labor yields:

l—ag—an

—an | oK —a 1 (I-—ag) _  l-ag-—a
= [(o) ) ] 0 [ T )
N an 1 l-ag—an
T*,d = Qg <—<§(')1)—OKK) |:]E |:<A2) l_aK_aN}:| (67)
Plugging this into the expression for the wage-interest rate ratio yields the following:
_ _ d _ _ (N)a]\/ 1 l—ag—an
w= (BJN) (afar)r™ = (K/N) (axfax)ax ((K)_K> {E[( Az)lawﬂ

—

W = ay (%) {E[(AQ)M]} e (68)

Aggregate capital income in the economy with data is given by:
B B ) l—ag—an
I = () (R | B[4 7| (69)
Aggregate labor income in the economy with data is given by:

IV = i (R)™K (W) [E[(A2)1—w§—w]

}1aKaN

(70)
Part 2c: Aggregate profits in the economy with data.

Total production in the economy with data is given by:

Yi=F {AQ(KC’(AQ))“K (Nd(AQ))aN} —
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[ 777 | o) P ) T (1) T ()T (7)
Plugging in the factor prices yields:

v = B[4 =) ()™ (R)™ (72

:| l—ag—an

Part 2d: Aggregate factor inputs (and factor prices) in the economy without data

Now consider the initial period optimization problem of a firm in the economy without

data. This firm chooses its capital stock K5 to maximize the following objective function:
I"(K>) = Ea, [A K35 N3™ — 1Ky — wN,) (73)

The envelope theorem still applies. The derivative of the optimal labor input with respect

to the capital stock must be zero. Thus, taking the relevant first-order condition yields:

A o _AN
ApKOK\ 7o
aK(KQ)aK*/ AQ(M> YAP(A) —r =0 =

A w

l—ay
l—apg—ayn

KM = (a1 u)) 7 (B[4 5] ) 7

This is also equal to the aggregate capital stock in the economy without data, namely K™%
Using the previous results, we can calculate the individual firm labor demand in the

economy without data. For a given firm with fixed A, this is:

_ 1
O[NAQ(Knd)aK l—apn
w

N"(Ay) = (

YK

(/) R ) 5 (42) 7 (B[] ) T (75)

Using this, one can calculate the aggregate labor demand in the economy without data.

l—apn
l—ag—an

N = (aK/T)“K(OéN/w)l_“K} e (E[(Az)l‘tﬂ) (76)

Using these expressions, we can pin down solutions for the equilibrium wage and interest
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rate in the economy without data. Taking the ratio of the market-clearing conditions yields:

- 1 w= R

(03¢

Now examine the labor market clearing condition, which reads:

1

Pl — o ((g%) (E[(AQ)I—EN])I_QN (78)

Plugging this back in to the expression generated above yields the following solution for the
equilibrium wage in the economy without data:

—

ot = o () (Rl =)

(79)
Part 2d: Total output in the economy without data
The output of any firm is given by:
Y™ (Ay) = Ay (K”d)aK (N“d(AQ))aN =
o
(A5 (e T g o) ([ =] ) (50

Thus, aggregate output in the economy without data is given by:

Ynd:(aK/T)l—w(K—aN(aN/w)l—aKN—OW<E[(A2)1—QN]) oy

Plugging in the factor prices in the economy without data yields:

7o = (W (R (Bl =)

Part 2e: Capital and labor shares in the two economies.

(82)
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Aggregate capital income in the economy with data is given by:

) l—ag—an
I — () () (A ) 3
Aggregate labor income in the economy with data is given by:
3 3 ) l—ag—apn
P = (R (9 B[4 ) (5)
Total production in the economy with data is:
3 B ) l—ag—an
i () () B[4 =) )

Thus, the capital share (S%4) and the labor share (SV4) satisfy S%¢ = ax and SN = ay.

Now consider the economy without data. Aggregate capital income in this economy is:
B B 1 l-an
1 — a8 (R (B[ (425 ) (56)

Agregate labor income in the economy without data is:

Nl gy (%) <E[(A2)1—2N])MNN — an (W)~ (R)ox (E[(Az)l—t]v})lw
&)
Total output is given by
P = (e (s (B ) (58)

Thus, the capital share (S%"?) and the labor share (S™"?) in the economy without data

also satisfy S%4 = o and SNV = ay. [
Proof of Proposition 2:
Part 1: Calculation of aggregate factor demands.

Part 1a: The economy with data.
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Suppose that the demand (expressed as a price function) is given by Ay — n@;, where the
production function is given by y(Ks, Ny) = (K5)% + (No)°2.

In period 2, the firm thus chooses its labor demand to maximize the following;:
A2((K2)0.5 + (N2)0'5) _ 77(([(2)0'5 + (N2)0.5)2 . ng (89)
The first-order condition pinning down the optimal labor choice in period 2 reads:

0.542(Na) "% = n(Ng) ™" ((K2)*° + (N2)*) —w =0 <=

(90)

0.54, — n\/K2)2

N* (A, Ky) = ( m———

Now consider the optimal capital choice of a firm in the economy with data. This firm

maximizes the following through choice of Kj:
A ((F)" + (N*(Ag, K2))") = ((K2)™® + (N*(As, K»))™®)* — 1y (91)

Taking the first-order condition and plugging in the optimal labor choice yields:

+ 05A2 — NV K2
n+w

0.5 45 ()05 — (Fy) ™0 ((K2)0'5 ) =0

0.5 Aqw )2

n(r+w) + rw (92)

K%Ay) = <

As a result, the aggregate capital stock in the economy with data is given by:

- 0.5w ? )
K= (77(7“ +w) + mu) E[(4.)] (93)

The individual-firm labor demand in the economy with data is given by:

0.54; — (K d<A2>>°'5>2
n+w

(n%w) 054 (s w)} - <no+—5w) (s wﬂ (84

N (Ay) = N*(Ay, K%(Ay)) = (
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The aggregate labor demand in the economy with data is given by:

st (25 (- ()] -

() [+ (-2 i) (et o] 0

Part 1b: The economy without data.

The optimal labor demand in the economy without data takes the same form as above.

Thus, any firm maximizes the following through its choice of capital K™

e — / |:A2((Knd)0.5 + (N*(AQ’Knd))o.Ls) _ 77(<Knd>0.5 + (N*(AQ’Knd»O‘S)Z —rK™ | dA,

(.

-~

H(AQ,K"‘d)
(96)
Thus, the first-order condition reads:
o1Ind OTI(Ag, K" Ny)
- Y Y dA —
OKnd / OKnd 2 0 <97)
This holds by the envelope theorem. Note that:
OTI(Ay, K™, N.
( g]{nd ) 2) _ O.5A2(Knd)_0'5 o U(Knd)_0'5((Knd)0'5 + (N*(A27 Knd))0.5) =
O5A2< w ) (Knd>70.5 o 7"(77 + w) + nw (98)
w+n n+w

Plugging this back into the first-order condition allows one to pin down the optimal capital

stock in the economy without data:

32:2 —E [0.5/12 (w - n) (renty-0s T J; :”)J ”w} —0 =
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Using this, we can calculate the individual-firm labor supply in the economy without data:

_ ond\0.5\ 2
Nnd(Ag) — N*(Ag,f_(nd) _ (05A2 TI(K ) ) —

n+w

(770+—5w>2 ((A2>2 - 2(7%0 + Z?; + w)>A2E[A2] ! (rw + Z?;" + w)>2(E[A2])2) (100

The aggregate labor demand in the economy without data is given by:

e (1) a2 ) ] o0

~~
<0

Part 2: Comparison of aggregate factor demands.

We begin by comparing the aggregate labor demands. Aggregate labor demand in the

economy with data is smaller if and only if

Né(w,r) < N"(w,r) <=

e ? - ™ 2 2 2
(_2+77(7“+w) Jr7%)1{.43[(142) ] < ( 2+rw+n(r+w))(E[A2]) = E[(4)?] > (E[4:])

The last inequality holds by construction. Thus, aggregate labor demand will be (for a given
combination of wage and interest rate) lower in the economy with data.
Now consider the aggregate demand for capital. For any given wage and interest rate,

the aggregate capital demand in the economy with data will be larger. This holds because:

K w,r) > K™(w,r) <= E[(4,)*] > (E[4,])*

Proof of Proposition 3:

Suppose that the demand (expressed as a price function) is given by p(Qs) = Ay — nQs,
where A, is the firm-level profitability. Suppose that the production function is y(Ks, No) =
(K3)%5(N3)%5. Revenue is thus p(Q2)Qs = A2Qs — n(Q2)%. Total profits are given by:

Ay ((K2)*P(N2)*5) = ((K2)*5(N5)°%)* — wiNy — rEK, (102)
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Part 1: The economy with data
Part 1a: Calculating the second-period labor demand.

In period 2, the firm chooses its labor demand to optimize the following function:
I1*(No| Ko, Ay) = Ay ((K2)""(N2)"?) — nKoNy — wNy — 1Ky (103)

The first-order condition that pins down the optimal labor choice reads:

(104)

B5A5(K,)02\?
0.5A2(K2)0'5(N2>_0’5 — nKQ —w=0 <<= ]\7*(‘/427 K2) = (M)

nky +w
Part 1b: Aggregate factor demands in the economy with data.

Now consider the optimization problem of a firm in the economy with data. Through its
choice of capital, this firm maximizes the following profit function:

2

9Kyl Ag) = Az ((K2)* (N*(-))*?) = n((K2)**(N*(-))*°)" — wN*(Az, Ky) — 1Ky  (105)

The first-order condition on the optimal capital choice yields:

Ki(Ay) = 0.5A2\/:7,U/7“—w (106)

Plugging this into the expression for the optimal labor input yields an expression for the

firm-level labor demand in the economy with data:

V() = N (s, 1)) =

(0.5225?:7)2 (0.5142\/:)_/74 - w) = 0'5A;% — (107)

The aggregate capital demand in the economy with data is given by:

(108)

7 :E[0.5A2\/;U/r—w} _ (0.5 w/r;E[Ag] —w
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The aggregate labor demand in the economy with data is given by:

cd | 0542/ w/r —w ca (05\/w/r)E[Ay] —w
M= TN T (109)

Part 1c: Total production in the economy with data.

Now I calculate total production in the economy with data. To do so, I begin by calcu-
lating output (revenue) of any individual firm, which is given by:
Y9(A3) = Aa((K™(A2))"?(N¥(A2))°7) — n((K%(A2))**(N(45))*?)" =

1
; 0.25(A2)* + 0.5A45 (Vw/r)r — 0.54(v/r/w)w — rw| = (1/n)[0.25(A2)* — rw]  (110)
Thus, aggregate output in the economy with data is given by:
(111)

V%= (1/n)[0.25E[(42)*] — rw]

Part 1d: Factor prices in the economy with data.

Now let’s calculate the factor prices in the economy with data. These are pinned down

by the following two market clearing conditions:

_ 0.5 E[A;] — - 0.5 E[A;] —
o OSVUEL —w o (05\/w]r)EA] )
U n(w/r)
Taking the ratio of the market clearing conditions yields:
K 1 K w K
N~ L N7 YN (113)
Plugging this into the market clearing condition for capital yields that:
(0.5 E[A,] — _ 0 K
( w/rElAs] = w — nK = Of)(ﬁ) E[A4s] — N =

- 1
(114)

N 0.5
d,*
* =05 = E[A5] — nN
r (K> [A2] =7
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Analogously, we obtain:
K— 0.5 B
wh* = 0.5(T> E[A;] — nK (115)
N
Total labor income in the economy with data is given by:
1N = 0.5E[A,) (K)" (N)** = nK N (116)
Part 2: The economy without data.
Part 2a: Aggregate factor demands in the economy without data.

As in the economy without data, the statically optimal labor choice solves:

0.5A2(K2)0'5)2 (117)

Nj(Ay, Ky) =
S ) = (2202

Every firm in the economy without data maximizes the following through choice of K™

2

Hnd(Knd) —F {AQ«Knd)O.E)(N*(_))O.E)) _ n((Knd)0'5(N*(-))0’5) o wN*(Ag, K2) o 7n[(nd:|

(118)
The associated first-order condition reads:
oI B ndy—0.5/ A7+ nd\\0.5 * ndyy _ .| —
gcrd = B (054K 0NN (Ay, K" — (N"(Ag, K™)) — 1| =0
) 0.5(E[(A2)2))*° (Vo /r) —
ona _ O5(E[(A2)’]) " (Vw/r) —w (119)

Ul

The firm-level labor demand in the economy without data is:

0_5A2(Knd)0‘5)2 _

nd _
N (AQ)— ( nK”d+w

05 270.5(E[(A42)2) " (\/w/r) — w PRt 190
SE T m] ( - ) () (120)
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Thus, the aggregate labor demand in the economy without data is given by:

0.5(E[(42)2) ™" (/w/r) — w
n(w/r)

Part 2b: Aggregate output in the economy without data.

N = (121)

The firm level output in the economy without data is given by:

2

Y7 A) = A (K" (N™(A))*7) — (K™ (N™(A2))*?) (122)

Thus, we have:

0.5(E[(42)])" (\/w/r) — w) ( 05 )(A2)] -

a2

; KO.S(E[(A2)2D:(\/7~U_/T) - w) <o,5(E[(A2)2§0'5(\/w_/T)) (AQ)] 2

Thus, the aggregate output in the economy without data is given by:
Ynd — ]E[Ynd(Ag)] —
<0.5(E[(A2)2])0'5(«/w/r) - w) ( 0.5
U 0.5(E[(42)2) ™" (\/w]/r)

n(0.5(E[(A2)2])0'5(\/w/r) - w>2( 0.5
1 0.5(E[(A2)2)) " (/w/r

JElC7)-

(1/7)[0.25(E[(A2)*]) — rw] (124)

Part 2c: Equilibrium in the economy without data

Now, we calculate the market clearing factor prices in the economy with data. These are

pinned down by the following two market clearing conditions:

P 0-5<E[<A2>;1<)w'/£\)ﬁw/r> —v g BE I ey,
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Taking the ratio of the two first-order conditions yields:

0.5(1E[(A2)2])0'5( w/r)—w

N oTr K
= = nte/r) = w=—=r (126)
K 05(E[(42)2) ~ (y/w/r)—w N

n

Plugging this into the market clearing condition for capital yields the following:

o 0.5(E[(A2)2])77' (Vw/r) —w _ 05(E[(42)?]) 'n(K/N) i L
P = 0.5(E[(A2)2])0.5 (%) - nN (127)

Similarly, one can calculate the equilibrium wage rate in the economy without data. This is

given by:

W = (%) <0.5(E[(A2)2])0'5<%)0.5 - nN) —

ur =05(E(AP)" (5 ) -0k (128)

This means that the aggregate labor income in the economy without data is given by:

0

"N = 0.5(E[(A5)%])*° (K)**(N)*” = KN (129)

Part 3: Comparison of aggregate labor income and aggregate capital income.

The wage and labor income in the economy with data are given by:

05 B - - o
wh* = 0.5 (ﬁ) E[Ay) —nK ; I%N = 05E[A))(K)" (N)" = nKN (130)

The wage and labor income in the economy without data is given by:

W = 0.5(1[—3[(/12)2])0'5(%) R (131)

"N = 0.5(E[(Ay)%)) " (K)* (V)™ = nKN (132)
Since E[(A5)?] > (E[AQ])27 aggregate labor income is higher in the economy without data.
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Now I consider the aggregate capital income. Recall that the interest rate and capital

income in the economy with data are given by:

A - - B o
rd’*:0.5(E> E[As] —nN 5 I =0.5(K)""(N)"E[4s] - nN K (133)

The interest rate and the capital income in the economy without data were given by:

N 0.5

r"d’*=0-5(E[<A2>2D°'5(E> =N 1M = 05(B[(4:)°) " (R) (W) - aN K
(134)

This means that capital income in the economy with data is also smaller.
For a given wage and interest rate, output in the two economies are the same. Because

both factor prices in the economy with data are smaller, total output is larger.

|
Proof of Proposition 4 :
Part 1: Perfect substitutes production function.

Part la: For any combination of factor prices, skilled labor demand is higher in the economy
with data.

Consider any (w,r). First, I show that H{(A;, E[As|A];w) = HP(A;,w) holds true for
any A;. Thereafter, I show that HI(A;, Ay;w) is a convex function in Ay. Together, these
arguments imply that the expected skilled labor demand of any firm with a fixed A;, which

I call HY(A;, w), is higher in the economy with data because:

Hi(Ar,w) = E[H{(A1, Ay + w)] > H{(Ay, A + Eld; w) g’
Point (2) Point (1)

H'(Ap;w)  (135)

To see why point (1) holds true, note that the optimal unskilled labor input choice is inde-
pendent of the skilled labor input choice. Thus, H?(A;, A; + E[e]; wy) is a maximizer of the

following objective function:

Ay (Hy)™ — wiHy + (B[Ag] Ay)(Hy)*" — wi H,) (136)
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Moreover, H(A;, wy) maximizes the following objective function:

AL(HY) — wg Hy + ( / E(Al + o) (HY) dG(e) —wHHl) (137)

-

—E[Aa| A1) (H1)°H
Thus, the two objective functions take the same form and the first result follows.
To see why point (2) holds true, note that H&(A;, Ay;wy) is a convex function in As,
because it can be computed as follows:

}JfLAQ;Uoiz

(aH(A1 + AQ))” (=) (138)

QUUJ

1
l—ay

This is a convex function in As, since it is increasing in A, and >1 <— 1>1-—ay.

Aggregate first period high skilled labor demand in the economy with data is:
A
Hi(w) = [ H{(Ai;w)dF(A) (139)
A,
Aggregate first-period high skilled labor demand in the economy without data is:
— Al
HM(w) = HM(Ay; w)dF(A)) (140)
A,

Because H{(A;w) > H(Ay;w) holds for any Ay, we thus have Hé(w) > HP(w).
Because adjustment costs are prohibitively high, the skilled labor demand of any firm must

be identical in both periods. Thus, the aggregate first period high skilled labor demand in

the economy with data will be given by:

Ay =2 [ E A w)dP(A) (141)
4,

Total aggregate high skilled labor demand in the economy without data is:

A (w) = 2 / " HM( Ay w)dF(A;) (142)
A

Because H{(A;w) > H(Aj;w) holds for any Ay, we thus have H%(w) > H"(w).
Part 1b: For every combination of factor prices, unskilled labor demand is the same in both
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economies.

The unskilled labor input choices are independent of the skilled labor input choices. Given
that there are no adjustment costs for unskilled labor, these will be set to be the statically

optimal unskilled labor input choices in either economy, which are given by:

OéLAt)l/(l_aL) (143)

wr,

L*<At, 'lU) = (
Thus, aggregate unskilled labor demand is the same in both economies.
Part 1c: Equilibrium wages

Given that unskilled and skilled labor demands are independent, the equilibrium wj only
depends on the aggregate unskilled labor demand. This is the same in both economies, so
this wage wj is the same. In the economy with data, high skilled labor demand is higher, so

wy; must be higher and the result follows.
Part 2: Cobb-Douglas production function
Part 2a: Aggregate labor demands in the economy with data.

Conditional on Hy, the low skilled labor choice (which is not subject to adjustment costs)

must maximize the following objective in either economy:
A(Hp) ™ (L)™ — wr Ly (144)
Thus, the optimal low skilled labor choice in periods t € {1, 2} satisfies:

OéLAt(Ht)aH) e (145)

O{LAt(Ht)aH(Lt)aL_l — Wy, = 0 < L:(Ht) = ( WL

We have supposed that kK — oo, so any firm will always set its second-period skilled labor

input equal to H;. In the economy with data, the total profits of any firm are thus given by:

Ay (Hy)* (Li(H.))™ — wyHy —wr L (Hy) + {AQ(Hl)aH (L3(H.))™ — wyHy — wLL;(Hl)]

(146)
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The first-order condition on H; reads:
agAi(Hy)*"(L5(H.))™ — wy + {aHAQ(Hl)aHl(L;(Hl))“L — wH] =0 (147)

Plugging in the optimal unskilled labor supply yields:

A(Hy)“H Tar Ao ( H,)xH =
QHAI(Hl)aH—1<M) ot {QHA2(H1)aH—1 (M) _U,H} _ 0
wy, wr,
<
HI(A,, Ay) = (<aH/2wH>1-%<aL/wL>%) e (<A1>w n <A2>w) T g

In both periods, any firm will set the same skilled labor demand. Thus, total aggregate

skilled labor demand in the economy with data is given by the following:

= 2 (o f20)' " o)) R (4077 + (49757 ] (149)

Now consider aggregate unskilled labor demand in the economy with data. To calculate this,

we calculate the labor demand of any individual firm:

I e N
wr, wr,
(o) K(O‘H/ 2wH>”L(aL/wL>“L> - H} h <<A1)1% T <A2>1QL) oL
(150)

Thus, aggregate unskilled labor demand is given by the following:

d_ (2L OH_ oL E AN (A
(wL) {((210[{ wy Arel| | (A1) + (Az)
(151)

Part 2b: Aggregate labor demands in the economy without data.

By similar calculations, one can obtain the skilled labor demand in the economy without

data. For a given A;, a firm in the economy with data maximizes the following objective
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function through choice of Hy:

A1<H1)CXHL?L — wHH1 — ’LULLS(Hl) + ]Ee |:A2(H1)aH (L;(Hl))aL - U)HH1 — wLLS(Hl):|

(152)
The first-order condition reads:
L
O\ 1—af A H )"\ T-af,
ag Ay (Hy)on <M) g —wy+E, {aHAQ(Hl)O‘H_l (M) t _wH} -0
wi, wr,
<
h re TTap—ag . ! Tar S
(a0 = ((an /20~ anfuny ) (407 4 B[4 7))
(153)

The skilled labor input of any firm will be the same in both periods. Thus, aggregate skilled

labor input is given by:

H" = 2, K(aH/ 2wH)1““L(aL/wL)aL> e <(A1)12L +E. [(A2>12L}) H}

<
1 l-oap
rrnd -« «a tmer-eH — —_— tmer=eH
A =2 (<aH/2wH> “(ar/wr) ) Ex, {(ml) P 4R [(Ay) }) }
(154)
The unskilled labor demand of any firm in the economy without data is:
(aLAmHMAl))“H)I-% N (%@(H?dml))aﬂ) (155)
wr, wr,
In the economy without data, aggregate unskilled labor demand is thus:
_ 1 _ 1
Z_—Jnd = ]EAI,G [(QLAI(H?d(Al))aH> L + (aLA2(H?d(A1))aH> 1_QL1 =
wy, wr,
oy, ﬁ g e ay, o 1—Ole—"‘H 1igL 1 1 l—la_La—LaH
) l(GE) ) ) e (e s =)
wr, 2U}H wr,
(156)
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Part 2c: The ratio of factor demands (and the skill premium) is the same in both economies.

The ratio of the factor demands in the economy without data is:

H"(w)

Li(w)

1 l—ap

T e[ (a0 Rl =) ]

2 (o f20m) e )

(o fwe) =7 K(aH/wH)l—“L(aL/wL)%) H} o Ea, K(Al)l—lcw +E [(AZ)I—LLD H}

<~

H™(w) _ an wy (157)
Lnd(w) ap Wi

The ratio of factor demands in the economy with data is given by:

l—ap

(i mon-wonfonr) ™ T (a7 ) ]

(v fr) = K(@H/ 2’wH)l°‘L<ozL/wL)C*L> H] a Ey, . K(Al)li% + (AQ)H@L) 1‘1“;?“*’}

—

H(w)  apwy
D) = oy un 158

Because the ratio of factor demands must equal the ratio of labor supplies, the skill premium

is uniquely pinned down in both economies and must be equal.
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